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ABSTRACT

Key worlds : 

Tungsten Ditelluride (WTe ) crystals having a layer structure grown by chemical vapour transport technique (CVT) using iodine 
as transporting agent are studied here. The electrical resistivity and thermoelectric power (TEP) of these crystals were carried 
out within the range 313K to 573K. The crystals were found to exhibit semiconducting nature in this range. The activation 
energy, Seebeck coefficient and scattering parameters were calculated for these crystals. The Hall coefficient, carrier 
concentration and Hall mobility were determined from Hall Effect measurements at room temperature. Also the measurement 
of Thermal conductivity and Electrical conductivity of WTe  crystals along the chain axis were carried out. The implications of 
the results have been discussed. 
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INTRODUCTION
   W and Te are the members of groups VIB and VIA 
respectively, which possesses layered structure. Tungsten 
Ditelluride constitutes a well defined family of compounds 
which crystallize in a layer type structure. The layered tungsten 
dichalcogenides also exhibits superconducting behavior when 
intercalated with alkali. The crystal structure of WTe  is 
orthorhombic with space group P 21 having lattice parameters 
a=3.38Å, b=6.27Å and c=14.16Å. The study of electrical 
properties of the layered compounds of the group IV-VI has 
aroused a widespread interest and attention of the material 
scientists all over the world during the last few decades [1-8]. 
Most of the semiconductor applications are governed by the 
electrical properties of the materials. Hence, electrical 
properties like resistivity, Hall coefficient, thermoelectric 
power, thermal conductivity and electrical conductivity along 
the chain axis were carried out on the WTe2 crystals. The study 
of thermo electric power provides an independent way to 
determine the charge carrier sign, density and position of Fermi 
level in semiconductors.

   Crystals of Tungsten Ditelluride (WTe ) grown by [9] 
chemical vapour transport method using iodine as the 
transporting agent are studied here. In this report we present 
results on electrical resistivity and thermoelectric power 
measured in temperature range 313K to 573K and also on hall 
parameters ,  e lec tri ca l  conduct ivi ty  and thermal 
conductivity[3,5].

  In the present study, resistivity has been measured 
perpendicular to -axis (along the chain axis).
   Two  probe method and four  probe method are used for 
resistivity measurement.

   In the present study resistance has been measured along the 
cleavage plane with the help of multimeter (model 2700, Make:  
KEITHLEY). The measur
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ements were carried out in the 
temperature range from 313K to 573K at an interval of 5K. The 
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resistivity (ρ) of the samples was calculated by using the formula 

μ  ρ                                                                        (4)

                   

    ρ =RA/l                                                                               
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Where A is the cross sectional area of the specimen in the 
direction of measurement, R is the resistance of the specimen 
and l is the length of specimen.

From the slopes of log ρ Vs 1000/T plots the values of activation 
energies were calculated using the formula ,

E  =  2 .303Xk X10 Xslope(eV)               (2)

Where k  = 8.602 X 10  eV/K

   Electrical resistivity measurements along chain axis of WTe  
single crystals were performed by four  probe method. 
Measurements were performed in the temperature range from
303K to 483K using the set up made in our laboratory. 
Expressions for resistivity and activation energy are same as 
two-probe method.

    Hall Effect measurement was performed along the cleavage 
plane of crystals of WTe  in order to determine the type of 
conductivity, mobility and carrier concentration. Ohmic nature 
of the contacts taken (by silver conducting adhesive) for these 
measurement was confirmed by I-V characteristics 
measurement using Van der Pauw technique. Knowing the 
value of difference in resistance ( ), magnetic field ( ) and 
thickness of the sample , the mobility of charge carriers is 
evaluated using the relation

                                                                                               (3)
The Hall coefficient ( ) and carrier concentration ( ) are 
evaluated using the following formula; 

     R   =  ×

     n = 1/R .e                                                                           (5)

  The measurements of the thermoelectric power with 
temperature were carried out in the temperature range 313 K to 
573 K. For the study of temperature dependent thermoelectric 
power S of a p-type semiconductor the expression is given by    
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Where k is Boltzmann constant, e is the electronic charge, E = 
E -E  is the separation of the fermi level from the top of the 
valence band and A is the constant determined by the scattering 
process.

A simple method known as the divided bar method for thermal 
conductivity measurement is used. Here, thermal conductivity is 
measured at 100 C. Assuming that the loss of heat by radiation 
from the surfaces is negligible compared to the heat transferred 
and the heat flowing through the metal block and the crystal, we 
get,
K A(dT/dX) = K A(dT/dX)                                                               (7)

K =   K   (dT/dX) / (dT/dX)                                                                (8)

Here, K , K  , are co-efficient of thermal conductivity of metal 
and crystal respectively and (dT/dX) and (dT/dX)  are thermal 
gradients of metal and crystal respectively[5]. 

Electrical conductivity ( is given by
    σ = 1/ρ                                                                               (9)

  Where,  resistivity,  
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   × A /l  ρ  = R                                                                     (10)

Variations of log ρ 

Here, electric conductivity is also measured at 100 C. 

  versus 1000/T for WTe  crystals for two  
probe method and four  probe method are shown in Figures 1 and 
2 respectively. The resistivity along the cleavage plane decreases 
with increase in the temperature which indicates the 
semiconducting behavior of these crystals. From the high 
temperature resistivity measurements we get the activation 
energy of WTe crystals which is presented in Table 1. Variation 
of thermoelectric power (S) with an inverse of temperature for 
WTe  crystals is shown in Figure 3. From the variation of 
thermoelectric power with temperature gives the value of 
scattering parameter and fermi energy are given in Table 3. All the 
results obtained from the Hall Effect measurements are given in 
Table 2. Current-voltage characteristic of WTe  crystal is shown 
in Figure 4. Using Wiedemann–Franz law, we can find the 
Lorentz number of WTe crystal which is the relation between 
thermal conductivity and electrical conductivity. The values of 
thermal conductivity, electrical conductivity and Lorenz number 
(L) are given in the table 4. 

0

RESULTS AND DISCUSSION

2

2  

2

2

2 

 

-
-

Fig. 1 Variation of log ρ vs 1000/T for WTe  crystal for two 
probe method

2

Fig. 2 Variation of log ρ vs 1000/T for WTe2  crystal for four 
probe method

Fig.  3 
  

Variation of thermoelectric power (S) with an inverse 
of temperature for WTe  crystals.2

Fig.  4  Current-Voltage curve for WTe  crystal2 

Table - 1 Activation energies determined by high temperature 
resistivity measurement for WTe  crystals2

Table- 2 Hall parameters for WTe  crystals2

Table -3 Parameters A, E  and s for WTe crystalsFV 2 
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Sample

(method) Temperature (K)
 

Activation Energy (eV)

WTe2 (Two- Probe) 313-573  0.2542

WTe2 (Four -Probe)

 
303-363

 
0.0291

WTe2 (Four- Probe)

 

368-428

 

0.0778

WTe2 (Four- Probe) 433-483 0.1850

Sample Resistivity
ρ(Ω?m)

 Conductivity
σ(Ω?m)-1 Hall coefficient

RH (m3/C)
 Mobility

μ?(m2/V?s)
Carrier 

concentration
Nc× 105  (m)-3

WTe 2 3.11 0.32 621 239 2.44× 1016

 
Sample  

 A  
Scattering parameters  

EFv  
(eV)  

WTe2
 

1.1970
 

1.3030
 

0.3480
 



Table- 4 Value of electrical conductivity, thermal conductivity 
and Lorentz number for WTe crystals2 

CONCLUSIONS
    The resistivity along the basal plane decreases with increase in 
the temperature which indicates the semiconducting nature of 
these crystals and also we can use this material as a lubricant at 
high temperature. The positive values of the Hall coefficient and 
the Seebeck co-efficient of the crystals of WTe indicate that all 
crystals are -type in nature and majority charge carriers in them 
are holes. The values of thermal conductivity, electrical 
conductivity and Lorenz number confirmed that the crystal of 
WTe  has semiconductor nature.

2 

2

p
 

 REFERENCES

, A49

24: 

 [1] Clemen, C., Saldhana, X.I., Munz P. and Bucher E. (1978), 
Photovoltaic properties of some Semiconducting layer 
structures : 437-443.

[2] Brixner, L. H. (1962), Preparation and the properties of the 
single crystalline AB  -type selenides and tellurides of 
niobium, tantalum, molybdenum and tungsten. 

., 257-263.

J. Phys. Status Solidi

J. Inorg 
Nucl. Chem

2

[3] Brixner, L. H. (1963) ,X-ray Study and Thermoelectric 
Properties of the W Ta Se  System.    ., 

289-293.
[4] Static, V., Pierre, A. C., Etsall, T. H. and Mikula, R. J. (1997), 

Preparation of tungsten sulfides by sol-gel processing.  
, 58-62. 

[5] Troadec, J. P., Bideau, D. and Guyon, E. (1981), Transport 
properties of conducting and semiconducting anisotropic 
mixtures.  4807-4819. 

[6] Revolinsky, E.  and   Beerntsen, D. (1964), Electrical 
Properties of the MoTe -WTe  and MoSe -WSe Systems. 

: 2086-2089.

[7] Malliaris, A., and Turner, D. T. (1971), Influence of Particle 
Size on the Electrical Resistivity of Compacted Mixtures of 
Polymeric and Metallic Powders 614-
618.

[8] Upadhyayula L., Loferski, J. Wold A., Giriat, W. and 
Kershaw, R. (1968), Semiconducting Properties of Single 
Crystals of n- and p- Type Tungsten Diselenide (WSe ) 

4736-4740.
[9] Dave, M., Vaidya, R. and Patel, S. G. (2003), X-Ray 

Diffraction Studies for WTe  single Crystals. 
,  83-87.

x x1− 2

2 2 2 2 

2

2

J. Electrochem. Soc

J. 
Non-Cryst Solid

J. Phys. C: Solid State Phys.

J. 
Appl. Phys., 

J Appl. Phys., 

, 

J
Appl. Phys., 

J.  Pure and 
Appl. Sciences – Prajna

110: 

220: 

14:

35

42: 

39: 

12:

. 

,  ,  

. 

December                             PRAJÑ Journal of Pure and Applied Sciences, Vol. 19: 68 - 70 (2011)Ā-70

Electrical conductivity  Thermal conductivity  Lorenz number
1.728810-3 (? cm) -1 0.03134 W/cm K  0.048 W?K -2


