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SARDAR PATEL UNIVERSITY "
M.Se. SEMESTER -1V (Organic Chemistry) Examination { NO)
Saturday, 22nd Qctober-2016
PS04CORCO1: Spectroscopy -1I (
Time: 02:00 p.m. to 05:00 p.m. ~ Total Marks: 70

Note: Right hand figures indicate marks. .

Q. 1 Answer the following multiple choice questions. 7 - [08]
1. In UV, electronic transition shown by ethanol is ___
ayn—» n* byn —»o* o) —pat djo —> *
2. Which of the following molecules will not show the Infrared spectrum.
- a)yHC b) H;O c}H, d) CH,4

3. The ;ﬁople notation for the proton$ in ethyl chloride is

a) A2M3 . b) AsM, C) A;B‘z' d) A3X2
4, In PMR spectrum of 2-br0m0pr0ﬁéne signals are obtained.

a)4 b)3 c)2 dy1 :

5. The DEPT-50 spectrum will show only signals.

a)—CH b)—CH; ¢)-CH; d) None
6. In *C-NMR spectrum ethyl benzene will give signals.
2) 4 b) 6 ¢)2 K

7. The carrier gas used in CI method for recording Mass spectra is
a) Nitrogen b) Butane ¢)Methane d) Argon
8. As the degree of branching 'decreases,;ihe relative height of molecular ion peak

a) remains constant ~ b) becomés zero  c) decreases  d) increases

Q. 2: Auswer the following questions ( Any seven) B [14]
1. Explain the effect of conjugation on absorption of Amax in UV spectroscopy.
2 Draw the various stretching and bending vibrations observed in H;O.

3. Discuss the various electronic transitions observed in UV spectroscopy.
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4. Explain the long range coupling in PMR with suitable example.

5. Sketch the PMR spectrum of ethyl acetate by taking approximate §-value for each signal and showing
appropriate multiplicity.

6. Sketch 'TI-'II COSY spectrum for ethyl chloride by taking approximate § value for each signal,
7. How will you differentiate o, m and p-dinitrobenzene with the help of °C NMR spectra?

{
8. Write a note on Mc-Lafferty rearrangement.

9. Discuss the chemical ionization techniques used in Mass spectroscopy.

Q.3: A) Answer the following -

i) Write a short note on Chromophores and auxochromes. ' : . [03]
ii) Discuss the iraportant TR absorbtions shown by benzene and toluene. [03]
B) Calculate the Amax for the following compounds. [06]
‘ CH
i 1 i) ’ i
CH,
0 00
‘ ,
OR

B) Discuss fhe-important characteristics vibrations observed the IR spectra of ketones and esters. [06]
Q.4: A) i) Write a short note on vicinal and germinal couplings in PMR. [03]

ii) Explain nuclear Overhauser effect in PMR. How will you différe_nﬁate following isomers

using NOE PMR spectra? [03]
0 | 0
Cl MeO
0 0
. P
. MeO A Cl
' A) o B)
!
B) i) List the methods used for simplification of PMR spectra.Discuss the use of shift reagent in [03]
detail, :
ii) Write short note on spin relaxation process in PMR. [03]
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B) i) A compound has a molecular formula CoH,,0, , It gives the following signals in PMR spectrum.

Assign the structure of the compound by interpreting PMR data.

Signal position § | Multiplicity Protons
3.55 Singlet 2H
3.60 Singlet 3H
7.35 Singlet SH

l
if) Write a short note on D,O exchange in PMR.

Q.5: A) Do the °C NMR chemical shift calculations for the following molecules.

OH
_ ] il Ti "
HaC/Y\CHa Br/\/\/\/NO2
SH
NO,

B) i) Sketch proton decoupled *C NMR DEPT 45° and DEPT 90° spectra for following compound

(& values for each carbon is assigned in the structure)
i

22
CHg
132
120 29
117 25
141
34
HC CHa
21 24

ii) Calculate the chemical shift values for each carbon signals and sketch the profon coupled and

decoupled >C NMR spectra for methyl benzoate,
OR
B) i) A compound with molecular fc;rmula CsH1O shows following signals in its proton

coupled “C NMR. Interpret the data and assign the structure of the compound.
18 5 ( Quartet)
28 & ( Quartet)
42:5 ( doublet)
212 & ( Singlet)
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ii) Sketch the HMBC spectrum for 3-heptanone by taking approximate 8-value for each signal. [03]
[

Q.6: A) Do the mass fragmentation for the following molecules. [06]

s N Q
i) iy OH i)
OH , .
; NH;
HaC 0 ;

B) i) Discuss the Fast Atomic Bombardment [FAB] and electron spray ionization techniques usedin ~ [03]
Mass spectroscopy.

ii) Discuss the nitrogen rule and guidelines for correct molecﬁlar formula determination used in Mass [03]
spectroscopy. Using this guidelines indicate whetiier the following formulae are correct or incorrect.
CysH;NCl1 b) C;HsN ‘ c) C;H,08 d) C;sHyCIBr

OR |
B) A compound has molecular fonnui'a CsH 00, It gives the following spectral data. Interpret the spectral
data determine the structure of the compound. . | [06]
IR(em™) : 2900, 1200, and 1100

UV: Amax 205nm

'"INMR BCNMR

Signal 8 | Multiplicity | Protons DEPT
1.2 Triplet 3H 13C (8) | (135)

1.3 Triplet 3H 11 +ve

2.3 Quartet 2H 15 +ve

4.1 Quartet 21 28 Ve

: 61 Ve

73 -ve

Mass (m/z) (% 1. a.): 102 {(10%), 57(60%), 29(100%)
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Type of protog Chewaical sbift, ppm
F ]
Cyclopropanc . 0.2
Primary RCH, s
Sccondary RaCH, [.3
Tertiaxy R,CH . 1.5
Vinylic CuaC—H 4.6-3.9
Acétylenic O~ 1 2-3
Arctasiic H i B
Renzylic Ar—C—H. 2.2-3
Aﬂyhc C—C—CH), 1.7
id HC—F A4S
Crnoriden e 34
Bromides HC—PBr 254
Todides HC—I 24
A]mhci- HC—0OH 3.4
Ethers HC—OR. 334
Estors ROOO—CH 2741
Exsters HC—CCOOR 7 2"1-3
Acids HC—CO0H 2-2.6
Carbonyi compammds HCO—C=0 | 2-2.7
Aldchydic R- CHO S-10
Hvdroxylic: R-0I : 1-5.5
‘Phenolic Ar-0OH 4-12
Enolie CrmC—O 15-17
Carboxylic REOOGH 10.5-12
Amin RNH, ' 1-5

Characteristic Infrared Absorption Frequencies

Bond | Compound type Frequency runge, cmn’'
C-H Alkancs 2850-2060
. 1350-1470
C-H Alkenes 3020-3080 (m)
675-1600
C-H Aromatic rings 3000-3100 (m)
675-870
| CH Alkynes 3300
=C Alkenes 1640-1680 (v) }
¢=C Alkynes 2100-2260 (v}
C=C - . __Aromatio rings 1500, 1600 (v) T
C-Q. Alcohols, ethers, carboxylic acids, esters [080-1300
C=0 Aldehydes, ketones, carboxyiic acids, 1690-F760
AAAAA esters .
O-H Monomeric alcchots ,phenols 3610-3640 (v)
Hydrogen bonded alcohiols, phenals 3200-3660 (bread)
Carboxylic acids ) 2500-3000 (broad) ]
N-H Amines 3300-3500 (m)
C-N Amines 1180-1360
C= B MNitrifes 2210-2260 (v) ]
T LNO, Nitro compounds 1515-1560

1345-1385

CP19)
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Charecteristic absorption for dienes . i Characteristic absorption for @, B-unsatursted

carbonyt compounds

Base value for heteraanuular diene 214 o
Base value for emoannular diene 253 g « 5 B a
Inccemeals for © . | { i | i |
Double bond extending conjugalion +130 P BCemCome () and §— o O Crme (e G
Alkyl substituent or ring residue +5 i Enone . " Dicnone |
Exocyclic double bond +35 ; '
Polar groupings: CAc +0 : Base valyes (nen)
' OAlk ’ 6 Acyclic o,f-unsatarafed ketones 215
SAlk + 36 Six-m;rhbcrcd cyclic a,f-unsalurated ketones
o, Br - +5 : 25
N{AIK), +60 Five-membered cyclic «,f-unsaturated ketones
Solvent correction® +0 : ] 7
o, fi-Unsatarated aldehydes BEA ]
Aewe = Total s
— — .. P —— a,B-Unsaluraled carbosylic acids and esters 195
Increments for
- e - T - Bouble boad extending conjugation 430
Alkyl group, rinp residue o ' +10
Characteristic ahsorption for substituted f and higher : :z?
benzene derivatives Polar groupings: —OH o 435
—— ’ . B +30
©oaEgw : 5 +50
ArCOR/ArCIIGIATCO,HIACO,R {nm} —O0Ac  o,f,6 1+ 6
- A —O0Me o +35
Parent chromdphore: Ar = CgH; ) : : s 30
-G = Alkyl or ring residue, {¢.g., ArCOR) 246 oy 17
G = H, (ArCHO) 250 & +31
G = OH,_OA”C. (AI'COJ_H and A.I’COZR} 230 —SAlk ﬁ +85
Increment.fos cavii substituent on Ar: —-Ci o 415
—Alkyl"ar nog residue o, - 43 B 112,
p- e —br « +25
—QU, —OCH,, —QAlk 0-, m- +7 8 430
P +25 . —Nit, +95
—0 {oxyanion) Q- -+ 11 .
m- +20 Exocyelic double bond 45
p- 78 Homodiene component® 439
-] o-, m- 40
p- +14
—HBr o~, m- 2
p- 415
—~MNH; o, m- +13
. p- + 3
—INHCOCH, o-, m- - 420
’ p- +45
--NHCH, i i +73
T +—N(CH,), oome 20

p- +85
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BC shifts for terminal apd internai systems

_ BC Shifts for some linear and braunched
Y o« /"\/k/f\ chain alkanes
Y TR
Torwbau Tntermsd Compoued Cl C2 ¢3 L B o
el £ Y Methamo =23
T Pimne 57 :
Y Toombual Matorna! Yermgbaal internal Propane 158 163 158
cH, +9 + 8 +10 +8 -2  Buune Bd 252 259
CHeCH, +20 + 6 w15 Pestans 138 28 M7y prd] 139
CeCH + 45 + 55 ~35  Bomawe M1 a1 322 pa oy
COOH +21 +16 43 +2 -2 Heptana K1 232 m6 27  myg
00~ +25 +20 +$ +3 -2 Octane M2 232 g 29 %9
CooR +20 +17 + 3 + 2 2 Nooane M2 33 124 300 303
coa +3 +28 + 2 Decans 142 232 w6 313 s
CONH, +22 + 25 ~05  ltohotans 45 254
COR +30 +32¢ 1+ 1wz Isoperitege 22 314 g 17
CHO +31 0 -2 Isohexane 227 280 &0 09 143
Phenyd +23 +47 + 9 +7 =2 Neopentuse 3T 2
OH +48 +4) +10 +8&8 -5 21-DimothyRatane 21 306 359 89
OR R 8 4+ g *3 -4 3Mubvoontans 5 295 369 (83,
QCOR +51 +43 + 6 +5 -3 3CHy)
NH; +329 +24 +11 +10 =5 23-Dimethylburane 195 33
NH,- +26 *H o+ 3 T L ATrmetiylwune 274 31383 161
NHR +37 31+ 8 T 23 Dimehylpentane 70 253 363 (146
NER, A1 +6 ~3 34:11:)
NR,* +3] + 5 -1
NO,. +53 *+57 + 4 +4
N + 4 + i + 3 +3 -3
SH +14 +11 +12 +11 -4
SR 420 + 7. -3
F + 5% + 63 +'9 + 6 —4q
Q1 +3) +32 +11 +10 -4
Br +20 +25 +H +10 -3
1 -5 + 4 +11 +12 -1
(PT-0)



BC shifts for substituted benzenes
Base value for benzene is 128.5 ppm

Cd < of Bubaibimant
Britsotbiniel {Antzaiomard) c3 Cc-3 C4 {Fpm ke, TMS)
B 6o 09 an 00
X, +53 *A7 ~01 =29 braficd
C:&g-{l:)’ +156 ~0.5 o0 ~16 2 EG!;}. 158 (CH;)
CH{ +2041 20 i3 -5 M4 {CH), 2 (CHY
CICH,, +22 ~34 ~04 -3l 343 (C), 314 (CHy)
CH=~CH, +21 ~24 +02 ~45 1371 (CH), 1133 {CH,)
CmCH ~58 +£9 +01 +04 4.0 (C), T12 (CH}
CH, +121 ~18 -0 ~i4
CHOH +133 -0 ~-Q6 ~0A4 64.3
+7.7 ~00 ~04 ~0.0 20.7 (CH,), 65.1 (CH,),
1703 (O=r0)
OH +266 =127 +16 ~74
OCH, +314 ~144 +10 -7 54
OH, +250 - -%4 +14 ~53
OZCH, +224 ~7.] =04 -32 239 (THY), 169.7 (Cre()
L +68.2 +312 +06 +58 1920
Ll- +78 —0A -04 +2.8 24.5 (CH,), 1957 (C=0)
i;ﬁ, +%.1 +13 ~02 +38 1564 {Cmmt))
gcr, —56 +13 +07 +£7
COH +29 +13 +04 +4.3 1680
EOCH. +20 +12 -l 4438 510 {CH,). 1668 (C=0)
(l) 1wBes
o +4.4 +29 +0.6 +70
O
‘!INH, +50 -12 04 +34
CaaN ~160 +35 +0.6 +43 11935
NH, +192 =124 +13 -85
N{CH,), +224 -137 +08 -118 403
Hﬂiﬂl, +11.1 -99 +02 —3556
NG, +19.4 —43 +09 +690
N +57 —34 +1z -28 1293
F ’ +35.1 ~143 +09 ~45
Q +6A +02 +10 -0
Br -54 +24 +22 ~1.0
I -2 +99 +16 =13
2y +26 =31 +{L4 +14
SH +23 +06 +032 =33
SCH, +10.2 -1 +04 -6 159
SO,NH, +153 229 +0.4 +313
SHCH ), +134 +44 —L1 ~1.1




Influence of functional group X on the chemica) shift p@sximn (®) of
nearby carbons in alkane chains’

Kom Qo e e €

a § ¥
a~shifl B-shift y-5hift
R
X XCHy~ X Ol Xt
Y
R LT .

—CH, g 6 3 g -3
~—R: spe table 3.11
axiad —CH, { - - 5 —H
equatorial—CH, 6 - . o
{in tycioise;smesj
~CH ==Cl, 22 16 12 ~2
—~CEICH 4 - - -3
—CyHy, — 23 17 1 10 3
—F 70 - - $ w7
-1 31 a5 42 10 -5
—Br 19 5 37 ¥ -4
-1 «7 1020 - - i -2
~NH,, —NHR, —NR; 29 24 18 i -4
N, 62 - - 3 -3
~NHCOR, ~~NRCOR 10 - = 0 0
—NH,* 25 - 7 -3
—~CN 3 4 - 1 -3
~—3H : 2 - i -
—OH 50 . 45 40 9 -3
—OR 50 14 17 t0 3
= OCOR $2 50 45 7 -
~COOH, ~TOO0K. —«»crma\ _ 10 6 13 1 -3
—~CQR.~—CHO B ' 4 17 2 -3
S04, —~S0N{ sa - - 3 o

¢ P30




Influence of functional group X on the chemical shift positions (8) of
nearby carbons in alkene groups and benzene rings

Base values;,  othylene (8 123)

hcnzcné {SI 3233

afd
X =1 (ipso)
X\_—‘ ettt
/’"’"“\ ‘*—mmem
C—1 C—12 pira
i Alkeaes 11 Benzznos
| xR
¢ Col {1 arthe et pasa
- | {ips0)
~CH, 10 -8 9 0 o -2
& ™) t6 & 1% ) a -2
g, M 23 & 21 ) 0 -2
~{H=(H, ' 15 -G 9 & 0 -2
~CHEE CH - - -G 4 0 D
wCaly, =oAr 13 -1 13 wt 1 o
i 25 34 35 ~14 1 ~§
- 3 o & £ ] =
_ =Br —& -1 -8 3 2 -2
i ~35 ? -3 10 3 -1
=Nl - - 18 .13 i ~10
~NHR - ~ 20 -14 1 10
—~NE, - - 2 16 i =}0
-NO, 22 -1 20 -5 1 3
~NHCOR, —NRCOR - - 10 -7 i ~d
N ~13 15 ~16 4 t é
—SH - - 4 i 1 -3
—OH - = 27 ~13 ! -1
—OR 29 -39 30 -15 1 -8
~QCOR 18 ~27 23 -6 1 -2
~COQH’,-—CDGR,-—CON< 4 e 2 2 0 5
=COR, ~CHO 14 13 9 { | 6
~80H, wsaaw_’\{, - - 16 0 0 4
P, - - 14 18 o -1
~F ALy - - 9 3 G 0



