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As the University has, besides the learning and teaching programmes, 

its commitment to research and it has twin obligations of putting before 

academic community the new findings of its faculty and providing its 

faculty members a vehicle for expression of their new ideas. In that context, 

it is a matter of proud for all of us at Sardar Patel University that way 

back in 1991 it has started a Journal of Pure and Applied Sciences - 

‘PRAJNA’ (a Sankrit word, having the meaning of ‘Wisdom’ or 

‘Consciousness’) with an aim to provide a platform for disseminating of 

scientific research carried out at its Post-Graduate Science Departments and 

since then it has been regularly publishing the journal.  I am happy to learn 

that the 18th Volume of PRAJNA is getting ready soon for its release. Also I 

am glad to know that there is an overwhelming response to PRAJNA, which 

has been reflected in the number of papers received for publication.   

As the Editorial Board of PRAJNA decided to widen the scope of the 

Journal to National level from the next issue onwards, I am confident that 

with rich experience coupled with dedication, the members of Editorial 

Board will bring out PRAJNA at par with international journals.  

 

I wish the Editorial Board of PRAJNA all success in all its endeavours. 

 
 
Sardar Patel University         Dr. Harish Padh 
Vallbh Vidyanagar          Vice-Chancellor 



 
EDITORIAL  

 
 

A critical aspect of the scientific process is the reporting of new results in 

scientific journals in order to disseminate that information to the larger community of 

scientists. Communication of one’s results contributes to the pool of knowledge within 

his/her discipline (and others!) and very often provides information that helps others 

interpret their own research results. So publication in a reputable, peer reviewed 

journal should be the goal of every researcher, as this provides the most effective and 

permanent means of disseminating information to a large audience.  However, one of 

the most important and least understood decisions made in the course of publishing a 

scientific article is the choice of a journal. The decision determines the audience 

reached, the context in which scholarly work is presented, and the time it takes to 

achieve formal publication. At best, the right choice of a journal results in the rapid 

publication of an article that achieves the exposure it deserves. Keeping these points in 

view, since 1991 Sardar Patel University has been regularly publishing the ‘PRAJNA – 

Journal of Pure and Applied Sciences’ with an aim of providing a platform initially to 

the researchers of its Post-graduate Science Departments for the dissemination of their 

original scientific work. Due to the sincere efforts put up by the past Members of 

Editorial Board of PRAJNA for continuous improvement of the quality of the journal, 

subsequently the scope of the journal has been widened to all the researchers of Post-

graduate Departments and Affiliated Colleges of Universities and Research 

Laboratories located in Gujarat State.  

 

Keeping in view the concerns about paucity of sufficient and good journals in 

India in which scholars could publish their research papers and looking into the 

overwhelming response to PRAJNA from the researchers from several Institutions and 

R & D Laboratories of Gujarat state and also many enquiries and requests from several 

other parts of our country, the present Editorial Board of PRAJNA has decided to 

widen the scope of PRAJNA to National level from the next issue (Volume 19). It is 

envisaged that this will give a good impact and boost to PRAJNA. This will help our 

young scientists to publish their results in a short time and also get a good impact 

factor for our journal.
 

Solicit your patronizing encouragement for our endeavors. 

 
 

Editorial Board 
PRAJNA – Journal of Pure and Applied Sciences 
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VARIABILITY AND CORRELATION STUDIES ON BULB YIELD, MORPHOLOGICAL 
AND STORAGE CHARACTERS IN ONION (Allium cepa L.) 

 
A. P. Trivedi* and K. N. Dhumal  

 
Directorate of Medicinal and Aromatic Plants Research, Boriavi – 387 310, Dist. Anand, Gujarat. 

 

ABSTRACT 
 

The field experiments were carried out at National Research Centre for Onion and Garlic, Rajgurunagar, Pune during late kharif 2002 and 
2003 to evaluate some onion germplasm lines against the commercial varieties/ hybrids for improvement in bulb yield. So improvement in 
bulb yield, selection pressure can be exercised for the genotypes possessing maximum bulb weight having maximum number of ‘A’ grade 

ulbs with physiological loss in weight which were contributing towards total losses in onion during storage. b 
Key words: Genotypes, onion and yield.
 
INTRODUCTION 

 
Onion is a commodity of masses and used in the 

preparation of pickle, salads, condiments and all types of 
vegetarian and non-vegetarian dishes. Besides fresh 
consumption, onion provides very good raw material for 
processing industries as it is processed in the form of 
dehydrated powder, rings and in vinegar. The productivity of 
onion in India is far below than that of western countries. 
Hence, immediate attention needs to be given to improve the 
productivity of onion. Along with this uniformity in size, shape 
and colour of bulb, storage life and export qualities should be 
improved.  

 
To improve the productivity through genetic improvement 

needs information like extend of variability and association 
between the characters. Hence, in the present study an attempt 
was made to evaluate some onion germplasm lines against the 
commercial varieties/ hybrids, so as to find the good 
performing germplasm, variability available and correlation 

etween the yield, morphological and storage characters. b
 
MATERIALS AND METHODS  
            

The field experiment  was conducted during the late kharif  
(rangda) seasons of 2002 and 2003 at National Research Centre 
for Onion and Garlic, Pune, Eighteen genotypes and four check    
varieties of onion maintained in genetic resource section in the 
institute were evaluated by using random block design  with 
hree replication. t

 
The 15 cm distance was kept between the row and 10 cm 

distance was kept within the plants. The each row contains 200 
plants. Observations was recorded on randomly selected 10 
plants on number of leaves, plant height(cm), average bulb 
weight(gm), dry matter of bulb(%), equatorial and polar 
diameter(cm), T.S.S. percentage of total losses, losses due to 
rotting and  sprouting, percentage physical loss of weight and 

ulb yield(t/ha).  b
 

The seeds were sown in nursery during July, on raised bed  
(3 x 1m) in raw and the cultural operations were carried out as 
per normal recommended practices. The 45 days old healthy 
seedlings were transplanted in August in the flat bed. The 
recommended basal dose of N.P.K. (50-50-50) fertilizer was 
given at the time of transplanting and the remaining 50 kg of 
nitrogen was given in two splits as top dressing at 30 and 60 
days after transplanting.  The harvesting of bulbs was done in  

 
January and the bulbs were kept in storage in plastic crates. The 
stored bulbs were checked after 15 days for recording various 
parameters. The observations on plant height, number of 
leaves, polar diameter, equatorial diameter, neck thickness, 
total soluble solids, bulb weight, dry matter of bulb, percentage 
of A, B and C grade bulbs, bolters, doubles, and bulb yield 
were recorded.  Observations on stored bulbs were recorded at 
30 days intervals for the storage losses, due to rotting, 
sprouting, physiological loss in weight (PLW) and total losses. 
At each observation rotted and sprouted bulbs were discarded 
after recording the data.  The data obtained for the characters 
A,B and C grade bulbs, bolters, doubles, total storage losses, 
sprouting losses, rotting losses, and physical losses  in weight 
were recorded  in percentage. These data were angularly 
ransformed and subject to the statical analysis. t

 
The analysis of variance and performance of the varieties 

and character association were calculated separately and 
resented in the tables separately [1]. p

 
R
 

ESULTS AND DISCUSSION  
The analysis of variances indicated that significant 

differences were observed for bulb yield, polar diameter and 
T.S.S. of the onion bulbs. The remaining attributes have not 
showed any differences among the genotypes tested. The yield 
performance of 18 genotypes and four check varieties ranged 
from 240.00 to 532.50.q/ ha. (Table - 1)  

 
The NRCOG-593 had the best yield followed by NRCOG-

574 (447 q/ha).  NRCOG-593 has recorded significantly higher 
yield than the best control varieties Basawant-780 and                 
N-2-4-1where NRCOG-574 was superior in yield over one 
check variety i.e. DPS-1029  (375.00 q/ha) 

 
Maximum TSS was recorded in NRCOG-596 (15.17%), 

which was followed, by NRCOG-590 (14.98%), NRCOG- 581 
(14.88%), NRCOG-551 (14.34%), NRCOG-567 (14.20%), 
NRCOG-547 (14.14%), NRCOG-542 (14.08%) and NRCOG-
598 (14.00%). All the genotypes expressed higher TSS than all 
check varieties. The T.S.S. values recorded in check varieties 
were as follows- N-2-4-1 (13.41), B-780 (13.06), Hy-3667 
(9.92) and DPS-1029 (9.00). 

 
The overall results indicated that six genotypes NRCOG- 

581, 563, 539, 593, 574 and 551 recorded minimal storage 
losses (25.25, 27.42, 30.00, 30.37, 31.20 and 32.0 % 
respectively) after 180 days of storage under modified storage  

* Corresponding author: aptrivedi2004@yahoo.com 
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Table - 1 Performance of onion genotypes. 

 

 

structure. Further the results indicated that NRCOG-581 
recorded lowest storage loses (25.25%) with a yield of 18.0t/ha 
followed by NRCOG- 563 (27.42% / 20.0 t/ha), NRCOG-539 
(30.00% /14.5 t/ha), NRCOG-593 (30.37%/36.2t/ha) and 
NRCOG-574 (31.20%/41.15 t/ha). Losses due to rotting ranged 
from 0.00 (NRCOG 594) to 50.86 (DPS-1029) of check hybrid. 
Further results indicated that the check variety B-780 recorded 
the maximum yield with storage loss of 42.68% followed by 
Hy- 3667 (42.2 t/ha / 73.08%), NRCOG-574 (41.5 
t/ha/31.20%), NRCOG 593 (36.2 t/ha / 30.37%) and check 
variety N-2-4-1 (30.7t/ha / 28.00%). Post harvest losses were 

minimum in NRCOG-581 (25.25%) with an yield of (18.00 t/h) 
followed by NRCOG-563 (27.42%/20.00 t/h), NRCOG-539 
(30.00%/14.5 t/h) and NRCOG-574 (31.20%/41.5 t/h). Exotic 
collection and variety recorded higher storage losses i.e. DPS-
1029 (90.86%) and Hy-3667 (73.08%), inspite of the fact they 
registered high yield potential. Ten genotypes in sprouting 
losses, nine in physical loss of weight were found less than 
general mean. Six genotypes namely, NRCOG-547, 563, 574, 
581, 599 and N-2-4-1 recorded higher percent of reducing 
sugars. 

Genotype 
Plant 
height 
(cms) 

Number 
of 

Leaves 
(cms) 

Polar 
diameter 

(cms) 

Equatorial 
diameter 

(cms) 

Neck 
thickn

ess 

T.S.S 
(%). 

Average 
weight 
Bulb 

Dry 
matte
r of 

bulbs

‘A’ 
grade 
bulbs 
(%)

‘B’ 
grade 
bulbs 
(%)

‘C’ 
grade 
bulbs 
(%)

Doubles
(%) 

Bolter
(%) 

Total 
loss 
(%) 

Rotting 
losses 
(%) 

Sprouting 
losse 
s(%) 

Physica
loss of
weight

l 
 YIELD 
Qtl/ Ha 

NRCOG-
539 56.40 8.65 4.87 4.99 1.11 13.70 46.77 10.99 19.62 22.05 23.19 50.30 0.01 33.18 18.15 0.01 26.57 355.0

0 
NRCOG-

542 46.30 6.70 4.61 5.40 0.60 14.08 71.97 12.11 31.49 29.23 16.40 36.90 12.12 50.73 28.77 6.57 36.89 315.0
0 

NRCOG-
547 48.45 8.25 4.75 5.38 0.75 14.14 71.64 11.73 41.11 28.19 17.17 21.22 20.79 41.42 26.71 0.01 29.02 370.0

0 
NRCOG-

551 50.45 9.10 5.01 4.75 1.11 14.34 61.15 13.53 30.41 21.73 35.91 22.63 18.31 34.36 16.40 0.01 29.34 240.0
0 

NRCOG-
563 49.10 8.80 4.36 4.70 0.75 13.35 57.05 13.51 29.08 25.76 21.47 38.16 11.89 31.35 16.47 0.01 26.06 357.5

0 
NRCOG-

567 50.20 10.05 4.15 4.78 0.75 14.20 51.41 11.81 21.48 30.53 25.67 38.35 16.94 53.26 43.93 0.01 23.59 300.0
0 

NRCOG-
568 52.95 8.15 4.82 5.24 0.73 13.38 68.49 12.06 30.96 28.38 28.75 17.42 25.06 39.25 16.42 11.25 31.96 330.0

0 
NRCOG-

574 55.20 6.95 4.76 5.30 0.52 13.39 90.40 11.93 46.38 33.29 18.63 11.54 7.49 33.94 18.05 14.36 23.09 447.5
0 

NRCOG-
577 54.75 8.20 4.94 5.55 0.77 13.22 65.42 11.77 28.02 31.24 35.84 22.14 7.04 41.82 11.83 19.47 32.70 332.5

0 
NRCOG-

580 58.95 9.90 4.83 5.33 0.67 13.96 69.21 12.15 36.62 25.81 24.23 23.19 20.70 38.42 11.97 22.21 26.57 360.0
0 

NRCOG-
581 60.20 7.80 4.40 4.60 0.82 14.88 46.62 13.07 26.69 38.63 23.23 25.18 15.68 30.17 16.96 0.01 24.10 250.0

0 
NRCOG-

588 51.05 8.65 5.02 6.07 0.66 12.36 78.41 9.57 55.56 17.67 17.38 22.04 0.01 36.96 20.36 0.01 29.33 352.5
0 

NRCOG-
590 54.40 8.75 5.13 5.66 0.76 14.98 59.69 12.21 37.91 27.88 23.29 21.90 18.66 43.41 25.99 11.50 28.26 302.5

0 
NRCOG-

593 50.55 6.95 4.59 5.75 0.64 13.79 85.21 11.73 32.60 25.00 27.26 29.37 15.65 33.45 13.34 9.33 28.24 532.5
0 

NRCOG-
594 49.75 9.60 5.31 5.22 0.68 13.62 67.88 12.99 40.74 20.20 19.69 29.97 17.28 38.34 0.01 10.08 36.51 330.0

0 
NRCOG-

596 47.90 10.87 4.68 5.31 0.77 15.17 69.61 10.07 36.57 23.03 20.15 37.51 0.01 36.24 13.18 0.01 33.05 392.5
0 

NRCOG-
598 53.60 9.35 5.03 5.48 1.02 14.00 61.11 12.58 31.62 21.19 22.84 35.10 17.80 40.22 0.01 7.42 39.25 305.0

0 
NRCOG-

599 52.90 8.50 4.96 5.20 1.00 13.45 54.03 12.19 37.45 24.30 23.72 23.03 21.14 39.24 20.89 11.52 32.08 315.0
0 

Hy-3667 50.19 8.45 6.35 5.34 0.68 9.92 94.19 8.87 45.05 35.92 13.37 18.29 0.01 58.69 20.46 38.30 33.06 462.5
0 

DPS-
1029 48.00 8.60 6.74 5.17 1.01 9.00 76.02 10.37 36.11 35.94 15.25 28.60 0.01 72.56 45.52 0.01 39.25 375.0

0 
Baswant-

780 55.19 9.05 5.36 6.26 0.77 13.06 93.29 10.99 54.74 25.00 14.34 11.54 12.35 40.80 19.00 0.01 34.46 487.5
0 

N-2-4-1 55.05 7.80 5.21 5.29 1.11 13.41 76.02 13.60 35.49 21.56 25.69 28.79 18.60 31.93 16.41 14.18 21.96 462.0
0 

General 
mean 52.33 8.59 4.99 5.31 0.80 13.43 68.89 11.81 35.71 26.78 22.02 25.53 10.99 40.90 18.94 8.12 30.06 362.4

8 
‘F’ Test - - * * - * * * * - * - - - - ** ** ** ** * 

Sem± 3.46 1.21 0.21 0.29 0.09 0.48 8.67 1.12 5.51 6.00 5.48 0.33 6.05 5.75 1.95 0.91 1.59 42.33

CV 10.06 3.53 0.62 0.85 0.29 1.62 25.17 3.66 16.03 17.42 15.92 22.73 17.57 16.69 5.62 2.67 4.47 122.8
5 
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Table - 2 Correlation studies on morphological and storage characters in Onion 
    

Characters  

Plant 
height 
(cms) 

Number 
of 

Leaves 

Polar 
diameter 

(cms) 

Equatorial 
diameter 

(cms 

Neck 
thickness

T.S.S. Average 
weight 
Bulb 

Dry 
matter 

of 
bulbs 

‘A’ 
grade 
bulbs 
(%) 

‘B’ 
grade 
bulbs 
(%) 

‘C’ 
grade 
bulbs 
(%) 

Doubles Bolter Total 
loss 

Rotting 
losses 

Sprouting 
losses 

Physical
loss of 
weight 

 IELD
tl/ Ha

Plant height 
 1.000                  

Number of Leaves -0.057 1.000                 
Polar diameter  
 -0.162 0.026 1.000                

Equatorial diameter -0.011 -0.112 0.246 1.000               
Neck thickness 
 0.151 0.205 0.234 -0.322 1.000              
T.S.S 
 0.248 0.139 -0.841* -0.143 -0.051 1.000             

Ave.  weight Bulb -0.210 -0.287 0.471* 0.651* -0.452* -0.487* 1.000            

Dry matter of bulbs 0.244 -0.138 -0.474* -0.458* 0.251 0.547* -0.469* 1.000           

A’ grade bulbs (%)  -0.084 -0.029 0.405* 0.711* -0.384* -0.323 0.752* -0.433* 1.000          

B’ grade bulbs (%) 0.107 -0.342 0.203 -0.296 -0.266 -0.335 0.083 -0.161 -0.150 1.000         

C’ grade bulbs (%) 0.276 0.028 -0.392* -0.304 0.325 0.420* -0.454* 0.524* -0.581* -0.168 1.000        
Doubles 
 -0.243 0.248 -0.279 -0.424* 0.340 0.210 -0.579* 0.104 -0.677* -0.270 0.064 1.000       
Bolters 
 0.214 -0.052 -0.401* -0.146 0.051 0.508* -0.274 0.733* -0.190 -0.136 0.406* -0.211 1.000      
Total losses 
 -0.447* 0.066 0.665* 0.062 -0.029 -0.699* 0.236 -0.501* 0.073 0.487* -0.397* -0.030 -0.306 1.000     
Rotting losses 
 -0.320 -0.100 0.183 -0.141 0.017 -0.353 -0.022 -0.295 -0.084 0.481* -0.258 0.043 -0.185 0.669* 1.000    

Sprouting Losses 0.204 -0.170 0.358 0.158 -0.268 -0.322 0.400 -0.186 0.177 0.262 0.018 -0.377* 0.010 0.180 -0.252 1.000   

Physical loss of weight -0.452 0.156 0.525* 0.332 0.049 -0.368* 0.200 -0.304 0.200 -0.065 -0.280 0.010 -0.173 0.523* -0.098 0.025 1.000  
Yield 
 -0.060 -0.263 0.273 0.526* -0.271 -0.354 0.794* -0.388* 0.462* -0.011 -0.372* -0.231 -0.281 0.017 -0.052 0.306 -0.078 1.000

 
At the same time ten genotypes (NRCOG- 539, 547, 563, 568, 
577, 581, 593, DPS-1029 and N-2-4-1) have registered higher 
percentage of non-reducing sugars. Further, among the 
genotypes tested NRCOG- 574 showed supremacy in yield 
(41.5 t/ha) with a storage loss of 31.20% followed by NRCOG- 
593 (36.2 t/ha, 30.37%). However the check variety B-780 
recorded bulb yield 44.5 t/ha with loss of 42.68% followed by 
N-2-4-1 30.7 t/ha and 28.00% storage loss. 

 
On perusal of results in Table-1 indicated that only two 

genotypes (NRCOG-593 and 574) were superior in terms of 
yield to the tune of 53.2 and 44.70 t/ha respectively. Three 
genotypes NRCOG-581, 580 and 539 recorded maximum plant 
height. Three (NRCOG-596, 580 and 567) for number of 
leaves, two (NRCOG-567 and 590) for dry matter of leaves, 
five (NRCOG-594, Hy-3667, DPS-1029,B-780 and N-2-4-1) in 
polar bulb diameter, three (NRCOG-588, 593 and B-780) in 
equatorial diameter,  six  (NRCOG-539, 551, 598, 599, DPS-
1029 and N-2-4-1) for neck thickness, eight (NRCOG-542, 
547, 551, 567, 580, 590, 596 and 598) for TSS five (NRCOG-
574, 588, 593, Hy-3667 and B-780) for bulb weight, three 
(NRCOG-551, 581 and N-2-4-1) for dry matter of bulb, four 
(NRCOG-574, 588, Hy-3667 and B-780) for  percent of A 
grade and B grade bulbs, three (NRCOG-551, 568 and 577) for 
C grade bulb, five  (NRCOG-574, 577, 588, Hy-3667 and B-
780) for marketable yield showed supremacy in respective 
attributes studied. Bulb weight and percent of A grade bulbs. 
Selection pressure can be profitably exercised on these 
attributes The marketable yield was positively correlated with 
polar diameter, equatorial diameter, average weight of bulb, 
“A” grade bulb and sprouting losses, however it was negatively 

correlated with neck thickness of bulb, T.S.S. (%), dry matter 
of bulb, “C” grade bulb and doubles bulbs. 

 
The correlation studies were carried out for the different 

morphological and post harvest characters in onion. The results 
are g ven in Table - 2. i

 
The average weight of bulb was positively correlated with 

polar and equatorial diameter and marketable yield, while it 
was negatively correlated with neck thickness and TSS (%) of 
the bulbs. The polar diameter of the bulb was positively 
correlated with total losses, physical losses of weight and yields 
and negatively correlated with TSS, dry matter of bulb and 
bolters. While the equatorial bulb diameter was positively 
correlated with average weight of bulb,  “A” grade bulb and 
yield, it was negatively correlated with dry matter and doubles 
of bulb.   

 
The percentage of total soluble solids was positively 

correlated with dry matter of bulb; “C” grade bulb and bolters 
while it was negatively correlated with average weight of bulb, 
total losses (%) and polar diameter. The physical loss of weight 
was positively correlated with polar diameter and total losses, 
while negatively correlated with plant height and TSS. The 
rotting losses of the bulb were positively correlated with “B” 
grade bulb and total losses while it was negatively correlated 
with TSS. 

  
Total losses were positively and significantly associated 

with losses due to rotting and polar bulb diameter. However, it 
was negatively associated with dry matter of bulb, TSS. Hence 
minimization of losses due to rotting and reduction in polar 
bulb diameter will definitely reduce the total losses. However, 
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high TSS, high dry matter will contribute to reduce the total 
osses of onion bulbs [2].  l

 
Bulb yield had a positive significant association with plant 

height, equatorial diameter, bulb weight, percentage of ‘A’ 
grade bulbs and yield. These results have confirmed that any 
improvement in these characters will have direct effect on bulb 
yield. Hence, exercising the selection pressure on these traits 
will be more effective and helpful. 

 
It is a fact that significant association of growth attributes 

such as plant height, dry matter and yield attributes like 
equatorial diameter and bulb weight, A grade bulb and 
marketable yield increases the yield potential. Any 
improvement in these characters will directly increase the yield 
potential of the genotypes. Hence, successful exploitation of 
selection pressure on these attributes will help in improving the 
genotypes.  [3],[4]. While exercising the selection pressure for 
the above attributes, which are significantly and positively 
associated with the yield, must be taken into consideration for 
exercising selection pressure. 

 
Polar diameter was positively associated with average 

weight of bulb (0.65*), A grade bulbs (0.71*) and yield 
(0.62*). These results indicated that increased bulb size, and A 
grade bulbs will contribute for increasing the yield. [5]  

 
Similarly polar diameter had a significant positively 

association with bulb weight (0.47*), ‘A’ grade bulb (0.41*) 
and yield (0.43*).It was also same for equatorial diameter. Bulb 
weight had positive significant association with ‘A’ grade bulbs 
nd yield [6]. a

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

On perusal of above results it was seen that yield 
improvement could be possible by increasing equatorial 
diameter and polar diameter of bulb, bulb weight and percent of 
A’ grade bulb.[7]  ‘

 
REFERENCES 
 
[1] Panse, V. G. and Sukhatme, P. V. (1995). Statistical 

methods for agricultural workers (Ed.). Indian edition, 
Hans Publishers, Bombay 

[2] Kallal Kumar Pramanik, Narendrasingh and Netrapal. 
Physiological effect of growth, yield and storage qualities 
of onion.  Indian Journal of Agril. science 69 (2):126-129 

[3] Patil J.D.; Desale, G.Y. and P. N. Kale. 1987. Correlation 
studies on morphological and storage characters of some 
onion varieties. J. Maharashtra Agric. Univ. 12 (1):114-
115. 

[4] Netra Pal, N. Singh and B. Chaudhary. 1988. Correlation 
and path coefficient studies in onion. Indian J. Hort. 45(3-
4):295-299. 

[5] Patil J.D. (1984). Genetic variability and correlation 
studies in onion (Allium cepa L.) M.Sc. Thesis, MPKV, 
Rahuri (M.S.) 

[6] Satodiya, B. N. and S. P. Singh. 1997. Association of 
morphological traits of onion bulbs to storage life. 
Agricultural Science Digest, Karnal. 17(2): 123-125.  

[7] Singh D. N., A. Nonali, P. Tripathi and A. Sahu 1995. 
Genetic variability and correlation in onion (Allium cepa 
L.). Indian J. Agric. Sci. 65(11): 793-796. 

 



PRAJÑĀ  - Journal of Pure and Applied Sciences, Vol. 18: 5 - 8 (2010) 

 
ISSN 0975 - 2595 

EFFECT OF SUCROSE, BORON, CALCIUM, MAGNESIUM AND NITRATE   DURING 
IN VITRO POLLEN GERMINATION IN  LUFFA AEGYPTICA  MILL. 

 
P. P. Prajapati and B. K.  Jain1* 

 
Biology Department, Government Science College, Gandhinagar,Gujarat. 

1Botany Department, M. G. Science Institute, Navarangpura, Ahmedabad, Gujarat. 
 

ABSTRACT 
 

A study on in vitro pollen germination and pollen tube growth was made in Luffa aegyptica Mill. belonging to the family Cucurbitaceae.          
A modification of the basal medium of Brewbaker and Kwack was effected to get maximum percentage of pollen germination and tube growth 
in this taxon. Modified basal medium contains 10% sucrose, 50mg H3BO3, 200mg MgSO4.7H2O and 350mg Ca(NO3)2. H2O in 1000 ml distilled 
water. The pH of the medium was adjusted to 6.0. The maximum percentage of pollen tube growth is 96.60% and bursting of pollen grain is 
3.40%. Attempts were also made to study the effects of sucrose, boron, calcium, magnesium and nitrate during in vitro pollen germination. 
 
Key words: Luffa aegyptica, sucrose, boron, calcium, pollen germination. 
 
I
 
NTRODUCTION 

Pollen grains are very specialized and complex plant cells. 
Pollen tube formation is a good and simple model of growth 
and development [1]. Thus pollen germination and growth of 
pollen tube are important research materials for morphological, 
physiology, biotechnological, ecological, evolutional, 
biochemical, molecular and biological studies [2]. In vitro 
pollen germination is an effective technique for understanding 
the basic [3,4] and applied aspects of pollen biology [5,6]. 
During in vitro pollen germination and tube growth not only 
the enzyme activity [7] but also the effect of Boron [8], 
calcium[9] , hormones[10] , light [11] and other factors were 
studied for different plants. Satisfactory pollen germination 
requires sugar, especially sucrose [12] , with other substances. 
It is generally known in pollen tube culture that externally 
supplied sugars are concerned in controlling osmotic pressure 
of the medium and at the same time serving carbohydrate for 
the growth of pollen tubes [13]. It is found that boric acid has 
pronounced stimulatory effect on germination and pollen tube 
growth [1,14]; Ca2+ plays a key role in the regulation of pollen 
tube growth[15].  The present study describes the development 
of a pollen germination media, and technique that provides 
high pollen germination level and improved pollen tube 
growth. The aim of the present study is firstly to find the 
suitable material for in vitro pollen germination tests for further 
biological studies about the effect of different kinds of 
chemicals such as Sucrose, Boron, Calcium and Magnesium on 
pollen germination and secondly to find out the concentration 
of sucrose, boron, calcium and magnesium required in the 
ulture medium for optimum pollen germination. c

 
MATERIAL AND METHODS 

 
Luffa aegyptica Mill. belonging to family Cucurbitaceae is 

selected for standardization of culture medium for the optimum 
pollen germination and tube growth. For the present study, the 
dehisced flowers were collected in the morning from the plants 
rowing in the botanical garden of the college.  g

 
In hanging drop and sitting drop culture methods , only a 

small volume of culture medium and a small quantity of pollen 
can be used; consequently, neither method is suitable for 
physiological and biochemical studies which require large 
amount of pollen suspension. The response of pollen in drop 

cultures is often erratic. So in present work suspension culture 
method is followed. In his method, pollen grains in a large 
number are cultured in 5 ml of culture medium in watch 
glasses.  Pollen grains are germinated in media having different 
concentrations of sucrose i.e. 5,10,15,20, and 25% along with 
different quantities of boric acid (H3BO3), calcium nitrate 
(Ca(NO3)2.H2O) and magnesium sulphate (MgSO4.7H2O) to 
find out maximum percentage of germination. Thus Brewbaker 
and Kwack’s basal medium is modified for in vitro pollen 
germination and tube growth in Luffa aegyptica. The 
omposition of the modified basal medium is given in Table 1. c

 
Table - 1 Composition of Brewbaker & Kwack medium and 

Modified basal medium. 
 

Contents 

Composition of medium 
as per  

Brewbaker & Kwack 
(mg/l) 

Composition of 
medium 

 after modification 
(mg/l) 

Sucrose 100,000 100,000 

H3BO3 100 50 

Ca(NO3)2.H2O 300 350 

MgSO4.7H2O 200 200 

pH 7.3 6.8 
 
Five replicates of each treatment were noted after every 15 

minutes interval up to 120 min.  Later on the number of 
germinated pollen grains, bursted pollen grains and pollen 
showing tube growth i.e. elongation of pollen tube, visible 
under microscopic field, are counted to calculate respective 
percentage. Table 2 clearly indicates that in the modified basal 
medium the percentage of pollen germination is more as 
compared to that of in the medium suggested by Brewbaker 
and Kwack (1963). Thus the composition of modified basal 
medium is used in the present study. 

 
Emergence of pollen tube from pollen grain indicates 

pollen germination while elongation of tube indicates pollen 
tube growth. It may possible that all the germinated pollen 
grains do not show tube growth and hence, both the parameters 
are taken into the consideration in present work.    

*Corresponding author: bkjain_mgsc@yahoo.com 
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R
 

ESULTS 
Pollen grains of Luffa aegyptica Mill. are oblate, spherical, 

3-colporate with smooth exine. During germination some time 
pollen shows polysiphonous condition (Fig. 3). Tubes mostly 
grow straight (Fig. 2). During initial period of germination 
there is a steep increase in the length of pollen tube which 
slows down as the time approaches. Pollen grain of 120 min. 
stage of germination shows 1287 µm length. (Fig. 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Growth of pollen tube at various stages in Luffa aegyptica 
 
Effect of Sucrose 
 

In the basal medium containing 10% sucrose maximum 
percentage of germinated pollen grains is 94.50% and 
maximum percentage of pollen showing tube growth is also 
94.50% at 60 min. stage. Whereas the percentage of bursting of 
pollen grain is 2.70%. After 60 min., there is a decrease in the 
percentage of germinating pollen and pollen showing tube 
growth with a simultaneous increase in the percentage of 
ursting pollen grains (Fig 4 -A). b

 
Effect of Ca (NO3) 2 (Calcium nitrate) 

 

It is observed that if the amount of calcium nitrate is 
increased in the medium, the percentage of germination is also 
increased. Pollen grains were germinated by varying the 
quantity of calcium nitrate in 10% sucrose medium. Maximum 
germination was reported in 350mg/l calcium nitrate. At 60 
min. the percentages of germinated pollen grains and pollen 
showing tube growth are maximum i.e. is 95.32 % and pollen 
bursting is minimum i.e. 3.70% Fig 4 -B). Later on as the time 
approaches percentage of germination decreases.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

F
 

ig. 2: Pollen showing tube growth    Fig. 3 Pollen showing three tubes 

Effect of Boric acid (H3BO3):  

Boric acid is used as a source of boron. The maximum 
number of pollen grains is germinated in the 10% sucrose 
medium containing 350mg Ca(NO3) 2. H2O and 50mg boric 
acid in 1000ml distilled water. At 60 min the percentages of 
germinated pollen grains are maximum (96.60%) and the 
percentage of bursted pollen grain is 3.40%. After 60 min., the 

percentage of germinated pollen grain decreases and bursting 
increases (Fig. 4 -C). 
 
Effect of Magnesium Sulphate: 

 
Maximum pollen grains were germinated in the medium 

containing 10% sucrose, 50mg boric acid, 350mg calcium 
nitrate and 200mg magnesium sulphate. Percentage of pollen 
bursting is 3.40% at 60 min. (Fig. 4 -D). 
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Fig. 4 Effect of different concentrations of (A) sucrose (B) Ca(NO2) 
H2O (C) H2BO3 and (D) MgSO4. 7H2O on in vitro pollen 
germination and tube growth in Luffa aegyptica Mill. at 60 
min. stage  
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Table - 2 In vitro pollen germination in Brewbaker and Kwack (1963) and Modified basal medium in  Luffa aegyptica  Mill.  
Brewbaker and Kwack (1963) basal Medium Modified basal medium 

Sr. 
No. 

Time 
in 

Minutes 
Percentage 

of 
Germination 

Percentage 
of 

Bursting 

Percentage 
of  tube 
Growth 

Percentage 
of 

Germination 

Percentage 
of 

Bursting 

Percentage 
of  tube 
Growth 

1 15 59.10 0.00 49.46 85.84 1.80 74.52 
2 30 81.44 1.03 72.16 90.00 2.70 90.00 
3 45 83.30 1.90 82.40 92.56 3.30 92.56 
4 60 94.50 2.70 94.50 96.60 3.40 96.60 
5 75 93.30 4.80 93.30 94.80 5.20 94.80 
6 90 91.90 5.10 91.90 93.23 5.30 93.23 
7 105 88.76 7.80 88.76 91.50 6.60 91.50 
8 120 86.27 8.82 86.27 90.56 8.50 90.56 

 
DISCUSSION 

 
Composition of culture medium for in vitro pollen 

germination as suggested by Brewbaker and Kwack[16] has not 
proved to be good for all plant materials and hence, in present 
work it has been modified for Luffa aegyptica Mill.  
 

The modified culture medium prepared in 1000 ml 
distilled water contains 10% sucrose, 50 mg boric acid, 350 mg 
calcium nitrate, and 200 mg magnesium sulphate. pH of the 
medium was adjusted to 6.0. The improved medium can be 
useful in fundamental and applied studies on the pollen biology 
f Luffa aegyptica Mill..  o

 
Pollen grains are known to be packed with biochemicals 

like sugar, starch, lipids and phytic acid [17] . These storage 
products get metabolized upon germination and elongation of 
pollen tube. Thus, they play an important role in germination 
and in initial stages of pollen tube growth [18, 19] . Intake of 
the culture medium by the pollen grains initiates mobilization 
of the stored substances resulting into germination of pollen 
grains. According to Baker and Baker [20] the required energy 
for the germination of pollen grains, formation of cell wall 
components and callose in angiosperms is provided from the 
nutrient reserves like starch, sugar and lipids stored in pollen 

rains.              g
 

Optimum concentration of sucrose required for maximum 
pollen germination varies from species to species. For example    
10% in Najas marina [21]  and in Tradescantia paludosa 
[22] , 15% in Zea mays [23] and in Avocado cultivars[24] ;  11 
to 15% in Asclepiads syriaca [25] ;  30% in Catharanthus 
roseus [12] and in Abelmoschus esculents [26]; 50% Pistacia 
vera [27]and 7.5 to  20% in some sp. of Cucurbitaceae family 
[28] . In the present work the optimum percentage of pollen 
germination is reported in 10 % sucrose concentration. In Luffa 
aegyptica 10% sucrose in the medium limits the diffusion rate 
of water into the pollen and thus prevents the bursting of pollen 
grains.  
 

Boron is known to stimulate pollen tube growth in higher 
plants [29].  It reduces bursting of pollen tubes and enhances 
percentage of germination [30,31]. Vasil[28] also investigated 
the effects of sucrose and boric acid in Cucumis melo var. 
utilissimus from Cucurbitaceae, and in this species, optimum 
germination and tube length were obtained with 20% sucrose  
and 0.01% boric acid. He found that boric acid concentration 

higher than 0.02% was toxic for the species. In Luffa aegyptica  
(Cucurbitaceae) optimum germination and tube growth 
occurred with 10% sucrose and 50 mg/l boric acid. 
Requirement of higher amount of boric acid indicates that the 
pollen grains of Luffa aegyptica are in deficiency of boron 
which has to be supplied exogenously.  Boric acid 
concentrations higher than 50 mg/l decreases pollen growth and 
increases bursting of pollen grain.  
 

Calcium is another inorganic substance with notable effect 
on pollen tube growth. Ca2+ is an essential requirement of 
pollen tube growth [32]. It has been shown that calcium 
controls the permeability of pollen tube membrane [33]. 
Absence of calcium in the medium results in an increase in the 
membrane permeability leading to the loss of internal 
metabolites [34]. In the present work, the pollen of Luffa 
exhibited maximum pollen germination and tube growth at  a 
higher concentration of calcium nitrate i.e. 350mg/l than that in 
the original Brewbaker and Kwack medium. It seems that 
pollen grains of  Luffa aegyptica   contain very small amount of  
calcium which may diffuse out of the pollen rapidly in the 
medium. Higher concentration of calcium in the medium 
prevents diffusion of the calcium from the pollen. Thus 
supplementation of calcium in the medium lead to development 
of straight and rigid pollen tube with vigorous growth. A 
positive correlation between speed of pollen tube growth and 
quality of the resulting progeny is also explained [35]. 
 

The role of magnesium in pollen germination and tube 
growth is not clear. According to Brewbaker and Kwack [16] 

magnesium ions enhance the effect of calcium ions resulting in 
vigorous growth of pollen tube. For Luffa pollen 200 mg/l   of 
magnesium sulphate is better for optimum germination. 
 
A
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ABSTRACT 

 
The effect of pretreatment of agro-based supplementary feed with a crude fungal xylanase produced by Aspergillus foetidus (MTCC 4898) 
were evaluated on rohu fingerlings. The agro-based supplementary feed (defatted groundnut oil cake (GNOC) and rice bran) was treated 
with crude xylanase at the rate of 184 U/gm. The pretreatment of feed with xylanase resulted in a significant (P<0.05) increase in the 
reducing sugar content and non-significant decrease in the crude fiber content. The growth performance and chemical composition of 
fingerlings fed with xylanase treated diet were found to be better than fishes fed on the control diet. At the same time, mean survival of rohu 
fingerlings was 100%. The results of the present study indicate that xylanase treatment of supplementary feed can be effective for improving 
he growth of the rohu fingerlings. t 

Key words: non-starch polysaccharides (NSPs), Rohu, supplementary feed, xylanase. 
 
I
 
NTRODUCTION 

Very high cost of fish meal and soybean meal has 
encouraged the researchers to use alternative locally available 
plant protein sources for fish feed. Oilseed byproducts such as 
rapeseed, cotton seed, sunflower and groundnut meals are 
being used as partial substitutes for fish meal and soybean meal 
[1 & 2].  Oilseed meals are rich in protein; and some of them 
are traditionally used as feed for farm animals. However 
factors like amino acid imbalance and presence of anti-
nutritional factors limit the incorporation of oilcakes in aqua 
feed [3]. Enhancement of the nutritive value of these 
ingredients by processing to increase the bioavailability of 
nutrients and to reduce or remove anti-nutritional factors by the 
inclusion of appropriate additives could result in oilseed meals 
being incorporated at higher levels in fish feed [4]. 

 
Use of enzymes as additives in plant based feeds has 

improved feed utilization in terrestrial animals. Commercial 
feed enzymes are routinely used in poultry and pig feed to 
improve nutritive value of plant based feed [5]. Cheah et al. [6] 
have reported significant increase in the protein content of 
palm kernel meal by solid state fermentation with various 
species of Trichoderma fungus. Endoglucanases and 
endoxylanases hydrolyse β-1, 4-bond in cellulose and xylan 
polymers respectively and reduce the size of soluble nonstarch 
polysaccharides (NSPs) within the digestive tract. The action 
of these enzymes is also supposed to aid in the release of 
nutrients bound by plant cell walls. In aquaculture, addition of 
NSP degrading enzymes to canola meal has been shown to 
improve growth rates of juvenile tiger prawns; and 
endoglucanase as well as endoxylanase enzymes could play a 
significant role in the utilization of plant materials in 
crustacean diets [7]. 

 
The present study has been undertaken to investigate the 

possibility of use of crude fungal xylanase in improving the 
nutritional quality of practical feed of carp, mainly defalted 
groundnut oil cake (GNOC) and rice bran, and their influence 
on the growth and carcass composition of fishes. Limited 
information is available on the use of feed enzymes in the 
supplementary feed of Indian major crops (IMCs). The effects 
of crude fungal xylanase treated practical feed has been 
checked on the growth rate, survival rate and body composition  

 
 
of Labeo rohita fingerlings. The findings suggest that by 
enhancing the nutritive value of practical diet of IMCs by 
enzyme treatment, growth rate of the fishes can be enhanced; 
nd this warrants further investigation. a

 
MATERIALS AND METHODS 
 
P
 

reparation of fish feed  

Rice bran and groundnut oil cake (GNOC) were obtained 
from a local market, ground to fine powder and sieved before 
being subjected to enzyme treatment. Feed formulation 
contained rice bran and GNOC (1:1) as well as guar gum as a 
binder (2% of the feed). After pelleting, pellets were oven dried 
t 50°C and used as fish feed. a

 
Enzy tment to fish feed me production and its trea

 
Xylanase was produced indigenously by solid state 

fermentation on corn cobs using Aspergillus foetidus MTCC 
4898 [8]. Treatment of fish feed with enzyme was carried out 
by mixing rice bran and GNOC (1:1) with crude fungal 
xylanase at the rate of 66 ml / 100 g feed (v/w) with 280U per 
ml of enzymatic activity. This enzyme-feed mixture was 
incubated at 37°C for 2 h before pelleting. 

  
E
 

xperimental procedure 

Fingerlings of Labeo rohita were obtained from Govt. 
Fish Rearing Centre Navli (Dist. Anand, Gujarat). The fishes 
were acclimatized in a 5000-L fiberglass tank for two weeks 
and fed with GNOC and rice bran (1:1). For the feeding trials, 
duplicate groups of 25 fingerlings (mean weight 5.30±0.15g) 
were maintained in 150L glass aquaria. Both  experimental and 
control feed were fed to duplicate groups of experimental and 
control fishes at the rate of 2% of the body weight per day in 
equal feedings  at 09.00 and 17.00 hours. All the aquaria were 
cleaned and refilled with fresh water every morning. 
Continuous aeration in all the aquaria was maintained during 
experimentation. Physicochemical parameters of water viz. 
temperature, pH, dissolved oxygen and total organic carbon 
were measured at every week from all the aquaria during 
experimentation to maintain water quality and measured as  
21.5-31.5 °C, 8.03-8.67,  6.23-8.68 mg/l and  106.7-115.1 ppm 
respectively [9].  Fishes in each aquarium were weighed once 
every week and the feeding ration adjusted accordingly. The 
feeding trial was conducted for 30 days. 

*Corresponding author: bhatt.sujata@gmail.com 
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Analyti
             

cal methods   
Feed ingredients, experimental diets, fish muscles and fish 

liver were analysed according to the AOAC [10] as follows: 
protein (N×6.25), by micro kjeldahl digestion and distillation 
after acid digestion; ash, by ignition at 600 °C in a muffle 
furnace until a light gray or white ash was formed; crude fiber, 
by  total dietary fiber assay kit from SIGMA (TDF-100A); 
lipid, by extracting the residue with 40-60 °C petroleum ether 
for 8 h in a Soxhlet apparatus; total carbohydrate, by Anthrone 
method; glycogen, by extracting with 30% KOH and the yield 
was determined by anthrone-sulphuric acid method. The 
release of reducing sugar from the xylanase treated feed and 
untreated feed were measured at 0 h and 2 h incubation period 
by DNS method [11].  

 
D
 

etermination of growth parameters     

Fishes were weighed once a every week and from the data 
of average initial and final weight, specific growth rate 
(SGR=loge final body weight - loge initial body weight 
/number of Exp. Days x 100), feed conversion ratio (FCR=feed 
given (gm)/fish weight gain (gm)) and survival rate (SR=final 

o. of fishes/ initial no. of fishes x 100) were calculated.   n
 
S
 

tatistical Analysis    

The data obtained were analyzed statistically by one-way 
analysis of variance (ANOVA). Differences between means 
were assessed using Duncan’s multiple range test [12]. All 
differences were regarded as significant at P < 0.05. 
 
R
 

ESULTS AND DICUSSION 

In pond culture, Indian major carps (IMCs) are generally 
fed on a mixture of rice bran and various varieties of oil cakes. 
These oil cakes form the major dietary protein source in 
formulated feed for the carps [13]. In the present experiment to 
improve the nutritive value of practical feed of rohu, ground 
nut oil cake (GNOC) and rice bran were treated with crude 
fungal xylanase. Proximate composition of GNOC and rice 
bran is shown in the Table - 1.  

 
Table - 1 Chemical composition of the diet (% dry matter 

basis). 
Feed 

ingredient Moisture Crude 
Protein 

Carbo- 
hydrate 

 
Lipid Crude 

Fiber 

 
Ash 

Oil cake 11.18 38.37 18.63 
 

10.83 15.8 5.59 

Rice bran 9.65 15.06 39.01 
 

14.16 8.85 8.41 

 
Increased use of plant proteins in aquafeed has generated 

interest in the use of exogenous enzyme additives in aquafeed 
[14]. Endogluconase and endoxylanases have been reported to 
play a significant role in the utilization of plant material in 
crustacean diets [15]. Enzyme treatment to the feed is reported 
to demonstrate significant improvement in the growth and feed 
utilization in tilapia [16]. 

 
The present study demonstrates that xylanase treatment to 

the feed seems to be responsible for the better growth 
performance of rohu fingerlings probably by improving the 
nutritional quality of feed and by the removal of NSPs from the 
plant based feed. This is evident from the significant increase 
in the reducing sugar, from 13.33 mg/gm to 44.16 mg/gm, and 
decrease in the total fiber from 11.32 % to 9.79 % in the 
enzyme treated feed by the action of xylanase (Table - 2). 

Table - 2 Reducing sugars and crude fibers of raw and 
xylanase treated practical feed at 0 h and after 2 h 
incubation. 

 
Raw feed Treated feed 

Parameters 
0 h 2 h 0 h 2 h 

Reducing sugar 
(mg/gm )* 

13.50  
±0.28a

15.33  
±0.65 a

13.33  
±0.69 a

44.16  
±0.69 b

Crude fiber (%)* 11.16  
±0.92 a

11.10 
 ±0.80 a

11.32  
±0.95 a

9.76  
±0.87 a

 
Data represent the mean ± S.E.M. of three replicates. Values on the 
same line with different superscripts are significantly different 
(P<0. 5). *Values reported on wet weight bases 0

 
The maximum free reducing sugar was increased in 2h 

incubation in experimental feed. In untreated feed, increase in 
free reducing sugar was 13.5% during 2h incubation; whereas 
the increase was 231% in xylanase treated group. This 
indicated the effectiveness of presently used xylanase in 
degrading complex carbohydrates into simple sugars. In 2h 
incubation, fiber content of the xylanase treated feed was 
reduced by 14%, while no change was observed in untreated 
feed. This indicates that the crude fungal xylanase is found to 
be effective in improving the nutritional state and hydrolyzing 
some of the complex NSPs like xylan from the plant based 
feed.  
 

Rohu fingerlings readily accepted the experimental diet 
and were observed to consume feed aggressively throughout 
the experimentation. No mortality has been observed. Growth, 
feed utilization efficiency and survival rate of rohu fed with 
experimental diet are given in Table 3. Rohu fed with enzyme 
treated diet exhibited better growth than the fishes fed control 
diet. Significant improvement in percent weight gain (99 %) 
and SGR (103 %) were observed in experimental fishes; 
whereas improvement in FCR was non-significant in same 
group. Improvement in the growth of the fishes seems to be 
because of the increase in the level of reducing sugar and 
probably decrease in the NSPs in the feed with xylanase 
treatment. These could probably be explained by improving the 
protein-sparing effect of the dietary carbohydrate during 
protein synthesis. The protein sparing action of carbohydrate 
has been demonstrated in many fish species [17, 18]. Halliwell 
et al. [19] reported increase in reducing sugar concentration in 
palm kernel meal treated with cellulolytic fungus T. Koningii. 
Incorporation of dates containing simple carbohydrate in tilapia 
feed as a replacement for starch was found to improve the 
growth of the fishes [20]. Application of exogenous enzyme to 
the plant based poultry and pig feed significantly improved the 
growth, feed utilization efficiency and nutrient availability 
[21]. Nile tilapia and red hybrid tilapia fed diet treated with 
feed enzymes showed significantly higher weight gain [16, 22]. 
It has already been reported that plant based feed used in 
aquaculture could be improved by overcoming antinutritional 
effects of NSPs associated with plant cell walls [23]. Buchnan 
et al. [7] reported that the addition of NSP degrading enzymes 
to canola meal diets could result into improved growth rate of 
juvenile tiger prawns. In salmo salar, addition of proteolytic 
enzymes and carbohydrases to the feed containing plant protein 
has been used to improve growth performance [24]. In the 
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present study, 100 % survival rate of fishes with xylanase 
addition rules out the toxic effect of crude fungal xylanase. 
 
Table - 3 Growth, feed utilization efficiencies and survival rate 

in Labeo rohita fingerling.  
 

Parameters Control diet Experimental diet 

Initial weight (gm) 5.93±0.09 ns 5.37±0.04 ns

Final weight (gm) 6.76±0.07 ns 6.85±0.08 ns

Weight gain (%) 14.74±0.08 a 29.36±0.06b

SGR (%/day ) 0.32±0.01 a 0.65±0.06 b

FCR 1.98±0.06 ns 1.76±0.21 ns

SR (%) 100 100 
 
Data represent the mean ± S.E.M. of three replicates. Values on the 
same line with different superscripts are significantly different 
(P<0.05). ns = Non significant. SGR: Specific Growth Rate. FCR: Feed  
Conversion Ratio. SR: Survival rate. 

 
Proximate composition of body muscles and liver has 

indicated that xylanase addition to the feed improved protein 
content in muscles and liver. It has also improved the 
deposition of glycogen in muscle (Table 4). Improvement in 
the deposition of protein in muscle and liver could probably be 
explained by improving the protein-sparing effect of dietary 
carbohydrate. Increase in the glycogen content in muscle 
suggests the role of increased level of reducing sugar in the 
feed. However lipid content of muscle and liver has not been 
influenced by the improvement in reducing sugar level of 
experimental diet. Though, several investigators have reported 
the higher level of carbohydrate in the diet with increased 

eposition of lipid in the fishes [20, 25 & 26]. d
 
Table - 4 Muscle and Liver composition of Labeo rohita after 

30 days. 

Data epresent the mean ± S.E.M. of three replicates. r
 
The results of the present study indicate that rohu 

fingerlings fed with practical diet treated with crude fungal 
xylanase shows better growth performance as compared to 
fishes fed with untreated diet. It has also resulted in higher 
deposition of protein in muscles and liver. Pretreatment of 
practical feed of carp, ground nut oil cake and rice bran, with 
indigenously produced crude fungal xylanase using corn cob 
has potential to improve nutritional quality of practical feed as 
well as growth performance of rohu. Further investigations are 
equired in this direction. r
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ABSTRACT 
 

An investigation was carried out at the Main Vegetables Research Station, Anand Agricultural University, Anand during 2007. The various 
plant growth regulators viz., Naphthalene acetic acid (NAA-100 and 200 ppm), Gibberellic acid (GA3-10 and 20 ppm), Abscisic acid (ABA-10 
and 20 ppm), Kinetin (10 and 20 ppm), Ethrel (200 and 300 ppm)  were used for conversion of femaleness from male flowers. The PGRs were 
applied twice at two and four true leaf stages. Among them Ethrel 200 ppm was found most effective in converting femaleness, producing 
more number of branches and increasing the yield. The sexual differentiation is controlled by endogenous levels of auxins, which developed 
flowering primordia and during flowering act as anti-gibberellin substance. This anti-gibberellin effect suppressed staminate flowers and 
promote more number of pistillate flowers. GA3 enhanced the formation of protoplasm, promote cell division and cell elongation resulted in 
ncreasing plant height and vine length.  i
 
Key words: cucumber, plant growth regulators, sex modification. 
 
I
 
NTRODUCTION 

Vegetables play an important role in human diet by 
providing carbohydrates, protein, minerals, vitamins etc. 
Cucumber used as fresh fruit, slice, pickles and as cooked 
vegetable. It has medicinal properties like prevent constipation, 
in digestion, curing diabetes and jaundice. The valuable 
cucumber exhibits wide spectrum of sex expression, It 
produced much more staminate flowers than pistillate flowers. 
Some time it creates serious problem for increasing fruit set 
nd yield. a

 
Higher temperature and longer light period induced 

maleness. An application of plant growth regulators like NAA, 
GA3, Ethrel, Cytokinin and ABA played an important role in 
sex expression, sex ratio and yield. Sulochanamma [1] reported 
that the foliar application of Ethrel 250 ppm increased the 
number of female flowers in muskmelon. Therefore the 
investigation has been framed for finding out appropriate PGRs 
with proper concentration for modification of sex and for 

btaining higher yield of cucumber.  o 
M
 

ATERIALS AND METHODS 
The investigation was carried out at Main Vegetable 

Research Station, Anand Agricultural University, Anand during 
summer season of the year 2007. Gujarat cucumber-1 
commercially grown cultivar of cucumber was selected for the 
present study. An experiment was laid out in Randomized 
Block Design with three replications. There were twelve 
treatments used. Among them four different plant growth 
regulators were sprayed in two concentrations viz. NAA (100 
& 200 ppm), GA3 (10 and 20 ppm), ABA (10 and 20 ppm) and 
Ethrel (200 & 300 ppm). One chemical Kinetin (10 and 20 
ppm) and two controls with and without water spray were used. 
The stalk solution of PGRs and the Kinetin chemical were 
prepared in mg per one liter of water. The first spray treatment 
was given at two true leaf stage and the second one at four true 
leaf stage. Ample nutrition, irrigation and plant protection 
measures were adopted. Number of branches emerged per 
plant, length of vine, female flowers and yield were measured. 
The collected data were statistically analysed by using analysis 
of variance technique described by Panse and Sukhatme [2]. 

 

RESULTS AND DISCUSSION  
  
Vegetative parameters 
  

The data pertaining to number of branches per vine at 20 
days as affected by PGRs and chemical were found to be non 
significant but at last harvest stage they were significantly 
influenced. 

 
The response of different treatments on the number of 

branches per plant at 20 days and last harvest time differed 
significantly. The average maximum number of branches per 
plant (9.87) at last harvest time was recorded in Ethrel 200 ppm 
treatment. It may be due to antimitotic action and Ethrel act as 
a gibberellin antagonist Scott and Leopold [7] and thus 
providing an inhibitory effect on the suppression of the apical 
growth of main axis and thereby increased number of branches. 
The findings of the present studies are in consonance with 
those of Pandya [3] in bottle gourd, and Rafeekher et al. [4] in 
cucumber.  
 
S ex expression parameters 

The response of different treatments on days required for 
appearance of first female flower differed significantly among 
all the treatments, Ethrel 300 ppm was found to be most 
effective in reducing number of days (30.93) required for 
appearance of first female flower, which was followed by 
Ethrel 200 ppm (31.87). Early flowering of treated plants may 
be due to induction of tendency of femaleness in the plant and 
increased levels of auxins might have resulted in the early 
induction of female flowers. Similar findings were obtained by 

ingh and Choudhary and Asghar et al. [5-6] in cucumber. S
 

The response of different treatments on number of female 
flowers per plant differed significantly. As regards the number 
of female flowers, the treatments Ethrel 200 ppm and 300 ppm 
produced maximum number of female flowers per plant (33.47 
and 33.27, respectively). It may be possibly due to promotive 
effect on flower bud initiations.  

*Corresponding author: amitaparmar07@yahoo.co.in  
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Table: Effect of PGRs on vegetative growth, sex expression and yield of cucumber. 
 

Sr. 
No. Treatments 

No. of branches 
per vine at  last  

harvest 

Days required  
for appearance  
of first female 

flower 

Number of 
female 

flowers per 
vine 

Sex ratio      
(M : F) 

Number of 
fruits per 

plant 

Fruit weight  
at 5th  picking 

(g) 
Yield (t/ha) 

1 NAA 100 ppm 6.62 35.27 28.47 3.78 : 1 18.90 191.23 16.67 
2 NAA 200 ppm 6.42 35.10 27.07 4.08 : 1 19.50 193.17 17.72 
3 GA3 10 ppm 5.92 41.13 20.00 11.53 : 1 15.07 191.20 13.58 
4 GA3 20 ppm 5.95 41.30 20.80 11.60 : 1 14.70 187.77 12.83 
5 ABA 10 ppm 6.75 37.47 24.13 5.63 : 1 17.33 190.67 15.82 
6 ABA 20 ppm 6.45 37.13 24.00 5.98 : 1 17.60 184.10 15.96 
7 Kinetin 10 ppm 6.87 36.23 23.73 6.05 : 1 17.50 187.43 15.60 
8 Kinetin 20 ppm 6.12 36.43 25.00 5.78 : 1 17.73 194.33 15.73 
9 Ethrel 200 ppm 9.87 31.87 33.47 1.80 : 1 23.20 188.53 21.15 
10 Ethrel 300 ppm 9.78 30.93 33.27 1.81 : 1 23.60 186.60 20.05 

11 Control 
(Water spray) 5.82 40.10 19.53 8.26 : 1 13.87 184.07 12.79 

12 Control 
(Without spray) 5.87 40.40 20.93 7.90 : 1 13.90 185.07 11.47 

S.Em. ± 0.34 1.21 0.81 0.33 0.83 5.72 1.21 
C.D. at 5% 1.01 3.56 2.38 0.97 2.43 NS 3.54 

C.V. % 8.70 5.69 5.62 9.27 8.10 5.25 13.24 
 

 
Essentially, it is the unsaturated hydrocarbon “ethylene” 

that is released in plant system, consequent on the application 
of Ethrel, which evokes various physiological responses. 
Generally, on flowering process, it is considered to have effects 
opposite to gibberellins Scott and Leopold [7]. On the basis of 
this anti-gibberellin hypothesis assumed that Ethrel may cause 
reduction in GA level in plant to bring favourable changes to 
femaleness in cucumber plant Kshirsagar et al. [8]. Same 
results were recorded by Hilly et al. [9] in ridge gourd. 
 

The present studies indicated that the response of different 
treatments to male: female sex ratio differed significantly. All 
the treatments significantly lowered the male: female sex ratio 
over control. Among all the treatments, Ethrel 200 ppm and 
300 ppm were found to be most effective in lowering the male: 
female flower ratio (1.80: 1 and 1.81: 1, respectively) whereas, 
in the GA3 it was highest ratio (11.60: 1). Probably, it could be 
attributed to the suppression of staminate flowers and promoted 
more number of pistillate flowers. Similar results were obtained 
by Kshirsagar et al. [8] in cucumber and Ghosh et al. [10] in 
Momordica.   
  
Yield parameters 
 

With regards to yield, present investigation revealed that 
the growth regulators at all concentrations significantly 
increased the number of fruits per plant. Among them Ethrel 
300 ppm and 200 ppm recorded maximum number of fruits 
(23.60 and 23.20) than all other treatments and control. This 
may be probably due suppressed male flower production and 
promoted female flower production, so ultimately higher 
numbers of fruits per plant were harvested. The role of plant 
regulators in increasing fruit set explained by Kshirsagar et al. 
[8] in cucumber. 

 
In the present study it was observed that the average 

weight of fruit at 5th picking was not significantly influenced by 
different treatments. However, in 5th   picking average weight of 
marketable fruit was highest (194.33g) with 20 ppm Kinetin 
and the lowest (184.07g) with control. Similar results were 
btained by Kshirsagar et al. [8] in cucumber.   o 

The results of the present investigation revealed that the 
treatment Ethrel 200 ppm and 300 ppm produced the maximum 
yield 21.15 and 20.05 tonne per ha; while control (T11 & T12) 
produced the lowest yield 11.47 and 12.79 tonne per ha. An 
increase in fruit yield in treated plants may due to 
physiologically more activation for the development of flowers 
and fruits, ultimately leading to higher yield. Increased fruit 
yield may also be due to the increase in pistillate flowers  

 
production which resulted in more number of fruits per plant. 
These findings are in consonance with those of Kshirsagar et 
l. [8] and Iwahori et al. [11] in cucumber. a
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ABSTRACT 

 
The present study was carried out in Banni grassland (230 19” to 230 52” N; 690 8” to 700 11” E) of Kachchh district which spreads 2,617 km2. 
Land use - land cover map of Banni region was prepared using Arc GIS and ERDAS Imagine. Sub-setting of the Satellite Imageries was done 
using Survey of India (SoI) maps 1: 50,000 scale. Five major land use classes were identified and the Prosopis juliflora L. distribution map 
was prepared and it estimated that about 45 % of the total area was under Prosopis cover.    
 
Key words: land use map, GIS and remote sensing, banni grasslands, kachchh, prosopis invasion. 

INTRODUCTION 
 
Once Banni was considered as the largest grassland of its 

kind in Asia, but has fallen upon sad times in the last decades. 
The degradation of Banni area was linked to increasing salinity, 
growing human and livestock population, uncontrolled grazing 
and a large scale growth of invasive Prosopis juliflora (here 
after Prosopis). In addition to the anthropogenic pressure the 
existing arid conditions were adversely affected the grassland 
ecosystem functions.  

 
Satellite Remote Sensing and Geographical Information 

System have provided very useful methods of surveying, 
identifying, classifying and monitoring several forms of earth 
resources [1]. Remote Sensing data provides accurate, timely 
and real time information on various aspects such as size, shape 
and terrain of the area of interest.  

 
Literature survey reveals that there are a few studies 

existing on Banni grassland habitat mapping by using GIS and 
RS [4]. Jadhav et al. [2] used IRS-LISS II and TM data of the 
year of 88-89 and classified various habitat types. Vegetation 
map of Banni was prepared by GUIDE [3] using LISS III data 
of 1997 and 2001 and Sastry et al. [4] studied the biodiversity 
threat using GIS. Earlier studies predicted that Prosopis 
invasion in the grasslands will be 45% of the total area during 
2010. Hence, this study was under taken to prepare a recent 
land use map of Banni grasslands and the Prosopis distribution 
status by using LISS III IRS – IC and 1D of June 2008.  

STUDY AREA 
 
Banni is situated on the northern border of the Bhuj 

Taluka (230 19” to 230 52” N; 680 56” to 700 32” E) of 
Kachchh district. It encompasses an area of 2,617 km2 in the 
fringes of Greater Rann. The plains of Banni represent an 
embayment between the Kachchh mainland uplift in the south, 
the Pachchham uplift in the north and the Wagad and Bela 
uplift in the east. In the southern part of Banni there is an 
intervening stretch of salty waste, known as Little Rann of 
Banni, which separates the Banni from Kachchh mainland [5]. 
The Banni is falling in arid climate regime therefore; 
temperature is high around the year and during summer (April - 
June) it reaches maximum of 480- 490 C. During winter 
temperature goes down to 80-100 C; January and February 
being the coldest months. The rainfall received through 

southwest monsoon between June and September with an 
average of 317 mm per year with a coefficient of variation of 
65% and droughts are a recurring phenomenon. As per 2003 
Livestock census Banni grasslands support 30,000 cattle and 
25,000 sheep and goat, and 48 villages mainly depended through 
on livestock rearing.  
 
MATERIALS AND METHODS 

Data Used 

In the present study Indian Remote Sensing satellite IRS – 
IC and 1D LISS III spatial resolution of 23.5 m was used. The 
Banni grassland falling in two scenes path (89 & 90) and row 
(55) and the cloud free data on April 2008 was procured from 
National Remote Sensing Agency, Hyderabad. The data was 
geo-referenced with Survey of India topographical maps of 41 
E1, E5, E6, E9, E10, E14 and E15 at 1: 50,000 scale.  

Ground Controlling Points (GCP) were collected from 
different parts of Banni area and it used as reference data for 
different vegetation. It also used for delineating different 
Prosopis density classes and the maximum likelihood classifier 
is used for processing of the satellite data.  

 
Largely two major methods were available for data 

analysis for extracting resources related information from data 
products namely digital image processing technique and visual 
interpretation technique and for this study digital image 
processing technique was used. Further this technique was 
divided in to 1, Supervised classification and 2, Unsupervised 
classification and for this study supervised classification 
method was used. The steps involved in land use land cover 
preparation are given in the flow chart.  
RESULTS  

Survey of India (SoI) map was taken as a reference map of 
study area and both satellite imageries and toposheets were 
coordinated according to the earth coordinated system. For 
delineating Banni boundary onscreen digitization was done 
from SoI toposheet. Information collected from SoI toposheets 
and personal field visit to Banni were used as reference data for 
land-use land-cover classification. Sub-setting was done by 
using the False Colour Composites (FCC) imageries.  For sub-
setting ERDAS IMAGINE (9.3) and Arc GIS (9.3) were used.  
Later the panchayat boundaries were transferred from SoI maps 
and DILR (District Land Records) village maps and it was 
super imposed to the subset map of Banni. Base map of the 
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Fig. 1 Location Map of Banni with surrounding details 

Banni area was generated and the ground truthing was done 
with the help of Garmin GPS 12 model. In the base map 19 
panchayat boundaries, road (Kachha and Pakka) network, water 
bodies, settlement locations were also transferred from the SoI 
maps and it was confirmed with the ground truthing. The final 
out put map of the Banni area was generated and it was given 
in the figure (Figure 1). 

Flow Chart of Land Use / Land Cover Map 

  

 

     

 

 

 

 

 

 

 

 

 

 
On the basis of field observations and differences in the 

tonal/colour or density variations in the imagery the land use 
map of the Banni region was generated. The land use pattern 
was classified into five major types; Prosopis dominant area, 

Suaeda scrub, Prosopis with other vegetation, Grassland with 
sparse Prosopis and Water bodies (Figure 2). Predominant area 
in Banni is barren and Sueada scrub (75324.72 ha) followed by 
Prosopis dominant area (72073.48 ha) and Prosopis with other 
vegetation (55451.94 ha) (Table 1).  

Fig. 2 Land use Map of Banni Grassland, Kachchh 

Table - 1 Vegetation Classification of Banni grasslands by 
Satellite Imageries 

 
In grasslands Cyperus sp., Dicanthium annulatum, Chloris 

barbata, Creesa cretica, Aristada sp. and Sporobolus helvosus 
were observed. There are a few uninterrupted grass patches 
observed near to Dumado and Gorewali villages. During the 
GCP survey of these locations the rare and endemic grass 
Urochondra setulosus (Trin.) was recorded. 
 

In Banni many seasonal water bodies was observed and its 
water spread area is mainly dependent on rainfall. Generally in 
Banni, many areas are low lying and during monsoon it gets 
filled by rainwater and act as a seasonal water bodies. 

 
Based on the tonal colour the Prosopis density was 

classified into high, medium and sparse. In high density 
Prosopis areas dark red colour was observed whereas in 
medium density class the brownish red colour was observed 
and in sparse Prosopis area pink tone was observed. Overall 
above 45 % of area in Banni is falling under Prosopis and its 
density varied in different parts (Figure 3). A comparative 
analysis was made with the previous study by GUIDE [8] and it 
showed that area under Prosopis dominance during 1997 was 
about 6 % and in 2008 it increased 27.5 % of total area and this 
result is clearly indicating that the grass cover has reduced and 
the wood land habitat (Prosopis dominant area) increased 
between August 1999 and April 2008. Prosopis density was 
high in the middle of Banni area mainly in Gorevali, Mithdi, 
Hodko, Lakhabo, Raiyado, Bhojardo and some part of 

Major Classes Area  in ha % of the total 
area in 2008 

 

 

 

 

 

 

 

 

 

 

Prosopis Dominant area 72,073.48 27.53 

Water 3,839.64 1.47 
Suaeda scrub (Including Barren 
Land) 75,324.72 28.77 

Prosopis with other vegetation 55,451.94 21.18 

Grass with sparse Prosopis 55,081.74 21.04 

Total area 261,771.5 100.00 
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Bhirandiyara panchayat area and it showed a gradual decrease 
in the fringe areas. 

Fig. 3 Prosopis juliflora distribution in Banni Grasslands, 
Kachchh 

 
DISCUSSION 
 

Ever since the remote sensing data in the earth’s surface is 
available for the analysis and  attempts were made to achieve 
classification on earth surface [6] and in this present study the 
Banni grassland land use pattern was prepared and five major 
land use forms were identified.  Nagendra [7] stated that remote 
sensing is the valuable tool for assigning the biodiversity in a 
large scale area because considering that field measurements 
are time-consuming and costly, remotely sensed images could 
be used to derive the patterns of landscape. The present study 
also covered 2617 km2 area with different vegetation cover 
hence GIS and RS is the useful tool to prepare the land use land 
cover map.  

 
Previous studies in Kachchh grasslands highlighted the 

invasion of Prosopis in the grasslands as a major problem and 
in the present study also found that about 49 % area is under 
Prosopis. Sastry et al. [4] has estimated the Prosopis spreading 
speed in Banni grassland was 1.15 % of the total area and it 
estimated that during 2010, 45% of the total Banni area is 
under Prosopis and in the present study also found that the 
situation in true in Banni area and it shows very alarming 
situation for Banni grasslands. The earlier recommendations 
like phase wise removal of Prosopis will give a better 
conservation measure for the grassland restoration in Banni 
grasslands [8] and [9]. The present study revealed that 
moderate Prosopis cover was occupied about half of the Banni 
grassland area and this area will likely to be denser in near 
feature.  The invasion of Prosopis woodland in the grasslands is 
changing the grassland ecosystem function of the area and it 
will have a serious impact on grassland biodiversity. As human 
and natural forces modify the landscape, it increasingly 
important to monitor and assess the alterations. As Banni 
grassland like pastoral land management is getting high priority 
in terms of grassland biodiversity as well as pastoralists. The 
vegetation cover changes influence management and policy 
decisions for the stake holders but monitoring the changes from 
intensive field sampling will be very difficult [10, 11].  

  
 
 
 
 

 

 

 
Hence this study is more useful for conservation and 
management purpose of the stake holders. 
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ABSTRACT 
 

Plants have been important sources of medicine for thousands of years.  It is estimated that approximately one quarter of prescribed drugs 
contain plant extracts or active ingredients obtained from plants. It is important to select, multiply and conserve the critical genotypes of 
medicinal plants.  In vitro regeneration holds tremendous potential for the production of high quality plant based medicine. Multiple shoots 
were regenerated from callus obtained from node as an explant of Centella asiatica L. Urban on Murashige and Skoog’s medium 
supplemented with Kinetin and Indole-3-butyric acid (IBA). The callus was further subcultured on MS medium supplemented with IBA and 
various concentrations of kinetin to obtain the optimum shoot regeneration. The callus production was maximum on basal medium 
supplemented with 3 mg/l IBA + 3 mg/l kinetin and the maximum shoots were obtained on MS + 1 mg/l IBA + 3 mg/l kinetin media. MS 

edium supplemented with 1mg/l to 2 mg/l IBA gave maximum root initiation in excised shoots. m 
Key words: Centella asiatica, callus, multiple shoots, rooting, plantlets 

 
INTRODUCTION 
 

Centella asiatica L. Urban (Syn. Hydrocotyle asiatica L.) 
of the Apiaceae family commonly known as Indian Pennywort 
or Mandukparni is a small creeping herb (Fig. A), common all 
over India growing plentifully in moist localities [8]. Centella 
asiatica is widely used as nervine tonic to increase the mental 
ability in the traditional system of Indian medicine Ayurveda. 
The leaves of the plant are considered beneficial in improving 
memory [1], however the whole plant is used as drug. An 
oleaginous white crystalline substance Vellarin is the active 
principle of the leaves [4]. The plant is also very effectively 
used in the treatment of eczema, epilepsy, insanity, in chronic 
rheumatism. It is one of the recognized drugs used for 
Rasayana purpose [4]. Cultivation of wild stock of medicinally 
important C. asiatica has been remarkably depleted and listed 
as threatened species [5] and an endangered species [7]. Hence 
there is a need to develop alternative approaches for ensuring 
the availability of raw material of a consistent quality from 
regular and viable sources. In order to increase its production, a 
standard protocol was developed to regenerate the plant 
hrough tissue culture. t

 
M
 

ATERIALS AND METHODS 
Young leaves and nodes were collected from C. asiatica 

plants grown in Botanical Garden, Gujarat University Campus. 
It was thoroughly washed with running tap water followed by 
double distilled water. The surface of the explant was sterilized 
with 0.1% (w/v) systemic fungicide - bavistin and then the 
explant was washed with 0.1 % (w/v) HgCl2, 5% (v/v) sodium 
hypochlorite (NaOCl) and 5% (v/v) Tween-20 solution 
respectively. Finally it was rinsed 4-5 times with sterile double 
distilled water and used as explant for culture initiation. 
 

Culture Media and Conditions: MS media described by 
Murashige and Skoog, [3] was used as basal medium 
throughout this investigation. According to the need of the 
different experiments, the formulations of MS were suitably 
modified. 3% Sucrose and 0.8% agar-agar were used. The 
culture were incubated at 25 ± 2°C under the cool white 

florescent tubes. MS media was supplemented with the 
different concentrations (1, 2, 3, 4 mg/l) of 2, 4-D, IBA 
individually and in combination of 2,4-D + kinetin (in 
concentration of 1:1, 2:2, 3:3, 4:4 mg/l 2,4-D : kinetin) and IBA 
+ kinetin (in concentration of 1:1, 2:2, 3:3, 4:4 mg/l IBA : 
kinetin) for the callus culture. After the callus initiation it was 
further sub-cultured on the MS media supplemented with the 
various combinations of 1 mg/l IBA and (1, 2, 3, 4 mg/l) 
kinetin in combination for the shoot regeneration. The 
regenerated shoots were separated from the clump of the shoots 
and the excised shoots were cultured on rooting media 
supplemented with different concentrations of IBA (1, 2, 3, 4 
and 5 mg/l) for rooting. Plants with well developed roots were 
removed from culture medium and roots were washed with 
double distilled water to remove the trace of agar medium. 
Plantlets were transferred to plastic bags containing sterilized 
garden soil. The potted plants were covered with a polythin 
sheet to maintain the relative humidity. The potted plants were 
maintained inside a culture room at 25 ± 2°C for 16 hr/day 
illumination with cool white fluorescent light. After a week, the 
polythene bags were gradually removed. The plants were kept 
in the culture room for 2 weeks without polythin sheet cover 
efore transferring outside into the field. b

 
RESULTS AND DISCUSSION 

 
Profuse and rapid callus initiation was obtained from the 

nodal explant of C. asiatica grown on MS media supplemented 
with 3 mg/l IBA + 3 mg/l kinetin (Table - 1). Surprisingly 2, 4-
D, which is generally helpful in initiating callus, did not 
respond at all for callus initiation. The proliferated callus 
obtained from the nodal segment was subcultured on MS 
medium supplemented with 1mg/l IBA + 3mg/l kinetin, 1mg/l 
IBA + 2mg/l kinetin, 1mg/l IBA + 3mg/l kinetin, 1mg/l IBA + 
4mg/l kinetin and 1mg/l IBA + 5mg/l kinetin for the shoot 
initiation (Figs. B, C & Table - 2). Maximum number of the 
shoot formation was obtained on MS media supplemented with 
1mg/l IBA + 3mg/l kinetin but higher concentration of kinetin 
i.e. MS + 1mg/l IBA + 5mg/l kinetin was not promoting the 
shoot initiation.  MS media supplemented with 1mg/l to 2 mg/l 
IBA gave maximum root initiation in excised shoots (Fig. D, 
Table  - 3).  

*Corresponding author: santosh_singh0313@hotmail.com
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100 % rooting frequency was obtained on medium 
supplemented with 2 mg/l IBA. The rooted plants were 
transferred to plastic cups (Figs. E, F) and polybags containing 
sterile peat and soil mixture (1:1). With 90% survival the 
acclimatized plantlets were successfully established in the field 
with only 10% mortality. 
 

Tiwari et al., [9] developed a protocol for rapid and large-
scale in vitro clonal propagation of the valuable medicinal herb 
Centella asiatica by enhanced axillary bud proliferation in 
nodal segments isolated from mature plants and could induce 
the optimum frequency (91%) of shoot formation as well as 
shoot number 4 to 5 only on synergistic combination of 22.2 
μM BA and 2.68 μM NAA. However Patra et al., [6] 
succeeded plant regeneration from callus cultures of C. asiatica 
while Banerjee et al., 1999 [2] reported multiplication of C. 
asiatica from leaf explant. Banerjee et al., [2] also found 
promontory effect of IBA in rooting in C. asiatica, while IAA 
and lower level of sucrose was reported optimum by Patra et 
al., [6]. He achieved 55 to 65% survival on transfer of rooted 
plantlets into pots containing soil: sand: well rooted cow dung 
manure in the ratio of 1:1:1. 

 
T
 

able - 1 Media for callus initiation 

Plant Growth Regulators Basal 
Media 2,4-D 

(mg/l) 
IBA 

(mg/l) 
Kinetin 
(mg/l) 

Rate of 
callus 

initiation 
- - - - 
1 - 1 - 
2 - 2 - 
3 - 3 - 
4 - 4 - 
- 1 1 - 
- 2 2 ++ 
- 3 3 ++++ 

 
 
 
 

MS 

- 4 4 + 
-  = No callus; + = Very less callus; ++ = Less callus; +++ = Moderate callus; 

++++ = Optimum callus 
 

Table - 2 Media for shoot regen ration e
 

Plant Growth Regulators Basal 
Media IBA (mg/l) Kinetin 

(mg/l) 

Rate of shoot 
regeneration 

- - - 
1 1 - 

1 2 +++ 
1 3 ++++ 
1 4 ++ 

 
 

MS 
 

1 5 + 
-  = No shoots; + = Very less shoots; ++ = Less shoots; +++ = Moderate shoots; 

++++ = Optimum shoots 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table - 3 Rooting response of Centella asiatica 
 

Plant Growth Regulators Basal 
Media IBA (mg/l) 

Rate of root 
formation 

1 ++++ 
2 ++++ 
3 ++ 
4 + 

 
 

MS 

5 - 
-  = No root; + = Very less root; ++ = Less root; +++ = Moderate root;      

++++ = Optimum root  
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BIOSORPTION OF HEXAVALENT CHROMIUM USING SPENT BIOMASS  
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ABSTRACT 
 

The effectiveness of low cost, spent biomass of oleaginous Pythium sp (solid biomass left over after extraction of oil from Pythium biomass) 
was evaluated for removal of Cr(VI) by biosorption as a function of time; initial Cr(VI) concentration and temperature. Batch studies 
indicated that Cr(VI) biosorption capacity (qeq) of spent biomass achieved equilibrium within 60 minutes under the mixing condition 
employed. The biosorption of Cr(VI) ions increased as the initial concentration of Cr(VI) ions increased in the aqueous solution. The 
maximum biosorption capacity of spent biomass at initial Cr(VI) concentration of 100, 200, 300, 400 and 500mg/L was 10.86, 20.87, 26.04, 
37.17 and 45.87mg per gram of dry biomass respectively.  The activation energy (Ea) of Cr(VI) adsorption by spent Pythium sp. biomass was 
determined using Arrhenius equation and was found to be -23.18 KJ/mole in the temperature range of 30 to 50°C. Using the equilibrium 
constant value obtained at different temperatures, the thermodynamics parameters of the biosorption (ΔH and ΔS) were calculated, 
indicating the endothermic nature of biosorption. Two kinetic models viz. the Lagergren first-order and pseudo-second-order were used to 
analyse the biosorption data and the results suggested that the pseudo-second-order model represented the best correlation (R2>0.9). The 
fitness of biosorption equilibrium data for Freundlich and Langmuir adsorption isotherm model indicated that both the models were suitable 
for biosorption of Cr(VI) onto low cost tested biomass.      
 
Key words: Oleaginous fungus, biosorption, kinetic models, thermodynamics, activation energy, adsorption isotherms.

INTRODUCTION 
 

An extensive use of hexavalent chromium in various 
industrial processes such as electroplating, leather tanning, 
paints, pigments, textiles, steel fabrication and tanning 
industries has led to the discharge of chromium to the 
environment well above the trace limits [1]. The maximum 
permissible limit of Cr(VI) in wastewater has been 
recommended as 0.005mg/L by World Heath Organization 
(WHO). The toxicological effect of Cr(VI) originates due to the 
action of Cr(VI) as an oxidizing agent [2]. Inhalation and 
retention of Cr(VI) containing material can cause perforation of 
the nasal septum, asthma, bronchitis, pneumonitis, 
inflammation of  larynx and liver and increased incidence of 
bronchogenic carcinoma [3 & 4]. The contact of Cr(VI) 
compounds with skin may lead to skin allergies, dermatitis, 
dermal necrosis and dermal corrosion. 

 
Thus, the removal of Cr(VI) ions from wastewater has 

become an important and widely studied area where a number 
of chemical and biological technologies have been developed 
over the years. The most conventional methods for removing 
Cr(VI) ions from wastewaters include, physico-chemical 
treatment technologies such as ion-exchange, electrodialysis, 
membrane filtration, reverse osmosis and chemical 
precipitation [5]. These methods have found limited application 
because they often involve high capital and operational costs.  
 

In contrast, adsorption is an effective and widely used 
method for removing Cr(VI) from wastewater. In this context, 
natural materials like microbial biomass or waste products from 
industrial or agricultural operations may serve the purpose of 
low-cost, inexpensive biosorbents [6]. Literature survey reveals 
that several biological materials such as non-living biomass 
like coconut shell, lignin and scales of fish as well as living 
biomass like fungi, bacteria, algae have been investigated for 
the removal of Cr(VI) ions [7-10]. However, the research on 
Cr(VI) biosorption is still insufficient to cover the 
investigations of Cr(VI) biosorption using locally available and 
cheap biosorbents to eliminate Cr(VI) from contaminated 
waters.    

Several species of fungi are reported for their oleaginous 
property [11 & 12]. Large amount of underutilized waste 
biomass is obtained after oil extraction and such dead fungal 
biomass obtained after oil extraction (referred as spent 
biomass) may be useful as a low cost, efficient biosorbent for 
Cr(VI).  
 

Biosorption of metals from liquid waste would result in 
concentration of heavy metals in solid form and thus it is not 
the ultimate solution to the environmental concern regarding 
heavy metal pollution and associated toxicity. In this regards, 
biological detoxification would be obviously preferred over 
biosorption. For detoxification of Cr(VI) containing 
wastewaters, the only known biological mechanism is its 
reduction to Cr(III) which is insoluble and thereby less toxic 
[1]. However, for certain wastewaters such as effluents from 
chrome-plating industries, biosorption based removal of Cr(VI) 
would be preferable owing to its highly acidic pH, at which 
biological reduction would get severely inhibited. Therefore, 
we have been working on development of more effective 
biosorbents for removal of Cr(VI) from liquid wastewaters. 

 
The present work reports the potential of unexploited 

spent biomass of Pythium sp for removal of Cr(VI) from 
aqueous solution. The potential of spent biomass was evaluated 
as a function of time; initial Cr(VI) concentration and 
temperature. Further, the kinetic model (viz. the Lagergren 
first-order and pseudo-second-order) and adsorption isotherms 
(viz. Langmuir and Freundlich isotherms) were used to analyse 
the Cr(VI) biosorption data.  
MATERIALS AND METHODS 
Chemicals 

 
All the chemicals/reagents used in the present study were 

of analytical reagent grades belonging to the brands of Merck, 
Germany; Hi-Media, India and Sisco Research Laboratory 
(SRL), India. 
 
Preparation of Biosorbents: 

 
For biosorption studies, spent biomass obtained after 

extraction of oil from Pythium sp. cultivated under solid-state 
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condition using boiled rice (1 g per 250 mL flask) as a substrate 
was used. Since it was very difficult to separate the biomass 
from the substrate, the biomass along with substrate was dried 
and powdered using mortar and pestle. This powdered spent 
biomass was preserved in airtight polyethylene containers for 
further use. The uninoculated rice substrate processed similarly 
was used as a control. 
 
Effect of initial Cr(VI) concentration on Cr(VI) biosorption 
 

10mg/mL of dried and ground spent biomass Pythium sp 
(along with unutilized solid substrate i.e. rice) was mixed with 
100mL of test Cr(VI) solution. The biomass was used as such 
and no prior treatment was given to the spent biomass. Test 
solutions containing Cr(VI) ions were prepared from analytical 
grade potassium dichromate. The concentration of Cr(VI) 
prepared from stock solution ranged from 100-500mg/L. 
Before mixing the biomass, the pH of each test solution was 
adjusted to pH:1.0 by using 1N HCl. After mixing, the 
experimental set was kept on shaker (150 rpm) at 30°C. 
Samples of 1mL were collected from conical flasks at regular 
time intervals and were filtered through Whattman No. 1 filter 
paper. The filtrates were analyzed for residual Cr(VI) 
concentration in the solution.   
 
Effect of pH on Cr(VI) biosorption 
 

The spent biomass (10 mg/mL) was added to 100 mL 
Cr(VI) solution (100 mg/L) with varying pH (pH 1.0 to 8.0). 
The pH of the solution was adjusted using 0.1N HCl /0.1N 
NaOH. At all pH values, controls without biomass addition 
were kept in order to compensate the effect of pH on Cr(VI). 
The amount of chromium adsorbed was monitored by 
determining residual Cr(VI) in the solution at different time 
intervals and subtracting it from the initial chromium.  
 
Thermodynamic Studies 
 

Effect of temperature on Cr(VI) removal was studied by 
agitating 100mL of 100mg/L solution of Cr(VI) at different 
temperatures (25º-50ºC) for different agitation times till 
equilibrium was attained and then the results were analyzed to 
determine the rate of biosorption at different temperatures. The 
activation energy of the biosorption process was calculated by 
employing Arrhenius equation as follows 

ln k = −Ea/R T + lnAo   (1) 
 

Where Ea is activation energy and Ao is constant called 
the Frequency factor. Value of Ea can be determined from the 
Slope (-Ea/R) of ln k versus 1/T plot [13]. 
 
The thermodynamic parameters of the biosorption i.e. the 
enthalpy change (ΔH) and entropy change (ΔS) were calculated 
using the Van’t Hoffs plot (ln Kc Vs 1/T) given as;  

RT
H

R
SKc °Δ

−
°Δ

=ln     (2) 

Where, T is the temperature in Kelvin, R is the universal 
gas constant (0.0083 KJ/mol) and Kc is equilibrium constant 
calculated as,  

      (3) 

Here, Qeq is the amount of Cr(VI) adsorbed per unit 
biomass (mg/g biomass) and Ceq is the Cr(VI) concentration in 
solution at equilibrium [14 & 15].  
 
Kinetics of Cr(VI) biosorption 
 

Experimental data can be tested using kinetic models in 
order to investigate the mechanism of biosorption and potential 
rate controlling steps such as mass transport and chemical 
reaction processes. The commonly studied kinetic model for 
modelling the kinetics of Cr(VI) ion biosorption includes, 
Lagergren-first order and pseudo-second order rate equation 
[16].  
 

Linear form of Lagergren -first order rate equation is 
expressed as follows; 

eq

eq

C
Q

Kc =

303.2
log)log( 1tkqeqqq teq −=−    (4) 

Where, qt and qeq is sorption capacity at time t and at 
equilibrium respectively and k1 is pseudo-first order rate 
constant.  

 
In case the biosorption follows Lagergren -first order rate 

equation, a plot of log( qeq - qt ) vs t should generate straight 
line with intercept of log qeq and slope of –k1/2.303. 
Similarly, linear form of pseudo-second rate equation is 
expressed as  

eqeqt q
t

qkq
t

+= 2
2 )(

1
     (5) 

Where, k2 is pseudo second order rate constant. 
 

In case the biosorption follows pseudo-second order rate 
equation, a plot of t/qt vs t should generate a straight line with 
intercept of 1/k2qeq

2 and slope of 1/qeq.  
The shape (linearity) of graph and comparison of 

experimental and calculated qeq values can help in deciding 
which kinetic model is followed by biosorption process. 
Another important factor which influences the kinetic model is 
the value of coefficient of determination; R2. A value of R2> 0.9 
shows the suitability of model for describing the kinetics. 

 
Equilibrium model for Cr(VI) biosorption  
 

Adsorption isotherm, based on equilibrium data are basic 
requirements for the design of adsorption systems. Classical 
adsorption models (Langmuir and Freundlich isotherms) were 
used to describe the equilibrium between adsorbed metal ions 
on the spent biomass of Pythium sp (qeq) and metal ions in 
solution (Ceq) as a function of different Cr(VI) concentrations.    

 
The Freundlich isotherm equation is an empirical equation 

based on the biosorption on a heterogeneous surface suggesting 
that the binding sites are not equivalent or dependent [17], 
whereas Langmuir isotherm equation is based on monolayer 
sorption onto a surface with finite number of identical sites, 
which are homogeneously distributed over the sorbent surface 
[18]. 
 
Analysis of Cr(VI) ions 

 
The concentration of the Cr(VI) ions was determined 

spectrophotometrically after complexation of the Cr(VI) ion 
with 1, 5-diphenylcarbazide [19]. The absorbance was recorded 
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at 540nm and concentration was determined from the 
calibration curve. 
RESULTS AND DISCUSSION  
  
Effect of contact time on Cr(VI) ion biosorption by spent 
biomass of Pythium sp. 
 

The present study on time dependent profile of Cr(VI) 
biosorption by spent biomass indicated that a rapid major part 
of Cr(VI) biosorption occurred in the first 240 minutes of 
incubation (Fig. 1). There was no considerable increase in the 
Cr(VI) biosorption after 240 minutes. The biosorption became 
slow in later stage because in the initial stage of Cr(VI) 
biosorption, a large number of unoccupied surface sites were 
available for biosorption, whereas in the later stages the 
remaining vacant surface sites probably became inaccessible. 
These results are at par with the reports on two phase Cr(VI) 
biosorption by  Mucor hiemalis and Rhizopus nigricans  [20, 
21]. 
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Fig. 1 Time course for Cr(VI) biosorption using spent biomass of 

Pythium sp. 
 

Fig. 2 Effect of initial Cr(VI) ion concentration on biosorption 
efficiency(mg/g) of spent biomass Pythium sp. cultivated using 
boiled rice as substrate under solid state conditions.  

 
Effect of initial concentration of Cr(VI) ions 

 
Fig. 2 shows that Cr(VI) biosorption increased from     

10.6 to 40.9 mg/g biosorbent with the increase in initial Cr(VI) 
concentration from 100mg/L to 500mg/L. The maximum 
biosorption of Cr(VI) was found to be 40.9 mg Cr(VI)/g of 
spent biomass at an  initial concentration of 500mg Cr(VI)/L. 
The increased Cr(VI) biosorption from concentrated Cr(VI) 
solution can be attributed to an increase in the number of 
Cr(VI) ions competing for the available functional groups 
present on the surface of biomass [22]. This in turn would 
increase the higher probability of collision between Cr(VI) ions 
and biosorbents thereby providing the driving force to 
overcome all mass transfer resistance of metal ions between the 
aqueous and solid phase.   
 

In order to understand the mechanism of Cr(VI) 
biosorption, the adsorption data were fitted to Lagergren first-
order and pseudo-second order kinetic model. It was found that 
Cr(VI) biosorption by spent biomass follows a pseudo-second 
order rate kinetics (Fig. 3). The pseudo-second order kinetic 
model demonstrates that the metal biosorption process is 
dependent on the number of metal ions present in the solution 
as well as the free biosorption sites on the biosorbent surface. 
Additionally, the second order rate constant K2 and qeq 
calculated from the intercept and slope of the plots are 
summarized in Table 1. It clearly appears from the data that 
with increase in Cr(VI) ion concentration, value of qeq increases 
linearly. The theoretical qeq value shows a lot of resemblance to 
the experimental qeq values. The correlation coefficient (R2) for 
the second order kinetics were greater than 0.9 (R2>0.9) for all 
Cr(VI) concentration tested. Some of the very recent 
investigations concerning the kinetics of Cr(VI) adsorption 
onto various biosorbents have also reported higher correlations 
for pseudo-second order model [23 & 24]. 

Fig. 3 Linearized pseudo second-order kinetic plots at varying initial 
concentrations of Cr(VI) ions (100-500 mg/L).  
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Table - 1 Pseudo-second order kinetic parameters for Cr(VI) 
biosorption at varying initial concentrations of Cr(VI) 
ions. 

 
Kinetic Parameters 

qeq;  (mg/g) Cr(VI); 
mg/L 

Experimental Calculated. 
K2; 

(g/mg.min) R2

100 10.6 ± 0.476 10.8 0.00529 0.9955 
200 20.2 ± 0.765 20.8 0.001582 0.9893 
300 26.03 ± 0.290 26.04 0.00095 0.9726 
400 35.04 ± 3.3 37.17 0.000493 0.9711 
500 40.9 ± 1.83 45.87 0.000318 0.9508 

 
Effect of pH and Temperature 
 

The Cr(VI) biosorption was found to be maximum at 
pH1.0 and remained fairly constant upto pH 6.0, while 
biosorption efficiency decreased significantly with further 
increase in pH upto 8.0 (data not shown). The increase in 
adsorption with decrease in pH may be due to protonation of 
functional groups involved in biosorption of negatively charged 
chromate ions. At alkaline pH the overall charge on the 
biosorbent surface would become negative and consequently 
due to respective charge repulsion of negatively charged Cr 
ions like HCrO4

- , Cr2O7
2-, CrO4

2-, resulting into lower 
adsorption efficiency [20]. Hence, electrostatic attraction 
probably plays an important role in biosorption of negatively 
charged chromium ions at low pH. Additionally, the dominant 
form of Cr(VI) at pH 1.0 is the acid chromate ion species 
(HCrO4

-) and increasing pH shifts the concentration of HCrO4
- 

to other forms, CrO4
2- and Cr2O7

2-. Since there is an increase in 
sorption of Cr(VI) as pH decreases to 1.0, it may be suggested 
that HCrO4

- is the active form of Cr(VI) which is being 
absorbed by the acid treated fungal biomass.   
 

Temperature plays a critical role in biosorption of metal 
ions. Temperature, under certain range can have an influence 
(positive/negative) on the biosorption of metal ions [10]. Fig. 4 
shows the effect of temperature (25-50°C) on the biosorption of 
Cr(VI) by the spent biomass of Pythium sp. as a function of 
time. The Cr(VI) biosorption efficiency(mg/g) of the 
biosorbent increased with increase in temperature from 25–
50ºC. However the initial rate of biosorption was found to 
decrease with increase in temperature. The initial rate of Cr(VI) 
biosorption decreased drastically with increase in temperature 
from 25ºC to 30ºC, while it decreased slowly and linearly with 
further increase in temperature upto 50ºC. This may be due to 
presence of two types of biosorbents in spent biomass, viz. 
fungal biomass and residual substrate.  

 
Based on the values of initial biosorption rates obtained at 

these five different temperatures, the activation energy (Ea) 
from the Arrhenius equation was found to be -23.18 KJ/mole 
(Fig. 5). This suggested that rate of Cr(VI) biosorption was not 
significantly influenced by process temperature in the 
temperature range of 30-50ºC. The reactions exhibiting these 
negative activation energies may be considered as typically 
barrierless reaction. Such reaction either relies on the capture of 
the molecules in a active site or the biosorption of Cr(VI) on 
spent fungal biomass may follow a  two step reaction and might 
involve a transition where rate constants show different 
dependence on temperature resulting in net negative activation 
energy [25]. This observation can be further substantiated by 
the fact that the spent biomass used in the present study 
consisted of both substrate and biomass and both of these can 
contribute in biosorption process through different dependence 
on temperature.  

Fig. 4 Effect of temperature (25-50ºC) on Cr(VI) biosorption efficiency 
(mg/g) of spent biomass Pythium sp. cultivated using boiled 
rice as substrate under solid state conditions.  

 

Fig. 5 Arrhenius plot for Cr(VI) biosorption using spent biomass of 
Pythium sp. 

 
Temperature dependence of the biosorption process is 

associated with several thermodynamic parameters. The values 
of ΔS and ΔH for Cr(VI) biosorption using spent biomass were 
calculated from slope and intercept of the Vant Hoff’s plot 
(Figure not shown). The positive value of ΔH (13.56KJ/mol) 
suggests the biosorption process as a net endothermic process. 
Likewise, the positive value of ΔS (0.034kJ/mol) reflects the 
affinity of Cr(VI) for the biosorbent used [14 & 15]. In 
addition, positive value of ΔS also shows an increasing 
randomness at the solid/liquid interface during the biosorption 
of Cr(VI) on tested biomass. 
 
Analysis of adsorption isotherm: 
 

The purpose of adsorption isotherm is to relate the metal 
concentration adsorbed on the sorbent with metal concentration 
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in the bulk solution. The analysis of the isotherm data is 
important to develop an equation that accurately represents the 
biosorption results. The isotherm can be described by several 
sorption isotherm models, of which Langmuir and Freundlich 
are the most widely referred equation. Both Langmuir and 
Freundlich isotherm models were evaluated to examine Cr(VI) 
biosorption with increasing concentration of Cr(VI). Fig. 6 
shows typical linearized plots of Langmuir and Freundlich 
isotherm models for increasing concentration of Cr(VI). The 
linear plots of Ceq/q versus Ceq and ln qeq versus ln Ceq 
confirmed that adsorption follows both Langmuir and 
Freundlich adsorption model.  

Fig. 6 Assessment of Cr (VI) biosorption by (A) Langmuir isotherm, 
(B) Freundlich isotherm  at varying initial Cr(VI) ion 
concentration (100 – 500mg/L). 

 
The correlation coefficients (R2) of both the isotherm were 
greater than 0.9 (R2 > 0.9) indicating a good mathematical fit. 
This in turn suggests the presence of two different binding sites 
with two different mechanisms. As mentioned earlier, the 
biosorbent employed in present study is a mixture of fungal 
biomass and residual solid substrate. Thus it is obvious, that 
two different components represent two different types of metal 

binding sites and each may differ in the way it interacts with 
the metal ions. 
 

The Langmuir and Freundlich adsorption constants 
calculated from the corresponding isotherms are presented in 
Table 2. Freundlich isotherm constants Kf  and n was calculated 
as 8.3 and 1.13 respectively. The high magnitude of Kf  and n 
illustrate high adsorption capacity of biomass. Likewise, 
Langmuir constants related to bonding energy of the adsorption 
(b) and maximum adsorption capacity (Q) were calculated as 
0.0081 and 32.05 mg/g respectively.  

   
Table - 2 Cr(VI) biosorption isotherm parameters for Cr(VI) 
biosorption by spent biomass of Pythium sp.  

 
Freundlich Isotherm Constants Langmuir Isotherm Constant 
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Further, based on the linearity of the isotherms it can be 
hypothesized that spent biomass of Pythium sp. offers two 
different binding sites, which contribute in Cr(VI) binding 
differently. Adsorption of Cr (VI) at one site is a complex-
process involving multilayer, interactive or multiple site type 
binding which follows Freundlich isotherm and at the same 
time, the other type of binding sites follow Langmuir isotherm, 
which is based on monolayer sorption onto surface with finite 
number of identical sites, which are homogeneously distributed 
over the sorbent surface [26]. The adsorption studies with only 
Pythium sp. biomass suggests that it follows Freundlich 
isotherm for Cr(VI) biosorption [27]. Thus it may be further 
extrapolated that residual rice substrate probably follows 
Langmuir isotherm for Cr(VI) biosorption. 

 
CONCLUSION 
 

Spent biomass obtained after extraction of oil from Cr(VI) 
tolerant Pythium sp. was used for biosorption of hexavalent 
chromium. The biosorption was found to follow pseudo-second 
order kinetics. The thermal kinetics suggests that biosorption in 
this case may be a endothermic two-step process with net 
negative activation energy for Cr(VI) sorption. Moreover, the 
biosorption followed both Langmuir and Freundlich isotherm 
models suggesting the presence of two different types of 
binding sites with two different mechanisms. 
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ABSTRACT 
Lab scale experiments were conducted to investigate the efficiency of mucilage isolated from the fruits of Coccinia indica as flocculent for the 
treatment of turbid water samples containing synthetic turbidity of kaolin. Jar test experiments at optimum pH and time were carried out 
for 10, 25, 50, 75 and 100 (NTU) levels of turbidity in the flocculent dose range, of 0.1 mg, 0.2 mg, 0.4 mg, 0.8 mg, 1.2 mg, 1.6 mg and 2.0 mg/l. 
The flocculation efficiency of C. indica fruit mucilage (also known as Kundoor mucilage) at different turbidity levels and the effects of 
flocculent dose on percent removal of turbidity are reported.  At all the experimental turbidity levels, the increased flocculent dose increased 
the  percentage of turbidity removal upto a certain level, beyond which further increase in dosage showed a decreasing trend in the removal. 
The optimum dose of the flocculent in the present study was found to be 0.4 mg/l. C. indica mucilage has higher efficiency in removing high 
turbidity in comparison with low turbidity. Highest turbidity removal (94%) was obtained with very high i.e. 100 NTU initial turbidity. The 
mucilage of C. indica fruit is an ecofriendly and low cost anionic polysaccharide capable of reducing suspended particles helps in lowering 
turbidity of water/wastewater through flocculation process. 
 
Key words:  coagulant, Coccinia indica, flocculation, kaolin, turbidity.  

INTRODUCTION 
 
Growing population, increased economic activity and 

industrialization has not only created an increased demand for 
fresh water but also resulted in severe misuse of these natural 
resources. Water resources all over the world are threatened not 
only by over exploitation and poor management but also by 
ecological degradation. The cost of water treatment is 
increasing and the quality of river water is not stable due to a 
suspended and colloidal particle load caused by land 
development and high storm runoff during rainy season, such is 
experienced in a country like India. About 1.2 billion people 
still lack safe drinking water and more than 6 million children 
die from diarrhea in developing countries every year. In many 
parts of the world, river water that can be highly turbid is used 
for drinking purposes. World Health Organization (WHO) has 
set the guideline value for the residual turbidity in drinking 
water at 5 Nephelometric Turbidity units (NTU) [1]. 
   

As identified by the United States Environmental 
Protection Agency (USEPA), turbidity is a measure of the 
cloudiness of water; it is used to indicate water quality and 
filtration effectiveness. High turbidity levels are often 
associated with higher levels of disease-causing 
microorganisms such as viruses, parasites and some bacteria in 
the water. These organisms can cause symptoms such as 
nausea, cramps, diarrhoea and headaches [2]. Water-borne 
infectious diseases caused by viruses, bacteria, protozoa and 
other microorganisms are associated with outbreaks and 
background rates of diseases in developed and developing 
countries worldwide[3]. 

 
Developing countries pay a high cost to import chemicals 

including polyaluminium chloride and alum [4, 5] for water 
purification. This is the reason why these countries need low 
cost methods requiring low maintenance and skill. Nowadays, 
polyaluminium chloride is widely used in water treatment 
plants all over the world. Polyaluminium chloride and alum add 
impurities such as epichlodine are carcinogenic [6, 7]. 
Aluminium is regarded as an important poisoning factor in 
dialysis encephalopathy. Aluminium is one of the factors which 
might contribute to Alzimer disease [8, 9]. Aluminium reaction  

with water alkalinity reduces water pH and its efficiency in 
cold water [10, 11]. However some synthetic organic polymers 
such as acrylamide have neurotoxicity and strong carcinogenic 
effect [6, 8]. Coagulation has been subject of much research, 
most of which has been related to coagulation in the context of 
water treatment. Inorganic coagulants such as alum in 
combination with lime have been conventionally used for 
removal of turbidity from surface waters. The sludge formed 
from such treatment poses disposal problems because of its 
aluminium content and tend to accumulate in the environment 
and also because of large volume [12]. Therefore, it is desirable 
that other cost effective and more environmentally acceptable 
alternative coagulants be developed to supplement if not 
replace alum, ferric salts and synthetic polymers. In this 
context, natural coagulants present viable alternatives for 
developing countries [13, 14].           

 
Natural macromolecular coagulants are promising and 

have attracted the attention of many researchers because of 
their abundant source, low price, multi-purposeness and 
biodegradation [10, 13, 15]. Okra, Rice, Moringa olifera and 
chitosan are natural compounds which have been used in 
turbidity removal [16, 17, 18]. The present study used a 
coagulation-filtration test using Coccinia indica mucilage 
extract as coagulant for water treatment and as flocculent aid 
for wastewater treatment. 
 
MATERIALS AND METHODS 
 

In coagulation experiments, samples of turbid water were 
prepared by adding kaolin into distilled water. 10 gm of 
measured kaolin powder (Fluka Company) was dried in an 
oven with the temperature 105ºC for 5 hours. After that it was 
removed from the oven and was embedded in desiccators for 
half an hour. Then 100 ml of distilled water was added to the 
kaolin powder. Suspension was kept at room temperature for 
24 hours and was completely mixed for 20 minutes by an 
electrical blender. The suspension was kept in stable conditions 
for 4 hours in order to settle coarser particles. One litre of 
supernatant was transferred to erlenmayer flask and was kept as 
stock solution [19, 20.] From this stock solution, desired 
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experimental turbidities of 10 NTU, 25 NTU, 50 NTU, 75 NTU 
and 100 NTU were generated.  

 
To obtain Coccinia indica mucilage extract (also known 

as Kundoor mucilage), the fruits were thoroughly washed with 
water, cut into pieces and then soaked in distilled water 
overnight. The mucilaginous extract was filtered through 
muslin cloth. It was precipitated from the extract by addition of 
alcohol. The precipitate was washed with acetone 2-3 times and 
finally dried by keeping in oven at 40º C for 24 hours. It is 
easily soluble in water. The filtered extracted was then used in 
the experiment [13, 14] after optimizing the pH and time of 
contact between the flocculent and suspended particles in the 
solution (unpublished data). Jar test method as described in 
[21] on Flocculator was carried out on experimental turbid 
water samples with 0.1 mg, 0.2 mg, 0.4 mg, 0.8 mg, 1.2 mg, 
1.6 mg and 2.0 mg/l mucilage extracts of Coccinia indica. The 
speed of fast and slow mix was respectively 180 rpm for 10 
minutes and 40 rpm for 20 minutes and the settling time was 
considered to be 1 hour. The final turbidity of each test sample 
was measured by digital Nephelo turbiditymeter.  
 
RESULTS 
 

The result of effect of different dosage of C. indica 
mucilage at 10 NTU is represented in Fig 1. Initially as the 
dose increased from 0.1 to 0.4 mg/l, the % removal of turbidity 
from the test solution also increased. But thereafter with the 
increase in the dosage, there is a decline in the removal. 
Maximum turbidity removal was reported at 0.4mg/l dose of C. 
indica mucilage. Similar results were obtained with the test 
solutions of 25, 50, 75 and 100 NTU turbidities (Fig 2, 3, 4 and 
5). Moreover, in high turbid test solution i.e. 100 NTU the 
percentage of removal was the highest as compared to low 
turbid solutions. Therefore C. indica mucilage extract was 
found to be effective in the treatment of high turbid waters. 
From the graphs it is clear that all the experimental dosage of 
C. indica mucilage can more or less remove turbidity from the 
test solutions. 

Fig. 1 C. indica fruit mucilage extract at different dose in 10 NTU 
solutions. 

 
 
 
 
 
 

Fig. 2 C. indica fruit mucilage extract at different dose in 25 NTU 
solutions  

 

Fig. 3 C.indica fruit mucilage extract at different dose in 50 NTU 
solutions  

 

Fig. 4 C. indica fruit mucilage extract at different dose in 75 NTU 
solutions  
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Fig. 5 C. indica fruit mucilage extract at different dose in 100 NTU 
solutions 

 
Dosage was one of the most important parameters that 

have been considered to determine the optimum condition for 
the performance of C. indica fruit mucilage in coagulation and 
flocculation. There are several researches which reported that 
initially, with an increase in the dose of plant material 
(flocculent) the percentage removal of turbidity increases, but 
after a certain dose, a decreasing trend in removal is seen with 
an increase in the dose of the flocculent [22, 23, 24]. The 
behaviour could be explained by the fact that the optimal dose 
of flocculent in suspension causes larger amount of solid to 
aggregate and settle. However an overoptimal amount of 
flocculent would cause the aggregated particles to re-disperse 
in the suspension and would also disturb particle settling. Our 
results are in agreement with the previous reports. The 
optimum dose of the C. indica fruit mucilage in the present 
study was found to be 0.4 mg/l.  

 
The present study also showed that the fruit extract of C. 

indica mucilage has higher efficiency in removing high 
turbidity in comparison with low turbidity. Highest turbidity 
removal (94%) was obtained with very high i.e. 100 NTU 
initial turbidity whereas the lowest turbidity removal of 82% 
was observed with water containing initial turbidity of 10 NTU. 
The coagulation efficiency of C. indica mucilage in the current 
study was found to be dependent on initial turbidity of water 
samples.  This type of results had been obtained by several 
researchers [25, 26, 27]. Hence it is concluded that the turbidity 
removal is influenced by the initial turbidity of the test 
solutions.  

 
The use of plant materials as natural coagulants-

flocculants to clarify turbidity of wastewaters is of common 
practice since ancient times. Natural anionic polysaccharide 
present in C. indica mucilage is found to be a very effective 
flocculent capable of removing almost 94 % of suspended solid 
from turbid water samples. A very low flocculent concentration 
of 0.4 mg/l was capable of removing appreciable amount of 
suspended particles. There are several reports which suggest 
that natural water-soluble polysaccharides have capability of 
flocculating small particles and of causing turbulent drag 
reduction. These properties have been ushered in their novel 
applications in agriculture, in effluent treatment and mineral 
beneficiation. Natural polymers such as starch, sodium 
alginate, amylopectin, guar gum, xanthan gum, kendu gum, 
chitosan, okra mucilage and psyllium mucilage [28] find 
extensive application as flocculants. These anionic polymers 
present in the mucilage make larger flocs with the suspended 

particles in the wastewater by bridging mechanism, finally 
settled them down and can be easily removed from turbid 
waters. The possibility of industrial application of this 
biodegradable flocculent to clarify turbid wastewater may be 
explored to evaluate their full potential. 
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ABSTRACT 

 
The floral and extra floral nectaries are characteristic feature of the family Bignoniaceae. The floral nectaries in Millingtonia hortensis (L.), 
Stenolobium  stans (L.), Tabebuia pallida (Lindl.) and Tabebuia argentea (Britt.) observed as disk surrounding the base of the ovary. The time 
of secretion and positioning of anther in the opened flowers are conducive for cross pollination. 
 
Key words: Nuptial nectary, Millingtonia hortensis (L), Stenolobium stans (L), Tabebuia pallida (Lindl.), Tabebuia argentea 

(Britt.), Starch, Phloem. 

INTRODUCTION 
 

Nectaries are specialized secretory glands which secrete 
sweet watery fluid rich in amino acids, minerals and small 
amount of organic compounds known as nectar.  Nectaries are 
involved in plant animal interactions and therefore it bears 
great ecological significance [10]. The floral and extrafloral 
nectaries are characteristic features of the family Bignoniaceae. 
It has been reported that nuptial nectaries play a key role in 
pollination biology of Bignoniaceae (1 & 8). 

 
According to Rivera [11] there are two types of nuptial 

nectaries found in Bignoniaceae. 
 
a) Nonsecretory or vestigial nectaries: These are non 

functional nectaries, though they resemble functional nectaries 
in their external morphology. Vestigial type of nuptial nectaries 
are found in Cyclostoma callistegioides, C. binatum and [11] in 
Lundia sp. [8]. In case of Lundia sp the process of nectar 
secretion is performed by secretory trichomes which are found 
on the inner side of the corolla tube. 

 
b) Secretory nectaries: These are also of two types (I) 

Annular nectaries: It is an enlarged ring surrounding the base 
of the ovary and generally five lobed structures. In longitudinal 
sections a groove or a furrow is clearly observed dividing 
nectariferous tissues from the base of the ovary. These types of 
nectaries are reported in Kigelia pinnata, Bignonia illicium and 
Tecomaria capensis [13, 14 & 15], while in some cases, the 
ovary is raised from the secretory tissue on a long axis. It is 
found in Arrabididaea coralline and Dolichandra 
cynanchoides [11]. (II) Tubular: It is an enlargement of floral 
axis. In longitudinal section it appears to be a cylindrical 
structure without any grooves or furrow [11]. This type of 
nectaries are observed in Cuspidaria convolute; Monsoa 
difficilis; Jacaranda micrantha [11]. 

 
In the present paper the histological and histochemical 

characteristics of nuptial nectaries in Millingtonia hortensis, 
Stenolobium stans, Tabebuia pallida and Tabebuia argentea of 
Bignoniaceae   are reported. 
 
MATERIALS AND METHODS 
 

Flowers of Milllingtonia hortensis, Stenolobium stans, 
Tabebuia pallida and T. argentea were collected fresh from 
Sardar Patel University campus and fixed on the spot in FAA 
[70% ethanol/acetic acid/formaldehyde, 18: 1: 1 (v/v)], [7] 
these fixed materials were dehydrated in a graded ethanol 
series and embedded in paraffin wax. Serial longitudinal 

sections of 12µm thickness were cut using a rotary microtome 
(Sipcon India SP-1120/Sp-1120 A) and stained with PAS 
(Periodic Acid Schiff’s) reagent [9] and observed and 
photographed under Nikon microscope (Nikon, Japan 113615)  
fitted with Donpish CCD camera. 
 
RESULTS AND DICUSSION 
 

Nuptial nectaries at the maturity observed as annular ring 
around the ovary in all the four species studied. In S. stans, M. 
hortensis and T. argentea nectary and ovary are at the same 
level (Fig. A, B & D) while in T. pallida ovary is raised above 
the nectary.(Fig. C).   A group of parenchymatous cells on the 
rim of the torus by continuous cell divisions give rise to nuptial 
nectary. In early stages it appears as a protuberance around the 
base of the ovary (Fig. J).  Nuptial nectaries showed two 
distinct regions viz. epidermis and secretory parenchyma with 
vascular connection. 
 

The epidermis is single layered composed of compactly 
arranged tubular cells, interrupted often by wide open stomata 
in the apical portion. In S. stans.and M. hortensis a prominent 
stomatal chamber was found (Fig. F & H), while in T. pallida 
and T. argentia such chambers were absent. The stomata were 
either raised as in M. hortensis and S. stans.(Fig. F & H), or at 
the level of epidermis as in T. pallida and T. argentea  (Fig. G 
& E) Secretory parenchyma tissue were made of several layers 
of compactly arranged isodiametric cells. These cells were 
stained densely with PAS reagent indicating all 
parenchymatous cells are secretory without any ground 
parenchyma tissue. In all the presently studied four plant 
species the secretory cells were compact with out any inter 
cellular spaces with starch grains before the secretion. But 
during the process of nectar secretion the density of starch 
grains is decreased (Fig. K).  In the vasculature, only phloem 
strands were found in the secretory tissue (Fig. K & L). The 
vasculature is connected to the ovarian vascular bundles (Fig. 
B & I). The secretion of nectar which was observed prior to 
flowering got accumulated in corolla tube.  

 
Flowering phenology in M. hortensis, S. stans, T. pallida 

and T. argentea is annual and similar to the cornucopia type 
proposed by Gentry [5 & 6] in which flowering occurs for 
several weeks and produce large number of flowers each day. 
According to a topographical classification explained by Fahn 
[3], annular secretory nectaries found in Bignoniaceae would 
fall under type 4 in which nectary have formed as a disk 
surrounding the base of the ovary. Anatomical characteristics  
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* -  Nectary lobe, VS - Vascular strands, NM - Nectary meristem, OV- Ovary,  A - Anther,  P - Petal,  S – Sepal . 
 
Figure - A, E, I and K Tabebuia argentea ., Figure- B, F and J Stenolobium stans., Figure - C and G Tabebuia pallida., 
Figure- D, H and L Millingtonia hortensis  
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of nectary found in M. hortensis  and T. pallida  are similar to 
those of  Kigelia pinnata  [13] and T. serratifolia  [16]. In some 
species of Bignoniaceae having vestigial nectary, the process of 
nectar secretion is performed by glandular trichomes present on 
the petal base [8]. However all the four species presently 
studied are found to have functional nectaries.  
 

The presence of wide open stomata and prominent 
intercellular spaces in secretory parenchymatous tissue is the 
characteristic feature of floral nectaries [3]. In all the four 
species studied here, the presence of ground parenchyma region 
was not observed but it is a characteristic feature of 
Eccremocarpus scaber [1] of Bignoniacae.  The stomata found 
on the epidermis of nectary are either raised above the 
epidermal layer or are in the same level. The raised stomata, 
which is a characteristic feature in  Tecomaria capensis [15], 
Tabebuia  aurea, T. chrysotricha, T. nodosa and T. ochracea 
[11], was also observed in  M. hortensis  and  S. stans,  but in T. 
pallida and T. argentea the stomata is present at the level of 
epidermal cells. Stomata have been always found on the apical 
portion of the nectary, which corresponds to the region of 
secretory activity in the nectary. The apical location of stomata 
has been noted in Bignoniaceae and other families [2 & 4]. The 
stomata in the nectaries are nonfunctional as in Vicia faba[2].In 
the present study, all are the four species showed completely 
opened stomata. . Initially when the nectary is immature, no 
intercellular space is observed in secretory parenchyma, but 
loosely arranged cells with prominent intercellular space were 
found on its maturity. This indicates that during secretory stage, 
the breaking down of stored starch grains leads to the 
production of nectar atleast partially and cells becoming less 
compact resulting in the formation of   the intercellular spaces. 
Starch stored in secretory parenchyma at the pre-secretory stage 
can be utilized both as a source of energy for highly metabolic 
processes and as a source of sugars for nectar synthesis [10 & 
12]. The nectar is accumulated in these spaces before exuding 
through stomata. Similar observations have been made in floral 
nectaries of other Bignoniaceae members [13, 14 & 15]. The 
tubular corolla present in these which stores the nectar and the 
position of anthers at the mid way of corolla are well suited for 
promoting cross pollination [15].  
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ABSTRACT 
 

A correlative study on biochemical changes during fruit ripening and seed development in Cucurbita moschata Duch. (Pumpkin) has been 
carried out. The pumpkin fruit was collected at its three successive developmental stages viz. mature, pre-ripened and ripened fruit and 
subjected it for its biochemical analysis. The obtained results showed that with the advancement of fruit maturation, the amount of pigments 
(total carotenoids, lycopene), total sugars and non-reducing sugars, proteins and phenols increase significantly, while that of reducing sugars 
decrease. In contrast, a declining trend of total sugars, reducing and non-reducing sugars, proteins and phenols occurs in the maturing seeds. 
The sequential developmental stages of pumpkin fruit and its seeds show variations in the amount of their minerals. However, the pumpkin 
fruit with its advancement towards maturation and ripening, show significant accumulation of fibre content, while a large amount of oil get 
stored in its seeds. This reveals a positive interdependent developmental relationship between the fruit and seed of pumpkin. Moreover, the 
present study also indicates that the development of seed may possibly have an active role in the ripening of fleshy fruits.   
Key words: composition, Cucurbita moschata, development, fleshy fruit, physiology. 

INTRODUCTION 
 

It is known from the earlier studies that a possible 

endemic. The species is cultivated as an annual or perennial 
crop, cultivated for its edible fruibts, which are either used as 
esculents or ornamentals [1]. The fruits of pumpkin are largely 
used as medicine in various parts of the world for various 
ailments. It is a gentle and safe remedy for a number of 
complaints, especially as an effective tapeworm remover for 
children and pregnant women for whom stronger acting and 
toxic remedies are unsuitable [2]. The seeds are mildly diuretic 
and vermifuge; complete seed, together with the husk, is also 
used to remove tapeworms. The seed, which is known to 
contain high amount of zinc, has been used in the early stages 
of prostate problems [3]. 

 
The present study has been carried out to understand the 

biochemical changes associated with the growth and ripening 
of pumpkin fruit in relation to its seed development. 
 
MATERIALS AND METHODS 

 
The fruits of pumpkin were collected at their three 

sequential developmental stages i.e. mature, pre-ripened, and 
ripened (Fig.  1). After recording the measurements (length and 
diameter) of these fruits (Mature 15.4 cm x 18.9 cm,            

Pre- ripened 20.3 cm x 23.6 cm, Ripened 25.3cm x 21.7 cm), 
they were subjected for their biochemical analyses:  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Fruits of pumpkin at their successive stages of growth and 

ripening 
 

The estimation of pigments such as carotenoids and 
lycopene were estimated as per the method of Tomes [4]. 
Following the method of Thimmaiah [5], the amount of total 
sugars, reducing and non-reducing sugars, protein and phenols 
were estimated. The oil content of the seeds was measured 
using Soxhlet apparatus extraction method and crude fibre from 
fruit pulp was estimated by gravimetric method of Mazumdar 
and Majumder [6]. The minerals such as Zn, Cu and Mn were 
estimated by using Atomic absorption spectrophotometer 
(Nova 400) following the method of Berwal et al. [7], while 
iron, calcium and phosphorous were estimated using Inductive 
coupled plasma spectrophotometer at SICART, Vallabh 
Vidyanagar, Gujarat, INDIA. Using HPTLC the profiling of 
sugars was done following the method of Daniel [8], while that 
of amino acids, using the method of Jayaraman, [9]. The data 
obtained from the present study, were subjected for their 
statistical analysis, using DMRT (Duncan’s Multiple Range 
Test) by IRISTAT software V. 3.0. [10]. 
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competition occurs between the growth of the fruit and seed 
development. Moreover, seeds have been reported to have 
strong influences on the growth of fleshy fruits, ranging from 
strongly promotive to inhibitory effects, depending upon the 
stage of fruit. In view of these observations, the present study 
has been undertaken to elucidate the biochemical relationship 
between the growth and ripening of a fleshy fruit of Cucurbita 
moschata Duch. with the development of its seed.  

 
Cucurbita moschata is an ancient crop of Americas and its 

fruits are commonly called pumpkin or squashes, which 
belongs to the family Cucurbitaceae, also known as the gourd 
family. In India, the family Cucurbitaceae is represented by 
nearly 34 genera and 108 species, of which 38 species are 

    Mature       Pre-ripened             Ripened 
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RESULTS AND DISCUSSION    
Qualitative and quantitative changes in the pigments of 
Pumpkin fruit 

Color changes in fruit are one of the primary indicators 
demonstrating the maturity and ripening of fruits. The amount 
of total carotenoids in the presently studied fruit increased 
successively by more than one fold from 0.25 mg/100gm at 
mature stage to 0.35 mg/100gm at pre-repined stage and further 
increased by more than four fold until ripening                    
(1.50 mg/100gm) (Fig. 2, Table - 1). The amount of lycopene 
content in the presently investigated pumpkin fruit was 
recorded to be 0.38 mg/100gm at the mature stage, but it 
decreased to 0.32 mg/100gm at the pre-ripened stages followed 
by a sharp increase of more than three fold to the level of    
1.01 mg/100gm during ripened stage (Fig. 2, Table - 1). Thus 
the results of the presently studied pumpkin fruit are in 
accordance with the results obtained by Dutta et al. [11], who 
reported carotenoid in the pumpkin fruit to be around       
0.43 mg/100gm, while Karkleliene et al. [12] observed huge 
variations in the amount of carotenoids among the various 
pumpkin cultivars.  

Fig. 2 Total carotenoids and lycopene in fruit 
 
Qualitative and quantitative changes in the sugars of 
pumpkin’s fruit and seed at their successive stages of 
development 
 

The biochemical analysis of the presently studied pumpkin 
fruit revealed that the amount of total sugars gradually 
improved significantly by about two folds in their content from 
the mature stage to ripened stage (i.e. 6.68 to 12.71 mg/gm) 
(Fig. 3, Table - 1), while the amount of sugars in the seeds of 
pumpkin decreased by more than two fold from 22.01 at mature 
stage to 9.11 mg/gm at the ripened stage (Fig. 4, Table - 1). 
Also the amount of reducing sugars in the pumpkin fruit 
increased by more than two folds from mature stage to the 
ripened stage (i.e. 1.98 to 4.10 mg/gm) (Fig. 3, Table - 1), 
whereas in case of seeds the amount of reducing sugars 
decreased by more than two fold from mature stage to ripened 
stage (10.35 to 4.61 mg/gm) (Fig. 4, Table - 1). Similarly, the 
amount of non-reducing sugars in the pumpkin fruit showed 
insignificant increase from mature stage to the pre-ripened 
stage (4.68 to 4.92 mg/gm) but thereafter showed a significant 
increase by more than one fold until the onset of ripening 
measuring 8.59 mg/gm (Fig. 3, Table - 1). On the other hand 
amount of non-reducing sugars of seed, decreased during their 
stages i.e. from mature stage to ripened stage (11.65 to        
4.45 mg/gm) (Fig. 4, Table - 1). It is apparent from the flavor 
of different fruits that their sugar content varies widely. The 

total soluble sugars in the presently worked out fruit of 
pumpkin showed tremendous increase in their quantity. It was 
found that the reducing sugars increase during the present study 
and are in accordance to the results obtained by Pruthi [13]. 
This could be attributed to the hydrolysis of starch, which gets 
accumulated during the early stages of growth. But during the 
later stages of development i.e. ripening, the amounts of sugars 
tend to increase due to high activity of enzymes such as          
α-amylase, β-amylase and starch phosphorylase [14].  In 
contrast the amount of total sugar content decreased in the seed, 
which may be due to the accumulation of sucrose into starch 
and such variations, has been observed by Karkleliene et al. 
[12] in various cultivars of pumpkin. Also starch serves as a 
reserve material and also as a source of nutrition needed by the 
seed during the germination [15]. 

 

 

 

 

 

 

 

 
 

Fig. 3 Changes in sugar content of fruit 

Fig. 4 Amount of sugars in seeds 
 
Proteins alteration in pumpkin fruit and seeds 
 

As per the presently carried out biochemical analysis of 
pumpkin fruit, the total protein content of it is found to have a 
gradual increase in their content from 28.72 mg/gm at its 
mature to 56.68 mg/gm at the ripened stage which is more than 
one fold (Fig. 5, Table - 1). In contrast, the amount of total 
protein content of pumpkin seed decreased from 206.97 mg/gm 
at the mature stage to the tune of 101.72 mg/gm at the ripened 
stage, which shows the decrease of protein in the developing 
seed by more than one fold (Fig. 5, Table - 1). Proteins are the 
principle constituents of cell protoplasm and chiefly function to 
act as essential component of structural material. The net 
change in the amount of protein was observed to increase 
during maturation and ripening of pumpkin fruit. The net 
increase in the amount of proteins could be due to the 
metabolic processes within the plant cells, which continues 
even after harvest by using the free amino acids. Also the 
reduced activity of enzymes such as protease also helps the 
fruit in accumulating the proteins during the later stages of 
ripening [14]. In contrast seeds exhibited a sharp decrease in 
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the amount of total protein. According to Martin [16] pumpkin 
seeds contain more protein than that present in the fruits. The 
results of the present study are in agreement with that of Martin 
[16] who described that the proteins in fruits are principally 
globulin type and are deficient in lysine but also in sulfur 
bearing amino acid. In the mature stage high protein content 
was recorded which indicates that the seeds are metabolically 
active as it require them for various metabolic activities 
occurring within the seed. But as the seed of the ripened stage 
are fully mature and hence are less metabolically active and 
may be the seeds may undergo the process of dormancy [17]. 

 

 
Changes in Phenols during growth and development of 
pumpkin fruit and its seeds 

 
Phenolic compounds enjoy a wide distribution in plant 

kingdom and they are particularly prominent in determining 
color and flavor of fruits. Total phenol content in pumpkin fruit 
decreased by 1.5 times as it declined from 0.48 mg/gm at 
mature stage to 0.31 mg/gm at the pre-ripened stage. But there 
after it increased by two fold (0.815 mg/gm) at the ripened 
stage (Fig. 6, Table - 1). In seeds no significant change 
occurred in the quantity of total phenols except a decline at 
ripened stage by 5 fold (Fig. 6, Table - 1). The results of the 
present study are in accordance with the results obtained by 
Kadam et al. [18] who also reported low levels of phenolic 
compounds in the fruit of pumpkin. The phenolic content of 
most fruits declines from high levels during early growth to 
low levels [19], [20]. The fruit of pumpkin shows a gradual 
increase in phenolics content towards its maturity and ripening. 
The concentration of phenol decreases as the fruit matures and 
ripens. The higher levels of phenolic compounds may provide a 
protection mechanism for the fruit. However, the seed 
exemplified very low amount of phenolic compounds at all 
sequential stage of growth and ripening.  

Fig. 6 Phenolic content in pumpkin fruit and seeds 

Oil content during development of seed  
The oil content increased gradually from 7.75gm/100 gm 

at the mature fruit stage to 11.15gm/100gm exhibiting more 
than half fold increase at the pre-ripened stage, while three fold 
increases in the oil content was observed at the ripened stage 
(34.40gm/100gm) (Fig. 7, Table - 1). According to Martin  [16] 
the seeds of cucurbits contain up to 50% oil content and most 
of the oil present is made up of non-saturated fatty acids, thus 
of high nutritional values. Oils and fats are triglyceride 
complexes of organic fatty acids. Besides conjugated fatty 
acids among some cucurbit oils make them highly useful as 
drying oils [16]. 

 Changes in oil content during seed development 
 

Fibres 
 

Crude fibre is considered as the material left after 
digestion of tissues and mainly composed of cellulose, lignin 
and some minerals [20]. High fibre content of food helps in 
digestion and prevention of colon cancer [21]. The fibre 
content of pumpkin fruit pulp increased gradually from 1.62 
gm/100gm at mature fruit stage to 1.94gm/100gm at the 
ripened fruit stage indicating one fold increase in the crude 
fibre of ripened pumpkin fruit (Fig. 8, Table - 1). The results of 
the present study show the accumulation of fibre content during 
successive stages of maturation and ripening. Thus the results 
of present study are in accordance with the findings of 
Agostoni et al. [22] who stated that non starchy vegetables are 
the richest sources of dietary fibers.  Daniel et al. [23] reported 
that the fibre content has high correlation with solids content of 
the fruit and carried out detailed observations of the texture 
content using different pumpkin cultivars. Besides, Saldana 
[20] stated that these dietary fibers are employed in treatment 
of diseases such as obesity, diabetes and gastrointestinal 
disorders. In view of the foregoing account it may be said that 
the fruit of pumpkin serves as a rich source of dietary fibers.  

Fig. 8 Quantitative changes in fibre content of pumpkin fruit 

 

 

 

 

 

 

 

 
 

Fig. 5 Amount of proteins in pumpkin fruit and seeds 
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Table - 1 Quantitative analysis of biochemical changes during growth and development of pumpkin fruit in relation to its seed 

development 

 
 
Table - 2 Quantitative analyses of changes in minerals associated with growth  

and ripening of pumpkin fruit in relation to its seed development (ppm/gm dry wt.).  
 

( N. D. - Not detected) 
 
Minerals during growth of pumpkin fruit and development 
of it seeds 
 

The analysis of minerals present in pumpkin fruit reveals 
that iron and copper decreased from the mature fruit stage to 
ripened stage, while phosphorus, calcium and zinc have been 
found increasing. In contrast, the amounts of iron and zinc were 
found to increase in the seeds from mature fruit to its pre-
ripened stage but eventually they decline in the seeds of 
ripened fruit, while gradually phosphorous, calcium and copper 
increase in their quantity from the fruit of mature stage to its 
ripened stage (Table – 2). Recently, Hamed et al. [24] has 
observed calcium, potassium, sodium, phosphorous, iron, 
magnesium, zinc and cobalt to be present in the seeds of 
pumpkin. Minerals are essential elements, needed for good 
health. Copper is a necessary element which acts as a co-factor 
for various oxidative enzymes remained at lower levels during 
the maturation and ripening of pumpkin fruit and seed. A 
macro-element, phosphorous, helps in the growth and 
metabolic process including cell division, cell expansion, 
respiration and photosynthesis [25]. Calcium, which is known 
to play an important role in plant growth and development, 
primarily, because it is required both in cell division and cell 
elongation, was also observed to increase in the seed as well as 

fruit with their development [26]. The results of 
the present study indicate that the fruit of 
pumpkin contained only reasonable amounts of 
Cu, Mn and Zn while good sources of some 
other minerals, especially P, Ca and Fe. Similar 
observations have been reported earlier by [27, 
28, 29]. 

 
Characterization of sugars and amino acids 
 

The Characterization of sugars and amino acids with an 
aid of HPTLC revealed that six sugars and seven amino acids 
were present at the ripened stage. The sugar include from 
mature to ripen stage; sucrose (36 - 420 μg/gm F.W.), ribose 
(500 –   1400 μg/gm F.W.) and fructose (490 - 300 μg/gm 
F.W.); while three sugars were not identified (Fig. 9). The 
results of the present study suggest that the main source of 
these sugars is starch which serves as a reserve material and 
also as a source of nutrition needed by the seed during the 
germination [17] and hence the presence of various sugars are 
observed according to the anabolism or catabolism process that 
may take place according to the developmental stage of the 
fruit. In case of amino acids, aspartic acid (800 - 170 μg/gm 
F.W.), glutamic acid (1200 - 70 μg/gm F.W.) and tyrosine 
(2100 - 800 μg/gm F.W.) were identified, while presence of 
four unknown amino acids was recorded (Fig. 10). The amount 
of free amino acids in relation to metabolic changes during 
growth and ripening process are fundamentally important in 
understanding and controlling the ripening behavior of fruits, 
but has received little attention [30]. 

Developmental stages of fruit and seed 

Fruit Seed 
Biochemical 
metabolites 

Mature Pre-ripened Ripened Mature Pre-ripened Ripened 

Total Carotenoids 
(mg/100gm) 0.25 ± 0.051a 0.35 ± 0.005a 1.50 ± 0.005b - - - 

Lycopene 
(mg/100gm) 0.38 ± 0.008b 0.32 ± 0.004a 1.01 ± 0.005c - - - 

Total sugars 
(mg/gm) 6.663 ± 0.017a 7.322 ± 0.047b 12.718 ± 0.017c 22.010 ± 0.160c 19.228 ± 0.018b 9.114 ± 0.065a

Reducing sugars 
(mg/gm) 1.982 ± 0.006c 2.402 ± 0.011b 4.100 ± 0.013a 10.35 ± 0.342c 8.509 ± 0.071b 4.615 ± 0.057a

Non-reducing 
sugars (mg/gm) 4.683 ± 0.022a 4.920 ± 0.054a 8.595 ± 0.003b 11.65±0.479c 10.71 ± 0.084b 4.497 ± 0.104a

Proteins (mg/gm) 28.72 ± 0.121a 42.72 ± 0.601b 56.68 ± 0.102c 206.97 ± 0.204c 137.42±0.202b 101.72 ± 0.611a

Phenols (mg/gm) 0.486 ± 0.005b 0.314 ± 0.005a 0.815 ± 0.007c 1.107 ± 0.002b 1.018 ± 0.003b 0.282 ± 0.004a

Oil (%) 
 - - - 7.75 11.15 34.40 

Fibre (%) 
 1.62 1.86 1.94 - - - 

Stages of fruit growth    
and ripening Fe P Ca Cu Zn Mn 

Fruit 54.520 2245.5 2118.1 10.137 N.D N.D Mature Seed 35.72 6030.1 1125.3 N.D 27.17 N.D 
Fruit 43.320 3106.1 3080.0 N.D N.D N.D Pre-ripened Seed 104.0 7692.6 1491.8 N.D 77.27 N.D 
Fruit 28.202 3198.5 2278.6 N.D 8.165 N.D Ripened Seed 85.846 10563.0 1434.8 6.022 5.65 N.D 
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Fig. 9 Characterization of sugars with an aid of HPTLC 

Fig. 10 Characterization of amino acids with an aid of HPTLC 
 

[ F. W. - Fresh Weight, Std - Standard, Mat - Mature, Pre - Pre-ripened, 
Rip - Riened, Hyp - Hydroxy proline, Leu - Leucine, Phe - 
Phenylalanine, Iso - Isoleucine, Try - Tryptophan, Pro - Proline,       
Thr = Threonine,  Ala - Alanine, Glu - Glutamic acid, Asp - Aspartic 
acid, Ser – Serine] 
 
CONCLUSION 

 
Looking into the compositional changes associated with 

the development of pumpkin fruit and its seed, it can be said 
that fruit serves as a nourishing tissue for the growth and 
development of seeds. The fruit provides the nutrition to the 
developing seeds, while seeds accumulate starch / oil as storage 
reserves to become less metabolically active and enters the 
dormancy. As fruits show accumulation or synthesis of various 
storage products, seeds on the other hand show declining trend 
of their compositional constituents, the present study indicates 
an inverse relationship between the fruit ripening and seed 
development. Hence the fruits protect and nurture seeds until 
they are fully mature and later help the plant in the dispersal of 
seeds. 
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ABSTRACT 
 

The structural changes during the vascular cambium development from procambium in the leaf rachis of Kigelia africana bearing leaflets of 
different developmental stages (young, mature and old rachis) were investigated. The different regions from the internodes of rachis bearing 
young, copper brown coloured leaves revealed the sequential stages of cambial development. Terminal region of the rachis showed 
developing procambium along with protoxylem and protopholem derivatives, middle regions exhibited the development of interfascicular 
cambium whereas basal region showed complete ring of vascular cambium with secondary phloem derivatives. Rachis bearing brownish 
coloured leaflets showed an active cambium with both secondary xylem and phloem derivatives indicating bidirectional cambial growth. 
Rachis with fully matured dark green leaflets was characterized by the presence of dormant cambium surrounded by mature xylem and 
phloem elements and occurrence of calcium oxalate crystals in the phloem parenchyma cells. The study also describes the pattern of vascular 
cambial development in the leaf rachis of Kigelia, a deciduous tree and it was compared with development of vascular cambium in the leaves 
of conifers and evergreen dicotyledons. Influence of leaf maturity on cambial activity and secondary xylem development is discussed. 

 

Key words: Vascular cambium development, leaf rachis, Kigelia africana, pattern of secondary growth 

INTRODUCTION 
 

In all plants, efficient delivery of water dissolved nutrients 
and transfer of fixed carbon are vital for plant survival. Plants 
solve this problem through the development of an integrated 
network of veins (the vascular system) that interconnect all 
parts of the plant. These vascular tissues are differentiated from 
the meristematic cells: - i.e.  procambial cells during primary 
growth and the vascular cambium during secondary growth. 
Procambium is the primary vascular meristem that is 
segregated from the shoot apical meristem to become the leaf 
traces or vascular bundles that unites leaves with stem during 
elongation or primary phase of growth. Leaf vein design is fast 
expressed as a pattern of procambial strands that extends from 
slim vascular bundle into leaf parenchyma to form primary 
vein followed by basipetal areas of secondary vein as 
continuous loops [3]. Procambial cells are characterized by 
their elongated shape, lack of vacuolation and formation of 
narrow files [10, 15, 17). Although structural aspects and origin 
of procambium followed by sequential development of 
vascular cambium in shoots and roots of many plants have 
been studied in detail by earlier workers (8, 9, 10, 18), meagre 
information is available on the pattern of cambial development 
in lateral organ like leaves. Tremendous growth of trees is 
directly related to their extensive canopy, which forms the 
nutritional source for their growth and development. Thus, it is 
important to study the development of vascular tissues in 
leaves. Considering the complexity of identifying cambial 
initials, it is necessary to study the leaves thoroughly in the 
process of ontogenesis, with constant comparison of separate 
stages of the vascular system development. Therefore, it is 
envisaged that the present study would elucidate the sequential 
stages in the development of vascular cambium. 
 
MATERIALS AND METHODS 
 

Actively growing and mature current year’s leaves were 
collected from Kigelia africana, growing in the premises of    
B R Doshi School of Biosciences, Sardar Patel University, 
Vallabh Vidyanagar (22°34’ N, 72° 56’E). The intermodal  

 

 
regions of  rachis were  categorized  into three  developmental 
stages based on the age of the leaflets that is indicated by their 
colour; young with copper brown coloured leaflets, 
immatureness with brownish green leaflets and old rachis 
bearing dark green coloured leaflets. Terminal, middle and 
basal part of the leaf rachis from different internodes of 
growing shoot were collected to study the development of the 
vascular cambium. Samples were fixed in FAA 
(Formaldehyde- Acetic Acid- Alcohol) immediately after 
removal from the growing shoots. These samples were 
dehydrated in Tertiary Butyl Alcohol (TBA) series and 
embedded in paraffin wax [2]. Transverse sections of 10 to 12 
µm thick were cut by rotary microtome (Zeus) and stained with 
Toluidine Blue (prepared in Benzoate buffer, pH 4.2) for the 
general histological studies [5]. After passing through ethanol 
xylene series sections were mounted in DPX. Stained sections 
were observed and important results were photomicrographed 
by using Nikon Microscope attached with R CCD-3 camera.  
 
RESULTS AND DISCUSSION 
 

In majority of trees defoliation starts in January, and 
continues till the first week of February. Defoliation is 
concomitantly followed by swelling of the terminal bud is 
observed in one year old shoots. Sprouting of young shoots 
along with brown coloured leaflets continues till the end of 
February. Shoot produced in the beginning develops brown 
coloured leaves which later turn into green after completion of 
shot growth. 

 
Terminal, middle and basal part of the leaf rachis of 

brown colored leaves obtained from actively growing of shoots 
revealed different stages of cambial development. During the 
sequential transition from procambium to vascular cambium, 
primary xylem and primary phloem occur first at the tip of 
elongating leaf rachis while secondary xylem and phloem 
occurs later towards the base gradually. Similar basipetal 
pattern of vascular development has been reported in the 
needle of Pinus strobilus (12). Vascular bundle with distinct 
fascicular cambium and its early derivatives were observed in  
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FIGURE:  Transectional views of the leaf rachis showing cambial development. 
A. Terminal part of the leaf rachis showing interfascicular parenchyma cells (arrow head) between adjacent vascular bundles. Primary vascular 

bundles with the new fascicular cambium (arrows). (Bar=100 µm). 
B. The terminal part of leaf rachis with copper brown color leaflets showing the tracheary element formed from fascicular cambium (arrow) from.      
         Note the newly differentiating tracheary elements (arrowhead) (Bar=50 µm). 
C. The middle part of the leaf rachis showing development of inter fascicular cambial cells (arrows) by tangential divisions of interfascicular      
         parenchyma cells (Bar=100 µm). 
D. Basal part of leaf rachis showing complete differentiation of interfascicular cambial segment (arrow) which is joined with fascicular cambium      
         the base of leaf rachis (Bar=100 µm). Arrow head shows the differentiated metaxylem tracheary element. 
E. Base of leaf rachis showing newly developed primary phloem elements (arrow) from the cambium (Bar=50 µm). Leaf rachis of green colored  
         leaflets showing a ring of vascular cambium (arrow) with differentiating   xylem & phloem. (Bar= 200µm). 
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the terminal part of the leaf rachis. The fascicular cambium was 
composed of 2-3 layers of isodiametric cells.  Procambium 
consists of cells with smaller elements, which appear first in the 
periphery of central ground meristems consisting of two to 
three procambial cells in the fascicular region of the cambium 
[18]. Vascular bundles in the terminal part of the rachis were 
separated by radially elongated interfascicular parenchyma 
cells (Fig.A). The first formed protoxylem element was 
followed by differentiation of metaxylem trachery elements 
(Fig.B). Differentiation of protoxylem from procambium of 
stem is usually endarch or centrifugal [7]. In the middle part of 
leaf rachis, the interfascicular parenchyma cells underwent 
repeated periclinal divisions leading to the development of a 
layer of interfascicular cambium (Fig.C). Protoxylem 
differentiation was followed by development of metaxylem 
elements. Maturation of metaxylem elements in the vascular 
bundle was evident from their thick lignified secondary walls 
with larger diameter as compared to protoxylem elements. At 
this stage, meristamatic in nature and underwent periclinal 
divisions leading to the development of interfascicular 
cambium [8]. 
 

In the basal part of the rachis the fascicular cambium 
joined with the interfascicular cambium and gave rise to the 
vascular cambium and thick walled metaxylem elements        
(Fig.D). At this stage, protopholem bundles appeared more 
distinct with well- developed sieve elements close to the newly 
formed cambial ring (Fig.E). However, no secondary growth 
was observed in the basal part of rachis bearing brown colored 
leaflets. In majority of angiosperms, the protoxylem 
differentiation occurs acropetally into the leaf primodia and is 
continuous with existing phloem in the axis [9]. The 
protoxylem on the other hand, usually differentiates first at the 
base of the leaf primodium at its junction with the axis and 
basipetally into stem, and therefore, xylem is initially 
discontinuous [7]. The continuous structure of phloem elements 
during initial stage itself might be related to translocation of 
nutrients and other substances to procambium or parenchyma 
to support their meristamatic activity in Kigelia. Though basal 
part of the rachis bearing brown colored leaflets rachis did not 
exhibit prominent secondary growth, the same region of rachis 
became brownish green leaflets showed a ring of xylem with 
vessel, fibres and parenchyma cells (Fig. 1F). This shows that 
physiological maturity of vascular cambium is closely 
associated with maturity of leaves. Cambial activity is far 
easier to make for the xylem elements than for the phloem 
elements, because of definite structure of the tracheary 
elements, their relative longevity and of the considerable 
volume which is occupied by the xylem (21). Production of 
xylem in the coniferous needle is limited by an unidentified 
trachied differentiation factor (19, 20). Ewers and Aloni 
suggested that this factor is produced in young leaves but not in 
older leaves and therefore xylem production is limited in the 
former (12). Cambial cell division and xylem differentiation 
have been closely related to phytohormonal signals [1, 4, 14]. 
Possibly, the brownish green colored leaflets provide more 
auxin which is reported to boost xylem differentiation [13]. On 
the other hand, cambium in the rachis bearing fully matured 
green leaflets was dormant with 2-3 layers of thick walled 
cambial cells. The reports on secondary growth pattern in the 
leaves of evergreen dicotyledons are controversial. Elliot (6) 
reported well differentiated secondary xylem with distinct 
growth rings while there was no secondary phloem in some 
species. On the other hand, Frank (13) reported both, secondary 

xylem and secondary phloem development in the leaves of Ilex 
aquifolium. Based on the study of cambial activity in the leaves 
of five species each of deciduous and evergreen trees, 
Shtromberg (21) suggested that the cambium is either 
altogether absent or does not show any noticeable activity in 
the leaves of deciduous trees while evergreen species showed 
considerable cambial activity. On the contrary, the present 
studies shows that the secondary growth producing a 
considerable amount of secondary xylem and phloem after leaf 
maturation. This growth pattern observed in rachis is similar to 
the pattern in shoots. 

 
Cambia initials in the mature leaves of Pinus produced 

secondary phloem but no xylem production was observed 
indicating unidirectional vascular cambium in the first growing 
season, while bidirectional growth begins with the next season 
(11). In Kigelia, although copper brown leaflets showed more 
phloem production and no secondary xylem immediately after 
the development of vascular cambium, the rachis bearing 
mature, brownish green coloured leaflets showed secondary 
xylem production. In Pinus leaves, the transition from uni-to-
bidirectional cambial growth phase is about one year (11) 
whereas in Kigelia, this transition period is about one week. 
Therefore, we hypothesize that a common pattern of vascular 
development exists in both conifers and angiosperms 
particularly in dicots. However, the transition from uni-to-bi 
directional cambial growth would be faster in the leaves of 
dicots as compared to conifers. 

 
Phloem parenchyma cells near the dormant cambium of 

rachis bearing dark green older leaves showed the presence of 
needle shaped crystals of calcium oxalate (Fig. G). Crystals 
formation is a mechanism to regulate calcium level in plants 
organs [16]. Crystals in plants may function as a means of 
removing the calcium oxalate which may otherwise accumulate 
in toxic quantities. In addition, it has been suggested that the 
crystals serve purely as structural supports or as a protective 
device against foraging animals. 

 
In conclusion, the present study reveals the patterns of 

vascular cambial development from procambium in the leaf 
rachis of Kigelia africana. The development of cambium and 
xylem differentiation found to be directly related to the leaf 
maturity. The developmental aspects show many similarities 
with that of conifers especially in their uni- to-bidirectional 
growth transition. However, the confirmation of this view 
needs further detailed investigation on comparison of pattern of 
vascular differentiation in the leaves of more dicotyledonous 
tree species.  
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ABSTRACT 
 

Chemical modifications of polyhydroxyalkanoates are important to improve the properties and increase the applicability of PHAs in 
different fields. In the present study using grafting method, the graft of PHAMCL produced by Comamonas testosteroni was synthesized using 
acrylic acid and O- carboxymethylchitosan as a backbone. Successful synthesis of HEMA-g-CMCH-g-PHA was confirmed by FTIR analysis. 
Thermal properties of the synthesized graft were studied by Thermo Gravimetric Analysis and Differential Scanning Calorimetry. 
Degradation studies of PHAMCL, CMCH and HEMA-g-CMCH-g-PHA were carried out using bacterial isolate Burkholderia cepacia 202 and 
fungal isolate Aspergillus fumigatus 202 for 15 days. Different parameters such as extracellular protein concentration, growth of organism 
and % weight loss of polymer were studied to correlate it to its degradation.  Aspergillus fumigatus 202 was found to degrade 94% of CMCH 

nd 84% of HEMA-g-CMCH-g-PHA in 15 days at static condition. a
 
Key words: acrylic acid, biodegradation, chemical modification, HEMA-g-CMCH-g-PHA, PHAMCL

 
I
 
NTRODUCTION 

The increased sensitivity to ecological problems will have 
a major impact in the future on the disposal of plastic articles. 
Polymer and plastic industries may be forced to explore the 
production of biodegradable polymers as an alternative to 
traditional plastics. Poly(3-hydroxybutyrate) was identified as 
an intriguing bacterial inclusion body more than seven decades 
ago [1] and is now classified as one of the many different types 
of bacterial polyesters with common name 
polyhydroxyalkanoates (PHA). These polymers are 
accumulated intracellularly to the level as high as 90% of cell 
dry weight under condition of nutrient stress and act as a 
carbon and energy reserve material [2]. Polyhydroxyalkanoates 
are a kind of polymer having similar mechanical properties to 
those of polypropylene with the additional advantage of being 
completely biodegradable and biocompatible [3]. The monomer 
composition of the PHA depends on the bacterial strain as well 
as the carbon sources supplied [4].  PHAMCL are elastomeric but 
have very low mechanical strength which limit the application 
of these PHAs. The physical and mechanical properties of these 
PHAs need to be diversified and improved for packaging 
materials, biomedical applications, tissue engineering and other 
specific applications [5]. Both biological and chemical 
modifications are carried out to improve polymer properties. 
Chemical modifications include blending, grafting, cross 
linking, epoxidation etc. Insertion of an additional different 
polymer segment into an existing polymer backbone or as the 
side chain of an existing polymer yields blocks or graft 
opolymer respectively [6]. c

 
The natural polymers that have attracted great attention 

recently are polyhydroxyalkanoates and chitosan. Chitosan is a 
liner polymer composed of β-1,4-linked glucosamine residues 
[7]. It is prepared commercially by alkaline deacetylation of 
chitin. Chitosan has some advantages due to its nontoxicity, 
biodegradability and it is environmental friendly. It is a 
biocompatible material that breaks down slowly to harmless 
products that are absorbed completely in body [8]. 
Carboxymethylation of chitosan provides attractive sites for 
further chemical modifications such as grafting, hydrolysis and 

oxidation. Hybridization of natural polymers with synthetic 
polymers is of great interest because of their application to 
biomedical and biodegradable materials [9]. Acrylic acid is a 
synthetic monomer which undergoes reactions characteristics 
of both unsaturated acids and aliphatic carbolic acids or esters. 
The β carbon atom of acrylic acid polarized by carbonyl group, 
behaves as an electrophile; and favours the addition of large 
variety of nucleophiles and active hydrogen compounds to the 
vinyl group. Acrylic acid and its esters are used in the 
production of coatings, adhesives, elastomers, super absorbent 
polymers and flocculants. Considering these facts the present 
study has been deal with the synthesis of graft with chitosan, 
PHA and acrylic acid as these materials having applications in 
different fields.  
 

The ability to degrade PHA is widely distributed among 
bacteria as well as fungi, and depends on the secretion of 
specific PHA depolymerase and also on the physiochemical 
nature of the PHA itself [10]. In the cell, PHA forms 
amorphous granules which can be degraded by the PHA-
accumulating organism itself. After PHA is extracted from the 
cell, it can be enzymatically degraded by extracellular PHA 
epolymerase [11].  d

 
MATERIALS AND METHODS 
 
Microorganisms and culture media 

 
Comamonas testosteroni as a PHAMCL producer in this 

study, was reported to accumulate PHB and PHAMCL [12,13]. 
C. testosteroni produced PHAMCL utilizing coconut oil as sole 
carbon source. The medium used for PHAMCL production was 
Bushnell Haas mineral salt medium (Hi-Media,India), which 
contained (g/l of distilled water) MgSO4  0.2, CaCl2 0.02, 
KH2PO4 1, K2HPO4  1, NH4NO3 1 , FeCl3 0.05 and 1% w/v 
coconut oil purchased from the local market.  

 
For degradation studies, a bacterial culture Burkholderia 

cepacia 202 and a fungal culture Aspergillus fumigatus were 
used. Both these organisms are reported to be degraders of 
PHAs [14]. The medium used for the degradation studies was 
Bushnell Haas mineral salt medium with synthesized polymer 
s a carbon source [14].  a
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P
 

HAMCL production and extraction  
Inoculum was prepared by growing C. testosteroni cells in 

Nutrient Broth at 30 ºC overnight on a rotary shaker at 150 
rpm. The overnight grown culture was centrifuged and the 
pellet was washed twice with sterile normal saline. The cells 
were then transferred to 50 ml of production media containing 
1% w/v coconut oil and incubated overnight at 30 ºC on a 
rotary shaker at 150 rpm. Five ml broth was centrifuged and 
cell pellet was suspended in 5 ml normal saline to measure the 
OD660 for monitoring the growth. This cell suspension was 

sed as an inoculum for PHAu
 MCL production.    

After the 48 h of incubation on a rotary shaker at 150 rpm 
at 30 ºC, the cells were harvested from the production media by 
centrifugation at 8000 rpm for 10 min. The pellet was washed 
with acetone thrice and dried overnight at room temperature. 
PHA was extracted from dried cell mass by overnight 
chloroform extraction at 30 ºC at 200 rpm on rotary shaker and  
then cell mass was removed by filtration through Whatman No. 
1 filter paper. Chloroform extract was concentrated by 
evaporating chloroform. PHA was precipitated by adding cold 
methanol drop wise and purified PHA was obtained by 
epeating this step three times.      r

 
S
 

ynthesis of HEMA-g-CMCH-g-PHA 
O-carboxymethylchitosan (CMCH) was prepared 

according to the method described by Chen and Park [15], 
where chitosan: sodium hydroxide: isopropanol were mixed in 
the ratio 10 g:13.5 g:100 ml in the flask. Chitosan was allowed 
to swell and alkalize at room temperature for 1 h. The 
monochloroacetic acid dissolved in isopropanol was added 
drop wise into the reaction mixture for 30 min and then allowed 
it to react at 55 ºC for 4 h. The reaction was stopped with acetic 
acid and carboxymethylchitosan obtained as a solid product 
which was separated by filtration. Desalting was done by 
rinsing the CMCH with 80-90% ethanol. 
    

For preparation of HEMA-g-CMCH-g-PHA graft, first 
grafting was carried out between CMCH and PHA in the ratio 
of 2 g:0.5 g. For this CMCH was stirred in 120 ml double 
distilled water with slow stream of nitrogen for 30 min at room 
temperature to remove dissolved oxygen and then 2M ceric 
ammonium nitrate prepared in 0.3M HNO3 was slowly added 
over a period of 20 min. PHA was dissolved in 
dichloromethane and half of PHA added drop wise for 20 min. 
In the next step, after the incubation of 30 min, remaining half 
PHA solution was added with 1.5 ml of acrylic acid. Grafting 
reaction was allowed to occur at constant stirring at 40 ºC for 5 
h and product was dried under vacuum. 
 
Characterization of PHAMCL, CMCH, and HEMA-g-
CMCH-g-PHA 
  

Infrared spectra of PHAMCL, CMCH and HEMA-g-
CMCH-g-PHA were recorded with a Perkin Elmer, Fourier-
transform infrared spectrometer. Thermal stability of all three 
polymers was determined by Thermo Gravimetric Analysis 
(TGA) (Universal V2.6D, TA instrument) with heating rate of 
10 ºC. The synthesized polymers were also characterized by 

ifferential Scanning Calorimetry (DSC). D
 
Biodegradation of HEMA-g-CMCH-g-PHA 
 

Biodegradation studies of all three polymers PHAMCL, 
CMCH, HEMA-g-CMCH-g-PHA were carried out using one 
bacterial isolate B. cepacia 202 and one fungal isolate A.  
fumigatus 202. Graft (0.5g) was kept in a 250 ml Erlenmeyer 
flask containing 100 ml BHM. The flasks were inoculated with 
B. cepacia 202 (1.0 initial OD660) and incubated at 37 ºC under 
static condition as well as shaking conditions (150 rpm). 
Similarly flasks were inoculated with 106 spores/ml of A.  
fumigatus 202. Samples of 2 ml each were removed at an 

interval of two days for a period of 15 days and analyzed for 
growth (OD660) and extracellular protein concentration [16]. % 
weight loss of the polymer in each flask was determined after 
15 days [14,17].    

 

R
  

ESULTS AND DISCUSSION  
It is known from the earlier reports [13] that C. 

testosteroni accumulates PHAMCL when grown it on vegetable 
oil [13]. The present study reports PHAMCL accumulation upto 
83% (w/w) of dry cell mass when C. testosteroni was grown on 
coconut oil (1% w/v) as a sole carbon sorce. The PHAMCL thus 
produced has been used for further grafting reactions with an 
im of getting a chemically modified product. a

 
Various PHAMCL bearing different functional groups in the 

side chain has been synthesized by some organisms, including 
Pseudomonas oleovorans and Pseudomonas putida, when they 
are grown with substrates containing the corresponding 
chemical structure [18]. PHAMCL with functional groups are of 
great interest, because the functional groups can improve the 
physical properties. Moreover, some functional groups can be 
modified by chemical reactions to obtain more useful polymer 
and extend the potential application of PHAMCL as 
environmentally biodegradable polymers as well as functional 
biomaterials for biomedical uses. Therefore, attempts to modify 
the properties of PHAMCL by chemical and physical methods 
such as blending, crosslinking, and graft copolymerization, 
have attracted a great deal of interest. As chitosn has reactive 
amino and hydroxyl group, acrylic acid also has two functional 
groups [19]. The carbonyl group of β carbon atom of acrylic 
acid behaves as an electrophile; favouring addition of large 
variety of nucleophiles and active hydrogen compounds. 
Therefore it has been used in this study for grafting on to a 

HA chain. P
 

In the present study grafting of PHAMCL with chitosan and 
acrylic acid was carried out and PHAMCL, CMCH and HEMA-
g-CMCH-g-PHA were analysed for their thermal stability and 

iodegradability.  b
 
Characterization of PHAMCL, CMCH and HEMA-g-

MCH-g-PHA C
 

Very few studies on grafting of PHA with chitosan and 
acrylic acid have been carried out. Yalpani et al. [20] and 
Arslan et al. [8] developed graft of PHA onto chitosan and 
cellulose. PHAMCL was graft polymerized with various 
polymers like polyisoprene, acrylic acid, methyl methacrylate 
[21] and vinyl monomer. PHB-g-PI has much better ductility 
and tenacity than homo-PHB [22]. Mainly the acrylic acid was 
grafted with the synthetic polymers such as polystyrene, 
olyethylene [23].  p

 
Infrared Spectroscopic analysis of PHAMCL, CMCH and 

HEMA-g-CMCH-g-PHA polymers were analyzed from 400 to 
4000 cm-1 by Perkin-Elmer Spectrum GX.  Analysis of IR 
spectra of PHAMCL (Fig. 1) and HEMA-g-CMCH-g-PHA (Fig. 
3) showed the presence of some of the additional peaks at 
3427.86 cm-1, 1738.24 cm-1 and 517.48 cm-1. When IR 
spectrum of HEMA-g-CMCH-g-PHA (Fig. 3) was compared 
with that of CMCH (Fig. 2), the presence of additional peak at 
1159.44 cm-1 and loss of peak at 2103.32cm-1 was observed. 
The predominant peak at 1738.24 cm-1 was observed in the IR 
spectrum of graft (Fig. 3), which shows C=O stretching, 
indicating the insertion of acrylic acid into the graft. This 
confirms the grafting has occurred successfully with PHAMCL, 
CMCH and acrylic acid. Presence of additional functional 
group provides the attractive site for further modification and 
increase the graft applicability. Grondahl et al. [24] reported 
the graft copolymerization of acrylic acid (AAc) onto PHBV by 
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gamma-irradiation to induce surface hydrophilicity of PHBV 
for biomedical applications. Graft copolymers of acrylic acid 
on cellulosic materials [25] and PHBV [26] have been studied. 
For the foregoing account it is clear that, this is the first report 
on grafting of PHA with both chitosan and acrylic acid. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 FTIR of PHAMCL produced by C. testosteroni. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 FTIR of CMCH 
 
Thermo gravimetric analysis of HEMA-g-CMCH-g-PHA 

was carried out by Perkin-Elmer TGA-7 DSC-PYRIS-1 DTA-7 
instrument with the heating rate of 10 °C. The change in the 
thermal properties of PHAMCL after grafting can be observed 
from the thermal analysis of both.  Thermo gravimetric analysis 
(TGA) of the PHAMCL (Fig. 4) obtained from C. testosteroni 
revealed that the polymer was stable up to 233.15 °C with 
weight loss of 4.39%; thereafter the thermal decomposition 
started which showed weight loss of 74.28% at 299.37 °C, 
whereas the polymeric graft showed about 29% weight loss at 
same temperature and 50% weight loss was observed at 280.57 
°C for PHAMCL. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 FTIR of HEMA-g-CMCH-g-PHA  

The 3.07% weight loss of HEMA-g-CMCH-g-PHA (Fig. 
6) at 100 °C was due to the moisture content present in the 
sample. 50% weight loss was observed at 425 °C and at 550 
°C, the observed weight loss was 62.94%. Average % weight 
loss observed at every 50 °C rise in temperature was 6.77. 
Decreased thermal stability was reported by Arslan et al. [8] 
while grafting polyhydroxyoctanoate (PHO) onto chitosan. In 
contrast, due to grafting of PHAMCL with CMCH and acrylic 
acid the thermal stability of PHAMCL (Fig. 4) and CMCH (Fig. 
5) increased for HEMA-g-CMCH-g-PHA (Fig. 6). The 
increased thermal stability helps in applying the polymer for 
preparation of articles which require higher temperatures for 
proper molding.  
 

Differential scanning calorimetric (DSC) thermo gram of 
PHAMCL (Fig. 7) depicted the thermal stability of native 
PHAMCL between 230-240 °C which confirmed the results of 
TGA analysis. The melting point of PHAMCL was 50 °C which 
was similar to the reported Tm range between 39 °C to 61°C 
[27]. DSC thermogram of HEMA-g-CMCH-g-PHA (Fig. 8) 
didn’t show any sharp Glass Transition (Tg). Endotherm up to 
the temperature 180 °C was observed. At around 205 °C peak 
shows high temperature decomposition or reaction which may 
have resulted in two extra endotherm at 220 °C and 264 °C. 
This high temperature decomposition might be attributed by 
acrylic acid present in the graft. Integral Procedural 
Decomposition Temperature (IPDT) was 250 °C. Single 
endotherm from 50 °C to 74.90 °c for CMCH-g-PHA was 
eported by Bhatt et al [14].  r

 
Biodegradation of PHAMCL, CMCH and HEMA-g-CMCH-
g-PHA 
 

Many bacteria as well as fungi have the ability to degrade 
PHA [28]. Biodegradation of polymers by microorganisms is 
catalysed by extracellular, degradative enzymes that produce 
water soluble, low molecular weight products from the 
macromolecular substrate. The extracellular PHB 
depolymerase of A. fumigatus was found to have a broad 
hydrolytic activity towards bacterial and synthetic aliphatic 
polyesters. Bacterial poly(3-hydroxybutyrate) and poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) were found to be 
readily degraded by microorganisms in marine, sewage sludge, 
soil and compost ecosystems [29]. CMCH is also a 
biodegradable polymer derived from chitin through chitosan 
[30]. CMCH and acrylic acid both possess versatile groups 
responsible for the biodegradation. Dave et al. reported the 
degradation of acrylic acid by fungi [31]. Biodegradability and 
antibacterial activity of PHB and PHBN membranes grafted 
with acrylic acid, chitosan and chitooligosaccharide were 
assessed by Hu et al. [32].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Thermo gravimetric analysis of PHAMCL produced by                

C. testosteroni. 
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Fig. 5 Thermo gravimetric analysis of CMCH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Thermo gravimetric analysis of HEMA-g-CMCH-g-PHA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 DSC thermo gram of PHAMCL produced by C. testosteroni. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8  DSC thermo gram of HEMA-g-CMCH-g-PHA 
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Fig. 9 Degradation of HEMA-g-CMCH-g-PHA graft polymer after 
fifteen days (a) B. Cepacia 202; (b) A. fumigatus 202. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 5 10 15 20

Time (days)

O
D 

at
 6

60
nm PHA

CMCH
Graft

 

a

Fig. 10 (a) Growth of B. cepacia 202 on polymer under shaking      
condition  
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Fig. 10 (b) Growth of B. cepacia 202 on polymer under static condition  
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Fig. 11 Extracellular protein profile of B. cepacia 202 under             
(a) shaking condition; (b) static condition  

  

The increase in growth of the B. cepacia 202 (Fig. 10 a,b) 
using PHA

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 (a) Extracellular protein profile of A. fumigatus 202 under 

shaking condition  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 (b) Extracellular protein profile of A. fumigatus 202 under static        

condition  

 
The graft synthesized from biodegradable material may 

also be biodegradable and eco-friendly. Moreover CMCH-g- 
PHAMCL was insoluble in various solvents [14] and had high 
thermal stability which proved it to be an industrially viable 
polymer. Among all the three polymers; CMCH, PHAMCL and 
HEMA-g-CMCH-g-PHA; weight loss of CMCH was 
maximum followed by that of graft and least weight loss was 
bserved in pure PHAo MCL polymeric samples (Fig. 9 a,b). 

Carboxymethylchitosan, derived from chitosan, showed 
the highest degradation (94% weight loss) by both fungal and 
bacterial cultures. HEMA-g-CMCH-g-PHAMCL was also 
degraded by both fungi as well as bacteria, but the extent of 
degradation was less as compared to pure CMCH. This might 
be attributed to the insertion of PHAMCL and acrylic acid onto 
CMCH which resulted into blockage of few carboxyl groups 
where PHAMCL and acrylic acid might be grafted. Least 
degradation, ranging from 6% - 18 % weight loss was observed 
in case of PHAMCL, this might be due to presence of long 
aliphatic chains in the structure of PHAMCL. From the results of 
% weight loss it can be concluded that static conditions may be 
more suitable for degradation studies as it would be 
economically more feasible. We obtained increase in % weight 
loss in static condition than the % weight loss reported in 

iodegradation studies earlier by Bhatt et al. [14]. b 

MCL, CMCH and HEMA-g-CMCH-g- PHA as a sole 
source of carbon, checked in terms of OD660 showed that the 
polymers supported the growth of B. cepacia 202 during its 
degradation. Increase in growth proved to be an indirect 
ndication for the biodegradation of the graft.  i 

Along with the weight loss, extracellular protein content 
was also determined, considering that the concentration of 
protein can be attributed to the concentration of enzymes which 
are responsible for the degradation of the polymer. B. cepacia 
202 showed increase in extra cellular protein concentration up 
to 243.6 µg/ml under static and 183.6 µg/ml under shaking 
condition and A. fumigatus 202 showed highest protein 
concentration up to 135.6 µg/ml under shaking and up to 167.4 
µg/ml under static conditions. This support the results of % 
weight loss experiment. Increase in the growth as well as 
extracellular protein concentration (Fig. 11 a,b and 12 a,b) in 
media containing PHAMCL, CMCH and HEMA-g-CMCH-g- 
PHA proved their degradation by B. cepacia 202 and  A. 
Fumigatus 202.  
C ONCLUSION  

Grafting of acrylic acid and chitosan to PHAMCL increase 
the avaibility of functional group on graft and widen the 
application range of medium chain length 
polyhydroxyalkanoates by altering its thermal properties and 
lso lead to synthesis of biodegradable material. a
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ABSTRACT 

 
Seeds of eleven non conventional plants were selected for the study on the basis of its frequent use by tribal and rural community of semi-arid 
region of Gujarat. All reported seeds were analyzed for its non structural carbohydrate, protein and minerals like Ca, Mg, Na, K, and Fe. 
Total carbohydrate ranged from 0.71-33.07 mg/g in Paspalum scrobiculatum L and Citrullus lanatus respectively. Total protein was high in 
seeds of Cucumis melo (62.11 mg/g) and was low in Paspalum scrobiculatum (8.79 mg/g). Ca was high in H. vulgare (8.0 mg/g) and was low in 
Seteria italica (4.12 mg/g), Mg was high in Echinocloa colonum (36.24 mg/g) and was low in Echinocloa frumantacea (20.54 mg/g). Seeds of 
Nymphaea pubescens contained highest Na i.e. 0.29 mg/g amongst all reported plant species. While K was high in seeds of Paspalum 
crobiculatum (0.8 mg/g) and was low in Echinocloa colonum (0.04 mg/g). Seeds of all reported plant species contained very low amount of Fe.  s 

Key words: minerals, nonstructural carbohydrates,non-conventional plants, protein 
 
INTRODUCTION 

According to WHF, 2005 [19] tropical countries are 
blessed with a diversity of foodstuffs which play a basic role in 
nutrition and healthy body development. Unfortunately an 
estimated 789 million people in developing countries still 
suffer from malnutrition especially infants and children of rural 
areas. Malnutrition can be tremendously reduced with an 
increase use of foods rich in energy, proteins, iron and vitamin 
A most especially those from the rural and tribal environment. 
Owing to diverse agroclimatic conditions India is endowed 
with a wide variety of plants both wild growing and 
domesticated, which contribute to the diet of its people. 
Depending upon certain factors like, availability, socio-
economic conditions, tradition, taste and culture, some of these 
foods are regularly consumed in the form of staple foods 
whereas other are taken less frequently or on certain occasions 
are known as indigenous plants, under-utilized plants, famine 
food plants or non-conventional plants [4 and 9]. These non-
conventional plants are valuable sources of nutrients in rural 
areas where exotic species are limited and thus contributes 
substantially to protein, minerals and vitamin intakes [11].  
Tribal people use major component of diets providing the bulk 
of nutritional requirements. Which posses constitutes essential 
components of the meal by contributing protein, vitamins, iron, 
fiber, ascorbic acid and other minerals which are usually in 
short supply in the diet of urban people [12]. Most of the non-
conventional plants are weedy, semi cultivated plant species 
which require very little input and management. Though they 
are very important are neglected by scientific and 
developmental system.  Tribal people use most of these plants 
without any scientific knowledge and its nutritional value 
which may ever cause some health problem and malnutrition. 
Hence, scientific study was needed to enlighten nutrient 
contents of non-conventional plant foods to overcome 
malnutrition and therefore the study was conducted with an 
objective to analyze and quantify nutrient composition 
available in seeds of  twelve non-conventional plants found in 
semi-arid region of Gujarat. 

 
Nutritional contribution and nutritive value of most 

common foods have been extensively studied but, there is 
practically no information on nutritive value of some of these 

non-conventional foods which may contribute significant 
utrient intake of local population [4]. n

 
MATERIAL AND METHODS 
 
Source of plant material 

 
The seeds of the total eleven plant species were taken to 

carry out this study (2004-06) for which detail is mentioned in 
Table 1. They were collected from the field. Seeds of selected 
plant species considered in the present study are primarily used 
in form of flour or in raw state to mix with other flour or cook 
separately to prepare different dishes respectively. 
Identification of collected plants was done by local flora [16]. 
Uses of the plants were recognized by folklore and by book [1] 
and from Freedman’s “Famine Food” database (2003). 

 
Table - 1 List of the selected plant species 
 
Sr. 
no.  Scientific name Family 

1. Amaranthus peniculatum  L. Amaranthaceae 

2 Citrullus lanatus Thunb, Mat and NaK. Cucurbitaceae 

3. Cucumis melo L. Cucurbitaceae 

4. Carvia callosa (Nees.) Bremek Acanthaceae 

5. Eleusine coracana L. Gaertn. Poaceae 

6. Echinocloa frumantacea Link. Poaceae 

7. Echinocloa colonum L., Link. Poaceae 

8. Hordeum vulgare L. Poaceae 

9. Nymphaea pubescens Willd., Hk. F and Th. Nymphaeaceae 

10. Paspalum scrobiculatum L. Poaceae 

11. Seteria italica L., P. Beauv Poaceae 
 

All collected seed samples were taken to the laboratory in 
dried form. They were ground, sieved through 60 mm meshes 
and stored in air-tight polythene bags under room temperature 
condition for further biochemical analysis. 
 

Analysis of total carbohydrate was done following method 
given by Mahadevan and Sridhar [10] and was calculated by 
ddition of total sugar and total starch.  a
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Analysis of total sugar was done following Nelson’s 
method [15]. Procedure for analyzing reducing sugar was same 
as total sugar without hydrolysis and neutralization following 
Nelson’s method [15]. Non-reducing sugar was analyzed by 
subtraction of reducing sugar from total sugar [10]. Total starch 
was calculated following conversion factor of 0.9 to total sugar 
[10]. Total protein analysis was done following Lowry’s 

ethod [8].  m
 
M
 

ineral analysis 

Analysis of minerals like Ca and Mg was done following 
method of Trivedi and Goel [18]; Na and K was done 
following Flame photometer method and Fe by AOAC manual 
[2] 

 
Sample preparation for minerals was done by tri-acid 

igestion method following Trivedi and Goel [18]. d
 
S
 

tatistical analysis 

All tests were performed in five replicates and statistical 
analysis was carried out using statistical software MSTAT 4.0 
C package for computers (Michigan State University, USA) 
oftware following the method of Gomez and Gomez [5]. s

 
R
 

ESULTS AND DISCUSSION  

According to Recommended Dietary Allowance (RDA) 
minimum 100 gm carbohydrate is required for body to perform 
normal functions. Highest carbohydrate was recorded in seeds 
of C. lanatus (table 2) but the recorded value is lower than 
reported by Gupta and Kanodia (40 mg g-1) [6] and other 
conventional seeds like wheat (626 mg g-1), pearl millet (675 
mg g-1) and rice (750 mg g-1) [3, 13].  Seeds of A. peniculatum 
possess second highest value of carbohydrate, which was lower 
than seeds of A. gangaticus (70.3 mg g-1) reported by Katewa 
[7]. Recorded value was lower than reported by Aykroyd et al. 
[3 and 17] i.e. 62.7 g g-100. Recorded value of carbohydrate 
content of Citrullus lanatus was lower than reported elsewhere 
[17] i.e. 45 mg g-1. The seeds are eaten as appetizer. They are 
roasted, ground and added to sauces and soups to enrich their 
flavor and consistency. Recorded value of carbohydrate content 
of H. vulgare was higher than reported elsewhere [17] i.e. 6.3 
mg g-1. The All India Co-Ordinate Barley Improvement Project 
has released a number of improved varieties of barley which 
may be more nutritious than the wild plant. Seeds of remaining 
plants species possess moderate to low carbohydrate contents 
but can incorporate in the diet to improve quantity and quality 
of food during famine. Protein content in seeds of reported 
plant species is in good proportion. Seeds of C. melo possess 
highest protein content amongst all reported plant species    
(Fig. 1), which is higher than rice (50 mg g-1) and was close to 
bengal gram (70 mg g-1), blak gram (78 mg g-1) and green gram 
(75 mg g-1) [7] In Rajasthan during scarcity dried fruit rind and 
seeds are used in curries [17]. C. lanatus possess second high 
protein content which is close to rice [13]. Recoded value of 
protein from C. lanatus was higher than reported in The 
Wealth of India [17] i.e. 19.7 mg g-1. The seeds are used as a 
protein supplements in Nigeria. They are parched and eaten 
with other grains [17]. Protein content of E. coracana was 
lower than its other improved varieties like JNR 852 and JNR 
981 i.e 42 and 39 mg g-1. The grain of E. frumantacea contain 
higher protein content than reported in The Wealth of India 
[17] i.e. 9.6 mg g-1. Protein content of S. italica was lower than 
reported elsewhere (12.3 mg g-1) [17]. Remaining plant species 
contain moderate to low protein content.  

 

Ca is major constituent of bones and teeth together with 
phosphorus. Result reveled that all reported plant species 
supplies excellent quantity of Ca (table 3), which is higher than 
conventional grain like wheat (0.48 mg g-1), rice (0.1 mg g-1), 
pearl millet (0.26 mg g-1) and pulses like Bengal gram (2.02 
mg g-1) and Soya bean (3.02 mg g-1) [13]. Ca content of A. 
paniculatum was higher than Aykroyd et al. [3] and [17] i.e. 
2.2 mg g-1. Ca content of C. lanatus was also higher than 
reported by Aykroyd et al. [3] and [17] i.e. 1 mg g-1. Ca content 
of E. frumantacea was lower than reported by Aykroyd et al. 
[3] i.e. 22 mg g-1.  Seeds of S. italic contain higher Ca content 
than reported by Aykroyd et al. [3] i.e. 3.1 mg g-1. Mg content 
was also very high in seeds of reported plant species (Table 3) 
than conventional grain. Mg plays very important role in 
human immune system. It is required in plasma and 
extracellular system. It is required in many enzyme-catalyzed 
reactions; especially those in which nucleotides participate 
where the reaction species is the magnesium salt e.g. Mg ATP-
2. Lack of Mg is associated with abnormal irritability of 
muscles and convulsions and excess Mg with the central 
nervous system. According to Narasinga et al, [14] RDA of Mg 
for man and woman is 400 mg day-1, hence, results revealed 
that all reported plant species fulfills the same if taken in 
proper amount. There are no RDA standards for minerals like 
Na and K, because requirement of both of these element is 
fulfills by common salts in food. But person who do rigorous 
exercise or work in the hot place and during hot season, one 
who perspires profusely extra amount of salt is required. Its 
deficiency may cause cramps of muscles, headache, tiredness 
and sickness. Seeds of N. pubescens possess highest Na 
amongst all reported plant species (table 3). Which is closer to 
wheat (0.2 mg g-1) and higher than pearl millet (0.15 mg g-1), 
maize (0.16 mg g-1) and barley (0.11 mg g-1) but it is lower 
than rice (0.8 mg g-1) [3]. Na of S. italica was lower than 
reported elsewhere (4.4 mg g-1) [3 and 17].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Total Protein content (mg g-1 of dry wt) of seeds of selected non-
conventional plants. (Each data is a mean n=5 ± signifies SD) 

 
K was high in seeds of P. scrobiculatum amongst all 

reported plant species (table 3), but it was higher than reported 
by Katewa [7] i.e. 0.04 mg g-1. Reported all plant species 
possess low iron content but can incorporate in diet by mixing 

ith other grain or pulses to improve quantity and taste.  w
 

Amaranthus seeds are highly nutritious and combination 
of seeds with other grains gives an excellent protein content, 
batter than milk. The protein and Ca content of E. colonum is 
greater than other major cereals. Seeds of Citrullus lanatus and 
Cucumis melo provides excellent source of protein and major 
minerals. Seeds of N. pubescens eaten in times of scarcity by 
mixing with other grains. But it produce toxic effects when 
consumed in excessive quantity [17]. The grain of P. 
scrobiculatum because of low carbohydrate content was useful  
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Table - 2 Nonstructural carbohydrate contents (mg g-1 of dry weight) of seeds of selected non-conventional plants. 

  Each data is a mean n=5 ± signifies SD 
 

Table - 3 Minerals contents (mg g -1 of dry weight) of seeds of selected non-conventional plants. 
 

Plant  species Ca 
(mg g-1) 

Mg 
(mg g-1) 

Na 
(mg g-1) 

K 
(mg g-1) 

Fe 
(mg 100g-1) 

A. peniculatum 5.6±0.10 25.36±0.10 0.006±0.002 0.34±0.02 0.165±0.002 

C. lanatus 4.66±0.41 27.62±0.45 0.009±0.002 0.41±0.11 0.009±0.003 

C. melo 7.12±1.04 21.06±0.51 0.006±0.002 0.33±0.03 0.007±0.002 

C. callosa 4.56±0.32 25.26±0.09 0.073±0.004 0.38± 0.02 0.019±0.002 

E. coracana 7.26±0.20 23.33±0.35 0.005±0.002 0.34±0.04 0.319±0.002 

E. frumantacea 5.55±0.29 20.54±0.28 0.0063±0.002 0.21±0.01 0.074±0.002 
E. colonum 6.48±0.31 36.24±0.25 0.004±0.002 0.04±0.01 0.162±0.001 
H. vulgare 8.0±0.2 23.38±0.02 0.004±0.002 0.28±0.02 0.013±0.003 
N. pubescens 7.21±0.11 24.34±0.68 0.29±0.02 0.48±0.005 0.074±0.004 
P. scrobiculatum 5.66±0.23 24.37±0.88 0.007±0.001 0.8±0.02 0.044±0.002 

S. italica 4.12±0.10 23.48±0.47 0.0056±0.002 0.25±0.01 0.127±0.001 
              Each data is a mean n=5 ± signifies SD 

 
to diabetic patient and for calorie conscious people, and used as 
substitute of rice. The grains have often been reported to cause 
poisoning of men and animal when used as a food. Storage of 
grain over a number of years is said to diminish the poisonous 
roperties [17].  p

 
CONCLUSION 

Study revealed that seeds of Amaranthus peniculatum, 
Citrullus lanatus Cucumis melo,  Echinocloa frumantacea, 
Echinocloa colonum and  Hordeum vulgare  are rich in 
carbohydrate, while seeds of all plant species are rich in 
protein, Ca, and Mg. Seeds of Nymphaea pubescens and  
Carvia callosa rich in Na and K but all species contain very 
low amount of Fe. Study also revealed that if reported all 
species incorporated in diet, person can overcome from 

alnutrition and other health problems.   m
 
R
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ABSTRACT 

 
Antibacterial study of methanolic and acetone extracts of crude and treated (with 50 % lead acetate) extracts of medicinal plants viz, Alstonia 
scholaris Linn. R.Br. (Stem bark, Apocynaceae), Achyranthus aspera Linn. (Whole plant, Acantheceae), Moringa oleifera Lam. (Leaves, 
Morinaceae), Tinospora cordifolia (Stem, Menispermaceae), and Enicostema hyssopifolium (Willd) (Stem, Gentianaceae) was carried out. 
Extractive values in methanol were found to be higher than the extractive value in acetone, for all plants. All the extracts of the plants 
selected for the present study were tested for their antimicrobial activity at 40-mg/ml concentrations against eight strains of bacteria, by 
agarwell-difusion test. Acetone extract was found to be more active as compared to that of methanol extract. The phytochemical analysis of 
crude and treated extracts of all the currently studied plants revealed that to contain more or less similar type of chemical constituents 
(except protein and carbohydrate). The eight strains of bacteria were selected for antibiotic susceptibility against standard antibiotics like 
Ampicillin (10µg), Tetracycline (25µg), Gentamicin (30µg), Co-Trimoxazole (25µg), Amikacin (10µg), by Octadisc.  
 
Key words: antibacterial activity, medicinal plants, infectious diseases. 

INTRODUCTION 
 

Plants are invaluable sources of pharmaceutical products 
[1] and plants are recognized for their ability to produce a 
wealth of secondary metabolites and mankind has used many 
plant species for centuries to treat a variety of diseases [2]. 
Despite the wide availability of clinically useful antibiotics and 
semisynthetic analogues, a continuing search for new anti-
infective agents remains indispensable because some of the 
major antibacterial agents have considerable drawbacks in 
terms of limited antimicrobial spectrum or serious side effects 
[3]. The negative health trends call for a renewed interest in 
infectious disease in the medical and public health communities 
and renewed strategies on treatment and prevention. Proposed 
solutions are outlined as a multi-pronged approach that 
includes: prevention, (such as vaccination); improved 
monitoring; and the development of new treatments. It is this 
last solution that would encompass the development of new 
antimicrobials [4]. There is an urgent need to discover new 
antimicrobial agents for human and veterinary therapeutic uses, 
as resistance to current drugs increases in severity and extent [5 
& 6]. The identification of new natural products with 
antimicrobial activity, extraction methods, and hopefully new 
modes of action, is one of the ways of tackling this problem. 
Lack of scientific knowledge has often constituted a major 
constraint to consider the use of traditional herbal remedies in 
conjunction with or as an affordable alternative to orthodox 
medical treatment. In the present study, the methanolic and 
acetone extracts of five plants (traditionally used in many 
diseases) are studied for their antimicrobial activity in crude 
form and after treatment with 50 % lead acetate.     
 
MATERIALS AND METHODS 
 
Plant material  

 
Authentic (powder) samples of Alstonia scholaris Linn. 

R.Br. (Apocynaceae) Stem bark; Achyranthus aspera Linn. 
(Acantheceae) whole plant; Moringa oleifera Lam. 
(Morinaceae) Leaves -, Tinospora cordifolia (Menispermaceae) 
Stem-, and Enicostema hyssopifolium (Willd) (Gentianaceae)  

 
 
whole plant, were collected from Bapalal Botanical Vaidya 
Research Center, Surat (Gujarat).    
Extraction 

 
Plant material was dried at 60 ºC and made it powdered. 

For each species four grams air dried powdered material was 
placed in a mortar and pestle and macerated with 100 ml of 
analytic grade solvents (methanol and acetone). Transferred the 
extracts in to a glass stoppered conical flask and shaken 
frequently and then allowed it to stand for 18 hours. Filtered 
the extracts by Whatman No. 1 filter paper, and transferred 25 
ml filtrate to a flat- bottom dish and evaporated the solvent on a 
water bath. Dried it at 105 oC for 6 hours and cooled it in a 
desiccator for 30 minutes, following then, the prepared sample 
was weighed without any delay and calculated the content of 
extractable matter in mg/g of air-dried material [7]. Crude 
extract (10 ml) treated with 200µl of 50 % lead acetate (Hi-
media, Mumbai), mixed properly and precipitated by 
centrifugation (REMI, India) at 10000 rpm for 15 min. Care 
fully removed the supernatant in watch glass and evaporated it  
at room temperature, dried at 105 oC for 6 hours and cooled in 
a desiccator for 30 minute. Extracts were dissolved in 90 % 
DMSO to concentration 40 mg/ml were used for antimicrobial 
activity. 
 
Phytochemical Screening  

Crude extract in methanol (M1), and acetone (A1) and 
after treating it with 50 % lead acetate (M2) and (A2) 
respectively, of all the plants selected for the present study 
were subjected for their qualitative phytochemical screening of 
proteins, carbohydrates, saponins, tannins, glycosides, 
alkaloids, flavanoids, terpenoids, steroids and fixed oil, as per 
the method sited by Harborne  [8]. 
 
Procured Bacterial Strain 

 
Test organisms used in this study were collected from the 

Department of Biosciences, Sardar Patel University, Vallabh 
Vidyanagar, Gujarat. The Gram-positive bacteria are 
Staphylococcus aureus (ATCC9144) (SA), Micrococcus luteus 
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(ATCC4698) (ML), Klebsiella pneumoniae (ATCC15380) 
(KP), Bacillus subtilis (ATCC 6051) (BC), and Gram-negative 
bacteria are Pseudomonas aeruginosa (ATCC25668) (PA), 
Enterobacter aerogens (ATCC13048) (EA), Salmonella typhi 
(NCTC 8394) (ST) and Salmonella paratyphi- A (SPA). Strains 
were maintained on nutrient agar.  
 
Agar diffusion Assay 
 

Antimicrobial screening was done using agar well 
diffusion method [9]. For this, 25 ml of sterile Mueller –Hinton 
Agar No.2 (Hi-media), was poured in sterile autoclaved Petri 
plates, before pouring 100µl of activated culture of 
microorganism was added, and then allowed to solidify 
completely. The wells were prepared with the help of sterile 10 
mm diameter cork-borer. Then 100 µl of prepared plant extract 
(40 mg/ml) solution were poured into the wells. Then the plates 
were sealed with plasticine and transferred to the refrigerator to 
diffuse out for 30 min. The plates were then incubated in the 
incubator at 37 oC for 24 hrs. Triplicate plates were prepared 
for each treatment and the average zone of inhibition excluding 
well, were recorded. 90% DMSO was used as negative control, 
and 0.01mg/ml tetracycline was used as positive control. 
Inoculum turbidity was maintained constant throughout the 
experiment to 0.8 OD at 660 nm. Level of turbidity is 
equivalent to approximately 1 × 108 CFU/ml. 
 
Antibiotic susceptibility of selected bacterial strains 
 

Susceptibility of selected bacterial strain was measured 
against standard antibiotics viz. Ampicillin(10µg), 
Tetracycline(25µg), Gentamicin(30µg), Co-Trimoxazole 
(25µg), Amikacin(10µg) by octadisc (Hi-media, Mumbai). 
Twenty ml of sterilized nutrient agar seeded with activated 
bacterial culture was poured in petri dish, allowed to solidify 
and octadisc was placed gently on surface by pointed forceps. 
Seal the plates with plasticine and incubate in the incubators at 
37 oC for 48 hrs. 
 
RESULTS 
 
Extractive value 
 

The results of extractive value in acetone and methanol are 
shown in Fig. 1. All the plants tested under study showed 
higher percentage of extraction in methanol than that of 
acetone. The yield for selected plants in acetone was found in 
the order of E. hyssofolia (7.11 %)> A. scholaris (2.50 %)> T. 
cordifolia (1.82%)> M. oleifera (1.22 %) > A.aspera (0.46 %), 
while in methanol yield was in the order of E. hyssofolia (26.5 
%)> A.scholaris (18.5 %)> M. oleifera (6.36%)> T. cordifolia 
(3.47 %) > A. aspera (3.05 %). 

 
Phytochemical screening 

 
Results of phytochemical screening of methanolic extract 

of all plants in crude (M1) form and after treatment with 50 % 
lead acetate (M2) are shown in Table 1. Results for crude 
acetone extract (A1), and after treatment with 50 % lead acetate 
(A2) are shown in Table 2. Alkaloids were present in M1 
extract of E. hyssofolia, A. scholaris, T. cordifolia, M.  oleifera, 
A. aspera (Table 1), while absent in A1 extracts of E. 
hyssofolia, A. scholaris, T. cordifolia (Table 2). Primary 
metabolites like carbohydrate and protein were detected in both 
M1 and A1 extract of all selected plants, and absent in M2 and 
A2 extract.  Steroids were present only in both crude extract 
(M1 and A1) of A. scholaris (Table 1, 2). M1 extract of 
A.scholaris, M. oleifera and E. hyssofolia were showed positive 

result for glycoside (Table 1), while glycoside was present in 
all A1 extract of all plants (Table 2). Both M1 and A1 extract 
of all five plants were showed presence of flavanoids        
(Table 1, 2). But M2 and A2 extracts of M. oleifera and E. 
hyssopifolium were only showed presence of flavanoids   
(Table 1 & 2). Saponin was detected in M1, M2, A1, A2 
extracts of all plants (Table 1, 2). Terpenoids were absent in 
M1 extract of A. aspera (Table 1), while positive for the A1 
extract (Table 2). Other all plants were positive for the presence 
of terpenoids in crude (M1, A1) as well as treated (M2, A2) 
extracts (Table 1, 2). Crude extract (A1) of A. scholaris and M. 
oleifera were only positive for the tannin (Table 2). Fixed oil 
was detected in any types of extracts in all selected plants.  
 
Antimicrobial activity 
 

Results of comparative antimicrobial activity of M1 
extract and M2 extracts of all plants are recorded in Table 3, 
and results of A1 and A2 are shown in Table 4. M1and M2 
extracts of all plants were completely inactive against BS 
(Table 3). M1, M2 extracts of M. oleifera was found most 
active extracts as only BS and KP only were not inhibited by 
extract (Table 3). In methanolic extract highest inhibition 
(10mm) was shown by A. scholaris against ML (Table 3). 
Highest zone of inhibition (22mm) was observed by A2 
extracts of A.scholaris against EA. KP was completely resistant 
towards acetone extracts (A1, A2) of E.hyssofolia, A.scholaris, 
T.cordifolia, M. oleifera, A.aspera (Table 4). BS, EA, and SA 
were found sensitive to A1 and A2 extracts of all plant (Table 
4). Moderate kind of sensitivity was observed in ML and SPA, 
and least activity found in PA and ST, against A1 and A2 
extract (Table 4). One strong observation was observed in 
present study was that in all plants A2 and M2 extract showed 
higher antibacterial activity than the A1 and M1 at same 
concentration (40mg/ml) respectively. All strain of bacteria 
was susceptible to positive control, and DMSO 90 % as 
negative control was not inhibiting any bacterial strain.    
 
Antibiotic susceptibility of bacterial strains  

 
Results of antibiotic susceptibility of the selected bacterial 

strains are shown in (Graph.2). ML was more susceptible to all 
antibiotics. EA, PA, and SA were completely resistant to co-
trimoxazole (25 µg/disc). STB was also showed negligible 
inhibition (4mm) against co-trimoxazole (Graph 2). Highest 
susceptibility (22mm) was found in KP against tetracycleine 
(25 µg/disc). Amphicillin at 10µg/disc was showed negligible 
activity against EA (2mm), STB (4mm), PA (2mm), and       
SA (2mm). 
 
DISCUSSION  
 

The higher yield of the methanol extracts compared with 
the acetone extracts suggests that the secondary metabolites of 
plants were more soluble in methanol than that of acetone. In 
the present study cold maceration was used to extract 
secondary metabolite. That may be reason for low yield of 
extracts, also the maceration [10] and cold extraction [11 & 12] 
have been generally reported to give lower yield of plant 
extracts as compared to hot and soxhlet extractions.  
 
Mostly both (acetone and methanolic) types of extractions yield 
same type of phytochemicals like alkaloids, saponins, 
glycosides, flavanoids, tannins, and terpenoids as particular to 
different plants. And the compounds such as tannin [13, 14], 
glycosides [15], Saponins [16], trerpenoids and flavanoids, [17] 
and Alkaloids [18] were well defined as antimicrobial agents in 
plants. 
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     Fig. 1 Extractive value of plants.    Fig. 2 Antibiotic susceptibility of bacterial strains to antibiotics 
  

A- Ampicillin, T- Tetracycline, G- Gentamicin, Co- Co-Trimoxazole, AK- Amikacin 

    
  

Table - 1 Phytochemical screening of Methanol extract. 
 
 

 
 
 
+ = Present, - = absent. 
 
M1: Crude extract of methanol 
fraction  
 
M2: Methanol fraction after treatment 
with 50 % lead acetate 
 

 
 

 
 

Table - 2 Phytochemical screening of Acetone extract. 
 

 
 
 
+ = Present, - = absent. 
 
A1: Crude extracts of Acetone 
fraction 
 
A2: Acetone fraction after treatment 
with 50 % lead acetate 

 
 
 

 
Table - 3 Antimicrobial activity of Methanol fraction at 40 mg/ml (inhibition zone in mm) 

 

 Authentic powdered samples of Medicinal plants presently analyzed
A. scholaris A. aspera M. oleifera T. cordifollia E. hyssofolium Phytoconstituents M1 M2 M1 M2 M1 M2 M1 M2 M1 M2 

1. Alkaloids + + + + + + + + + + 
2. Carbohydrates + - + - + - + - + - 
3. Protein + - + - + - + - + - 
4. Steroids + + - - - - - - - - 
5. Glycosides + + - - + + - - + + 
6. Saponin + + + + + + + + + + 
7. Flavanoids + - + - + + + - + + 
8. Tannins + + - - + + + + + + 
9. Triterpenoids + + - - + + + + + + 
10.Fixed oils - - - - - - - - - - 

Authentic powdered samples of Medicinal plants presently analyzedPhytoconstituents A. scholaris A. aspera M. oleifera T. cordifollia E. hyssofolium 
 M1 M2 M1 M2 M1 M2 M1 M2 M1 M2 

1. Alkaloids + + + + + + + + + + 
2. Carbohydrates + - + - + - + - + - 
3. Protein + - + - + - + - + - 
4. Steroids + + - - - - - - - - 
5. Glycosides + + - - + + - - + + 
6. Saponin + + + + + + + + + + 
7. Flavanoids + - + - + + + - + + 
8. Tannins + + - - + + + + + + 
9. Triterpenoids + + - - + + + + + + 
10.Fixed oils - - - - - - - - - - 
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M1:-Methanol 
 
M2:- Methanol fraction after treatment of 50 % lead 
acetate,  
 
- : no inhibition zone 

 
 
 

Table - 4 Antimicrobial activity of acetone fraction at 40 mg/ml (inhibition zone in mm) 
 

 
 
 
A1:-Acetone,   
 
A2:- Acetone fraction after treatment with 50 % 
lead acetate,  
 
- : no inhibition zone  

 
A1 extracts were found more active than M1 extract, which 
indicates that active component of plants extracted more may 
get extracted in very low concentration in methanol, as 
solubility of compound depends upon the polarity of extraction 
solvent [19] and [20]. High sensitivity of Gram- positive 
bacteria (except KP) than the Gram-negative bacteria, for 
selected plant extracts (M1, M2, A1, A2) was found in the 
present study. The high resistance of gram-negative bacteria 
could be because of the phospholipid membrane in addition to 
the inner peptidoglycan layer, which makes the cell more 
impermeable for exogenous molecules [21]. 
 

Methanolic extract of A. aspera was inactive against BS, 
EA, KP, PA, and SPA, while acetone extract is active against 
BS and KP. These findings are in accordance with the findings 
of Jigna et al. [22]. Acetone extract of A. scholaris was more 
active than that of methanol extract, results thus indicate active 
components in A. scholaris were more soluble in relatively 
non-polar solvent, as reported by Khan et al. [23], that butanol 
fraction has broad spectrum of antibacterial activity. Goyal et 
al. [24] reported that alkaloids, sterols alkenes, are key 
antimicrobial agents in A. scholaris and their results matching 
with our findings. M. oleifera was most active plant among the 
plants selected for the present study. Activity of plant is 
attributed to the presence of saponins, tannins, alkaloids and 
phenols [25]. Acetone extracts of M. oleifera only show the 
antimicrobial activity against the ST and STA. Similar results 
were observed by Doughari et al. [26] for Salmonella typhi. 
Both bacteria are causative agents of the Typhoid fever and 
recent years there has been a rapid rise in multidrug resistance 
by ST all over the world [27, 28 & 29]. A2 extract of M. 
oleifera can be used to developed antityphoid agent.  Activity 
of methanolic and acetone extract of E.hyssofolium was 
attributed to the presence of flavanoids as a major constituent 
in E. hyssofolium [30]. Singh et al. [31] reported the presence 
of terpenoids and glycosides in T. cordifolia. These 
components are the responsible agents for the antibacterial 
activity of these plants [32].  
 

M2 and A2 extracts of all plants were more active than 
that of their crude extract (M1, A1), phytochemical screening 

revealed that carbohydrates and proteins 
were absent in M2 and A2, while these 

present in higher concentration in crude extract, which may be 
interfered in diffusion of active component. Moreover the 
differences of antimicrobial activity of extracts were difficult to 
speculate; however, many antibacterial agents may exhibit their 
action through inhibition of nucleic acids, proteins and 
membrane phospholipids biosynthesis [33]. Extract with 
analytical grade acetone gave a relatively wide spectrum of 
antimicrobial activity (37.5% – 87.5%) against the test bacterial 
strains compared to methanol  

 
 
 

extract (12.5 % - 75 %).  The relatively wider spectrum of 
activity of the acetone extracts over the methanol extracts is 
difficult to explain since all the extracts contained the 
metabolites, though not in the same proportions. Perhaps, the 
active principles were more soluble in analytical acetone than 
in methanol solvents. 
 

Antibacterial alternative for selected bacterial strains ware 
always in focus because of its infectious nature and bacteria has 
ability to develop the genetic ability to transmit and acquire 
resistance to drugs, which are utilized as therapeutic agents 
[34]. Several earlier studies indicated the usefulness of plant for 
control of resistant strains of bacterial like S. aureus [35] and P. 
aeruginosa [36, 37 & 38].  Among the plants selected for the 
present study the acetone extract of A. scholaris and M. oleifera 
can be used for the new antibacterial agent, for EA, SA and 
ML.  
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ABSTRACT 
 

Engineering plastics are expanding their applications in the immerging world replacing metal components and reducing weight and amongst 
most two of them are selected to study their blending behavior. Nylon-66(N-66) and Acrylonitrile butadiene styrene (ABS) co- polymer were 
blended in basic conventional manner i.e. simple physical melt blending in various proportions. The reason for blending both the polymers is 
to study their morphology, miscibility and compatibility of blends at various ratios. Blends were studied for mechanical properties i.e. tensile 
strength, flexural strength, izod impact strength, etc. Blend with optimized level of mechanical property was studied for thermal properties 
by differential scanning calorimeter (DSC) and thermo gravimetric analysis (TGA). The morphology was studied by scanning electron 

icroscopy (SEM). m 
Key words: Polymer blends, physical blending, Nylon-66, ABS. 
 
I
 
NTRODUCTION 

The polymer blends which is completely miscible to give 
a homogeneous single phase exhibit excellent properties and 
proportional to the ratio of two polymeric components [1-2]. 
For immiscible and incompatible blends, since their interfacial 
tension is higher and the interface between them is very sharp, 
the thickness of their interfacial layer is very small [3]. Quality 
of a polymer blend depend upon the type of disperses phases, 
adhesion and cohesion between the phases and the morphology 
of the system [4-7]. Molecular miscibility and compatibility are 
two important properties of polymeric components [8-11]. 
However simple blends of immiscible polymers generally 
exhibit poor mechanical properties that stem from the 
unfavourable interactions between their molecular segments. 
This is manifested as a coarse, unstable phase morphology that 
develops during melt processing and weak interfaces between 
he phases in the solid states. t

 
Interest in blends of Nylon-66 with ABS stems from the 

possibility of combining the desirable characteristics of both of 
these materials. Blends of N-66 with ABS materials are of 
significant commercial interest. Nylon-66 provide good 
strength, stiffness and resistance to non-polar Nylon-66olvents, 
whereas ABS materials provide toughness and low cost. 
Although simple blends of Nylon-66 and ABS exhibit poor 
mechanical properties, their properties can be greatly improved, 
often with synergistic effects, through appropriate 
compatibilization. [12] 

 
Nylon-66 (N-66) being a versatile engineering plastic 

lacks some properties like difficulty in processing, moisture 
absorption, dimensional instability, sharp melting, lower impact 
which decreases its area of applications. But it gives superior 
tensile strength, self lubrication, wear resistance. At this 
juncture blending with ABS can lead to overcome the 
limitation and widening the application of Nylon-66. As the 
chemical resistance of both the polymers is appreciably good 
they can also be used in biomedical implants, e.g. knee caps; 
limbs [13-14].  

 
As Nylon-66 and ABS both are leading engineering 

material used in various applications and up to a certain extent 

have replaced metals too. Although they have good structural, 
chemical and mechanical properties, they both tend to have few 
disadvantages individually.  

 
Most of the work performed was focused on Nylon-6 and 

its blend with other polymeric materials. The basic reason for 
the same is the ease of processing Nylon-6 with other polymers 
as compared to Nylon-66. Nylon-6 having lower processing 
temperature compared to Nylon-66 allows better control over 
processing of the material.   

 
Our work deals with the blending of Nylon-66 and ABS in 

various proportions to study the miscibility between the two 
polymers and the properties. The blends of Nylon-66and ABS 
are then studied for various mechanical properties, thermal 
properties, and chemical properties [15-16]. 
 
M
 

ATERIALS AND METHODS 
Materials Used:  
Nylon-66(N-66) – Dupont, Grade – Zytel – EPL-02-2E-30  
A
 

BS – Bayer ABS Ltd., Grade – Absolac – 300  

Blending Process  
 

As known both Nylon-66 and ABS are hydrophilic in 
nature and tend to absorb atmospheric moisture. Thus to 
remove the humidity both the polymers were preheated up to 
90ºC for 6 hrs. The preheated material was then weighed in 
various blend ratios from 5 parts of ABS to 60 parts of ABS in 
Nylon-66. The blending was done using pelletizer at the 
processing temperature of material having higher processing 
temperature. The blends are extruded as strands in cut to form 
granules. The granules are dried off as were passed through 
water for cooling. The formed granules are preheated before 
they can be moulded in the Injection Moulding Machine to 
form test specimens for tensile, flexural and impact strength.  

 
The blends were tested for mechanical properties as 

tensile strength, tensile modulus, % elongation [ASTM D 638]; 
flexural strength, flexural modulus [ASTM D 790]; izod impact 
strength [ASTM D 265]; Rockwell hardness [ASTM D 758]; 
water absorption [ASTM D 570]; Flame resistance [ASTM D 
635] and electrical properties [ASTM D 6257], [17-19]. From 
all the above properties, the optimized blend ratio was obtained 
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and its thermal properties were studied using differential 
scanning calorimeter (DSC), make – Perkin Elmer; model – 
Pyris 1 and thermo gravimetric analysis (TGA), make – Perkin 
Elmer; model – Pyris 1. The phase morphology of the 
optimized blend ratio of was studied using the scanning 
electron microscopy (SEM)    make – Philips, Netherlands; 

odel – ESEM EDAX XL 30. m
 
R
 

ESULTS AND DISCUSSION 
The mechanical properties of Nylon-66/ABS blends from 

5 parts to 60 parts of ABS measured are tensile strength, % 
elongation, tensile modulus, flexural strength, flexural 
modulus, izod impact strength and rockwell hardness as shown 
in fig. 1-7. In all the graphs we can see a similar sort of trend. 
The Tensile strength, flexural strength, izod impact strength 
and Rockwell hardness increase up to 30 parts of ABS and then 
tends to decrease (Fig.1,.4, 6,.7). A constant increase was 
observed in tensile modulus and flexural modulus (Fig. 3, 5), 

hereas there is a constant decrease in % elongation (Fig. 2).   w
 

Fig. 8(a-c) shows water absorption of various blend ratios 
under different conditions. Off all the three graphs it can be 
clearly interoperated that as the proportion of ABS increases in 
the blend the amount of water absorption tends to decrease. As 
the properties of blends were best observed at 30 parts of ABS 
in Nylon-66 it is further tested for electrical properties i.e. 

olume and surface resistivity (Table - 1).  v
 
Table - 1 values of volume resistivity and surface resistivity  

30 parts of ABS in N-66/ABS blends. 
 

Sample Volume Resistance 
Ohm/mm 

Surface Resistance 
Ohm 

30 parts of 
ABS in 

N-66/ABS 
blend 

34 X 1013 54 X 1011

 
The thermal behaviour was studied for the blend 

composition which has showed most enhanced performance of 
all the blend compositions. The best enhancement was obtained 
in 30 parts of ABS in Nylon 66 blend. The DSC and TGA of 
blend are shown in Figs. 9 and 11 respectively. Both thermal 
studies show the behaviour of blend without using any aid for 
the enhancement of the blend compatibility. DSC and TGA are 
used as references when studying the effect of different aid for 
improving the blend compatibility.  

 
Scanning electron micrograph (Fig. 11) reveals the 

morphological characteristics of the blends. The N-66 forms 
the continuous phase in which the ABS spheres are well 
dispersed. The dispersed ABS phase has least compatibility 

hen there is less interphase miscibility. w
 
C
 

ONCLUSION 

The main purpose is to study behaviour of Nylon 66 when 
ABS is incorporated by blending in various ratios from 5 parts 
to 60 parts by just physical blending without any sort of aid for 
enhancing blend compatibility. The behaviour of the blend was 
studied using Tensile Strength, % Elongation, Tensile 
Modulus, Flexural Strength, Flexural Modulus, Izod Impact 
Strength, Rockwell Hardness, Water Absorption and Flame 
Resistance. The major properties like Tensile Strength, Flexural 
Strength Izod Impact Strength and Rockwell Hardness were 
maximum in 30 parts of ABS in Nylon 66 blend. An increasing 
trend was observed in all the above three properties measured 
up to 30 parts of ABS in Nylon 66 then the properties starts to 
decrease. In other properties which were measured the overall 
enhancement was observed in 30 parts of ABS in Nylon 66. 

 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Tensile Strength of N-66/ABS blends. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: % Elongation of N-66/ABS blends. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Tensile Modulus of N-66/ABS blends. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4: Flexural strength of N-66/ABS blends. 
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Fig. 5: Flexural modulus of N-66/ABS blends. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6:Izod impact strength of N-66/ABS blends. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Rockwell hardness of N-66/ABS blends. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8a: % Water absorption for 24 hrs. at room temperature of      N-
66/ABS blends. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8b: % Water absorption for 2 hrs. in boiling water of N-66/ ABS 

blends. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8c: % Water absorption for 48 hrs. at 50�C of N-66/ABS blends. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 DSC of 30 parts of ABS in N-66/ABS blend. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  10 TGA of 30 parts of ABS in N-66/ABS blend. 
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Fig. 11 SEM of 30 parts of ABS in N-66/ABS blend.  
R
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HOT BRAND BISAZO REACTIVE DYES ON VARIOUS FIBRES 
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ABSTRACT 
 

The aim of the present study was to synthesize new dyestuffs based on 4,4’-methylene-bis(o-nitro aniline) derivatives in order to achieve good 
dyeing and fastness properties. The use of 4,4’-methylene-bis(o-nitro aniline) (1) as tetrazo component and ten different acid compounds as 
coupling components furnished a series of ten novel bisazo reactive dyes (5a-j), which were characterized by elemental analysis and different 
spectrometric technique like UV-Vis, IR and 1H NMR. The dyeing performance of these dyes was assessed on silk, wool and cotton fabrics. 
The dyed fabric showed moderate to very good light fastness and good to excellent washing and rubbing fastness properties. The dye bath 
exhaustion and fixation were found to be good and acceptable. 
 
Key words: 4, 4’-methylene-bis (o-nitro aniline), Bisazo reactive dyes, Cotton fabrics; Fastness propertie, Exhaustion; Fixation. 

INTRODUCTION 
 

Reactive dyes are coloured compounds which contain one 
or two groups capable of forming covalent bonds between a 
carbon and phosphorus atom of the dye ion or molecule and 
oxygen, nitrogen or sulphor atom of the hydroxyl, an amino or 
a mercapto group of the substrate. Such covalent bonds are 
formed with the hydroxyl group of the cellulose fibre, with the 
amino, hydroxyl and mercapto group of the protein fibre and 
with the amino group of polyamides [1]. These dyes are 
generally used on higher value clothes, which are normally 
mercerized [2]. Reactive dyes containing cyanuric chloride 
molecule play an important role in the synthesized dyes. It is a 
key component in the dyestuff having two reactive groups in 
their structure, which gives good fixation yields, excellent wet 
fastness, brilliant shades and simple application techniques in 
textile printings. 

 
It can also be easily understood that dyes with two 

reactive groups give a good fixation yield than dyes with one 
reactive group for it one of the two dye-fibre bond is 
hydrolyzed and one is still left for fixation [3, 4]. They give 
excellent solubility, higher degree of fixation, good lavelling 
and good to excellent fastness properties. Ayyangar et al [5, 6] 

reported that bisazo dyes are tinctorially stronger than mono 
azo dyes. Patel et al [7-10] synthesized bis azo reactive dyes 
giving good fastness properties on various fibres.   

 
The objectives of the current investigation were to 

synthesize and evaluate tinctorially strong, bright reactive dyes 
which could be applied to cotton by exhaust dyeing method. To 
these effect ten hot brand bis azo reactive dyes (5a-j) were 
synthesized by coupling a series of diazotized bisazo methylene 
derivative with various m-toludino cyanurated coupling 
components.  
 
MATERIALS AND METHOD 
 

All of the chemicals and various coupling components 
used were of commercial grade and were further purified by 
recrystallisation and redistilled before use. The solvents used 
were spectroscopic grade. Melting points were determined by 
open capillary method and are uncorrected. Purification of the 
dyes was carried out by TLC [11]. The visible absorption 
spectra were recorded on a Beckman DB-GT Grating 

Spectrophotometer. The elemental analyses were carried out on 
a Carlo Erba Elemental Analyser 1108. Infrared spectra were 
recorded on a Perkin-Elmer model 881 spectrophotometer 
scanning between 4,000 to 400  cm-1 using KBr pellets. PMR 
spectra on a Brucker DRX-300 (300 MHz FTNMR) instrument 
using TMS as internal standard and DMSO as solvent. The 
light fastness was assessed in accordance with BS: 1006-1978 
[12]. The rubbing fastness test was carried out with a 
Crockmeter (Atlas) in accordance with AATCC-1961 [13] and 
the wash fastness test in accordance with IS: 765-1979 [14]. 
 
Synthesis of 4, 4’-methylene-bis-(o-nitro aniline) (1) [15]  
 

O-nitro aniline (13.9 g, 0.1 mole) was dissolved in water 
(125 ml) and 36.5% hydrochloric acid (25 ml) at 50 °C. The 
reaction mixture was then reacted with 3% aqueous 
formaldehyde (35ml) solution at 60 °C with stirring for an hour 
and neutralized with 10% sodium hydroxide, yellowish 
precipitate of compound (1) was filtered, washed with hot 
water, dried and recrystalized from acetic acid. Yield 85%, 
m.p. 190°C, IR (KBr): νmax (cm-1) 3515, 3425 (Asym. and 
sym., N-H stretching), 2945 (C-H stretching), 1185, 1040 
(Asym. and sym., S=O stretching). 1522, 1342 (Asym. and 
sym., N=O stretching). Elemental analysis: Found C-54.10%; 
H-4.12%; N-19.35%; C13H12O4N4 (MF requires  C-54.17%; H-
4.20%; N-19.44%). 1H NMR (DMSO-d6) (chemical shift in δ 
ppm): 3.24 δ (4H, s, -NH2), 1.23 δ (2H, s, -CH2), 7.12 δ-7.93δ 
(6H, m, Ar-H).  
 
Tetrazotisation of 4, 4’-methylene bis-o-nitro aniline (2) 
 

Compound (1) (1.44 g, 0.005 mole) was suspended in H2O 
(60 ml). Hydrochloric acid (0.36 g) was added dropwise to this 
well stirred suspension. The mixture was gradually heated up to 
70°C, till clear solution obtained. The solution was cooled at 0-
5°C in an ice bath. A solution of NaNO2 (0.6 g) in water (4 ml) 
previously cooled to 0°C, was then added over a period of five 
minutes with stirring. The stirring was continued for an hour, 
maintaining the same temperature, with positive test for nitrous 
acid on starch iodide paper. After just destroying excess of 
nitrous acid with required amount of a solution of sulphamic 
acid the clear tetrazo solution (2) at 0-5°C was obtained and 
used for subsequent coupling reaction.  
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Preparation of m-toluidino cyanurated H-acid (4a) 
This involves two steps. 
 
(i) Preparation of cyanurated H-acid (3a) 

 
Cyanuric chloride (1.85 g, 0.01 mole) was stirred in 

acetone (25 ml) at a temperature below 5°C for a period of an 
hour. A neutral solution of H-acid (3.19 g, 0.01 mole) in 
aqueous sodium carbonate solution (10% w/v) was then added 
in small lots in about an hour. The pH was maintained neutral 
by simultaneous addition of sodium carbonate solution (1% 
w/v). The reaction mass was then stirred at 0-5°C for further 4 
hours then clear solution was obtained. The cyanurated H-acid 
solution (3a) was used for subsequent coupling reaction. 

 
(ii) Condensation with m-toluidine  

 
The temperature of ice-cooled well stirred solution of 

cyanurated H-acid (3a) (4.67 g, 0.01 mole) was gradually 
raised to 45°C for half an hour. To this cyanurated H-acid the 
m-toluidine (1.07 g, 0.01 mole) was added dropwise at same 
temperature, during a period of 30 minutes, maintaining the pH 
neutral by simultaneous addition of sodium bicarbonate 
solution (1%w/v). After the addition was completed, stirring 
was continued for further 3 hours. The m-nitro anilino 
cyanurated H-acid solution (4a) thus obtained was 
subsequently used for further coupling reaction. 

 
Preparation of the dye 5a 
 

To an ice cold and well stirred solution of (4a) (5.53 g, 
0.01 mole) a freshly prepared solution of tetrazo solution (2) as 
previously prepared was added dropwise over a period of 10-15 
minutes. The pH was maintained at 7.5 to 8.5 by simultaneous 
addition of sodium carbonate solution (10% w/v). During 
coupling the purple solution was formed. The stirring was 
continued for 3-4 hours, maintaining the temperature below 
5°C. Sodium chloride (12g) was then added and the mixture 
was stirred for an hour. The solid violet dye (5a) separated out 
was filtered washed with minimum amount of acetone and 
dried at room temperature. Yield 82 %. 

 
Following the above procedure other reactive dyes (5b-j) 

were synthesized using various m-toluidino cyanurated 
coupling components such as J-acid (4b), N-methyl-J-acid (4c), 
N-phenyl-J-acid (4d), Bronner acid (4e), Gamma acid (4f), K-
acid (4g), Tobias acid (4h), Peri acid (4i) and Laurent acid (4j) 
respectively. 

 
All the synthesized dyes and characterization data were 

recorded in Table - 1. 
 
RESULTS AND DISCUSSION 
 
Preparation of dyes 

 
4, 4’-methylene-bis (o-nitro aniline) (1) was tetrazotised 

satisfactorily at 0-5°C by sodium nitrite and HCl. In order to 
determine the end point of diazotization, it was essential to 
check the presence of unreacted diazo component on TLC by 
sampling the diazotization mixture. The diazonium salt solution 
was used immediately since this decomposed on standing, even 
when cold. Subsequent coupling reactions took place readily on 
adding the resulting diazonium salt continuously to the solution 
of coupling component. However 80-85% yield of the dye was 
usually obtained by careful addition of the diazonium salt 
solution at 0-5°C to a solution of the coupling component in 
sodium bicarbonate. The pH of the reaction mixture was 

adjusted to approximately 7.5-8.5 by addition of 10% sodium 
carbonate solution slowly below 5°C. 
 
Dyeing of fibre 

 
The dyeing of fibres was carried out according to literature 

reported procedure [16]. These dyes gave pink, red, orange and 
yellow hues with brighter and deeper shades with high 
tinctorial strength and excellent levelness on the fabric. The 
variation in the hues of the dyed fabric results due to the 
alternation in the coupling components. 

 
Physical properties of the dyes 
 

The purity of all the dyes was checked by TLC using n-
butyl acetate: methanol: water (7.5: 2.0: 0.5 v/v) as the solvent 
system. When absorbed on silica gel-G plates, the dyes 
produced orange-yellow colours. The Rf value of all the dyes 
are shown in Table 1. 

 
Spectral properties of the dyes 
 

Absorption maxima of dyes 5a-j are shown in Table - 4. 
As far as absorption maxima are concerned, λmax value is 
directly proportional to the electronic power of the substituents 
in the coupled ring system. The value of the logarithm of the 
molar extinction co-efficient (log ε) of the dyes (In both 
medium) were in the range of 4.12-4.65, consistent with their 
high intensity of absorption. The introduction of electron 
donating or electron attracting groups at suitable positions in 
the coupled ring affect the absorption characteristics of the 
dyes. 

 
Compound 5b have λmax value 465 nm but 5c have λmax 

482 nm due to the introduction of auxochrome like -CH3 group 
in 5c which increase the absorption maxima towards longer 
wavelength hence increase in the depth of shade. So there is a 
difference in λmax is about 17 nm between 5b and 5c. 
Compound 5d having λmax 495 nm, so there is a difference 
between 20 nm between the λmax value of 5d and 5b due to the 
introduction of phenyl ring which causes resonance effect for 
deepening of colour. Compound 5g have same structure as 5a 
but lower λmax then 5a because the vicinity of -NH- and -SO3Na 
group in 5g hence electron oscillation is fast in 5g as compared 
to 5a. Other compounds such as 5h, 5i and 5j have lower λmax 
than 5a and 5b due to the bathochromic effect of -OH group in 
5a and 5b compounds which increase the wavelength and shift 
the absorption towards higher wavelength. 
 
IR and 1H NMR spectra of dyes 

 
The IR spectra [17] of dyes (5a-j) in general show 

characteristic broad band at 3400-3505 cm-1 indicating O-H 
and N-H stretching vibration of amino and hydroxyl group. The 
band at 2990-3015 cm-1 shows C-H stretching vibration of 
methyl group. The bands at 1540-1560 cm-1, 1365-1405 cm-1, 
815-855 cm-1 are due to the C-N stretching vibration of 
cyanuric chloride molecule. Azo group is confirmed by the 
stretching vibration at 1590-1625 cm-1. The sulfone-sulfonate 
and chloro group is confirmed by stretching vibration at 1030-
1160 cm-1 and 760-780 cm-1. The nitro group (both asym. and 
sym. stretching vibration) is confirmed at 1360-1520 cm-
1(Table - 2). The 1H NMR spectra [18] of representative dye 
showed all the signals (Table - 3). 
 
Exhaustion and fixation study 

 
The percentage dyebath exhaustion and fixation of the 

dyed fabrics was determined according to the known method 
[8]. 
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Table-1 Characterization table of dyes (5a-j) 
 

% C % H % N Dye 
No. Various              

m-Toluidino cyanurated 
coupling components 
(R) 

Molecular Formula 
 

Mol. 
Weight 

gm/mole 

Yield 
(%) 

Found 
Req. 

Found 
Req. 

Found 
Req. 

aRf
Value 

5a H-acid (4a) C53H34O18N16S4Cl2Na4 1474 82 43.11 
43.18 

2.25 
2.32 

15.11 
15.20 

0.42 

5b J-acid (4b) C53H36O12N16S2Cl2Na4 1270 75 50.06 
50.12 

2.80 
2.86 

17.58 
17.65 

0.38 

5c N-methyl J-acid (4c) C55H40O12N16S2Cl2Na2 1298 78 50.81 
50.89 

3.04 
3.11 

17.20 
17.27 

0.45 

5d N-phenyl J-acid (4d) C65H44O12N16S2Cl2Na2 1422 80 54.83 
54.90 

3.03 
3.12 

15.71 
15.76 

0.36 

5e Bronner acid (4e) C53H36O10N16S2Cl2Na2 1238 75 51.34 
51.42 

2.82 
2.93 

18.02 
18.10 

0.34 

5f Gamma acid (4f) C53H36O12N16S2Cl2Na4 1270 85 50.02 
50.12 

2.78 
2.86 

17.58 
17.65 

0.38 

5g K-acid (4g) C53H34O18N16S4Cl2Na4 1474 85 43.13 
43.18 

2.25 
2.32 

15.12 
15.20 

0.40 

5h Tobias acid (4h) C53H38O4N16Cl2 1034 80 61.50 
61.57 

3.61 
3.70 

21.60 
21.68 

0.42 

5i Peri acid (4i) C53H36O10N16S2Cl2Na2 1238 78 51.33 
51.42 

2.85 
2.93 

18.02 
18.10 

0.40 

5j Laurant acid (4j) C53H36O10N16S2Cl2Na2 1238 75 51.35 
51.42 

2.83 
2.93 

18.03 
18.10 

0.38 

 
aDetermined by TLC using n-butyl acetate:methanol:water (7.5: 2.0: 0.5 v/v) solvent system on Silica gel-G F254 TLC plate. 
 
 
Table-2 IR spectra of dyes (5a-j) 
 
Dye No. IR (KBr): νmax  (cm-1) 

5a 3400-3505 (O-H & N-H), 3015 (C-H), 1555, 1385, 845 (C-N), 1605 (N=N), 1160, 1030 (S=O, asym. & sym.), 1525, 1360 (N=O, asym. 

& sym.), 775 (C-Cl). 

5b 3420-3505 (O-H & N-H), 2995 (C-H), 1540, 1405, 840 (C-N), 1605 (N=N), 1165, 1045 (S=O, asym. & sym.), 1525, 1345 (N=O, asym. 

& sym.), 770(C-Cl). 

5c 3410-3490 (O-H & N-H), 3005 (C-H), 1550, 1380, 825 (C-N), 1615 (N=N), 1155, 1050 (S=O, asym. & sym.), 1525, 1340 (N=O, asym. 

& sym.), 760 (C-Cl). 

5d 3415-3500 (O-H & N-H), 2990 (C-H), 1545, 1385, 855 (C-N), 1595 (N=N), 1170, 1045 (S=O, asym. & sym.), 1540, 1355 (N=O, asym. 

& sym.), 765 (C-Cl). 

5e 3410-3490 (O-H & N-H), 3025 (C-H), 1540, 1375, 835 (C-N), 1600 (N=N), 1150, 1015 (S=O, asym. & sym.), 1515, 1340 (N=O, asym. 

& sym.), 775 (C-Cl). 

5f 3405-3510(O-H & N-H), 3005 (C-H), 1550, 1375, 840 (C-N), 1590 (N=N), 1190, 1045 (S=O, asym. & sym.), 1540, 1355 (N=O, asym. 

& sym.), 760 (C-Cl). 

5g 3405-3495 (O-H & N-H), 2995 (C-H), 1560, 1385, 845 (C-N), 1605 (N=N), 1182, 1035 (S=O, asym. & sym.), 1535, 1350 (N=O, asym. 

& sym.), 770 (C-Cl). 

5h 3415-3505 (O-H & N-H), 3010 (C-H), 1542, 1380, 835 (C-N), 1615 (N=N), 1175, 1045 (S=O, asym. & sym.), 1530, 1342 (N=O, asym. 

& sym.), 772 (C-Cl). 

5i 3425-3490 (O-H & N-H), 2990 (C-H), 1530, 1365, 830 (C-N), 1600 (N=N), 1170, 1062 (S=O, asym. & sym.), 1520, 1348 (N=O, asym. 

& sym.), 765 (C-Cl). 

5j 3405-3495 (O-H & N-H), 2995 (C-H), 1540, 1385, 815 (C-N), 1595 (N=N), 1155, 1024 (S=O, asym. & sym.), 1522, 1342 (N=O, asym. 

& sym.), 780 (C-Cl). 
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Table - 3 1H NMR spectra of dyes (5a-j) 
 

Dye No. 1H NMR (DMSO-d6) (chemical shift in δ ppm) 

5a 2.32 (2H, s, -CH2), 1.25 (6H, s, -CH3),  3.60 (2H, s, -OH), 4.75 (4H, s, -NH), 7.05-8.12 (20H, m, Ar-H). 

5b 2.25 (2H, s, -CH2), 1.32 (6H, s, -CH3),  3.58 (2H, s, -OH), 4.82 (4H, s, -NH), 6.95-8.05 (22H, m, Ar-H). 

5c 2.40 (2H, s, -CH2), 1.20 (6H, s, -CH3),  3.62 (2H, s, -OH), 4.65 (2H, s, -NH), 2.58 (6H, s, N-CH3), 6.98-8.22 (22H, m, Ar-H). 

5d 2.15 (2H, s, -CH2), 1.18 (6H, s, -CH3),  3.68 (2H, s, -OH), 4.80 (2H, s, -NH), 6.90-8.15 (32H, m, Ar-H). 

5e 2.30 (2H, s, -CH2), 1.28 (6H, s, -CH3), 4.68 (4H, s, -NH), 6.95-8.05 (24H, m, Ar-H). 

5f 2.35 (2H, s, -CH2), 1.32 (6H, s, -CH3),  3.62 (2H, s, -OH), 4.85 (4H, s, -NH), 6.92-8.10 (22H, m, Ar-H). 

5g 2.28 (2H, s, -CH2), 1.20 (6H, s, -CH3),  3.52 (2H, s, -OH), 4.72 (4H, s, -NH), 7.05-8.10 (20H, m, Ar-H). 

5h 2.42 (2H, s, -CH2), 1.35 (6H, s, -CH3), 4.75 (4H, s, -NH), 7.10-8.15 (26H, m, Ar-H). 

5i 2.32 (2H, s, -CH2), 1.25 (6H, s, -CH3), 4.70 (4H, s, -NH), 6.95-8.10 (24H, m, Ar-H). 

5j 2.38 (2H, s, -CH2), 1.22 (6H, s, -CH3), 4.62 (4H, s, -NH), 7.08-8.16 (20H, m, Ar-H). 

Abbreviations: s, singlet; d, doublet; t, triplet; m, multiplet. 
 
 
Table - 4 Exhaustion and fixation data of dyes (5a-j) 
 

(%)Exhaustion   (%) Fixation Dye 
No. 

Shade on dyed 
fibre 

λmax 
nm  

(water) 

λmax 
nm (H2SO4) 

Log ε 
 

(Water) 

S W C S W C 

5a Purple 530 512 4.65 69.55 66.37 69.62 89.14 90.39 87.38 
5b Yellow 465 442 4.32 67.95 70.90 73.02 90.50 93.08 87.64 
5c Light orange 482 475 4.38 72.40 67.22 70.57 91.30 91.48 86.43 
5d Red 495 480 4.12 75.65 66.72 64.28 87.40 88.42 87.44 
5e Yellow 450 422 4.22 69.95 64.55 68.22 89.90 85.97 86.62 
5f Dark Yellow 460 462 4.18 78.05 70.80 65.02 86.16 88.00 90.73 
5g Light Purple 510 505 4.55 72.10 67.55 68.07 85.14 91.78 88.87 
5h Yellow 435 405 4.60 69.00 71.20 66.62 88.41 89.60 83.16 
5i Light Yellow 430 415 4.35 74.05 65.10 72.00 87.40 84.48 86.48 
5j Yellow 442 425 4.32 67.65 64.12 67.90 93.00 88.88 89.83 

Abbreviations: S-Silk, W-Wool, C-Cotton 
 
 
Table - 5 Fastness properties of dyes (5a-j). 
 

Light fastness Wash fastness Rubbing fastness 

Dry Wet 

Dye 
No. 

 S W C S W C 
S W C S W C 

5a 6 3-4 5 5 4 3-4 4 4 4-5 5 5 3-4 
5b 4-5 5 3-4 3 4-5 3 5 3 3 3-4 3-4 4 
5c 5 5-6 6 4 3 4-5 3 3-4 3 4 4 4-5 
5d 4 6 4 3-4 4 5 4-5 5 3 3 3-4 5 
5e 4-5 4 3 4 3-4 4 3 4-5 3-4 3-4 4 3 
5f 3 3-4 5 3-4 5 4 4 5 3 4-5 4-5 4 
5g 3 6 5 4-5 3 3-4 5 4 4-5 4 4 4-5 
5h 5-6 3 4-5 4 4-5 5 5 4-5 5 5 5 3 
5i 4 5-6 3 5 4-5 4 3-4 3 3 4-5    4-5 4-5 
5j 5-6 5 4-5 3 4 4 3-4 4 4-5 3 5 5 

Abbreviations: S-Silk, W-Wool, C-Cotton 
Light fastness: 1-poor, 2-slight, 3-moderate, 4-fair, 5-good, 6-very good. 
Wash & Rubbing fastness: 1-poor, 2-fair, 3-good, 4-very good, 5-excellent. 
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The percentage exhaustion of 2% dyeing on silk fabric ranges 
from 67-78% for wool fabric ranges from 64-72% and for 
cotton fabric ranges from 64-73 % and the percentage fixation 
of 2% dyeing on silk fabric ranges from 85-93%, for wool 
fabric ranges from 84-93% and for cotton fabric ranges from 
83-90 % (Table - 4). 

 
From the data summarized in Table - 4 showed that dye 5f 

exhibit maximum exhaustion on silk fibre, dye 5h exhibit 
maximum exhaustion on wool fibre and dye 5b exhibit 
maximum exhaustion on cotton fibre. While for fixation dye 5j 
exhibit maximum fixation for silk fibre, 5b exhibit maximum 
fixation for wool fibre and 5f exhibit maximum fixation for 
cotton fibre. 

 

Fastness properties 
 

The light fastness of all the dyes rating 3-6 for silk, wool 
and cotton fabrics, which shows light fastness moderate to very 
good for silk, wool and cotton. The wash fastness and rubbing 
fastness of all the dyes rating 3-5 for silk, wool and cotton 
fabrics, shows wash fastness and rubbing (dry and wet) fastness 
of all the dyes good to excellent (Table - 5). 
 
CONCLUSION 

 
A series of hot brand bisazo reactive dyes based on 4, 4’-

methylene-bis (o-nitro aniline) have been synthesized by 
conventional method. The main advantage of bisazo dyes is 
that they contain two reactive groups, if one is hydrolyzed then 
other is still left for fixation and also it is used as a substitute 
against benzidine dyes having carcinogenic properties. These 
dyes give mostly purple, red, orange and yellow colour shades 
on different fabrics having good fastness properties. The 
remarkable degree of levelness after washing indicates the 
good penetration and affinity of these dyes to the fabrics. 
Exhaustion and fixation of these dyes are very good and 
indicate that the dyes have good affinity and solubility with the 
fabrics. 
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ABSTRACT 
 

A series of tridentate pyrazolone-based Schiff bases were synthesized by the interaction of 4-acyl/aroyl pyrazolones with 2-Amino Phenol in 
an ethanolic medium. All of these ligands were characterized on the basis of elemental analysis, infrared (IR) and 1H-NMR data. Nuclear 
magnetic resonance (NMR) suggests the amine-one form of ligand in solution at room temperature. Copper Schiff-base complexes [Cu2(L)2], 
have been prepared by the interaction of the aqueous solution of copper acetate monohydrate with hot ethanolic solution of the appropriate 
ligand. The resulting complexes have been characterized by elemental analysis, metal content determination, molar conductance, fast atom 
bombardment mass spectra, magnetic measurements, thermogravimetric analysis (TGA), IR and electronic spectral studies. Suitable square 
planar structure is proposed for these complexes.  
Key words: Acyl pyrazolones, Copper complexes, Schiff bases, Spectral studies

INTRODUCTION 
 
The chemistry of pyrazolone derivatives has attracted 

much attention because of their interesting structural properties 
and applications in diverse areas [1-4]. They are useful reagents 
for the extraction and separation of various metal ions [5, 6]. 
They can also be used in laser materials, as 1H NMR shift 
reagents, in chromatographic study and in the petrochemical 
industry [7, 8]. Many of these ligands exhibit keto enol 
tautomerism and because of this they show interesting 
structural and spectroscopic properties which have been the 
subject matter of many reports [9]. β-diketones have played and 
continue to play a key role in coordination compounds that 
have found wide application in several fields, from new 
materials to catalysts [10], as precursors for CVD in the 
microelectronic industry and as potential antitumourals [11]. 
Even the simplest pyrazolone-5 derivatives for instance, 
antipyrine and amidopyrine are well-known analgesics and 
widely used in medicine. Pyrazolone derivatives are also used 
as starting materials for the synthesis of biologically active 
compounds and for the construction of condensed heterocyclic 
systems [12]. Among these ligands, acyl pyrazolones have been 
studied extensively owing to their effective properties with 
respect to extracting metal ions [13]. On the other hand 
pyrazolone-based Schiff base chemistry is less extensive.  
 

Pyrazolyl and pyrazolyl-derived ligands can form relevant 
coordination compounds with different metal ions. Copper 
complexes have been extensively studied, especially dinuclear 
and polynuclear species, as mimics of the proteins hemocyanin 
and tyrosinase or as compounds with interesting catalytic and 
magnetic properties [14]. In most of these complexes, copper 
ions are linked by N, N’-bridging pyrazolato anions, or 
coordinated by one nitrogen atom of the pyrazole ring. 
However, recently an unusual coordination mode of this type of 
ligand was described, where nitrogen atoms of the pyrazole 
rings are not bound to copper, but involved in strong 
intramolecular hydrogen bonds.  

 
Recently, some Schiff bases from 3-methyl-1-(4’-

methylphenyl)-2-pyrazoline-5-one and aromatic amines were  

 

 
prepared and their molecular structures were determined. These 
ligands can exist in three tautomeric forms: keto-imine, imine-
ol and keto-amine, although the ketoamine form is predominant 
in the solid state. Their corresponding mononuclear copper(II) 
complexes were also prepared and characterized by 
spectroscopic techniques, indicating a tetragonal geometry 
around the copper(II) ion, N,O coordinated [15]. 

 
We were interested to synthesis a new series of 

pyrazolone-based Schiff base ligands, which can form stable 
neutral complexes with Cu(II) metal ions and may find some 
application in solvent extraction chemistry. With this view we 
have synthesized a series of ligands by condensation of acyl 
pyrazolones with 2-amino phenol. The reaction of these ligands 
in alcoholic medium with copper acetate resulted the novel 
square planar complexes, which were then characterized by 
various spectral techniques. 
 
MATERIALS AND METHODS 
 

All the chemicals used in the present study were of best 
quality. Dioxane was obtained from Sisco Chem. Pvt Ltd, 
Mumbai and used after purification. Calcium hydroxide and 
acetyl chlorides were supplied by Suvidhinath Labs, Baroda. 2-
aminophenol was obtained from LOBA Chem. Pvt. Ltd., 
Mumbai. Ethanol was obtained from Baroda Chemicals 
Industry Ltd., Baroda and Benzoyl chloride was obtained from 
Gayatri Minaral and Chemicals, Baroda. In preparation of 
metal complexes of Cu(II), copper acetate was used. 

 
Physical measurements 
 

Elemental analyses (C, H, and N) were performed on a 
model 2400 Perkin-Elmer elemental analyzer. Infrared (IR) 
spectra were recorded on a Perkin Elmer FT-IR spectrum RX 1 
spectrometer as KBr pellets. NMR was recorded on a model 
400 Bruker FT NMR. The electronic spectra were recorded on 
a model Perkin Elmer Lambda 35 UV-VIS spectrometer. A 
simultaneous TG/DTA was recorded on EXSTAR6000 
TG/DTA6300 model. A FAB mass spectrum was recorded on a 
Jeol SX 102/Da-600 mass spectrometer at room temperature 
using m-nitro benzyl alcohol as a matrix and Argon/Xenon as 
the FAB gas. Specific conductivity of the complexes was 
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measured on a model Elico CM 180 conductivity meter. 
Magnetic moments were measured on Gouy balance.  
 
Synthesis of ligands 
 
The ligands used in the present study were prepared in two 
steps as follows: 
1. Preparation of the 4-acetyl/benzoyl-2-pyrazolin-5-ones 
2. Preparation of Schiff-bases 
 
Preparation of the 4-acetyl/benzoyl-2-pyrazoline-5-ones 
 
Preparation of 4-acetyle-3-methyl-1-phenyl-2-pyrazoline-5-one 

3-Methyl-1-phenyl-2-pyrazoline-5-one (17.4g, 0.1mol) 
was dissolved in hot dioxane (80cm3) in a flask equipped with a 
stirrer, separating funnel and reflux condenser. Calcium 
hydroxide (14.81g, 0.2mol) was added to this solution, 
followed by acetyl chloride (10ml) added drop wise with 
precaution, as this reaction was exothermic. During this 
addition the whole mass was converted into a thick paste. After 
the complete addition, the reaction mixture was refluxed for 
two hour and then it was poured into cold dilute hydrochloric 
acid (200cm3, 2M). The coloured crystals thus obtained were 
separated by filtration, washed with water and dried. Yield 
60%, M.P.630C. 
 
Preparation of 4- acetyle-3-methyl-1-(3’-chloro phenyl)-2-
pyrazoline-5-one 

It was prepared analogously from 3-methyl-1-(3-chloro 
phenyl)-2-pyrazoline-5-one (20.85 g, 0.1 mol).Yellow crystals 
were obtained. Yield 89%, M.P. 720C.  
 
Preparation of 4- acetyle-3-methyl-1-(4’-methyl phenyl ) -2-
pyrazoline -5-one 

It was prepared analogously from 3-methyl-1-(4’-
methylphenyl)-2-pyrazoline-5-one (20.1g, 0.1mol). Yellow 
crystals were obtained. Yield 74.75%, M.P.910C. 
 
Preparation of 4-benzoyl-3-methyl-1-(4’-methylphenyl)-2-
pyrazoline-5-one    

It was prepared analogously from 3-methyl-1-(4’-methyl 
phenyl)-2-pyrazoline-5-one (20.1g, 0.1mol) and instead of 
acetyl chloride, benzoyl chloride (10ml) was taken. Yellow 
crystals were obtained. Yield 88%, M.P. 1060C. 
 
Preparation of 4-benzoyl-3-methyl-1-phenyl-2-pyrazoline-5-
one 

It was prepared analogously from 3-methyl-1-phenyl-2-
pyrazoline-5-one (17.4g, 0.1mol) and instead of acetyl chloride, 
benzoyl chloride (10ml) was taken. Yellow crystals were 
obtained. Yield 86%, M.P. 930C. 

 
These can be summarized in a following reaction scheme: 

           

N

N

CH3

O
+ Ca(OH)2 + CH3COCl/C6H5COCl

Dioxane
Reflux

Ca-complex

2M HCl

N

N

CH3

O

C

O

CH3/C6H5
CH3/H

Cl/H

CH3/H

Cl/H

 
 
 

Preparation of Schiff bases 
 

An identical procedure has been adopted in the 
preparation of all the Schiff bases used in the present study. 
The Schiff bases were prepared by refluxing 5-ones and 2-
aminophenol in ethanol for two hours. The Schiff bases thus 
obtained were filtered and dried. The physical properties of 
ligands are given in the Table-1. 

 
The reaction can be summarized in following scheme: 

N

N

CH3

O

C

O

CH3/C6H5

+
Ethanol

Reflux N

N

CH3

O

C

C6H5/H3C

N
H2N

HO

OH

CH3/H

Cl/H

CH3/H

Cl/H

 
Synthesis of complexes 
 

The appropriate ligand, dissolved in hot ethanol was added 
drop wise into an aqueous solution of copper acetate 
monohydrate with stirring. Ligand:Metal ratio was 1:1. After 
the complete addition, the reaction mixture was refluxed for 
two hour. Then cool it to room temperature. During this period, 
a light greenish microcrystalline solid was separated, which 
was isolated by filtration, washed with hot water with several 
times till colourless filtrate comes followed by one little wash 
of ethanol and dried.  
This can be summarized in following reaction: 

N

N

CH3

O

C

C6H5/H3C

N

Ethanol,Reflux
Cu-complex

OH

Copper acetate

Cl/H

CH3/H  
RESULTS AND DISCUSSION 
 

Characterization of ligands 
 

Analytical  data 
Analytical data of ligands are listed in Table - 1. All the 

ligands gave satisfactory elemental analysis, which are in close 
agreement with the empirical formula of the respective ligand. 
 

Table - 1 Analytical data of ligands 
 
No. Ligands M.P.(0C) %C %H %N Yield(%) 
1.    AP-

AP 
224 70.28 

(70.34) 
5.54 

(5.57) 
13.63 

(13.67) 
75.86 

2.   AMC-
AP 

195 62.02 
(63.24) 

4.57 
(4.72) 

12.13 
(12.29) 

82.22 

3.   APT-
AP 

189 70.01 
(71.01) 

5.75 
(5.95) 

13.00 
(13.07) 

63.78 

4.   BPT-
AP 

233 73.45 
(75.18) 

5.28 
(5.52) 

10.48 
(10.96) 

74.42 

5.    BP-
AP 

280 74.11 
(74.78) 

4.96 
(5.18) 

11.38 
(11.37) 

56.99 
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Infrared spectra  
 
All Ligands show sharp band at ~1600 cm-1. This band is 

due to υ(C=O) coordinated + υ(C=O). There is some 
contribution from aromatic vibrations and also azomethine 
υ(C=N) at ~1620 cm-1. The ligands also show band at ~3000 
cm-1 which may be due to υ(O-H). The IR data of ligands are 
presented in Table - 2. 
 
Table - 2 Relavant IR frequencies (cm-1) for the ligands 
 

No. Ligands υOH
υC=O(coord.)+υC=O

υC=N 
(cyclic) 

1. AP-AP 3060 1621 1581 
2. AMC-AP 3060 1625 1580 
3. APT-AP 3028 1611 1583 
4. BPT-AP 3164 1618 1588 
5. BP-AP 3232 1614 1585 

 
The 1H NMR spectra 

                                 
1  Proton numbering scheme for H NMR

 
The important NMR data of the ligands are listed in Table 

3 and Table 4.The 1H NMR spectra of these three ligands were 
recorded in CDCl3 at room temperature. The signals are due to 
methyl a proton (two CH3 for AMC-AP and three CH3 for 
APT-AP, BPT-AP) appears as singlet. The singlet corresponds 
to highest δ value 2.343ppm is assigned to the toluoyl protons 
while the other singlet in the region δ1.522-2.327ppm is due to 
other methyl groups. In the aromatic region, a few doublets and 
in a few cases some overlapping doublets/multiplets are 
observed. The appearance of multiplet is mainly because of the 
different substituent at meta and para positions of the one of the 
two benzene rings [15]. Here, Hh proton appears at highest δ 
value in case of BPT-AP while in other two cases He proton 
resonates at highest δ value. The all signals due to aromatic 
protons of ligands are assigned and are depicted in Table 4. 
Another singlet in much low field region corresponding to one 
proton for all compounds is observed in the range of δ 12.368-
12.716ppm. This signal disappeared when a D2O exchange 
experiment was carried out. It can be assigned either to OH or 
NH, in either case it is strongly deshielded because of hydrogen 
bonding with other atom (N/O). It may be noted that the 
integration of this signal perfectly matches with one proton and 
there is no other fragment(s) of this signal, which suggests that 
only one tautomeric form of the ligands exits in solution under 
the experimental conditions. We have not done any temperature 
dependent experiments comparing with the solid state study. 
We prefer to assign this signal to NH; however, assignment of 
this peak to OH cannot be ruled out provided solid state 
structural evidence is not considered [15]. 
 
 

Table - 3 1H NMR spectral data for the aliphatic protons 

No. Ligands Methyl protons 
(δ ppm) 

Aryl 
protons 
(δ ppm) 

-OH/-
NH 
(δ 

ppm) 

1. AMC-
AP 

2.327 
singlet 

3H 

2.098 
singlet 

3H 

[6.907-
8.058] 

multiplet 
8H 

12.368 
single 

1H 

2. APT-AP 

2.382 
singlet 

3H 
 

2.343 
Singlet 

3H 

2.186 
singlet 

3H 

[6.914-
7.843] 

multiplet 
8H 

 

12.513 
singlet 

1H 

3. BPT-AP 

2.335 
singlet 

3H 
 

1.522 
singlet 

3H 

[6.223-
7.917] 

multiplet 
13H 

 

12.716 
singlet 

1H 

 
Table - 4 1H NMR spectral data for the aromatic protons 
Ligands Ha Hb 

Hd Hc He Hf Hg Hh Hi Hj 

AMC-
AP 

6.928 
d 

J=7.5 

7.020 
t 

J=6.5 

7.110 
d 

J=7.5 

8.058 
s 

7.925 
d 

J=7.5 

7.687 
s _ _ _ 

APT-
AP 

7.058 
d 

J=7.5 

6.941 
M 

7.203 
m 

7.835 
d 

J=8 

7.203 
m _ _ _ 

BPT- 
AP 

6.223 
s 

6.395 
d 

J=8.5 

6.686 
s 

7.357 
s 

7.188 
d 

J=7.5 

7.766 
d 

J=7.5 

7.587 
m 

7.1 
s 

 
Characterization  of  complexes 
Analytical data 
 
Table - 5 Analytical data and physical properties of complexes 
No. Complexes Colour Yield 

(%) 
M.P. 
(°C) 

Cu 
Estimati
on (%) 

ΛM
b 

(Ω-1 
cm2 

mol-1) 
 

µeff 
(BM) 

1. [Cu2(AP-
AP)2] 

Majestic 
Mountain 

67.67 >260 15.35 
(15.99) 

16.0 1.3 

2. [Cu2(AMC-
AP)2] 

Autumn 
Gold 

75.63 >260 14.99 
(15.04) 

3.0 
 

1.3 

3. [Cu2(APT-
AP)2] 

Green 
Gold 

57.68 >260 14.56 
(15.81) 

2.0 1.4 

4. [Cu2(BPT-
AP)2] 

Ming 
Jade 

74.52 >260 11.04 
(13.69) 

2.0 1.3 

5. [Cu2(BP-
AP)2] 

Green 
 

59.33 >260 12.84 
(14.12) 

1.0 1.4 

 
The conductance of complexes in DMF show values from 

1 to 16 Ω-1cm2 mol-1 indicating non-electrolytic nature of 
complexes [16]. 
  
Infrared spectra 
 
The important IR frequencies of the complexes are summarized 
in table 6. The strong band at 1610-1625 cm-1, for υ(C=N) 
azomethine of the ligand is shifted to lower frequency 1583-
1591 cm-1, suggesting coordination of the azomethine nitrogen 
to the metal ion. The new band appeared in the spectra of 
complexes in the range 562-573 cm-1 is probably due to the 
formation of M-N bond. The presence of coordinating water 
molecule was also supported by thermo gravimetric study. 
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Table - 6  Relevant IR frequencies (cm-1) for the complexes 
 

Complexes υC=N(coord.)+ υC=O υC=N  

(cyclic) 

υM-N

[Cu2(AP-AP)2] 1591(s,s) 1566(s,s) 568(s,s) 

[Cu2(AMC-

AP)2] 

1589(s,s) 1564(s,s) 567(s,s) 

[Cu2(APT-AP)2] 1591(s,s) 1565(s,s) 562(s,s) 

[Cu2(BPT-AP)2] 1588(s,s) 1556(s,s) 565(s,s) 

[Cu2(BP-AP)2] 1583(s,s) 1560(s,s) 573(s,s) 

Abbreviations: br = broad, s = strong, m = medium 
 
 Magnetic Measurement 
 

The complexes of Cu(II) exhibit subnormal magnetic 
measurement and it can be attributed to the magnetic 
interaction between the metals present in a dimeric structure 
[17]. Magnetic measurements are shown in Table 5. 
 
Thermal analysis 
 

The TG-DTA-DTG curve of one of the complexes is 
shown in Fig. 1. The TG curve follows the decrease in sample 
mass with increase in temperature. In the present investigation, 
heating rates were suitably controlled at 10°Cmin-1 and mass 
loss followed up to 50-600°C. From the TG curve the mass loss 
for the complex was calculated. The mass loss occurred at 
290°C corresponds to the loss of 3.7% (calc. 3.2%) for two 
methyl groups. This process is accompanied by exothermic 
process at 326°C in the DTA curve of the complex. The mass 
loss occurred at 519°C corresponds to the loss of 84.5% (calc. 
84.1%) for two ligand molecules. This process is accompanied 
by small exothermic process at 500°C in the DTA curve of the 
complex. 

  Fig.1 The TG curve of the complex Cu(AMC-AP)2 
Electronic spectral studies 
 

The electronic spectra of all the complexes were recorded 
in DMF and the data are presented in Table 7.  For square 
planer copper (II) complexes, the expected transitions are 2B1g 
→2A1g and 2B1g→2Eg with the respective absorption at 505-520 
and 665-650 nm. In general, due to J-T distortions, square 
planar Cu(II) complexes give a broad absorption band between 
600-700 nm and the peak at 505-520 nm merges with the broad 
band [18]. The Λmax value of 602 nm for the present Cu(II) 
complex indicates square planar geometry. 
 
 
 

Table - 7 Electronic spectral data of complexes 
 

Complexes 
d-d 

maxima 
(nm) 

d-d 
maxima 
(cm-1) 

ε 
(molar 

absorptivity) 
[Cu2(AP-AP)2] 519 19268 30 

[Cu2(AMC-AP)2] 520 18519 32 
[Cu2(APT-AP)2] 515 19417 52 
[Cu2(BPT-AP)2] 665 15038 37 
[Cu2(BP-AP)2] 505 19802 27 

 
Mass Spectra 
 

The FAB Mass spectrum of the complex [Cu2(AMC-AP)2] 
was recorded in m-nitro benzyl alcohol as a matrix. The 
isotropic peak can be observed at m/z =807, which is 
corresponding to the complex. The FAB mass spectrum of the 
complex [Cu2(AMC-AP)2] is shown in Fig. 2 and the 
fragmentation pattern for complex [Cu2(AMC-AP)2] is shown 
below: 

 
 
 
 
 
 
 
 
 
 

Fig.2 The FAB-Mass spectra of the complex Cu2(AMC-AP)  
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Fragmentation pattern for complex [Cu2(AMC-AP)2]  
CONCLUSION 
 

IR data suggests the O, N, O coordination nature of the 
ligands. In the NMR spectra of ligands, the integral intensities 
of each signal are found to agree with the number of different 
types of protons present. The observed molar conductances in 
DMF solution of these complexes are consistent with non-
electrolytic nature of the complexes. The elemental analysis of 
ligands as well as of complexes supports the proposed structure 
which is depicted below. 

 
 



72                                  PRAJÑĀ – Journal of Pure and Applied Sciences 18: 68 - 72                                 December    

N
N

CH3

O

C

C6H5/H3C

N
O

Cu Cu

N
N

CH3

O

C

CH3/C6H5

N
O

Cl/H

Cl/H

CH3/H

CH3/H

  
Common suggested structure for the Copper(II) complexes 

 
REFERENCES 
 
[1]  Mehrotra, R. C., Bohra, R. and Gaur, D. P. (1978) 

Synthetic, chemical spectroscopic (infrared    and 
electronic) and magnetic studies on 
dizirconiumenneaisopropoxide complexes of iron(II) , 
Metal β-diketonates and Allied Derivatives. Academic 
Press, New York. 

[2]  Elmorsi, M. A. and Hassanein, A. M. (1999) Corrosion 
inhibition of copper by heterocyclic compounds. Corros. 
Sci. 41: 2337-2352. 

 [3]  Yang, L., Jin, W. and Lin, J. (2000) Synthesis, crystal 
structure and magnetic properties of novel dinuclear 
complexes of manganese, cobalt and nickel with 4-
acetylbispyrazolone. Polyhedron 19: 93-98(6). 

[4]  Peng, B., Liu, G., Liu, L., Jia, D. and Yu, K. (2004) 
Crystal structure and spectroscopic study on 
photochromism of 1-phenyl-3-methyl-4-benzal-5-
pyrazolone 4-ethylthiosemicarbazone. J. Mol. Struc. 692: 
217-222. 

[5]  Tong, A., Akama, Y. and Tanaka, S. J. (1989) Reversed-
phase high-performance liquid chromatography of 
aluminium(III) and indium(III) with 1-phenyl-3-methyl-4-
benzoyl-5-pyrazolone. J. Chromatogr. 478: 408. 

[6]  Akama, Y., Tang, A., Ishima, S. and Kaijitani, M. (1992) 
Determination of Indium in Metallic Zinc by Flame 
Atomic Absorption Spectrometry after Extraction with 1-
Phenyl-3-methyl-4-benzoyl-5-pyrazolone. Anal. Sci. 8: 41. 

[7]  Samelson, H. and Lempicki, A. (1963) Fluorescence and 
Lifetimes of Eu Chelates. J. Chem. Phys. 39: 110-112. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[8]  Charles, R. G. and Riedel, E. P. (1966) Properties of some 
europium laser chelates derived from 
benzoyltrifluoroacetone. J. Inorg. Nucl. Chem. 28: 3005. 

[9]  Akama, Y., Tong. A., Matsumoto, N., Ikeda, T. and 
Tanaka, S. (1996) Raman spectroscopic study on keto-
enol tautomers of 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone. Vib. Spectrosc. 13: 113. 

[10] (a) Dobrzynski, P., Kasperczylk, J. and Bero, M. (1999) 
Application of Calcium Acetylacetonate to the 
Polymerization of Glycolide and Copolymerization of 
Glycolide with ε-Caprolactone and L-Lactide. 
Macromolecules 32: 4735; 
(b) Bero, M., Kasperczylk, J. and Dobrzynski, P. (1999) 
Polym. Bull. 42: 131. 

[11]  Keppler, B. K., Friesen, C., Vongerichten, H., Vogel, E., 
in: B.K. Keppler (Ed.),  Metal Complexes in Cancer 
Chemotherapy, VCH, Weinheim, 1993 pp. 297–323. 

[12]  Gelin, S., Chantegrel, B. and Nadi, A. I. (1983) Synthesis 
of 4-(acylacetyl)-1-phenyl-2-pyrazolin-5-ones from 3-
acyl-2H-pyran-2,4(3H)-diones. Their synthetic 
applications to functionalized 4-oxopyrano[2,3-c]pyrazole 
derivatives. J. Org. Chem.    48: 4078. 

 [13] Yand, L., Jin, W. and Lin, J (2000) Synthesis, crystal 
structure and magnetic properties of novel dinuclear 
complexes of manganese, cobalt and nickel with 4-
acetylbispyrazolone. Polyhedron 19: 93. 

[14] (a) Sharma, S., Barooah, N. and Baruah, J. B. (2005) 
Tris(3,5-dimethylpyrazole)copper(II) nitrate: as an 
oxidation catalyst. J. Mol. Catal. A: Chem. 229: 171. 
(b) Schuitema, A. M., Aubel, P.G., Koval, I.A., Engelen, 
M., Driessen, W. L., Reedijk, J., Lutz, M. and Spek, A. L. 
(2003) Dinuclear copper(II) complexes of four new 
pyrazole-containing macrocyclic ligands are active 
catalysts in the oxidative coupling of 2,6-dimethylphenol. 
Inorg. Chim. Acta, 355: 374. 

[15] Jadeja, R. N., Shah, J. R., Suresh, E. and Paul, P. (2004) 
Synthesis and structural characterization of some Schiff 
bases derived from 4-[{(aryl)imino}ethyl]-3-methyl-1-(4′-
methylphenyl)-2-pyrazolin-5-one and spectroscopic 
studies of their Cu(II) complexes Polyhedron 23: 2465. 

[16] Geary, W. J. (1971) The use of conductivity measurements 
in organic solvents for the characterisation of coordination 
compounds. Coord. Chem. Rev. 7: 81. 

[17] Mahapatra, B. B. and Nilanchala, P. (2009) Polymetallic 
complexes Part-LXXXXIII: O,O,N,O and O,O,N donor 
azodye dimeric complexes of Co(II),Cu(II),Zn(II),Cd(II) 
and Hg(II).Journal of the Indian Chemical Society 86: 
518-523. 

[18] Lever, A. B. P. (1984) Inorganic Electronic Spectroscopy. 
Elsevier, Amsterdam pp. 417, 448, 452. 

 

 



 

 

 
CORROSION INHIBITION OF Al-PURE BY ANILINE-N-BENZYLIDENE (ANB)  

A SCHIFF BASE AS INHIBITOR IN HYDROCHLORIC ACID. 
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ABSTRACT 
 

The corrosion behavior and mechanism of ANB with different concentrations in hydrochloric acid was studied by chemical method (weight 
loss) and electrochemical technique (galvanostatic polarization). The inhibition efficiency of ANB increased as the concentration of ANB 
increased. At the optimum concentration of 0.001% of ANB, it gives inhibition of 56.4% and 0.5% concentration gives 99.0% inhibition and 
maximum inhibition, i.e.; 99.9% is achieved at 1.0% concentration. The inhibitor is found to be an excellent corrosion inhibitor from the 
results obtained. The adsorption of this compound on the metal surface is found to obey Langmuir isotherm. The inhibition action depends 
on the chemical structure, concentration of the inhibitor and the concentration of the corrosive medium. Galvanostatic polarization data 
indicates that this inhibitor is of mixed type with predominant effect on cathode. The better efficiency of ANB is due to presence of an iminic 
group (>C=N–). Results obtained from the chemical method and electrochemical technique is in good agreement with each other.  
Key words: Corrosion, Al-Pure, ANB, Weight loss, Galvanostatic polarization.

INTRODUCTION 
 
Aluminium and its alloys are widely used in many 

industries such as reaction vessels, pipes, machineries, 
chemical batteries, automobiles, food handling, building, 
electrical transmission, etc [1] because of its low cost, light 
weight, high thermal and electrical conductivity [2]. When 
aluminium exposed to air, a layer of aluminium oxide forms 
almost ins  layer 
has exce t to 
most acid 

   
ckling of 

aluminium ching of 
aluminium  dissolve 
the metal to a considerable extent. It is, therefore, desirable to 
inhibit the solution used for pickling which can be done by the 
use of inhibitors, which is one of the best known methods for 
the protection of corrosion [1]. Inhibitors for the corrosion of 
metals are chemical compounds, when present in small 
quantities in an aggressive medium, inhibit corrosion by 
bringing about changes in the surface condition of a metal. This 
process can be associated either with adsorption of the inhibitor 
or the formation of difficulty–soluble films which, however, 
are significantly thinner than protective coatings [4]. 

 
From the literature survey [5 - 7], it is observed that 

among all the inhibitors studied so far Schiff bases are found to 
be very effective. Schiff base as an inhibitor is synthesized 
from relatively two basic materials (amine and aldehyde) and 
the inhibition depends upon formation of a chemically 
adsorbed film and forming a complex with the metal surface. 
The ability of the inhibitor is to form a long lasting film and it 
depends upon its chemical structure and interaction with the 
corrosive environment [8]. 

 
In the present work, Aniline-N-benzylidene (ANB) has 

been reported as corrosion inhibitor for Al-Pure in hydrochloric 
acid. Both weight loss and galvanostatic polarization methods 
were used in the evaluation of ANB.    

 
MATERIALS AND METHODS  
Synthesis of Schiff base  

The Schiff base was synthesize by condensation of 
benzaldehyde with aniline in the presence of ethyl alcohol as 
per the procedure described by Jaeger [9].  
ANB (light yellow crystalline product, m.p., 52°C, registry 
number, 538-51-2) is insoluble in water but soluble in ethanol. 
The structure of the inhibitor is shown below: 
         
 
 
 
 
 
 

Aniline-N-benzylidene (ANB) 
 
Preparation of specimens  
 

Rectangular specimens of Al-Pure, of size 6 cm × 3 cm 
(thickness 0.050 cm), with a small hole of ~2 mm diameter just 
near one end of the specimen were used for the determination 
of the corrosion rate. The specimens were polished using 
successively “0” to “0000” Oakey emery paper. The final 
polishing was done using jewelers rough, which gave a mirror-
like finish. The specimens were finally degreased by A.R. 
carbon tetrachloride (sulphur free). The test specimens were 
exposed to 1.0 M and 2.0 M hydrochloric acid solutions, 
containing addition of ANB in the range 0–1.0%. One 
specimen only was suspended by a Pyrex glass hook in each 
beaker containing 230 ml of the test solution which was open to 
the air at 35° ± 0.5°C (unless otherwise specified) to the same 
depth of about 1.3 cm below the surface of the liquid. 
 
Polarization measurements 
 

For polarization studies, metal coupons of circular design, 
diameter 2.802 cm with a handle 3 cm long and 0.5 cm wide 
were used. The handle and the back of the coupon and of the 
auxiliary platinum electrode were coated with Perspex leaving 
only the circular portion of the specimen exposed of apparent 
surface area, 6.156 cm2. The solution, 80 ml in each limb, was 
contained in an H–type Pyrex glass cell with the Luggin 
capillary as near to the electrode surface as possible and a 
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porous partition to separate the two compartments. The 
potential was measured against a saturated calomel reference 
electrode (SCE). Galvanostatic polarization data were obtained 
with Wenking Potentioscan POS 73. In these experiments, the 
current density was varied in the range of 2 × 10-4 to 3.25 × 10-4 
A cm-2.   
 
RESULTS AND DISCUSSION  
 
Effect of inhibitor concentration 

 
To study the effect of inhibitor concentration on inhibitive 

efficiency of the inhibitor, weight losses were determined in 1.0 
M and 2.0 M hydrochloric acid containing various 
concentrations of inhibitor at 35° ± 0.5°C for exposure periods 
of 60 minutes and 15 minutes respectively. The inhibitor 
efficiency (%) was calculated as follows: 
 
Inhibitor efficiency (%) =   X 100       [1] 
 
where Wu = weight loss in uninhibited acid, and Wi = weight 
loss in inhibited acid. 
 

The results given in Table-1, show that a specimen of Al-
Pure when immersed in plain acid suffers a weight loss of 2300 
mgdm-2 in 1.0 M HCl for an exposure period of 60 minutes and 
4236 mgdm-2 in 2.0 M HCl for an exposure period of 15 
minutes, with evolution of hydrogen. 

 
Table - 1 Effect of inhibitor concentration on weight loss and 

inhibitor efficiency for Al-Pure in 1.0 M and 2.0 M 
hydrochloric acid. (Temperature : 35±0.5o C) 

 
1.0 M  HCl 

Exposure period : 60 
min. 

2.0 M  HCl 
Exposure period : 15 

min. 

                      

Inhibitor 
concentration 

% (W/V) Weight 
loss 

(mg/dm2) 

Inhibitor 
efficiency 

(%) 

Weight 
loss 

(mg/dm2) 

Inhibitor  
efficiency 

(%) 
Nil (HCl only)  

2300 - 4236 - 
Aniline-N-
benzylidene(ANB) 

0.001 1003 56.4 732 82.7 
0.005 894 61.1 596 85.9 
0.05 461 80.0 230 94.6 
0.10 260 88.7 138 96.7 
0.50 22 99.0 16 99.6 
0.80 8 99.7 11 99.7 
1.00 3 99.9 5 99.9 
 
Addition of small quantities (viz., 0.001%) of inhibitor to 

1.0 M HCl show low inhibition (56.4%) toward the corrosion 
of Al-Pure in the use of ANB. As the concentration of the 
inhibitor is increased, the weight loss due to corrosion 
decreased and almost (99 – 100%) protection could be achieved 
with 0.5 – 1.0% of the inhibitor concentration.  
 

Here also, in 2.0 M HCl, as the concentration of the Schiff 
base is increased, it confers more protection and at 0.05% 
inhibitor concentration the inhibition is found to be 94.6% and 
at 0.5% concentration, it confers 99.6% protection. This shows 
that the inhibitor is effective in higher concentration of the acid. 
From the results, it appears that the presence of iminic group 
(>C=N–) in the molecule plays a significant role in conferring 
the good inhibition.When plot of log (θ /1-θ) vs log Cinh 
(inhibitor concentration) was drawn (Figure-1), straight line 
was obtained indicating that the ANB was adsorbed onto the 
metal surface following Langmuir isotherm [10]. 

 

Cinh = θ / K (1-θ)       [2]  

where, θ is the fraction of the area covered by the inhibitor. 

Fig. 1 Langmuir plot for ANB in 1.0 M hydrochloric acid at 35°C. 
 
Galvanostatic polarization measurement  
 

The effect of current density on the cathode and anode 
potentials of Al-Pure in 1.0 M HCl, plain as well as inhibited is 
shown in Figure-2. A specimen of Al-Pure immersed in 1.0 M 
HCl develops of corrosion potential of –843 mV (SCE). In acid 
containing effective concentration of the inhibitor the weight 
loss due to corrosion is decreased considerably but the 
corrosion potential remains almost constant. This shows that 
the inhibitor is adsorbed quite generally on the metal surface 
and covers both, the anodic as well as the cathodic regions. It is 
also observed that with lower inhibitor concentration the 
potentials are less negative but as the inhibitor concentration is 
increased the potentials become more negative. This suggests 
that first the inhibitor is adsorbed on the anodic sites and as its 
concentration increases the cathodic sites are also covered. 
Galvanostatic polarization curves show negligible anodic but 
significant cathodic polarization in plain as well as inhibited 
acid. 

Fig. 2 Effect of current density on the cathode and anode potentials of 
Al-Pure in 1.0 M  hydrochloric acid alone and in the presence 
of ANB. 

 
A    ▲...▲  Cathodic potential in 1.0 M hydrochloric acid alone 
 х.....х  Anodic potential in 1.0 M hydrochloric acid alone 
 ♦.....♦  Cathodic potential with 0.001% ANB 
 ■.....■   Anodic potential with 0.001% ANB 
B    ▲...▲  Cathodic potential in 1.0 M hydrochloric acid alone 
 х.....х  Anodic potential in 1.0 M hydrochloric acid alone 
 ♦.....♦  Cathodic potential with 0.5% ANB 
 ■.....■   Anodic potential with 0.5% ANB 
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Table – 2 Tafel parameters 
 

Tafel slope  b Corrosion current, Acm-2, from Inhibitor efficiency (%) from Inhibitor and its 
concentration  

(%) Anodic 
V/decade 

Cathodic 
V/decade 

Extrapolation of 
cathodic Tafel line 

at ECorr 

Extrapolation of 
anodic Tafel line at 

ECorr 

From 
(4) 

From 
(5) 

Weight loss 
data  

(60 min) 

1 2 3 4 5 6 7 8 

1 M HCl Blank 0.113 0.120 4.467 x 10-3 3.311 x 10-3 - - - 

ANB 0.001% 0.033 0.150 1.621 x 10-3 1.737 x 10-3 61.1 20.6 56.4 

ANB 0.5% 0.076 0.118 1.621 x 10-6 2.229 x 10-3 >99.9 32.7 99.0 

 
The Tafel parameters and inhibitor efficiencies calculated 

from the polarization data are given in Table-2. The inhibition 
efficiencies obtained by extrapolation of the cathodic Tafel line 
to corrosion potential agree well with those calculated from 
weight loss data. This suggests that in presence of ANB, both 
cathode and anode are polarized to a greater extent. ANB thus 
appears to be mixed type inhibitor with predominant action on 
the cathode. 
 

Mechanism of inhibition 
 

In general, most of the organic corrosion inhibitors are 
compounds with at least one polar unit having atoms of 
nitrogen, sulphur, oxygen and in some cases selenium and 
phosphorous. The polar unit is regarded as the reaction centre 
for the establishment of the adsorption process. In such a case 
the adsorption bond strength is determined by the electron 
density on the atom acting as the reaction centre and by the 
polarisability of the functional unit. Thus polar organic 
compounds acting as corrosion inhibitors are chemically 
adsorbed on the surface of the bulk metal, M, forming a charge 
transfer complex between the polar atom/ atoms and the metal: 
M  + RnX  ↔  M : XRn       [3] 
 

According to Aramaki et al. [11], the metal and the 
compound are Lewis acid and base respectively and hence the 
stability of the adsorption bond is closely related to the hard 
and soft acids and bases principle. The bulk metal is classified 
as the soft acid and a molecule or ion of the soft base is readily 
chemisorbed on the metal surface by forming a stable donor-
acceptor bond. Those inhibitors which are in a distinct ionic 
form may also get attached to the metal surface of opposite 
polarity through electrostatic attraction. The adsorbed 
monolayer will then block the dissolution of the metal. The 
size, shape and orientation of the molecule, and the electronic 
charge on it, will determine the degree of adsorption and hence 
the effectiveness of the inhibitor.  

 
ANB contains seven conjugated double bonds (three in 

each of the aromatic ring and one in the iminic group) and have 
three anchoring sites (one iminic >C=N–, and two aromatic 
rings). The plot of log θ /1-θ vs log Cinh shows that ANB 
function through adsorption following Langmuir adsorption 
isotherm. It appears that there are three anchoring sites through 
which the molecule can get adsorbed on the metal surface: the 
iminic group (>C=N–) and the delocalized π–electrons of the 
two aromatic rings. If it is assumed that when a compound 
form onium ion in acidic media and move to the cathodic 
region than the adsorption will take place through the iminic 
nitrogen and the delocalized π–electrons of the benzene moiety 
[12, 13], then a compound show good protection. 

 
ANB confers good protection to Al-Pure in hydrochloric 

acid when present in sufficient amount and function through 
adsorption on the metal surface. Galvanostatic polarization data 
have shown that the action of ANB is of mixed type inhibitor 
with predominant effect on cathodic region.  

CONCUSION 
 
1. ANB confers more than 99% protection to Al-Pure in 

hydrochloric acid at 0.5% inhibitor concentration. 
2. The adsorption follows Langmuir isotherm. 
3. Galvanostatic polarization measurement shows that the 

inhibitor is of mixed type with predominant effect on the 
cathodic region. 

4. The presence of seven conjugated double bonds including 
an iminic group appeared to be the main factor enhancing 
chemisorption of an inhibitor. 
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ABSTRACT 
 

The Complete Biometric System is a biometric facilitated third-party authentication system. It tries to address most of the major issues faced 
by current biometric industry. This paper describes a system that hides all the complexities of biometrics and provides biometric technology, 
vendor and platform independent authentication. It also introduces two new ideas: many-to-many mapping reduces the Total Cost of 
Ownership (TCO) while Device-Hierarchy implement in depth security. It achieves biometric vendor, technology and platform independence 
through the BioAPI specification (the Defacto standard for Biometrics). However it sets it sights far beyond the BioAPI. The system is able to 
overcome the issues relating to integration of biometrics in an enterprise level network which is one of the biggest problems faced by the 
biometric industry. It is also designed to provide a simple development environment that does not require complex data structures, pointers 
and memory management inherent to the BioAPI.  
 
Key words: biometric, BioAPI, biometric service, device hierarchy, provider, networking, security. 

INTRODUCTION 
 

Biometrics is an open-ended set of technologies based on 
the measurement of some unique physical characteristics of 
human beings for the purpose of identifying an individual or 
verifying identity. Simply saying “your body is your 
password”. Biometrics is today’s prime technology when it 
comes to access control, especially in medium to large-scale 
organisations. At present technology is matured enough and has 
proven it is the current best when tight security is the main 
concern. It is convenient to use, up to a certain level publicly 
accepted and more importantly affordable. Users have all forms 
of biometrics technologies (Fingerprint, Iris, Retina, Facial, 
etc.) to choose from, based on the required level of security and 
available budget constrains.  

 
With such a value proposition it is not widely used 

due to the low level of deployment of biometrics. The 
reason is the difficulty of integration with in a networked 
environment at a low cost. This paper describes a 
concept and its implementation to integrate biometric 
technology at low cost with less effort while enforcing 
in-depth security [1]. 
 
Biometric integration 
 

The difficulty of integration is the major factor 
withholding the market for biometrics and its large-scale 
deployment. Most of the time it is too hard, too costly and 
some times impractical as well. It does not easily fit into 
today’s complex enterprise level networks. There are very few 
solutions that meet up this challenge, even those solutions are 
either limited to a specific biometric technology, vendor or 
platform. 

 
If any organization moves into biometrics for access 

control, according to the current standard practice it is required 
to install same type of device from the same vendor all over the 
organization. This raises three concerns:  

 
1. It is required to have a dedicated device for each and 

every doorstep and on each host (PC/Server).  
2. Organizations have to stick with the same type of 

biometric devices regardless of required level of 
security.  

 

 
3. Organizations are in a dilemma when they scale up (i.e. 

integrationproblems, tight dependence on a particular 
vendor, inability to go forward with latest technology 
developments due to backward compatibility issues, etc.).  

 
From the application developer point of view they need to 

master a specific SDK (Software Development Kit) provided 
by its device vendor. Typically this requires thorough 
knowledge of C/C++ or even Assembly, which is very 
inconvenient for an average level developer. 

 
Previous work 
 

According to a web based survey it seems that the 
Complete Biometric System (referred as Complete BioSys) is 
unmatched. There were several security solutions that are 
related and worth mentioning here. 

 
The Independent Security Server – by Info Data, Inc. 
 

Provides means to identify a person based on any 
biometric characteristics. They have developed BSP (Biometric 
Service Provider) libraries for all the popular products therefore 
it is compatible with all major biometric scanners. Hence users 
have to rely on Info Data, Inc. [3] to provide compatibility with 
what ever the biometric device they buy. 

 
The WhoIsIt biometric server for e-Commerce 
 

This is basically an application server hosted in the 
Internet where a client system sends a biometric template to be 
verified. On success any secret (goods) that is stored for that 
particular user can be retrieved. WhoIsIt biometric server needs 
to be aware of the underlying technologies and the users are 
restricted to the vendors in commercial agreement with them 
[4].  
 

Even in these systems it is obvious that the problems of 
vendor, platform and technology dependence are still present 
up to a certain level. 

 
The BioAPI specification [2,5] could be considered the 

Defacto industry standard framework for biometrics. It defines 
how application developers and device vendors communicate 
with each other through a standard framework. The BioAPI is 
defined to overcome the problems of technology, platform and 
vendor dependencies. There is a freely available reference 
implementation of the BioAPI as well. 
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Fig. 1 Authentication steps involved with Complete  BioSys. 
 

BioAPI is two fold. The application developer needs to 
fulfil with Application Program Interface (API).  Device 
manufacturer needs to fulfil with the Service Provider Interface 
(SPI). That is how platform, technology and vendor 
independence is achieved. However the issues are not as simple 
as they sound. These developers need to have some basic idea 
of biometric technology and they should master C/C++. The 
BioAPI consists of complex data structures, pointers in average 
with three levels of indirections and memory management. 
These required skills are far from the skills of an average 
developer. 
 
Related work 
 

The Complete Biometric System is a concept that is 
intended to overcome the above-mentioned issues relating to 
biometric technology, vendor and platform independence. 
The BioAPI is the core of the Complete BioSys, however it sets 
its position far beyond what BioAPI is intended to do so. It 
introduces a simple development platform hiding the 
complexities of the BioAPI. It also introduces two novel 
concepts. 
 
Many-to-many mapping 
 

The Complete BioSys offers ideal many-to-many (m-to-n) 
mapping between biometric devices and hosts. This is one of its 
novel concepts. Current standard practice is to install a 
dedicated device for each and every host. So if an organization 
has 50 machines it has to have 50 devices. This is one of the 
major reasons that block the heavy deployment of biometrics. 
The Complete BioSys will map m number of devices into n 
number of hosts where m is much less than n (m<<n) or m 
could even be 1 (m=1). However in real practice it has to install 
several devices due to physical boundaries such as rooms, 
floors or buildings and mainly for better user convenience and 
fault tolerance. In simple terms the BioSys can share biometric 
devices among multiple hosts. 
 

Consider a high quality software development company, 
with a lucrative business marketing a proprietary product. 
Therefore it is essential no one else other than the development 
team has access to its source code. 

 
If the development room has 50 PCs it needs 50 devices 

plus few more at door steps. With the many-to-many concept 
organization may need only 5 to 10 biometric devices. It allows 
group several hosts together and assigning them to one or two 
devices. It could even share all the installed devices among all 
the hosts. 

How it is seen by the user 
 

Many-to-many mapping approach share devices among 
each other through a network. Fig 1 illustrates steps involved in 
while a user gets authenticated: 

 
Step 1: User informs the application that he/she needs access 

and that request will be send to the server. 
 
Step 2: The BioSys Server informs the user a device where 

user can submit his/her biometric credentials (this decision 
is given based on user’s current location, nearest device 
and its availability). 

 
Step 3: User submits his/her credentials and it is sent to the 

server where it get processed. 
 
Step 4: Server carry out identify or verify functions and 

make sure that user is either authenticated according to the 
predefined policies or rejected. 

  
The question is what if some one else use that machine 

while the user is still coming back after submitting credentials. 
This is similar to a situation where a user moving away from a 
computer while already logged in. There is no real solution to 
this problem (even without the BioSys) and this is a 
compromise between the how many owners are willing to pay 
and the level of security they get.  Possiblem solution would be 
not to place devices far away from the host or use of double 
authentication (i.e. first with biometric than possibly by means 
of a password). 
 
Device-Hierarchy 
 

Organizations may install multiple devices (either same or 
different biometric technology) on different locations based on 
the required level of security while having a good balance in 
TCO. These devices automatically create different security 
levels. These security levels can be represented in a hierarchy. 

 

Fig. 2 Device arrangement of an organisation 
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Fig. 3 Device hierarchy for the organization given in Fig 2 
 

Fig. 2 illustrates a imaginary organization that has 
installed different devices based on their security requirement. 
They have installed card reader at the entrance and placed more 
secure fingerprint and iris systems at places like Server room, 
Engineering and R&D. Such an arrangement will result in 
different security levels which ould be mapped into a logical 
hierarchy such as Fig 3. Knowledge of this hierarchy (referred 
as Device-Hierarchy by the authors) could be used to gain in-
depth security. 

 
In reality, Device-Hierarchy is automatically created when 

multiple devices are installed with different access levels. It is 
already there but the problem is no one sees it; therefore no one 
makes use of this hierarchy to gain tighter security. 
 
According to the defence in-depth approach an organization 
should have security from its doorstep to the server room. 
Today all these security measures are there with different 
access levels. However the problem is these cecurity measures 
are independent so bypassing one layer is possible. Device-
Hierarchy tries to integrate all these levels together in order to 
enforce tighter security. 
 

When multiple levels of security measures exist a user has 
to get authenticated through several devices in a specific order. 
Consider an example where the system administrator is going 
to the server room starting from the main entrance. First he/she 
has to get authenticated using the card reader at the entrance. 
Then he/she is required to use the facial recognition system at 
the IT department. Then if the administrator needs to go into 
the server room he/she has to get authenticated through the 
fingerprint device as well. The path followed by the system 
administrator can be represented by a specific branch in a tree 
which represents the Device Hierarchy (Fig 3). The branch 
includes device D1, D4 and D5. 
 

From the system administrator’s point of view he/she does 
not need to remember any of these devices or specific paths. 
These things happen naturally when people move around 
within an organization. 

 
This type of path tracking and path enforcement will make 

sure that users are not allowed to access any resources unless 

he/she has entered what ever the place according to the 
accepted route (branch in the tree). Consider a case where an 
authorized person is being able to get into the server room 
through the roof of the organization (or by any other means) 
and trying to access one of the servers in the server room. If the 
unauthorized person is able to provide a valid username, 
password combination or is able to forge the biometric device 
attached to the server there is nothing to stop him/her from 
accessing the server. However according to the concept of 
Device-Hierarchy the unauthorized person has violated the 
hierarchy (i.e. not gone through the accepted path). He/she has 
directly used device D8 without getting authenticated through 
devices D1, D4 and D5. In this case the Complete BioSys will 
not allow any access to the server, although the submitted 
credentials for the device D8 is correct, since the Device 
Hierarchy is being violated. 

 
Enforcement of such a policy would result in-depth 

security from the doorstep to servers. 
 
Tracking employees (specially the IT support staff) in a 

large organization could be real problem. Being aware of the 
Device-Hierarchy will enable the possibility of tracking users. 
Based on the last authenticated device, a probable location 
within the organization can be identified. All this is possible 
since the administrator can configure the Complete BioSys 
with a map of the organization’s floor arrangement (something 
similar to Fig 2). Several maps could be used if the 
organization spans several building, multiple floors or if it is 
too dense to put everything in a single map. 

 
Whatever technologies come and go passwords will 

remain so many years to come, although it is easily forgettable 
by the users or guessable by others. Therefore the BioSys also 
supports password-based authentication. 

 
Although having all those features the Complete BioSys 

will not be complete if standard practices of network 
management, administration are not combined with security. Its 
design highly encourages such security precautions. 
 

 
Fig. 4 Components of BioSys and their intercommunication  
 
Design and implementation 
 

The Complete BioSys consist of several components that 
are interconnected to each other (Fig 4). The BioSys Server is 
the central point of communication and it performs all the 
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administrative, management, policy enforcement and image 
processing tasks [6]. 

 
The Complete BioSys make use of BioAPI and it enables 

plug & play biometric components. The BioAPI was wrapped 
by adding another layer in-between the BioSys Server and the 
BioAPI. 

 
This in-between layer (referred as the BioAPI Wrapper) 

was essential since the BioAPI reference implementation is 
written in C/C++. It was not directly accessible through 
Microsoft .Net C# as the BioAPI deals with multiple levels of 
indirections of pointers and union types. Therefore it was 
essential to have such a layer. By doing so it did made the task 
of the BioSys development much easier and the authors were 
able to make it even simple for the application developer to 
work with the BioSys rather than with the BioAPI. 

 
To make development as simple as possible web services 

[5, 7, 8] can be used. Web services allow high level 
programming module with platform independence, centralised 
control with sufficient scalability. Use of web services (referred 
as the BioSys Service) makes it suitable for an enterprise level 
networked environment, which only requires application clients 
to support SOAP and HTTP messaging. Therefore any 
programming language supports SOAP and HTTP can be used 
to develop applications that make use of the BioSys. Use of 
web services allows the BioSys to extend beyond a LAN or 
Intranet into the public Internet. This is useful in cases where 
remote users and mobile users want to get authenticated using 
biometrics. 

 
Use of web services allows applications and console (is a 

separate application where all the administrative things is done) 
to be of any platform but only the server to be limited to a 
specific platform. Web service was developed using Microsoft 
.Net C# and currently will only work with Microsoft IIS. 

 

Microsoft .Net C# was selected not just because it 
supports Web services, there were two other concerns.  

 
1: it was not possible to use other languages (other than 

C++) to access complex data structures and pointers that 
the BioAPI extensively requires. Even support of C# is 
limited up to a certain level.  

 

2: Performance. 
 

It is unrealistic to ask a biometric device to support web 
service and send whatever it captures to the server for the 
processing. It is highly encouraged that image processing be 
carried out in the BioSys Server since it is secure doing it at the 
server and it will reduce the processing overhead of the device 
(most devices do have limited processing power). Device 
makes use of socket connection when communicating with the 
server. System should also support RS232/485 protocols if it to 
be commercially successful. 

 

The Console is a separate management station, which can 
either reside on the same machine as the server or in a different 
host. It is the place where all the policies are defined and 
monitoring is done. All the user information, management 
policies, login and user biometric records are stored in a 
centralised database and could be extended to distributed 
databases if required. 
 
The future 
 

The Complete Biometric system only supports some of the 
very basic network and security practices. It should be 
redesigned to addressing security from bottom-up to clear high-

level of security. This is not because the current design is bad it 
is because security should never be a separate layer; it should 
be an integral part of the whole system. These things were left 
out in the prototype due to resource limitations. 
 

Current biometric infrastructure of an organization 
consists of lots of non-BioAPI compliant devices. If these 
devices can be transferred to become BioAPI compliant it 
would reduce a lot of reinvestment. BCB Generator (BioAPI 
Compliant BSP Generator) is such an approach where it tries to 
automate the processes which could transform non BioAPI 
device to become BioAPI compatible. 

 

The Complete BioSys can be easily extended to the public 
internet with enhanced security since it is already exposed as a 
web service. As with many biometric systems the Complete 
BioSys can also be used as a time and attendance system that 
could directly integrate with a payroll system. Necessary data is 
already available within the system and it is just a matter of 
organizing them. 

 

The BioSys could also extend into a ticketing system like 
Kerberos or integrate with Domain management system such as 
Microsoft Active Directory [9]. In order to enhance security 
certain vendors uses a combination of biometric technologies 
(example: face, lip movement and voice combined recognition 
system). The Complete BioSys could support such mechanisms 
as well. 
 

CONCLUSION 
 

Since the Complete BioSys is a Proof of concept there are 
no measurable results. It has proven that biometric integration 
can be made flawless and effortless while enforcing 
management and security practices. It offers a biometric 
enabled third-party authentication which is platform, vendor 
and biometric technology independent. It also reduces the TCO 
considerably and enforces tighter security with two unique 
features. 

 

This solution would be more suitable for a medium to 
large-scale organization that has stringent security requirements 
and need to install many biometric devices.  
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ABSTRACT 
 

Iron deficiency is defined as decreased total iron body concentration. Iron deficiency anemia is the most common form of anemia. The 
present study was planned to perform in three parts to fulfill the objectives like pilot study that is prevalence rate of anemia in PTC girls 
(n=92), product development and supplementation of iron rich Date ball to the anemic girls for find out the bioavailability of nutrients. The 
present study indicated that 76% girls were anemic due to iron deficiency. When they were fed with the iron rich product i.e., Date ball for 
21 days their hemoglobin content had increased and urinary calcium and creatinine content were decreased. Thus the product indicates a  
product shows the positive effect in anemic girls. Therefore it may be concluded that for prevention of anemia it is very essential to modify 
the meal that it provides the maximum amount of bioavailable iron.  
Key words: Bioavailability, Hemoglobin, Iron deficiency anemia, Supplementation. 

INTRODUCTION 
 

Nutritional status is the condition of health of an 
individual as influenced by nutrient intake and utilization in the 
body. In developing countries like India various forms of 
malnutrition affect a large segment of population and both 
macro and micronutrient deficiencies are of major concerns. In 
developing world, approximately 146 million children are 
underweight. Out of these, 57 million children live in India [1] 
and over 90% Indian women, adolescent girls and children are 
anemic [2-4], indicating that the health of children is dependent 
upon food intake that provides sufficient energy and nutrients 
to promote optimal physical, social, cognitive growth and 
development. Inadequate energy and nutrients have a variety of 
poor outcomes including growth retardation, iron deficiency 
anemia, poor academic performance and development of 
psychosocial difficulties. It was reported that, etiology of linear 
growth retardation is multi-factorial but has been explained by 
three major factors: poor nutrition, high levels of infection and 
problematic mother-infant interaction, which is closely related 
to the socio-economic status of the family [5]. 

 
Iron deficiency anemia is due to decrease in the number of 

red cells in the blood caused by too little iron. Iron deficiency 
anemia is the most prevalence micro nutrient deficiency in the 
world. In normal individuals there is a complementary 
relationship between the nutrient intake and the nutritional 
status. The amount of nutrient absorbed from the diet must be 
enough to overcome the need for that nutrient and it must play 
its metabolic role in the body. 
  

This nutritional equation may be thrown off balance by 
insufficient intake or absorption of nutrient and by increased 
needs or losses. Any one or combinations of reasons result in 
reduced availability of the nutrient to the body. The body when 
faced with this situation initially uses its own reserves. After 
the exhaustation of its reserves, if the nutrient intake still 
remains inadequate the function in which the nutrient is active 
is affected. In case of iron, its deficiency results in lowered 
hemoglobin level and this condition is known as iron 
deficiency anemia. This is an actually the last stage of iron 
deficiency and it represent the end point of a long period of 
iron deprivation. 

  

 
The objectives of the present study were (i) to carryout the 
study to know the prevalence of anemia in PTC Girls of Anand 
Peoples Medicare Society campus, Anand (ii) to develop an 
iron rich product and its nutritional assessment                      
(iii) supplementation of experimental products (30 g date ball 
per day) to the anemic girls followed by clinical assessment. 
(iv) to assess the calcium and creatinine level in blood and 
urine samples of these girls. 
 
MARERIALS AND METHODS 
 

The experiment was divided into three parts including the 
pilot study, product development and supplementation of 
product to the anemic girls.  

 
The first part deals with the prevalence rate of anemia in 

92 PTC girls of Anand Peoples Medicare Society campus to 
assess the nutritional status of adolescent girls using clinical 
assessment such as blood and urine analysis. The hematological 
auto analyzer was used for blood analysis. Further factors such 
as general information, medical information, and dietary 
information were studied for their influence on nutritional 
status. Hemoglobin (Sahli’s method), serum calcium (Arsenzo 
III Kit method) [6] urinary calcium (Arsenzo III Kit method) 
[6], serum creatinine [7] and urinary creatinine [8] level were 
estimated at the beginning and at the end of the feeding trial as 
an indicator of body iron and calcium status. 

 
The second part of the study deals with the development 

of different proportion based product prepared with the 
objective of increasing available iron in the daily diet of 
adolescent girls. Recipe as “Date ball” was initially selected 
randomly by variation in ingredient levels. From these the 
experimental product was selected. The experimental product 
was analyzed for the nutritional parameters i.e. fat (Soxhlet 
method), protein (Kjeldhal method, 1965), Iron [9], Calcium 
[10] and phosphorus [11]. For standardization of experimental 
product, incorporation of different proportion of ingredients 
was used. Five different combinations were tried for Date ball 
preparation. All the experiment products were tested by the 
selected panel members. The final experimental Date ball was 
selected on the basis of its sensory score and also the product 
which has highest nutritive value.  
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The third part of the study deals with the supplementation 
of experimental product to the selected anemic girls and then 
biochemical analysis of their blood and urine samples was 
performed. 
 

Based on the pilot study data (part 1), 26 anemic girls 
(Hb<10g/dl) were selected as experimental subjects after 
obtaining their willing consent. They were requested to follow 
the general pattern of diet without much variation during the 
experiment feeding period. Subjects were then fed 15 gm of 
two Dates balls (which would be consumed in one serving as a 
snack) during day time for 21 days. Hemoglobin, serum 
calcium and urinary calcium, serum creatinine and urinary 
creatinine level were estimated at the beginning and at the end 
of the feeding trial as an indicator of bioavailability of iron and 
calcium status. The statistical analysis was performed using the 
SPSS software. 
 
RESULTS AND DISCUSSION 
 

In the first part of the blood and urine samples of study 
total 92 girls were clinically analyzed. The hemoglobin results 
indicated that around 70 (76%) girls were anemic and 22 (24%) 
girls were found normal. The average hemoglobin value of 70 
girls was 10.079 g/dl which was indicating the anemic 
condition due to nutrient deficiency, while 22 girls had the 
normal range of hemoglobin value that was 12.650 g/dl. Thus 
there was a highly significant difference (**p<0.01) as 
compared to the normal girls. Serum calcium and creatinine 
values were slightly higher in the anemic girls compared to that 
of normal girls and there was no significant difference between 
the two groups. Urinary calcium values were slightly lower in 
the anemic girls compared to normal girls, while the urinary 
creatinine values were slightly higher in the anemic girls 
compared to normal girls. (Fig. 1) 

study 
 
Out of 70 anemic girls, 15 girls had low RBC value which 

indicates that the subjects are suffering from iron deficiency 
anemia. The monocyte values were in the range of 7.7 to 
10.7%. The anemic subjects 49 out of 70 shows the higher 
range i.e. more than 8% which was responsible for iron 
deficiency anemic condition. The haematocrit values were 
lower than the normal range in 54 anemic girls out of total 70 
anemic subjects which may be due to the iron deficiency. The 

mean cell volume (MCV) 50 out of 70, mean cell hemoglobin 
(MCH)  52 out of 70 and mean corpuscular hemoglobin 
concentration (MCHC) 48 out of 70 subjects shows the lower 
values compared to normal range. The clinical research 
suggests that the lower MCV value is responsible for the iron 
deficiency anemia. The blood red cell distribution width 
(RDW) values were higher in 67 anemic girls which indicate 
that the anemic condition is due to the iron deficiency. The 
mean platelet volume (MPV) and platelet (PLT) values were 
normal in both groups and it has no relation with the anemic 
condition. The plateletcrit (PCT) values were higher than the 
normal range in 67 anemic girls and it was responsible for the 
anemic condition. So the blood parameter and higher or lower 
values of hemoglobin were suggested that the anemic condition 
in most of the 70 girls may be due to the iron deficiency. 

 
As a part of pilot study the questionnaire was also filled up 

by the subjects. The questionnaire contained the common 
questions collected to their food habit and suffering from any 
clinical symptoms. The hemoglobin value of anemic girls 
indicated that 47% of girls were suffering from headache, 67% 
of girls were suffering from fatigue and 9% of girls were 
suffering from anorexia.  

 
Results of pilot study suggested that the anemic condition 

in 70 girls was due to iron deficiency. So the second part of the 
study was planned with the objective of developing the iron 
rich product. The date ball was selected as an iron rich product. 
Initially different combinations of all ingredients were tried 
theoretically with respect to nutrient content. The best 
combination which contained all the nutrients in the higher 
amount was selected as an experimental product. Table 1 gives 
the nutrient content of experimental Date ball. The analyzed 
value of fat, calcium, phosphorus, iron and protein were almost 
similar to the theoretical value. Slightly higher or lower values 
were due to the varietals difference in the ingredients. 
According to Recommended Dietary Allowances (RDA) 
requirement 30% of fat, 14.1% of calcium, 9% phosphorus, 
7.5% of iron, 4.77% of protein requirement per day was 
fulfilled by the experimental product.   
 
Table - 1 Ash, fat, calcium, phosphorus, iron and protein 

content of experimental product. 
 

No. Parameter Theoretical analytical 30 
g/day RDA/day 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Clinical parameters of normal and anemic PTC girls during pilot 
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1. Ash  
(gm %) - 5.667 

±0.981 - - 

2. Fat  
(gm %) 19.890 19.568 

±1.006 4.467 15-20 

3. Calcium  
(mg %) 281.800 277.500 

±3.118 84.54 600 

4. Phosphorus 
 (mg %) 204.250 185.000 

±2.357 61.275 700 

5. Iron  
(mg %) 4.217 4.000 

±0.128 1.275 17 

6. Protein  
(gm %) 9.545 11.550 

±1.189 2.863 60 

Mean of 3 replications ± SEM  
After product development study the developed date ball 

was supplemented to the selected anemic girls. The hemoglobin 
value of after supplementation was increased in 80% girls 
compared to the before supplementation and it shows highly 
significant difference.  Serum calcium values did not show 
much difference either before or after supplementation. The 
clinical research also suggests that the iron rich 
supplementation did not change the normal Serum calcium 
level. Serum creatinine values were found to get decreased after 
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supplementation, and it shows highly significant difference 
compared to initial value. The clinical research was also in 
support that when the calcium absorption is increased the 
serum creatinine level decreases. Urinary calcium and 
creatinine values were lowered after supplementation and it 
indicated that the calcium absorption was increased and 
excretion was decreased (Fig. 2).    

Fig. 2 Comparison of clinical parameters of anemic girls with respect 
to before and after supplementation  

SUMMARY AND CONCLUSION 
 

Iron deficiency anemia is the most prevalent micro 
nutrient deficiency in the world. The present study was planned 
to perform in three parts to fulfill the objectives like pilot study 
for find out the prevalence rate of anemia in PTC girls, product 
development and supplementation of iron rich Date ball to the 
anemic girls for finding the bioavailability of nutrients. The 
hemoglobin value of all subjects were categorized for the 
anemic (Hb<12 g/ dl) and non-anemic girls ( Hb>12 g/dl). The 
blood parameter of anemic and non-anemic groups was 
analyzed and the RBC (red blood cell) WBC (white blood cell) 
and lymphocyte range were normal in both groups. Monocyte 
value in anemic group was higher. HCT (hematocrit), MCV 
(mean cell volume), MCH (mean cell hemoglobin), MCHC 
(Mean corpuscular haemoglobin concentration) values was 
lower in anemic group and RDW (Red cell distribution width) 
and PCT (Plateletcrit) values in anemic group was higher than 
the normal range. 

 
Part 1 study indicated that 76% girls were anemic due to 

iron deficiency so the second part of the study was dealt with 
the product development. Dates ball which contain all the 
nutrients in higher amount were selected as an experimental 
product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The third part of the study was carried out for the 
supplementation of iron rich product to the 26 selected anemic 
girls (Hb<10g/dl). The experimental subjects were fed two 
Dates ball (30 gm) per day for 21 days and after 
supplementation the clinical analysis of blood and urine were 
estimated. 

 
The hemoglobin values after supplementation was 

increased in 80% girls which indicated that the iron 
bioavailability was increased by the anemic girls. In serum 
calcium values there was not much more difference after 
supplementation and serum creatinine values were decreased 
after supplementation. The urinary calcium and creatinine 
values were decreased after supplementation which indicated 
that the calcium absorption has increased. 

 
Recent studies indicate that the intervention lead to 

decrease in the severity of anemia but incidence of anemia still 
remains very high. Therefore it is now very essential that a 
basic change in the dietary pattern be made in the meal is so 
modified that it provides the maximum amount of bioavailable 
iron. 
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ABSTRACT 
 

The industries are the key elements of any area responsible for the cause and the changes faced in the environment and the cycle of 
atmosphere. EEnnvviirroonnmmeennttaall  ddeeggrraaddaattiioonn  hhaass  aassssuummeedd  aallaarrmmiinngg  ddiimmeennssiioonnss  ttooddaayy..  TThhiiss  hhaass  mmaaddee  eennvviirroonnmmeennttaall  mmaannaaggeemmeenntt  aa  ssppeecciiaalliizzeedd  
ffiieelldd  wwhhiicchh  iiss  bbeeyyoonndd  tthhee  ssccooppee  ooff  ggoovveerrnnmmeenntt..  EEnnvviirroonnmmeenntt  iiss  aa  gglloobbaall  iissssuuee  uunnrreellaatteedd  ttoo  nnaattiioonnaall  bboouunnddaarriieess..  IItt  rreeqquuiirreess  aa  sseett  uupp  tthhaatt  iiss  
aabboovvee  tthhee  nnaattiioonnaall  ccoonncceerrnnss  aanndd  tthhee  uunniivveerrssaall  nnaattuurree.. Industries have to adopt clean technologies and bring about implementation in 
management practices. It is the duty of the industries to cover the environmental implications of the industrial operations. Government and 
industries should take into consideration environmental responsibilities and follow the laws, rules and regulations for the betterment of 
environment. EEffffeeccttiivvee  aanndd  eesssseennttiiaall  eennvviirroonnmmeennttaall  mmaannaaggeemmeenntt  ssttrraatteeggiieess  ccaann  oonnllyy  bbee  aacchhiieevveedd  iiff  hhuummaannss  wwiillll  ccuullttiivvaattee  pprraaccttiicceess  tthhaatt  wwiillll  
ssuussttaaiinn  tthhee  eennvviirroonnmmeenntt  ffrroomm  tthhaatt  wwhhiicchh  ddeepplleettee  aanndd  ddeeggrraaddee  iitt..  TThhee  bbeenneeffiittss  ooff  eennvviirroonnmmeennttaall  rreessppoonnssiibbiilliittyy  iinncclluuddee  aa  ddeeccrreeaassee  iinn  tthhee  ccoosstt  ooff  
ooppeerraattiioonnss  dduuee  ttoo  iimmpprroovveedd  pprroodduuccttiioonn  yyiieellddss,,  ddeeccrreeaassee  iinn  ccoossttss  aassssoocciiaatteedd  wwiitthh  eemmppllooyyeeeess,,  mmiinniimmiizzaattiioonn  ooff  mmaatteerriiaall  aanndd  eenneerrggyy  uussee,,  ddeeccrreeaassee  
iinn  eexxcceessss  ppaacckkaaggiinngg  aanndd  wwaassttee  tthhaatt  nneeeeddss  ssaaffee  ddiissppoossaall..  AAnn  eennvviirroonnmmeennttaallllyy  rreessppoonnssiibbllee  ccoommppaannyy  hhaass  lleessss  rreegguullaattoorryy  rriisskkss  aanndd  nneeeedd  nnoott  ttoo  bbee  
ccoonncceerrnneedd  aabboouutt  nnoonn--ccoommpplliiaannccee  rreessuullttiinngg  iinn  pprroodduuccttiioonn,,  ffiinneess,,  nneeggaattiivvee  ppuubblliicciittyy,,  aa  ssuubbsseeqquueenntt  ccoossttllyy  ppuubblliicc  rreellaattiioonnss  ccaammppaaiiggnn.. IInndduussttrriieess  
aarree  tthhee  kkeeyy  eelleemmeennttss  tthhaatt  iinnfflluueennccee  ootthheerr  ssyysstteemmss..  Taking all this into consideration a study was conducted to study the practices of the 
respondents regarding responsibilities for Community and also to find out their awareness regarding General Environmental Conditions and 
Laws, Rules & Regulations laid by Government for Chemical and Plastic Industries. The findings of the study which is undertaken will be 
helpful and beneficial to all those individuals who may or may not be aware about the practices which should be carried out for 
environmental responsibilities and for community and general environmental conditions and laws, rules & regulations laid by Government. 
This may prove as a “lighthouse” guiding them through unknown waters and the hidden dangers. Descriptive research design was planned 
for conducting the present study. The study had two sets of variables, independent and dependent variables. The sample of the study 
consisted of 120 industries, 60 each from Chemical and Plastic industries were selected from Makarpura G.I.D.C, Nandesary, Waghodia 
G.I.D.C., Pratapnagar, Ranoli, Padra, Chhani ect. areas of Vadodara City. The questionnaire was used as an instrument to gather the 
information from the respondents. The data were analyzed employing descriptive as well as relational statistics. Descriptive statistics of 
percentage, frequency and mean were applied. Analysis of Variance (ANOVA),‘t’ - test, Scheffe’s test  and coefficient of correlation were 
computed to test the relationship between selected variables. 
 
Key words: environment and social responsibility practices, awareness, environmental responsibilities, industries. 

INTRODUCTION 
 

Environmental degradation has assumed alarming 
dimensions today. This has made environmental management a 
specialized field which is beyond the scope of government. 
Environment is a global issue unrelated to national boundaries. 
It requires a set up that is above the national concerns and the 
universal nature. The reasons for the situation of degradation of 
environment and its conditions are growing world population, 
depletion of natural resources and pollution which have led to 
ecological crisis those endangering natural systems of which 
humans are part. This is directly the result of the pollutants 
spewed by the human being into environment. Whichever way 
environmental degradation is categorized, it is glaring that the 
most environmental damage is the resultant effect of 
environmental problems. Though the earliest procedure of 
pollution generated by life forms would have been a natural 
function of existence, but now- a-days careless handling of 
pollution and contamination of our resources such as rivers, 
lakes, streams and underground resources have impaired the 
quality of environment. Today, people have stopped to consider 
that they are the polluter, when they do those activities which 
interfere with the natural activities and, the way they pollute the 
environment. Thus, there is enough evidence of increasing 
deterioration of the environment in some forms on a world 
wide scale. This condition, although primarily caused by 
relatively small number of nations, affects all the humanity [1]. 
Environment has its own limit as well as capacities to disperse, 

degrade, absorb or otherwise dispose off unwanted waste in the 
natural sinks of the atmosphere. As the population expanded, 
urbanization and industrialization increased, resulting in large 
amount of waste, of all kinds, ever increasing beyond the 
nature’s capacity, presents a daunting and serious problem. 
Major problem which occur in environment is of pollution. 
Pollution is a special case of habitual destruction; it is chemical 
destruction rather than the more obvious physical destruction 
[2]. Garbage, apart from gaseous and liquid wastes, is 
increasing with the human population, industrialization and 
with the changing life-style which is turning towards “throw-
away culture”. Although the problem has been around for 
years, it seems to be getting worse. Americans discard 3.6 
pounds per capita every day, which was 4.5 pounds per capita 
per day by the year 2000 [3]. The problem is where to put it all. 
Majority goes into land fill (dumps), which pose health 
problems apart from being a breeding place for pests and micro 
organisms. Moreover, much of the garbage is made of materials 
that do not breakdown easily or quickly, such as plastic. Some 
waste materials are toxic in nature, such as batteries, as these 
contain lead. 
 

Poisoned rivers, poisoned seas, poisoned soils and 
poisoned air. The polluting tide has upset the natural 
environmental balance. It now threatens to upset the delicate 
chemistry of our own biochemistry [4]. 

 
Thus, there are enough evidences of increasing 

deterioration of the environment in some forms on a world 
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wide scale. It is true that the problems of environment can be 
solved only through pollution prevention. Pollution prevention 
can pay through saving resources, recycling materials at a 
lower cost than using new materials, and reducing clear up 
costs [5]. The industries are the key elements of any area 
responsible for the cause and the changes faced in the 
environment and the cycle of atmosphere [6]. One of the major 
provisions of Indian State Policy is to maintain environmental 
standards along with promoting economic growth. However, 
the same becomes difficult. Industrial Development is 
imperative; however, proper precautionary measures for 
pollutions and arrest of associated problems are also essential. 
Today, many companies have accepted their responsibility to 
do no harm to the environment [7]. Industries are complying 
with regulatory standards and norms, by adopting clean 
technologies and bring about implementation in management 
practices. For the betterment of environment, commitment and 
voluntary initiatives of industry for responsible care of 
environment is important. Indian Corporates in the 
contemporary times have taken full advantage of this ‘not so 
strict’ environmental control by the government and have been 
successful in maximizing profits for themselves. However, over 
the last few years the Indian Corporates are realizing that it is 
in their favour that they adhere to their environmental 
responsibility and grow in a manner that is more sustainable. 
Indian Industries have opened up post reforms that took place 
in the country allowing freedom from strict rules and 
regulations that had made working of Indian Industries very 
difficult. In this post reform scenario, Indian industries have 
widely increased the production capacities and basic 
infrastructure leading to increasing amount of pollution.” With 
the increasing liberalization and globalization of the Indian 
Economy it seemed almost axiomatic to assume that the 
greening of India would only be successful if it was made into 
a paying proposition in commercial terms”. Corporate 
environmentalism in older industrial countries is being 
encouraged by economic, political and industrial organizational 
factors [7]. Corporate Environmental Responsibility (CER) 
encompasses the voluntary actions and measures of companies 
to contribute to a cleaner environment (European Commission, 
2001). Globally, the concept of Corporate Environmental 
Responsibility (CER) is moving from a fringe consideration to 
a core business issue and a permanent part of business 
management [8]. 
 

In today’s world, corporate responsibility is an essential 
part of business. Companies face, in addition to all the time 
tightening legislation, pressure to act more responsible from 
other stakeholders groups such as customers and investors [9]. 
Corporations are beginning to respond to expectations of 
corporate responsibility by asking what is good for the 
environment, society and business, as well as how performance 
can be measured and evaluated. At various National levels 
government regulations, society pressure groups and green 
consumer pressure; these developments are reawaking 
corporate attention to strategic and competitive role of 
environmental responsibility to corporate survival. However, 
within the developing nations, the understanding is somewhat 
different mainly because of weak government regulations and 
lack of organized pressure groups and consumer awareness to 
influence corporate behavior [9]. It is also seen that the roles of 
sectors have been changed, with the private sector becoming an 
active partner in environmental protection.  
 

Many governments and businesses are now realizing that 
environmental protection and economic growth are not always 
conflicts. For planning, promotion, co-ordination and 
overseeing the implementation of the environmental forest 
programmes, Central Government of India has Ministry of 
Environment and Forests (MoEF) as an agency in the 
administrative structure. It has formed some legislation on 
Environments, Forests and Wildlife for industries and 
corporate. Thus, industries have to adopt clean technologies 
and bring about implementation in management practices. It is 
the duty of the industries to cover the environmental 
implications of the industrial operations. Government and 
industries should take into consideration environmental 
responsibilities and follow the laws, rules and regulations for 
the betterment of environment. Effective and essential 
environmental management strategies can only be achieved if 
humans will cultivate practices that will sustain the 
environment from that which deplete and degrade it. The 
benefits of environmental responsibility include a decrease in 
the cost of operations due to improved production yields, 
decrease in costs associated with employees, minimization of 
material and energy use, decrease in excess packaging and 
waste that needs safe disposal. An environmentally responsible 
company has less regulatory risks and need not to be concerned 
about non-compliance resulting in production, fines, negative 
publicity, a subsequent costly public relations campaign. 
Industries are the key elements that influence other systems. 
The findings of the present study may prove beneficial to 
various people concerned with this field. It will be helpful and 
beneficial to all those individuals who may or may not be 
aware about the practices those are followed by the industries 
for community and extent of awareness regarding general 
environmental conditions and laws, rules & regulations laid by 
Government. This may prove as a “lighthouse” guiding them 
through unknown waters and the hidden dangers. The findings 
will prove to be a boon to the industries and those employees 
who wish for the betterment of environment. The findings will 
help in a proper and meticulous planning by the individuals as 
well as by the industries. The findings of the study will enrich 
the research data base for the libraries, documentation centers 
and related institutes at National and International level. The 
findings of the present study will be helpful to the students to 
get knowledge about Corporate Responsibilities, Practices 
carried out by the Chemical and Plastic Industries for 
Community and awareness of Industries regarding general 
environmental conditions and Laws, Rules & Regulations laid 
by Government. 
  

Considering all the above factors this research was 
designed with the following objectives: 
 
1) To gather the background information of selected 

Chemical Industries and Plastic Industries. 
 

2) To find out the practices followed by the managers of the 
industries to carry out their environmental responsibilities 
towards the community. 

 
3) To find out the awareness of respondents of the industries 

regarding general environmental conditions and laws, 
rules & regulations laid by the Government.    

4)   To study the relationship between selected variables.  
 

 



2010                                             Patel and Shah – Awareness of the managers                                                 85 

MATERIALS AND METHODS 
 

Descriptive research design was planned for conducting 
the present study. The study had two sets of variables, 
independent and dependent variables. Independent variables 
comprised of personal variables of respondents (age, position in 
organization and education) and organizational variables of 
industry (years of establishment, size of industry, annual 
turnover, geographical market for product, location of 
industry). Dependent variables comprised of practices followed 
by the industries to carry out their responsibilities for 
community and awareness of the respondents regarding general 
environmental conditions and laws, rules & regulations laid by 
Government for Chemical Industries and Plastic Industries. The 
sample of the study consisted of 120 managers of industries, 60 
each from Chemical Industries and Plastic Industries were 
selected from Makarpura G.I.D.C, Nandesary, Waghodia 
G.I.D.C., Pratapnagar, Ranoli, Padra, Chhani etc. areas of 
Vadodara City. The questionnaire was used as an instrument to 
gather the information from the respondents. The scales were 
divided into three sections. Section 1 contained questions 
regarding background information of the respondents such as 
age, education, position in organization as well as of the 
organization such as years of establishment, location of 
industry, size of industry etc. Section 2 contained positive and 
negative statements reflecting the practices of the industries 
regarding responsibilities for Community. The respondents 
were asked to respond on a 3 point scale in terms of Always, 
Sometimes or Never. For positive statements scores of 3 
through 1 were given and for negative 1 through 3 were given. 
Section 3 was an awareness scale of respondents of the 
industries regarding General Environmental Conditions and 
Laws, Rules &regulations laid by Government. The 
respondents were asked to respond on a 3 point scale in terms 
of Correct, Incorrect or Do Not Know. For positive statements 
scores of 3 to 1 were given and for negative 1 to 3 were 
assigned.The reliability coefficient thus computed was 0.67 for 
practice scale and 0.73 for awareness scale. This showed that 
the instrument had high reliability value. The data were 
analyzed employing descriptive as well as relational statistics. 
Descriptive statistics of percentage, frequency and mean were 
applied. Analysis of Variance (ANOVA),‘t’-test, Scheffe’s test 
and coefficient of correlation were computed to test the 
relationship between selected variables. 
 
RESULTS AND DISCUSSIN 
 
Major findings of the study are presented below. 
 
Background information 
 

The mean age of the respondents was found to be 43.92 
years. It was also found that 45.0% respondents from Chemical 
Industries and 55.0%respondents from Plastic Industries were 
graduate and 43.3% respondents from Chemical Industries and 
40.0% respondents from Plastic Industries were above 
graduate. Rest of them were below graduate.Majority of the 
respondents (60.0%) from Chemical Industries and 55.0% from 
Plastic Industries were general manger in the organization and 
rest of them were owner. It was observed that 38.3% Chemical 
Industries and 41.7% Plastic Industries had 21 to 30 years of 
establishment. A very few Chemical Industries (6.7%) and 
Plastic Industries (11.7%) had 1 to 10 years of establishment. It 
was found that 65.0% of Chemical Industries and 66.7%Plastic 
Industries belonged to Small industries having 1-100 

employees, 1.7% of Chemical Industries and 3.3% Plastic 
Industries were Large industries (>500 employees).It was 
found that half of the Chemical Industries and 50.0% Plastic 
Industries were having 1-5 crore rupees as annual turnover 
whereas a very few Chemical Industries (5.0%) and Plastic 
Industries (3.3%) had annual turnover more than 10 crore 
rupees. 

 

Practices followed by the industries for community 
 

It was found that 56.7% of the respondents from Chemical 
Industries had some times prepared hoardings for generating 
awareness about the problems of environment, extended 
financial support to schools/colleges to take up the activities for 
environmental protection. The findings revealed that 20.0% of 
the respondents from Plastic Industries had always prepared 
hoardings for generating awareness about the problems of 
environment, 5.0% of them did not extended financial support 
to schools/colleges to take up the activities for environmental 
protection, promoted all those activities done for social 
upliftment in premises. For Chemical Industries it was found 
that 10.00% of them always  put hoardings which give message 
for environmental protection to the people, 23.3% of them did 
not extended financial support to schools/colleges to take up 
the activities for environmental protection, and 21.7% of them 
promoted all those activities done for social upliftment in 
premises Majority of the respondents (91.7%) from Plastic 
Industries always organized tree plantation program as an 
annual activity for workers, 70.0% of them had organized 
seminars on the environmental conditions and problems for 
public awareness. It was found that most of the respondents 
from Chemical Industries always preferred to follow practices 
such as; organized programmes to protect and preserve the 
environment, activities are promoted for social upliftment in 
premises. 

 
Table - 1 Frequency and Percentage Distribution of 

Respondents of Chemical and Plastic Industries 
according to the Extent of following Practices 
related to Environmental Responsibilities for 
Community. 

 

Respondents 

Chemical 
Industries 

(n =60) 

Plastic 
Industries 

(n =60) 

Total 
(n=120) Extent  

of 
Practices 

 
 

Range  
of 

Scores 
 
 f % F % f % 

Poor 14-23 2 3.3 -- -- 2 1.7 

Moderate 24-33 58 96.7 60 100.0 118 98.3 

Good 34-42 -- -- -- -- -- -- 

Mean  2.08 2.18 2.13 
 

The overall data revealed that all the respondents from 
Plastic Industries had moderately followed the environmental 
responsibilities for community, whereas majority of the 
respondents (96.7%) from Chemical Industries had moderately 
followed the practices regarding environmental responsibilities 
for community (Table - 1). 
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Awareness of the respondents of Chemical Industries and 
Plastic Industries regarding the General Environmental 
Conditions and Laws, Rules & Regulations Laid by 
Government 
 

This section deals with awareness regarding general 
environmental conditions and laws, rules & regulations laid by 
Government. The respondents were asked about the awareness 
regarding general environmental conditions and laws, rules & 
regulations laid by Government for environment. The 
statements asked to respondents about the awareness regarding 
general environmental conditions and laws; rules & regulations 
laid by Government for Chemical Industries and Plastic 
Industries were same. It was found that majority of them from 
Chemical Industries (93.3%) were aware about water pollution 
due to house hold waste, 90.0% of the respondents were aware 
about urbanization is one of the major cause for polluting urban 
environment, whereas for Plastic Industries, it was found that 
93.3% of the respondents were not aware about increasing 
Green House Effect is resulting in rapid Global warming i.e. 
rise in temperature of the earth. It was also highlighted that 
equal number of the respondents (5.0%)  from Chemical 
Industries and Plastic Industries were aware about the high rise 
buildings have adverse impact on quality of environment, more 
people living in urban areas are having hearing problems due to 
noise pollution than people living in rural areas, the 
temperature of the entire earth is rising. The data revealed that 
equal percentage of the respondents (3.3%) from Chemical 
Industries and Plastic Industries were not aware about ozone 
layer is depleting, recycling of waste is becoming “a must” for 
the sustainable development of the country. It was observed 
that respondents from Chemical Industries were highly aware 
about the general environmental conditions such as, 
urbanization is one of the major causes of polluting urban 
environment, ozone layer is depleting, and recycling of waste is 
becoming “a must” for the sustainable development of the 
country,  whereas for Plastic Industries, respondents were 
highly aware about the general environmental conditions like, 
urbanization is one of the major causes of polluting urban 
environment, increasing deforestation is disturbing ecological 
balance, water sources near industries are more polluted than 
those which are away from industries. 
 

From the data, it was found that all the respondents form 
Chemical Industries (100.0%) had medium extent of awareness 
regarding general environmental conditions. For Plastic 
Industries more than half of the respondents (58.3%) had 
moderate extent of awareness and little less than half of the 
respondents (41.7%) had high extent of awareness regarding 
general environmental conditions. None of them had low extent 
of awareness regarding general environmental conditions. 
(Table-2)   

 
For the chemical industries it was seen that slightly more 

than half of the respondents were aware about the laws, rules & 
regulations laid by Government such as industry gets area or 
location where all the waste materials are disposed (63.3%), 
Consent for the use of any fuel needs to be taken from the 
Government (51.7%) . For Plastic Industries it was found that 
mostly all the respondents were aware about Checking of all 
waste effluents are to be done before disposal (95.0%) whereas 
for  Chemical Industries  75%  were aware about checking of 
all waste effluents are to be done before disposal. 

Table - 2 Frequency and Percentage Distribution of 
Respondents of Chemical Industries and Plastic 
Industries according to the Extent of Awareness 
regarding General Environmental Conditions 

 
 

Respondents 

Chemical 
Industries 

(n =60) 

Plastic 
Industries 

(n =60) 

Total 
(n=120)  

Scores  
for 

Awareness 

 
 
 

Range 
of 

Scores 
 
 

 
f 

 
% 

 
f 

 
% 

 
f 

 
% 

Low  
extent 46-76 -- -- -- -- -- -- 

Medium  
extent 77-107 60 100

.0 35 58.
3 95 79.

2 
High  
extent 108-138 -- -- 25 41.

7 25 20.
8 

Mean  1.78 2.05 1.92 
 

It was also observed that the respondents from Chemical 
Industries were highly aware about general environmental 
conditions such as, introduction of technical changes in the 
production process to minimize the quantity of waste, all 
changes in disposal methods are done as suggested by 
government, various wastes are given appropriate treatment by 
the industry before the disposal, responsibility of industry for 
enforcement of pollution control measures”. 

 
For Plastic Industries, it was seen that the respondents 

were highly aware about general environmental conditions such 
as, follow up of particular method given by government is 
important for waste disposal to prevent the effects of pollution” 
“industry is responsible for the quality and quantity of waste 
generated”,” consent for the use of any fuel is to be taken from 
the government” and “government recommends a person who 
checks all the tools, equipments and machines in the industry”,   
 
Table - 3 Frequency and Percentage Distribution of  

espondents of Chemical and Plastic Industries 
according to the Extent of Awareness regarding 
Laws, Rules & Regulations laid by Government 

 
Respondents 

Chemical 
Industries 

(n =60) 

Plastic 
Industries 

(n =60) 

Total 
(n=120) Scores  

for 
Awareness 

 
 

Range  
of 

Scores 
 
 f % f % f % 

Low  
extent 19-31 -- -- 2 3.3 2 1.7 

Medium  
extent 32-44 41 68.3 58 96.7 99 79.2 

High 
extent 45-57 19 31.7 -- -- 19 15.8 

Mean  2.46 2.42 2.44 
 
From the result it was revealed that a high majority 

(96.7%) of the respondents from Plastic Industries and 68.3% 
respondents from Chemical Industries had awareness at 
medium level. None of the respondents from Chemical 
Industries had low extent of awareness. (Table - 3) whereas 
none of the respondents from Plastic Industries had high extent 
of awareness regarding laws, rules & regulations laid by 
Government. 
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Testing of Hypotheses 
 

The hypotheses for the present investigation were tested 
using appropriate statistics. The hypotheses formulated were 
changed to null form and subjected for statistical analysis for 
which analysis of variance (ANOVA), Scheffe’s test, ‘t’-test 
and Pearson’s Product Moment Correlation Co-efficient were 
computed to find out the variance in practices and awareness  
due to selected personal and organizational variables. 

 
 

Practices: The ‘F’-test was computed to find out variation 
for the practices regarding Responsibilities for Community by 
their education, years of establishment, size of the Industry, 
annual turnover, geographical market for the product, location 
of industry and t-test was calculated to find out the difference 
in the age of the respondents and position of respondents in 
organization due to their practices. It was revealed that 
practices regarding Responsibilities for Environment 
significantly differ by years of establishment at 0.01 level for 
Plastic Industries. Further Sheffe’s test was applied for finding 
significant difference in various levels. It is proved that years of 
establishment of Plastic Industries has an effect on the practices 
regarding responsibilities for community. The results of 
Scheffe’s test revealed that the industries having 1-10 years of 
establishment differed significantly in their practices regarding 
Responsibilities for community from those who had 21-30 
years of establishment. 
 

Awareness: The ‘F’-test was computed to find out 
variation for the awareness regarding General Environmental 
Conditions and Laws, Rules & Regulations laid by Government 
by their education, years of establishment, size of the Industry, 
annual turnover, geographical market for the product, location 
of industry and t-test was calculated to find out the difference 
in the age of the respondents and position of respondents in 
organization due to their extent of awareness.. However, from 
findings it was revealed that awareness regarding General 
Environmental Conditions and Laws, Rules & Regulations laid 
by Government did not differ by their education, years of 
establishment, size of the Industry, annual turnover, 
geographical market for the product and location of industry; 
further t-test was calculated to find out the difference in the age 
of the respondents and position of respondents in organization 
due to the extent of awareness of the respondents.  
 

Correlation: Computation of coefficient of correlation 
revealed that there is correlation between awareness regarding 
general environmental conditions and laws, rules & regulations 
laid by Government for Chemical (r=0.743) and Plastic 
(r=0.338) Industries respectively at 0.03 level and at 0.01 level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

It was concluded from the present study that the industries 
did not follow the practices regarding environment protection 
for the community to a great extent so a booklet was developed 
for industries to give guidelines regarding Corporate Social 
Responsibilities for environmental protection and sustainable 
development. It included certain guidelines which can help the 
industries to improve their practices for environment and 
society to generate awareness about their responsibilities 
towards a healthy environment. 
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ABSTRACT 
 

Psyllium Husk, commonly known as Sat-Isabgol is a biomass of medicinal value from Plantago ovate plant. Clean Psyllium husk is produced 
through winnowing process. Khakha powder is generated as a waste material from winnowing process. It is a cellulosic mass and hence can 
be used as carbon precursor. Khakha powder was pyrolyzed and subjected to steam activation. The carbonization and steam activation were 
done in N2 atmosphere at 800 0C with different steam flow rate from 0.2 to 0.5 ml/min. The maximum BET surface area was obtained at a 
steam flow rate 0.3 ml/min. The SEM micrographs showed that with increase in steam flow rate, volume of pores increase and pores were 
uniformly distributed. It was found that the single step carbonization-activation process produced high surface area and good surface 
properties than that of two step carbonization and activation process.  
 
Key words: activated carbon, carbonization, steam activation, surface area, khakha Powder 

INTRODUCTION 
 

Every country worldwide has a large amount of low 
commercial value, humid (~50% water content) agro forestry 
residues. Most of these do not find economic utilisation and 
market. To obtain energy through combustion of these waste 
materials without pollution is difficult and expensive. However, 
since these are carbonaceous materials are good source of 
carbons and activated carbons. With development of several 
new, efficient, low pollution technologies, the techno-
economical viable concept to produce activated carbon from 
these precursors can be explored. The application of activated 
carbon mainly depends on the size and distribution of pores. 
 

Activated carbon, a widely used adsorbent, is mainly 
composed of carbonaceous material with high surface area and 
porous structure [1]. Raw materials for its production are 
chosen depending on their price, purity, potential extent of 
activation and stability of supply [2]. For adsorption from gas 
phase mainly microporous carbon is used whereas, mesoporous 
carbon is advantageous for liquid phase application. Numerous 
studies have been devoted to preparation of low-cost high 
quality carbon adsorbents for treatment and purification of 
water, air as well as various chemical and natural products [1, 
3].  The raw materials being used are usually carbonaceous 
materials like wood [4], coal [5], nut shells [6], husks [7] and 
most agricultural by-products materials [1, 3, 8]. In the present 
study, Khakha powder, a bio waste obtained through 
winnowing of Psyllium Husks was used which was derived 
from the seeds of plant called ‘Plantago ovata’. In India it is 
known as Sat-ISABGOL and in international market it is 
known as Ispaghula. The upper layer is called Psyllium Husks. 
It is cleaned by winnowing system. Psyllium Husk or Sat 
Isabgol has medicinal value while the powder obtained through 
winnowing is a waste biomass. Since this is a carbonaceous 
material, results in porous carbon on pyrolysis under inert 
atmosphere. Activation of cellulosic derived carbon is carried 
out to enhance the diameter and volume of the clogged pores 
which are created during carbonization process and to create 
some new porosity and readily assessable pore structure and 
very large internal surface area. The nature of precursor and 
method of activation, both have strong influence on the pore 
structure and adsorption capacity of resulting activated carbon.  

Apart from the raw materials, the characteristics of 
activated carbon largely depend on the activation method 
employed.  The physical activation by the action of steam 
results in the development of porous structure and the extensive 
internal surface area [3]. Steam is preferred for activation 
because the water molecule has smaller dimensions than carbon 
dioxide molecule, and consequently the use of steam leads to: 

 
• Faster diffusion into the porous network; 
• Easier access into the micropores; 
• A faster reaction rate, i.e. approximately three times faster 

than carbon-carbon dioxide reaction at a temperature of 
8000C and a pressure of 10 kPa [9]. 

 
In the present work, studies were performed on pyrolysis 

of Khakha powder, a waste biomass from winnowing of 
Psyllium Husk, and activation of the resulting carbon mass.  
Activation has been carried out in two ways, i.e. single step, 
carbonization at 800°C followed by steam activation and in two 
steps, i.e. carbonized samples were stem activated at 800°C.  
 
MATERIALS AND METHODS 
 

The activated carbons were prepared by using the 
commercially available Khakha powder. The powder was dried 
and pyrolyzed. Activated carbons were prepared by using two 
different routes. In first method, the weighed amount of raw 
materials was carbonised at 800°C in a furnace in nitrogen 
atmosphere for one hour. The char obtained was activated with 
steam at 800°C with varying flow rate of steam, i.e. 0.3, 0.5 
and 1.0 ml/min. In second method, the weighed amount of raw 
materials was carbonised at 800°C in nitrogen atmosphere. 
After one hour hold time, the steam was passed with varying 
flow rates, i.e. 0.3, 0.5 and 1.0 ml/min. This way both 
carbonization and activation were performed in single step. The 
activation was carried out with steam. The flow rate of steam 
was controlled. 
 
Characterization 

 
The activated carbon prepared were characterized for 

moisture contents of Khakha powder, ash content, carbon 
content, silica content etc using chemical methods and surface 
area of the activated carbon using nitrogen adsorption 
isotherms. 
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Moisture Content 
 

The green samples were accurately weighed and kept in 
oven at 1000C for 24 hour. The % moisture content was 
calculated using following formula: 
 
 
 
 
Carbon Content and Volatile Content 
 

Known amount of samples were taken in silica crucible. 
The crucibles containing the samples were kept in furnace for 
carbonization up to 8500C in N2 atmosphere. The % carbon 
content and % volatile content were calculated using following 
formula: 
 
 
 
 

Volatile content (%)    =   100 -- Carbon content (%) 
 
Ash Content and Silica Content 
 

The weighed amount of carbon sample was heated in the 
furnace at 8000C in air to oxidise the carbon to carbon dioxide, 
leaving behind inorganic content as ash in the sample.  

 
 
 
 
 
 
 
 

The ash residue obtained after oxidation was dissolved in 
HF (Hydrofluoric acid) for overnight to find out the silica 
content. 
 
Surface Characteristics  

 
The surface characteristics i.e., surface area, pore size, 

pore size distribution were determined by BET, Micromeritics 
Gemini-2375 Instruments. The samples were cleaned at 1000C 
in presence of Ar gas for 1 hour and at 2500C for 12 hours. The 
N2 adsorption was studied al liquid nitrogen temperature          
(-1960C). The surface morphology was studied by using 
HITACHI S - 3000N Scanning Electron Microscope. 

 
The % micro pores were determined with the help of BET 

apparatus results and calculated using following formula: 

 
 
 
 
RESULTS AND DISCUSSION  
  

The moisture content in Khakha powder was found to be 
in the range of 8 - 10 %.  
 

On pyrolysis of Khakha powder (CKP) a wt loss of 65% 
was observed. The volatile content, carbon content, ash content 
and silica content in Khakha powder is shown in Fig. 1. The 
ash content in CKP was 15%, yielding about 12 % carbon 
content. The result showed that the total inorganic material in 
CKP is about 23%.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

The carbonized CKP was activated with steam at 800°C at 
varying flow rate of steam. The percentage carbon yield in two 
step steam activation process (i.e. activation followed by 
carbonization) at different flow rate of steam is shown in      
Fig. 2. 

 

 
 
 

On activation, some carbon atoms get oxidised to carbon 
dioxide and get removed leaving behind highly porous 
structure. When activation is carried out with steam at high 
flow rate, bunt off is higher and carbon percentage obtained get 
reduced. The activation process can also be accelerated by 
impurities present in the char as such, resulting in a more 
macroporous carbon. Therefore, as the steam flow rate 
increases at high temperature, the carbon yield decreases. The 
surface characteristics of activated carbon were studies by BET 
method. The nitrogen adsorption isotherms are given in Fig 3. 

 
Though, samples are invariably microporous, these 

adsorption isotherms shows very interesting results. Fig. 3 
shows that as the steam flow rate is increased from 0.1 to 
0.3ml/min, the volume of nitrogen adsorbed is increased and 
shape of isotherm changes to type I with characteristic H4 
hysteresis loop. This is an indication of the start of the 
development of mesopores in the sample. The adsorption in the 
macropores is insignificant while the micropores have large 
internal surface area and contribute significantly to adsorption. 
Since average micropore area increases due to activation 
process, adsorption capacity of carbon also gets increased. 

 
On further increase in flow rate from 0.3 to 0.5ml/min, the 

oxidation is fast and also diffusion, it appears that inorganic 
 
 

Moisture content (%) = 
Weight loss (gm)  

Original Weight of green sample (gm)  
 

X 100  

 
 
 
 
 
 
 
 
 
 
 
 

Carbon content (%) =  
Weight after carbonization (gm)  

Weight before carbonization (gm)  
X 100  

Ash content % =  
Weight after oxidation of carbon sample (gm)  

Weight before oxidation of carbon sample (gm)  
X 100  

Silica Content %   = 
Weight after HF treatment of carbon sample (gm)  

Weight before HF treatment of carbon sample (gm)  
X 100  

% Micro pore = 
Micro pore area  

BET surface area  
X 100   

%

Fig. 1 Constituents of Khakha powder in % 

Fig. 2 % carbon yield after steam activation at different steam  
flow rate of Khakha powder 
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Fig. 3 Nitrogen adsorption isotherm of Activated Khakha powder,       
(at -1960C) 

 
impurities present act as catalyst and at higher steam flow rate 
the pores are created and destroyed owing to coalescence and 
transition of larger pores into small new pores.  

 
Fig. 4 shows the variation in surface area and micropore 

area with steam flow rate using single step activation of AKP 
(activated Khakha powder), the BET surface area i.e. 537.03 
m2/g was almost similar than that of two step activation.  

Fig. 4 Effect of steam flow rate on BET surface area 
 

 

The BET surface area and percentage micropore decreases 
with increase in steam flow rate after 0.3 ml/min as shown in 
the Fig. 3 and Fig. 4 respectively. This shows that the steam 
flow rate has direct effect on surface area and micropore area.  
 

Table 1: change in average pore diameter with different steam 
rate for AKP 

 

The Table 1 shows that average pore diameter lies in the 
range of 1.9 to 6.4 nm at different steam rate. It clearly shows 
that with increasing the steam rate i.e. 0.2 to 0.5 ml/min, some 
of the micropores get converted to mesopores. Because the 
amount of inorganic matter present in khakha powder is higher 
this increases the kinetic reactivity of steam. But as the steam 
rate increases from 0.3 to 0.5 ml/min, more meso pores get 
converted into micropore because at higher steam rate the pores 
are created and destroyed owing to coalescence and transition 
of larger pores in to small new pores.  
 

Fig. 5 Effect of steam flow rate on % micropore. 
 
 

Fig. 6 Effect of steam flow rate on percentage micropore volume 
 

Fig. 5 and 6 show that as the steam rate increases in 
activation process, the overall percentage micropores decreases 
and the micropore volume increases. These results indicate that 
widening of micropores start on activation and these get 
converted into mesopores. In other words the microporosity is 
very sensitive to the change in steam activation rate.  From Fig. 
4, 5 and 6 it is concluded that the steam flow rate during 
activation process play an important role in controlling the BET 
surface area, percentage micropore and micropore volume of 
activated carbons. 

 
Fig. 7 shows the SEM micrograph of AKP. As seen from 

the Fig., the activation process removes the disorganized 
carbon, exposing the aromatic sheets to activation agents and 
leads to development of microporous structure. 
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Fig. 7 SEM image of carbonized and steam activated Khakha powder 
at (A) 50 μm and (B) 10 μm  

 
With increase in steam flow rate, volume of pores 

increases and pores are finely distributed on the surface of 
activated carbon. The cell structures in both the samples are 
found to be quite different. There is presence of solid mass 
within the pores and this solid mass reacts with steam during 
activation process and acts centre for creation of pores with 
them. These also contribute to the mesoporosity generation in 
the samples during activation process. 

 
In the early stage of activation, less than 10 % burn-off 

take place. The disordered carbon is removed and the aromatic 
sheet gets exposed and creates a reaction with the activation 
agent, leading to the development of microporous structure. 
The blocked pores formed during the carbonization step are 
opened in this stage. For the next stage, the reaction widens the 
existing pores or formation of the large size pores by the 
complete burnout of the walls between the adjacent pores, 
leading to the transition of the microporosity to mesoporosity 
or macroporosity and hence the lowering in the micropore 
volume and surface area. Although the precise mechanism of 
the activation process is not fully understood, the major 
mechanism involved may be viewed as the gasification reaction 
between carbon atoms contained in the carbonized product and 
the activating agent. Each carbon atom in the char has different 
reactivity depending on their arrangement and position. The 
carbon atom located at the edge and boundary of aromatic sheet 
or at defect positions and dislocations or discontinuities will 
have higher reactivity. 
 

CONCLUSION 
 
In present studies it is seen that the activation burn off 

depends on steam flow rate at same temperature. The activation 
burn off occurred due to oxidation of carbon by steam. This 
reaction takes place on the outer surface as well as in the 
micro-meso surface. The reaction on the surface generated new 
pores and the reaction inside results in the widening of the size 
of the pore.  

 
Thus by optimizing the activation conditions such as 

temperature, flow rate of steam and type of reaction, sample 
with controlled surface area and pore size can be produced. In 
case of AKP, the maximum BET surface area was found about 
539.77 m2/g with activation burn off about 38.73 % for two 
step activation. 
  

Finally it is concluded that for the production of activated 
carbon from Psyllium Husks derived waste biomass i.e. 
Khakha powder, the one step activation process is cost 
affective, less time consuming and mainly energy saving 
process. It also increases surface properties as compared to 
multi step activation. 
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ABSTRACT 
 

Carbon has been of great scientific and technological interest over all civilizations, mainly because of its application of its own but also in 
development of products through combinations with other elements. This interest is mainly due to the numerous structures it can be formed 
of. The latest interests are nanocarbons, mainly carbon nanotubes and graphene. Studies have been performed on wet oxidation of graphite, 
followed by exfoliation and reduction in order to synthesise graphene. Acid route has been followed for oxidation whereas reduction has been 
carried out in aqueous medium as well as in DMF. The reactions have been followed using FTIR, TGA and Raman spectroscopy. Reduction 
of exfoliated graphene oxide sheets in water with hydrazine results in a material with characteristics that are comparable to those of pristine 
graphite.  
Key words: carbon, graphite carbon nanomaterials, graphene, graphite oxide. 

INTRODUCTION 
 

Carbon occupies very important place in the periodic 
table. Depending upon its electronic (sp, sp2 or sp3) 
configuration, it exists in various allotropic forms, amorphous 
carbons, two dimensional layered graphite or 3D networked 

 
 again vary 

from m her elements. 
Therefor  commercial 
intere w forms. The 
last llerenes and 
carbon nanotub  the so called 
graphiti  bondings are well 

ations. All 
properti ductivities of 
Graphite p s) are greater 
than pe operties of the 
bulk graphite ers (Fig. 1). 
The bonds b e very strong. 
However, the d e forces between 
two laye this, graphite 
layers can eas eparated from 
each other to ge ill last decade, 
these graphen modynamically 
unstable and h aphene sheets were not 
explored  has generated 
interest in of single wall 
carbon nanotub ation of single 

 two-dimensional material 
constituting a n layers of carbon 
atoms arranged in six-member rings. It is distinctly different 
from carbon nanotubes (CNTs) and fullerenes, and exhibits 
unique properties which have fascinated the scientific 
community. 
  

As also shown in Fig. 1, it can be wrapped up into 0D 
fullerenes, rolled into 1D nanotubes or stacked into 3D graphite 
[1]. Graphene, promises a diverse range of applications from 
composite materials to quantum dots [2-4]. Graphene and 
chemically modified graphene (CMG) are promising 
candidates as components in applications such as energy-
storage materials, ‘paper-like’ materials [8] polymer 

composites, liquid crystal devices and mechanical resonators, 
field-effect transistors (FET), supercapacitor electrode 
applications [7], hydrogen storage and biomedical applications, 
due to its excellent properties [3-5]. Ideally graphene is a 
single-layer material, but graphene samples with two or more 
layers are being investigated with equal interest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic of a graphite structure consisting of three graphene 

layers, and Graphene: the parent of all graphitic forms, 
fullerenes, carbon nanotubes and graphene. 

 
Although single-layer graphene and bilayer graphene were 

first obtained by micro-mechanical cleavage in 2004 at the 
Centre for Mesoscopic and Nanotechnology of the University 
of Manchester, UK, directed by A K Geim [1]. Graphene was 
initially isolated by mechanical exfoliation, peeling off the top 
surface of small mesas of pyrolytic graphite [3-5], a method 
which is not suitable for synthesis of single-layer graphene or 
of few-layer graphene (FG). Among other methods and 
procedures for large-scale synthesis, exfoliation of natural 
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graphite is the most convenient technique. The natural graphite 
could be as such or that   containing any oxygen functionalities. 
Latter involves the exfoliation of graphite oxide (GO) followed 
by reduction. Several methods have been described in the 
literature for preparation of oxidized graphite or so called 
graphite oxide [6] Graphene and Chemical modification of 
graphene oxide, which is generated from graphite oxide (GO) 
has been a promising route to achieve mass production of CMG 
platelets [7,8]. Though GO has a history that extends back 
many decades to some of the earliest studies involving the 
chemistry of graphite, the interest in oxidation of graphite and 
its reduction is regenerated due its versatility in production of 
graphene in large scale at comparatively low price. Present 
studies were performed to evolve methods wherein the natural 
graphite flakes have been chemically treated followed 
exfoliation to yield grapheme [7,9]. All these studies have been 
followed using spectroscopic techniques and thermal analysis. 
 
MATERIALS AND METHODS 
 

Materials 
 
The natural graphite flakes (particle size – 400 um) was 

used as the starting material for preparation of graphene. For 
this process other chemical reagents used were sulfuric acid 
(H2SO4) (Ranbaxy fine chemical), Potassium persulphate 
(K2S2O8) (Loba chemicals) Phosphorus pentoxide (P2O5) 
(Sigma – Aldrich,), Potassium Permanganate (KMnO4) (Samir 
Tech chem.), Hydrogen peroxide (H2O2) (RFCL), Acetone 
(Qualingens fine chem), Dimethyl Formamide (DMF) 
(Qualingens), Hydrazine Hydrate (H6N2O) (RFCL).  
 
Synthesis of Graphene 
 

The preparation of graphene involves three key steps.  
a) Oxidation of starting material (Graphite flakes) to 

synthesize Graphite Oxide (GO). 
b) Thermal expansion or Exfoliation of the as – prepared 

Go to obtain TEGO/EGO. 
c) Reduction and dispersion of resulting EGO to produced 

graphene. 
 
Synthesis of graphite Oxide (GO) 

 
The employed method consists of two steps. (i) Pre 

Oxidation of Graphite, (ii) Oxidation of POG (Pre – Oxidized 
Graphite). 

 
Sulfuric acid (H2SO4), potassium pursulphate (K2S2O8) 

and phosphorus pantoxide (H2O5) were mixed and stirred at 
room temperature till clear solution was obtained. In this 
mixture K2S2O8 and P2O5 were added slowly and stirred till 
clear solution was obtained, Graphite flakes were added slowly 
in this mixture. After this addition, mixture was stirred for 4 – 5 
hrs at 80oC. After stirring for 4 – 5 hrs, dilution of this solution 
was carried out. For this process distilled water was slowly 
added to above solution keeping temperature below 10oC. 
Reaction flask was immersed in ice bath for dissipation of heat 
in exothermic reaction that occurred during addition of water. 
Finally, the resulting suspension was filtered and washed with 
distilled water up to neutral pH and dried it in oven at 100oC 
for 1 – 1.5 h to obtain Pre – Oxidized Graphite (POG).  
 
Oxidation of POG 
 

Sulfuric acid and potassium permanganate were mixed 
and stirred at a 10oC for half an hour. Pre – Oxidized Graphite 
(POG) was added slowly and stirred for 1 hour in ice bath 
followed by stirring at room temperature for 24 h. Distilled 

water was added to the solution. Reaction flask was immersed 
in ice bath to control the temperature below 10o C. An 
exothermic reaction occurred during addition of water. This 
solution was treated with H2O2 to reduce residual 
permanganate to soluble manganese ions. The solution became 
bright yellow colored after reduction. After this process, this 
suspended solution was washed with distilled water by 
centrifugation decantation till neutral pH obtained. Finally the 
resulting suspension Graphite Oxide slurry (GO) was obtained. 
 
Exfoliation of Graphite Oxide 

 
The as prepared GO was exfoliated using ultrasonication 

method to synthesize Exfoliated Graphite Oxide (EGO) or 
Graphene Oxide.  

 
Thermal Expansion of Graphite Oxide 
  

The Graphite oxide was thermally expanded to form 
TEGO by rapidly heating it in a furnace shown in Fig. 2. The 
nitrogen gas was flushed in the quartz tube containing graphite 
oxide which was then rapidly moved in to the middle heating 
zone of the furnace already heated to 220o C. 

Fig. 2 Experimental setup for synthesis of TEGO 
 
Reduction and Dispersion of Graphene Oxide 

 
Reduction of Graphene Oxide in Water 

 
In typical procedure GO slurry was loaded in a round 

bottom flask to which was added distilled water yielding an 
inhomogeneous yellow solution. This solution was sonicated 
by using ultrasonic bath cleaner until it became clear without 
any visible particulate matter in solution (45 min – 1 h). To 
obtain homogeneous dispersion of exfoliated graphite oxide 
(Graphene Oxide) in water   Hydrazine Hydrate was added to 
this solution and solution was heated at 100oC in paraffin bath 
for 24 h. The reduced GO (r - GO) gradually precipitated out as 
a black solid on the surface. This product was isolated by 
filtration over a medium fritted glass funnel. It was washed 
with distilled water (10 × 150 ml) up to neutral pH and dried at 
100oC in oven for 3 h. 
 
Reduction of GO in DMF 

 
In this experiment, Graphite Oxide (30 mg) was loaded in 

reaction flask containing 10 ml water. This solution was 
sonicated for 1 h to obtained homogeneous dispersion of 
exfoliated GO (Graphene Oxide). Addition of Dimethyl 
Formamide (DMF, 90 ml, volume ratio DMF/H2O = 9) yielded 
the light – brown suspension of graphene oxide (EGO). The 
suspension was quite stable. To the graphite Oxide suspension, 
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Hydrazine Hydrate was added and stirring was done on 
magnetic stirrer by using Teflon coated magnetic bar for 12 h at 
80oC. Finally, the reduced graphene oxide was obtained as 
black colloidal suspension in Dimethyl Formamide (DMF). 
 
Characterization of GO and r–GO 

 
Electrical Conductivity measurement of GO and r – GO  

The electrical conductivity of graphite flakes, Graphite 
Oxide, Reduced Graphite oxide was measured by Keithley – 
6182 AC/DC current source – Nanovoltmeter (Fig. 3).  In this 
experiment samples were used in powder form. 

Fig. 3 Sample holder and set up for measurement of electrical 
conductivity 

 
Thermogravimetric study  

Thermogravimetric analysis (TGA) is performed on 
samples to follow oxidation reaction, to determine the extent of 
oxidation of graphite, reduction process etc. TGA was done 
from room temperature to 800oC at a heating rate of 5oC per 
min. 

 
Fourier Transform Infrared Spectroscopy (FT – IR) Study  

SHIMDZU 8300 FTIR spectrometer was used to study the 
type of chemical groups present in GO and r-GO.     

 
Surface area measurement  

The surface characterization, e. g. surface area, pore size, 
pore size distribution were determined by using BET apparatus 
2375 Gimini Micromeritics. The nitrogen gas adsorption 
measurement was carried out at liquid nitrogen temperature. 

 
Raman spectroscopic study 

 
Raman scattering is a fast and non destructive technique 

that provides a direct insight on the electron – phonon 
interactions, which implies a high sensitivity to electronic and 
crystallographic structures. It has been extensively applied to 
the structural investigation of carbon materials such as carbon 
nanotubes and graphene. Raman spectra of graphite and its 
compounds were taken on Renishaw Raman microscope using 
514 laser as excitation source. 

 
RESULTS AND DISCUSSION  
  
Exfoliation of GO in water 

 
Exfoliation of GO in water showed the hydrophilic nature 

of the oxygenated graphene layers and its easy exfoliation in 
aqueous media. As a result, GO readily formed stable colloidal 

suspensions in water. These sheets are, however, different from 
graphitic nanoplatelets or pristine graphene sheets due to their 
low electrical conductivity. Moreover, the resulting sheets, by 
TEM analysis, were found to be about 1 nm thick leading to a 
conclusion that complete exfoliation of GO to individual 
graphene oxide sheets was achieved under these conditions. 
These are different than pure graphene sheets which are smaller 
in thickness. Graphene oxide sheets are expected to be ‘thicker’ 
due to the presence of covalently bound oxygen and the 
displacement of the sp3 hybridized carbon atoms slightly above 
and below the original graphene plane. 
 
Reduction of exfoliated GO 

 
During the hydrazine reduction of graphene oxide sheets 

dispersed in water, the brown-colored dispersion turned black 
and the reduced sheets aggregate and eventually precipitate. 
The precipitation of the reduced sheets occurred, presumably 
due to their becoming less hydrophilic as a result of oxygen 
removal and thus increased incompatibility with the aqueous 
medium. As dissolution of the reduced sheets decreases, the 
inter-sheet hydrophobic interactions cause them to aggregate as 
well as adhere to the hydrophobic surface. The main purpose of 
reduction of EGO was to obtain graphene from the graphene 
oxide. Hydrazine is known to open epoxide rings readily and to 
form hydrazino alcohols. Though, such a reaction pathway is 
possible in GO upon hydrazine treatment, there are other 
complementary reactions resulting in oxygen removal. It is 
possible, however, that the initial derivative produced by the 
epoxide opening with hydrazine reacts further via the formation 
of an aminoaziridine moiety which would then undergo thermal 
elimination of diimide to form a double bond. Such a reaction 
might be further driven in GO by re-establishment of the 
conjugated graphene network. 

 
Electrical conductivity studies of as such graphite, GO and 
r – GO 

 
To determine the extent to which the chemical reduction 

of exfoliated GO restores the electrical properties of the 
graphitic network, the measurement of electrical conductivity 
of compressed-powder samples of the pristine graphite, GO, 
and the reduced GO at room-temperature were made. In this 
study samples were used in the powder form. The electrical 
conductivity was found to decrease after oxidation but an 
increase in the conductivity was found after reduction. The 
conductivity of the r–GO was more than that of the GO because 
of the restoration of the sp2 network of the graphitic plane by 
reduction of GO. The value of the electrical conductivity of the 
graphite flake, GO and r – GO are 0.6713 Ω-1 m-1, 0.0040 Ω-1 
m-1 and 0.0245 Ω-1 m-1  respectively. 
 
Raman spectroscopic study  

 
A typical Raman spectrum of Graphite flakes, Pre – 

Oxidized Graphite and Graphite Oxide is shown in Fig. 3. The 
significant structural changes occurring during the chemical 
processing from pristine graphite to GO, and then to the 
reduced GO, are also reflected in their Raman spectra. The 
Raman spectrum of the pristine graphite, as expected, displays 
a prominent G peak as the feature at 1584 cm-1 and at 2656 cm-
1, historically named G’, since it is the second most prominent 
peak always observed in graphite samples. In the Raman 
spectrum of GO, the G band is broadened and is found to be 
shifted to 1604.8 cm-1. In addition, the D band at 1373.28 cm-1 
becomes prominent, indicating the reduction in size of the in-
plane sp2 domains, possibly due to the extensive oxidation. The 
Raman spectrum of the Pre – Oxidized Graphite (POG) also 
contains both G and D bands at 1584 and 1317 cm-1 
respectively with an increased D/G intensity ratio in GO 
compared to that in the POG spectrum. This change suggests a 
decrease in the average size of the sp2 domains in GO.   
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Fig. 3a 

Fig. 3b 
TGA studies of GO and r – GO  

 
GO is thermally unstable and starts to loose mass upon 

heating even below 100o C, the major mass loss occurs at near 
220o C, presumably due to pyrolysis of the labile oxygen-
containing functional groups, yielding CO, CO2, as seen in  
Fig. 4. Hence, the thermal decomposition of GO can be 
accompanied by a vigorous release of gas, resulting in a rapid 
thermal expansion of the material. This is evident by both large 
volume expansion and a larger mass loss (from flying GO 
debris in the TGA instrument) during a more rapid heating 
regime. 

Fig. 3c 
 

Fig. 3 (a, b, c) Raman spectrum of (a) Graphite (b) Pre-oxide Graphite 
(PGO) and (c) Graphite oxide (GO). 

Fig. 4 (a).TGA spectrum of Pre - Oxidized Graphite (POG) 
 

Fig. 4 (b) TGA spectrum of Graphite Oxide (GO) 
 
On the other hand, the removal of the thermally labile 

oxygen functional groups by chemical reduction results in 
much increased thermal stability for the reduced GO. Apart 
from a slight mass loss below 100o C, which can be attributed 
to the loss of adsorbed water, no significant mass loss is 
detected when this material is heated up to 600o C. TGA curve 
of Pre – Oxidized Graphite and graphene oxide exhibits peak at 
230o C, which correspond to 10% and 30 % weight losses 
respectively. These peaks are attributed to the removal of 
oxygen containing groups (second peak). But in case of the r – 
GO, there was very small peak observed at 220oC because of 
the removal of oxygen containing groups from the Graphene 
oxide layer. It means that during the reduction of Graphene 
Oxide large amount of oxygen containing functional groups are 
removed, but there were some groups still present on graphene 
oxide plane. 

 
FT – IR Study of GO and r – GO 
 

An additional tool for the characterization of graphene 
oxide is FTIR spectroscopy. Fig. 5 shows FTIR spectra of 
graphite, GO and r-GO. Graphene oxide exhibits the following 
characteristic IR features. Strong band observed at ~ 3440 cm-1 
attributed to the hydroxyl stretching vibrations of the C-OH 
groups, doublet near  ~2925 cm -1  and ~2855 cm -1attributed to 
the CH2 or CH3 groups, a weak peak in between 1610 - 1627 
cm-1 assigned to the C=O stretching vibrations of the-COOH 
groups, a weak peak at 1396 cm-1 assigned to the O-H 
deformations of the C-OH groups, and a strong band at 1050 - 
1095 cm-1 attributed to C-O stretching vibrations. FT – IR 
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Fig. 4 (c) TGA spectrum of reduced Graphite Oxide (r - GO) 
 
spectrums of Graphite flakes, POG, GO, r – GO at room 
temperature and r – GO heated at 100o C as shown in below 
figures respectively. Fig. 5 shows FTIR spectra of graphite, 
GO, POG and r-GO. The FTIR spectra of POG and GO show 
band corresponding to C=O stretching vibration of the –COOH 
group stronger than for graphite because of the oxidation 
reaction of graphite which generate acidic functional groups. 
The –OH band of POG and GO sample are also stronger and 
broader than for the GF sample and a weak band at 1396 cm-1 
assigned to the O-H deformations of the C-OH groups was 
observed in POG and GO sample. In case of reduced graphene 
oxide, a weak shoulder at 3430 - 3440 cm-1 attributed to the 
hydroxyl stretching vibrations of the C-OH groups was absent 
and a weak band at 1396 cm-1 assigned to the O-H 
deformations of the C-OH groups was also absent. A weak 
band at 1610 - 1627 cm-1 assigned to the C=O stretching 
vibrations of the-COOH groups disappeared in the r–GO 
spectrum. Absence of these groups in r–GO sample are because 
reduction reaction between hydrazine hydrate and graphene 
oxide so that these groups get removed from the graphene 
oxide. But after reduction some new functional groups were 
attached to the graphene plane such as –NH2 groups at 1541 cm 
-1 and -C=N group at 1681.8 cm -1.     
 

Fig. 5a 
Surface area study 

 
Surface area measurement of the reduced GO sheets and 
exfoliated GO sheets via nitrogen gas absorption yielded a 
surface area value of 382 m2/g, 466 m2/g respectively. This 
high specific surface area is partially an indication of the degree 
of GO exfoliation. However, it is still lower than the theoretical 
specific surface area for completely exfoliated and isolated  
 

Fig. 5b (POG) 
 

Fig. 5c  

Fig. 5d 
 
Fig. 5 FT - IR spectrum of (a) graphite, (b) POG, (c) GO and   (d) r-GO 

 
graphene sheets (2,620 m2/g), But after reduction of Graphene 
oxide the surface area of that r – Go was 415 m2/g this is due to 
the agglomeration of the graphene oxide sheets upon 
reduction.While this agglomeration can result in the partial 
overlapping and coalescing of the reduced sheets and lowering 
the surface area of the bulk materials, the crumpled 3-
dimensional structure of the sheets still leaves many exposed 
surfaces. 
 
CONCLUSION  

The graphene sheets have been synthesized by a fast 
method through oxidation-reduction technique using graphite 
flakes as a starting material. 
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Reduction of exfoliated graphene oxide sheets in water 
with hydrazine results in a material with characteristics that are 
comparable to those of pristine graphite. 

 
The characterization of the reduced GO indicates that the 

hydrazine treatment results in the formation of unsaturated and 
conjugated carbon atoms, which in turn imparts electrical 
conductivity. 

 
As such, reduced graphene oxide sheets may find use in a 

variety of applications such as hydrogen storage and as an 
electrically conductive filler material in composites. 
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ABSTRACT 
 

Reticulated vitreous carbon foams are an open pore foam material composed solely of vitreous carbon having highly interconnected porosity. 
Carbon foams were synthesized using commercially available polymeric foams as templates and thermosetting phenolic resin as carbon 
source in the present work.  The preforms were fabricated by impregnated polymeric foam with resin followed by carbonization at different 
temperatures up to 1400 0C in inert atmosphere to form carbon foam. The changes in density and porosity of carbon foam were determined.  
Surface morphological studies were carried out using SEM (Scanning electron microscope) which showed that the pores were uniformly 
distributed and highly interconnected throughout the structure. At 1400 0C, the foams retained their compactness and the compressive 
strength of the carbon foam was 0.23 MPa and it was found that the compressive strength and Modulus of carbon foam increases with 
ncrease in heat treatment temperature. i 
Key words: compressive strength, porosity, reticulated carbon foam, resin, template.  
 
INTRODUCTION 
 

Various types of ultra-lightweight porous carbons have 
been reported in the literature including xerogels [1] to aerogels 
[2] and carbon foams [3]. Carbon foams have attracted great 
attention recently because of their light weight and tailorability 
of their physical properties over a wide range of applications 
[4–7]. The type of carbon foams depend on the raw material 
(precursor) used and the manufacturing process employed. The 
major categories are: reticulated vitreous carbon foam (RVC), 
graphitic carbon foam and non-graphitic carbon foam. 
Reticulated carbon foam consists of interconnected voids 
surrounded by a web of carbon struts.   
 

The attractive applications of carbon foams involve 
thermal managements, electrodes, catalyst supports and filters 
owning to their novel features such as adjustable thermal-
conductivity and electrical conductivity, high porosity, low 
thermal expansion Coefficient, high-temperature tolerance, etc. 
[7–9]. Carbon foams also find their way to act as Radar 
absorbing materials, mainly due to their well matched 
impedance, high durability, light-weight, and effective EM 
wave absorbing capability [10]. Due to the larger pore sizes as 
well as fully open pore structure, the permeability is usually 
high in reticulated carbon foams. 

 
One of the current interests in carbon foam applications is 

in the Power Technology, wherein a battery is comprised of 
electrical current collectors composed of reticulated vitreous 
carbon covered with a thin layer of a lead tin alloy. The current 
collectors create up to four times higher surface area for 
electrochemical reactions to take place compared to those in a 
typical lead acid battery, resulting in a battery with higher 
efficiency and higher capacity meaning more electricity 
generation [11]. Moreover, the carbon foam can be shaped 
according to the requirement. The machinability of carbon 
foam is also convenient. These can be tailored to have low or 
high thermal conductivity with a low CTE and density. These 
foams have high modulus but low compression and tensile 
strength. Foams of C, Si, and SiC are being investigated by 
various commercial organizations [12,13] for similar 
applications at higher temperatures. 

 

Carbon foams were first obtained in the late 1960s as 
reticulated vitreous carbon foams [14]. RVC is synthesized by 

carbonizing precursor foam which is impregnated by a 
thermosetting resin. Open cell polyurethane foams are 
commonly used as precursors. Open cell foams are those in 
which the foam lamellae separating neighbouring cells are all 
ruptured, resulting in a structure comprising a network of struts 
with continuous air passages. The impregnating resins used are 
generally phenolic resins, epoxy resins or furfuryl alcohol. The 
carbonization rate of furfuryl alcohol impregnated polyurethane 
foams could be higher than that for foams infused with 
phenolic and epoxy resins [15]. In the present work carbon 
foam has been synthesized by template route. Open cell 
polyurethane foams were used as precursors or templates and 

henolic resins as carbon source.  p
 
MATERIALS AND METHODS 
 

The overview of the template route for making carbon 
foam is shows in Fig. 1. The cleaned PU foams were 
impregnated with phenolic resin. Impregnated PU foams were 
cured at 150 oC and were heat treated in inert atmosphere at 
different temperature up to 1400oC to study the pyrolysis 
behaviour of foam. Up to 1000oC the foams were heat treated 
in N2 atmosphere at slow heating rate 25oC/hr and those up to 
1400oC were heat treated in Argon atmosphere. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Overview of the preparation method 
 

The synthesized carbon foams were characterized for 
different properties like the change in density and the 
percentage porosity (by kerosene porosity). The compressive 
strength and modulus of carbon foam were measured by 
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INSTRON 5500R. The main intrinsic properties of carbon 
foams like cell structure, size and shape of cell, pore wall 
hickness, etc were evaluated by SEM (HITACHI-S3000N).  t

 
R
  

ESULTS AND DISCUSSION  
Pyrolysis Behaviour of The Resin Impregnated Foam 

 
The coating of polymeric template is the crucial step in the 

template method. The viscosity of resin plays an important role 
in the impregnation or coating process because higher viscosity 
gives dead end in the sample while lower viscosity results into 
uneven coating through the sample. Moreover, incomplete 
removal of the excess resin slip before firing leads to the 
presence of some closed cells in the final carbon foam, altering 
its mechanical properties and permeability behaviour. Firing 
must be conducted at an appropriately slow rate during the 
elimination of the polymeric template, to avoid stresses and 
macro defects in the final carbon foam structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 shows photographs of the foams at various stages of 
formation. It shows that rigidity of the foam is retained at all 
stages, even during heat treatment [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The structural changes in the resin impregnated foam as 

well as the final structure depend on the pyrolysis behaviour 
and ultimate char yield of the phenolic resin, especially in the 
low temperature range since at around 3500C the 
decomposition of polyurethane is practically completed by 
releasing components like diisocyanates and polyols. Other 
decomposition products are amines, olefins and carbon dioxide 
because of the destruction of the polymer chains and 
subsequent secondary reactions [17]. At this time it is the 
impregnated resin or the pyrolyzed product of the resin which 
imparts rigidity to the foam structure.  Fig. 3 shows TGA of the 
cured phenolic resin used in the present studies. As seen from 

the Fig., in the temperature range up to 300oC, the weight loss 
is not appreciable. It means it is rigid enough to sustain the 
structure while the template, polyurethane is decomposing.  
The phenolic resin gives ultimate yield of 60 % after pyrolysis 
as shown in Fig. 3. According to Yamashita et al. [18], thermal 
weight loss below 450°C was is due to dehydration reaction of 
phenolic resin, including thermocuring reaction between 
hydroxymethyl groups and hydrogen groups within aromatic 
rings and the condensation reaction between methylene and 
hydroxyl groups. The condensation aromatic polynuclear 
structure started to form above 450°C and developed above 
500°C [19], releasing small molecular substances such as CH , 
H , CO, CO , etc. weight loss at approximately 700°C was 
attributed to further carbonization and dehydrogenation 
reaction in phenolic resin. As a result, uniting phenol 
compound advanced and the dehydration and depolymerisation 
reaction were promoted. Phenolic resin was converted into 
glassy carbon after carbonization. Weight loss rate reaches 
maxima at approximately 550°C, and evidently decreases 
above 600°C, hardly varies above 800°C.  To retain the original 
porous structure of precursor foam, it is necessary to cure the 
impregnated phenolic resin in PU foam.  

4

2 2

Fig. 2: Photograph of carbon foam at different temperature
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Fig. 4: Changes observed in density at different 
temperature 

Fig. 3: TGA of cured Phenolic resin in N2 atmosphere

The changes observed in density at different temperature 
are shown in Fig. 4. In the temperature range 500 – 1000 0C, 
the density increases gradually with temperature due to the 
pyrolysis of phenolic resin. Further heat treatment to 
temperature between 1000 – 1400 0C, the density decreases due 
to denitrogenation. It is observed that the weight loss and 
volume shrinkage observed up to 1000 0C was higher. It also 
eads to shrinkage resulting in strong cell formation.  l

 
P
 

hysical Properties of The Carbon Foam 

At 1000 0C, the carbon foam produced has glassy colour. 
It is also noticed that the sound of carbon foam when it strike 
with ceramic tiles become more metallic or glassy with 
increase in heat treatment temperature. 

 
The kerosene porosity method is generally used for the 

samples having pore diameter larger than that of kerosene 
molecules. The samples used for analysis must be free of 
moisture and can react with kerosene. The samples were 
evacuated in vacuum for 2 hours and impregnated with 
kerosene. The porosity of carbon foams at different heat 
treatment temperature was determined by using kerosene 
porosity method. The porosity was found out by equation 1 as 
given below:       
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 (1) 
 

Table 1: Kerosene porosity of carbon foam at different 
temperature 

 
Heat treatment temp, 0C Kerosene porosity, % 

150 86.26 
300 78.15 
500 78.08 
700 76.03 
1000 75.73 
1200 72.32 
1400 70.57 

 
As shown in Table 1, the porosity of carbon foam 

decreases as the heat treatment temperature increases because 
with increase in temperature the entire foam structure gets 
shrunk and some of the pores may get blocked with vitreous 
carbon. 

 
In most solid, rigid foams, whether they are made of 

carbon or not, the compressive stress-strain curves show a 
linear elastic region, followed by a stress plateau region [20, 
21]. The present carbon foam presents a brittle failure mode 
undergoing successive cell wall fractures. The compressive 
strength and modulus of the foam heat treated at different 
temperature is given in Fig. 5: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5: compressive strength of carbon foam 
 

As shown in Fig. 5, the compressive strength and modulus 
of carbon foam increases with increase in heat treatment 
temperature due to more shrinkage resulting in strong cell 
formation and blocking of some pores. The compressive 
strength increases with relative density. The strength of carbon 
foam mainly depends on the type of porosity, open cell to close 
cell ratio, size and shape of pore, cell wall thickness, length of 
individual struts, area of pore junction and interconnected 
network of porous structure. In addition, the strength of carbon 
foam is also related to the properties of the precursor material, 
such as the viscosity of resin. However, heating rate is also an 
important parameter because during heating, the expansion and 
gas evolution of the polymer lead to significant stresses that 
can damage the carbon foam surface if not carefully controlled, 
eading to carbon struts containing macroscopic flaws. l

 

 
Weight absorbed Kerosene S

 
urface Morphology of the Carbon Foam % Kerosene porosity = X 100 

Density of Kerosene X Volume of sample The surface morphology of carbon foam is also studied 
with the scanning electron microscope (SEM). Fig. 6 shows 
that the pores are uniformly distributed throughout the 
structure. It indeed shows the open cell and well organized cell 
structure without any cracks and defects. The pore wall 
thickness varies between 50 µm to 85 µm. SEM image shows 
that the foam cell size varies from approximately 200 µm to 
500 µm. As shown in Fig. 6 (A), the pores are broken during 
sample preparation or machining.  It also shows that all the 
open cell pores are highly interconnected with very less closed 
cell pore. The closed pores are formed in the structure due to 
excess resin present in foam during impregnation process. 

 
 
 
 
 
 
 
 

A B 

 
 
 
 
 
 
 
Fig 6: SEM images of carbon foam (A) and (B) shows uniform 

distribution of porosity, (C) and (D) pore wall or pore 
boundary  

 
It is clearly seen that the surface of carbon foam cells are 

not porous. The foam cell size is relatively uniform throughout 
he structure. t

 
CONCLUSION 

 

Reticulated vitreous carbon foams having high 
interconnected porosity has been synthesized by carbonizing 
the open cell polyurethane foams infused with phenolic resin. 
The pore size and total porosity of carbon foam can be 
controlled by using appropriate processing conditions.  
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SYNTHESIS AND RAMAN CHARACTERIZATION OF MULTIWALLED CARBON 

NANOTUBES BY CATALYTIC CHEMICAL VAPOUR DEPOSITION 
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ABSTRACT 
 

Catalytic chemical vapour deposition (CCVD) was used to synthesize CNTs, on silica substrate using xylene as carbon precursor and 
ferrocene as catalyst source. The carbon nanotubes are multiwall nanotubes which have been found to grow in bundles with CNTs within the 
bundles growing in one direction in a zig zag manner. The inner diameter of the tubes is found to decrease with total (outer) diameter of the 
CNTs. These CNTs have been characterized using SEM, XRD, TEM and Raman spectroscopy. The results obtained from these techniques 
have been interrelated.   
Key words: carbon nanotubes, microstructure, raman microscopy, chemical vapour deposition

INTRODUCTION 
 

Carbon Nanotubes were first discovered in cathode 
deposits obtained in arc evaporation of graphite in 1991 by 
Iijima [1]. The techniques widely used for the synthesis of 
CNTs are arc discharge, laser ablation and catalytic chemical 
vapour deposition of certain hydrocarbons. Among these 
methods, catalytic chemical vapour deposition technique 
(CCVD) is considered more suitable in terms of purity, control 
of tube size and large scale production. CCVD synthesis of 
CNTs is carried out by the pyrolysis of hydrocarbons over 
nanoparticles of a catalyst such as iron, cobalt or other 
transition metals dispersed over a support [2-5] or finely 
dispersed in the reactor, floatation technique. The presence of 
catalyst nanoparticles are essential for the formation of 
nanotubes and to control the diameter of nanotubes to some 
extent [6]. Not only the tube diameter, but even the 
microstructure of the tubes is controlled by the type of 
precursor, catalytic particle and the processing conditions. 
Different authors have used different techniques. In the present 
work, multiwall CNTs have been synthesized by CCVD 
technique using pyrolysis of Xylene as carbon source and iron 
particles as catalyst on silica powder substrate and subsequent 
characterization by SEM, TEM, X-ray Diffractometer and 
Raman Microscope. 
 
MATERIALS AND METHODS 
 

Multiwalled carbon nanotubes were synthesized by 
floating catalyst chemical vapour deposition method. The 
pyrolysis setup used for the synthesis of MWNTs is shown 
schematically in Fig. 1. The quartz boat containing the catalyst 
support, silica powder, was placed at the pyrolysis zone of the 
horizontal tube reactor. The temperature of the pyrolysis zone 
was monitored using a programmable temperature controller 
CHINO KP1000. The reactor was connected to a gas delivery 
system, mass flow controller NISHKO µCS3000. Mixture of 
Ar and H2 of the desired composition was introduced at 
controlled rate. The furnace was heated to a temperature of 
800oC. On attainment of the desired reaction temperature, the 
liquid hydrocarbon, xylene, containing 1 wt% of ferrocene was 
injected in the reactor along with Ar containing 10% H2. After 
the reaction, the furnace was allowed to cool to room 
temperature under inert atmosphere. The growth and structure 
of the CNTs were studied using SEM, TEM, X-ray 
Diffractometer and Raman Microscope. 

 
 

  

  
Fig. 1 Chemical Vapour Deposition Setup 

 
Since the synthesized CNTs may contain large amount of 

impurities such as amorphous carbon, metal and silica particles, 
purification was carried out using acid cleaning method, by 
treating the CNTs with 50% HF solution for 20 hours for the 
removal of Silica particles, subsequently the CNTs were treated 
with 1N HCl solution for 20 hrs followed by washing with 
distilled water [7-13]. The washed CNTs were dried at 100oC 
to remove moisture.  

 
The percentage carbon yield was determined by the 

change in weight. The CNTs were observed under SEM 
HITACHI S-3000N operated at 30 kV to study the growth of 
the CNTs, morphology as well as the microstructure. TEM 
Philips, Technai-20 operated at 200kV was used to examine the 
tubular nature of the CNTs and impurities, if present. Raman 
spectra were taken with Renishaw inVia Raman microscope 
using Argon ion laser at 514nm excitation.  
 
RESULTS AND DISCUSSION  
  

Fig. 2 shows the SEM micrographs of the CNTs. As seen 
from Fig. 2 (a) carbon nanotubes are grown in bundles. Along 
with nanotube bundles, growth of carbon particles can also be 
seen in Fig. 2 (a) The bundles are oriented in different 
directions. This is because the preferred crystal directions of 
the catalysts required for growth of CNTs are oriented in 
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different directions. In catalyst floatation technique, it is 
difficult to have all the crystal planes oriented in one particular 
direction. Fig. 2 (b) shows that even within a nanotube bundles, 
the individual nanotubes are not perfectly aligned. These, 
though grow in one direction, posses wavy nature of growth. 
This is also evident from Fig. 2 (c) and 2 (d) which show that 
some of the tubes coil back. This is due to interruption of the 
growth by flowing gases as well as Van der Waal forces 
between the growing tubes.  

 
Fig. 3 shows TEM micrographs of the purified CNTs. 

TEM micrographs reveal that the CNTs are multiwall 
nanotubes, with outer diameter ranging from 13- 20 nm. The 
wall thickness ranges from 2-5 nm. No tube exhibit catalyst 
embedded in the tubes. This shows that the acid leaching 
technique removes all the metallic impurities from the 
nanotubes. Another characteristic TEM observation is that the 
inner diameter of the tube decreases with increase in outer 
diameter. This suggests that the outer walls are formed first and 
with time and concentration, the inner walls start growing. 

 

 
 

 

 

 

c 

 

  

a d 

Fig. 2 (a - d): SEM micrographs show the dense growth of the 
CNTs  b 

 

a

Fig. 3 (a): TEM micrograph reveals the multiple walls of the CNTs 
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Fig. 3 (b, c): TEM micrographs reveal the multiple walls of the 
CNTs 

 

  

  

b 

Fig. 5: Raman spectra of MWNTs 
 

It shows D-band at 1353.28 cm-1, due to scattering from a 
defect which breaks the symmetry of the graphene sheet. 
Raman band at 1588.5 cm-1 is due to the G-band in CNTs 
basically due to the vibrational mode corresponding to the 
movement in the opposite directions of the two neighboring 
carbon atoms in a graphite sheet. The G-band is closely related 
to vibration in all sp2 carbon materials. The Raman spectra of 
multiwalled CNTs exhibit two peaks corresponding to D-band 
and G-band of polycrystalline graphitic structures. Ratios of 
intensities of the D-band to G-band have been used as an 
indicator of the amount of disorder within the carbonaceous 
materials and nanotubes in particular. The second order Raman 
spectra, also consists of a dominant D* line, seen at around 
2706.93 cm-1, which is the second order of the D line 1353.28 
cm-1. The D* peak is unique for multiwalled carbon nanotubes. 
Except the strong D* band, two additional weak bands are 
observed, one at 2949.72 cm-1 which is thought to arise from a 
combination of the Raman modes at 1353.28 cm-1 and 1588.55 
cm-1, the other weak band appears at 2461cm-1  is assigned to 
G+A2u modes.[14-21].  
 

The ID/ IG ratio as calculated from the Raman spectra of 
the CNTs grown in the present studies is 0.41 which is a mid 
ordered graphitic structure. The XRD spectra and TEM 
observations also show that the grown carbon nanotubes are 
mid ordered graphitic in nature. This shows that the 
observations made from Raman studies are complimentary to 
the observations made by TEM studies. 
 
CONCLUSION 

 
The present studies on growth of carbon nanotubes using 

Xylene as carbon sources and Ferrocene as floating catalyst 
show that the carbon nanotube bundles get oriented in different 
directions corresponding to the orientation of the crystal planes 
of the catalyst. Further, the characterization techniques, TEM, 
XRD and Raman spectra are complementary characterization 
techniques and hence Raman spectra can be conveniently used 
to study the microstructure of CNTs. 
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c 

Fig. 4:  X-Ray diffractogram of the CNTs. 
 
Fig. 4 shows XRD of CNTs. As evident from the Fig. 

CNTs related peaks are detected at 2θ=26.25o and 44.63o which 
represent graphite (002) and (101) peaks respectively.  
 

Micro-Raman Spectroscopy is a powerful technique for 
learning the graphitic structure of the CNTs. The Raman 
spectra of carbon based materials mainly exhibit two main first 
order peaks assigned to G (graphitic) band and D (disordered 
carbon) bands. Fig. 5 shows Raman spectra of CNTs. 
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ABSTRACT 
 

Micro porous carbons are used for the sorption/separation of light gases, where as the carbon with broad pore size is applied for removal of 
large organic molecules. In this work activated carbon was prepared from natural material pine wood. Pine wood monoliths were carbonized 
in inert nitrogen atmosphere for different intervals of times. To enhance the surface area and to develop interconnecting porosity, the 
pyrolysed monoliths were activated with steam at different flow rates of steam under identical conditions. It was found that flow rate of 
steam has profound effect on both surface characteristic and surface morphology. Surface characteristic were determined by BET method 
and surface morphology was seen by using SEM (scanning electron microscope). Further the flow rate of steam was optimized to retain 
monolith structure as well as higher surface area.  
Key words: Wood, Pyrolysis, Physical Activation 

INTRODUCTION 
 

Activated carbon adsorbs molecules from both liquid and 
gaseous phases depending upon the pore size and pore size 
distribution of the adsorbent. For adsorption from gas phase, 
mainly micro porous carbon is used whereas, meso porous 
carbon is applied in liquid phase process. In general both large 
surface area and wide pores are desirable. Large surface area 
allows large adsorption amounts and wide pores enhance 
diffusion, which influences the overall kinetics of adsorption. 
Two general methods are used for the preparation of activated 
carbon [1-3] One, the “physical activation”, consists of heating 
at a high temperature with steam gasification reactant e.g. H2O, 
CO2, O2. The other method, “chemical activation”, consists of 
heating at a relatively lower temperature (e.g. 5000C) with 
addition of dehydration agent. (e.g. H3PO4).  

According to Jagtoyen M. and Derbyshire [4], and 
Benaddi H et al, [5] chemical activation of wood by phosphoric 
acid is an useful technique for obtaining activated carbon 
having low cost due to low heat treatment temperature but the 
main disadvantage of this process is the loss of some of the 
activating agent on the char which results in changes in surface 

 

 

 

 
 
 
 

e 

diffusion of reactants and products. [10- 12] Therefore, in the 
present work rate of flow of steam during activation was 
controlled quantitatively to study variation of pore size, micro 
porosity, pore volume, surface area and also surface 
morphology. Also this study could helps in producing desired 
pore size and porosity for specific applications.  
 
MATERIALS AND METHODS 
 

Pine wood was shaped and dried for 2-4 days and 
subsequently, carbonized under inert nitrogen atmosphere at 
750oC for 6 hour in an electrically heated furnace with slow 
heating rate 10oC/hr up to 350oC, 15oC/hr up to 550oC and 

higher rate of 20oC/hr up to peak temperature, resulting in a 
crack free bio carbon template (charcoal).  After pyrolysis, 
percentage axial, radial and tangential shrinkages were 28.47, 
20.93, and 11.9 respectively.  Pine wood contains 24.2% 
carbon and 0.38% of ash. After pyrolysis, samples were 
activated at 750oC in a steam atmosphere having controlled 
steam rate (Fig 1) to increase their surface area and micro 
porosity. Fig.1 is the schematic of physical activation process. 
The dried sample of pine wood was placed in the heating zone 
of electric furnace in nitrogen atmosphere. With the help of 
syringe pump the flow rate of steam was controlled. The 
smooth flow of steam and nitrogen mixture through the sample 
was observed by the out coming gases in to the bubbler. The 
thermal characterization (TGA) was carried out by using   
Mettler TG 50. The thermal analysis was carried out in nitrogen 
atmosphere at 9500C. The surface area of samples was 
determined by using BET 2375 (Micromeritics-Gemini) 
apparatus.  The structure of raw, carbonized and activated 
wood was observed using scanning electron microscope 
(SEM), Hitachi S-3000N. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic representation of physical activation process  
RESULTS AND DISCUSSION 
 
CARBONIZATION OF PINE WOOD                                    
 

In the conversion of wood into carbon, the following 
stages are included: (a) desorption of adsorbed water up to 
1500C, (b) splitting off of cellulose structure water between 150 
and 2400C [13], (c) formation of hydrocarbon structure formed 
through the chain scissions, or depolymerization, and 
breakdown of C_/O and C_/C bonds within ring units evolving 
water, CO and CO2 between 240 and 4000C, (d) formation of 
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chemistry. It has been noted that high specific surface area and
favorable pore structure of activated carbon contribute to 
effective contaminant sequestration [6, 7] and on the other
hand, surface chemistry of activated carbon also plays key roles 
in adsorption mechanisms and behaviors [8, 9]. All these
attributes depend on the activation agent, activation 
temperature and activation time. 
                                

The production of activated carbon with desired pore size 
distribution and surface chemistry from low cost precursor and
at low a temperature is an important challenge.   However, the
control of pore sizes in the synthesis of activated carbons is an
important aspect but not much literature is available. For a
good pore development, the reaction should occur inside th
pores and it must have an appropriate rate compared to the 
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aromatic polynuclear structures at 4000C and gradual 
development continued  above 5000C [14], (e) occurrence of 
aromatic reactions yield network shrinkage to accommodate the 
excessive volume left by the evolving gases between 400 and 
8000C, (f)  formation of thermal induced decomposition and 
rearrangement reactions leaving a carbon structure above 
8000C. Detailed pyrolysis behavior of pine wood was explained 
in an earlier paper. [15]  
 
SURFACE AREA ANALYSIS BY BET METHOD  

Macro pore enable the molecule of the adsorbate to pass 
rapidly to smaller pore situated deeper within the particles. The 
adsorption in macro pore is insignificant, while the micro pore 
have large internal surface area and contributes significantly to 
adsorption. Since the average micro pore area increase due to 
activation process, adsorption capacity of carbon also gets 
increased. The pyrolysed samples were activated with steam at 
7500C for one hour with different flow rate of steam varying 
between 0.1-0.7 ml/min. Above 0.7ml/min steam rate causes 
breaking of the surface material (fig.5c). The activated samples 
were characterized for surface area, microporosity and average 
pore diameters. The results are shown in Table 1. 
 

Table - 1 Physical properties of activated carbon derived from 
pine wood under different steam rate.  

 

 
Fig.2 shows nitrogen adsorption isotherms if activated 

carbons with different flow rate of steam. All samples show 
type I adsorption isotherms, i.e. micro porous carbon. The 
volume of nitrogen adsorbed is seen to be increasing with 
increase in steam flow rate, being highest for sample activated 
by 0.7ml/min and minimum for sample activated by steam at 
flow rate of 0.1 ml/min. With increase in flow rate of steam, 
micro pore area and average pore diameter show interesting 
results. The percentage micro pore area decrease due to 
widening of pore as a result the pore diameter increase from 
1.65nm to 1.92nm or increasing the flow rate from 0.1ml/min 
to 0.7ml/min. 

 
The comparison of surface characteristic of activated 

carbons complied in table 1 further show an increase in surface 
area with increasing flow rate of steam, while percentage micro 
porosity decreases with increasing flow rate of steam during 
activation process. Also surface area of activated carbon 
increase with increasing flow rate of steam. Steam rate having 
0.3ml/min gives 654.73 m2/g as surface area and 0.5ml/min 
gives 710.45 m2/g as surface area.  
 
SEM 
 

The micrograph of as such pine wood is shown in fig 3a.  
It shows a porous network. But the pores are not clear. These 
contain certain cellulosic products. On pyrolysis, the wood gets 
decomposed into smaller molecules, while the walls of the 

struts retain their morphology. The filled mass gets highly 
decomposed resulting in clear pore structure (Fig 3b). The fig 4 
(a) shows well distributed pores in activated carbon with flow 
rate of 0.1ml/min. With increasing flow rate, not only the 
original voids get enhanced but the carbon constituting the 
walls of the pores get removed resulting in formation of new 
pores. 

Fig. 2 Nitrogen adsorption isotherms of activated carbons with 
different flow rate of steam.         

 

Though the surface area of all samples increases on 
increasing the flow rate of steam, but due to 
higher flow rate, diffusion is faster resulting in 
collapsing of pore walls, hence the micro pores 
get widened and average pore diameter increase 
from 1.65nm to 1.92 nm, also percentage micro 
porosity also falls from 90 % to 79%. On further 
increasing steam rate gets broken the cell wall 
as shown in fig 4b. 
 

Fig.5 shows the variation of pore diameter 
with changing the flow rate of steam. Due to 
high rate of oxidation beyond 0.7ml/min leads 

to fracture of the materials and entire structure collapse 
including the pore walls (fig.4b). The surface area of material 
was higher but it led to the formation of meso porous structure. 
The average pore diameters in all samples were less than two 
nano meter showing microporous nature of samples. The 
sample activated with steam at flow rate 0.1ml/min has smaller 
pore volume than sample activated with steam flow rate 
0.7ml/min.  
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Activation  
temperature 
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(min) 

% micro 
 pore 
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(m2/gm) 
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Pore  
diameter 
(nm) 

Surface  
area  
(m2/g) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 0.1 750 60 90.56 1.65 497.697 

2 0.3 750 60 87.17 1.76 654.73 

3 0.5 750 60 86.50 1.78 710.45 

4 0.7 750 60 79.87 
 

1.92 721.28 

(a) 
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Fig. 3 scanning electron micrograph of (a) as such pine wood             

(b) pyrolysed pine wood [Both micrographs are in axial 
direction] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 4 scanning electron micrograph of steam activated carbonized 

pine wood with steam flow rate (a) 0.1ml/min (b) 0.7ml/min  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Fig. 5 Relation of effect of steam rate verses average pore diameter 
 
CONCLUSION 
 

Activated carbon with high percentage of micro pores and 
surface area can be developed by controlling the flow rate of 
steam during activation process. By controlling the parameters 
of activation process tailor made porous material can be 
developed from cellulosic materials.  Controlling of processing 
parameters is very important for the production of desired 
porosities that could be used in specific applications e.g. for 
separation of light gases micro pores are used, while broad pore 
size pores could be used in removal of organic molecules.  
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ABSTRACT 
 

Accelerator based neutron generator is designed for the generation of 14 MeV neutrons for carrying out the benchmark experiments for 
fusion blanket and shielding materials for demo fusion reactor. Deuterium ion beam current of 1mA is extracted from the Electron Cyclotron 
Resonance (ECR) ion source and accelerated to 300 keV and then impinging on 10 curie tritium target produces 1010, 14 MeV neutrons per 
second via D(T,n)He nuclear fusion reaction. The subsystem of the neutron generator is consists of ECR ion source and its power supply kept 
on the high voltage platform, 300 kV acceleration column and 300 kV / 10 mA DC High voltage power supply for accelerating deuterium ion, 
beam line and vacuum system to maintain 10-5 mbar inside the beam line and tritiated target. The Ion source is operating on the test bench 
and deuterium ion beam has been extracted from the ion source at 7.5kV extraction potential. Another compact sealed pulsed 14 MeV 
neutron generator facility has been installed with the neutron flux of 1010 neutrons per second and repetition rate of 100Hz. few experiments 
for explosive detection were carried out with pulsed neutrons.  
Key words: accelerator, acceleration column, high voltage power supply, neutron, ion source, tritium target. 

INTRODUCTION 

requires a tritium breeder and a neutron multiplier that can 
withstand high temperature and high neutron flux. Benchmark 
experiments can be carried out with a 14 Mev neutron 
generator to study the properties of blanket/shielding materials 
[1,2,3,4]. Neutron can also be used as a tool to detect the 
explosive material [5, 6, 7]. 
 
NEUTRON GENERATOR 
 

Accelerator based neutron generator will produce 
continuous high neutron flux. These neutrons are produce by D 
+ T  He + n nuclear fusion reaction [8]. The sub-systems of 
the accelerator (Fig. 1) based neutron generator has an E.C.R 
Ion source housed in a high voltage dome, acceleration column, 
High voltage power supply,  beam line, vacuum systems and 
target assembly. Electrical power to the dome is supplied 
through a dc Isolation transformer. Mono-atomic deuterium ion 
beam is extracted from the Ion source and then the ions are 
uniformly accelerated in a uniformly gradient acceleration 
column it then impinge on the tritium target and produces 
neutrons. The neutron generator operation is assisted by several 
auxiliary systems which ensure personal and machine safety 
the most relevant are the vacuum exhausts clean up unit, the 
experimental hall venting system, the target cooling system, the 
environment radiation monitoring system and the control 
system. The specification of neutron generator is shown in 
Table 1. 

 
ION SOURCE AND HIGH VOLTAGE DECK 
 

Deuterium ion beam of 1mA is extracted from the ECR 
ion source and then it is focused into the uniform grading  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Accelerator based neutron generator 
 
Table - 1 Specification of 14 MeV neutron generator 

 

Neutron flux 1011 , neutrons/second 

 

 
Fusion power offers the prospect of an almost 

inexhaustible source of energy for future generations, but it 
also presents so far insurmountable scientific and engineering 
challenges. A lot of research is going in the world to 
magnetically confine the plasma in TOKAMAK. D(T, n)He 
nuclear fusion reaction will produce 14Mev neutrons in 
tokamak and blanket is required to remove these neutrons and 
heat generated from kinetic energy of neutrons, provide 
continuously supply of fuel(tritium) and protect the mechanical 
structure of vacuum vessel and super conducting coils from 
direct neutron and gamma radiation. The blanket material 

Maximum Beam energy 320 KeV 

Beam current at the target (D+) 1 mA 

Beam spot at target (mm) 10 mm 

Ion source ECR type 

Extraction voltage 20 kV 

High Voltage power supply 300kV/10mA 

D.C Isolation transformer 350kV/5kVA 

Vacuum pump 400lps 

Tritium target 10 Curie 

acceleration column. ECR ion source is preferred as compared 
to other ion source because it doesn’t require filament 
replacement and produces high current beam [8]. The plasma is 
produced inside the ion source by rf heating of the deuterium 
gas and it is the confined by axial and radial magnetic field 
produced by permanent magnets. The deuterium ions are 
extracted with two electrode assembly at 7.5KV. The gas flow 
in the ion source is regulated by needle valve. The ion source, 
extraction assembly, focusing element and its power supply are 
housed inside a high voltage deck floating at 300 kV and power 
to the deck power supply is fed by 350KV, 5KVA isolation 
transformer. The control and command signals are transmitted 
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through fiber optic to control room to ensure proper electrical 
isolation.  
 
ACCELERATION TUBE 
 

The deuterium ion beam is focused into the acceleration 
tube (Fig. 2) after it is extracted from the ion source. The 
acceleration tube consists of four sections and each section is 
metal and ceramic bonded assembly with no organic 
compounds in the vacuum volume and each tube has ten 
insulation gaps. This is to provide uniform potential gradient 
for best reliability and optics consideration. The tube is fully 
bakable up to 2000C for contaminant free and ultra high 
vacuum operation. Each section is conservatively rated at       
75 kV in air and 200 kV in SF6 (2 atm). Each section of the 
tube is connected with 1” diameter limiting electrode between 
the tubes and conflate flange to keep the radiation from back 
streaming electron as low as possible and to focus 25mm beam 
to the target. A multiple series of resistor string in air is used to 
distribute the electrostatic potential uniformly along the tube. 
The holding voltage of tube is 300 kV in air. 

Fig. 2 Acceleration Column 
 
HIGH VOLTAGE DC POWER SUPPLY 
 

Apart from ion source and extraction power supply on 
high voltage deck another high voltage power supply is used to 
accelerate deuterium ions. This high voltage power supply (Fig. 
3) is Glassman make 300 kV dc with a maximum current of 10 
mA. It is characterized by high reliability, high terminal voltage 
stability, low terminal voltage ripple and low voltage 
regulation. Operating voltage will be 200-250 kV. The high 
voltage power supply is connected with RS 232 port to 
computer for online voltage setting. 

 
BEAM LINE AND VACUUM 
SYSTEM 
  

Ultra high vacuum of the order of 
10-8 torr can be achieved in the 
acceleration tube by turbo molecular 
pump with the pumping speed of 500 l/s 
back up with is 6 m3/hr rotary pump 
which is connected at the ground 
potential. Vacuum exhaust from the 
beam line is pumped outside the 
experimental hall in order to prevent the 
tritium leak inside the experimental hall. 
The experimental hall will have separate 
ventilation system. The target is kept 2m 
away from the acceleration tube by 
means of drift tube to minimize the 
contribution of backscattered neutrons. 

 
 
TARGET ASSEMBLY 
 

The target assemblies of neutron generator are consists of 
target holding, target cooling and suppression of secondary 
electron. The target holders are cooled with water or air. Water 
cooled target are used for beam current higher than               

500 micro Amp. Target is kept at the distance of 4m from the 
floor, roof and the sidewall. Circular stationary tritiated-
titanium target of 10 curie activity is used. Tritium is absorbed 
in the titanium layer which is later deposited on the bottom of 
OFHC. The beam power dissipated on the target is removed by 
cold water flowing in a turbulent region on the external surface 
of copper cup which ensure the target temperature is less than 
2000C. The target is housed in a support designed to minimize 
the neutron scattering. 
 

NEUTRON GENERATOR APPLICATION 
 

Neutron generator is designed for conducting neutronics 
experiments in the framework of research activity on controlled 
thermonuclear fusion. The neutronics design of blankets and 
shield of next step fusion devices requires verification that the 
neutron cross section data sets used in the calculations are as 
accurate as possible and confirmation that the calculation 
methods used to transport the neutrons are as reliable as 
practical [9]. To ensure that both these criteria are met suitable 
experimental activity (benchmark experiments) will be 
conducted using this facility. Neutron induced material damage 
and material swelling studies, fast neutron activation analysis, 
neutron radiography can also be done with this neutron 
generator. Explosive detection experiments using neutron as a 
tool can also be carried out. 
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Fig. 3 High Voltage power supply 
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ABSTRACT 
 

A compact 2.45 GHz Electron cyclotron resonance (E.C.R.) based ion source is set up for the production of single and multiple charged ion 
beams. The sub-system of E.C.R. ion source has microwave system its power supplies, plasma chamber, NdFeB permanent magnets and ion 
extraction assembly. The gas is ionized inside the cylindrical plasma chamber, which is surrounded by the permanent magnets system. The 
microwave system consists of 2.45 GHz, 300 watts c-w magnetron and its power supplies for plasma generation. The extraction assembly 
consists of a spherical extraction aperture and a puller electrode. The source has been operated with hydrogen, deuterium, helium and 
nitrogen gas. Mono-atomic and multiple charges ions have been extracted from the ion source by controlling the gas pressure and microwave 
power inside the plasma chamber. Vacuum of the order of 10-5 to 10-6 mbar is maintained inside the plasma chamber. The ions from the 
plasma chamber is extracted and focused on negatively biased faraday cup. The deuterium ion beam current has been measured by 
measuring the voltage across the series resistor and the deuterium ion beam current signal is recorded to see the beam uniformity and 
stability. Deuterium ion beam current of 1 milli-ampere has been extracted at 7.5 kV extraction voltage. 
 
Key words: electron cyclotron resonance, NdFeB permanent magnet, magnetron, pierce geometry, helical antenna 

INTRODUCTION 
 

Ion source is important element in the modern day 
research. Its applications range from providing ion beams of 
hundreds of Amperes for fusion applications[1], nano-amperes 
for microprobe trace analysis, broad beams for ion implantation 
for material research, industrial polymerization, to medical and 
accelerator applications. The ECR Ion source can produce 
singly and multiple charged ion beam [2]. The advantage of 
ECR ion source is that it can produce ions of all elements and it 
doesn’t have filament as compared with penning and duo 
plasmatron ion source, so a stable ion beam can be produced 
for longer duration. 

electron cyclotron resonance condition is fulfilled: 
 

ώhf = ώcyc = (e/m) .B 
 

Here, e and m denote the charge and mass of the electron 
respectively.  
 

The plasma electrons are confined in a superposition of an 
axial magnetic field component (produced by permanent 
magnets) and the radial magnetic field of a multiple magnet. 
This result in a minimum-B-structure because the magnetic 
field has a minimum in the middle of the structure and from 
there increases in all directions. Therefore, a closed surface is 
created where the electron cyclotron resonance condition is 
fulfilled. Electrons passing through that surface can be 
accelerated resonantly. Furthermore, a high mirror ratio of the 

magnetic field leads to long confinement times for the plasma 
electrons. They can pass the resonance region very often, gain 
high energies and ionize plasma atoms and ions into high 
charge states via successive single ionization. The ions in the 
plasma are not accelerated due to their large mass and remain 
thermal. Therefore they are not confined by the magnetic field 
but by the space charge potential of the electrons. This 
magnetic confinement, however, is not perfect and electrons 
can leave the plasma, for example in axial direction. Since the 
plasma tends to stay neutral, ions will follow the electrons. By 
using suitable extraction geometry and by applying a high 
voltage, the ions can be extracted from the ion source. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Schematic overview of ECR Ion source  
 
SYSTEM DESCRIPTION 
 

The ECR ion source [3, 4, 5, 6] is consists of microwave 
system, plasma chamber, magnets and extraction system. The 
schematic overview of ECR Ion source is shown in Fig. 1. The 
plasma is produced inside the plasma chamber which is 
surrounded by the permanent magnets system. Two ring 
magnets produce axial magnetic mirror and a hexapole magnet 
produces radial magnetic field. The microwave system consists 
of 2.45 GHz magnetron which can deliver 300 Watts power in 
the continuous mode. The microwave is transported through a 
rectangular hollow wave guide to power circulator. A three port 
circulator with the dummy load is used to protect the 
magnetron from the reflected power. The microwave systems 
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E.C.R. ION SOURCE 
 
PRINCIPLE 
 

Electron Cyclotron Resonance (ECR) ion sources are also 
called hot-plasma ion sources and their operation principle is, 
when electrons move in a magnetic field they gyrate around the 
magnetic field lines due to the Lorentz force. The gyration 
frequency is called the cyclotron frequency ώcyc. If microwave 
radiation of the same frequency (ώhf) propagates into such a 
region, the electrons are resonantly accelerated or decelerated 
(depending on the phase of their transversal velocity 
component with respect to the electric field vector) when the 

* Corresponding author: surender@ipr.res.in 



2010                                          Sharma et al.  – Compact electron cyclotron                                                    113 

 

consists further of a combination of a high-voltage and high- 
vacuum window and a cross bar transition from rectangular 
wave guide to coaxial line with the gas inlet at the dead end of 
the transition. The Ion Source set up is shown in Fig. 2 and the 
specification of ECR Ion source is given in Table - 1. 
 

Fig. 2 Ion source setup 
 
Table - 1 Specification of ECR Ion Source 
 

Source type Electron–cyclotron – 
resonance (ECR) Ion source 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microwave frequency 2.45 GHz 

Microwave power 300 watts 

Cooling water cooling, min 2 l/sec 

Mounting flange As required (min NW 63 CF) 

Gas feed NW 10 KF or as required 

Dimension 

200 mm outside diameter 
(without microwave system) 

400 mm 
(including HV system and vacuum isolation) 

Magnets 2 NdFeB ring magnets, 1 NdFeB Hexapole 
magnet 

 
MAGNET SYSTEM 
 

The magnet system is consists of 14 permanent magnet 
made of NdFeB material. The magnets have the dimensions of 
65 x 52 x 36.6 mm and the pole magnetic field strength is 
0.45T. Six of the 14 magnets form a hexapole magnet, whose 
inner diameter is 65mm. The hexapole magnet is mounted 
between two magnet rings made by four magnets each.  Two 
ring magnets produce axial magnetic field and a hexapole 
magnet produces radial magnetic field. The magnetic field 
distribution of the axial magnetic field in the midplane of the 
source is shown in Fig. 3. A maximum magnetic field of 208 
mT can be obtained at a mirror ratio of 2.7. The maximum 
radial magnetic field inside the plasma chamber induced by the 
hexapole magnet is 0.5 T. Cold water is circulated with 2 liters 
per minutes across the plasma chamber to remove the direct 
heat load on permanent magnets.  
 
 

MICROWAVE SYSTEM 
 

Microwave system of the ion source is consists of 2.45 
GHz magnetron, which can deliver a maximum power of 300 
watts in the continuous mode. The microwave is transported 
through a R26 rectangular hollow wave-guide to a three-port 

power circulator, which will protect the magnetron with the 
reflected power and the reflected microwave from plasma is 
absorbed without any reflection in a thick walled dummy load. 
The microwave systems consist further of a combination of a 
high-voltage and high- vacuum window and a cross bar 
transition from rectangular wave guide to coaxial line with the 
gas inlet at the dead end of the transition. At the end of the 
coaxial line a slow-wave structure (helical antenna) is 
connected which will radiate circularly polarized microwaves 
in axial direction. The dimensions of slow-wave structure 
depend on the used frequency and have a diameter of 41 mm 
with the distance of 27 mm between the turns for the helix 
antenna. After a minimum of four turns it radiates circular 
polarized microwave in the axial direction. The directivity 
increases with the number of turns. By using slow wave 
structure the dimensions of the plasma chamber (60 mm inner 
diameter and 2.5 mm wall thickness) can be reduced with 
respect with the smallest circular waveguide for the used 
frequency. The electrons in the plasma gain energy with the 
applied microwave power due to the electron-cyclotron-
resonance and produce more ions. These ions will be extracted 
by applying a positive high voltage to the ion source with 
respect to the puller electrode. 
 

Fig. 3 Magnetic field distribution  
 
EXTRACTION SYSTEM 
 

The extraction system of the ion source is consists of a 
spherical extraction aperture with 8 mm hole and a puller 
electrode with 10 mm hole. The ions leave the plasma drifts 
through the extraction grid and are accelerated away through 
the immediate high voltage to the puller electrode. The puller 
electrode can either be operated on ground potential or floating 
potential. The puller electrode has a pierce geometry, which is 
a cylindrical pipe limited through a strongly conical tapered 
shutter, which suppresses the widening of the ion beam caused 
by the space charge effects. Extraction voltage is applied 
through a Glassman make 20kV high voltage power supply. All 
vacuum parts are sealed with rubber O-rings or CF gaskets 
 
E.C.R. ION SOURCE CHARACTERISTICS 
 

The E.C.R. ion source has been operated on a test bench 
consisting of 80cm beam line. Vacuum of the order of 10-5 to 
10-6 mbar is achieved inside the beam line by 400lps turbo 
molecular pump. The ion source has been operated with 
hydrogen, deuterium, helium and nitrogen gas. The deuterium 
gas was produced by electrolysis of heavy water and the gas 
flow is regulated by needle valve. The beam current 
measurements were done for deuterium ions. The deuterium 
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ion beam is extracted and focused on negatively biased faraday 
cup. The faraday cup is negatively biased 40mm diameter 
graphite cup placed inside the beam line at a distance of 80 cm 
from the extraction electrode. The negatively biased graphite 
cup is grounded with a 2K resistor. The voltage across the 
resistor is measured with a fluke make multimeter to measure 
the voltage across the resistor and hence beam current. The 
voltage signal across the resistor is also measured in the 
oscilloscope to see the uniformity and the stability of the ion 
beam (Fig. 4). The maximum extraction voltage of 7.5 kV is 
applied and the beam current is recorded. Deuterium Ion beam 
current of 1 mA has been extracted at 7.5 kV (Fig. 5). The 
beam was stable for longer duration.  

Fig. 4 Beam current measured on oscilloscope 
 

Fig. 5 Deuterium ion beam extraction 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
The electron cyclotron resonance ion source was commissioned 
and it has been operated with hydrogen, deuterium, helium and 
nitrogen gas. The ion beam can be focused on material for ion 
implantation and DPA (Displacement per atom) studies for ion 
bombardment on materials. The deuterium ion beam current 
has been measured 1mA at 7.5 kV extraction voltage. The 
deuterium ion beam will be accelerated and then it will 
impinges on tritium target and produces neutrons by fusion 
reaction. System is further being upgraded to produce 5 mA 
deuterium ion beam current. 
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ABSTRACT 
 

Some new families of mean graphs are investigated. We prove that the step ladder graph, total graph of path Pn are mean graphs. In addition 
to this we derive that two copies of cycle Cn sharing a common edge admits mean labeling. 
 
Key words: mean labeling, mean graphs, step ladder graph, total graphs. 

INTRODUCTION 
 

We begin with simple, finite, connected and 
undirected graph G = (V(G),E(G)) with p vertices and q edges. 
For all other standard terminology and notations we follow 
Harary [1]. We will provide brief summary of definitions and 
other information which serve as prerequisites for the present 
investigations. 
 
Definition 1.1 Let  Pn be a path on n vertices denoted by 
(1,1),(1,2),...,(1,n) and with n-1 edges  denoted by e1,e2,...,en-1 
where ei is the edge joining the vertices (1,i) and (1,i+1). On 
each edge ei,  
i = 1, 2, …, n-1 we erect a ladder with n-(i-1) steps including 
the edge ei. The graph obtained is called a step ladder graph 
and is denoted by S(Tn), where n denotes the number of 
vertices in the base. 
 
Definition 1.2 The vertices and edges of a graph are called its 
elements. Two elements of a graph are neighbours if they are 
either incident or adjacent. The total graph of a graph G is 
denoted by T(G) is a graph with vertex set  and 
two vertices are adjacent in T(G) when ever they are 
neighbours  in G. 
 
Definition 1.3 If the vertices are assigned values subject to 
certain conditions then it is known as graph labeling. 
Graph labeling is one of the fascinating areas of graph theory 
with wide ranging applications. An enormous body of literature 
has grown around in graph labeling in last five decades. A 
systematic study of various applications of graph labeling is 
carried out in Bloom and Golomb [3]. According to Beineke 
and Hegde [2] graph labeling serves as a frontier between 
number theory and structure of graphs. For detailed survey on 
graph labeling we refer to A Dynamic Survey of Graph 
Labeling by Gallian [4]. 
 
Definition 1.4 A function f is called a mean labeling of graph 
G if 
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( ) ( )V G E GU

: ( ) {0,1, 2,..., }f V G q→
 * : ( ) {1, 2,...,

 is injective and the induced 
function }f E G q→ defined as 

( ) ( )*( ) ;
2

f u f vf e uv +
= =

 
if ( ) ( )f u f v+ is even 

        ( ) ( ) 1;
2

f u f v+ +
=   if ( ) ( )f u f v+ is odd  

is bijective. The graph which admits mean labeling is called a 
mean graph. 

The mean labeling is introduced by Somasundaram and Ponraj 
[5] and they proved the graphs , , ,n n n m m nP C P P P C× ×

rs in [6] have 

1,n

 etc. admit 
mean labeling. The same autho discussed the 
mean labeling of subdivision of  K  for 3n ≤

nW  does not admit

 while in [7] 

they proved that the wheel  the mean 

labeling for . Mean labe t of some graph 
operations is discussed by Vaidya and Lekha [8]. In the present 
work three new results corresponding to mean labeling and 
some new families of mean graphs are investigated. 
 
MAIN RESULTS 
 
Theorem-2.1:  The step ladder graph S(Tn) is a mean graph. 
Proof:  Let Pn be a path on n vertices denoted by 
(1,1),(1,2),...,(1,n) and with n-1 edges  denoted by e1,e2,...,en-1 
where ei is the edge joining the vertices (1,i) and (1,i+1). The 
step ladder graph  S(Tn) has  vertices denoted by 
(1,1),(1,2),...,(1,n), (2,1),(2,2),...,(2,n), (3,1),(3,2),...,(3,n-
1),...,(n,1),(n,2). In the ordered pair (i,j), i denotes the row 
(counted from bottom to top) and j denotes the column ( from 
left to right) in which the vertex occurs. Define 

4n ≥ ling in the contex

: ( ( )) {0,1,2,..., }nf V S T q→  as follows. 
2( ,1) ( 2) ( 1)f i n n i= + − − −   ;  1 i n≤ ≤  

1
2

1 2

(1, ) ( 2) ( ) [( ) ( 1)]
j j

k k

f j n n n k n k j
−

= =

= + − − − − + − −∑ ∑ ;  2 j n≤ ≤  

1
2

1 2

( , ) ( 2) ( ) [( ) ( 1)] ( 1)
j j

k k

f i j n n n k n k j i
−

= =

= + − − − − + − − − −∑ ∑ ; 

2 , & 2i j n j n i≤ ≤ ≠ + −  
2( , 2 ) 2f i n i i+ − = − ; 2 i n≤ ≤  

In view of the above defined labeling pattern f is a mean 
labeling for the step ladder graph S(Tn). That is, S(Tn) is a mean 
graph. 
 
Proof:  Let  be the vertices of path Pn with n-1 

edges denoted b  According to the definition 
of total graph and two vertices are adjacent in T(Pn) if they are 
neighbours in P . 
 Define 

 1 2, ,..., nv v v
y 1 2 1, ,..., .ne e e −

n

: ( ( )) {0,1, 2,..., }nf V T P q→ as follows. 

1( ) 0f v =  

( ) 4( 2) 2;if v i= − +  for 2 i n≤ ≤  
 

( ) 4 ;jf e = j   for  1 2j n≤ ≤ −  *Corresponding author – samirkvaidya@yahoo.co.in 
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( ) 4 1;jf e j= −   for

Thus f provides a mean labeling for T(Pn). That is, T(Pn) is a 
mean graph. 
 
Illustration 2.2: The Figure 1 shows the labeling pattern for 

S(T6). 
 

Fig. 1 
 
Illustration 2.4: The labeling pattern of T(P5)  is given in 

Figure 2. 

Fig. 2 
 
Theorem-2.5: Two copies of cycle Cn sharing a common edge 

admit mean labeling. 
Proof: Let  be the vertices of cycle Cn. Consider 
two copies of cy . Let G be the graph for two copies of 
cycle sharing a common edge in which   is a 
spanning path. Then 

  1j n= −  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

1 2, ,..., nv v v
cle Cn.

1 2 2 -2, ,..., nv v v
( )    2 - 2V G n=  and ( )    2 -1E G n= . To 

define : ( ) {0,1,2,..., }f V G q→ the following two cases are to 
be considered.  
Case 1: n is odd. 
Without loss of generality assumes that 

1 3 1
2 2

  n ne v v+ −=  be the 

common edge between two copies of Cn. 
 ; for( ) 2( 1)if v i= −   11

2
ni +

≤ ≤  

( ) 2 1if v i= −  ;  for  3
2

n i n+
≤ ≤  

( ) 2(2 2 ) 4if v n i= − − +  ;  for  3 31
2

nn i −
+ ≤ ≤  

( ) 2(2 2 ) 3if v n i= − − +  ; for  3 1 2 2
2

n i n−
≤ ≤ −  

Case 2: n is even. 
Without loss of generality assume that 

2 3
2 2

  ne v v+= n
  be the 

common edge between two copies of Cn. 
; for ( ) 2( 1)if v i= −   21

2
ni +

≤ ≤  

( ) 2 1if v i= −

( ) 2(2 2 ) 4if v n i= − − +  ; for   3 21
2

nn i −
+ ≤ ≤  

( ) 2(2 2 ) 3if v n i= − − + ;  for 3 2 2
2
n i n≤ ≤ −  

Then the above defined function f provides mean labeling for 
two copies of cycle sharing a common edge. 
 
Illustration 2.6:  The Figure 3 shows the mean labeling 
pattern for two copies of C10 sharing an edge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 
 
CONCLUDING REMARKS AND FURTHER SCOPE 

 
As all graphs are not mean graphs it is very interesting to 

investigate graphs which admit mean labeling. Here we 
contribute three new families of mean graphs. It is possible to 
investigate similar results for other graph families and in the 
context of different labeling techniques. 
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ABSTRACT 
 

A divisor d of n is called unitary divisor if d and n/d are co-prime. A unitary divisor d of n is called a - unitary divisor if it is co-prime to k. A 

unitary divisor d of n is called a - unitary divisor if it is divisible by k. Let 

*k
#k ( )ntk

*
 and ( )ntk

#
denote the number of -unitary and -

unitary divisor of n respectively. Here the asymptotic behaviour of 

*k #k
( ) ( )∑

≤

=
xn

kk ntxT **  and ( ) ( )∑
≤

=
xn

kk ntxT ##  are studied, when . αpk =

Key words: unitary divisor, square-free divisor, asymptotic behaviour. 

INTRODUCTION 
Let  and  respectively denote the number of unitary 
and squarefree divisors of n . Then it can be easily proved that 

 for each . 

( )nt ( )ns

( ) ( )nsnt = n
Let . 
In 1874, Mertens proved that 

( ) ( ) ( )
( )
( ) ( )         (1) 

xxOxxxxT log
2
2212

2
1log

2
1

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ′
−−+=

ζ
ζγ

ζζ

Where ζ  is classical Riemann zeta function, ζ ′  is its 
derivative and γ  is Euler’s constant. Cohen([1]) gave a 
different proof of (1). Gioia and Vaidya ([2]) improved the 
error-term to ( )xO . That is, 
                 (2) 
 
Throughout this paper  is any fixed prime and p α  is any 
fixed positive integer.  In this paper, we find asymptotic 
formula for ( ) ( )∑

≤

=
xn

pp ntxT ##
αα

 and ( ) ( )∑
≤

=
xn

pp ntxT **
αα , 

where  denote the number of unitary divisor of n  

which are divisible by  and  denote the number of 

unitary divisor of  which are co-prime to . 

( )nt p
#
α

αp ( )nt p
*
α

n αp
Modi([3]) proved the case when 1,2 == αp  
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Modi’s method with ‘2’ replaced by ‘p’ can give asymptotic 

formula for  and ( )xTp
# ( )xTp

* . We will make some 

odifications in Lemma 3 which enable us to prove: m
 
MAIN THEOREM 
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PRILIMINARIES 
We use the following results. 

Lemma 1: , where . 1+<≤ mm pxp ( ) ][log xxmm p==
Proof is Easy. 
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Using ( )1log][log Oxxm pp +== , we get 
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PROOF OF THE MAIN THEOREM 
 
It is clear that 
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         (8) 
Using Lemma 3(b) and (8), (5) follows. 
U
 

sing Lemma 3(a), (7) and (8), we will get (6). 

REMARK 
Let ( )nsk

*  denote the number of square-free divisors of n  

which are co-prime to  and let  denote the number of 

square-free divisors of   which are divisible by .Then it 
can be easily shown that: 
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 for 1≥α  
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ABSTRACT 
Single crystals of Tungsten diselenide (WSe2) have been grown using direct vapour transport technique (DVT). Measurements of 
thermoelectric power in temperature range 300 – 673K confirms that WSe2 possess a p-type conductivity. The Ohmic cotacts were developed 
using Ag-paste and the Hall effect measurements have been carried out in the temperature range 10 - 300 K to determine some essential 
parameters such as the hole mobility (μh), carrier concentration (n), Hall coefficient (RH). The DVT grown crystals were also used to fabricate 
Schottky junction with thermally evaporated Indium contacts and the diode behavior was characterized over temperature in range 200 – 
310K. The thermoelectric and electrical properties variation with temperature and temperature variation of diode parameters are discussed. 
 
Key words: TMDC crystals, Thermoelectric power, Hall effect, In/WSe2 Schottky diode.

INTRODUCTION 
 
TMDC have a general formula MX2, where M is usually a 

transition metal atom from group of IVB, VB, VIB of the 
periodic table and X is one of atoms from sulfur, selenium, or 
tellurium. The layered structure of TMDC can be regarded as 
stacking of two-dimensional X-M-X sandwiches. The bonding 
within each sandwiched layer is covalent, while the bonding 
between them is weak van der Waals type. The crystal 
structures of the layered TMDC are usually described as 
belonging to 1T, 2H, 3R, 4H2, 4Hb, 6R phases [1, 2]. TMDCs 
have been used for many years as solid state lubricants [3], 
photovoltaic/photocatalytic solar energy converters [4], 
Schottky and liquid junction solar cells [5, 6], catalysts in many 
industrial applications and in secondary batteries etc. 
Increasing potential for use of transition metal dichalcogenide 
materials in Schottky devices, photovoltaic and 
photoelectrochemical (PEC) solar cells is because of their 
inherent resistive nature to photo corrosion. They have also 
found use in Schottky barrier devices, photovoltaic and 
photoelectrochemical solar cells as a flexible electronic 
material in recent years [7]. 

 
Looking to potential for such diverse applications of 

having opaque appearance with perfectly shining surfaces. 
These grown crystals were first characterized by thermoelectric  

 
power measurement in 300 – 673K temperature range using a 
setup developed for this purposes. These crystals were also 
characterized using Hall effect measurement setup (Lakeshore - 
7504) in temperature range 10 – 300K to estimate the carrier 
concentration, hole mobility, Hall coefficient and resistivity.  
 

Indium thin film of 500Å thickness was deposited through 
a thin metal mask having area around of 0.186 cm2 on well 
cleaned WSe2 single crystals using vacuum evaporation 
technique with pressure better than 10-5 torr.   Low temperature 
I – V characteristic of Schottky diode was measured using 
Keithley 2400 SMU and a liquid nitrogen cryostat in 
temperature range 200 – 310K. 

 
RESULTS AND DISCUSSIONS 
 
Thermoelectric Power measurement 
 

The variation of thermoelectric power ‘S’ for WSe2 
crystals as a function of inverse temperature  in the range of 
300 K to 673 K is shown in Fig. 1.  It is observed that TEP 
increases with temperature, indicating the typical 
semiconducting behavior of the WSe2. Moreover, the sign of 
TEP is found to be positive for WSe2 indicating that grown 
crystals possess p- type semiconducting character. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Thermoelectric power variation with inverse of temperature for 
DVT grown WSe2 crystals. 
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TMDCs, we have chosen to study WSe2 semi-conducting 
materials of group VI. Successful growth of single crystals of 
WSe2 has been reported earlier [8] for the measurements of 
photoelectric and electrical properties. Here we report the 
electrical transport properties of WSe2 crystals evaluated from 
the high temperature thermoelectric power and Hall effect 
measurements. These investigations can yield valuable 
information about their electronic properties. The Schottky 
diode, fabricated on WSe2 single crystal with Indium thin films 
has also been characterized to estimate the Schottky barrier 
parameters in the temperature range 200 – 310K. 
 
EXPERIMENTAL  
 

The single crystals of WSe2 were grown by direct vapour 
transport technique using a two zone horizontal furnace. The 
crystals grown were found to be in the form of thin platelets 

* Corresponding author: physics.mayur@gmail.com 



120                                  PRAJÑĀ – Journal of Pure and Applied Sciences 18:  119 - 122                         December                    

To analyze the temperature dependence of the 
thermoelectric power of a p-type semiconductor, the expression 
given by Mohanchandra and Uchil [9] and Goldsmid [10] given 
below has been used: 

FEkS A
e k T

⎡ ⎤= − +⎢⎣  ⎥⎦          

               (1) 

here k is the Boltzmann constant, e is the electronic 
charge, A the constant determined by the dominant scattering 
process and EF is the separation of the Fermi level from the top 
of the valance band. Table - 1 shows the calculated 
thermoelectric parameters from these measurements. 

 
Table – 1 Parameters from TEP measurement on DVT grown 

WSe2 crystals. 
 

Majority 
carrier 

conductivi
ty Type 

Fermi 
energy  

EF         

  ( eV) 

Effective 
Density of 

State 
N (m-3) 

Effectiv
e 

Mass 
Mh* 
(Kg) 

mh
*/mh

Scattering 
Parameter

s 

p - Type 0.0521 6.683 ×  
1024

7.600 ×  
10-31 0.83 2.48 

 
Low Temperature Hall Effect 
 

The Ohmic nature of contacts prepared for van der Pauw 
geometry in case of various pairs of contacts at 300 K is shown 
in the Fig. 2. It is seen from here that Ag-paste contacts exhibit 
good Ohmic nature for both polarity in a large current range. 
The average van der Pauw factor for a set of four contacts is 
found to be 0.7. This deviation from ideal requirement of unity 
probably originates from the anisotropic nature of WSe2 and 
not from other conditions required for measurements using van 
der Pauw technique. 

 
The resistivity (ρ), Hall coefficient (RH), carrier density (n) 

and mobility (μ) of WSe2 single crystals were calculated from 
the measured I – V values under magnetic field of 3kG using 
the standard formula over the temperature range of 10K to 
300K and the results are tabulated in Table - 2. 

Fig. 2 I - V Characteristics of the Pair of ohmic contacts (12,12), 
(23,23), (34,34) and (41,41) prepared by Ag paste (Elteck-
1228) on DVT grown WSe2 crystals. 

 
Figs. 3 and 4 show the variation of Resistivity, Hall 

Coefficient and Carrier concentration with respect to inverse of 
temperature.  From these figures it is clearly seen that 
resistivity is decreasing monotonically with increasing 
temperature above around 90K which confirms the 
semiconducting nature of WSe2 crystals. The anomalous 

semiconducting behavior below 90K is reflected in mobility 
also and seems to be related to changes in the carrier scattering 
mechanism.  However carrier concentration is increasing with 
increasing temperature. 

 
Table - 2: Hall parameters of DVT grown WSe2 crystals. 

 
Temp. 
T(K) 

Resistivity 
ρ (Ω.cm) 

Carrier 
Density 
n (cm-3) 

Hall coefficient 
RH (cm3/C) 

Mobility 
μ(cm2/Vs) 

300 2.797 1.032×1018 6.049 2.141 
290 2.918 6.554×10P17 9.524 3.266 
270 3.077 2.924×1018 2.135 0.695 
250 3.309 5.443×1017 11.47 3.464 
230 3.639 1.297×1017 48.12 13.22 
210 4.259 8.187×1016 76.25 17.91 
190 5.101 5.410×1016 115.4 22.65 
170 6.557 9.967×1016 62.63 9.632 
150 8.913 2.226×1016 280.5 31.46 
130 13.02 9.088×1015 686.9 50.85 
110 18.447 9.215×1015 677.4 2.852 
90 19.734 1.147×1015 5444 113.7 
70 1.624 1.085×1015 5754 185.7× 102

50 1461 9.81×1013 63630 183.8 
30 1754 5.324×1012 1173×103 67.58 
10 5938 2.363×1011 26420× 103 3205× 102

 
 

H 2 

Fig. 4: Carrier concentration vs. 1000/T for p-WSe2 Crystals. 
 
 
 

 

 

 

 

Fig. 3: R  and ρ of p - WSe Crystals as a function of 1000/T. 
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I – V characteristics of In/p-WSe2 Schottky diode  
The nature of the I-V characteristics of one of the 

In/pWSe2 Schottky diodes at different temperatures is shown in 

Fig. 5 I-V Characteristic of In/pWSe2 Schottky diode at 
different temperatures. 

 
Based on thermionic emission theory, the current–voltage 

characteristic of a metal-semiconductor contact is given by [11] 
  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

( ) ( )
0 exp 1 exp (2)s sq V IR q V IR

I I
kT kTη

⎡ ⎤− − −⎡ ⎤ ⎛ ⎞
= −⎢ ⎥⎜ ⎟⎢ ⎥

⎢ ⎥⎣ ⎦ ⎝ ⎠⎣ ⎦   
where I  is the saturation current given by, 0

 * 2 0
0 e x p ( 3 )bqI A A T

k T
φ⎡ ⎤= ⎢ ⎥⎣ ⎦

 
Here symbols have their usual meaning and A* is the 

Richardson constant which is equal to 27.6 Acm-2K-2 for p-type 
WSe2 [12]. From Eq. (2), ideality factor η and zero bias barrier 
height (Фb0) can be calculated using standard relationship. The 
flat band barrier height can also be calculated using the 
following equation, 

( )0 1 ln ( 4V
b f b

A

NkT
q N

φ η φ η
⎡ ⎤

= − − ⎢ ⎥
⎣ ⎦

)

  
where Nv and NA (=n) are effective density of states and 

carrier concentration. The experimental values of η, Φb0 and 
Φbf were determined from intercept and slope of the forward-
bias ln I vs V plot (Fig. 5) at each temperature. It is found that 
the value of η increased and the value of Φb0 decreased with 
decrease in temperature (Fig. 6).  

 
Since current transport across the MS interface is a 

temperature activated process, electrons at low temperatures are 
able to surmount the lower barriers and therefore current 
transport will be dominated by current flowing through patches 
of the lower Schottky barrier heights (SBH) that results in 
larger ideality factor [13]. Series resistance of diode is seen to 
be contributing in deterioration in the nature of I – V 
characteristics at higher voltages and the variation of series 
resistance is shown in Fig. 7. 
 
CONCLUSION 

 
The single crystals of WSe2 grown by a direct vapour 

transport technique are found to have a p- type (WSe2) 
semiconducting nature. The value of scattering parameter is 
nearly ≈ 2.48 which shows  

Fig. 6 Variation of Φb0, Φbf and η with temperature for In/pWSe2 
Schottky diode at different temperatures. 

2
different temperatures.  

that the defect scattering dominates the charge transport 
mechanism in the grown crystals. The value of effective 
density of states is found to be around 6.68×1024

 m-3. The 
effective mass of charge carriers mh

* was calculated and is 
found to be around 7.6×10-31

 Kg. All these estimated 
parameters are in good agreement with the reported values in 
the literature [14-17].  

 
The sign of Hall coefficient remains positive in the entire 

range of measurement temperature, indicating the conductivity 
type of the crystals as p-type and it is in agreement with the 
TEP measurements. This again shows that the quality of ohmic 
contacts made for present investigations is good and stable 
throughout the range of reported measurements. The 
conductivity of the sample decreases with the temperature and 
thus again confirms the semiconducting nature of the grown 
WSe2 crystals. The measured carrier concentration at room 
temperature is 1.032×1018 cm–3. This is in agreement with the 
reported value of 3.5x1018 cm–3 [18]. 

 
In/pWSe2 Schottky diodes have been fabricated and 

studied in the temperature range of 200 - 300 K for their I-V 
characteristics. The zero bias barrier height decreases while the 
ideality factor increases with temperature. The increment in 
series resistance with decreasing temperature also exhibits a 
semiconducting nature of DVT grown crystals as contacts are 
seen to be Ohmic. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 Variation of Series resistance for In/pWSe  Schottky diode at 
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ABSTRACT 
 

Cadmium sulphide (CdS), a member of group II-VI semiconductors is one of the promising materials from its applications point of view. The 
present investigations are about the preparation and electrical characterization of CdS thin films. CdS thin films with thickness around 
700nm have been deposited by vacuum evaporation technique keeping substrates at 400K. Characteristic parameters of Schottky junctions 
formed by a thermal-vapor-deposition of 500nm Al films on pre-coated CdS glass substrates were obtained experimentally from the I-V 
characteristics in the temperature range of 40-300 K. Diode parameters, such as the zero bias barrier height φb0, the flat band barrier height 
φbf and the ideality factor η, calculated using thermionic emission theory were found to be strongly temperature dependent. It is found that as 
the temperature decreases the rectification properties of Al/CdS deteriorates, may be due to increasingly dominant role played by interfacial 
states and inhomogenities.   
 
Key words: Al/CdS, Low Temperature I-V, Barrier characteristics, Schottky junction 

INTRODUCTION 
 

Due to their excellent electronic and optical properties, II-
VI compounds have been utilized for many opto-electronic 
devices such as LEDs, radiation detector etc. [1, 2].  Due to 
very good interface properties CdS and CdSe were used 
extensively in bulk crystalline and in thin film forms for device 
applications in association with varieties of substrates and 
contact materials.  A clear understanding of the physical 
principles underlying the properties of these interfaces is 
therefore essential in order to develop more refined practical 
devices based on this material. Various efforts have been made 
to study the properties of the interfaces through the 
measurements of I-V characteristics in Au/CdS junction by 

 
CdS thin films were prepared by thermal evaporation of a 

stoichiometric powdered compound (99.995% pure, from 
ALDRICH Co.) in a residual pressure of 10-6 torr. Cleaned 
glass slides were used as substrate and molybdenum as a boat. 
Glass substrates were first cleaned with detergent solution and 
then with distilled water. After that the dried substrates were 
again cleaned with acetone and then finally air dried. The films 
were grown by maintaining the substrates at 400K to ensure 
absence of contaminations on the surface for film deposition. 
The rate of evaporation was kept at 1Å/Sec. and the thickness 
of the films deposited was around 700nm, (both controlled by 
Sigma SQC 310 deposition controller under the vacuum better 
than 10-6 torr). Chemical composition of the deposited films 
was analyzed by Energy dispersive analysis of X-Rays 
(EDAX). In order to obtainn the schottky barrier structure Al 
films of 500nm were deposited through suitable metal mask 
(1cm2) on CdS films. Ohmic contacts for external circuit  

 
connection to CdS and Al films were taken using an adhesive 
and conductive silver paste (Elteck corporation-Bangalore, 
1228).   
 
RESULTS AND DISCUSSION 
 
EDAX STUDIES  

 
The EDAX of prepared films was carried out using the 

electron microscope at SICART, V. V. Nagar. The result of 
EDAX is shown in Fig. 1.  The stoichiometric proportion of the 
constituent elements obtained from EDAX and expected values 
are nearly matching as given in Table 1. Thus the prepared 
films have been found to be impurity free and stoichiometric in 
nature.   

 
 
 
 
 
 
 
 
 

Fig. 1  EDAX result of vacuum evaporated CdS thin film at 400K 
substrate temperature. 

 
Table - 1 Elemental proportion of Cd and S in CdS thin films 

done by EDAX. 
 

Elements Wt (%) obtain 
from EDAX 

Wt (%) calculated 
by theoretical 

 

Chavez et al [2] and by Patel et al [3]. Studies of electrical 
properties have also been made by Gupta et al [1] for Cu/CdS 
and Zn/CdS Schottky junctions by determining various junction 
parameters. However, very little efforts have been made to 
study the properties of interfaces in the case of Al/CdS 
junctions. The present paper reports results of investigations on 
Al/CdS schottky interfaces carried over a wide temperature 
range.    
 
EXPERIMENTAL DETAILS 

Cd 77.03 77.80 

S 22.97 22.19 
 
I-V CHARACTERISTICS STUDIES. 
 

The I-V-T data were acquired using Keithley 4200 
semiconductor characterization system along with Lakeshore 
Closed Cycle Refrigerator (CCR 75014). The temperature was 
monitored and controlled by Lakeshore temperature controller 
(Model 340) with an accuracy of ±0.1K. I-V data were taken 
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from 300 K down to 40 K at an interval of 20 K. The measured 
I-V characteristics in the temperature range 300-40 K are 
shown in Fig. 2.  

Fig. 2 lnI-V characteristic of Al/CdS Schottky barrier in the 
temperature range 300-40K. 

 
From Fig. 2 it is seen that the current under forward bias is 

relatively high. These junctions also show a reduced 
rectification ratio 31 (V=2.5V) at 300 K, a consequence of the 
unsaturated current under reverse bias [4]. The diodes show an 
abnormal inversion of their rectification properties and the 
reverse-bias current is higher than the forward-bias current 
below 200K. 
 

Current transport through the Schottky barrier diode is 
mainly due to majority carriers and obeying the thermionic 
emission model [5, 6] at low forward biases V. The current in 
such cases can be expressed as 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

0 e x p 1q VI I
k Tη

⎡ ⎛ ⎞
= −⎢ ⎜ ⎟

⎝ ⎠⎣
 

⎤
⎥
⎦     

(1) 

where q is the electron charge, η is the ideality factor, k is the 
Boltzmann constant, T is the absolute temperature, Io is the 
reverse saturation current. The values of I0 were obtained by 
extrapolation of the low forward bias linear region of lnI-V 
curves to zero applied voltage and were used to calculate the 
zero bias barrier height φb0 from Eq. 2.  

* 2

0
0

l nb
k T A A T

q I
φ

⎛ ⎞
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⎝
 

⎠     

(2) 

Where A is the diode area (1 cm2), A* is the Richardson 
constant (23.4 A/K2cm2) [6]. The ideality factor is given by 

( )
q d V

k T d l n I
η

⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝
 

⎠     

(3) 

The ideality factor was calculated from the slope of the 
linear region of the forward lnI-V characteristics (fig.2.). The 
flat band barrier height φ is given by bf 

( )0 1 n A
b f b

C

Nk T l
q N

φ η φ η
⎡ ⎤⎛ ⎞

= − −⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦    

(4) 

Where NA is effective density of state and NC is carrier 
concentration. 

 
The zero-bias barrier height φb0 decreased with decreasing 

temperature and flat band barrier height φbf increased with 
decreasing temperature as shown in Fig. 3. Various factors can 
contribute to a reduction in zero bias barrier height at lower 
temperatures such as non homogeneity present at Al/CdS 

interface, generation and recombination currents in the space 
charge region, the effect of the image force, and, at low 
temperatures, tunneling processes and thermally assisted 
tunneling processes from states in the forbidden gap. The 
ideality factor η tends to decrease showing decreasing non-
ideal behavior with increasing temperature as shown in Fig 3. 
This behavior may be due to current transport across the 
Al/CdS interface as a result of a thermally activated process 
because at low temperatures the electrons are able to surmount 
the lower barriers.[7] Therefore, current transport will be 
dominated by current flowing through patches with a lower 
Schottky barrier height and a greater ideality factor. The value 
of ideality factor greater than unity is also associated with 
Fermi-level pinning at the interface [8-10] or relatively large 
voltage drops in interface region. Interfacial oxide layer may 
also be the possible cause for higher value of ideality factor 
[11]. 

Fig. 3Variation of η, φb0 and φbf with a temperature.  
CONCLUSIONS 

Measurement of I–V characteristics of Al/CdS Schottky 
barriers in the temperature range 40–300K shows that low 
voltage I-V characteristics follow a thermionic emission 
mechanism under both forward and the reverse bias conditions. 
The diodes show an abnormal inversion of their rectification 
properties below 200K and the reverse-bias current is higher 
than the forward-bias current. The zero-bias barrier height φb0 
decreases, ideality factor η increases with decrease in 
temperature. The changes are quite significant at lower 
temperatures as reflected in the flat-band barrier height φbf 
which is always larger than zero-bias barrier height φb0. The 
deviation from thermionic emission model at lower 
temperatures seems to be related to various kind of mechanisms 
e. g. inhomogenities, thermally assisted tunneling etc.   
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ABSTRACT 
Thin films of ZnTe with thicknesses around 8kÅ and 10kÅ have been deposited by thermal evaporation technique on the ultrasonically 
cleaned glass substrates kept at 373K. The thicknesses of the films were measured using quartz crystal thickness monitor. The structure of 
ZnTe thin films was investigated by Transmission Electron Microscopy (TEM). This reveals that films have polycrystalline nature with cubic 
phase. The band tail energy was estimated from optical absorption curves. The electrical resistivity of the films has been investigated as a 
function of temperature using Lakeshore-7504 Hall measurement set-up. The results of all these studied parameters are presented and 
discussed in this paper. 
 
Key words: electrical resistivity, polycrystalline, optical characterization, Band tail.

INTRODUCTION 
 
Since last two decades, much interest has been shown in 

semiconducting group II - VI compounds, especially zinc 
chalcogenides because of their potential towards various 
applications in electronics [1]. ZnTe is a compound 
semiconducting material with a band gap around 2.26eV at 
room temperature [2]. The applications such as opto refractive 
material for optical data processing [3], non-polarized memory 
switching [4] and γ-ray detectors have been found to be viable 
in today’s technology. In present paper, the authors report their 
findings regarding the thin film preparation of ZnTe and its 
optical as well as electrical characterization. 
 
EXPERIMENTAL  
 

Zinc Telluride powder (99.99% pure, sigma Aldrich 
Chemicals Company) was evaporated from a tantalum boat 
under a vacuum of 5 × 10-6 torr. The ZnTe films were deposited 
on the ultrasonically-cleaned glass substrates maintained at 
373K during evaporation. The rate of evaporation, in the range 
of 2-5 Ǻ/sec, was maintained to deposit films of good quality 
and uniform thickness. Thicknesses of the films were measured 
during the deposition process by quartz crystal thickness 
monitor (“Hind Hivac” Digital Thickness Monitor Model–
DTM–101). The TEM was carried using Philips, Netherlands 
(Model: Tecnai 20) electron microscope. The optical 
absorption spectra of these films were recorded using a UV–
VIS-NIR spectrophotometer (Perkin Elmer USA, Model: 
Lambda 19). The electrical resistivity of ZnTe thin films were 
investigated using software controlled Lakeshore-7504 Hall 
measurement set-up. 

 
RESULTS AND DISCUSSIONS 

 
Diffraction patterns obtained by transmission electron 

microscopy on two films of thicknesses 8kÅ (Sample No. A) 
and 10kÅ (Sample No. B)  Have been shown in Fig. 1. Using 
these diffraction patterns the indexing of reflections and the d-
values were calculated and the results are presented in Table 1. 

 
 

 
This table also contain the d-values obtained from standard 

JCPDS data. From here it can be seen that there is a good match 
between the calculated d-values and the standard ones [5].  

 
Moreover the deposited ZnTe films possess the cubic 

structure [6]. 
 

Table - 1 d-values for ZnTe films. 
 

Ring No./ 
Sample No. 

Diameter of 
ring  

D cm 

Calculated d 
(=2λL/D) values 

(Å) 

Standard 
d-values 

(Å) 

 
h k l 

 
 

 

 

1/A 4.648 3.536 3.523 1 1 1 

2/A 6.350 2.589 2.572 1 0 2 

3/A 7.770 2.115 2.159 2 2 0 

4/A 10.579 1.554 1.526 4 0 0 

1/B 4.660 3.527 3.523 1 1 1 

2/B 6.350 2.589 2.572 1 0 2 
 
Polycrystalline films are generally considered to consist 

of crystallites joined together by grain boundaries. The grain 
boundary regions are disordered regions, characterized by the 
presence of a large number of defect states due to incomplete 
atomic bonding. As a result, the diffraction rings with 
increasing distance due to the higher lattice parameter of ZnTe 
are observed [7].  

 
The optical characterization was carried to investigate the 

nature of optical transmissions of carriers involved in the 
absorption of photons. According to the standard equation, the 
absorption coefficient (α) is given as,   
α = Aα ( hν-Eg ) r/ hν                                                  (1) 
where hν  is photon energy, gE  is the energy bandgap and Aα  

is a characteristic parameter, independent of photon energy, for 
respective transitions. The transitions of carriers due to the 
incidence of photons can be assigned as direct or indirect in 
nature depending upon the value of r. 
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The calculated values of absorption coefficient corresponding to 
each energy of incident photons give a good absorption edge. For 
r =1/2 which confirms the direct nature of the optical transitions 
of carriers in ZnTe thin films. The plot of  (α

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Electron diffraction pattern for films having thicknesses 8kÅ (a) 

and 10kÅ (b)  respectively. 
  

hν )2 vs  hν  for 
the films are shown in Fig..2.The intercept of a straight line, 
drawn from the linear portion of the (αhν) 2 vs  hν  plots      
(Fig. 2), on x-axis (energy axis) gives the values of band gap as 
2.02eV and 2.0eV for films of thicknesses 8kǺ and 10kǺ 
respectively [8]. Thus prepared thin films of ZnTe possess 
direct band gap of around 2eV which is near the earlier reports 
[9].

 
Fig. 2 Plot of (αhν)2 vs hν for ZnTe thin films of thicknesses of  8kǺ 

(a) and 10kǺ

 
Fig. 2 Plot of (αhν)2 vs hν for ZnTe thin films of thicknesses of  8kǺ  

(b) respectively. 
 
The variation of resistivity as a function of temperature is 

shown in Fig. 3. The plots suggest that with increase in 
temperature resistivity decreases for both thicknesses. This 
confirms the semiconducting behavior of the films. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Temperature dependence of resistivity of films deposited at 

different thicknesses. 

  
CONCLUSIONS 

 
ZnTe possesses cubic structure when deposited as thin 

films. It also exhibits a direct band gap around 2eV which 
decreases with increase in film’s thickness. The resistivity 
decreases as the temperature of the films increases confirming 
semiconducting nature. It is also seen that the resistivity 
decreases with increase in thickness of the films. 
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ABSTRACT 
 

The presence of native defects in crystals of MoSe2 grown by direct vapour transport has been investigated.  The XRD and EDAX shows the 
presence of MoO2, MoO3, Se and SeO2 along with MoSe2.  The formula assigned to grown crystals is MoSe2.03 accounting for excess of 
selenium as seen from EDAX. This excess in selenium may be attributed to the use of molybdenum in formation of MoO2 and MoO3with 
residual oxygen in the ampoule which outweighs slightly the use of selenium in formation of SeO2 in addition to unreacted selenium. The     
n-type conductivity of grown crystals can be attributed to the compensating nature of defects incorporated during growth. The extrinsic 
electrical behavior of MoSe2 is therefore ascribed to the presence of both donors and acceptor impurities originating from the defect 
structure of MoSe2 crystals. 
 
Key words: crystal growth; direct vapor transport technique, EDAX, native defects, XRD.

INTRODUCTION 
 

The transition metal based semiconductor MoSe2 belongs 
to the family of dichalcogenides with a layer-type structure. 
MoSe2 has been studied widely for its properties and 
applications using growth of this material by various 
techniques [1-12]. Among the layered compounds, MoSe2 has 
been recognized as ideal model compound for the studies 
involving surfaces, photoreactions, adsorption phenomena and 
catalysis, scanning tunneling microscopy, spectroscopy and 
epitaxial growth of thin films [3, 5, 8]. The extremely 
anisotropic character of the layered compounds, built in at the 
atomic level, dominates all the properties of such materials, 
both mechanical and electrical. It opens up new opportunities 
for the application of layered materials [2, 4, 7, 10]. It is a well-
known fact that in the layered crystals like MoSe2, the bonding 
within the layers is strong and primarily covalent, while that 
between the layers are Van der Waals bonding and thus weak 
enough to permit intercalation of foreign atoms or molecules 
into the gap between the layers [4, 6, 12].  
 

Native or intrinsic defects are imperfections in the crystal 
lattice that involves only the constituent elements. They include 
vacancies (missing atoms at regular lattice positions), 
interstitials (extra atoms occupying interstices in the lattice) 
and antisites. Native defects can strongly influence the 
electrical and optical properties of a semiconductor, affecting 
doping, minority carrier lifetime and luminescence efficiency, 
and are directly involved in the diffusion mechanisms 
connected to growth, processing and device degradation [13-
15]. Native defects are, in general, related to the compensation 
of the predominant acceptor or donor dopants, i.e. donor 
defects are easier to form in p-type material, whereas acceptor 
defects are easier to form in n-type material, always 
counteracting the prevailing conductivity.  Identification of the 
processes controlling the incorporation of native defects during 
semiconductor material preparation and /or processing is of 
primary importance since so many electronic and structural 
properties critically depend on the presence of such defects. 
However incorporation of such defects in DVT grown crystals 
has been seldom dealt in detail. Present paper discuss this 

aspect and its influence reflected in semiconducting behavior of 
DVT grown MoSe2 crystals. 
 
MATERIAL AND METHODS 
 

Crystals of MoSe2 were grown by direct vapor transport 
(DVT) method inside a dual zone horizontal furnace [1, 9-12].  
Highly pure molybdenum (AR 99.9%) and Selenium (AR 
99.6%) elements were used as starting elements.  Growth and 
source zone temperatures were 1030K, 1060K respectively and 
the duration of transport was about 72 hours.  The chemical 
proportions of elements in grown crystals were obtained from 
the Energy Dispersive Analysis of X-rays (EDAX) using 
Phillips, Model: XL 30 ESEM. The microstructural 
investigations of as-grown surfaces of the crystals were done 
with the help of Axiotech 100 reflected light microscope (Carl 
Zeiss Jena, Germany make). The physical structure was studied 
by X-ray diffractometer (XRD) unit (Make: Phillips, Model: 
X’Pert MPD). The lattice parameters, hkl reflections and d 
spacing of the grown crystals were determined by comparison 
with JCPDS data as well as by using suitable software. This 
program facilitates for data smoothening, background 
subtraction, α2 elimination, peak search, indexing, and 
generation of simulated powder X-ray diffraction patterns.  
 
RESULTS AND DISCUSSION 
 
The grown crystals as observed under light microscope with X-
20 magnification revealed the presence of hexagonal spirals on 
the growing faces as shown in figures 1. This microstructure 
showing presence of large number of crystallographically 
oriented spirals suggests screw dislocation mechanism of 
growth.  In general, presence of screw dislocations in grown 
crystal shows characteristic property of growth from gaseous 
phase [16-18]. 
 

It is observed to contain 37 sharp lines of varying 
intensities in the diffractogram (figure 2).  The analytical 
indexing of the pattern thus obtained was done to calculate the 
lattice parameters for the hexagonal layered structure. The 
values thus obtained are a = b = 3.280Å and c = 13.020Å.    In 
order to affirm that these lines belong to molybdenum 
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diselenide, the d spacing and relative intensities of these lines 
were compared with JCPDS data for 2H-MoSe2 polytype. It is 
noted that 24 of the d-spacing of JCPDS data match with the 
present diffractogram.  However relative intensities do show 
deviations.  This deviation along with the presence of other 
lines, although not very prominent ones, indicate that along 
with 2H-MoSe2, 3R-polytype form of this compound may also 
be present. When analyzed in this way it is seen that three d-
spacings of 3R-MoSe2 as seen from JCPDS data are present in 
the X-ray diffractograms of grown crystal. However, the 
intensity of one of the prominent line among the three for 3R-
MoSe2 as given in JCPDS data sheet is down by 66%. 
Therefore presently grown crystals may contain only a little 
proportion of 3R polytype form.   

Fig. 2 X-Ray diffractogram of molybdenum diselenide crystal 
grown by DVT technique. 

 
Even after such analysis, 10 lines of present crystal’s 

diffractogram remain to be assigned.  For this JCPDS data 
sheets of possible elements and compounds (such as Mo, 
MoO2, MoO3, Se and SeO2) in present growth process was 
searched.  Such analysis shows that none for Mo; 1out of 39 for 
MoO2; 1 out of 58 of MoO3; 1 out of 23 of Se and 4 out of 104 
for SeO2 are present with fairly low intensity. Thus only a 
small amount of these may be found in present crystal resulting 
probably from incomplete reaction or insufficient vapour 
pressure during reaction and residual oxygen.  It may be further 

noted that the three lines which are still left, are of very low 
intensity and these may be considered as a part of the 
background. At the high temperature associated with crystal 
growth, the solid phase of a compound semiconductor in 
equilibrium with the liquid or gas can exist over a narrow but 
finite range of atomic composition that is with small deviation 
from exact stoichiometry.  As the temperature drops, the extent 
of this so-called existence region shrinks and eventually goes to 
zero.  As the temperature is lowered atomic diffusion rates fall 
and hence small deviations from stoichiometry gets frozen into 
the crystals.  Any deviation from exact stoiciometry implies the 
existence of defects to accommodate imbalance. EDAX 
analysis was also carried out to estimate the amount of 
stoichiometry and confirm this kind of evolution of defects.  
The energy dispersive spectrum of MoSe2 is shown in figure 3. 
The analysis shows that there is a slight excess of selenium and 
with the excess of selenium the formula assigned to present 
crystal is MoSe2.03. This excess in selenium may be attributed 
to use of molybdenum in formation of MoO2 and MoO3 which 
outweighs slightly the use of selenium in formation of SeO2 in 
addition to unreacted selenium with residual oxygen in sealed 
ampoule. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3 Typical EDAX of the as grown MoSe2 crystal. 
 
The electrical transport behaviour studied for the grown 

crystals show n-type conductivity.  Details regarding the 
electrical transport properties of grown crystals were explained 
elsewhere [19, 20].  The extrinsic electrical behavior of MoSe2 
is attributed to the presence of both donor and acceptor 
impurities originating in defect structure of MoSe2 crystals 
incorporated during its growth.  The n-type electrical 
conductivity of grown crystal is due to the compensating nature 
of such defects. In the case of DVT grown crystals it is very 
likely that selenium excess results in giving larger number of 
donor defects in comparison to shallower acceptor defects.   
 
CONCLUSION 
 

In summary we have studied and discussed the evolution 
of native defects incorporated in the crystals of MoSe2 grown 
by direct vapour transport technique.  The study revealed that 
various kinds of defects are incorporated in the crystals of 
MoSe2 during growth process.  The n-type electrical 
conductivity of grown crystals is due to the compensating 
nature of native defects. In the case of DVT grown crystals it is 
very likely that selenium excess results in giving larger number 
of donor defects in comparison to shallower acceptor defects. 
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ABSTRACT 
The mixed transition metal dichalcogenide single crystals, MoxW1-xSe2 series, taking x = 0.3, 0.4, 0.85 and 0.9 were successfully grown by 
direct vapor transport (DVT) techniques. The variation of resistivity with temperature was studied along perpendicular and parallel to c-axis 
using four probes and two probe techniques respectively. The Hall measurements at ambient temperature determined the conductivity type 
and carrier concentration of the as-grown crystals. The Seebeck coefficient variation with temperature was carried out. The obtained results 
are discussed in details. 
 
Key words: MoxW1-xSe2 (x = 0.3, 0.4, 0.85 & 0.9), resistivity, Hall Effect, thermoelectric power. 

INTRODUCTION 
 

The transition metal dichalcogenides (TMDC’s) has the 
general formula MX2, where ‘M’ is a transition metal (M = W, 
Mo) from IVB, VB and VIB group of the periodic table and 
‘X’ is one of the chalcogens namely S, Se and Te. Its basic 
structure is loosely couple X-M-X sheets which makes the 
material extremely interesting, because within a layer, the 
bonds are strong while between the layer they are remarkably 
weak [1-3]. 

 
Significant optical to electrical/ chemical energy 

conversion efficiencies have been obtained in solid state 
photovoltaic and photoelectrochemical solar cells with TMDC 
semiconductor-electrolyte interface [4-6]. It is essential that 
semiconductor surface should be non-corroding and stable 
under conditions of illumination and environment of 
electrolyte. It is also important that the chosen semiconducting 
materials should have a band gap in the range of 1.1 to 2.1 eV 
to provide good optical matching for better solar energy 
conversion. Materials which possess both these properties are 
transition metal dichalcogenides (TMDCs), like MoS2, MoSe2, 
WS2, WSe2, etc. Lots of work has been carried out on these 
TMDCs [7-19]. Literature shows that very limited amount of 
work has been carried out on mixed transition metal 
dichalcogenides like (Mo/W)Se2, thus the authors thought of 
growing such mixed (Mo/W)Se2 in the form of single crystals 
and study the transport properties. In this research paper, 
growth of single crystals is reported and the electrical transport 
properties studies on these single crystals were studied and the 
results are discussed in details. 
 
MATERIALS AND METHODS 
 
Crystal Growth 
 

Among TMDC’s the compound with larger thermoelectric 
power, high electrical conductivity and low thermal 
conductivity posses excellent properties as a thermoelectric 
material. Number of investigators have carried out such 
measurements on tungsten diselenide and molybdenum 
diselenide single crystals, but limited literature exist on such 
measurements being carried out on (Mo/W)Se2 mixed single 
crystals. Therefore, authors have tried to see how these 
properties would be affected with increasing amount of 
molybdenum in WSe2 and henceforth concentrated on four 
combination in Mo W Se  series, taking x = 0.3, 0.4, 0.85 and 

0.9. The initial materials taken for single crystals growth were 
in the powder form with following purities; Mo: 99.99%, W: 
99.99% and Se: 99.99%. Firstly for compound preparation, 
stoichiometric amounts of the powder were introduced into a 
thoroughly cleaned quartz ampoule. The total charge taken in 
each case was about 10 gm. The ampoule was sealed at vacuum 
of 10-5 Torr. After vacuum sealing, the mixture was thoroughly 
mixed by vigorous physical shaking. Then the homogeneous 
mixture was evenly distributed along the length of the ampoule 
and was placed in the furnace. The temperature of the furnace 
was increased slowly to avoid any explosion, which might 
occur due to the strong exothermic reactions between the 
elements. In all the cases, the ampoule was then maintained at 
1073 K for 40 hours to allow the complete reaction to occur 
which resulted in a polycrystalline form of MoxW1-xSe2 (x = 
0.3, 0.4, 0.85 and 0.9) compounds. The obtained powder 
compound was then transferred to another growth ampoule and 
sealed at vacuum of 10-5 Torr. The complete powder compound 
was kept at one end of the ampoule known as charge end and 
the other end of the ampoule is the growth end where the 
crystal growth takes place. The details of the temperatures of 
the charge zone, growth zone, growth time, rate of heating, rate 
of cooling and size of the single crystals for each case is 
tabulated in Table - 1. 

 
The grown single crystals of MoxW1-xSe2 (x = 0.3, 0.4, 

0.85 and 0.9) series were compositionally and structurally 
characterized by EDAX and XRD techniques respectively. The 
compositional and structural results were in good agreement 
with the reported results [20]. 
 
RESULTS 
Resistivity ⊥ c-axis 
 

The resistivity variations with temperature in the range 
from ambient to 423 K were studied on the grown single 
crystals using conventional four probe method. This resistivity 
variation was perpendicular to c-axis (⊥ c-axis). The resistivity 
at each temperature was evaluated by using the formula, 

 

x 1-x 2

sRπρ 2=   
 

                             (1) 

where s is the distance between two probes, and  ‘R’ is the 
resistance between two probes. The resistivity data obtained 
from the above equation are plotted as a function of inverse of 
temperature and are shown in Fig. 1 for MoxW1-xSe2 (x = 0.3, 
0.4, 0.85 and 0.9) series. 
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Table - 1. Growth parameter of MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) 
single crystals. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The activation energy is determined from the above plots
[Fig. 1] using equation, 
 
Ea = 2.303 x k x slope (eV)     (2) 
where k is Boltzmann constant. For all the samples of     
MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9), the ⊥ c-axis resistivity 
decreased with increase of temperature analogous to semi-
conducting behavior. The activation energy values determined 
from the Fig. 1 is tabulated in Table 2. The values show that the 
activation energy increases with increase of molybdenum 
content.  
Resistivity ॥ c-axis 
 

High temperature resistivity parallel to c-axis 
measurements were performed in the temperature range 
ambient to 773 K for all the single crystal samples, MoxW1-xSe2  
(x = 0.3, 0.4, 0.85 and 0.9), by two probe method. The 
resistivity at each temperature was evaluated by using the 
formula, 

Fig. 1 Logρ vs. 1/T graph for ⊥ c-axis by four probe method 

    

t
RA

=ρ                                          (3) 

where A is the area of the specimen, R is the resistance 
between two probes and t is thickness of the specimen. The 
resistivity data obtained from the above equation (3) as a 
function of inverse of temperature are plotted in Fig. 2 for 
MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9). 

 
The activation energy values were determined from the 

graph of Fig. 2 with the help of equation (2) and are tabulated 
in Table - 2. 

 
Here also for all the samples of MoxW1-xSe2 (x = 0.3, 

0.4, 0.85 and 0.9), the ॥ c-axis resistivity decreases with 
increase of temperature confirming semi-conducting nature. 
The activation energy values determined from Fig. 2 are 
tabulated in Table 2. The activation energy values increases  

 

 
 
 
 
 
 
 
 
 
 

 
with increase of molybdenum content, similar to the results 
obtained for ⊥ c-axis measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Logρ vs. 1/T graph for ॥ c-axis measured by two probe method 

Table - 2 The activation energies calculated from ॥ and c-axis 

Logρ vs 1/T. 

Samples 

Activation 
Energy 

(॥ c-axis )Ea 

(eV) 

Activation 
Energy 

(⊥ c-axis)Ea 
(eV) 

Mo0.3W0.7Se2 0.21 0.09 
Mo0.4W0.6Se2 0.21 0.13 

Mo0.85W0.15Se2 0.54 0.17 
Mo0.9W0.1Se2 0.55 0.28 

 
Here also for all the samples of MoxW1-xSe2 (x = 0.3, 0.4, 

0.85 and 0.9), the ॥ c-axis resistivity decreases with increase of 
temperature confirming semi-conducting nature. The activation 
energy values determined from Fig. 2 are tabulated in Table 2. 
The activation energy values increases with increase of 
molybdenum content, similar to the results obtained for ⊥ c-
axis measurements. 
 
Hall Effect 
 

The Hall measurements were carried out on MoxW1-xSe2 
(x = 0.3, 0.4, 0.85 and 0.9) single crystals employing 11 KG 
electromagnet. The semiconductor type and carrier 
concentration were evaluated for all the crystals. The obtained 
values are tabulated in Table - 3. 

 
The Hall measurements showed that all the samples,       

MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) are p-type in nature and 
their carrier concentration comes out to be of the order of 1015 
cm-3.  
 

Temperature (K) 
Crystals 

Compound Charge zone Growth 
zone 

Rate of 
heating (K s-1) 

Rate of 
cooling 
(K s-1) 

Time 
(hr.) 

Crystal size 
(mm3) 

Mo0.3W0.7Se2 1073 1423 1373 50 40 
192 

15 x 11 x 0.2 

Mo0.4W0.6Se2 1073 1373 1323 50 40 192 17 x 14x0.2 
Mo0.85W0.15Se2 1073 1363 1313 50 40 192 20x13x0.2 
Mo0.9W0.1Se2 1073 1296 1246 50 40 192 12x7x0.15 
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Table - 3 Hall data of MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) 
single crystals. 

 
Samples Carrier Concentration p (cm-3) Type 

Mo0.3W0.7Se2 1.52 x 1015 P 
Mo0.4W0.6Se2 0.16 x 1015 P 

Mo0.85W0.15Se2 0.22 x 1015 P 
Mo0.9W0.1Se2 0.83 x1015 P 

 
Thermoelectric Power 
 

The thermoelectric power measurements have been carried 
out as a function of temperature for as grown MoxW1-xSe2 (x = 
0.3, 0.4, 0.85 and 0.9) single crystals starting from ambient to 
423 K with experimental set up TPSS-200, Scientific Solution, 
Mumbai. The variation of thermoelectric power ‘S’ for single 
crystals of MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) at different 
temperatures are shown in Fig. 3. 
 

 
Fig. 3 Plot of Seebeck coefficient(S) vs. temperature (T). 

  
It has been seen that the thermoelectric power ‘S’ 

increases with increase in temperature for all samples. To study 
the temperature dependence of the thermoelectric power of a p-
type semiconductor the below expression [21] can be used, 

 

⎥⎦
⎤

⎢⎣
⎡ +=

kT
E

A
e
kS F   

where k is the Boltzmann cons

             (4) 

tant, e is the electronic charge, A 
is the constant determined by the dominant scattering process 
and EF is the separation of the Fermi level from the top of the 
valence band. For a small temperature range, EF is fairly 
constant and hence from equation (4) if thermoelectric power 
(TEP) is plotted against the reciprocal of temperature, a straight 
line is expected from where EF and A can be determined, from 
the slope and intercept respectively. Fig. 4 shows the variation 
of TEP with an inverse of temperature for MoxW1-xSe2 (x = 0.3, 
0.4, 0.85 and 0.9) single crystals.  

 
Fig. 4 Plot of Seebeck coefficient (S) vs. reciprocal of temperature 

(1/T). 
The values of EF and A from the slope and intercept, which 
were determined are listed in Table 4 for each samples 

respectively. The effective density of states NA for the as-
grown single crystals were determined using relation, 
   
 

⎥
⎦

⎤
⎢
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p
N

A
e
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where NA is the effective density of states and is given by, 
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where  is the effective mass of holes. Using the values of 
carrier concentration obtained from Hall effect measurements, 
the effective density of states NA for the samples of MoxW1-

xSe2 (x = 0.3, 0.4, 0.85 and 0.9) were calculated with the help of 
the formula, 
 

∗
hm

⎟
⎠
⎞

⎜
⎝
⎛ −=

kT
ENp F

A exp    (7) 

 
Here EF is the Fermi energy, k is the Boltzmann constant 

and T is the room temperature. The values of effective density 
of states NA thus obtained are listed in Table 4 for the samples 
MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9).Using these values of 
effective density of states NA in equation (6), the effective mass 
of holes for MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) single 
crystals has been calculated. 
 
Table - 4 Values of constant A, scattering parameter s, Fermi energy 

EF, effective mass  and effective density of states NA of 

MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) single crystals. 
 

Sample A 

Fermi 
energy 

EF
(eV) 

s = 
(5/2)-

A 

NA  
(cm-3) 

x 
10-

32

(kg) 

*
hm

*
hm  

Mo0.3W0.7Se2 0.48 0.32 2.02 1.52x1015 0.01 
Mo0.4W0.6Se2 0.88 0.72 1.62 0.16x1018 0.25 

Mo0.85W0.15Se2 0.024 0.80 2.47 0.22x1015 0.31 
Mo0.9W0.1Se2 0.013 1.21 2.48 0.83x1015 0.76 

 
The calculated values of the scattering parameter‘s’ lies 

between 1 and 3 for MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) 
single crystals. 
 
CONCLUSIONS 
 
1. Large size single crystals of MoxW1-xSe2 (x = 0.3, 0.4, 

0.85 and 0.9) were successfully grown by direct vapor 
transport technique. 

2. The ⊥ c-axis resistivity measurements showed that the 
resistivity decreases with increase of temperature 
analogous to semi-conducting behavior. The activation 
energy values determined from the ⊥ c-axis resistivity vs. 
inverse of temperature showed that the activation energy 
values increases with increase of molybdenum content.  

3. Similar results were obtained for the ॥ c-axis resistivity 
measurements. It also showed the resistivity decreased 
with increase of temperature. The activation energy values 
determined from the ॥ c-axis resistivity vs. inverse of 
temperature showed that the activation energy values 
increases with increase of molybdenum. 
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4. The Hall measurements showed that all the samples, 
MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) are p-type in 
nature and their carrier concentration comes out to be of 
the order of 1015 cm-3.  

5. For all samples, MoxW1-xSe2 (x = 0.3, 0.4, 0.85 and 0.9) 
the thermoelectric power ‘S’ increase with increase in 
temperature. The calculated values of scattering 
parameter‘s’ lies between 1 and 3 for MoxW1-xSe2 (x = 0.3, 
0.4, 0.85 and 0.9) single crystals. 
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ABSTRACT 
 

Elastin, a well-known stretchable two dimensional protein, is well-known among biomolecules. In the present study, elastin and its charge 
transfer complexes with organic acceptors such as TCNQ, TCNE, DDQ, chloranil and iodine have been studied using FTIR spectroscopy. 
Elastin is a weak donor. In the infrared spectra, it is observed that there is low-frequency hopping process revealed by square-power beta 
density. In CT complexes, gaussians are observed in mid-IR range. Elastin-iodine, elastin-DDQ and elastin-chloranil show range of nature of 
transition for the transition across a band gap. 
 
Key words: Elastin, Charge transfer complexes, Infrared spectra, Hopping process, Gaussian distribution, Nature of transition 

INTRODUCTION 
 

Elastin, a two-dimensional stretchable protein [1], derives 
its name from elastic which has elasticity while stretching. Its 
unit is called desmosine [2] and is supposed to be a strong 
electron donor due to large number of COOH and NH2 groups. 
Therefore, we study macromolecule like elastin here and its 
charge transfer complexes with organic acceptors. Elastin 
works as a weak donor. 
 
EXPERIMENTAL DETAILS 
 

Elastin is a white powder. First it was mixed with 1:1 
molecular weight proportion with organic acceptors. Because 
elastin is a macromolecule its molecular weight is very high in 
amount because of very low molecular weights of acceptors, 
FTIR spectra did not show any change in the spectrum of 
elastin so elastin was again mixed with organic acceptors in 
equal volume proportions. This involved several-fold excess of 
acceptors. Acceptors selected were TCNQ(7,7,8,8,-tetracyano-
p-quinodimethane), TCNE (tetracyano-p-ethylene), DDQ (2,3,-
dichloro-5,6-dicyano-p-benzoquinone), chloranil(2,3,5,6-
tetrachloro-p-benzoquinone) and iodine. These acceptors when 
large in amount reacted to form CT complexes with elastin. 
The CT complexes of elastin were taken in small amount 
(about 5%) and mixed with dry spectrograde KBr powder 
which was 95%. The mixtures were grinded till 5% of CT 
complex homogeneously dispersed into KBr powder. Circular 

FIRTGS detectors. A beam splitter of the opt KBr type was 
used having a range of 7800-370cm-1. The spectra were 
recorded in purge mode. 
 
RESULTS AND DISCUSSION 
 
The FTIR spectrum of elastin is shown in Fig. 1a.  

 
The material is transmitting in the range of 1800cm-1 to 

2800 cm-1. Thus it shows that the band gap of elastin is very 
large and does not have band gap in IR range. Elastin is an 

insulator. Between 1000 cm-1 and 1800 cm-1   there are large 
number of vibrational bands of elastin molecule and this range 
does not contain any well-defined background absorption [3] or 
electronic absorption envelope. However, in the low-frequency 
range below 900 cm-1, a square-power beta density is seen in 
absorption profile. This beta density indicated a low frequency 
hopping process present in elastin. Either a carrier hops or it 
does not hop. This is a Bernoulli trial of probability theory. 
Bernoulli trial leads to a beta density as a probability 
distribution function. Half-power beta density arises in a 
neutral compound while square-power beta density arises in a 
dipolar compound which is polarizable when it is stretched. 
The square-power beta density [4, 5] is given by 

 

discs were prepared using a die and a manually operated 
compressing machine. Discs were placed in dark chamber of 
GXFTIR single beam spectrophotometer of Perkin Elmer 
Company, USA. 
 

The spectra in the range 400-4000cm-1 were recorded 
using a GXFTIR single beam spectrophotometer manufactured 
by Perkin Elmer company, USA, having resolution of 0.15 cm-1 
a scan-range of 15,000-30 cm-1, scan time 20 scans-1, an optical 
phase detector(OPD) velocity of 0.20cms-1 and MIRTGS and 

 where  and in this ‘a’ is 
and ‘b’ is h. This function has 

been fitted (Fig. 1b).  
initial point of the peak  base widt

  
Fig. 1a: The FTIR spectrum of elastin. 

 
 
 
 
 
 
 
 
 
 

Fig. 1b: The square power beta density in elastin. 
 

The FTIR spectrum of elastin-TCNQ is also shown in Fig. 
2a. 
 

The CT complex remains transmitting in the range 
1800cm-1 to 3000 cm-1 and does not show development of any 
absorption. This indicates that elastin-TCNQ also does not 
contain any absorption due to transition across the band gap in 
IR range. Thus elastin-TCNQ also is a wide-band-gap 
semiconductor. However, the IR spectrum contains two 
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gaussian background profiles –one in mid-IR range around 
1500 cm-1 and one in low-frequency range around 700 cm-1. 
The gaussian bands are given by   

ion, is central wave number k where is the maximum absorbpt
and m  is the second moment of th
is fitted by plottin   Both the gaussian 
profiles are fitted (Fig. 2b

Fig. 2a: The FTIR spectrum of elastin-TCNQ. 

Fig. 2b: Mid-IR and low frequency Gaussian band in Elastin-TCNQ
  

The square-power beta density becomes gaussian 
distribution in the low-frequency region. This shows the charge 
carriers like polarons show band motion leading to gaussian 
distribution rather than a hopping process. This is the change 
incurred by TCNQ which stretches the bonds of elastin and 
polarons, rather than hopping among various sites of elastin, 
shows continuous motion. This mid-IR gaussian band shows 
similar band motion of polarons igh frequency range. 
The results should be compared eratin and it’s CTCs 
with organic acceptors. - kerati rotein and its 
CTCs show half-power beta density du  constrained motion 
of carriers across the linear chain fibre. Here the lattice 
vibrations have two degrees of motion in elastin and its CTCs. 
The gaussian distribution results due to dispersion of vibration 
in two-dimensions in planar elastin. 

 
The FTIR spectrum of elastin-TCNE is shown in Fig. 3a. 

Fig. 3a: The FTIR spectrum of elastin-TCNE. 

The spectrum is many respects similar to elastin-TCNQ 
spectrum. Again a transmitting range followed by two gaussian 
bands in background absorption at lower frequencies is 
observed. The two gaussian bands are tracked due to dispersion 
of polarons or a complex phonon in two-dimensions due to the 
force arising from TCNE molecules. The gaussian curves are 
fitted (Fig. 3b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3b: Mid-IR and low frequency gaussian band in Elastin-TCNE. 
 
The FTIR spectrum of elastin-iodine is shown in Fig. 4a. 

Fig. 4a: The FTIR spectrum of elastin-iodine. 
 
This spectrum shows a range in which absorption 

develops in infrared range between 1800cm-1 and 3000 cm-1. 
Thus the charge transfer interactions are strong enough to bring 
down band gap value to IR range. Thus halogens interact 
strongly with elastin. The mid-IR range between 1000 cm-1 and 
1700 cm-1 shows a triangular type background absorption 
arising from imperfect nesting. The nature of transition is 
analyzed from Fig. 4b. 

Fig. 4b: Nature of transition of elastin-iodine. 
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The low-frequency gaussian distribution around 600 cm-1 is 
also fitted which shown in Fig. 4c. 

Fig. 5a: The FTIR spectrum of elastin-DDQ. 
 
There exists a range (1800-2900cm-1) in which absorption due 
to transition across band gap develops (Fig. 5b).  

Fig. 5b: Nature of transition of Elastin-DDQ. 
 
A pronounced gaussian band is observed in the mid-IR range. 
This gaussian distribution is fitted as shown in Fig. 5c. 

Fig. 5c: Mid-IR Gaussian band in Elastin-DDQ. 

Finally, in low frequency range a Lorentzian or oscillator 
model is observed rather than a gaussian band or beta density. 
This shows presence of strong electron-phonon resonance in 
low-frequency range around 620cm-1. 

 
The FTIR spectrum of elastin-chloranil is found to be 

different which shown in Fig. 6a. 
 
 
 
 
 
 
 
 

Fig. 6a: The FTIR spectrum of elastin-chloranil. 
 
 
 
 
 
 
 
 

Fig. 6b: Nature of transition in elastin-chloranil. 
 
Here apart from absorption of light due to transition across 

a band gap (Fig. 6b), a large number of repeated structures are 
observed. These structures can be ascribed to the oscillations in 
the density of states. Square-root singularity describes the 
shapes of these structures as found in one-dimensional systems 
of lattice vibrations. Such oscillations are found in magnetic 
field and here they seem to arise from transverse optical 
phonons. Thus elastin-chloranil can be used as molecular 
multivibrator. 

 
The parameters of the gaussian distributions observed into CT 

complexes of elastin are summarized in table 1. The values of band 
gaps and nature of transitions are summarized in table 2. 
 
Table - 1 The parameters of gaussian distributions observed in 
charge transfer complexes of elastin. 
 

Mid-IR gaussian distribution 
 

Low-frequency gaussian 
distribution 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4c: Low frequency Gaussian band in elastin-iodine. 
 
The FTIR spectrum of elastin-DDQ is shown in Fig. 5a. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Name 
of 

complex 
 K₀ FWHM  K₀ FWHM 

Elastin- 
TCNQ 85 1335.95 956.52 86.11 630 610.86 

Elastin- 
TCNE 88.125 1467.3 597.89 93.125 608.69 310 

Elastin- 
Iodine - - - 86.36 606.38 329.79 

Elastin- 
DDQ 85.714 1423.91 663.05 - - - 

 
Table 2:  Values of band gaps and nature of transition in CT 
complexes of elastin. 
 
Name of the complex Absorption function Value the band gap (eV) 

Elastin-iodine 
αhν=A(hν-

Eg±Ep)²Allowed 
indirect transition 

0.2 

Elastin-DDQ 
αhν=A(hν-Eg)1/2

Direct allowed 
transition 

0.26 

Elastin-chloranil 
αhν=A(hν-Eg) 
Direct allowed 

transition 
0.25 
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CONCLUSION 
 
Elastin does form complexes with organic acceptors when 

the later are taken in large amount. Charge transfer interactions 
are strong and are sufficient enough to bring down band gap 
values to IR range in particularly with halogen like iodine and 
halogen-containing acceptors like DDQ and chloranil. This 
shows elastin interacts with chlorine atoms in DDQ and 
chloranil. The interaction is strongest in chloranil leading to the 
oscillations in the density of states of charge carriers. 
 
REFERENCES 
 
[1] Albert L. Lehninger (1987), Principles of Biochemistry: 

CBC Publishers & Distributors, Chpt. 6,pp. 123. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] Roger Baurain, Jean-Franqm Larochelle, and Franqois 
Lamy (1976), Photolysis of Desmosine and Isodensmosine 
by Ultraviolet Light, Eur. J. Biochem, 67: 155-164. 

[3] Jacques I. Pankov (1971) Optical process in 
semiconductor , Prentice-Hall, Englewood Cliffs, NJ, pp. 
34. 

[4] Grubbs, Frank E. (1962) Attempts to Validate Certain 
PERT Statistics or ‘Picking on PERT’. Operations 
Research 10(6), pp. 912-915.  

[5]  Keefer, Donald L. and Verdini, William A. (1993). Better 
Estimation of PERT Activity Time Parameters. 
Management Science 39(9), pp. 1986-1091. 

 



 
SCREENING-CORRECTED ELECTRON IMPACT TOTAL AND                    

IONIZATION CROSS SECTIONS FOR N(CH3)3 AND P(CH3)3
 

Harshad Bhutadia1*, Kirti Korot2, Bobby Antony3 and Minaxi Vinodkumar1

 
1V. P. & R. P. T. P. Science College, Vallabh Vidyanagar-388 120, Gujarat, India 

2Physics Department, Charotar Institute of Technology, CHARUSAT, Changa – 388 421, Gujarat, India 
3Department of Applied Physics, Indian School of Mines, Dhanbad, JH-826004, India 

 
ABSTRACT 

 
In this article we report a modified calculation for total elastic, total ionization and total (complete) cross sections for Trimethylamine 
N(CH3)3 and Trimethylphosphine, P(CH3)3 upon electron impact at energies from circa threshold to 2000 eV. We have proposed a model 
which allows screening correction resulting due to the overlapping of atoms as seen by incident electrons in a complex molecule. We have 
employed well known Spherical Complex Optical Potential (SCOP) formalism to evaluate total elastic and total inelastic cross sections and 
hence, total (complete) cross sections. The ionization cross sections were derived using the Complex Optical Potential – ionization 
contribution (CSP-ic) method. Present results are compared with available experimental and other theoretical data wherever available and 
overall good agreement is observed. Present screening-corrected model shows improvement over the previous method especially at low 
energies.  
 

Key words: Ionization cross sections; total cross sections; atomic overlap; screening - correction 

INTRODUCTION 
 

Electron driven processes on molecules are of great 
interest due to its possibilities in the investigation of various 
applied areas like plasma physics, semiconductor industry, 
micro-electronics, atmospheric sciences and pollution 
remediation. A well organized database on electron impact 
collision cross sections is essential for the modeling of such 
interactions in these environments. However, there is a serious 
void in the data, especially on ionization cross section, on many 
important molecular systems. Even though many scientists are 
involved in this area of research, collection of various cross 
sections by experimental measurements alone is not feasible in 
the time scale required by the industry. Hence, alternative 
theoretical methods like Spherical Complex Optical Potential 
(SCOP) formalism can be handy and be able to fill the gap 
effectively since such methods produces cross section data 
quickly with reasonable accuracy.  
 

Trimethylamine N(CH3)3 or TMA is a pollutant released to 
the environment from various exhaust like chemical industry, 
marine food manufacturers and also during cremation [1]. TMA 
is a highly volatile organic compound with a specific pungent 
property. It is dangerous to human beings and other living 
beings alike, as it has the property of tissue corrosion and tissue 
penetration. TMA is also considered to be an inhibitor of DNA, 
RNA and protein synthesis and is believed to have serious 
consequences on the development of fetus in animals [2]. 
Hence, removal of this highly toxic and malodorous organic 
waste is a top priority. For this purpose electron-driven 
techniques are being designed and conceptualized. However, for 
effective designing and construction of such devices where 
electron sources are employed, comprehensive data on electron 
scattering on these molecules are required [3].  
 

Micro-electronics and nano-scale semiconductor industry 
is of tremendous potential in terms of economy and research 
[4]. In the preparation of nanoscale structures in silicon and 
diamond films PH3 gas is been used as a P-doping source for 
long [5-8]. However, due its non-friendly nature, semiconductor 
industry has been looking for an alternative gas to substitute it.  

Recently, trimethylphosphine, P(CH3)3 (TMP) was considered 
as a prospective candidate for this purpose. For an effective 
study on the use of this gas, it is imperative to understand the 
effect of TMP upon electron interaction.  
 

In spite of importance of the study of electron impact 
scattering for these targets there are only limited efforts done 
both on theoretical and experimental fronts which has motivated 
us to carry out this study. Electron impact total cross sections 
for these molecules have been very recently reported by Shi et 
al [9] using additivity method and modified additivity method 
to take into account the geometrical screening effect for impact 
energies 30 to 5000 eV.  Experimental investigations are very 
sparse and are reported for few targets only. Electron impact 
total cross sections for N(CH3)3 has been measured by 
Szmytkowski et al [3] for impact energies 0.8 eV to 370 eV. 
They have also calculated integral elastic cross sections using 
additivity rule and total ionization cross sections using Binary 
encounter Bethe method (BEB). For P(CH3)3, electron impact 
total cross sections are measured by Domaracka et al [10] and 
they have also reported calculations for integral elastic cross 
sections and total ionization cross sections. In absence of good 
database for molecules of applied interest the present study 
becomes important to supplement the void in the database. 
 
MATERIALS AND METHOD 
 
THEORETICAL METHODOLOGY 
 

In our previous work we have described in detail the 
theory to calculate total (complete) cross sections including the 
total ionization cross sections [11-16]. Here we have given only 
the newly introduced screening corrected theory in detail. We 
have calculated all the cross sections viz. total elastic, total 
inelastic, total ionization and total (complete) cross sections 
without introducing the geometric screening correction as in our 
earlier papers [12-16] and have maintained the same symbols. 
In the present model we have subtracted the cross sections 
arising due to the “shadowing effect” of the surrounding 
hydrogen atoms to the central Carbon atom and consider the 
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screening-corrected total cross section of the molecules by 
group additivity approach given by [17] 

                   (1) 

where,  stands for the screening-corrected total cross 

sections e molecule, is the total cross section 
calculated by multi center ach (group additivity rule) and 

represents the average overlap resulting from the 
atoms with the central Carbon atom. These 

e pair overlapping can be approximated as 

 ,
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T SC T OCQ Q Q= −   
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 where, Qi and Qj are total cross sections 

ith & jth atoms,  is the distance 

between ith & jth atoms and  [11, 17].  
 
Now, consider two atoms which are separated by a 

distance ‘ ’ from the center of each atom, and the total cross 
sections resulting due to their independent existence be Q1 and 
Q2 timate the all-orientation average screening of 
the first atom on the second, we can imagine that Q  area is 
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So, in general the averaged screened cross section arising due to 
overlap or shadow effect is given by, 

atom
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Now we consider the present case of the trigonal molecules 

N(CH3)3 & P(CH3)3. The overlap contribution is calculated 
between the three H atoms and central Carbon atom.  Nitrogen 
or Phosphorous are taken as independent scatterer as N-C 
(1.4510Å) [18], P-C (1.805Å) bondlengths are greater than C-H 
(1.1090Å) [18] bond length. We have employed chembio3D 
ultra software to compute these bond lengths. 

Using single center approach for CH3 group, the 
can be approximated as  

atom
OCQ  

1 a to m a to mN
a to m i c
O C

i ic

Q QQ
N α

= ∑ , with 

( )2max 4 , ,atom atom
ic ic i cr Q Qα π=                    (3) 

 
Here N represents the total number of atoms excluding the 

central atom and are the electron impact atomic 

cross sections for the pair formed by the central atom and the ith 
surrounding atom respectively and represents the bond 
distance between them. This reform takes care of the 
average overlap contribution and gives er representation at 
lower energy regime. It should be noted that present screening-
correction does not take into account an  molecular symmetry. 
Hence the present modification  bond distance and 
atomic cross sections of individual atoms, hence may be 
employed to any other larger complex m lecule with ease. 
 

Using equation (1) the expressions for the screening 
corrected total and inelastic cross s  are respectively 
given by, 

                   (4)

                                    

,     (5)           

Where, and  represents the average 

overlap correction for total and inelastic cross sections resulting 
from the atomic pair with the central atom.  

 is a measurable quantity and can have a direct 

com h the available experimental data, whereas 
 cannot be obtained directly from experiments. The 

antity which is of far more practical importance is 

ionization cross section, Qion. Here the  does 
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and with overlap corrections ( ) into its main 
contributions viz. 

, a t o m
cQ a t o m

iQ

icr
ation 
 a bett

y
requires only

o

ections

, ,
atom

T SC T T OCQ Q Q= −   

,
atom

inel SC inel inel OCQ Q Q= −  
atom

OCTQ ,
atom

OCinelQ ,

,T S CQ
parison wit

,inel SCQ
measurable qu

the total  ,inel SCQ
molecule
us partit
tribution (

i n e l ,S CQ

( ) ( ) ( )inel i exc i ion iQ E Q E Q E= +∑  
            

and    (6)
 

( ) ( ) ( )= +∑inel ,SC i exc ,SC i ion ,SC iQ E Q E Q E     (7) 
 
where, the first term in both the above Equations is the sum 
over total excitation cross sections for all accessible electronic 
transitions. Hereafter we will use the screening corrected cross 
sections to explain our theoretical method, which is also 
applicable to our previous method. The second term is the total 
cross sections of all allowed ionization processes including all 
single and double ionization cross sections induced by the 
incident electrons. The first term arises mainly from the low-
lying dipole allowed transitions for which the contributions of 
excitation cross sections to Qinel,SC progressively decreases 
faster compared to the ionization cross sections with increase of 
energy. This is because the peak of excitation cross sections 
occurs at lower energies hence while the Qion,SC is rising in the 
intermediate region ex e,SC∑Q

r electron impact 
is falling. The Qion,SC in 

equation (7) fo ionization corresponds to 
continuum as against discrete optically allowed electronic 
excitation channels. Therefore typically over 100 eV or so, 
ionization dominates over excitation. Thus from equation (6), 

 ( ), , ( )i n e l S C i i o n S C iQ E Q E≥                                    (8) 

Now, in order to extract Qion,SC from , a reasonable 

approximation can be evolved by starting with a ratio function, 
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Since the usual complex potential calculations do not help 
in determining ionization contribution from the inelastic cross 
section, we have introduced a method based on the equation (9). 
In Complex Scattering Potential – ionization contribution 
(CSP-ic) method, the energy dependence of R (Ei) is given by 
the following relation [11-16]. 

( ) 1 ( )iR E f= −   U                                                  (10) 

        2
1

ln( )1 C UC
U a U
⎡= − +⎢ +⎣ ⎦

⎤
⎥

    (11)

                            
where the incident energy is scaled to the ionization potential I 
through a dimensionless variable, 

iEU
I

=                     (12) 

Equation (17) involves dimensionless parameters C1, C2, 
and ‘a’, which are determined by imposing three conditions on 
the function R (Ei) as discussed in [12]. Specifically, we have 0 
≤ R 1, such that 

   (13)

                              
The reason for adopting a particular functional form of 

f(U) in equation (11),The dimensionless parameters C1, C2, and 
‘a’, involved in equation (11) reflect the properties of the target 
under investigation. The three conditions stated in equation (13) 
are used to determine these three parameters and hence the ratio 
R. This method is called the Complex Scattering Potential–
ionization contribution, (CSP-ic). Having obtained Qion,SC 
through CSP-ic, the summed excitations cross sections 

Qexc,SC can be easily calculated vide equation  (7). 

RESULTS AND DISCUSSION 
 

The presently calculated Qion, Qion,SC, QT and QT,SC for 
N(CH3)3 and P(CH3)3 are plotted along with available 
theoretical and experimental data in Figs. 1 – 4, the numerical 
values for screening corrected total ionization and total cross 
section are listed in Table 1.  Low energy behavior of cross 
sections is of much scientific interest because, elastic and 
various electronic excitation phenomena occur around the 
threshold of the target. 

 
Fig. (1) shows electron impact total ionization cross 

sections for trimethylamine (N(CH3)3). We have calculated the 
total ionization cross sections (Qion) using multi centre 
approximation (group additivity rule). The ionization cross 
sections are reported by two methods viz. without screening 
corrections and with screening correction. Present data without 
screening correction are higher than the calculated results of 
Szmytkowski et al [3] using BEB method. The present 
screening corrected total ionization cross sections (Qion,SC) are in 
good accord with the theoretical investigation of Szmytkowski 
et al [3] using BEB method throughout the energy range.   

 
In Fig. 2 we have compared the present total (complete) 

cross sections calculated  with and without screening correction 
with other experimental [3] and theoretical [3, 9] total cross 
sections. Present total cross sections without screening 
corrections (QT) are higher than all the other investigations 
available expect the theoretical investigations of Shi et al [9] 

using original modified AR (additivity rule). The present 
screening corrected results (QT,SC) are in good agreement with 
the theoretical results of Shi et al [9] using new Modified AR 
and summed total cross sections of Szmytkowski et al [3] at 
intermediate energy regime. Present SC results are lower at low 
energy region and slightly higher at high energy region than the 
theoretical results of Szmytkowski et al [3] and Shi et al [3]. 
The QT,SC are in good agreement with the experimental results 
of Szmytkowski et al [3] from 30-200 eV. Present QT,SC results 
are slightly lower at lower energy region and slightly higher 
after 200 eV than the data of Szmytkowski et al [3]. In Fig. 2 
the effect of screening seems to be rather drastic at low energies 
and it leads to decrease in the total cross sections (QT) below 30 
eV.  
 
Table - 1 Numerical values of Qion,sc and Qt,sc (in Å2) for 

N(CH3)3 and P(CH3)3
N(CH3)3 P(CH3)3Ei(eV) 

Qion,sc Qt,sc Qion,sc Qt,sc

15 01.62 39.77 02.51 83.16 

⎪
⎩

⎪
⎨

⎧

>≅

==
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pi

pip

i
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EEfor
EEforR

IEfor
ER

1

0
)(

20 04.10 42.56 05.80 77.34 

30 08.14 41.52 10.80 64.70 

40 10.32 38.89 13.34 55.95 

50 11.29 36.27 14.23 50.04 

60 11.67 34.15 14.42 45.89 

70 11.73 32.37 14.24 42.74 

80 11.61 30.74 13.90 40.04 

90 11.40 29.22 13.53 37.93 

100 11.16 27.91 13.17 36.09 

∑
 

200 08.76 20.15 10.16 25.08 

300 07.13 16.18 08.23 19.57 

400 06.00 13.69 06.92 16.17 

500 05.19 11.91 05.99 13.81 

1000 03.13 07.53 03.68 07.59 

1500 02.25 05.64 02.80 05.75 

2000 01.77 04.58 02.22 04.78 
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Fig. 1 Total ionization cross sections for N(CH3)3 molecule. Dashed 
line, Present results without screening corrections (Qion); Solid 
line, Present results with screening corrections (Qion,SC); Dashed 
dot dot line, Szmytkowski et al [3] using BEB method. 
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Fig. 2 Total (complete) cross sections for N(CH3)3. Dashed line, 
Present results without screening corrections (QT); Solid line, 
Present results with screening corrections (QT,SC); Stars, 
Szmytkowski et al [3]; Short dashed line, Szmytkowski et al 
[3] (summed ICS+ECS); Dashed dot dot line, Shi et al [9] 
using original modified AR results; Short Dashed dot line, Shi 
et al [9] using present modified AR results. 

 
In Fig. (3) we have plotted electron impact total ionization 

cross sections for P(CH3)3. Present total ionization cross 
sections without screening corrections (Qion) are higher than 
other theoretical results of Domaracka et al [10] using BEB 
method. The present screening corrected total ionization cross 
sections (Qion,SC) are in overall good agreement with the results 
of Domaracka et al [10] except at peak region. At the peak 
region Qion,SC are in better agreement with the BEB cross 
sections of Domaracka et al [10] than the Qion. 
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Fig. 4 Total (complete) cross sections for P(CH3)3. Dashed line, 
Present results without screening corrections (QT); Solid line, 
Present results with screening corrections (QT,SC); Stars, 
Domaracka et al [10]; Short dashed line, Domaracka et al [10] 
(summed ICS+ECS); Dashed dot dot line, Shi et al [9] using 
original modified AR results; Short Dashed dot line, Shi et al 
[9] using present modified AR results.  

CONCLUSION 
 

We have calculated total and total ionization cross sections 
employing the previous formalism (SCOP & CSP-ic) and the 
modified method for the molecular systems N(CH3)3 and 
P(CH3)3. As we have expected the differences between these 
two methods is prominent at the low energy regime in the total 
(complete) cross sections and at the peak region in the total 
ionization cross sections. The geometrical screening correction 
lowers total (complete) cross sections and the effect is important 
below 100-200 eV. Moreover at low energy the difference in 
QT also is affected by the additivity rule. 
 

The screening also lowers the total ionization cross 
sections and the effect is important at the peak region (near 60-
70 eV). The screening corrected total ionization and total cross 
sections shows better agreement with available experimental 
and theoretical data. We must admit that the difference between 
on screened QT and experimental data arises also due to the 
limitations of model potential. The complex scattering potential 
- ionization contribution (CSP-ic) formalism developed by the 
authors [11-16] is used to derive the total ionization cross 
section for these targets. This method has been tested 
successfully for a large number of atomic and molecular targets. 
Present theoretical results for the total ionization and total cross 
sections show very good agreement with most of other 
theoretical investigations.  
 

Moreover, it is also observed and confirms the established 
fact that the cross section increases with increase in the 
geometric size of the target. Also, the present method employed 
here provides an estimate of electronic excitations in relation to 
ionization cross sections in a particular target. We have not 
provided the data of total excitation cross sections but are 
available with the authors. Finally, we hope that present work 
may be useful as there is paucity of experimental as well as 
theoretical data for the present targets. 
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Fig. 3 Total ionization cross sections for P(CH3)3 molecule. Dashed 
line, Present results with out screening corrections (Qion); Solid 
line, Present results with screening corrections (Qion,SC); Dashed 
dot dot line, Domaracka et al [10] using BEB method. 

 
Fig.(4) shows graph for electron impact total (complete) 

cross sections for P(CH3)3. The present QT is very high at lower 
energy region and slightly high at higher energy region than the 
other theoretical investigations [9, 10] and experimental results 
[10] except the theoretical investigations of Shi et al [9] using 
original modified AR. The QT,SC are in very good agreement 
with the theoretical results of Shi et al [9] using new modified 
AR and slightly higher than the summed total cross sections of 
Domaracka et al [10]. The present SC total cross sections 
(QT,SC) are higher than the experimental data of Domaracka et al 
[10] up to 40 eV and after 40 eV QT,SC are in very good 
agreement with the experimental data [10]. 
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ABSTRACT 
 

Mass spectra and decay properties of D and Ds mesons are investigated in the frame work of a relativistic phenomenological 
quark model with a confinement potential of the typ with ν varying from 0.5 to 2.5. Apart the mass spectra, 
the decay constants  ) and the leptonic branching fractions are calculated in this paper with different choices of ν in the 
range 0.5 to 2.5. Our predictions are compared with other theoretical models and experimental results. 
 
Key words: mass spectrum, decay constant, branching ratio, potential model. 

INTRODUCTION 
 

Many experimental facilities such as FOCUS (E831) at 
Fermilab, BELLE and CLEO, are continuously providing huge 
amount of data in the heavy-light mesonic sector [1 - 3].  
 

The recent observations of the orbital excited states 
of

e                             , 
(       

 

qc ; ( ) and duq /= sc mesons in particular have ignited 
interest in the experimental and theoretical study of charm 
spectroscopy. 

 
It has long been pointed out that light-heavy mesons 

mimic the hydrogenic atoms of QCD and represent a unique 
laboratory to test our understanding of QCD [4, 5]. 
Theoretically, our knowledge of hadron physics is mainly 
based on phenomenological quark confinement models [6 - 8], 
as the hadron domain generally falls in the non-perturbative 
regime of quantum chromodynamics.  

 
The masses and pseudoscalar decay constan s of the 

heavy-light mesons have also been estimated in t of 
many QCD-motivated models. These model predictions cover a 
wide range of values from one another [9 - 13]. 

ally, it is important to have reliable 
y constants as they are useful in many 

weak processes such as quark mixing, CP violation etc. 

, we present the calculations of the mass 
spectrum of  states of 

t
 the contex

 
Phenomenologic

estimates of the deca

 
In this paper

0=L qc  ) and ( duq /=

sc mesons in the relativistic scheme with confinement 
potential of the form Coulomb plus power potential, with the 

ecay constants 
onic branching fractions are 

also computed.  
 

THEORETICAL FRAMEWORK 
 

For the study of the light-heavy bound state systems        
(D and DS meson), we treat relativistic motion for both the 
quark and the antiquark.The Hamiltonian for the case then be 
written as [14] 

power index ν varying from 0.5 to 2.5. The d
(

VPf /
) of these mesons and lept

)(2222 rVmpmpH qQ ++++=                         (1) 

where  is the relative momentum of the quark-antiquark 

motion and  is the heavy quark mass and  

p

Qm qm  is the light 

quark mass, is the quark-antiquark potential given as 
[15] 

)( rV

να Ar
r

rV c +−=)(
                (2)                                 

where  is the potential parameter,                     ; sα being the 
strong running coupling constant. 
 

In the limit that the heavy quark mass becomes infinite, 
the heavy-light meson behaves analogously to the hydrogen 
atom i.e., the heavier quark does not contribute to the orbital 
degrees of freedom and the properties of the meson are 
determined by those of the light quark [1]. Thus, we assume a 
trial wave function to be the form given by the hydrogenic 
radial wave function,                                                           

1
3 2
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1

( 1 ) !( ) ( ) ( )
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r
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n n l

μμ μ μ
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     (3) 

    
Here, μ is the variational parameter and           is 

Laguerre polynomial. For a chosen value of ν, the variational 
parameter, µ is determined for each state using the virial 
theorem. 
 
                                                             (4) 
 
We find the expectation value of H (Eq. (1)) using the equation 

           (5) 

As the interaction potential assumed here does not contain 
the spin dependent part, Eq (5) gives the spin average masses 
of the system in terms of the power index ν.  The experimental 
spin-averaged mass for the ground state is determined as [16] 
                                             (6) 
 
where  and   are the experimentally measured vector 
and pseudoscalar meson ground state masses. We fix the 
parameter A, for the chosen value of ν using the experimental 
spin averaged mass for the ground state.  Using this value of A, 
we calculate excited S wave masses of D and DS mesons and 
our results are listed in Tables (1) and (2). 
 

The quark mass parameters used for the calculations are 

 

VM PM

32.0=qm GeV, 42.0=sm GeV, GeV, and 

we have used the strong running coupling constant αS = 0.397 
for D and αS = 0.34 for DS.   
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DECAY CONSTANTS  
The decay constants of mesons are important parameters 

in the study of leptonic, non-leptonic weak decay processes. 

The decay constants of pseudoscalar ( ) and vector (
mesons are obtained by prarameterizing the matrix elements of 
weak current between the corresponding mesons and the 

                (7)                         
   

  (8) 

where k is meson momentum, and  are the 
polarization vector and mass of
relativistic model, the decay constant can be expressed through 
the meson wave function in the momentum space as 

[17].  

 

   (9) 
With  and . In the non-relativistic 

limit 

Pf Vf ) 

vacuum as 

με VM
 the vector meson. In the 

)(, pVPΦ
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02
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V

it reduces to the well-known relation between 

 and the ground state wave function at the Pf /

origin )0(/ VPψ , the Van – Royen - Weisskopf formula [18],   
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VP M

f
/

2
/2

/

012 ψ
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                                                (10) 

The computed values of  and  for Pf Vf D  and  meson 
using eq (10) are tabulated in Tables (3) and (4) respectively. 
 
Table - 1 S wave Masses of D Meson (in GeV) 

D 

sD

States ν 
11S0 13S1 21S0 23S1 31S0 33S1 41S0 43S1

0.5 1.914 1.997 2.187 2.208 2.332 2.343 2.440 2.447 
0.9 1.874 2.014 2.290 2.341 2.561 2.591 2.784 2.806 
1.0 1.865 2.018 2.312 2.371 2.615 2.651 2.870 2.897 
1.3 1.841 2.031 2.367 2.452 2.768 2.825 3.133 3.176 
1.5 1.827 2.038 2.399 2.502 2.871 2.941 3.323 3.377 
1.7 1.815 2.045 2.430 2.548 2.976 3.060 3.527 3.592 
1.9 1.805 2.052 2.461 2.594 3.088 3.184 3.752 3.827 
2.0 1.800 2.055 2.475 2.616 3.144 3.245 3.868 3.947 
2.2 1.790 2.060 2.500 2.653 3.250 3.362 4.097 4.185 
2.4 1.784 2.068 2.533 2.698 3.375 3.497 4.366 4.462 
2.5 

1.780 2.069 2.547 2.713 3.426 3.552 4.484 4.585 

Expt. 
[20] 1.869 2.010       

[21] 1.868 2.005 2.589 2.692 3.141 3.226   
[22] 1.874 2.006 2.540 2.601 2.904 2.947 3.175 3.208 
 
 
 
 
 

Table - 2 S wave Masses of DS Meson (in GeV) 
DS

States ν 
11S0 13S1 21S0 23S1 31S0 33S1 41S0 43S1

0.5 2.025 2.094 2.283 2.301 2.424 2.432 2.529 2.534 
0.9 1.991 2.108 2.385 2.428 2.646 2.672 2.862 2.880 
1.0 1.983 2.111 2.406 2.456 2.696 2.727 2.942 2.964 
1.3 1.962 2.121 2.458 2.530 2.836 2.885 3.178 3.215 
1.5 1.938 2.133 2.487 2.574 2.925 2.986 3.339 3.387 
1.7 1.938 2.133 2.513 2.615 3.012 3.086 3.508 3.566 μ

μ

μ
γ kifkPkQQ P=)()(0

1.9 1.928 2.139 2.536 2.651 3.098 3.183 3.683 3.751 
2.0 1.923 2.141 2.546 2.668 3.141 3.232 3.774 3.847 

μ
μ

εεγ VV MfkVkQQ =),()(0 2.2 1.915 2.146 2.566 2.701 3.226 3.328 3.961 4.043 
2.4 1.907 2.151 2.585 2.731 3.312 3.424 4.155 4.246 
2.5 1.903 2.153 2.594 2.745 3.355 3.471 4.255 4.349 

Expt. 
[20] 1.968 2.112       

[21] 1.965 2.113 2.700 2.806 3.259 3.345   
[22] 1.975 2.108 2.659 2.722 3.044 3.087 3.331 3.364 

 

Table – 3 Pseudoscalar Decay Constants   (in GeV) 
 

D DS( )( )
( )

1S 2S 3S 4S 1S 2S 3S 4S ν 
Pf  

Pf  
Pf  

Pf  Pf  
Pf  

Pf  
Pf  

0.5 0.219 0.104 0.071 0.055 0.242 0.116 0.080 0.062 
0.9 0.285 0.157 0.115 0.093 0.315 0.176 0.130 0.105 
1.0 0.298 0.169 0.126 0.102 0.330 0.189 0.141 0.115 
1.3 0.331 0.200 0.152 0.124 0.368 0.225 0.172 0.142 
1.5 0.349 0.217 0.166 0.135 0.407 0.245 0.190 0.157 
1.7 0.365 0.232 0.177 0.143 0.407 0.263 0.205 0.169 
1.9 0.378 0.244 0.186 0.149 0.422 0.278 0.218 0.179 
2.0 0.384 0.250 0.190 0.152 0.429 0.285 0.223 0.183 
2.2 0.394 0.259 0.196 0.155 0.443 0.298 0.232 0.189 
2.4 0.404 0.267 0.201 0.158 0.454 0.308 0.240 0.194 
2.5 0.407 0.266 0.202 0.158 0.459 0.313 0.243 0.196 

[11] 0.227 
[0.5]        

[17] 0.243± 
0.025        

[09] 0.230        
 

Table - 4 Vector Decay Constants  (in GeV) 
 

D DS
1S 2S 3S 4S 1S 2S 3S 4S ν 

Vf  Vf  Vf  Vf  Vf  Vf  Vf  Vf  

0.5 0.224 0.104 0.071 0.055 0.246 0.116 0.080 0.062 
0.9 0.297 0.159 0.116 0.094 0.326 0.177 0.130 0.106 
1.0 0.313 0.171 0.126 0.102 0.342 0.191 0.142 0.116 
1.3 0.352 0.204 0.153 0.125 0.385 0.228 0.174 0.143 
1.5 0.375 0.222 0.168 0.136 0.431 0.250 0.192 0.158 
1.7 0.394 0.238 0.180 0.145 0.431 0.269 0.208 0.171 
1.9 0.412 0.252 0.189 0.151 0.451 0.285 0.221 0.180 
2.0 0.420 0.257 0.193 0.153 0.460 0.293 0.226 0.184 
2.2 0.434 0.267 0.199 0.157 0.476 0.306 0.236 0.191 
2.4 0.448 0.277 0.204 0.159 0.492 0.318 0.244 0.196 
2.5 0.453 0.276 0.206 0.160 0.499 0.323 0.248 0.198 

[11] 0.249 
[0.5]        

[17] 0.315        

[09] 0.341± 
0.023        
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Table - 5   Leptonic Branching Fractions 

 
LEPTONIC BRANCHING FRACTIONS 
 

The leptonic branching fractions for and 
mesons are obtained using the formula  

DS )1( 0
1

sD

τ×Γ=BR                                                                     (11) 
Where is given by Quang Ho-Kim et al. [19] Γ

2 22 2( )
8 q

F
q l D cq l

GD l f V mν
π

+ +Γ → =  ×

;1 2

2

qD
Dq

l M
M
m

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

  sdq ,=                                        (12) 

and 04.1=Dτ  ps [18] and 04.1=
sDτ ps [18]. For the 

calculation of the branching fractions using the eq. (12) we 
employ the calculated values of the pseudoscalar decay 
constants obtained using our model. Results are tabulated in 
Table (5).  
 
RESULTS AND DISCUSSION  

In the present study, our predicted masses for the ground 
states are in good agreement with the experimental values at 

 which is strongly favored by the lattice simulations. No 
experimental results are available for the higher excited states; 
so it is of least value to compare the few theoretical results 
which are not in mutual agreement. 

 
The pseudoscalar and vector decay constants are 

calculated and compared with other models. The estimated 
values are in reasonable accordance with other theoretical 
predictions around. 
 

The calculated values of leptonic branching fractions are 
in agreement with the experimental results which can be readily 
seen from Table (5). 
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ν D DS

 
 

310−×τBR  
410−×μBR 810−×eBR  210−×τBR  310−×μBR  710−×eBR  

0.5 0.977 1.803 0.424 6.009 2.662 0.626 

0.9 0.861 2.985 0.703 5.223 4.444 1.045 

1.0 0.789 3.252 0.766 5.347 4.845 1.140 

1.3 0.529 3.962 0.933 5.452 5.946 1.399 

1.5 1.029 5.190 7.189 1.692 0.368 4.368 
−−+− → ππ*DB

1.7 0.233 4.724 1.113 5.211 7.190 1.692 

1.9 0.136 5.047 1.189 4.988 7.717 1.816 

2.0 0.096 5.190 1.222 4.862 7.960 1.873 

2.2 0.035 5.430 1.279 4.607 8.410 1.979 

2.4 0.010 5.686 1.339 4.349 8.818 2.075 

2.5 0.002 5.776 1.361 4.223 9.007 2.120 

Expt 
[20] < 2.1 4.4±0.7  6.6±0.6 6.2±0.6  

[11]  4.7[0.5] 1.1[0.5] 7.4[0.5] 5.4[0.5] 1.3[0.5] 

1=ν



 
ANHARMONIC PROPERTIES AND sp-d HYBRIDIZATION  

IN BARIUM AT HIGH TEMPERATURES 
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ABSTRACT 
 

Heavy alkaline metals are characterized by close proximity of empty d-bands to the Fermi energy EF. Effect of closeness of EF to d-bands on 
different physical properties is highest in barium with substantial sp-d hybridization, which is further influenced by the application of 
pressure and temperature. While the evanescent form of pseudopotential is sufficient to deduce physical properties at ambient condition, it is 
combined to mean-field potential (MFP) approach to estimate some anharmonic physical properties of Ba at finite temperatures. Ion-
motional free energy (Fion), temperature variations of bulk modulus and anharmonic contribution to specific heat at constant volume are 
obtained. Most pronounced anharmonic property, the volume-thermal expansion is also obtained, but results overestimate the experimental 
data. Discrepancy in thermal expansion is discussed and rectified by including sp-d hybridization into the description but without 
considering the d-band filling effect. Good accordance of thermal expansion with the experimental findings reveals promising applicability of 
the present potential to investigate several other physical properties at high-T and high-P regime.  
 
Key words: Anharmonicity, mean-field potential, Barium. 

INTRODUCTION 
 

Close proximity of d-bands to the Fermi level (EF) in 
heavy alkaline metals, e.g., barium, makes their physical 
properties quite sensitive to external parameters like 
temperature and pressure [1, 2]. Unfortunately, however, finite 
temperatures thermophysical properties of barium are very 
scanty [2, 3], where the effects of anharmonicity play vital role 
in deciding physical properties. 

 
Experimentally, in order to observe anharmonic effects, it 

is necessary to make measurements for higher order Bragg 
reflections at elevated temperatures. Under these experimental 
conditions, the thermal diffusion scattering (TDS) contributes 
substantially, and is a function of both temperature and 
reciprocal lattice vectors. The TDS results from interactions 
between the incident photons and phonons present in the 
lattice, but the relative energy change (~ 10-2–10-3 eV) is so 
small that it is very difficult to separate from elastically 
scattered Bragg component, and, if measured, involves large 
uncertainty. On the other hand, theoretically, to account for 
anharmonicity in lattice dynamics and thereby in different 
thermodynamic properties is difficult due to its many-body 
nature, and complete ab initio computations at high 
temperatures pause challenges. To circumvent these practical 
difficulties, mean-field potential (MFP) approach is employed 
[4-8], which models vibrational contribution of lattice ions to 
the total free energy in terms of 0K cohesive energy. 
Robustness of the MFP approach, in conjunction with the 
evanescent local pseudopotential [9], has been verified and 
confirmed by accurate calculations of thermodynamic 
properties of some elemental metals at high-T and high-P. [e.g., 
see Ref. 1,7,8]. 

 
In view of aforesaid facts, we in the present paper 

estimated some anharmonic properties at elevated temperatures 
for bcc-barium. It is shown that the simple evanescent potential 
[9] is not sufficient to account for anharmonism at high-T, and 
we have improved the potential by incorporating hybridization 
into the description. 

 
Next section briefly discusses theory and computational 

scheme. Results for some anharmonic properties including 
volume-thermal expansion are presented, and the discrepancy 
observed in thermal expansion is also discussed. Improvement 

over evanescent potential is sought and examined, while 
important inferences are drawn in the final section. 

 
THEORY AND COMPUTATION 
     

For non-magnetic metals total or Helmholtz free energy 
can be given by 
 

 

( ) ( ) ( ) ( ), ,Ω = Ω + Ω + ΩC ion eg , .F T E F T F T     (1) 
 

Here, EC represents the static energy at 0K which is 
calculated within the framework of pseudopotential [9] theory, 
corrected to second order in energy, while Feg is the free energy 
due to electronic excitation. The vibrational free energy due to 
lattice ions within the MFP formalism is given as follows [4-8].  
 

( ) ( ){ }2
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F T mk T
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where       
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v T r d
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     (3) 

Here, g(r,Ω) is known as the mean-field potential (MFP) 
experienced by the lattice ions. It is given by 
( ) ( ) ( ) ( )

( ) ( )

0 0 0

0 0
0

1, 2
2

1 ,
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C C C

C C

g r E a r E a r E a

r E a r E a r
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Ω = + + − −⎡ ⎤⎣ ⎦

⎛ ⎞⎛ ⎞+ + − −⎡ ⎤⎜ ⎟⎜ ⎟ ⎣ ⎦⎝ ⎠ ⎝ ⎠   

(4) 

  
where r is the distance that the lattice ion deviates from an 

equilibrium position, and a0 is the lattice constant with respect 
to volume Ω. Now, the problem of evaluating vibrational free 
energy is reduced to compute one-dimensional integration in 
Eq. (3) only. By calculating Helmholtz free energy F(Ω,T) 
using Eq. (1), as an explicit function of atomic volume (≡ 
pressure) and temperature, it is now straight forward to obtain 
different anharmonic physical properties numerically. 
   

We have used local pseudopotential due to Fiolhais et al 
[9] to evaluate EC in eq. (1). These authors have proposed 
density-parameter based evanescent form of local 
pseudopotential for sp-bonded metals including heavy alkaline 
metals. It was demonstrated that the cohesive properties at 
ambient condition are better compared to non-local norm-
conserving pseudopotentials for some metals [9]. We have 
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combined this local potential within the MFP description to 
account for vibrating ionic contribution to the total free energy. 
Resulted lattice ion-motional free energy (Fion) is plotted in the 
Fig. 1. In absence of other reported data, we judge our results 
as follows. Figure reveals that for T > θD (where θD = 110K for 
Ba is the Debye temperature) Fion is non-linear, which suggests 
that lattice vibrations do not respond to temperature in 
proportion. This observation contradicts and proves that the 
usually taken value for F  = -3k T is just the crude estimate.  

Fig.  
temperature. Symbol in the graph is the result corresponding to 
Debye temperature.  

 
 

 
 
 
 
 
 
 
 
 
 

Fig. 2 mpared to 
. Symbol 

(s  at 0K from 

Fig. bution to ionic 
specific heat at constant volume. 

Figs. 2 and 3 depict temperature variation of isothermal 
bulk modulus (BT) and anharmonic contribution to the ionic 
specific heat at constant volume ( . Again, 
downward declination near melting observ d in these 
properties show better account of intrinsic anharmonism. 
Probably, there is an elastic softening at high temperatures, 
which results into internal anharmonism. It was shown [1, 5] 
that the conventional quasiharmonic approximation (QHA) is 
not sufficient to incorporate true anharmonicity at and close to 
melting. Again due to unavailability of the experimental and ab 
initio results, we compared our results for BT with local 
pseudopotential employed within harmonic approximation 
(HA) based findings [10]. Discrepancy (no decrease in BT with 
respect to temperature) observed in results due to Pandya [10] 
clearly manifest inadequacy of HA at higher temperatures. 

 
Finally, we compared present estimates for volume-

thermal expansion with the experimental results [12] in the Fig. 
4. Our results largely overestimate the experimental trend and 
are unphysical. Re-examination of the problem reveals that the 
discrepancy observed in thermal expansion is due to neglect of 
sp-d hybridization. For barium, even at 0K there is substantial 
admixture of 5d-band with the Fermi energy [2]. With 
temperature, this overlap effect is further influenced and 
insisting hybridization to be included into the description [1, 2, 
9]. Following Harrison’s [13] generalized OPW 
pseudopotential method; a parametric representation for sp-d 
hybridization is used. Results corresponding to improved 
potential (evanescent + sp-d hybridization) show good 
correlation with the experimental findings with maximum 
deviation of ~6% at T = 550K. Also, effect of hybridization on 
pair-potential and form factors are checked, and are found to be 
consistent to the prediction due to Moriarty [2] through his 
GPT calculations. Encouraged by these observations, we have 
calculated several other thermodynamic properties at high-T 
and high-P regime for Ba, and results will be published 
elsewhere.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Relative volume-thermal expansion for bcc-Ba, with (broken 

line) and without (continuous line) sp-d hybridization, is 
compared with experimental results due to Ref [12].  

SUMMARY AND CONCLUSIONS 
 

We have calculated some anharmonic properties of 
elemental bcc-Ba within the MFP + pseudopotential formalism. 
All results clearly suggest proper account of anharmonism at 
finite temperatures (i.e. non-linearity), which is very important, 
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particularly, close to melting. Local pseudopotential due to 
Fiolhais et al [9], which reasonably reproduces the cohesive 
properties at ambient condition, has expected limitations at 
higher temperatures. In order to improve this potential, sp-d 
hybridization is included. Good agreement for thermal 
expansion hence obtained is the confirmation to this assertion. 
We also conclude that the potential at high temperatures should 
be angle–independent, and the use of local potential is thus 
justified. Present results for thermal expansion also infer that 
barium is showing empty d-band – transition-metal character. 
In fact, with compression d-band progressively increases in 
energy [2,14] and d-band filling should be required, but is not 
the case at high temperatures. In contrast, hybridization is only 
sufficient to mimic anharmonicity at finite temperatures, as 
observed form results for thermal expansion. In absence of 
high-T study for this metal, we believe that present study may 
serve as guideline and means of comparison for future study.   
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DISSOCIATION OF ATMOSPHERIC MOLECULES H2 AND N2 BY  

ELECTRON IMPACT - NEUTRAL ATOM PRODUCTION 
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ABSTRACT 
 

This paper aims at the estimation of neutral atom pair generation from abundant atmospheric molecules like H2 and N2 upon electron 
impact. Atmospheres of Jupiter and Titan (one of Saturn’s moons) are largely comprised of H2 and N2 gases respectively. The relative 
atmospheric chemistry induced by neutral dissociation of H2 and N2 via energetic electrons or via photoelectrons plays an important role in 
these atmospheres. An attempt is made here to calculate this quantity using total dissociation cross sections for these molecules. The relevant 
cross sections are employed to estimate the rates for production of neutral atom pairs. While estimating productions of neutrals, cascading 
from higher states is considered duly, along with dissociative ionization generating a single atom per event. 
 
Key words: Electron impact, Excitation cross section, Neutral dissociation, Dissociative ionization  

INTRODUCTION 
 
Molecular Hydrogen and Nitrogen are two of the most 

common species found in a large variety of natural and man-
made systems. Hydrogen is the most abundant molecule in the 
universe, and also on the planet Jupiter. Nitrogen is also an 
important constituent in outer planets and satellites like Titan, 
as also in comets etc. The ground-state dissociation energies of 
H2 and N2 molecules are known to be 4.49 and 7.37 in eV [1]. 
Therefore these molecules are dissociated not by visible light, 
but by appropriate UV radiation. Our interest in the present 
paper is on electron impact neutral dissociation of each of these 
molecules into ground state atomic species, as follows. 

 
ei + H2  H + H + es    (1)

        
ei + N2  N + N + es   (2) 
 

Here the subscripts i and s refer to the incident and the 
scattered electron. The threshold energy in each case is the 
corresponding dissociation energy. For molecular hydrogen, the 
very first excited electronic state is b3Σu

+, which is known, since 
the early days of quantum mechanics to be repulsive i. e. 
dissociative [2]. However, in (1) we must also include the 
contributions of higher electronic states cascading into the b-
triplet state, thereby adding to the yield of the neutral H (1s). 
Complications arise in N2 where there are several excited 
electronic states that decay into two neutral ground state 
nitrogen atoms, and these excited states, i.e. valence and 
Rydberg, have excitation energies in the range of 11.5 to 40 eV 
[3]. Nonetheless, theoretical [4] and experimental [5-8] work 
has been done to investigate the neutral dissociation of the title 
molecules by electron impact. 

 
 

Electron impact processes including those resulting into 
uncharged fragmentations, have been a subject of study in view 
of their importance in various planetary and solar-system 
objects as well as in plasma environments. The neutrals 
generated through electron collisions themselves being reactive, 
give rise to their own chemistries in the concerned environment. 
Therefore a lot of importance is attached to these electron 
induced processes. 

 
 

In an environment like the upper atmosphere of a planet or 
a satellite, the neutral dissociation must be examined from the 
bulk point of view, not just an isolated inelastic scattering event.  

Therefore in the present paper, we consider first the total cross 
sections of electron impact excitation to neutral fragments. 
Using these cross sections as an input along with number 
densities of target species, the collision frequency for neutral 
dissociation is obtained. As far as the impact electrons are 
concerned we have assumed Maxwellian energy distribution.   
 

However, in addition to the direct dissociation processes 
mentioned above in (1) and (2), one must also consider the 
electron impact dissociative ionization of molecules, wherein a 
charged fragment is accompanied by a single neutral species,  
e.g. , 

ei + H2  H++ H(1s) + es  + ej     (3) 
 

Here, subscript j refers to the electron ejected from the 
target molecule that is ionized. The ionization process of 
equation (3) occurs at energies higher than that in the previous 
cases vide equations (1) and (2).  The latter must be properly 
included in any estimate of the number of neutral atom- pairs 
generated in a medium by electron impact. In section below we 
highlight our theoretical methodology for deriving electron 
impact neutral dissociation cross sections of the present two 
targets. Electron induced dissociative ionization is also included 
in the present calculations. 
 

Presently our aim is to estimate the number of neutral atom 
pairs generated per second in a pure gas medium, as a function 
of incident electron energy Ei. This is done by calculating the 
respective electron collision frequencies from the relevant total 
cross sections of electron impact on a target. 

 
THEORETICAL METHODOLOGY 
 

In this paper we are primarily interested in the electron 
impact electronic excitations of the two molecules from their 
respective ground electronic states, vide equations (1) – (3). Our 
theoretical methodology is outlined separately for the two 
molecular targets as follows: 
 
H2 dissociation 

 
Let us first consider the following electronic excitation of 

H2, important at low incident energies, 
 

e-
i + H2 (X1Σg

+)  H2
*(b3Σu

+)  H (1s) + H(1s) + e-
sc    (4) 

 
Now, as mentioned by Yoon et al [9] that the only 

available experimental data in this regard are due to Corrigan 
[10] who had measured total dissociation cross sections of this 
triplet state. 
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Corrigan’s results included cross section for dissociative 

ionization of H2. We could not resist quoting from Corrigan’s 
paper [10] viz., “Cross section for dissociation of molecular 
hydrogen into two ground-state atoms is in effect the cross 
section for excitation of all triplet states regardless of whether 
they are bound or repulsive”. This argument is supported by the 
absence of radiation for triplets to singlet inter-combinations, so 
that electron impact excitation to any triplet state must lead 
eventually to dissociation. Thus the formation of two H(1s) 
atoms by electron impact on H2 results from direct excitation to 
b3Σu

+, plus, excitation to higher triplet states followed by 
cascading down to b3Σu

+ [4]. Near threshold, the excitation to 
b3Σu

+ is expected to be the main contributor to the neutral 
dissociation [9]. Also, a3Σg

+ (16%) and c3∏u (20%) are the two 
major cascading states to b3Σu

+ while e3Σg
+ (6%) and d3∏u 

states play only a minor (5%) role [4].   
 

Based on the above discussion, we have presently made a 
comprehensive calculation for total cross sections of electron 
impact neutral dissociation of ground-state H2 from 10.57 to 
~200 eV. The cross section contribution of the direct excitation 
to b3Σu

+ is calculated from the R-matrix theory by using the UK 
R-matrix package viz., Quantemol-N (SE) Version 3.6. In order 
to derive complete neutral dissociation cross sections for H2 
molecule, we have also considered the cascading from higher 
excited states a3Σg

+ and c3∏u to the state b3Σu
+. Also important 

for the production of single H (1s) atom is the dissociative 
ionization vide equation (3).  
       

To calculate the excitation cross sections of H2 into 
dissociative b-state as in (4), the ab initio R-matrix approach 
[11, 12] is adopted here through the Quantemol-N (SE) package 
Version 3.6 [13]. Experimental equilibrium geometries [14] are 
used for these calculations. Ground state electronic 
configuration of H2 in D∞h symmetry is 1σ2. However, the 
present calculations were performed in the reduced symmetry 
D2h sub-group [15]. The Basis set is defined using EMSL Basis 
Set Exchange [16]. Full CI has been used for the calculation of 
this molecule with only 2 electrons. 12 target states were 
employed in the close-coupling expansion method for scattering 
calculations. R-matrix theory is based on the partition of 
coordinate space into an internal region and an external region 
separated by a spherical boundary of radius presently set to 10 
a0. This boundary is such that the molecular electron cloud is 
fully contained within the sphere. The short-range electron 
exchange and electron-electron correlation effects between the 
scattering electron and the target electrons are considered for 
this inner region. The said interactions are negligible in outer 
region and only long range interactions need to be considered 
there.  The cross section for direct excitation to b3Σu

+ is denoted 
by Qexc (b3Σu

+). 
 

Now, the excitation threshold for the very first state b3Σu
+ 

is almost correctly reproduced in the package used by us, but 
the same is not reproduced accurately for the higher triplet 
states relevant to the present study. Therefore, the excitation 
cross sections to a3Σg

+ and c3∏u states are adopted presently 
from Khakoo and Trajmar [17] and Khakoo et al [18]. These 
cross section data, involving errors of ~20% are added together, 
and the sum is referred as Qexc´.  

One more contributing process to the production of neutral 
Hydrogen H (1s) is dissociative ionization as shown by (3), 
which must be considered here. Recent calculations of total 

electron impact ionization of H2 are due to Joshipura et al [19], 
but the quoted work does not spell out the contribution of 
dissociative ionization in the total ionization cross sections. 
Therefore, the required dissociative ionization cross section Qd-

ion corresponding to process (3) is adopted from the measured 
data of Straub et al [20].  
 

It is thus possible to obtain overall or total neutral 
dissociation cross sections to be denoted by QNDiss in e- - H2 
scattering.  For this purpose the excitation cross sections to all 
the three above mentioned triplet states are added together to 
obtain total excitation to neutral dissociation QNexc. The neutral 
dissociation via process (4) including cascading produces two H 
(1s) atoms whereas process (3) produces only one H (1s) atom 
per event. Thus, in order to obtain overall or total neutral 
dissociation cross section QNDiss for H2 corresponding to 
production of a neutral atom pair, the half of the dissociative 
ionization cross section is added to QNexc. We have finally, 

 
QNDiss = QNexc +  Qd-ion     (5)

      
where   QNexc = Qexc(b3Σu Qexc´    (6)     

The factor 1/2 in the second term of equation (5) indicates 
that two ionization events are required to produce a neutral 
hydrogen atom pair. 
 
N2 dissociation 
 

In the case of N2 vide process (2) above, the situation is not 
so straightforward.  Unlike H2 there is no directly repulsive 
state, which upon de-excitation would result into neutral 
dissociation of N2.The potential energy diagram for N2 is much 
more complicated and few repulsive states, including C3∏u are 
available [21]. Even these states are not enough to account for 
total neutral dissociation of N2. In fact any excitation to the 
lower-lying, non-dissociative excited states above their 
dissociation limits can also be taken as a contribution to direct 
dissociation. Thus the possible de-excitation will not only 
include radiative cascade to lower states, but also pre-
dissociation to N atom at 12.137 and 13.329 eV energies [6]. It 
is seen that an important role is played by the family of 1Σu

+ and 
1∏u states lying above the dissociation limit, towards the neutral 
dissociation of N2 molecule. Winters [5] had measured 
dissociation cross sections for N2 by adsorption of N atoms on 
nickel and molybdenum surface and using pressure decrease 
relation. These data also include dissociative ionization [5, 6]. 
Neutral dissociation of N2 was also investigated by Cosby [6], 
by directly detecting two N atoms, but the data of [6] are 
considerably lower than that of [5]. Thus Cosby [6] had 
recommended the weighted average of the two data sets after 
considering their stated error limits i.e. ±20 % for [5] and ±30 
% for his data [6]. 
 

Now, our aim here is to determine overall or total cross 
sections for production of neural N-atom pair by the impact of 
electrons on N2.  In view of a large number of excited states 
involved here, it becomes necessary to consider a cumulative 
quantity viz., summed total excitation cross section denoted by 
∑Qexc, representing all accessible electronic excitations upon e- 
- impact. In recent years, the cross section ∑Qexc has been 
obtained approximately as a contribution to total inelastic cross 
section Qinel for e- - impact on a large number of atomic and 
molecular targets in [22-24]. This theoretical method basically 
determines the contribution of ionization cross section Qion, but 
the quantity ∑Qexc is also obtained. 

   
+) + 
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The method basically starts with simultaneous elastic and 
inelastic electron scattering treated in a complex potential V (r, 
Ei) = VR (r, Ei) + iVI (r, Ei). Here, r is the radial distance from 
the mass-centre of the target. Further VR (r, Ei) is the real part 
and VI (r, Ei) is imaginary part of the total potential. The real 
part consists of the sum of static (Vst), exchange (Vex) and 
polarization (Vpol) terms, and the imaginary term is the 
absorption potential Vabs. The basic input in constructing all 
these model potentials is the target electron charge density. The 
complex potential enables one to calculate total (complete) 
cross section Q  defined by,  

     
(7)      

where the first term on RHS is the total elastic cross 
section.  
Further, we have 

i

T

( ) ( ) ( )T i e l i in e l iQ E Q E Q E= +

( ) ( ) ( )i iio n e x cin e l E E EQ Q Q= Σ + Σ       (8)
     
The first term in equation (8) accounts for total of all 

ionization cross sections accessible energetically. The second 
term is of our present interest. If i is the initial molecular 
(ground) state and f is final state of electronic transition, and if 
Q(i  f) is the total cross section of this transition then, 

   
                     (9) 

called ‘complex potential 
ionization contribution’ (CSP-ic) method enables us to calculate 
the required quantity ∑Qexc for e- - N2 scattering [22-24]. This 
method also offers an estimate of the neutral dissociation cross 
section QNDiss for N2. Specifically the idea is to subtract out total 
emission cross sections Qemiss of major emission lines at 95.8, 
337.1 and 135.4 nm [8, 25, 26] of N2 from ΣQexc obtained by 
CSP-ic method. Finally as in the case of H2, we also include 
dissociative ionization process resulting into single neutral N 
atom production per event. That is to say that we consider the 
dissociative ionization cross section Qd-ion representing 

 
  ei + N2  N  + N+ + es  + ej                  (10)     

The required cross sections Qd-ion are obtained from the 
experimental data of Lindsay and Mangan [27]. This leads us to 
the overall or total neutral dissociation cross section QNDiss for 
N2 corresponding to production of a neutral atom pair. 

 
QNDiss = (∑Qexc - Qemiss) +                 (11) 

    
The errors in the measured data [8], [25] and [26] are 

~13.5, 25 and 22 % respectively, while those in [27] are ~6%. 
The difference between equation (11) for N2 and equation (5) 
for H2 may be noted. 
 
Neutral Dissociation Collision Frequency e--H2, e--N2  
Our next task is to incorporate this microscopic quantity QNDiss 
to obtain macroscopic quantity i.e. effective collision frequency 
<νNDiss> for these molecules as in a realistic bulk medium. 
  

If we assume incident electrons to be mono-energetic the 
neutral dissociation collision frequency νNDiss can be defined by,

  

 
                                                  
 
The approach outlined above, 

   Qd-ion 

 
. ( ).NDiss NDiss iN Q Eν υ=                                                  

(12) 
  

Where, N is the number density of target molecules per cc and 
υ  is the velocity of the incident electron. 

Actually the incident electrons are in the form of the flux 
of precipitated electrons or the photo-electrons. Hence, 
considering Shkarofsky [28] with notation of Itikawa [29], the 
effective collision frequency <νNDiss> for the production of 
neutral atom pair can be defined as,    

 
(13)

 

 

i

e

E
k T

∈ = ; reduced kinetic energy of the electrons,           

where k = Boltzmann’s constant, 
 

Te = electron temperature 1.5 E+05 0K, m = mass of 
electrons and Ip = Ionization potential (in unit of kTe) for the 
target molecule. 
 

In equation (13), Maxwelllian distribution of energetic 
electrons is assumed as an approximation. 
 

N2 gas is dominant not only in Earth’s atmosphere but also 
the most abundant gaseous species in Titan’s atmosphere. 
Similarly H2 gas is almost equally abundant in Jupiter’s 
atmosphere. The number density of H2 in Jupiter atmosphere is 
derived from analysis of the α Leo occultation experiment on 
board Voyager- 1 by Atreya et al [30]. They [30] had derived 
density profile for H2 with altitude relative to Ammonia clouds 
located at pressure 600mb and temperature 150 0K in Jupiter’s 
atmosphere. The number density for N2 in Titan’s atmosphere is 
obtained from globally averaged INMS (on board Cassini) 
profiles for N2 for thermospheric temperature 154 0K in 
Jupiter’s atmosphere [31]. Respective number densities of H2 
and N2 as shown in Table 1 are used in equation (12) to obtain 
the present calculations of <νNDiss>, which indeed is a measure 
of the number of neutral fragment pairs of the concerned 
molecule. In our knowledge this is first attempt of its kind to 
estimate neutral atom pair production in planetary atmosphere 
of Jupiter and Titan. 

 
Table – 1: H2 and N2 number density in Jupiter and Titan’s 

atmosphere respectively at different altitudes 
 

Species Altitude (km) Number density 
(cm-3) 

50 1.7 E+14 H2 in Jupiter’s 
atmosphere 

 200 8.3 E+11 

1000 5.6 E+09 N2 in Titan’ 
atmosphere 

 1200 3.1 E+08 

 
RESULTS AND DISCUSSION  
 

The present paper aims at two-fold purpose. Firstly we 
calculate the neutral dissociation cross section QNDiss of simple 
diatomic species like H2 and N2. In case of H2, QNDiss is 
calculated by adding up excitation cross sections to the states 
b3Σu

+, a3Σg
+ and c3∏u along with the consideration of 

dissociation ionization appropriately. While in the case of N2 
complicated potential energy diagram with many states 
contributing to neutral dissociation lead us to choose our CSP-ic 
method to extract out QNDiss. For N2, QNDiss is obtained via 
subtraction of cross section for major emission lines from ∑Qexc 
and addition of (1/2).Qd-ion. Secondly we have performed here 
the calculations on the rate of neutral atom pair production via 
electron impact on the H2 and N2 gases in the planetary 
atmosphere of Jupiter and Titan respectively. Finally the desired 
collision frequencies are obtained through equation (13) and 
thereby deriving the number of neutral atom pairs generated 
upon electron impact. The relative abundance of these 
extensively studied molecules in planetary atmospheres of 

( ) ( )i
f

e xc E Q i fQ = →Σ ∑

3
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3
p
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Jupiter and Saturn’s moon-Titan tempted us to perform these 
calculations. 

 

Hydrogen Molecule 

Fig. 1 Excitation cross sections to the states b3Σu
+ (solid line), c3∏u 

(dashed line) and a3Σg
+ (dotted line): Yoon et al [9] (star); 

Nishimura and Danjo [32] (Square). 
 

Excitation cross sections to be utilized for the neutral 
dissociation calculations are shown in Fig. 1. Solid curve 
indicates excitation to the b3Σu

+ state extracted via Quantemol-
N package. Comparison is made with available recommended 
experimental data by Yoon et al with an error of ~±25% [9] and 
Nishimura and Danjo [32]. Deviation of our calculated results 
from the available experimental data above 13 eV can be 
attributed partly to our theory i. e. Quantemol calculations, and 
partly to experimental errors. The experimental measurement of 
[9] and [32] are obtained through electron energy loss spectra 
via spectrum integration over concerned energy loss region. 
Present results match within experimental errors. Dashed curve 
in Fig. 1 shows cross sections for excitation to the state c3∏u 
[17] and dotted curve shows that for excitation to a3Σg

+ state 

Fig. 2 Total Dissociation cross section for H2: present QNDiss (solid line); 
Corrigan [10] (Star); Chung and Lin [4] (dash) 

 
Cross section for excitation to b3Σu

+, c3∏u and a3Σg+ states 
are added together [4] to derive total neutral dissociation cross 
section QNDiss as shown in Fig. 2. Present results are compared 
with available theoretical [4] and experimental [10] data. 
Overall good agreement can be seen with both the available 

data. Present results fall within the large error bars of Corrigan 
data. 
 

H2 is the most abundant molecule in Jupiter’s atmosphere. 
Dissociation of H2 into a pair of neutral H atom via EUV or 
electron impact must be playing the most important role in the 
atmospheric chemistry of Jupiter. Based on this argument it is 
necessary to estimate the number of neutral atoms generated via 
electron impact to understand atmospheric chemistry. As an 
initiative we have tried to estimate this number approximately 
by mean of collision frequency, using equation (13). 

Fig. 3 Effective neutral dissociative collision frequency <νNDiss> for 
electron impact upon H2 molecule in Jupiter's atmosphere: 
collision frequency at 50 km (solid line); collision frequency at 
200 km (dashed line). 

 
Fig. 3 shows the neutral dissociation collision frequency of 

electron impact upon H2 molecule in Jupiter atmosphere. 
Effective <νNDiss>, corresponding to two different altitudes of 50 
and 200 km relative to ammonia clouds, is shown. Number 
densities of H2 at respective altitudes are 1.7 E+14 per cc and 
8.3 E+11 per cc [30]. The calculated frequency sharply peaks at 
about 14 eV at both altitudes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Total Dissociation cross section for N2: present QNDiss (solid line); 

Winters [5] (filled square); Cosby (recommended) [6] (filled 
triangle); Cosby (original) [6] (filled circle); ΣQexc (corrected) 
[dash]. 

Nitrogen Molecule 
 

Now for electron impact on N2, total dissociation cross 
sections QNDiss is calculated and obtained as mentioned in 
theoretical methodology section. Graphically these cross 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[18]. 
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sections can be seen as is shown in Fig. 4. Solid line represents 
present values of QNDiss. Curve with dashed line indicate ΣQexc, 
obtained via CSP-ic method, corrected for emission cross 
sections. Winters’ [5] original data contained ionization 
contribution and hence corrected for the dissociation cross 
section is shown by filled squares in Fig. 4. Cosby [6] has 
performed experiment for neutral dissociation of N2. But owing 
to its lower values than winters’(filled circle) a recommended 
data set is given by Cosby [6] after considering the error 
involved in both the experiment is shown as filled triangle in 
Fig. 4. 
 

N2 molecule is the most profuse gaseous constituent not 
only in Earth’s atmosphere but also in Saturn’s satellite –Titan. 
N2 is subjected to significant bombardment both by energetic 
electrons as in the case of aurora and by low energy 
photoelectrons produced in normal atmosphere [33, 34]. Thus 
role of neutral dissociation of N2 cannot be neglected in the 
study of their atmospheric chemistry. 
 

An estimate of number of neutral pair generated by 
electron impact having energy from excitation threshold to 140 
eV is shown graphically in Fig. 5. Upper curve with solid line 
shows effective collision frequency of electrons with 
~5.6E+9/cc N2 molecule available at 1000 km altitudes of the 
Titan’s atmosphere and dashed curve in the lower part shows 
similar profile for ~3.1E+8/cc N2 molecules available at 1200 
km altitudes of the Titan’s atmosphere. 

Fig. 5 Effective neutral dissociative collision frequency <νNDiss> for 
electron impact upon N2 molecule in Titan's atmosphere: 
collision frequency at 1000 km (solid line); collision frequency 
at 1200 km (dashed line). 

 
In case of effective collision frequency for N2, a broad 

peak is observed as compared to a sharp profile for H2 as shown 
in the Fig. 3. This difference arises due to the dissociative 
ionization. For H2 the dissociative ionization has very small 
contribution in low energy region [9] where as for N2 there is a 
significant contribution from dissociation ionization above 30 
eV, which effectively broadens the distribution as seen from 
Fig. 5. 
 
CONCLUSION 

 
We conclude that the key finding of the present paper is 

neutral pair production rate via dissociation of atmospheric 

molecule H2 and N2 upon electron impact, either via externally 
precipitated electrons or photoelectrons. Maximum neutral pair 
production rate in Jupiter’s atmosphere is 5.38E+16 pairs per 
sec at 50 km altitude and 2.6E+14 pairs per sec at 200 km 
altitude and it occurs for electrons having 14 eV energy. In case 
of the Titan, the corresponding values are 9.92E+11 pairs per 
sec at 1000 km altitude and 5.49E+10 pairs per sec at 1200 km 
altitude for electrons having 40 eV energy. These frequencies 
depend on the respective cross sections of electron impact and 
on the number density at respective altitudes. The errors 
involved in the present theoretical estimates in collision 
frequencies are at least of the order of respective experimental 
data employed in deducing the cross sections. Further we have 
not taken into account the recombination of H+ giving neutral 
H, after dissociative ionization equation (3). A true picture of 
neutral atom production rate can emerge if one also considers 
the photo-dissociation of the molecules in the respective 
environments. 
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ABSTRACT 

 
The light flavour baryons are studied within the quark model using the hyper central description of the three-body system. The confinement 
potential is assumed as hypercentral coulomb plus power potential ( hCPPν ) with power indexν . The masses and magnetic moments of 
light flavour baryons are computed for different power index, ν starting from 0.5 to 1.5. The predicted masses and magnetic moments are 
found to attain a saturated value with respect to variation in ν beyond the power index ν  > 1.0  
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I
 
NTRODUCTION 

Baryons are not only interesting systems to study the 
quark dynamics and their properties but are also interesting as 
simple systems to study three body interactions. In the last two 
decades, there has been great advancement in the study of 
baryon properties. The ground state masses and magnetic 
moments of many low lying baryons have been measured 
experimentally. The magnetic moments of all octet baryons 
( 1

2
PJ += ) are known accurately except for  which has a 

life time ( s compared to s for 

0∑
2010− 1010− −+∑ ) too 

short to measure experimentally. For the decuplet baryons 

( 3
2

PJ += ), the experimental   measurements are poor as they 
also have very short   life times due to available strong 
interaction decay channels. The −Ω  is an exception as it is 
composed of three s quarks which decays via weak interaction 
and that make its life time longer [1]. The Δ  particles are 
produced in scattering the pion, photon, or electron beams off a 
nucleon target. High precision measurements of the  
transition by means of electromagnetic probes became possible 
with the advent of the new generation of electron beam 
facilities such as LEGS, BATES, ELSA, MAMI, and those at 
Jefferson Lab. Many such experimental programs devoted to 
the study of electromagnetic properties of  have been 
reported in the past few years [2-4]. The experimental 
information provides new incentives for   theoretical study of 
these observables.    Theoretically, there exist serious 
discrepancies between the quark model and experimental   
results particularly in the predictions of their magnetic 
moments [5-7]. Various attempts including lattice QCD (Latt) 
[8, 9, 10], chiral perturbation theory (

N →Δ

Δ

PTχ ) [11-15], 
relativistic  quark model (RQM) [16, 17], non relativistic quark   
model (NRQM) [18], QCD sum rules (QCDSR) [6, 7, 19, 20], 
chiral quark soliton  model ( QSMχ )  [21, 22], chiral 
constituent quark model ( CQMχ ) [23],   chiral bag model 
( Bχ ) [24], cloudy bag model [25], quenched lattice gauge 
theor  [26] etc., have been tried, but with partial success. y

  
However, the six dimensional hyper central quark model 

with coulomb plus power potential ( hCPPν ) is found to be  
 

 
successful in predicting the masses and magnetic moments of 
baryons in the heavy flavour sector (baryon containing charm 
or beauty quarks) [27, 28]. Thus, it has prompted us to extend 
the hCPPν  model in the light flavour baryonic sector.   
Accordingly, in this paper we compute the masses and 
magnetic moments of octet and decuplet baryons in the u, d, s 
sector. In section 2 the hypercentral scheme and a brief 
introduction of hCPPν  potential employed for the present 
study are described. Section 3 describes the computational 
details of the magnetic moment of octet and decuplet baryons. 
In section 4 we discuss our results while comparing with other 
heoretical   predictions and experimental results. t

 
MATERIALS AND METHODS 
 
Hypercentral Scheme for Baryons  

Quark model description of baryons is a simple three body 
system of interest. Generally the phenomenological interactions 
among the three quarks are studied using the two-body quark 
potentials as in the case of the Isgur Karl Model [29], the 
Capstick and Isgur relativistic model [30, 31], the Chiral quark 
model [32], the Harmonic Oscillator model [33, 34] etc. The 
three-body effects are incorporated in such models through 
two-body and three-body spin-orbit terms [27, 35]. The Jacobi 
Co-ordinates to describe baryon as a bound state of three 
onstituent quarks are given by [36] c

 

( )1 2
1
2

r rρ = − ;
( )( )
( )

1 1 2 2 1 2 3

22 2
1 2 1 2

m r m r m m r

m m m m
λ

+ − +
=

+ + +
       (1)                      

Such that 

1 2

1 2

2m m
m

m mρ = +
;  

( )
( )( )

2 2
3 1 2 1 2

1 2 1 2 3

2m m m m m
m

m m m m mλ

+ +
=

+ + +
        (2)         

 
Here m1, m2 and m3 are the constituent quark mass parameters. 
In the hypercentral model, we introduce the hyper spherical 
coordinates which are given by the angles 
 

( , )λ λ λθ φΩ =   ; ( , )ρ ρ ρθ φΩ =                     (3) 
together with the hyper radius, x  and hyper angle ξ  
respectively as,  

*Corresponding author: p.c.vinodkumar@gmail.com 
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2 2x ρ λ= +  ;     arctan( )ρξ
λ

=                   (4) 

The model Hamiltonian for baryons can now be expressed as 
 

2 2 2

( , ) ( )
2 2 2

xP P P
H V V

m m m
ρ λ

ρ λ

ρ λ= + + = + x           (5) 

Here the potential  is not purely a two body interaction 
but it contains three-body effects also. The three body effects 
are desirable in the study of hadrons since the non-abelian 
nature of QCD leads to gluon-gluon couplings which produce 
three-body forces [37]. Using hyperspherical coordinates, the 
kinetic energy operator 

( )V x

2

2
xP
m

 of the three-body system can be 

written as 
22 2

2 2

( , , )1 5
2 2

x LP
m m x xx x

ρ λ ξ⎛ Ω Ω− ∂ ∂
= + −⎜ ⎟⎜ ∂∂⎝

⎞
⎟
⎠

         (6) 

Where 2 ( , , )L ρ λ ξΩ Ω  is the quadratic Casimir operator of the 

six dimensional rotational group   and its eigen functions 

are the hyperspherical harmonics,

(6)O

[ ] ( , , )l lY
ργ ρ ρ λ ξΩ Ω  

satisfying the eigenvalue relation 
2

[ ] [ ]( , , ) ( 4) ( , , )l l l lL Y Y
ρ ργ ρ ρ λ γ ρ ρ λξ γ γ ξΩ Ω = + Ω Ω  (7) 

Here γ  is the grand angular quantum number and it is given 

by 2 l lργ ν= + + λ , and 0,1,.....ν =  lρ and lλ  being the 

angular momenta associated with the ρ and λ variables. 
If the interaction potential is hyper spherical such that the 
potential depends only on the hyper radius x , then the hyper 
radial Schrödinger equation corresponds to the hamiltonian 
given by Eqn. (5) can be written as 

( ) ( ) ( ) ( )
2

2

5 4 2d d x m E V x x
x dxdx γ γγ γ φ φ

⎡ ⎤
+ − + = − −⎡ ⎤⎢ ⎥ ⎣ ⎦

⎣ ⎦
      (8)                                                                
Here, m is the reduced mass defined by [33] 

2m m
m

m m
ρ λ

ρ λ

=
+

        (9) 

For the present study we consider the hyper central potential 
as the hyper coulomb plus power (( )V x hCPPν ) form similar 

to the one given by [27, 28, 38] as 

( ) spinV x x V
x

ντ β κ= − + + +                                         (10) 

In the above equation the spin independent terms correspond to 
confinement potential as in the hyperspherical co-ordinates. It 
belong to a generality of potential of the form 

0Ar r Vα εκ− + +  where and , ,A κ α ε are non negative 

constants where as can have either sign. There are many 
attempts with different choices of 

0V
α and ε  to study the hadron 

properties [39]. For example, Cornell potential has 1α ε= = , 
Lichtenberg potential has 0.75α ε= = . Song-Lin potential 
has 0.5α ε= = and the Logarithmic potential of Quigg and 
Rosner corresponds to 0α = ,  0ε →  [39].  Martin potential 
corresponds to 0α = , 0.1ε = [39] while Grant, Rosner and 

Rynes potential corresponds to 0.045α = , 0ε = ; Heikkila&& , 
and Ono potential corresponds to Tornqusit&& 1α = , 

2 3ε = [40]. It has also been explored in the 
region 0 1.2α ≤ 0 1., 1 αε≤ ≤ ≤ of ε− values [41]. So it is 
important to study the behavior of different potential scheme 
with different choices of α and ε  to know the dependence of 
their parameters to the hadron properties. The spin independent 
part of potential defined by Eqn.(10) corresponds to 1α = and 
ε ν= . Here τ  of the hyper-coulomb, β of the confining term 
and κ are the model parameters. The parameter τ  is related to 
the strong running coupling constant sα as [27, 28] 

2
3 sbτ α=                                     (11) 

where b is the model parameter ( ), 14≈ 2
3

is the color factor 

for the baryon and mβ τ=  numerically in terms of 

( ) 1MeV ν +
are the potential parameters as employed for the 

study of heavy flavour baryons [27, 28]. The strong running 
coupling constant is computed using the relation 

( )

( )

0

0
0

33 2
1 l

12

s
s

f
s

n
α μ

α
n μα μ

π μ

=
− ⎛ ⎞

+ ⎜ ⎟
⎝ ⎠

                               (12) 

where ( )0 1s GeVα μ = ≈ 0.6 is considered in the present 
study. To account for the mass difference between the octet and 
decuplet baryons, the spin dependent part of the three body 
interaction of Eqn. (10) is considered as [27, 35] 

( )
0

2
0

.1 .
4 6

x
x

i j
spin s i j

i j i j

eV x
m mxx
σ σ

α λ λ

−

<

= − ∑
r r

r r
                               (13) 

with 0x as the hyperfine parameter of the model. The six 
dimensional radial Schrodinger equation described by Eqn. (8) 
has been solved in the variational scheme with the hyper 
coloumb trial radial wave function given by [37] 

( ) ( )
( )( ) ( ) (

1
6 2

2 4! 2
2 2

2 5 4 !
gxg

)gx e L gxγ γ
ωγ ω γ

ω γ
ψ

ω ω γ
− +

−

⎡ ⎤−
= ⎢ ⎥

+ + +⎢ ⎥⎣ ⎦
 

               (14) 
The wave function parameter g and hence the energy eigen 
values are obtained by applying virial theorem for a chosen 
potential indexν . 
 
The baryon masses are then obtained by the sum of the quark 
masses with the expectation value of the Hamiltonian as 

B i
i

M m H= +∑                                          (15) 

For the present calculations, we have employed the same mass 
parameters of the light flavour quarks (mu =338 MeV,           md 
= 350 MeV, ms = 500 MeV) as used in [27]. We fix other 
parameters (b of Eqn.(11) and 0x of Eqn.(13)) of the model for 
each choices of ν  so as to reproduce the experimental center 
of weight (spin-average mass) and hyper fine  splitting of the 
octet decuplet baryons. The procedure is repeated for different 
choices of ν  and the computed masses of octet and decuplet 
baryons are listed in Table (1) and Table (2) respectively. 



2010                                             Thakkar et al. – Magnetic movements of light                                             159 
  
EFFECTIVE QUARK MASS AND MAGNETIC 
MOMENTS OF LIGHT BARYONS 

 
Within the baryons the mass of the quarks may get 

modified due to its binding interactions with other two quarks. 
We account this bound state effect by defining an effective 
mass to the bound quarks, as given by [27, 28, 38] eff

im

1eff
i i

i
i

H
m m

m

⎛ ⎞
⎜
⎜= +
⎜ ⎟
⎜ ⎟
⎝ ⎠

∑

⎟
⎟

                                                        (16)                                                                               

 
 
 
 
 
 
 
 

    
 
 
 

such that 
3

1

eff
B i

i
M m

=

= ∑ .  

Now the magnetic moment of the baryons are computed in 
terms of its quarks spin-flavour wave function of the 
constituent quarks as  

| |B sf i i s f
i

μ φ μ σ φ= ∑ r                                  (17) 

where 

2
i

i eff
i

e
m

μ =                                         (18)                                                                                                                                

Here ei and iσ  represents the charge and the spin of the quark 
constituting the baryonic state and 

sfφ represents the spin-

flavour wave function of the respective baryonic state as listed 
in [42]. The computations are repeated for the different choices 
of the flavour combinations of qqq (q = u, d, s). The computed 
magnetic moments of the octet and decuplet baryons are listed 
n Table (3) and (4) respectively. i

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Variation of octet (a) and decuplet (b) baryon masses with 

respect to potential indexν . The experimental masses of these 
baryons are shown with error bar. The shaded region show 
minimum root mean square deviation with experimental 
results. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Behaviour of the magnetic moments of octet and decuplet 

baryons with respect to potential indexν . The known 
experimental values are shown with error bar. The shaded 
region show minimum root mean square deviation with 
experimental results. 

 

RESULTS AND DICUSSION 
 
The masses of octet and decuplet baryons in the hyper 

spherical coulomb plus power potential ( hCPPν ) model with 
the different choices of potential index ν  have been studied. It 
is found that the masses of octet and decuplet baryons obtained 
from the hCPPν  model are in good agreement with the 
experimental values around the potential index 1.0ν ≈ . Fig.(1) 
shows the behaviour of the predicted masses of the octet (1a) 
and decuplet (1b) baryons with the choices of the potential 
index ν  from 0.5 to 1.5. The experimental masses of these 
baryons are shown with their error bar. The trend lines here 
show saturation of the masses beyond 1.0ν > . The shaded 
regions in Fig.(1) show the neighbour hood region of ν  at 
which the predicted masses are having minimum root mean 
square deviation with the experimental masses. 

 
The computed magnetic moments of the octet and 

decuplet low lying baryons are compared with the known 
experimental results as well as with other model predictions in 
Table (1) and (2) respectively. Our results for the choice of 

0.7ν ≈   are found to be in agreement with the known 
experimental values as well as with other model predictions. 
The behavior of the predicted magnetic moments with potential 
index ν  are shown in Fig.(2) of the octet (2a) and decuplet 
(2b) baryons. The same saturation trends beyond the potential 
index 1.0ν >  are observed. The shaded region in Fig.(2a) 
corresponds to the region of ν  ( 0.6 0.7ν< < ) for which the 
predicted octet baryon magnetic moments show minimum root 
mean square deviation with the experiments. The predicted 
magnetic moments of the decuplet baryons in the same region 
of ν  ( 0.6 0.7ν< < ) are found to be closer to the existing 
experimental values of Δ  and  baryons. Probably, it reflects 
the fact that 

Ω
hCPPν  model potential adequately represents the 

three body quark-quark interactions in the baryonic sector.
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Table 1: Mass of Octet Baryons ( 1
2

PJ += ) 

hCPPν  Baryon Octet Mass(MeV) Baryon Octet Mass(MeV) 

  Our Others  Our Others 

0.5 uud(p) 1065.68 939.00[5] uds( 0∑ ) 1344.67 1193.00[5] 

0.7  967.41 938.27[43]  1239.94 1192.64[43] 

1.0  931.08 866.00[44]  1203.29 1022.00[44] 

1.5  924.24 938.27[1]  1195.98 1192.64[1] 

0.5 ddu(n) 1067.24 939.00[5] uds( −∑ ) 1345.46 1197.00[5] 

0.7  971.74 939.57[43]  1243.71 1197.45[43] 

1.0  935.77 866.00[44]  1205.99 1022.00[44] 

1.5  929.04 939.56[1]  1199.06 1197.45[1] 

0.5 uds(Λº) 1289.26 1116.00[5] ssu(Ξº) 1420.19 1315.00[5] 

0.7  1183.59 1115.68[43]  1331.65 1314.64[43] 

1.0  1147.34 1022.00[44]  1297.09 1215.00[44] 

1.5  1139.88 1115.65[1]  1291.43 1314.86[1] 

0.5 uus( ) +∑ 1339.95 1189.00[5] ssd(Ξ¯) 1428.97 1321.00[5] 

0.7  1235.98 1189.39[43]  1340.44 1321.39[43] 

1.0  1198.84 1022.00[44]  1306.55 1215.00[44] 

1.5  1191.50 1189.37[1]  1299.61 1321.71[1] 
 

Table 2: Mass of Decuplet Baryons ( 3
2

PJ += ) 

hCPPν  Baryon Decuplet Mass(MeV) Baryon Decuplet Mass(MeV) 

    Our Others   Our Others 

0.5 uuu( ) ++Δ 1361.68 1232.00[5] uds( *0∑ ) 1530.40 1384.00[5] 

0.7  1264.17 1230.82[43]  1428.43 1384.18[43] 

1.0  1228.63 1344.00[44]  1390.47 1447.00[44] 

1.5   1221.21 1232.00[1]   1383.66 1383.70[1] 

0.5 uud( ) +Δ 1358.30 1232.00[5] dds( *−∑ ) 1534.72 1387.00[5] 

0.7  1260.78 1230.57[43]  1431.66 1387.18[43] 

1.0  1223.74 1344.00[44]  1395.44 1447.00[44] 

1.5   1216.33 1232.00[1]   1387.45 1387.20[1] 

0.5 ddu( ) 0Δ 1360.22 1232.00[5] ssu( *0Ξ ) 1640.49 1532.00[5] 

0.7  1263.77 1231.87[43]  1549.05 1531.81[43] 

1.0  1228.68 1344.00[44]  1516.19 1583.00[44] 

1.5   1221.25 1232.00[1]   1508.03 1531.80[1] 

0.5 ddd( ) −Δ 1356.79 1232.00[5] ssd( *−Ξ ) 1641.69 1535.00[5] 

0.7  1260.32 1234.73[43]  1553.10 1534.95[43] 

1.0  1223.65 1344.00[44]  1519.35 1583.00[44] 

1.5   1217.80 1232.00[1]   1512.23 1535.00[1] 

0.5 uus( ) *+∑ 1534.60 1383.00[5] sss( −Ω ) 1804.12 1672.00[5] 

0.7  1430.54 1382.74[43]  1718.22 1672.45[43] 

1.0  1392.93 1447.00[44]  1678.70 1701.00[44] 

1.5   1386.16 1382.80[1]   1668.16 1672.45[1] 
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Table 3: Magnetic moments of octet baryons in Nμ  

Various models p n 0Λ  
+∑  0∑  −∑  0Ξ  −Ξ  

hCPPν                  
ν =1.5 3.07 -2.04 -0.65 2.64 0.84 -0.98 -1.50 -0.55 
ν =1.0 3.04 -2.07 -0.64 2.63 0.83 -0.98 -1.49 -0.55 
ν =0.7 2.93 -1.93 -0.62 2.54 0.81 -0.95 -1.46 -0.54 
ν =0.5 2.66 -1.76 -0.57 2.35 0.74 -0.88 -1.37 -0.51 

Expt.. [1] 2.79 -1.91 -0.61 2.46   -1.16 -1.25 -0.65 

QCDSR [20] 2.82 -1.97 -0.56 2.31 0.69 -1.16 -1.15 -0.64 

χCQM [23] 2.8 -2.11 -0.66 2.39 0.54 -1.32 -1.24 -0.50 

χPT [11] 2.58 -2.10 -0.66 2.43 0.66 -1.10 -1.27 -0.95 

Latt. [8] 2.79 -1.60 -0.50 2.37 0.65 -1.08 -1.17 -0.51 

CDM [46] 2.79 -2.07 -0.71 2.47  -1.01 -1.52 -0.61 

QM [47] 2.79 -1.91 -0.59 2.67 0.78 -1.10 -1.41 -0.47 

QM + T [47] 2.79 -1.91 -0.61 2.39 0.63 -1.12 -1.24 -0.69 

BAGCHI [5] 2.88 -1.91 -0.71 2.59 0.83 -0.92 -1.45 -0.62 

Dai fit A [48] 2.84 -1.87  2.46  -1.06 -1.28 -0.61 

Dai fit B [48] 2.80 -1.92  2.46  -1.23 -1.26 -0.63 

SIMON [49] 2.54 -1.69 -0.69 2.48 0.80 -0.90 -1.49 -0.63 

SU (3) BR. [50] 2.79 -1.97 -0.60 2.48 0.66 -1.16 -1.27 -0.65 

PQM [45] 2.68 -1.99 -0.56 2.52   -1.17 -1.27 -0.59 
 

Table 4: Magnetic moments of decuplet baryons in Nμ  
 

 
 

 
 

Various models ++Δ   +Δ   0Δ   −Δ   
*+∑   *0∑   *−∑   *0Ξ   *−Ξ    −Ω  

hCPPν            

ν =1.5 4.69 2.37 0.05 -2.34 2.61 0.29 -2.42 0.53 -1.92 -1.68 

ν =1.0 4.66 2.35 0.05 -2.33 2.60 0.28 -2.40 0.53 -1.91 -1.67 

ν =0.7 4.52 2.29 0.05 -2.25 2.53 0.27 -2.32 0.52 -1.87 -1.63 

ν =0.5 4.19 2.12 0.05 -2.08 2.35 0.26 -2.15 0.49 -1.77 -1.56 

Expt.. [1, 2, 3] 
4.5 0.95±  

3.5 – 7.5 
1.0
1.32.70+
−    0.00≈                

LCQCD [6] 4.49 2.20 0.00 -2.20 2.70 0.20 -2.28 0.40 -2.00 -1.56 

QCDSR [7] 4.39 2.19 0.00 -2.19 2.13 0.32 -1.66 -0.69 -1.51 -1.49 

Latt. [8] 4.91 2.46 0.00 -2.46 2.55 0.27 -2.02 0.46 -1.66 -1.40 

χPT [11] 6.04 2.84 -0.36 -3.56 3.07 0.00 -3.07 0.36 -2.56 -2.02 

χPT [12] 4.00 2.10 -0.17 -2.25 2.00 -0.07 -2.20 0.10 -2.00 Input 

RQM [16] 4.76 2.38 0.00 -2.38 1.82 -0.27 -2.36 -0.60 -2.41 -2.48 

NRQM [18] 5.56 2.73 -0.09 -2.92 3.09 0.27 -2.56 0.63 -2.20 -1.81 

χQSM [21] 4.73 2.19 -0.35 -2.90 2.52 -0.08 -2.69 0.19 -2.48 -2.27 

χCQSM [23] 4.51 2.00 -0.51 -3.02 2.69 0.02 -2.64 0.54 -1.84 -1.71 

χB [24] 3.59 0.75 -2.09 -1.93 2.35 -0.79 -3.87 0.58 -2.81 -1.75 

EMS [51] 4.56 2.28 0.00 -2.28 2.56 0.23 -2.10 0.48 -1.90 -1.67 

QCDSR [52] 6.34 3.17 0.00 -3.17             
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ABSTRACT 
 

The purposes of this paper are to study the literature concerning the spatial autoregressive models and then to examine the influences of 
different variables, in particular, spatial effects on the population under poverty line of different regions in India by employing 14 states data. 
Spatial econometrics is a subfield of econometrics that deals with spatial effects in regression models for spatial data. The subject of regional 
difference primarily focuses on  inequality causes by factors of geography matters. This paper uses data of 1994 for 14 major states in India 
to explore whether spatial effects play a crucial role in Indian rural regional poverty difference in 1994. The basis findings are that the spatial 
error model reveals a strong positive relationship between measures of difference in population under poverty line and spatial heterogeneity. 
 
Key words: spatial econometrics, spatial effects, regional difference and spatial error. 

INTRODUCTION 
 

In regional science, space is a central concept. During the 
1970s, attention was paid to a growing body of geographic 
science literature. Historically, spatial econometrics, first 
coined in the early 1970s , originates as an identifiable field in 
Europe because sub-country data in regional econometric 
models are needed to deal with and been  fast  developed & 
grown during the 1990s [1]. According to Anselin [2], spatial 
econometrics addresses issues causes by space in statistical 
analysis of regional science regressions. In other words, spatial  
econometrics is the combination of statistical and econometrics 
methods that deal with problems concerning spatial effects that 
usually consist of two sections, spatial dependence and spatial 
heterogeneity, which are causes by using spatial data such as 
cross-sectional data and panel data.  
 

The subject of regional difference has recently received a 
great attention in literature of regional economic growth. 
Romer [3] and Lucas [4] are the pioneers of this field, who 
address the issue of long term growth of average income in 
regions and with comparisons among regional long term 
growth tracks. Same way, we study spatial effect in the analysis 
of regional difference of rural poverty in India in this paper. 
We have studied spatial autoregressive models and applied to 
the Indian rural poverty data for 14 major states in India in 
1994. These models are used to explore and examine what 
determines regional rural poverty difference, and to investigate 
spatial effects and the other variables that influence rural 
poverty in India. The paper is organized in 4 sections. Spatial 
econometrics and spatial autoregressive models described and 
interpreted in section 2. In section 3 the 14 states Indian spatial 
data set and the specified estimate models are described to 
examine spatial effects on rural poverty. Section 4 contains 
conclusions.       

 
2 SPATIAL ECONOMETRICS 
            

We usually use a database that includes information 
locations or regional units to estimate 

ocial sciences. However, the traditional 
econometric modeling has largely ignored or overlooked such 
available information. Therefore, if we want to use such 
valuable information in an efficient approach, we must take 
spatial effects into account. Spatial econometrics is the  

 
collection of methods that deal with the peculiarities caused by 
spatial interaction (spatial dependence) and spatial structure 
(spatial heterogeneity) in the statistical analysis of regional 
science models for cross- sectional and panel data [2]. As stated 
above, traditional econometrics does not often take 
geographical information into account. Hence, two issues occur 
when the sample data set has a locational component. First, 
spatial dependence exists between the sample observations. 
Second, spatial heterogeneity occurred in residuals of the 
regressions.   

               
According to theoretical studies of Anselin [2], spatial 

dependence or spatial autocorrelation usually stands for 
dependence that often exists among the sample observations in 
cross-sectional data sets. In other words, the sample 
observations collected at one point in space are not independent 
on the sample observations collected at other locations. That is, 
we need to consider spatial dependence, if data collection 
associates with units such as states, provinces, countries and so 
on. There are rich examples concerning issues of spatial 
dependence such as data on population and employment, as 
well as other economic activities collected for location or 
distance.  The term spatial heterogeneity is the second category 
of spatial effects and denotes instability or variation in 
relationships over space; namely, functional forms and 
parameters vary with location and are not homogeneous 
throughout the data set [2]. In general, a different relationship 
should hold for every point in space.  
 
2.1 SPATIAL AUTOREGRESSIVE MODELS  
 

This section in detail is a class of spatial autoregressive 
models that will be employed in the empirical applications. A 
general spatial autoregressive model which is well known as 
spatial log model is labeled as SAR in this paper and has been 
introduced to model cross-sectional data, is described in 
Anselin [2] and given by 

                                                                                              (2.1) 
Where,  y   represents an (nx1) vector of the sample observations on a 
dependent variable collected at each of n locations. X  contains a (n x 
k) matrix of exogenous variables, and β is an (k x 1) vectors of 
parameters associated with exogenous variables x, which reflects the 
influence of the explanatory variables on variation in the dependent 
variable y, as well as ρ is the coefficient on the spatially lagged 
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dependent variable, W is regarded as (n x n)  spatial weight 
matrix(CONTIGUITY matrix) Wy is the  spatially lagged dependent 
variable. 

  
W is a row standardized (n X n) matrix with positive 

elements associated with the spatially lagged 
dependen le that indicates the potential interaction 
between contiguous positions 

 = 1    if  location  i linked to j 

0 Otherwise 
 
that is, the elements of the weight matrix are derived from 
information on contiguity, which is defined as two sample 
observations sharing a common border.  Model (2.1) is labeled 
as a “mixed regressive- spatial autoregressive model” in 
Anselin [2], because it combines the standard regression model 
with a spatially lagged dependent variable. 
 

Another model studied in this paper is spatial error model 
(SEM). It provides another efficient method for dealing with 
the spatial data set that consists of 14 observations for states in 
India. The SEM model can be stated as follows: 

    which are 
t variab

 
 
 

where,
 'W ij

,)( uXyLOG += β  

 
                                                                                              (2.2) 
where,  is the spati
λ is a coefficient on the 

ally correlated errors and u is the spatial error. 
spatially correlated errors and W, X, as well as 

β are the same as described in the SAR model.  
LOG(y) is the logarithm of (nx1) vector of the sample observations on 
a dependent variable collected at each of n locations.   
3 An Empirical Application  

In the previous section the study has revolved around the 
fundamental knowledge of spatial econometrics and spatial 
autoregressive models. In this section the focus will in turn be 
put on attempting to address such an issue as: what are the 
significant factors that influence rural population under poverty 
line in India?  
  

Since the 1970’s, economists have investigated the effect 
of geography on the labour markets and poverty outcomes. 
Recently, it has become more and more popular to explore 
spatial econometrics. A good application of spatial econometric 
techniques is to test regional disparity on population under 
poverty line.  
 
3.1 Spatial Data 

 
According to Anselin [2], spatial data are the data 

collected in space or in both space and time. For instance, our 
familiar data such as cross-sectional data and panel data are 
spatial data. However, as applying spatial data, we must 
consider the issue regarding the presence of self-correlation or 
autocorrelation. To avoid these problems, spatial autoregressive 
models should be employed in such a situation. 
          

The source of the data used for the analysis is from “IFPRI 
research report [5]. Linkages between Government Spending, 
Growth, and poverty in rural India. International Food Policy 
Research Institute., “World Bank 1997”. From this data 14 
major states in India have been selected. Here, we attempt to 
examine whether there is an interaction between rural poverty 
and spatial effects. The analysis is not only focused on spatial 
influence, but also interested in exploring how rural poverty is 
affected by other variables such as rural work-employment 
status, literacy rate, irrigation facilities and so on. At the state 
level, World Bank contains information on demography. The 
selected variables under study are summarized in Table - 1. 

Table – 1 List of Variables used in study 
 
 LABELED 
Dependent variable  
Rural Population under Poverty Line PUPL 
Independent variables  
Ratio of rural employment with total rural population. 
Total rural employment, which includes both 
agricultural and non- agricultural employment 
symbolized as REMP, 

REMP 

Total rural population  TRP 
Rural agricultural population, includes agricultural 
laborers and Rural non- agricultural population that are 
doing non- agricultural economic activities 

RAE and 
RANE 

Production Growth is agricultural production growth 
index which is calculated by the authors of the IFPRI 
research report 110 report (International Food Policy 
Research Institute., “World Bank 1997”). 

P-G 

Percentage of villages electrified, villages having the 
facility of electrification, by state PVE 

Road density in rural India measured as the length of 
roads in kilometers per thousand square kilometers of 
geographic area 

RD 

Changes in rural wages includes the percentage change 
in the existing wage rates CRW 

Total Factor Productivity Growth index is also given in 
IFPRI research report 110, data source, TFP 

Percentage of rural population that is literate by state, 
the rural literacy rate LR 

Ratio of Development expenditures with total rural 
population. 
Development expenditure which includes total 
government spending on various rural development 
facilities 

DEP 

Ratio of Percentage of cropped area sown with high-
yielding varieties with Percentage of cropped area 
irrigated, by state. 

HYV 

Percentage of cropped area irrigated that is area having 
irrigation facilities represented by state. IRR 

 
Table - 2 Variable  definitions in estimated models 
 VARIABLE  

TYPE 
LABELED 

Dependent variable   
Logarithm of population under 
poverty line C LOG(PUPL) 

Independent variables   
Ratio of rural employment with total 
rural population. R REMP/TRP 

Ratio of rural agricultural employment 
with total rural employment R RAE 

Ratio of rural non-agricultural 
employment with total rural 
employment 

R RANE 

Production growth in agriculture C P-G 
Percentage of villages electrified, by 
state C PVE 

Road density in rural India C RD 
Changes in rural wages, by state C CRW 
Total factor productivity growth in 
Indian agriculture, by state C TFP 

Percentage of rural population that is 
literate, by state  C LR 

Ratio of Development expenditures 
with total rural population. R DEV/TRP 

Ratio of Percentage of cropped area 
sown with high-yielding varieties with 
Percentage of cropped area irrigated. 

R IRR/HYV 

NOTE:- C= continuous variable and  R= ratio variable. 
 

W ij

∑
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All the variables (Ratio and Continuous) employed in the 
estimated models are in Table - 2. These variables will be 
examined in the empirical models in the next section as well. 
 
3.2 MODELS AND RESULTS 
 
Our proposed model (1) for population under poverty line is as 
following: 
LOG (PUPL) = β1 (REMP/TRP) + β2(RAE) + β3(RANE) + 
β4(P-G) + β5(PVE) + β6(RD) + β7(CRW) + β8(TFP) + β9(LR) + 
β10(DEV/TRP) + β11(IRR/HYV) + ε                                    (3.1) 
 
Where, LOG(PUPL) is an (14 × 1) vector of observations on logarithm 
of population under poverty line. 11 × 1) vector of parameters, 
and ε is an (14 × 1) vector of disturbances.      
 

The aim of setting up the following linear regression 
models estimated by OLS is to filter the variables that are used 
in spatial autoregressive models. The test steps are as follows: 

1. Build up model 1 that contains all the variables 
described in Table - 2. 

2. Model 2 consists of the significant variables in 
Model1. 

3. Remove the insignificant variables from Model 2 to 
obtain Model 3. 

 
This procedure is done until all the independent variables 

in one model are found to be statistically significant at 5% 
level. In our case, the experiment is carried out until step 4, 
which indicates that the variables in Model 4 are significant to 
explain reduction in dependent variable, the logarithm of 
population under poverty line. The results of the OLS 
estimation are shown in Table 3.  According to the results 
given in Table 3, it can be seen that IRR/HYV is found to be 
statistically insignificant at 5% and will not be included in 
model 2. 
           

Therefore, in model 2 there are 10 explanatory variables 
left in addition to the constant. After removing the insignificant 
variable RD from model 2, we gain model 3. Then, we obtain 
model 3 that contains these 9 significant variables and are 
shown in Table 3. Here, we found Production Growth and 
Total Factor Productivity growth are highly correlated and 
statistically insignificant. So, both the variables are removed 
and finally we got model 4 that consist of 7 significant 
variables.  

 
The estimated model 4 is,  
LOG (PUPL) = 11.023 - 92.64 (REMP/TRP) - 0.00803 (RAE) 
– 1.25 (RANE) - 0.018 (PVE) -0.17 (CRW) -0.014 (LR) – 3613 
(DEV/TRP)                                                                           (3.2) 
 

Hence, these variables included in Model - 4 will be used 
as explanatory variables in the spatial autoregressive models 
and model 4 is regarded as the final model for adding the 
spatial effects.   
 

We will now present a set of two spatial autoregressive 
models to analyze the sample data. There are 14 states in the 
sample dataset. Our interest is to calculate the proportion of the 
total variation in the population under poverty line that is 
explained by the spatial dependence. This relies on estimating 
the spatial lag model (SAR) that is brought up in Section 2.1. 
 The SAR model can be written as 

 
              (3.3) 

where, LOG(PUPL)= [LOG (PUPL)1,…,LOG(PUPL)14] is a 14 
dimensional vector of log of population under poverty line for 
14 states  the coefficient on the spatially lagged dependent 
variable, it denotes a estimated regression parameter, which 
reflects the spatial dependence characteristic in the sample data 
set, and measure the average influence of states on states in 
population under poverty line, W is 14×14 spatial weight 
matrix that is row-standardized and each row sum to one (see 
2.1) and X represents a (14 ×7) matrix containing explanatory 
variables, which are used in Model 4, as well as β is the 
parameters that reflect the influence of the exogenous variables 
on variation in the dependent variable population under poverty 
line. 
 
Table - 3 Results of OLS estimation 
 

Dependent variable : LOG(PUPL) 

,     isρ

     is an (β

Variables Model 1 Model 2 Model 3 Model 4 

REMP/TRP -144.36 
(-2.65) 

-141 
(-3.43) 

-136.24 
(-4.10) 

-92.64 
(-3.15) 

RAE -0.07978 
(-1.24) 

-0.0768 
(-1.49) 

-0.06852 
(-1.88) 

-0.00803 
(-0.25) 

RANE -3.165 
(-1.18) 

-2.75 
(-2.22) 

-2.57 
(-2.80) 

-1.2456 
(-1.45) 

P-G -0.006882 
(-0.9) 

-0.00609 
(-1.17) 

-0.00493 
* 

(-1.87) 
- 

PVE -0.02633 
(-2.26) 

-0.0257 
(-2.78) 

-0.0249 
(-3.24) 

-0.017801 
(-2.03) 

RD -0.00000752 
(-0.28) 

-0.000006 
* 

(-0.27) 
- - 

CRW -0.1 
(-0.77) 

-0.0917 
(-0.92) 

-0.08861 
(-1.02) 

-0.17124 
(-1.77) 

TFP 0.005203 
(0.57) 

0.00399 
(0.77) 

0.002822 
* 

(1.10) 
- 

LR -0.00340 
(-0.23) 

-0.0045 
(-0.42) 

-0.00636 
(-0.85) 

-0.013896 
(-1.71) 

DEV/TRP -4412 
(-1.13) 

-4866 
(-1.94) 

0.002822 
(-2.24) 

-3613 
(-1.36) 

IRR/HYV 0.0841* 
(0.19) - - - 

Constant 14.270 
(4.80) 

14.119 
(5.99) 

13.824 
(7.35) 

11.023 
(7.31) 

N 14 14 14 14 
Adj-R2 75.1% 83.1% 87% 77% 

Note:- t-statistics in parentheses.  * indicates a p-value that is not 
statistically significant at 5% significance level. N is the number of 
observations. 
 

The spatial error model (SEM) provides another efficient 
method for dealing with the spatial data set that consists of 14 
observations for states in India.  
 
The SEM model, which is introduced in section 2.1, is stated 
as follows: 

,)( uXPUPLLOG += β  
u=λW +ε 

                          
u

          (3.4) 
 
where, λ is a coefficient on the spatially correlated errors and 
LOG(PUPL), W, X, as well as β are the same as described in 
the SAR model. The estimates of the SAR and SEM models are 
shown in Table - 4.  
 

 
 

                                    ,)( )( εβρ ++=PUPLLOG XPUPLWLOG
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Table - 4 Results of spatial autoregressive model estimation            

Note:- t-statistics in parentheses. N is the number of observations.         
* indicates a p-value that is not statistically significant at 5% 
significance level.    
 

Table - 4 displays the result of both SAR and SEM as well 
as OLS estimation of model 4. The reason why the estimate 
results model 4 are shown in Table - 4 is that it is an easy and 
clear way to compare the model with spatial effects and 
without spatial effects. 
 

In Table - 4, the adjusted R2 values of these three 
regressions range between 0.75 and 0.78. All coefficients of the 
independent variables, except rho in SAR model, are found to 
be statistically significant. Interpretations for the coefficients of 
the explanatory variables are not our chief focus here. 
           

The SAR estimates in Table - 4 show that after taking into 
account the influence of the independent variables, we do not 
have spatial correlation in the model, since the spatial 
autoregressive coefficient ρ is statistically insignificant and not 
large at all. That is, the dependent variable LOG(PUPL) 
exhibits insignificant spatial dependence. This indicates that we 
cannot estimate the SAR model successfully. Therefore, we do 
believe that the OLS estimates are correct, as there are 
insignificant spatial autoregressive parameters in the SAR 
model. 
 
On the other hand, estimations in the SEM model display the 
results we expect, so that our analysis will be focused on 
comparing estimate results between SEM model and Model 4. 
The following three aspects are considered in particular. 
           

Firstly, taking the spatial heterogeneity into account 
improves the fit of the model, as the adjusted R2 statistic rises 
from 0.77 in Model 4 to 0.78 in SEM model. That is, around 
one percent of the variation in the logarithm of population 
under poverty line is explained by spatial structure, because the 
adjusted R2 is 0.78 in SEM model that takes the spatial effect 
into account and 0.77 in the least-square model that ignores 
such an effect. 

 
Secondly, the t-value on the spatial autocorrelation 

parameter λ is 0.75, indicating that this explanatory variable 
has a coefficient estimate that is significantly different from 
zero. Equivalently, the spatial coefficient is found to be 
statistically significant, showing that there exists spatial 

heterogeneity in the residuals of the model. However, Model 3 
based on OLS ignores the spatial information that is provided 
by the sample dataset. 
 
CONCLUSIONS 

 
Our purpose of this study is to focus on the theoretical 

study of spatial econometrics and to explore an empirical 
application of spatial autoregressive models used on Indian 
rural poverty cross-sectional data. 
 

Recently, spatial econometric techniques have grown 
rapidly and have increasingly been applied in empirical 
researches. In general, spatial econometrics is related to spatial 
statistics and is a subfield of econometrics that deals with the 
combination of spatial dependence and spatial heterogeneity in 
regression analysis. Spatial dependence relates to the fact that 
observations in the sample data set display correlation with 
regard to location in space. Spatial heterogeneity relates to the 
fact that the regression models that we estimate may vary 
systematically over space. 

 
The basic regressions used in this paper are simply OLS 

regressions of the logarithm of population under poverty line 
on the explanatory variables to obtain Model 4 that contains 7 
significant variables and one constant. The results from the 
empirical investigation indicate that there are many variables 
that influence the rural population under poverty line. With 
respect to our major interest, spatial effects, we do find that in 
the SAR model there is a positive sign on rho, but it is not 
statistically significant, indicating there is no spatial 
dependency in the model. 

 
However, in the SEM model lambda is found to be both 

positive and significant at 5% significance level, indicating that 
spatial heterogeneity presents in the residuals of the model. 
Thus, Model 4 associated with OLS estimation is an 
inappropriate regression model for the sample data that are the 
spatial data. 

 
 The findings are that relative to model 4, the SEM model 

reveals larger influences on the ratios of the development 
expenditure and rural employed population with total rural 
population and a smaller influence on literacy rate. 
Additionally, the proportion of employed population with total 
rural population has the strongest negative influences on 
population under poverty line in our models. 

 
In addition, the empirical models of SAR and SEM are 

selected primarily to illustrate the various spatial effects, and 
are not supposed to contribute to a substantive understanding of 
spatial patterns of population under poverty line. 
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           Dependent variable : LOG(PUPL) 
Variables SAR SEM Model 4 

Constant 10.616 
(4.04) 

10.673 
(6.52) 

11.023 
(7.31) 

REMP/TRP -90.77 
(-2.71) 

-96.20 
(-3.11) 

-92.64 
(-3.15) 

RAE -0.00567 
(-0.15) 

-0.01382 
(-0.41) 

-0.00803 
(-0.25) 

RANE -1.1997 
(-1.24) 

-1.2983 
(-1.45) 

-1.2456 
(-1.45) 

PVE -0.01703 
(-1.77) 

-0.00930 
(-0.64) 

-0.017801 
(-2.03) 

CRW -0.1703 
(-1.61) 

-0.2269 
(-1.81) 

-0.17124 
(-1.77) 

LR -0.014249 
(-1.58) 

-0.012485 
(-1.44) 

-0.013896 
(-1.71) 

DEV/TRP -3476 
(-1.17) 

-4567 
(-1.50) 

 -3613 
(-1.36) 

Rho 0.066 
(0.20) 

- - 

Lambda - 0.1493 
(0.75) 

- 

N 14 14 14 
Adj-R2 75.8% 78% 77% 
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	Infrared Spectroscopic analysis of PHAMCL, CMCH and HEMA-g-CMCH-g-PHA polymers were analyzed from 400 to 4000 cm-1 by Perkin-Elmer Spectrum GX.  Analysis of IR spectra of PHAMCL (Fig. 1) and HEMA-g-CMCH-g-PHA (Fig. 3) showed the presence of some of the additional peaks at 3427.86 cm-1 , 1738.24 cm-1 and 517.48 cm-1. When IR spectrum of HEMA-g-CMCH-g-PHA (Fig. 3) was compared with that of CMCH (Fig. 2), the presence of additional peak at 1159.44 cm-1 and loss of peak at 2103.32cm-1 was observed. The predominant peak at 1738.24 cm-1 was observed in the IR spectrum of graft (Fig. 3), which shows C=O stretching, indicating the insertion of acrylic acid into the graft. This confirms the grafting has occurred successfully with PHAMCL, CMCH and acrylic acid. Presence of additional functional group provides the attractive site for further modification and increase the graft applicability. Grondahl et al. [24] reported the graft copolymerization of acrylic acid (AAc) onto PHBV by gamma-irradiation to induce surface hydrophilicity of PHBV for biomedical applications. Graft copolymers of acrylic acid on cellulosic materials [25] and PHBV [26] have been studied. For the foregoing account it is clear that, this is the first report on grafting of PHA with both chitosan and acrylic acid. 
	[23] Subramaniam, S., Lee, S. (1999) Polystyrene-graft-acrylic acid as compatibilizer of polystyrene/nylon 6,6 blends. Polymer Engineering and Science, 39:2274-2281.  
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	Pollen grains of Luffa aegyptica Mill. are oblate, spherical, 3-colporate with smooth exine. During germination some time pollen shows polysiphonous condition (Fig. 3). Tubes mostly grow straight (Fig. 2). During initial period of germination there is a steep increase in the length of pollen tube which slows down as the time approaches. Pollen grain of 120 min. stage of germination shows 1287 µm length. (Fig. 1) 
	Fig. 1 Growth of pollen tube at various stages in Luffa aegyptica 
	 
	Effect of Sucrose 
	In the basal medium containing 10% sucrose maximum percentage of germinated pollen grains is 94.50% and maximum percentage of pollen showing tube growth is also 94.50% at 60 min. stage. Whereas the percentage of bursting of pollen grain is 2.70%. After 60 min., there is a decrease in the percentage of germinating pollen and pollen showing tube growth with a simultaneous increase in the percentage of bursting pollen grains (Fig 4 -A). 
	 
	Effect of Ca (NO3) 2 (Calcium nitrate) 
	 
	It is observed that if the amount of calcium nitrate is increased in the medium, the percentage of germination is also increased. Pollen grains were germinated by varying the quantity of calcium nitrate in 10% sucrose medium. Maximum germination was reported in 350mg/l calcium nitrate. At 60 min. the percentages of germinated pollen grains and pollen showing tube growth are maximum i.e. is 95.32 % and pollen bursting is minimum i.e. 3.70% Fig 4 -B). Later on as the time approaches percentage of germination decreases.  
	 
	Effect of Boric acid (H3BO3): 
	 
	Boric acid is used as a source of boron. The maximum number of pollen grains is germinated in the 10% sucrose medium containing 350mg Ca(NO3) 2. H2O and 50mg boric acid in 1000ml distilled water. At 60 min the percentages of germinated pollen grains are maximum (96.60%) and the percentage of bursted pollen grain is 3.40%. After 60 min., the percentage of germinated pollen grain decreases and bursting increases (Fig. 4 -C). 
	 
	Effect of Magnesium Sulphate: 
	 
	Maximum pollen grains were germinated in the medium containing 10% sucrose, 50mg boric acid, 350mg calcium nitrate and 200mg magnesium sulphate. Percentage of pollen bursting is 3.40% at 60 min. (Fig. 4 -D). 
	Fig. 4 Effect of different concentrations of (A) sucrose (B) Ca(NO2) H2O (C) H2BO3 and (D) MgSO4. 7H2O on in vitro pollen germination and tube growth in Luffa aegyptica Mill. at 60 min. stage  
	Table - 2 In vitro pollen germination in Brewbaker and Kwack (1963) and Modified basal medium in  Luffa aegyptica  Mill. 
	Sr. 
	No.
	Time 
	in 
	Brewbaker and Kwack (1963) basal Medium
	Modified basal medium
	Percentage 
	Percentage 
	Bursting
	Percentage 
	Growth
	Percentage 
	Percentage 
	Bursting
	Percentage 
	Growth
	 
	DISCUSSION 
	 
	Composition of culture medium for in vitro pollen germination as suggested by Brewbaker and Kwack[16] has not proved to be good for all plant materials and hence, in present work it has been modified for Luffa aegyptica Mill.  
	 
	The modified culture medium prepared in 1000 ml distilled water contains 10% sucrose, 50 mg boric acid, 350 mg calcium nitrate, and 200 mg magnesium sulphate. pH of the medium was adjusted to 6.0. The improved medium can be useful in fundamental and applied studies on the pollen biology of Luffa aegyptica Mill..  
	 
	Pollen grains are known to be packed with biochemicals like sugar, starch, lipids and phytic acid [17] . These storage products get metabolized upon germination and elongation of pollen tube. Thus, they play an important role in germination and in initial stages of pollen tube growth [18, 19] . Intake of the culture medium by the pollen grains initiates mobilization of the stored substances resulting into germination of pollen grains. According to Baker and Baker [20] the required energy for the germination of pollen grains, formation of cell wall components and callose in angiosperms is provided from the nutrient reserves like starch, sugar and lipids stored in pollen grains.              
	 
	Optimum concentration of sucrose required for maximum pollen germination varies from species to species. For example    10% in Najas marina [21]  and in Tradescantia paludosa [22] , 15% in Zea mays [23] and in Avocado cultivars[24] ;  11 to 15% in Asclepiads syriaca [25] ;  30% in Catharanthus roseus [12] and in Abelmoschus esculents [26]; 50% Pistacia vera [27]and 7.5 to  20% in some sp. of Cucurbitaceae family [28] . In the present work the optimum percentage of pollen germination is reported in 10 % sucrose concentration. In Luffa aegyptica 10% sucrose in the medium limits the diffusion rate of water into the pollen and thus prevents the bursting of pollen grains.  
	 
	 
	Calcium is another inorganic substance with notable effect on pollen tube growth. Ca2+ is an essential requirement of pollen tube growth [32]. It has been shown that calcium controls the permeability of pollen tube membrane [33]. Absence of calcium in the medium results in an increase in the membrane permeability leading to the loss of internal metabolites [34]. In the present work, the pollen of Luffa exhibited maximum pollen germination and tube growth at  a higher concentration of calcium nitrate i.e. 350mg/l than that in the original Brewbaker and Kwack medium. It seems that pollen grains of  Luffa aegyptica   contain very small amount of  calcium which may diffuse out of the pollen rapidly in the medium. Higher concentration of calcium in the medium prevents diffusion of the calcium from the pollen. Thus supplementation of calcium in the medium lead to development of straight and rigid pollen tube with vigorous growth. A positive correlation between speed of pollen tube growth and quality of the resulting progeny is also explained [35]. 






