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Alchemist Science Academy CSIR NET/IRF, GATE, TIFR & lIT-JAM

Spectroscopy (M-B, ESR, PES, UV)
NET Previous Year’'s Question

Ql. Which of the following spectroscopic techniques wif! be usefuf to distinguish between M - SCN and
M~ NCS binding modes? [NET june 2011]
(a) NMR (b) iR {c) EPR (d) Mass
Q2. The Stark splitting for a given field is larger for s molecule AX as compared to BX. Which one of the following
is true? { z¢ is the dipole moment) [NET Jupe 2011]
e 5%

(@) fhax = Hyy (b) flax > Iy () fax < figy (d) fyy =22,

Q3. A melecule, AX has a vibrational energy of 100 em ' and rotational energy o%tl Ocql

BX, has a vibrational energy of 400 cm and rotational energy of 40cm '
statements about the coupling of vibrational and rotational motion is truaxm

{a) The coupling is stronger in 8X
{h) The coupling is stronger in AX.

{c) Magnitude of coupling is same in both AX and BX

Q4. The order of carbonyl stretching freque’??cy i .i
[NET fune 2011]
(a) Anhydride > amide » Ketone {b) Ketone > amide > anhydride
{c }Amlde>anhydrrde>keto . (d) Anhydride > Ketone > amide
Qs. The absorption at A% @7@ o 15} in the UV spectrum of acetone is due to {NET June 2011]

)

{b) n -« transition

(d) 7 —¢ " transition

& -
Q6. o th EPR Spectrum of tetragonal Cu{ll) complex, when g”g] > g, the unpaired efectron resides in the
[NET june 2011)]

by d . (e} ] (@ d,,
Q7. Consider the Compounds, [NET June 2011]
(A) SnF, (B) SnCl, and (C} R,SaCl
The nuclear quadrupole splitting are chserved for
{(a}{A).(B) and (C) {b} (A) and (B} only {c) (B} and (C} only id) {A} and (C) on;y

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
Contact : 011 -26511021, 8285787633, 8800927759, 9582285416 3



Alchemist Science Academy CSIR NET/IRF, GATE, TIFR & |IT-JAM

QS, The correct value of isomer shift {in Mossbauer spectra) and its exaplanatton for Fe(ll} TPP and Fe(lil)

TPP respectively from the following are: [NET June 2011]

(TPP = tetraphenyiporphyrinate)

(A) 0.52mms | (8) 0.45mms
{C)increase ins electron density (D) Decrease ins electron density .
(a) () and (D); {B) and (C) (b} (A) and (C); (B} and {C)
(c)(Bland (D}); (A) and (D} (d} (B} and (D); (A} and (C)

Q9. in the IR spectrum, carbonyl absorpticn band for the following compound a

[NET Dec. 2011]

(a) 1810cm ' {b) 1770cm (d) 1690cm

Q10. Y Fe' Mossbauer experiment source@ogf’ 14&1@”\/ equwalent to3. 48 % 10" MHz) is moved towards

ahsorber at a velocity of 2.2m nié%;é} lft in frequency of the source for this sampleis
et

%
B z [NET Dec. 2011]
J% W
(a} 35.5 MHz * 5 fpj2s, Shabz (¢} 20.2M¥iz (d) 15.5M¥iz

N
Q11.  ‘f Mossbauer sp%r&@ o?&ge((O is recorded in the presence of a magnetic field, the original spectrum

with two liné }\%ng’es into the one with [NET June 2012}

AN “*f%

k“*xﬁ‘r

. (b) Four tines {c) Five lines (d) Six lines
&% f‘ %
012%2 ] ”&go tg(i’umbers of fine and hyperfine EPR lines expected for octahedral high spin Mn(il) Complexes are
3 é%%’é?ﬁvely (1= 5/2 for Mn) [NET June 2012]
k-
{a}3and 30 (b) 5 and 33 (¢} 5and 30 (d) 4 and 24
Qi3 The number of tines exhibited by a high resolution EPR spectrum of the species, [NET Dec. 2012}

{Cu{ethylenediamine}Z]Z +is INuclearspin {i} of Cu = 3/2 and that of N = 1]

(ay12 (k) 15 {c) 20 (d} 36

Head office: 28- A Ha Saral Hauz Khas New Delhi-110016,
Coniact - 011 -26511021, 8285787633, 8800927759, 9582285416 4
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Qi4q

In the IR spactrum of p-nitrophenyl acetate, the carbonyl abserption band appears at  [NET Dec. 2012]
(a} 1670 cm (b) 1700 cm ' (c)1730em ' {d) 1760 cm '
Ql5.  Therecoil energy of a Massabauer nuclide of mass 13% amuis 2.5MeV. The energy emitted by the nucleus
in KeVis {NET Dec. 2012]
(a)12.5 (b} 15.0 {c) 2.05 {d) 25.¢
Q16. The Mossbuar spectra of two iron complexes are shown below. They may arise from (i} hlgh spfglron iy,
(ii) high-spin iron{li} and {iii} iow- spin irondlll) The correct matches of spectra {A) and {g]%\%f:f@ “tjge iren
complexes are SINET June 2@12]
. %
= | '; 1’( ; =
. ' * -
(a) Awith (i) and B with {ii) Aw:thgfm a@\cF’B glth
{c) Awith (ifi} and B with (i) {d) Ag;t@%nd 8 with (iii)
Q17.  The number of EPR signals observed fof’?bctaﬁecf};ai ﬁh{ll) complexes is [NET lune 2013)
{a) One {d) Zero
Q18.

ws two IR absorption fines and one IR-Raman line, The structure

[NET june 2013]

[NET June 2013]

(a) 1800 cm ' fb) 1760 cm ' {c)1710¢cm (d) 1660cnt
Q20. Among the following, those can act as Mossbauer nuclei are [NET june 2013}
(A) ) () o () ' Fe (0} 'Sk

{a)A,B,Cand D (b} B,C and D oniy

(c) AB and D only

(d) A,Cand D only

Head office: 28-A. Jia Sarai , Hauz Khas New Delhi-110016,
Contact: 011 26511021, 8285787633, 8800927759, 9582285416
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Q21. For a tetragonally distorted Criill) complex, zero field splitting results in the following number of Kramers

doublets: {NET June 2013]
{a}1 (b) 2 {c)3 (d) 4

Q22. IntheUV-Vis spectrum, a diterpenoid exhibiteda A 2t 275 nm, The compeund, among the choice given
helow is INET June 2013)

(@) (b {c)
OO FIOOC Hooe S
Q23. In the IR spectrum of p~nitropheny| acetate, the carbonyt absorption
;
;%_,.
% , [NET Dec. 2013]
(a) 1660cm (b) 1700 cm : (d) 1770cm
Q24. In the atomic absorption gpectroscopic estimation of Fh"“ 5 O, /H, flame, the absorbance decreases

with the addition of [NET Dec. 2013]

(a) CO? = (¢) £DTA ) C1
Q25. The number of tines in the E&R\spectrum of ( D, is (the spinof Dis 1) [NET June 2014]
(a) {c)4 (d}7
‘5{»&»\"‘ h?._ ’@% 57
Q26. The correct ordé%ﬁft&g Eymeric shift in Mossbauer spectra{” Fe source) of iron compound is
g By
@ %f:} S [NET Dec. 2014]
B, P &
e ¥ e, il
o) Felh snfﬁm > Fe (V) (b) Felll) > Fe(tl) > FE (W]
‘%%g)?%mgpe (1) > Fe() (d) Fe(1V) > FELi) > FE (11

?*‘@
Q27. A;écompound with molecular formula C,H.O, shows band at 1770 e in IR spectrum and peaks at

178,68,28 and 22 ppm in TCNMR spectrum. The correct structure of the compound is
[NET Dec. 2014]

( © O O /// o\\\
a)
b) © (c) © ) /\W
0]

e T

[
Head office: 28-A. Jia Sarai , Hauz Khas New Delhi-110016,
Contact: 011 226511021, 8285787633, 8800927759, §582285416 6
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CSIR NET/IRF, GATE, TIFR & IIT-JAM

Qa8.

Q28.

Q3o.

Q31

Q3z.

The gas commonly used in generating plasma in inductively Coupled Plasma Atamic Emission spectroscopy
(ICPAES} is [NET Dec. 2014}

{a) Argon {b) Carbon dioxide {c) Nitrous oxide {d) hydrogen

The compound that exhibits sharp bands at 3360 and 2150¢m ' inthe IR spectrum is  [NET June 2015]

(2} 1 - butyne (b} 2- butyne (c} butyronitrile (d} butylamine

The reduced form of a metal icn M in a complex is NMR active. On oxidation, the complex gnfes an EPR
signal with g 22 2.2 and g = 2.0 . Mossbauer spectroscopy cannot characteristic the m%Lcom\Q%Lex The
Mis F%T }upe ZQlS]

{a) Zn {b) sn {c} Cu (d)@F% y %

The resonance Raman stretching frequency (V{,,..a in em -') of O, is ISSO%Fh%Wor O, in bound

oxyhemoglobin in close to g?“%”’““ %/g, [NET Dec. 2015]
= f;@f .
(a) 1600 (b) 1900 ()800 @y % wal{d) 1100
“%43‘% H %

Correctly matched structure and carbonyl stretching frequency s eg [NET Dec. 2015]

Column - A

O

{¥)1770cm

(Z11800cm

(b)P-Y,G-X,R~-7Z c)P-Z2,Q-Y,R-X {d)P-X,Q-Z,R-Y

; Rick the correct statements about Atomic Absorption Spectromatry (AAS) from the following

3
@

[NET Dec, 2015]

{A) Hg iamp is not & suitable source for AAS

{B) Graphite furnace is the best atomizer for AAS

{C) Non-metals cannot be determined with AAS

{D) AAS is better than ICP-AES for simultanecus determination of metal jons.
Correct answer is

{a)ABandC (b) B,Cand D (c)ABand D {d)BandD

Head office: 28-A. Jia Sarai , Hauz Khas New Delhi-110016 ,
Contact : 011-26511021, 8285787633, 8800927759, 9582285416 7
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Q34.

Q35.

Q36.

Q37.

Q38.

CSIR NET/JRF, GATE, TIFR & HT-JAM

Mossbauor spectrum of a metal complex gives information about

{A) oxidation state and spin state of metal
(B) types of lingands coordinated to metal
(C) nuclear spin state of metal

(d) geometry of metai

Correct answer is

{ayaandC ib)Band C

Amaong the following, the compound that displays an IR band at 2150¢cm

Ph Ph
(a) N“:-“N/ (b)

solvent polarity,

(a) w— 7" transitions undergo hypsocﬁ?om ¢
S5 %
(b} 71— 77 transitions ungergo bathocl'gomicf‘?s

4«,-%;{% 3«;»@

{c)A, BandD

(c}both n— " and 7T — Jr,%}ransmon uﬁdergo bathochromic shift

wt

{d) both # — 7 and®T —iﬂ' t ns‘tjtons undergo hypsochromic shift.

'y

Identify cerrect sta%@m ga%s(or the EPR spectrum

i?(_%\,) - 7/2).

ﬁzn!‘

vanadium] a "‘ TE

%)AandD (b AandC

The record Mossbauer spectrum of Fe containin

[NET bec, 2015}

of vO (dcau,) [with square pyramidal geometry at

(B) It has & lines only

(D) It has two patterns of 8 tines each.

(cyBandC (d} B

g samples, a sourCe, X is use

transformation (Y] gives % — radiation used in Mossbauer spectroscopy.

{a) " Fe.pp - emission (b) 7

Co, [ — wmission

(c) *Co.e capture (d} “Fe,e capture

Head offlce 28-A. lia Sarai, Hau
Contact: 011 226511021, 82857876

z Khas New Delhl 110016
33, 8800927752, 0582285416

[NET June 2016]

and D

4. X after a nuclear
[NET Jupne 2016}
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Q39.

Q40.

Q41

Q43.

The compound which shows IR frequencies both 3314 and 2126 ¢m s [NET Dec. 2016]
(a) CH, (CH, ), CH,SH {b) CH,(CH,) CH,C =N
(¢} CH,{CH,), CH,C =C ~H (d) CH,(CH,), C=C{CH,) CH,

For complex A, deuteration of NH protons does not alter the EPR spectrum. The number of hyperfine fine

expected in the EPR : l ( Cu) wﬁ spectrum of Ais {NEE&%&%ZOIS]
| ;

—

O

\ﬁy

\ .’
H

{a) 20 (by12 {c} 60

Mosshauer spectrum of complex [l e{1,10 - phen'mthm[‘%:i}f NCS WJshow twe line at 300 K, four lines
7 b )

at 186K and again two lines at 77K. This can be attm,buﬁ‘ed to%’“’ INET June 2017]
"'?%%}%?;
(A} Change in the coordination mode of. NCS ', e
£
(B) Change in the spin-state of i lro%
| )
(C) cis-trans isomerisation =
(D) change in metal- hganc{ ?ond“*d' ’Eances
{ctAandC (d)Band D

[NET June 2017]

{b) Tenlines (c) two lines {d) ane line

The resonance Raman stretching frequency (incm ) of the bound O, species in oxy-hemerthyrin and
oxyhemoglobin, respectively, are {NET June 2017]

(a) ~850 and 1100 {b) ~ 750 and 850

(c)~ 850 and 850 {d)~ 1100 and 850

Head office: 28-A. fia Sarai, Hauz Khas New Dethi-110016,
Contact: 011-26511021, 8285787633, 8800927759, 5582285416 9
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Alchemist Science Academy

w. The may arise from (s) h|gh spin =ron(|l% (u)

Q44,  The Mossbaur spectra of two iron complexes are shown belo
[NET June 2012]

high-spin iron {1} and (i} low-spin iron{li)

& 1\

L —counts —

Ao counts -

Lt
-02 o 402 ~0.2 0 +0.2
velocity [mm sec] — velocity [mm secl'I —

with the iron complex are

(b} A with {ii} and B with i (1@

R )
(d} A with (i} and ;éw%* il

The correct matches of spectra {A) and (8}

{a) A with (i} and B with (ii)

{¢) A with {iii} and B with {ii)

(cm ) ‘) in Column Qis

column P with the IR stretching frequencies
[Net Dec. 2018}

Q45.  Correct match of the compounds in

Column Q

A 1885

B 1770

0
|
0
i C 1745

(@) 1-B;-CGHI=-A (b 1-C;lI=A; -8 (e)1=C =8 lil=A (d) 1=A; 11-C il -B

Q46. The number of lines in EPR spectrum of €0, ( Iy, |) [NET June 2018]

(c) 7 (¢} 9

{a)3 (b} 5

S

Head office: 28-A. Yia Sarai, Hauz Khas New Delhi-110016,

Contact : 011 -26511021, 8285787633, 8800927759, 9582285416
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CSIR NET/JRF, GATE, TIFR & HIT-JAM

Q47. Consider the species No.1,.1, .Cu®" and VO . The number of paramagnetic species among them and
the EPR inactive species, respectively, are
(a)4an 1] {b)4andi, (c)3and VO .Cu” (d) 3and NO,Cu™’
48, In IR spectra the stretching frequency (in cm") of the carbonyl group of the following compounds is in
the order INET Dec. 2018)
%
/[}\\o XLO do
0] O 0 . o
(A) (B) (€) "%&\ s
(a)B>A>C (b)aA>C>B [c)B>C>A g@ w&d) 2 B> A
Q49.  Arrange the following molecules in order of increasing fundamental f@ua%%& {NET Dec. 2018]
(8 O < 0. <0, <0, (bj O, <O <O, %\\ o,
. . . S %
(€) 0 <0, <0 <0, (€ 0. <0.% & <0
2 2 2 2 2 ;ngg &g‘?’a 2 § 2
& 2
5.{¢} 6.(b} 7.(d})
12.{c) 13.4d) 14.(d)
19.{d) 20.(b} 21.{c)
26.(a} 27.(c} 28.{a}
33.(a} 34.(d} 35.{¢)
40.(a) 41.(d) 42.(b)
43.(d} 44.(b} 45.(c) 46.(c) 47.(b) 48.(¢) 49(a)

Head office: 28-A. Jia Sarai , Hauz Khas New Dethi-110016,
Contact: 01126511021, 8285787633, 8800927759, 9582285416 11
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GATE Previous Year's Question

al. Among the isomers of C H_given below, the compound which exhibits an habsorption band at 3300cm

[GATE 2002]

"in the IR spectrum, is

{a} 1,3 - butadiene {b) 1 - butyne {c} 2 - butyne (d} cyclobutene.
Q2.
+ | \
L |+ +
- Hy0 Z
OH 2
On the basis of Woodward-Fieser rules the dienes that h Slues in the range 268 — 273nm are
[GATE 2003]
(a) Pand Q (b) Pand R {d)Qand S
Qs. [GATE 2004]

(d)8

Q4. Match the compounds P'{% wclv;?”ggeir carbonyl stretching frequency ( )1 _ v1 in IR spectrascopy.

B,
£, %, P GATE 20
f j%% [GATE 2004]
By, ¥
P.acetone £, My E . 1870
“ EW- k3
S oy, N, 2
Q ethfi“’acetag% = II. 1800
1. 1740
IV.1700
V.1660
Vl1. 1600
ja) P—Iv, Q- R-1,5-VI (k) pP—l,Q-VLR-V,5-1
() P-1V, Q=1L R=V, S~ 1i () P=1l,Q =V, R=1lI, S~ VI

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
Contact : 011-26511021, 27285787633, 8800927759, 5582285416 12
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Qs.

Qe6.

Q7.

as.

Qs.

Out of the following, the one which is not an excitation source for IR spectrometersis  [GATE 2005]

(a) tungaten filament lamp (b} Nernst glower
(c) deuterium lamp (d) mercury are
The moleculer active in rotational microwave, infrared absorption as well as rotational Raman spectra is
[GATE 2006]
{a) CO, (b) SF, {¢) HCI (d} H,
A radical contains "N ([ = 1) with hyperfine constant 1.61mT and Two equivalent protons (i 5 1/2) with
hyperfine constant 0.35mT, The ESR spectrum will exhibit. [GA‘Q&}OOG]
_ . . . '%_g s
{a) 3 {ine {b) 6iine (c) 7 line {d} 9 line &g””“’%\ N %

gg;ﬁgjﬁc%m recaorded in

Which of the following absorptions is shown by 1,3 - butadiene in its LV absd# Li

n-hexane { £ . is the molar absorptivity }? ; % TGATE 2006}
. 5y, _w

(a) b, 217nm{e, = 21000} (b) A, 2tanm{e, =2108
Hix X max s ;é_‘éh 5;’:_': '*-E’%

{c) &, 253nm(e, = 50,000) {d) . 250nm(sw: 5 o

Match of the compounds in list-f with the stretching frequenmes égjrﬁ “"ft{}q of the principle function groups

given in List-1l %ﬁzﬁa [GATE 2006)
. : A

(i) 1756

(iv) 1750

(v) 1695
{b} 1-ii, 2-iv, 3-ii, 4-v

(d} 1-iv, 2-iii, 3-v, 4-i

{GATE 2007]

List-Ni
(1) ¢ >0 {i)c-C
2)n-—->o {ifc-o
3y mr liyC=0
4) —m—a" (ivjc=C
ta) 103}, 2-(ii), 3-(ifi), 4-(iv) (b} 1-{i}, 2-(iii), 3 (ii}, 4-{iv)
(c) 1-(i}, 2-{i), 3-{iv), 4-(iii} (d) 1-(iv), 2-{ii), 3-{ii), 4-(i)

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
Contact : 011 -26511021, 8285787633, 8800927759, 9582285416 13
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Qll The IR stretching frequencies (Cm ! ) for the compound X are as follows 3300 3_){)0 (s br] 3000(m}

[GATE 2008}

2225(s);1680(s}

CN OH

The correct assignment of the absorption band is
(a) Vigu, = 3300 —3500:¥ 0y, = = 3000V, ¢y, = 2225V () =
{b) Vi :3300;?}2(., = 3000 — 3500; ¥, Views _2?_25;"17[(.m =

() ¥, = 3300 3500:T,,,, = 3000:¥ ., = 1680V ¢, =

Ql2.  The total number of ways in which two nonidentical spin ) rticle?tan be oriented retative to a constant

magnetic fields is; [GATE 2008}
{a)l (b} 2
Q13.  The Oxidation sate of the metal ion in the ca [GATE 2008]
&
Y

A six —coordinate tré%?iuon m‘é‘cal complex is ESR and Mosshauer active. The eifective magnetic mement

of this complex Ié%‘i:&%
Q14. The ﬁﬁgté_ﬁi@ﬁ%’ on §W|th its oxidation state and the number of unpaired electron present are[GATE 2010]
N4 (b) Mn{l}) and 5

. CE gﬁmﬁénd 1 (d) Fe(lll) and 5

Qis.  The complexis [GATE 2010}

{a) [Mn(H:o)h]:' (b) [FG(CN)(T

@ [Fe(n.0),]” (o [Fe(n,0),]

Head ofﬂce 28 A J|a Saral Hauz Khas New DP”’H 110016
Contact ; 011 -26511021, 8285787633, 8800927759, 9582285416 14
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Q16.  The extent of Mossbauer quadrupole splitting of iron follows the order [GATE 2012]

(8} FeCl4H,0 >k, [Fe(CN) (NOJ > FeCl,6H.0
(b) K, [Fe(CN), (NO)| > FeCl,.4H,0 > FeCl,.6H,0
(c) FeCl,.6H,0 > K, [Fe(CN) (NO)| > FeCl,.4H,0

(d) FeClLAH .0 > FeClL6H.0 > K, [Fe{CN)_(NO)|

N .
Q17. Among the compounds given in the option {a) to (d), the one that exhibits &g@a c]%x around 3300
&

} F5 T
cm™' In the IR spectrum is LB R @TGATE 2014]

{a) 1,2 - butadiene (b)1,3- butadaeng

"{"’

() 1-butyne (d} 2- butyne

Q18.  Giventhe fact 1.3 — butadiene has a UV absorption ofég;,ﬂé‘%rﬁ tl;ne absorptlon wavelength { in nm} for the

r%g_g‘&v-»

conjugated system shown below is f; [GATE 2014]

ntlg.;h spectroscopy, the atomization process utilizes [GATE 2014]

(b) electric field

{d) electron beam

Q20.  The correct order of IR stretching frequency of the (" = (' in the following olefins is  [GATE 2014]}

] 1 Hi

{a}1>11 >4 (B) h>11>¢ {chli»dl>) (ditr>1=1

Head office: 28-A_ Jia Sarai , Hauz Khas New Delhi-110016 ,
Contact: 011 -26511021, 8285787633, 8800927759, 9582285416 15



Alchemist Science Academy CSIR NET/JRE, GATE, TIFR & HT-JAM

The vaiue of 'g' and the number of signal observed for the reference standard diphenylpicrylhydrazy!

Q21.
(DPPH), in the solid state ESR spectrum are, respectively [GATE 2015]
{a) 2.0036and 1 (b) 2.0036 and 3
{c) 2.2416and 1 {d) 2.2416 and 3
Q22 The v,_, resonance resonance Raman stretching frequency {incm 1y of the O, coordinated to iron

centre in oxyhemoglobin is nearly
{a) 1100 (b) 850 {c) 1550

Q23. The characteristic feature of an electron spin resonance (ESR) Spectrum

(‘USO4.5H:O at 77 kis [GATE 2017]

(&l g >&. (b) & <8, =Gy e, e (D) 8 F L FE
7.(d}
14.(d)
21.(a)

e —

Head office; 28-A. Jia Sarai , Hauz Khas New Delhi-110016,
Contact : 011 -26511021, 8285787633, 8800927759, 9582285416 16
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Q1

Q2.

Qs.

TIFR Previous Year’s Question

't is not easy to focate H atoms in the structure of proteins obtained by X-ray diffraction due to which of

the following reasons: [TIFR 2010}

{a) H atoms are transparent to the X-rays
(b} H - bonding interacticn present in protein structures

(c) interaction of H with solvent molecules

{d) Very low levels of scattering of X-rays by H 5

Arrange the characteristic timescalses of the following set of dynamical spectr&sc‘%gic%gﬁch’ﬁiqué@ in

decreasing order of time {longest to shortest); NMR {Nuclear Magnetic Re‘%@fncef’?&s’%& Electron spin
: Y

Resonance), Fluorescence, Raman and absorption. e %@%EHFR 2011]

{a) absorption > NMR > Fluorescence > ESR » Raman
{B) NMR > £SR > Fluorescence > Raman > Absorption

{c) Fluorescence > Absorption > ESR > NMR > Raman

(d) All have similar characteristic timescales.

In a chemistry lab, the aim of an experiment was t%}g‘n%gate éyyeﬂ'structured, 5 nm sized gold nanoparticles.
LR

A student experimented with the following sygg@%@: ’%’% [TIFR 2013]
%y,
I-nonanethiol (C H,,SH) and Hfa}*yC!gﬁle%ﬁ%ﬁ*ﬁ%xed {in a molar ratio of 10: 1, and then gold ions were
B ", ",
5 %

k3
“*Eiﬁﬁthi&‘?&yﬁhesis after 2 hours no precipitate was ohserved and only a

el

reduced by slowly adding NagH

%%?}gj’)?
very faint pink colloidal solutié’@_was chtdined. This solution was then evaporated onto a giass slide and the

By &
S

Hreg
B

Given below are t E!ﬂléx‘é‘tterns. Gne but of these three patterns was obtained by the student when he
g

e B,
/ she charactéfizedthe Sample on the glass slides. Which statement below is true?

& 5

;;;i»";i.‘mi’_\i;’\ S

P iretren Ay Ju

Head office: 28-A. Jia Sarai , Hauz Khas New Celhi-110016 ,
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{a) The synthesvs did not yleld gold nanoparhcies as there was ho prwpltate therefore the XRD pattern

that will be obtained is that shown as curve (¢} - It is almost a fiat baseline indicating no product.

(b} 5 nm gold nanoparticies were formed and XRD pattern shown as {a) represents the product. It signifies

that the nanoparticles are erystalline and the face-centered cubic {fcc) crystal structure can be clearly used

to index the peaks.

ow size-dependent line yroadening and therefore if the produc%consisted

(c}5nmgold nanoparticles will sh

of such particles, then curve {b}) will be obtained.
{d) Nene of the above statements are true.

Q4. What are the limits of detaction of the following common analytical

separations:

Fluorescence, mass spectrometry,

(z) 10 ~10 Bog o100t -
) 107F 107 107%

() 107 =10 BRI

10»@‘ 1077 -0

=167 lé%lwg : s
Y

eco?ﬁd ysing a radiation of frequency 100 is shown below. What can

Qs. A magnetic resonance speﬂ%% F
S
t%%?& [TIFR 2015)

you say about the nature 8&1;4'{1355 fEctrum ?

e

@ 10" - 102t 10"

Magnetic fields————"">
{a) Itis a continuous-wave NMR spectrum
{b) itis fourier transform NMR spectrum

{c} ttis an ESR spectrum

(d) None of the ahove

Head office: 28-A. Jla Sarai , Hauz Khas New DE'”‘II 110016

Contact : 011-26511021, 8285787633, 8800927759, 9582285416 18
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Along column of water in any transparent bottle appears slightiy blue. However, If we replace water with

Qs.
heavy water (DEO) it will look more transparent. This effect is due to [TIFR 2G16]
(a) Rayleigh scattering
{b} Kinetic isotope effects
(¢) Absorption spectra of H.0O and D.O are different ‘33{%
o, ey
d) None of the above. ! %& %
(@ *’%"g% S
m
Q7. For efectronics transitions in organic melecules, the expected energy ordermg&fgf 0 s is:
i m{‘nFR 2018]
(@rntoa* nwwo*<otog¥<ntort (b}ntorr*<r§ g;%]a,too*<omc*
- y
T Siagf
(€ rton* nton*<niloo*< oloa* )ntoo ?ﬁ““t Gr<ntor*< mton*
wi%e, £
Answer Key %;ﬁ
@%}%\ . B
Q1.(* 2{* 3.0c alafs B T S 6.(¢ 7.(c
(*) (*) (c) “ ﬁ%% (c) (c) (c)
LW

/ﬁ 3

Head office: 28-A. Jia Sarai, Hauz Khas New Dethi-110016,
Contact 1 011 -26511021, 8285787533, 8800927759, 9582285416 19
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Other Examinations Previous Year’s Question

Ql. The two characteristic stretching frequencies (cm ') ohserved in the IR spectrum of compounds

containing NO, group is

{a) 3400 and 3300 (b) 1860 and 1760

(¢} 1550 and 1350 (d} 2250 and 1760 %,
Q2. The UV-light source used in UV-visible spectrophotometer is

{a) Mercury lamp {h) Tungsten lamp

(c) Deuterium lamp (¢} Sodium lamp

Q3. The recoil velocity (inms '

nm wavelength is:

{a) 6.626 (b} 66.26

Q4. The number of lines that appear in the EPR spect it

(a) 5 (d) 13

Qs.
) z ) ,

(a} CO (%;: o (¢} COCH, (d) CO.
Qs. which of the foIIOW| %o ec i]rgg;s |i| have the highest zero point vibrational energy?

(a) CF, 82 & fb) CH, (c) CCl, (d) CBr,

ey 3
Q7. For “lem@g
oy f‘" Ty
£ k%h_,e wbratlonal modes are either 1R or Raman active
umber of IR and Raman active vibrations will be the same

f%é)Alt vibrations are iR active

{d) Ali vibrations are Raman active.
Q8. The presence of hydrogen bonding in an organic compound can easily be established utilizing the foilowing

technique

(a) IR spectroscopy (b) Mass spectra

(¢} Cyclic voltametry (d) CD-ORD

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
Contact : 011-26511021%, §285787633, 88300927759, 0582285416 20
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Q9. Which of the following will most conveniently confirm if 2 know solid sampleis impure?

{a) NMR (b) Mass spectrum {c) IR spectrum {d} Melting point

Q10.  Themolecule azuiene has an zbsorption maximum at 700nm, the red and of the visible spectrum. The next
shortest wavelength occurs at 357 nm. The predicated color that azulene can exhibit is:

(a) blue (k) red {c) indigo (d) green

Q1l.  Theanti Stokes lines are generafly weaker in intensity because, the

{a) molecules absorb the radiation completely
{b) incident radiation is unpolarized
{c) atoms are generally in the ground state:

{d) vibrational energies are smalt.
Q12 Which of the two compounds will be most readily separated bys{L { thi
{3} naphthatene and anthracene

{(b) naphthalene and acetephenone

Qia.

for the follawing compound? Use the provided parameters for your calculation.

LTI
ansoid base value 214nm
Cisoid base value 253nm
Alkyl groups on base + 5nm
Extanded condiation + 30 nm

(a) 234nm (b} 244nm (c) 273nm (d) 283nm

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
Contact: 011-26511021, 8285787633, 8800927759, 9582285416 21
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enzene and H., the ones that will absorb infrared radiaticn are

(&} CHJ.CO:benzene (b) CH,, benzene and H,

(c) CO,benzene and H, (d) CHJ,COEand H,

Ql6.  Which oneof the normal modes of ethylene is active in the infared ?

(@) %H%‘ (b)%‘%'

a17.  The H-H distance in H. molecule can be determine by,

{a) Microwave rotational spectroscopy

itional Raman spectroscopy
A7

{b) NMR spectroscopy (d) ROTE

Qis. The virbrational stretching frequency ofeN, éggﬁkpﬂgy&q&ermmed using
g %g ;
e %
(g) Infrared spectroscopy g”%[b) |crow?éye spectroscopy
&%»» "E@Lﬁ"“
{c) Raman spectrostopy %% d) N R spectroscopy
S ‘r‘*
Q15.  The number of IR activ%b;éaglqr?%t%fhodes in ammonia is:
gﬁ%‘% il
= W 2
()6 L () (d)3
%\ iy,

Q20. The moiecu %Vthat ‘Wl\l not have anyabsorbance in the microwave or the infrared regicn of the

e!ectr g%é, e ﬁ‘%ctrum is:
i

5%. ‘;{:v":‘y& ﬁ‘%

%% é (b} HF {c) CH, (d) H,
%@)
W e

Q21 “'%pe infrared spectrum of CO. exhibits the following number of absorptions:
la) One {b} Two {¢) Three {d} Four
Q22. Which of the following molecules shows EPR resonance?

{ayH.O {b} O. {c) H,0, dy CO,

Head offrce 28 A Jia Sarai, Hauz Khas New De%hl 110016,
Contact : 011 -26511021, 8285787633, 8800927759, 9582285416 22



Alchemist Science Academy CSIR NET/JRF, GATE, TIFR & IIT-JAM

Q3. Which of the foliowing electronics transitions is disallowed?

(3} @ — ¥ (b} 6 — o* (c) n > ¥ (d} & — 8%

Q24.  Theorder of & inthe UV-Visible spectra for compound. A—Cis:

o,
N e Y
F, B, %
F %,
L o
%%% B %@
(a) A>B>C (b)B>A>C {c)B>C>A g»%%sﬁﬁx

5"4"2’., % m“"&
Q25.  The number of vibrational degrees of freedom in a gasecus mixture of ;)

(a1 (b} 2 (c)3 %

{d) 4

Q26. IR stretching frequency of carbonyl group in aldehydes aragggjg chIorfdes in cm™ are

et

{a) 1730 - 1700 and 1650 ~ 1580 (b) 1680%, 1660 dnd 1730 - 1700
Foy, G
(c) 1730- 1700 and 1820 - 1770 @ 3685’9»1660 and 1820 - 1770

%
Q27 The number of peaks in the ESR Spectrum 0;@?:' radical is:

(@)1 (%isff“ %.g? ()3 (d) 4

%

was 213nm is due to the transition

Q28.  Inthe UV spectrum of c Ve

(o) 0 — i {(c) T—>n d) 7> 71

(c) EPR (d) Mass
Q30.  Spectrum of a gaseous containing H.D.0. and N, shows

{a} 4150, 1560, 2200 and 2950 (b) 1560, 2200, 4150 and 2950

{c) 4150, 2950, 1560 and 2200 (d) 2950, 2200, 1560 and 4150

Head office: 28- A Jla Saras Hauz Khas New Delhi-110016,
Contact : 011 26511021, 8285787633, 8800927759, 8582285416
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Q3l. The source of ultra-violet radlatxon used in UV vz5|b|e Spectrophotometer is
(a) Mercury vapour lamp {b) Sodium vapour lamp
(c} Halogen vapour tamp (d) Hydrogen vapour lamp.
Q3z2. among the following, the correct statements is:

{a) Absorption of radiation shifts to longer wavelength region with increase in conjugation

{h} Absorption of radiation shifts to higher energy region with increase in conjugation

{c) Intensity of 17— 7T transition decreases upon conjugation.

Q33.

{2) The same number of peaks

(b} More absorption peaksiniRin comparison to Ram”f

(c) Mere absorption peaks in Ramanin compa;%’i\WW
% i

(d) Absorption peaks present in Ramané?ﬁe:‘ﬁgéé@dtggﬁm
g B

& 3 %
¥ : 3
Q34.  Among the following diatomic m%?e{»:m:z%‘mﬁ?tme that shows EPR signals is:
2 3

-
o

(a) Li, o i) 7B, (0 C, f) N,

%ﬁ:g‘%%— L

’e‘w
T %é‘ﬁules wiil have # —> ° transition at the longest wavelength ?

Q3s. Whlchofthefolléwﬁlg

(a)HCHO 5, ¢ (b) CH,COC H,

“%g‘% 4

{d) CH,COCU, I,

&“%&E

W

Q36. s ﬁagofal number of vibrational degrees of freedom of /7, (), is:

(“53 7 (b) 6 (c)4 (d)9
Q37. Resonant frequencies for EPR and NMR are respectively in the spectral region

(a) Microwave and Far-IR {b) Far —IR and microwave

{c) Radiofrequency and microwave (d) Microwave and radiofrequency

Head office: 28-A. Jla Sarai, Hauz Khas New Delhi-110016 ,
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Q38.  Two samples have been given to you: [NiC‘I; {PPh, )] and[PcICl2 (Ppn, )! . A physical method that can

be used to identify these compounds unambiguously is

{a) HPLC (b) Magnetic susceptibility

(c) "C NMR spectroscopy {d) Mossbauer spectroscopy

Q39.  Which among the following efectronic transitions will have the lowest energy.
fa)n—o* (b) n — g * {c) 6 — %

Q40.  Which of the following molecules shows rotational absorption spectrum?

(a) CO, (b) OCS (c} CH,

Q41.  The H-H distance in H, molecule can determined by,

(a} Microwave rotational spectroscopy {b} Infrared wbrgﬁen :
{c) NMR spectroscopy (d) Rotatié %ﬁl&&rﬁa%%;ectroscopy
Q42.  The number of vibrationa! degrees of freedom in agaseous mixtur fof Tl O Cl. .0 and e s
&,
(a) 1 (b)2 (gg:-r%-a (d)4
Q43.  Cis and Transe cinnamic acids can be most readl%dis /ged and identified by,
(a) IR spectra % % % V spectra

(c) Chemical shift of the olefinic hydrogens‘% %, b g{d) Coupting constant of the olefinic hydrogens,

Q44.  The regian of electromagnetic p[éyed in the electron spin resonance {ESR) spectroscopy is

(a) radiowave {c} infrared (d} visible

(c) three (d) four

(c) CO, (d) HCL

ic mass of isotopes can be obtained from rotational spectra

r“'The separation between two successive rotational spectral lines of gaseans NO is 2B cm |

fIl. The NMR spectrum of a compoundgave a singlet at 300 Hz away from TMS using a NMR spectrometer
operating at 60 MHz. Its chemical shift is 3 ppm

Which of the following is correct?

{a) Ll and lare correct (k) only Il is correct

{c) 1 and Il are correct (d) Onty tis correct

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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Q52.

Qas3.

Qs54.
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Whlch amang the following exhibits a carbonyl absorbtion hand at 1770cm L

0
E} °
‘ 0 NH

Amang the following molecules, one having the highest zero point vibrational energy is

(a} HF {b) CH, {¢) H,O {d) NH;

The number of hyperfine lines in the
[Co; (co), Se}(l — 772 for Co nucleus ) is

{a) 8 (b} 15 (c) 22

Which of the followings species is ESR active?
{a) VOSO, {b) K.Cr,O,

Which ane of the following exhibits rotational spe%f?a%
évﬁ‘?sgb By

(a) H, (d) CO.

The bond that gives the most lnté?lgeﬂbagd«m‘the infrared spectrum forits stretching vibrations is

(a) C-H (b)Y - H fﬁg‘% ?ﬁH (d}S-H

An examination of s«ﬁﬁ%%hﬁirocarbons containing methyl group show asymmetrical ( ) Stretching

modes in theépégf%%
2%%&@%‘%%@11 (b} 3200 and 3100 cm !

(ﬁ %0 1 0cm ' (d} 1650 — 1450 cm 1

Head ofﬁce 28.-A. Jia Sarai, Hauz Khas New Delhi-110016,
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1.(¢) 2.{c)
8.(a) 9.(d)
15.{a) 16.(c)
22.(b) 23.{¢)
29.(b) 30.(c)
36.{b} 37.(d)
43 (b) 44 (b)
50.(c) 51.(d)

17.(d)
24.(b)
314a}
38.(d)

45.(b)

52.{c}

Answer Key

32.(a)
39.(b)
46.(b)

53.(c)

12.(b}
19.4{a)
26.(c)

33.(c)

“é'ﬁ

6.{b) 7.(a)
13.(a) 14.(d}
20.(d} 21.4¢}
27.(h) f28 (d)

’“‘?’w
34, (b)w m 35.1¢)

%%ﬁ\ 42.(c}

5

g?% %8 (a 43.(b)

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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Mass Spectroscopy
NET Previous Year's Question

In the mass spectrum of dodecahedrane (CmHm), approximate ratio of the peaks atm /2260 and 261
[NET Dec. 2011]

is
{a}i:1 (b)5:1 {c)10:1 (d)20:1

Anthranilic acid, on treatment with iso-amyl nitrite furnishes @ product which displays a strong peak at
76 (m / e) in its mass spectrum, The structure. The structure of the product is [NET June 2014)

NO OH

(@) O-O {b) (c} (dy
CooH COOM

The mass spectrum of the product A, formed in the following reaction, exhibi
in the ratio of about 1:2: 1. The reagent HX and the product A are

Cli

{a) HX = (a) HX = HCland A =Br

(a) HX = HBrand A h - (a) HX = HBrand A =Br
F= W W
In The mass &f nj ta‘%;nge ion produced due to decomposition of F,~ inthe following mass fragmentation
2 .

sequm w [NET June 2014]

. Y

@ ‘_&;‘g& = f&?‘é R .
N, %‘ Qi@tﬁyal-phlhulalc e FI — 1‘2 + CO
‘_;k;zm (b) 125.4 (c)45.0 (d) 210.2

Qs.

k4

mthe mass spectrum of the compound given below, during the o — cleavage, the order of preferential

loss of groups is [NET June 2011]
Me
OH
Et
CaHy
{a) Me > C H. = Et by CH, > Et > Me {c) Lt > Me > C.H, (d) Bt H, > Me

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
Contact ; 011 -26511021, 8285787633, 8800927759, 9582285416 28
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Q6. In the mass spectrum of 1.2 —dichloroethane, approximate ratio of peaks at m/z value 98,100,102 wili be
{NET Dec. 2015]

(a)3:1:1 9:6:1 (c)1:1:2 (dy1:2:1

Q7. Mass fragment of [!r(‘l]’ in mass spectrometry shows three mass peaks at m/z = 226,228 and 230. Given
that natural abundances of "“'Ir.”” 1. C1 and ' Cl are 37%, 63%, 76% and 24% respectively, the
intensities of the mass peaks in the order [Net June 2017L
(a) 49.5:100:26.6 (b} 100:49.5:25.6 %‘%%%E
{c) 26.6:100:49.5 (d) 26.6:49.5:100 %ff’%%% m‘{&

Q8. Among the following, the compound that gives base peak at 1/ z 72 in the El,

0
()
Qa. Mass spectrum of a compound shows an [\»I + nyon%%“éaﬁ%g about 4% of M " . This indicates that the
compound has one. & ﬁ%%‘
=
; “%g@r ;
(a) Fluorine \%%% c) bromine (d) chiorine

Answer Key

4. (b} 5. (b} 6.(b) 7.(a)

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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_ﬁ'_______,_u...__.ﬂa_—-—-—w———-,_k.._.,_u_.i,_,.i.

GATE Previous Year's Question

Q1. Statement: Bromepyrimiding (C,1BrN, ) exhibits two prominent peaks in the mass spectrum at miz 158

and 160 in the ratio § - 1
Reason: There are two basic centres in the molecule, which are protonated.

Assertion: There are two isotopes of bromine, " Br and *' B, that occurin the ratioof1:1
[GATE 2004]

Choose the correct answer from the following four choices.
{a} Both Reason and assertion are correct,
{b)Both Reason and Assertion are wrong

{c) Reason is correct and Assertion is wrong

{d) Reason is wrong but Assertion is correct

Q2. Among the isomers C, H , shown [GATE 2007]

{cJR {d) S

f“a -
For b\gtyrop éﬁﬁxﬁhcom CH.CH,)
4 " %w?

Q3. %he%ost%@babte fragmentation observed in the electron impact ionization [Ef) mass spectrometry is
i —
B, Xw
N iE
LU SN 0
%?é /U\ + HyC=CH; /LJ\
) Ph ) Ph + H20=CH2

0 o

A
)J\/ +7CHs @ P “H +H,CT CHs

(€) PH

T

Head office: 28-A. lia Sarai, Hauz Khas New Delhi-120016,
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Q4. Photirradiation leads to the following set of products: [GATE 2008]

0 o)

(@) Ph/U\H N H2C/\CH3 ) O . H/U\A

o OH o %

Ph + e %%
(c) ph)J\ + HyC—CHj (d) + Ph/tkCHS F%Q%@?g -

{%%%
|
Q5. The ratio of relative intensities of the two motecular ton peaks of methyl br%” é 1; in the mass
spectrum is GATE 2012}
(a) M (M +2) =13 (b) M™ (M + 2z
() M™ (M +2) =1:1 (d) M’ (\1;@? ; :
4
B

=

Qsb. The m/z value of the detectable fragment fo}[}mggﬁby ??%ty like rearrangement of the following
{GATE : 2014]

e

compound in mass spectrometer is

Q7. The mass spectrum qf a dlhiﬁ?}fcpmpound shows peaks with relative intensities of 1 : 2 : 1 Corresponding

() (D)
{b} B {ciC (d) D
Q8. In the electron ionization (El) mass spectra, methyl hexancate, methyl heptanoate and methy| octanoate give.
The same base peak. The M/Z value of the base peak is [GATE2018]
Answer Key
1. (d) 2.(b) 3.{a) 4. (d) 5. (¢) 6.(41) 7.(a)

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
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TIFR Previous Year's Question

[n the mass spectrum of bromine molecule shows three peaks due to the species Br; with the mass

numbers 158,160 and 162, Which isotopes of bromine occur in nuture ? [TIFR 2010]

(a) “Brand *'Br (b) "' Brand ¥ Br {c) "Brand " Br (d) "B Brand " Br

Electrospray icnization mass spectroscopy produces multiply charged ions of proteins. On application of
this technigue to hemeprotein it gave a large number of peaks corsponding to different charge-siates of

the protein. The three consecutive peaks are observed at the m/f z values: [TEFRJO%S}

2016, 1767, 1546

The approximate m/z value of the consecutive fourth speak in the series wou

{a) 1252 (n) 1374 (c) 1498

If the peak in the mass spectium of C,F, at mass number 128,15

4]

the peaks at mass number 139 and 140. [TIFR 2015]

( 1sotopic abundances: ' C,98.89%; eI T
{a)2.24 and 0.0126

(¢} 50 and 25 o

Which of the feliowing statemen%;sﬂis tt}?ﬁ?&»ﬁdeﬁmhon of the base peak in a mass spectrum? [TIFR 2016]

%
{a) The molecular ion peak %ﬂ% %;5# (b} The lowest m/z peak
{c) The highest mass rearrar??@;enttonﬁ (d) The ton peak greatest intensity
iy N
5 F

If the peak in the mass%p@t:?fﬁm 3? C.F, atmass number 138 is 100 unit tall, what wili be the heights of

g, iy w,a

the peaks at masﬁ%ﬁg&?e&l%and 140. Isotopic abundances: ' C,98. 89% ¢, 1.11%.," ¥.100%

() N

4 v P [TIFR 2019}
B, S

w(2) 278 aﬁq}ﬁ“& (b) 50 and 25 (c) 2.24 and 0.025 (d) 1.12 and 0.0126

., ,g}

nlq:géﬁ ﬁ‘%‘e compound whose molecular ion appears as pair of equal intensity peaks at m/z =122 & m/z

g& Large fragment ions are seen at m/z = 43 {base peak) {TIFR 2019]
(j) 1 - bromopropane {b) 2— bromopropane {c) Both Aand B (d}) None of these
Answer Ke\rﬁﬁﬁw
2.(b) 3. (a) 4. (d) 5.(*) 6.{%)

Head offlce 28-A. lia Sarai, Hauz Khas New Deli’u 110036
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Other Examination Previous Year’s Question

QL The ratio of M and M + 1 peaks in the mass spectrum of C, is
(aj1:1 (b)60:1 {c)3:2 (d)1:60C
Qz. Bromine has two common isotopes, Br - 79 and Br - 81 that occur in an approximate 1 :1 ratio. What would

one expect to find in the mass spectrum of bromobenzene?

{a) A large peak at a m/z value of 78.

(b} A large peak at a m/z value of 77 and only one molecular ion peak.

%.
(c) Afarge peak at m/z value of 77 and two molecular ion peaks of differing hmghtsw k
{d) A targe peak at a m/z value of 77 and two molecutar ion peaks of the sam&}igﬁi

Q3. The base peak in the electron impact mass spectrum {El MS) of acetopheag%?% éﬁ“«&

(a) 120 (b) 105 (c) 77 % ?d] 65
Q4. In the mass spectrum of bremoform, the ratio of peaks at m f%% &54 256 , assuming hromide
has isotopes of the masses 79 and 81 in equal abudance, will be

s’«‘;ls\ e

(a}1:1:1:1 (by1:2:2:1 %2;\;%; » ’ (d)1:6:6:1

gth ‘&%aﬁf(s atm/z 146, 148 and 150, is

Qs. 15 In the mass spectrum of dichlorobenzene the r; L
%,
(a)1:1:1 (b)3:3:1 & % Si" {d)9:6:1
N
Qeé. Which one of the following carbohyl ¢4 pounds Wil give a fragment ion at m/z = 58 in their mass spectra?

(a) C.H,CH{CH, )CHO (b} CHL.CH,CH,CH,CHO

(d (CH, ), CHCH,CHO

(¢} CH,CH,CH,COCD, L.
2 % “«3'§;§
Q7. eY ¢ @;{hgxadeuterated benzene) may be readily distinguished by:

{b) UV-visible (abscrption) spectroscopy

{d}Mass spectrometry

{b)Mass spectrometry

(d) Elemental znalysis.

Answer Key

1. {c} 2.{d} 3.(b) 4.{c) 5. (d} 6.(a) 7.(d)

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-11C016,
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Q1. An organic compound (C.H 0, ) exhihited the following data

CSIR NET/JRF, GATE, TIFR & iT-JAM

ion
inthe 'H NMR spectrum.

{NET June 2011]

§7.10(1H.dt.J = 16 and 7.2Hz),5.90{IH.d, ] = 16 and 2Hz)

4.1{2H.q) = 7.242).2.10{2H.m).1.25(3H. L) = 7.2Hz)

0.90{3H. 1.} = 7.2Hz) ppm

The compound, ameng the choices given below, is

Py,
% @f/:"f-’
Q2.
Q3.
’%‘%Ag Z (b} One, doublet
B
Y
%}l two, doubiet {d} two singlet
Q4. An organic compound (MI:C 11, 0) exhibited the

52.5(31-1.5).3.8(3?!.5).6.8(2lrl.d.J8}-Ez).7.2(2H._d.J8Hz) P

{a) 4 - ethylphenol {b) 2 - ethyl

: gﬁ%er of signals appearing for the bicyclooctane A-C

[NET June 2011]

)

(b) Three, twe and Five

(d) Three, two and eight

singles and multiplicity, at room temperature are

[NET Dec 2011}

following 'H NMR  spectral data:

pm. The compound among the choices, is
[NET Dec. 2011]

phenc!

{c) 4 -methylanisole {d} 4- methylbenzyl alcohol

N et

Head office: 28-A. Jia Sarai , Hauz Khas New Dethi-110016,
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Qs. The NMR spectrum of AX, exhibits lines at 6 =2.1 and 2.3ppm (for A type protons). and
3 PP y p
§ =4.1,4.3, 4.5 and 4.7 ppm (for A type protons), measured from TMS with an instrument operating
at {00MHz. The chemical shift (in ppm) of A and X protons and cuping constant (in Hz ) are respectively.
[NET Dec. 2011]

{a)4.4,2.2 and 20 (b) 2,2,4.4 and 10 (c)2.2,443nd 5 (d}4.3,2.1 and 20

Qe. An organic compound having molecutar formula C,:H O exhibited the foliowing 'H and "¢ NMR

spectral data.
"H NMR:62.4(5).7.2(d.J = 8Hz),7.7(d,J = 8Hz)
TCNMR 16021.0.129,0.130.0.136.0.141.0,190.0

o

Q7.
[NET Dec. 2011}
“‘(a) @—68%% 5.7, C-3.9;,0~2.1ppm (D) A~6.8;B~5.7,C~2.1;D~3.9ppm
ey r«, &,
?f%»g;;%_& ¥B-6.8,C~3.9;D~ 2.1 ppm (d)A=5.7,B-6.8;C-1,D-3.9 ppm
Q8. ompound A having the composition FeC, H,0, shown one signal at 2.5 ppm and ancther one around

5 0 ppm inits 1t NMR spectrum. The IR spectrum of this compound shows twa bands around the 1680

- The compound follows the 18 electron rule of the following statements for A, the correct one is/are

cm
[NET Dec. 2011}

(A} It has -.'f —Cp group {B) It has terminal CO ligand

(C)lthas a CH, ligand {D) it has Fe - H bond

{a) (A} and (B} anly (b) (A) and (C) only
{c) (A) and {C} only (d) (B} and (D} only

Head UfflCE‘ 28 A, Jia Saral, Hauz Khas New Delhi-110016,
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Q9. The uncertainty in the NMR frequency of a compound in liquid state {relaxation time = 15} 0.1 Hz The

uncertainty in the frequency (in Hz) of same compound in solid state (relaxation time = 1s}is

(a) 10 (b} 100

[NET Dec.2011]

(c) 1000 (10"

Q10.  Thenumber of distinct peak in the proton decoupled "¢ NMR spectra of the following compounds | - [H,

respectively, are:

(A)

(a) 4.6.8 (b} 3.4.5

Q1l.  Compounds A and B exhibit two singlets, each in(i;

at &

T
g fﬂg.QA?@%"] and 3.9for B

lc) %gﬁar%ﬂaj%r A; 7.7 and 2.1 for B

Aty C
ompound

%
{A) Acetic acid

1=
g

(B) Acetonitrile

{C) Acetone

{D) Carbon tetrachloride

(a) (A} - (iii}, (B) - (i), {C} - (iv), (D) - 4i}
(c) (A) - (1).B} - (it} (C) - (iv), (D) - (i}

.._i_#__._.,_‘_ﬂ.—_m___._—-—_._

[NET Ju@ne 2012]

(B)

AR spectra, The expected chemical shifts are

[NET June 2012]

Me

0 (B)
(b) 7.7 and 3.9 for A; 6.9 and 2.1 for B

(d) 7.7 and 2.1 for A; 6.9 and 3.9 for B

{NET june 2012}
1 NMR chemicat shift {Sppm )
{i) 95
(i1} 115
(jii) 175
(v} 205
(b} (A) - (i1}, {8} (iv), (C) - 41}, (D} - (i)

T T
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Q13. In the 400 MHz'HNMR spectrum of organic compound exhibited 2 doublet. The two lines of the doublet
areat 2.35 and 2.38 ppin . The coupling constant (1) value is [NET June 2012]

(a) 3Hz {b) 6Hz (c} 9Hz {d) 12Hz

Ql4.  The number of single that appear in the appear in the broadband decoupled "'C NMR spectrum of

phenanthrene and anthracene, respectively are [NET June 2012]
{2) ten and four (b) ten and ten %%ﬂ%
= %g%
sl : g
{¢) sevan and four (d) sevan and seven @% ’X%& L
I %%:%\ éﬁ% % N
Q1s. The carbony! resonancein - € NMR spectrum of o %f -
{3y fcjt-[j)Rh(C()ﬂ (" Rir. nueleaspin. 1 = 172, 100%) shows a triplet at 554 Wg to the presence of
o ; [NET June 2012]
(a) Terminal CO (b) .~ CO (c)je, — CO%%%Q T (dy » -C11,
oy %;

Qle. The metal complex that exhibits a triplet as weil doublat«m-gﬁ@ﬂ [,’, NMR spectrum is {NET June 2012]

{a) mer ‘~-{irCl,([’|)h:)3!
(c) fac-ilr(fll(l’l’h;);] 5 :"ftl? (’Pph-‘)*;

Qi17. [NET Dec.2012}

{a} a singlet (b} a doublet

{d) a triplet with intensity ratio 1:1: 1

(c} a triplet with in

Qis. ] spgctrum recorded at 293K, an organic compound (C.H,NO}, exihibited singnals at
2.6{3H ,5). The compound is [NET Dec. 2012)
o NH
e A P
NiMe, (b} N NMe, te) b Me @ e OMe

Q18.  Censider the following statements for (18} annulene
{A} Itis aromatic
(B) The inner protens resonate at ¢ 928 in its'H NMR spectrum

(C) There are six protons in the shielded zone.

(a) A,B,C (b) A and only {c} Band Conly {d) A and Conly

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
Contact: 011 -26511021, 8285787633, 8800927753, 9582285416 37



Alchemist Science Academy CSIR NET/IRF, GATE, TIFR & IIT-AM

[NET Dec. 2012]

Q20. For the motecule below,

Mo
/ rele!

Consider the following statements about its reom temperature spectral datas,
i,
N

(A) 1H NMR has singlets at 5.48 and 3.18 ppm

(B} 14 NMR has multiplet at 5.48 and singlet at 3.18 ppm
(C} IR has CO stretching bands at 1950 and 1860 ¢m :
(D) IR has only CO stretching band at 1900 em™!

The correct pair of statements is

(ayAand C {d)yBanc¢ D

021. Find cut the number lines in th . [NET Dec. 2012]

SOE & ‘%ﬁ% - (b) 6 (c) 18 (d) 90

B, ?ﬁﬁg’jﬁ%’%enzoic acid exhibited signals at o1 71,162,133.122 and 116 ppminits yroadband decoupoled

’ 4 %%,’ﬁf'\“ B
ﬁ%%ﬂi spectrum. The correct assignment of the signals is [NET Dec. 2012]

(a) & 171(C - 4), 162 (COOH), 133({C - 3g5), 122 (C— 1) and 116(C- 2 & 6)
(b} & 171 (COCH), 162 {C —4), 133 (¢~ 2 & 6) 122 {C - 1)and 116 (C = 3 &5)
(¢) & 171(C-4), 162 (COOH), 133(C~ 286} {C~1)and 116 (C~3 &5

(d) & 171 (CO0), 162 (C - 4),133(C-3& 5),122 (C—1) and 116(C—2 &6

e — e e

[
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23.

Q24.

Q25.

An organic compound (C,,HWOR) exhibited the following spectral data [NET Dec.2012]

R :34G00,180cm

HNMR :67.8{1H.d.} = 8Hz).7.0{IH.g.J = 8Hz).6.5(1H,5),5.8(1H,s. D,0) exchange geable,

3.9{3H.s),2.3{3H.5)

The compound is

An AX system gave 4 lines at 4.72, 4.6, 1.12 ard 1.0 ppm away from the T‘m& L?@%’Eﬁ NMR spectrometer
operating at 100MHz. What are the values of |, (inHz)and ¢

f'&‘%—"u;_ 3‘ c‘%‘;@
(a) 12 and 3.6 (b) 6 and 3.6 (c) 12 andki\g%é;%"’ﬁfﬁ {d) 6 and 2.86
Among the following, the correct statements for the follo%gm reach on is [NET June 2013}

(B}

{NET June 2013]

(B)

(3) eight and eight (b) eight and sixteen

(¢) five and ten (d} Five and eightr

Head offlce 28-A. fHia Sara| Hauz Khas New Delhi-110016,
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Q27.  Anorganic compeund exhibited the following 'H NMR spectra data INET June 2013]

& 7.80(2H,d,} = 8 Hz}, 6.80 (2H, d, ) =8Hz}, 4.10(2H,q,1= 7.2 Hz) 2.4(3H,5},1.25 (3H, t, 1 = 7.2Hz)

The compound, amang the choice given below is

0

() (b)

Ok
1 EiO

Q28. In MMR spectroscopy the product of the nuciear ‘g’ factor (g), the nuclear magneton (B%
; }.-

field strength (B, ) gives the

(a) energy of transition from a to [} state (b) Chemical shift

{c) spin-spin coupling constant

Qz9. A organic compound having the motecular formula C,

spectrum. And three signals in the '

(a)

0] ]

(c) {d}

HO
EtO

{d) megnetogyrlc rahoé’%
\\%\}

Wi

inglets in the ‘'t NMR

[NET Dec. 2013]

(d)

Q30.  Reaction of Ph,PCH,CH,PPh, ﬁhfﬁ*ff;i%ﬁ%% ina2:1molar ratio gives a crystalline sofid A. The IR

g
spectrum of complex A shgpwﬁ‘%,.

of doublets of equal mté‘taslf?e’s’ *é‘

at 1995 em™' The ™ P( l!)\MR spectrum of A consists of two doublets

B
Rh is HMP% abundant and 1= ] _The structure of complex A is

[NET Dec. 2013}

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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Q31. Anorganic compound (C H,0, ) which does not change the color of ferric chloride Solution, exhibited the
folfowing 'H NMR spectral data: [NET Dec. 2013}
¢ 7.3(1H,t, ) = 8Hz), 7.0{1H, d, J = 8 Hz), 6.95(1H,5), 6.9(1H,d,} = 8Hz)

5.3 (1H, brs, DO exachangeable), 4.6 (H, 5),3.9 {3H,s}. Structure of the compound is

Mol Me) MeO)
OH
) HO (b} \©/\ \©\/

Q32. Methyl -4 oxopentanoate exchibited signals at 4 208, 172, 51, 37, 32 and 27 pgﬁ% ”ﬁ\MR spectrum.

The signalsdue to the methoxy, C1, C4 and C5 carbons are %;g% @;g, [NET Dec. 2016]
{a) OMe ~ 32; C - 208; C4 -~ 172; C5 - 51 M%’%%
g & 2
(b) OMe - 51; CI - 208; C4 - 172; C5 - 32 S, %ﬁeﬁ
.
(c) OMe - 32; C} - 172; C4 - 208; C5- 51 Xy oy

(d) OMe ~51; Ci - 172, C4 ~ 208; C5 ~ 32 §’§ )ﬁ
Q33.  Given y(’ H)=2.7x10"T"'s™ the resonance frequen&y of Fupedton in magnetic field of 126 T is close to
o 5
r&’”—% ,%%fﬁ
(7 =3.14) . %% %% [NET Dec.2013)
I B,
(a) 60 MHz (b} 110 MHz g ”%ﬁ?(c] 540 MHz (d) 780 MHz

'a\ a7
Q34.  The carrect match of the ' H NM R’cﬁ’?m?&h%“hift {8) of the following species compounds is

[NET June 2014]
(Ith
b)1:9:2:10: 7.2;11:54
(d) 1:7.2;1:9.2,11:54
Q35.  The "F NMR spectrum of CIF, shows [NET June 2014]

{2} doublet and triplet for a T-shaped structure
{b} singlet s for a triganal planar structure
{¢c) singlet for a trigonat pyramidal structure

{d} doublet and singtet for a T-shaped structure

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
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[NET June 2014]
O
PP
e R Me
Me e

{a)a:19;b: 143: C-167;d: 125, e:52
{c)a:SZ;b:lE?;c1143;d:125:9:19
Q37.  An organic compound gives following spectral data

IR: 2210.172dem . H NMR - 1401 = 7 1Hz.3H). 4.4(q,) = 7.1Hz2.2H)" C NMR B

the compound is

Q38.  The ratio of the relative intensities of the carg‘g}ag
' [NET Dec. 2014]

{a}l1:4:6:4:1
%u'

1:6:15:20:15:6:1 " (d)1:3:6:7:6:3:1

(c} R g‘ﬁ %’%%% (

Q39. The following reactn ag‘pi‘oduct (recemic) which exhibits the following NMR data [NEY Dec. 2014]
'H NMR:S2 67 ;@:%(7}1 )
ppm @«Nﬁ"ﬁf e}f17o 3,129.0, 105.0, 25.4 ppm

’%%ze%%u%n}?the product (racemic} is

EtOOC Br

Me Me

Me Me
" A " A b A " /A\
HOOC coon HOOC COOH HOOC “COOH HOOC COOH

e

U ——
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Q40.  Anorganic compound having molecular formula € H,,0, exhibits the foliowing spectra! data
fNET Dec. 2014]

IR : 3400(br},1600cm '

"H NMR :61.85(3H,d.) = 6Hz).3.8(3H.5),5.0{1H.5.D,0 exchangeable)

6.0{iH.dq.J = 18.6Hz)

6.28 (1H, d, J = 18 Hz), 6.75 (1R, d, J = 8 Hz), 6.8 {1H, 5), 6.90 {1H, d, } = 8 Hz)ppm P,
PC NMR :6146.5,144.0,131.0,130.5,123.0,119.0,114.0,108.0,55.0.18.0 ppm of : %

The structure of the compound is

. Me p
(a) HOo (by HO (c)eHy
OMe OMe

o

Q41.  Aborane{X) isreacted withammoniatagive a saitofbﬁﬁrﬁg@g e(Y).&rhe "B NMR spectrumof Y cansists

é E%

of a triplet and quintet. The borane X is - wﬁ [NET Dec. 2014]

{al B.H, (b} B;H, {d) B.H,

Q42, "H NMR spectrum of free benzene ShOWS zi? é%%k@éﬁ t~7.2 ppm. The expected chemicat shift { in ppm). The
SBs She %
-~ C H, )Cr(CO)‘. nd
[NET Dec. 2014]

t er is set such that be protons resonates at 700 MHz, the “N nucleus would resonate at
[NET june 2015]

() 1750 MHz (b} 700 MHz (c) 125 MHz (d) 50 MHz

Q44.  The 'H NMR spectrum of a dilute solution of a mixture of acetone and dichloromethane in CDCI, exhibits

two singiests of 1: 1 intensity. Molar ratio of acetone to dichloromethane of thane in the solution is

[NET june 2015]

(a)3:1 (b)1:3 (c)1:1 {d)1:2

Head office: 28-A. lia Sarai, Hauz Khas New Deihi-110016 ,
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45, An organic compounds shows followings spectral data [NET june 2015]

IR (cm’ ! ) 1680

1 NM]{(CDCI.\):67.66{m,l['[).7.60(m.lii).7.l()(m._l?[).Z.SO(s.Sl—l)

2.4.9%)

¢ NMR(CDC, ):4190,144.134.132,128.28m / 2(El}: 126(M " .100%).128(M"
The structure of the compound is

QAC

(a) /o\ (b) / \ () QCOZNE

(]

5h (relative to Me Sn | is

Q46.  The '"SnNMR chemicat shift (approximately in ppm) corresponding i/ ¥
]

[NET June 2015]
(@) -4 ) +137 (c) + 346 '
=,
Q47.  Number of signais inthe "' C {‘ H} NMR spectrum of {R) fﬁzﬁ%@ethﬂpentan—z -olare [NET June 2015]

{a)3 (d} 4

%
expected in '"H NMR spectrum of u -pineneis

Q48.
[NET Dec 2015]

o - pinene

(c)9 (d) 10

(a) 7

Q49. %&g}e%zictg%of the compounds that matches the 'H NMR data given below is
&3 i =

R .
%%%ZMTR{DMSO —d )87 75(dd. ) = 8.8.2.4Hy 18E). T 58{d S = 22 ). 6,70 (d. ) = 8 8H 2 1EL)
%
6.50 (broad s, 2H), 3.80 (s,3H) [NET Dec 2015]
NO2 NGO NO3z NO2
CMe OMe O\H/Me
(a) b} (c) {d) 5
OMe NM H;N
NH, NH,
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Q50.

Q51

Qs

Q5

2.

53.

4,

The '"H MNR frequency at 1.0 T is 42.4 MHz. If the gromagnetic ratios of 'H and ''C are 27 » 10 and
6.75 < 10 'S ', respectively, what will be the "' frequency at 1.0 T2 {NET Dec.2015]
{a) 10.6 MHz (b} 169.9 MHz (c)42.6MHz (d) 21.3HMz

In an NMR spectrometer containing a 2.5 T magnet, Larmor, Precession frequency of 'H is 100 MHz. The

radiofrequency used in this spectrometer has an associated magnetic field strength of 2.5x10 ' T. The

duration of a 90 ¥ pulse in this instrument fs [NETJugi;ZOIE]
{a) 2310 "s th) 50x10 "s {¢) 2510 s (d} 50xI %%
’t\

‘«g\\,\..

The correct structure of the compound, which shows following “C NMR DEPT—13 Kdéfals&l‘(“ <?MR

DEPT-135 negative peaks at$ 30.2,31.9, 61.8, 114.7 ppm; positive peak at I3&§p %E%une 2016)

,5%?‘% s,
(a) /\/\/OH ) P NG, {©) /\/OW %}é&;(g& OH
FF
T, By
h: i M
A compound displays the following spectral data. The correct str %%Lg%é ‘of the compound is iR : 1690 cm

e ﬂ*%};?“__
g %ﬂs«« [NET June 2016]
0
OY
() (d)/©/ o]
OMe

tenal the two methyl groups are expected to display signals at {chemical
[GATE June 2016]

CHO

mytienal
{a) 1.35 (s, 3H) and 5.0 (5, 3H) {b) 0.74(s, 3H) and 1.33 (s, 3H)
(c)1.22 (s, 6H) (d) .70 (s, 6H)
Q55.  The numbers of lines shown by the BH, part of the molecule Ph P!'BH, inthe 't and "B spectra are
respectively ,[ ( B) 372 I( E) IZJ {NET iune 2016]
(a)8and 8 (b)4and 8 (c)3and 6 {d)band3
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Q56. in a 200 MHzNMR spectrometer, a molecule, shows two doublets separated by 2 ppm The observed
coupling constant is 10 Hz. The separation between these two signals and the coupling constant in a 600
MHz spectrometer will be, respectively [NET Dec. 2016]

(a) 600 Hz and 30Hz (b] 1200 Hz and 30 Hz
() 600 Hz and 10 Hz {d) 1200 Hz and 10 Kz
Qs7. 'H NMR spectrum of an organic compound recorded on a 500 MHz spectrometer showed a quartel with

line positions at 1759, 1753, 1747, 1741Hz. Chemical shift ((‘i) and coupling constant (Hz) of the quartet
[NET Dec. 2016]

?;)63‘5 ppm, 6 Hz (b) 3.5 ppm, 12 Hz
(c) 3.6 ppm, b Hz {d} 3.6 ppm, 12 Hz
Q58 The expected number of Y EFNMR spectral  lines, including  satelli
!A bundancel ¥ Xe{1 = 1/2]26%! :
(a) two (b) twenty one (cJthree
Qass. 'H NMR spectrum of a mixture of benzene and acetonitrile sh jual integration. The molar

ratio of benzene; acetonitrile is [NET Dec.2016]

(ayl:1 (by2:1 {c)1:2

("—‘&‘ ()
Q60.  The correct statements in the context of NMR spectrosgg i;g\_lﬁi‘sﬁf’ ) [NET Dec. 2016]

= i)

{a) static magnetic field is used to induce transition bé@eeﬁtﬁg:%pin states
(b) magnetization vector is perpendicular to the g “%llg%s%g@t magnetic field

{c) The static magnetic fields is used o creat%ggpﬁ@ti%%dﬁference between the spin states
w8 B
(d} static magnetic field induces spin-spin Qg;bgﬁg ;&‘%

i

e

. - g -
q6l.  The reaction between I’li.?s(?g?"and%%]nc pﬁgg er gives P,1. as one the products. The solution state

ip NMR spectrum of P sho@‘éﬁ’%tgﬁ%tﬁ;{b(m) and a triplet(#98) . The correct structure of Pl
e ‘?‘

. T, = [NET Dec. 2016]

(©) r’P \ (@

%, &
Q628 I\%@Eﬁ[ﬁﬁliﬁes in the ”F NMR spectrum of EC(Br) ~C{BrjCl, at - 120 “ assuming it a mixture of
[NET Dec. 2016]

%@ﬁ?’e@&j&nformations given balow, are

! Br Br
cl cl - Br
F F F F F F
Br Cl Cl
{a) one (b} two (¢} four (d) five

e —————
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63, The compound that exhibits following spectral data is {NET Dec. 2016]
"H NMR :ﬁS.O(d,J 12.3Hz,1H),7.7(d,J = S.OHz,ZH)

6.8(d,J = 8.0 Hz, 2H), 5.8 (d, § = 12.3 Hz, 1H), 3.8(s, 3H), 3.0{s,6H) ppm

N(CHz}z
2 -CO,CH; {H3C)aN 2 -CO5CH; "
@ ®) m
ﬁ%%{;%
0 %
o = I\IJ/CHa
GH;
HsCO

g L
Qb4.  Number of signals present in the proton decoupled “C NMR f@‘é@%ﬁ%@&he following compound is
% SEm

o

s 5, [NET Dec.2016]

(a) four {d) ten

Q6s. [NET June 2017]
{d) septet
Q66. ] trumof 2 2.6.6 - N, PCI, {NMe, ) is expected to show [NET June 2017]

{b} two doublets
(d) cne guartet and one doublet

Q67.  The correct structure of the compound based on the following characteristic spectral datais {[NET Jun 2017]
IR:1736 cm
"H NMR:63.59(5,3H),3.32(t,2H), 2.25{t.2H}, 185~ 1.45{m, 2H),1.73 - 1.62(m, 2H)
"CNMR: §174.0,51.0.32.9,32.9,32.8,31.0,23.0
0 0 o Br

O
(a) Bf\/\)J\DEt {b) B(\/\OJ\ (c) Br/\A/lL (d) \)\/[J\OM

OMe e

Head office: 28-A. lia Sarai, Hauz Khas New Delhi-110016,
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Q68. For acertain magnetlc field strength, a free proton spin

transition occurs at 700MHz. Keeping the magnetic
field strength constant the "N nucleus will resonate at (5( ) = 5.6g and af”

N = 0.4) [NET june 2017]

{a) 700 MHz {b) 400 MHz (c) 200 MHz (d) 50MHz
Q69.  The number of signals observed in the proton decoupled 1 NMR spectrum of the following compound
is [NET Dec. 2017]
(a) Five {b) Six I¢) Ten

Q70. The organic compound that displays following datais'IT NMR {(-H0OMI

Iy

Q71. The correct match of the circled proton,%m
=
g@ %’% 2 »

i, AR

2

A 672

i m
C -0.61

(a) 1= A, =B ll-C (b)t—B;i~Alll-C
() 1=B =G Hl-A {d} 1-C11-8;Ul-A

Head office: 28- A lia Sarai , Hauz Khas New Defhi- 110016,
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Q72.

Qa73.

The g- factors of '"H and "C are5.6 and 1.4 respectively. For the same value of the magnetic fields

strength. if the 'H resonates at 600 MKz, the '*C would resonate at [NET Dec. 2017}
(a) 2400 MHz (b} 600 MHz (c) 150 MHz (d) 38 MHz
A campound shows following spectral data: [NET June 2018]

"H NMR 7. O(d §==8Hz, ZH) %.6{d, ] = 8Hz 2H},
4.3(q,)=6.Hz, 2H) 4.0 (brs, 2H, D.O exchangeable},
1.4 (t,J =6 Hz, 3H)

Mass: m /z 165, 137, 120, 92

The correct structure of the compound is
0

o ™~
(a) HaN
HoN (b) 72

(¢) @
NH,

[NET June 2018]

Coiumn-B (5 ppm )

o3
(i) 5.1
(R} M, {11y 6.4
{8) H, , (Iv) 8.5
(3l P~t, Q-1 RIS IV (byP—1, Q~1l, R= 1V, 5~ i
() P~1V,Q~1,R~1II, S =i {d)P—il, Q—IV,R—1, S~

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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a7s.  Inthe P{' H} NMR spectrum of a diamagnetic complex mer - EM{PR} ) C‘l;-‘; { M = transition metal, i=0)

expected number of resonance(s) is [NET Dec. 2018]
(a) Three (b} One {c) Two {d) Six

Q76. The " P{‘ I-i} NMR spectrum of cis - iPt (PEL,), C‘:i (Pt (33.8% abundance] I = %; its other isctopes are
NMR inactive; “P:1=1/2])is comprised with satellite peaks ofa [NET Dec. 2018]

(a) triplet (b} singlet (c} doublet {d) quartlet

Q77.  Structure of the compound displaying following characteristics spectral data.

{R:1720 cm '

"HNMR 6.2 (br,sTH ). 5.5{br.s. 1H}4.2(q. 2H),2.0(s.31).1.1{t. 311} is

O
(a} )j\ O/U\/ {b) O~

Q78. Partlal spectroscoplc data is given betow for an orgamg,co Y ' {NET Dec. 2018]

{Il) 2 doublets between §6.8-8.5pomin '

(Ii1) an absorption band at 1724 cm : m‘lR_s
The structure of the compoundis &

N st
. R OMe

079, The compound F'%e 5@0%’5 a pericyclic reaction under photochemical conditions to give compound Q. In

compound &jghe re‘l*atwe stereochemistry and 'H NMR cherical shift values of methyl groups {in &

5%,
ppm %%e% e%wqg%y, are [NET Dec. 2018]
B, | N
Ty, o

(a)cis; - 5 {b) trans; 17 () cis; 17 (d} trans; - 5

e e

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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1. {a)
8. (a)
15. (b}

22. (b}

CSIR NET/IRF, GATE, TIFR & HT-JAM

3.(b)
10. (b)

17, (d)

24, (a}

Answer Key
4. (c) 5. (a) 6. (d) 7.{d)
11.(a) 12.(a) 13. {d) 14. (c)
18. (a) 19.(d) 20. (a) 21, {d}
25. (d) 26. (c) 27.(a) 5 28. ()

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
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Ql

Q2.

Q3.

Qs.

Qs.

Qe.

Q7.

Q8.

s, daf

CSIR NET/JRF, GATE, TIFR & H{T-JAM

GATE Previous Year's Question

The F NMR spectrum of pCLE, (1 for "7 =1/2. 1 for "F = 1/2) shows IGATE 2000}
{a} Two triplets and two doublets {b) Two triplet and one doublet

{c) Two doublets and one tripiet (d) three triplets and one doublet

The number of signals observed in 'H NMR spectrum of 3,5 - dibromotoluene is [GATE 2001}
(a)3 (b) 4 (¢} 2 {d) 6

In comparision to the frequency of the EPR transition, the NMR transition frequency is |

(a} much higher (b} much lower (c} almost same
" NMR spectrum of meriodional isomer of octahedral RhCLF, complex, P

assuming Ja, > 5. wifl show [GATE 2001]

{a) one douhlet {b) two doublets and onet plet

%,

{c) two doublets and two triplets {d) one singlet and% 4(&@1‘,&;

Among the bicyclo [3, 3, Oloctanedicnes given below, which ne W E exhﬁm FIVE signals in the broad band

decoupled "¢ NMR  spectrum [GATE 2002]

C
O
{a) Hiv iH (by R (g) Hiv HiH
G QO
The sensitivity of a 600 NIHz K/IR spectr@meter is more than that of a 60 MHz spectrometer because

[GATE 2003}

{a) Population of spin sf%tgs e d‘(];ectly proportional to the applied magnetic field
{b} Population of s 3 %s’ e%s"?ﬁversely propartional te the applied magnetic field.
(c)According to the zamann distribution taw, the excess population in the lower spin state increases with

increasing applied ggﬁétlcfleld
{d) ‘Fl;;e s&?c @ cag Fidth is more for a 600 MHz spectrum compound to a 60 MHz spectrurm.

EH o ﬁ@ s%e.ctrum of a compound with molecular formuia C,H,NO, shows & 5.30 (broad, 1H), 4.10(q,
‘2{;1) 80 (E‘QH) 1.20 (t, 20 (t, 3H) ppm. The structures of the compound that is consistent with the above

R [GATE 2003]
@%\Hcoocu JCH, {b) CH,CH,NHCOOCH,
51 CH,OCH,CONHCH, (d) CH,CH,OCH,CONH,

Proton decoupled B NMR spectrum of a bicyclooctane (C H, ') exhibits only two signals. The structure

of the compound is: [GATE 2004]

(a) CE> ) (c) (d)

Head office: 28-A. Jia Sarai, Hauz Khas New Dethi-110016,
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Qs. The vicinal coupling constant J expected for the protons H_ and H_ in the compound given befow will be
in the range [GATE 2004]
HO
0 z
Hp
(8)0—2H:z (b) 4 —6Hz {c) 8~ 10Hz

Q10.  An organic compound having mofecular formula C H, Br(), exhibits the followings jedks, i

The structure of the compound is:

(a) WO\/

Br @) (e
0 : Y
(C)Br/\/\”/ ~ -
s -
g
Qil. ‘4 NMR spectrum of [18] - annulene ﬁ“argv 5 [GATE 2005]
{a) only one peak at £ 7.2 (f‘g@) %é (b} Only one peak at & 5.0(18 H)

{c) Two peaks at & 9%

k!
{]\3?&???- 3.0{6H) (d) two peaks at & 9.0 (6H) and & - 3.0 (12 H)
&

S %, B
ss&hei‘%l'gglg‘émoIecular formula C,H,,0, exhibits the following peaks in IR and 'H NMR
B, [GATE 2005)

1 RMR :6.95(1H, d, ) = 8.5Hz)5.90(1H, d, ) = 8.5Hz, 4.53{1H,q,) = 6Hz)

Ql2. An organic comp,
spectra, o, 5
IR: K20 ?g»m%

By, P &
1.41(3Rd, I, 6H#171.20 {3H, 5), 1.15 (3H, 5}
@ :@,;m £ 2, o

H3C HSC

CH CH

3 H X HAC = | e

(b) H,C (C) HAC (d) CH3

A 0 07 o 0o~ ~o 07 “Ch,
% H HiC HsC

Q13.  Which of the following compounds is expected to show a sharp singlet for one of its protons at

O 28 ppm in '"H NMR spectrum, given that this single remains unaffected on shaking the solution

thoroughly with 3,0 ? [GATE 2006]

(a) CH,CO.H (b} CH,CONH,CH,
{c) n-CH.,CxCH {d) n-—C, H, CHO

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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respectively, are

(a) two and one (b} one and two

(c) three and one {d) two and two

CSIR NET/IRF, GATE, TIFR & IT-JAM

Qi4. In the proton decoupled ( and P\'\IR spectra of{LH ] !’

( the number of Imes observed

[GATE 2006]

Q15. Match the structures List-1 with the coupling constant {‘ HlJ (}{1)11 given in List -t

List -1 List- 1l
gr Gl
() >_——,__—< (i)~ | Hz
~ H
Br H
() >:___—,,_< iy~ 10 Hz
H Cl

(a) 1-(8), 2-(3t), 3-(iii)

(¢} L-iif), 2-4ii), 3-40)

Q1i6. If CIF. were to be stet p%f@%ﬁ@*ngld s "FNMR spectrum
is not NMR actlve% %\ &}“’"ﬁff
{3} a doublet 2 %;r?ﬂ% (b) a singlet
(c) aﬁg%ﬁg%@ a smglet (d) two singlets

wf’

’*"»*ea
L nﬁnsﬁef %pe forQ.17and Q. 18

o A iti}, 3-(1)
VW’% f"(‘cf) 1-(iii}, 2-{i), 3-(ii)

|
{for "F = —
)

would be {assume that T

[GATE 2008]

% h??e %n of pci, with methanolinthe presence of triethylamine affords compound X. Elmass spectrum

w

%ﬁ%ows 2 parent ion peak at m/z = 124. Microanalysis of X shows that it C, H, C and P. The 'H NMR

s’pectrum of X shows a boublet at 4.0 ppm. The separation between the twe lines of the doublet |

. . |
approximately ESHZ{I for ‘Hand P = <

Q17. Compound X i35

(a) (CH,0}, P (b} {CH,O), PO

() (CH,0), P{O)(OH) (d) (CH,0), PH

)

[GATE 2008}

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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Q18. Upon heating, compound X is converted to Y, which has the same molecular formula as that of X. The
"H NMR spectrum of ¥ shows two doublet centered at 3.0 ppm {separation of two fines ~20Hz) and 4.0
ppm {reparation of two lines ~15 Hz) respectively. {GATE 2008]

Compound Y is

(a) (CH,O), P(O}{OH} (b) (CH,0) P(O)

2 3

(c) (CH,0} (CH,)P(O] (d) {CH,0), (CH.}P{OM)

Linked Answer Q.19 and Q.20

In the following reaction,

Q19.
(a} carbene and
(c)carbene and
Q20.
{(bym=2andn=3
(dim=4andn=4
Q21 {GATE 2009]
| (b} a doublet and triplet
(c) a doublet and quartet (d) two doublets
Q22 The 'H NMR spectrum of HD consists of a [{GATE 2009]
(a) singlet (b)1:1doublet
{c)1:1:1triplet (dy1:2:1tripiet

Head office: 28-A. Jia Sarat, Hauz Khas New Dethi-110016,
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Qz23.

Q24.

In the photochemical reaction [GATE 2009]

CHO
hv
= [ X]

ve  CO;0D

MeO

Eormation of the compound X can be inferred by the 'H NMR signalat 'H NMR spectrum of tge strating
»_%}

materiat: e “{%;3%

§9.7(1H,s), 7.8{1H,d, 1 =8.0Hz), 7.1~ 6.8 (2H, m), 3.9 {3H, 5), 2.5 (3H, s) ppm
{g) & 9.7 ppm (b) & 7.8 ppm {c) & 3.9 ppm

Common data for Q.24 and Q.25:

IR: 1680 cm °

TENMR eTR(211.d 17582}, 7.2(2H, d, ) = 75 z)
<§

Compound X on treatment with m- chof‘éropé’rb@zo?@@ud product two isomeric compound Y (major) and

Z (minor) . ;%%

Compound Y and Z, respectwely%ﬁg‘%w [GATE 2009]

o]

| /@”\’O( and OMe
oM oMoy

Q25 *\g{\gﬁﬁ‘ounds Y and Z can be differentiated by carrying out basic hydrolysis, because [GATE 2009]

{a) ¥ produces 4 -methylphenol and Zis unaffected.
(b) Y produces 4 -methylphenol and Z produces 4-methyllbenzoic acid.
{c) Y is unaffected and Z produces 4-methylbenzoic acid.

(d) Y is unaffected and Z produces 4 methyiphenol.

Head office: 28-A. %ia Sarai , Hauz Khas New Delhi-110016 ,
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Q26.

Q27.

Common data for Q.26 and Q.27:

Treatment of W(CO) with 1 equivalent of Na(C H.) is THF solution gives the ionic compaund M

Reaction of M with glacial acetic acid results in product N. The 'H NMR spectrum of N displays two
singlets of relative intensity 5: 1. When N is heated, hydrogen gas is evolved and Q is preduced; C may aiso

be prepared by refluxing W((,T()‘}U with cyclopentadiene and H. is aiso produced. Treatment of O with an

equivalent of H, produces P. (Use the 18 electron rule as your guide).

The compound M and N, respectively, are
{2} [{C.H)W(CO) INaand [(C 1) W(CO), H]

{b) g’((;n‘ JW(C0), Naand f{(',nw JW{co) ||j

]

() {CH,IWICO), Naand [(CH1 )W (CO) H
{d) [(C.H,)W(CO), [Naand [(C,H,)W{CO) #]
[GATE 2009]

The compound O and P, respectively, are

(2) [(C W (CO), | and (CILIW(CO), Br]

(b) )y w(co), [and [(C)w (C(pra.(ﬁfﬁgl%% :

P %%ﬁ
(c}[{C.H,) W{CO), (THF),| and é{f’u fw co Eﬁf
w@w

1)W{CO), Br(THF)

“%.; " ’ «:s-w

Q28.

[GATE 2010]

/O\/\ojb/ /O\/\O /O\/\nzoj@/ ,OWO
{a} (b {c) o (dy O Q/
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[GATE 2010]

029. The compound [Y] is

OH OH

0
~oH (b} and /O\/\OH

(a) and

HO
{cy /O\)(OH

and

LgATE 2011}

,

Q30.  The correct pair of 'H and "'P NMR spectral patterns for C(H)(F)(PCL), N

(ay

(¢}

Statements for linkeg ns er=Qz31 and Q.32

e

:f"

A ketone on treafffﬁfent wg;h} bromine in methanol gives the corresponding monobromo compound [X]
having molecgtar %[mtila ¢ H,BrO . The compound {x] when treated with NaOMe in MeOH produces {Y] as

the fx J%%rg‘déct T?Te spectral data for compound [X] are:
"H M{"' ;%;;%\ FEU) 502 (man). 30{s 20 ) CNMRET.37.39.210

?Qgp%tfﬁd BS; [GATE 2011]
%M ¥ Me
8 e\‘/\ﬂ/ & BF/\HLME Me Me Me Br
(k) Br
r 0 Me (c) @
O
Q32.  The major product [Y]is {GATE 2011}
Q 0
Me\/\”/Me ])\{
Me OMe X M
b} . Me( Me e OMe
(a) 1 ( v (<) ()
Me Me 0

Head off:ce 28 A. lia Sarai , Hauz Khas New Dethi- 110016
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Q33. In the proton decoupled "C NMR spectrum of 7 - nerbornanone, the number of signals obtained is
[GATE 2012}
(a}7 {b)3 {c)a {d] 5
Q34.  Anorganic compound Q exhibited the following spectral data: [GATE 2013]
iR: 1760cm !

"HONMR o {ppm b 721 ) = 16.0H2 ) S0 (THL.m ). 21 (3158 ). 1L 8(310d. ) == .01z JI3CNMR « & (ppm 170}

{carbonyl carbon),
Compound Q is

0 Me G
(n)j T (b)[ \Iof © |
Me

O
MeQ)

Commond data for Q.35 and Q.36:

N, N -Demethylformamide (DMF} gives different patterns of

"H NMR spectrum is recorded at different temperatures. %,
£y S
Q3s., Match the patterns of the NMR signals given in the Calg @@ﬁ temperatures guves in the Columan-Ii
& 4
% é@%?? [GATE 2013]
o,

Column-i 55 Column-tl
(i) Two singlets , for three protoré eachiat § ‘: 87 and 2.97 opm (x) 23"C
(ii) One sharp singlet for six'éi;ig'g;gtons at $:2.92 ppm ty) 120°C

a2 R,

. - s "11’;;;& _’_,%%'w,

(iii) One broad single forsix'protgn
o

(2) 150 °C

(b} (i} ~{x).(ii)-(z}:(iii)-{y)

{a) (i)-{x}; (ii)-(v};+
(d} (i)-(2); G-y (iiE}-(x)

onﬂi’he above data, the calculated difference in the frequencies of the two methyl singlets if the
‘ Fu;;&;g% recorded on a 300MHz spectrometer, is ————————————— Hz [GATE 2013}

umber of signals that appear in the proton decoupled "C NMR spectrum of benzonitrite {C_11.N)

i [GATE 2013]

Q38.  The set of protons {underline) in CH.CH,CH,OCH, that would exhibit different splitting patterns in high

(500 MHz) and low {60 MHz) fields 'H NMR | is [GATE 2014]
{a) CH,CH,CH,OCH, (b) CH,CH,CH.OCH,
(c) CH,CH,CH,OCH, (d) CH,CH.CH,QOCH,
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Q39.  The product of the following the following reaction gave & line B NMR spectrum with peaks atd 175. 52,

50, 46, 37, 33 ppm. The structure of the product is [GATE 2014]

hy

MeOH
NQ

OMe
a L-CMe
tw O (b) oM (o)
Sn OMe
3

Q40 At room temperature, the number of singlet resonanes @obser\i m%@“ H NMR  spectrum of
}«

CO-Me

Me,CO(0)NMe, (NN - dimethyl pivalamide) is [GATE 2014]

M'zi*f*s-

Q4a1. The beckmann rearrangement of a bromoatophenone oxi @g(( H *B[\'()) gives a major product having

B

the following

"HONMR (& ppm): 9.89(s. 11}, 7.88(s. 1H). 7. 45(a,1H9, 17 (m, 1H}, 7.12 (d, 18, J = 7.0Hz.}, 2.06 (s,

o
B B o,

3H). The structure of the product is. %ﬁj‘ - 3 = [GATE 2015]
e B % s
G’%‘ 52 § i

B L CONHOH, sHeoci, B CONHCIE

8
(<) (D)

Br

ST L (e C (d) 0

Q42. The?& 7ﬁé?ofﬁlnes expected {due to spin-spin coupling of proton with ftuorine and deuterium nuclei)
[GATE 2016]

Cl

Q43.  The larmor frequency of 'H Teals (T} is 42.57 MHz. if the magnetogyric ratio for 'H and "C and are

26 75 x 107 rad T 's ' and 6.72 x 107 rad T™'s™', respectively, the Larmor frequency of ' C, in MHz,
[GATE 2016]

at 1 Tesla will be
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Qa4.

Q45.

Q4e.

Qd7.

Q48,

The structure of the compound having the following characteristics spectral data, is IR: 1690 cm
PHUNMR G E30{3H. 8 = 7.2H2 ) 241 (20, q ) = 7.2H2):2.32(3H.s}: 7.44(1H. (-1 = 7.0Hz} 7.57 (IH, dt ] = 7.0,

3.0 Hz); 7.77 (1H, 1,1 =3.0 Hz); 7.50 (1 H, dt, J = 7.0, 3.0 Hz); £l mass m/z 119 (100 %); 57 (80%}
[GATE 2016}
0 0 0] 0

(a) CH,CH4 (b)©:KCHgCH3 (C)dCHS (d) . CH3
CH,CH4 %

CH,
CH @sz?@
i,
The ™I NMR spectrum of CIF, when measured — 60° (" will be observed as a %ﬁ%ﬁmsﬁ
Il : f&
(a) singlet {b)doublet %‘% % %

{c) doublet and triplet {d} doublet of doubiet and doublet of triplgt -

The "C NMR spectrum of acetone- d" has a signais at 30 ppm as a septegﬁi"t@%@teﬂslty ratio [GATE 2017)

{4)1:6:15:20:15:6:1 (b)1:3:6:7:6:3:
(€)1:2:3:5:3:2:1 (d)1:3:7:10:7§""@%%§

s

The spectroscopic data for an organic compound with molegular formuta C, H,.0. are given below, 1R
W IGATE 2017

. &g%l B0 = 720 I ppin . The compound is
wiphih l'f\’/i)acetate
T i,
B,

y%wphenylpropionate

band around Y750 ¢ b . .
PENMR ¢7.3(m:3113.5.85{g. [H.) =

(a) methylZ-phenypropinate

(c) 2-[phenylethyl) acetate

g‘éf
£

nthe 'H NMR spectrum of an ﬂgg i €O, ,__gbund recorded on a 300 MHz instrument, a proton resonates

as a quartet at 4.20 ppm. T?%T

[GATE 2018]

Answer Key
1.{a) 3. (b) 4. (%) 5.{d) 6. (c) 7.(a)
8. {d) 10. {c) 11. (c} 12.(c) 13. (d) 14. {a)
15. (¢} 16.(3) 17. (a) 18. (¢} 19. (2} 20. {c} 21. {g)
22.{¢) 23.(a) 24. (b} 25. (b) 26. {a) 27.{a) 28. (b}
29, (b} 30. (c) 31.(d) 32 (¢) 33.(b) 34. (a) 35. (b)
36.(30) 37.(5) 38.{b) 39.{c) 40.(3t03) 41. (a)
42.(5.99 to 6.01) 43.{10.67 t0 10.71) 44, (a) 45. (c} 46. (b)
47.(h) 48, (6)
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TIFR Pervnous Year's Question

Qi. How many absorption lines will the following naturally occurring compound have in its proton-decupled
" NMR spectrum [TIFR 2010]
HiC H
/\c“_"c/
HyC CHoCHy

{a}3 (b} 4 (c}5 {d)é

Qz. For each of compounds below, choose the one in which the indicated hydrogen is 4 T’?est ‘pfleid in a
proten NMR spectrum,

N(}

()

(B)OCI s CH;()CH_.,
1

(C)H,C = c@

%
t :

P, T w

{a) A3 or A4,Cl gg;fgm %, (Bpal, B2, C3 () A2,B3,C2 (d) A4, BI, Ci
”et-% Yy
Q3. At room teﬂﬁgt@jﬁﬁ;‘whlch of the molecules are expected to give five NMR lines in the proten-decoupled
e m&‘“%‘gecr@uﬁ [TIFR 2010]
{ii) (iif)
OCH3 CHa

)\/ mCH
) {vi)

OCH3
{iv}

{a) Cnly 1 and 3 {b) only 2 and 6 {c)only3and 6 {d) All of the above
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Q4.

Qs.

Q7.

e " NMR spectrum of a compound shows 6 peaks and the 'H NMR spectrum shows 5 peaks. Which

of the following is this compound [TIFR 2011]
{a) CI, - CH{CH, )~ CH{CH )}~ CH{CH, )~ CH,

(b) CH, -~ C{CH,} —~CH, - CH, ~ CH,

(c) CH, - CH{CH,) - CH. - CH, -~ C{CH.)} ~CH, Y
(d) CH, —~CH{CH, } - CH, - CH, ~CH, ‘%ﬁ AN %

9

Which of the following most closely resembles the C NMR spectrum of eth@%%%m@ﬁa scatar coupling
of 150 Hz among the 'H and the *C nuclei within a functional group, ﬁfﬁ%&;g&ng of 50 Hz between
g

the " (" nuclei, a static magnetic field of 11.7 Tand a temperature 0130 I% [TIFR 2012]
%_7

AL

@ '
13¢ pom

Co,frfnipounds would give the 'H NMR spectrum shown befow  [TIFR 2012]

” i,

H.CH(CH, ) CH, X {b) CH.C{CH ), CNLCH,X
fe} CHLCHL{CH)CH.X (d) CEECH,CH{CH X

The proton NMR spectrum of saturated hydrocarbon shows a single absorption line at 1.42 ppm with
respect to TMS at room temperature. The area of the line is equivalent to 12 protons. Solely based o this

observation, what are the tentative inferences you can draw about the nature of the hydrocarbon?
[TIFR 2012]
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Qs.

Qs.

Q10

(a) Itis a pure compound i.e., there are no impurities present.

(b) Mare than one conformation of the molecules may be present and they are undergoing rapid

interconversion.
(c} The hydrocarbon is cyclohexane.

{d) All of the above

The '"H NMR spectrum of a compound with molecular formula C,H,NO shows the foll

Chemicat shift {ppm) 6.50 2.25 1.10
Sphape Broad singlet quartet triplet

Which of the following is in agreement with this information?

fa) (CH,), € = NOH (b) CH.COCH,NH,
(€} CHLCTELCONH, (d} HCO(NOH,),

The two fine-structure compeonents of a nuclear magnetit ‘onancé transition are observed at chemical

shifts of 2.142 and 2.208ppm in a 300 MHz spectromefé"? Ca ite the coupling constant [TIFR 2014]
T
o, Ny, 2 o
(2} 19.8 Hz (b} 0.0666Hz ' ﬁ?’é@?ﬁ@ﬁz (d) data is insufficient
= ;“Eﬁ% & %
- N

Molecular knots have been observed inégﬁ'h@aﬁd%%ﬁeins. Although synthetically challenging, a few purely

arganic molecular knots have alsg’bee f;rﬁeportgg n the literature. One such elusive knot is the trefoil knot.

An organic trefoil knot was prepé’%ggég;y@@%ﬁg two structurally distinct components Xand Y. The reaction

mixture contained four proc«l%%t, as show"jr%in the figure below
= 3

[TIFR 2015]

i
i
o

‘

A

N

s @%
N%;%g:ﬁ%,g pectra will afford distinguishable spectral features for (}) Cand D? And (2) Eand ¥

g

%

(a) Circular Dischroism Spectra forCand D, 'H—NMR forEand F

{h) 'H—NMR and *¢-_ NMR spectra for C and D; Circular Dichroism for E and F
{c}Absorbance and Emission Spectra for € and D; Circular Dichroims for E and F

(d} Infra Red spectra for C and D Circular Dichroism for Eand F +
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Q11.  Neopentyl chioride, (CH_‘L CCH,Cl reacts with a strong base (sodium amide) to produce a new

compound. This compound has two "H NMR singlets at $0.20ppm and &1.03ppm (intensity ratio=2: 3.

What is the Most probabte structure of this compound? [TIFR 2016]
{a) 2 -methyl - 2 - butene (b) 1.1 - dimethylcyclopropane
(c) methyleyclobutane {d) cyclopentane

Ql2.  The 'H NMR of |,| dibromoethane consists of two well-separated signals, one large % ﬁn%@er one

smali. Which one of the following statements is correct? g{“ﬂ%fﬂlsl %

(a) The large signal is a quartet and the small single is doublet Mx@}
(b} The large signal is a tripiet and the small signal Is a singlet Aﬁ;
(c)The large signal is a singlet and the small singal is a trplet %%ﬂ % ;

{d) the targe signal is a doublet and the small signal is aguar %
ﬁ"?'

ik

@\\a\\\

Q13. A C.H,,0, compound has strong infared absorntlo?’gﬁaatlﬂaﬂl) to 3400 cm . The 'H NMR spectrum has
three singlets ¢0.9,63.45 and ¢3.2 ppm g vygg‘areas 3:2: 1 addition of D,0 to the sampie
eliminates the lower field signal. The ”Cnl’& @&’g}rum shows three signals ail at higher field than & 100
ppm. Which of the following comﬁoun’ s bestfits this data [TIFR 2016]

“Fb) 1.3 -dimethoxypropane

(a) 1.5 -pentanediol

{d) 2.4 -pentanedio!

Q14. ‘he 'H N >wa“compm.und A shows doublet and a septet. Which one of the following

[TIFR 2016]

o
v gl . .
uiis consistent with A containinga CH,CH,CH, group

‘he“"%.pectrum is consistent with A Containinga CH,CH, group
{(d) The spectrum is consistent with A being (CH:)‘ CCl,

Q15.  Acompound of formula C.H,, gives one signalinthe 'H NMR and two singnals in the "C NMR spectra.

The compound is [TIFR 2016]
(a) pentane (b} 2-methylbutane
(c) 2.2 - dimethylpropane {d) cannot tell without more information
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G 16. Predict the muitiplicities for hygrogens on CI, C3 and €4 of butanone associated with the spin-spin coupling
inits 'H NMR spectrum [TIFR 2017]
(a) H's an Cl: Singlet; H's on C3: Doublet H's on C4: Triplet
(b} H's on Cl: Singlet; H's on C3: Triplet; H's on C4 ; Quartet
(¢) H's on Cl: singlett; H's on C3 Quartet; H's on C4 Triplet
(d) H's on Cl Tripiet; H's on C3: Doublets H's an C4, Triplet
Q17.  Anorganic compound has the following spectroscopic properties: Mass spectrometry: m/z {very small}, 87

and 43 are the largest ions;'H NMR ¢é1.4and 3.9 ppm {both singlets, intensity ratio 3 :2
B NMR:6108.64 and 25 ppm Infrared spectroscopy; several strong absorptions in the 1000 to 1300 cm

region

Which of the foliowing the most likely formuia of this compound?

Qis.

Protein Drug [TIFR 2017]

NMR spectroscopy ¢an be used to assgy;,%_p Wgﬁﬁinding to certain protein targets. One of the primary
objectives of any binding assay i%ﬁe qﬁ%ntifakét“i_on of the free and the bound form of a drug molecule at a
certain concentration of the prote Ifﬁﬁﬁlsg;g’ﬁ%ﬁ?éét us assume that the fuily bound drug exhibits 't{ chemical
shift of &, while that of th%ﬁree forngwgﬁresonates at &, for the same proton {see figure above). if the
exchange timescale {ke. p@’bo% fanal to ke s ko, is diffusion limited) between the free form of the drug
and its bound form i%n%ﬁ%%’%onds, which of the following statements cannot be true assuming that the
drugis only 50 % Q&i@jﬁ%mﬁhﬁgprotein target?

{a) The NMR@%@%the ohserved transition (s) will be different from the free form of the drug.
=

b} Tﬁ%% %@yrésonances obtained in the NMR spectrum Protein-Drug complex: one of the free form
er l?%:g

%Wh'g%g g éﬁeboundfrorm.

(G}V%V\F%wm;s 3 single resonance at a position 8., which is in between 6, and &,.
thy S ¢ :

'"E;‘:@%%‘ A
%ﬁ%;}?ing the concentration of the drug molecule while observing the NMR signatures wiil provide an
%timate of the binding constant,

Ql19. A compound with molecular formuia C 1,0, has strong infrared absorption at 3300 to 3400 ¢m ' .

The '"H NMR spectrum showed three singlets at $0.90,53.45 and ¢3.20 ppm with relative areas
3:2:1.Addition of D,0 to the sample eliminates the lower field signal. The HC NMR spectrum shows

three singnals all higher than 100 ppm. Which of the following compounds best fits this data? [TIFR 2017]
(a} 1,5 -pentanediol (b) 1,3 -demethoxypropane

(c) 2.2 -demethyl-1,3 -propandiot {d} 2.4 — pentanediol
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Q20.

Q21

Q22

An organic compound (C,H, 0, ) exhibited the following spectral data: IR : 3400.1680cm ' H-NMR:¢7.8
(1H, doublrd, J = 8Hz}, 6.5 {1 H singlet), 5.8 (1 H, signment, .0 exchangeable) 3.9

{3 H, singlet}, 2.3 (3H, singiet). The compound is, [TIFR 2018]
0
HO
OMe HO
(a) (&)
Me O
Me CMe
O
MceO HO
H
(c) (d) Q\(o
OMe
OMe OMe
A bottle contains hydrogen molecule in gaseous state. The nuclear \yavef A ‘_ this hydrogen gas is
given by ks : "'%ﬁ_ A [TIFR 2018
| b
7;(“(')6(2) ''''' B(1a(2)) 5 %
What would be the NMR spectrum of this hydrogen gig %ﬂﬁg that the wavefunction does not change
»"@; %2,
during recording of the NMR spectrum? %%%“
(a) Asingle NMR peak 2 3"‘,\%

{b) Two NMR peaks, each is a doublet ey %

(c) Three NMR peaks, with refatifé |ntén5|t|e§:@l%

{(d) No NMR lines

Identify the organic molecu?‘f fivhich cq}g?ﬁms 66.6% carbon, 11.1% hydrogen. In infra-red spectrum of the
molecule, bands are obs ved "’2941 2857, 1715 and 1640cm . In proton NMR, three signals appeared
at (i) 7,52 {q, 2H), HY, (|ii) 8.93 (t, 3H) in ppm scale, [TIFR 2019]
{a) Ethyl ketane*® (b) 2-8utanaf

{d) None of them

%coupied YC NMR spectrum, the number of signals appearing for the two pyrenediols

[TIFR 2019]

{a} five and eight ib} eight and eight (c) eight and sixteen (d) five and ten
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1.{¢) 2.{c} 3. (b}
8. (¢} 9.(a) 1C. (a)
15. (¢} 16. (c) 17.(a)

Answer Key

4, (c)

11. (b}

18. (b)

5. {a) 6.{3) 7.(d)
12.{d) 13.{c) 14.{b}
1. {c) 20. {¢) 21. (d)
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Qal.

Qz.

Q4.

Qs.

Qs6.

Q3.

Other examination previous Year’s Question

The chemical shifts of a doublet signal for a proton in a spectrum are 4,08 and 4.06 using a 400 MHz NMR
spectrometer. The coupling constant (in Hz) is.

{a) 0.02 (k) 8.0 () 8.24 (d) 10.0

The 'H NMR spectrum of {.4 -dimethoxybenzene will have

(a) ten singlets (b] two singlets %%

(c) two doublets and one singlets {d) two doublets and twa singlets P,
AL,

fhe patern of 'H NMR gpectrum of 14 - dichlorobenzenc is: . e e:%

{a) AX (b) AM (c) AB %di?; AN

An organic compound with molecular formula C,H O exhibited 6 peaks B lts

"C NMR spectrum. The possible structure of the compound is: =
g@& %,,
OMe
(a) (MJ@\
Me OMe Me
Me OH

The 'H NMR spectrum of molecular has ;hre _@!étililzgﬂt rensonance at approximately, 3.4 ppm (a triplet with
an intensity of 2 units), 1.6 ppm NLa mg!tlp?e%vgtt},intensny of 2 units}. And at 1.0 ppm ( a triplet with an

units). The molecule could be f?"
) %ﬁ%;%ﬁ%
{a) (CH,CH,CH, ). O 5 () CHCHCI

{d) CH,PCI,

The number oi_“"‘
decoupled “g;

COQCH, OCOCH;

I I

{a) 1.25 and 3.9 (b) 3.9 and 2.1 (¢} 3.9 and 7.25 (d) 7.25 and 2.1
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Qse.

Q10.

Q1l.

Qlz.

Q13

Qi4.

The low temperature " F NMR spectrum of 1 motecule in solution should exhibit which of the following

patterns? {gnore any magnetic coupiing effects to the iodine nucleus).
{a) One singlet {b} One doublet and one quintet
(c}One singlet and one guintet {d) One quartet and one triplet

How many signals will be observed in the proton decoupled "C NMR for hexamethyibenzene?

(a) 1 {b)2 (c)3 (d) 4

The 'H NMR spectrum of an erganic compound of molecular formula C H, exhibited on

(\ = 1.9 ppm. The CGmpOURd is:

{a} 1 - butane (b) cis-2-butene

{c) trans- 2- butene {d) cyclobutane

e

The strength of the coupling between germinal protons in the following rfi"o

;@A\

)

The expected spectrat patteggégn thep

CHCI, and " CHCL wou d?&%h

ro\ n coupled "€ NMR spectrum of a mixture of equal weights of
5,
%:)’% .l

e

o

(a)Ji %**%}Nj (©) HL @ L
T N - S

Thegi%%g’é“ﬁ@gﬁ%@%} of chemical shift of the indicated proton in the following series of com pounds is

0

H
N H O H

(ayt<ti<li by <<l (c)l<lit<H {dy t<ii<l
The ' H NMR spectrum of (zf -—C,.H_i} Fe recorded at room temperature has

{a) One singlet (b} One muitiptet (c} Two singlets (d) Twe multiplets
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Q15.

Qle.

Q17.

Q18.

Qie.

20.

An organic compeund with molecular formula €, H, Cl. exhibits only one singal in the 'H NMR spectrum.

The compound is:
(a) 2,2 -dichloropropane (b) 1,2 - dichloropropane

(c} 1.3 -dichloropropane (d) 1,1 - dichloropropane

The "H NMR chemical shift of CH,F,CH,CI,CH,Br and CH,I are

(a) 2.16.2.68.3.05.4.26 {b) 4.26.3.05.2.16.2.68 ‘%
%%}ﬁ
(c) 4.26,3.05,2.68.2.16 (d) 2.16.3.05,2.68.4 .26 %“?’é%% N Y

The fine structure and intensity ratios expected in the proten NMR spectrum%@iﬁg |§n (for UNLT =
:yw

are .
(a) singlet {b} boubiet, 1: 1 = g N
& 3 S

i

(c) triplet, 1:1: 1 (d) triplet1:2:1 E%%t?%%g
B

ac

Inthe '"H NMR spectrum of toluene, the resonance due%oléﬁ;H_' g%gupis expected at

{a}d 0.5 (b) & 1.25 (dy & 3.5

(b) Choice of the nucleus %

(c) Both on magnetlcﬁflelds%tre%ﬁggh and choice of the nucleus.

5y sy,

Y

d} Th f | z
{d} The nuclear energ¥ é%ls )

eompound among the choice given helow is

HO
OMe

Ot Ohe Me( OH

g OH
(a) (b) © (d)
OME OMe Meo
OMe
CMe
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Q24.

Q25.

Q26.

Qz7.

Q21.
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in the broadband decoupled Carbon NMR spectrum, the number of singals expected for btcycle

[2.2.1]~ heptanes is
(a) 2 (b) 3 (c)5 (d) 7

which of the following dinitrochlorobenzens exhibits two singlets its "H NMR spectrum?

ci
NO NO,

(a) (b)
C

In the broad band decoupled

resorcinol and (¢) hydroguinone, respectively are
(a) six, four and two
{¢) three, four and four

The ''P NMR spectrum of PF N{CH, ), 8t roorm{em “erat‘ure and low temperature (173 K) respectively

shows (assume that Nand H do not coué)te) @}w,;% y‘"’%
"’%

- %?met and triplet

{a)} triplet and guintet

L

ﬁi’ix\\%

N

(c} quintet and triplet of triplets W»«ﬂ\%@) triplet and triplet of triplets

%’,@q 5{;*
A it
Theorderofchemicaishif_ %&walue} Ththe ' H NMR spectrum of crotonaldenyde is

el
(a) Olefinic > CHO > Me " {b) CHO > Me > Olefinic
b e{"-o.

{c) CHO > Olefln {d) Olefinic > Me > cHO

How%?g%@iyouid you expect to see for 1,4 - dinitrobenzene in its 'H NMR spectra?

ﬁl:% NMR and twoinits ' C NMR  spectra.

Ty %&
"Thggln its '"H NMR and three inits * C NMR  spectra
B

%@)Twom&ts H NMR andoneits " C NMR spectra

(d) Oneinits 'H NMR and oneinits Mo NMR  spectra,

Which of the following will occur farthest downfields?

(a) The hydrogens of benzens (b) The hydrogens of dimethyl ether

(c} The hydrogens of ethene {d) The hydrogens of ethyne

e ‘,___.u__wn_u._.__..__‘___‘..ﬂ__‘__.ﬁ_..._.___..._...f*._(i,....._.‘ —
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Q28.  Howcan CH.Cit, - C(= 0)~ OCH, and CH, — C(= 0} - OCILCH, be distinguished by 'H NMR ?

{a) The signals for each compound will have different multiplicities.

(b)Only CIt, - Cf= 0} - (CH.CH, will have a singlet, a tripiet, and 2 quarted.

(¢} Only CH,CH, —C(==0)— OCH, will have a singlet, a triplet, and a quartet,

(d) It is by the multiplicity of the signals appearing farthest, downfieid %‘%’%
£, hy
§ g3 R, ’55}%\
Q29.  How many singnals will vinyl chioride have inits 'H NMR spectrum? %% wo®

=4 y
(a) 1 (b} 2 ()3 g@%% 3

Q30.  Which of the following compounds shows{s) three signals its ' // \IM

(a) 2 - chloro -2- methylbutane (b} 3- chloropentan%

(¢} 2 - cholopentane

,gﬁ»
Q31 How manysignalsdoes 2.2.4 - trimethylpentane havgﬁm 4ts

{a) 2 (b)3 (d) 5

o

Q32. Why does the signal for the hydr/ggen i ?}de 0 gen in ethanol appears as a triplet in pure ethanol and

il

=
as asignlet in ethanol that contai%@; i‘ée ﬁ\ount of acid.?

Q33.

{b)35 {c) 7 (d} 10.5
Q34. hichiof the following is not a true statement ?

(3-) 'Clean " splitting patteras require the chemical shift difference between peaks to be at least 10 times

the coupling constant.
(b) Coupling constants do not depend on the operating frequency of the NMR.
(c)There are more hert/ ppm on a 360 - MHz NMR than on 2 60 - MHzNMR

{d} Spectra taken at higher operating frequency have higher resolution.
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Q35‘ "H \'\/IR spectra of [CH,},0.CH, F and RCOOH show chemtca% shlft (é ) in ppm at

{a) 3.27,4.30 and 10.8 respectively (b) 4.30, 3.27 and 10.8, respectively
(c)3.27,10.8 and 4.30 respectively (d) 10.8, 4.30 and 3.27, respectively

Q36. How many different types of protons {given unigue chemical shiftin 'H MNR are present in styrene?

(@) 3 (b) 4 {c)5 dje
Q37. The low temperature '+ NMR spectrum of the the Fischer carbene comptex E(CO)‘

shows for the methoxy group

{a) Two singiet of inequal intensity

(b} Four resonances inthe ratic 1:3:3:1 dueto coupling with TX{% gr?)"up

(c) One single resonance for the methyl group

(d) Three peaks due to different environments for eac% ?1 fo!

‘ectrurmof Ph, s

w,,

Q38. The multipiicity of the signal in the p ;KNMG‘“

i

y
{a) Singlet lﬁﬁ%rtet with equal intensity

{c} Septet with unequal intensities ((d%) Septet with equal intensities

039. Inthebroad decoupted C E@M%} spectrum the number of single appear for {a) catechol, (b) resorcinol
e :

and (¢) hydroqumonﬁ[:es g\ctuély are
wé*f‘

(a) six, four a%cjbt\ﬂu%% {h) six, six and four
{c)th t%"eﬁﬁfar 3&@@!&” (d) three, four and two
QAO%_GE W@sé i;}‘que can be used to readily distinguish between isophthatic and terephthalic acids?
%\éﬁﬁﬁ NMR spectroscopy (b) IR spectrosocopy
(:c.) Mass spectroscopy (d) Uv-Vis spectroscopy

Qa1. Cisandtrans cinnamic, acids can be most readily distinguished and identified by,

(a) iR spectra {b) UV- spectra

{c) Chemical shift of the olefinic hydrogens

(d) Couplmg constant of the oleﬂmc hydrogens.
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Answer Key

Head office: 28-A. Jia Sarai, Hauz Xhas New Delhi-110016,
Contact:011-26511021, 8285787633, 8800927759, 9582285416 75



Alchemist Science Academy

QL.

Q2.

Q3.

Q4.

Qs.

Q6%
%

Q7.

CSIR NET/JRF, GATE, TIFR & IIT-1AM

Molecular Spectroscopy

NET/IRF Year’s Question

In IR spectrum of [Co(CN) H " the Co-H stretch is observed at 1840cm ' . The Co-D stretch in

i(_‘o {CN ) D 1\‘ wiil appear at nearly INET June 2011}

(2) 1300 cm ™ (by 1400 ¢cm”' (€)1500 em” (dy 1600 cm ™

”Nz%s 2 ¢m . The wave number of incident radiati

The rotationat constant of

spectrometer is 10487 cm | What is the wave number of first scattered stoke line:

{a) C-C stretching mode

(c) Bending mode

The vibrationa! energy levels, v'=0 ariﬁ L E "1 %f a dlatomlc molecule are separated by 2143 ¢m ! ots

i, ~~”3» &
o N %gg

“The! alue?ajam (in cm’ )andfirst pvertone (Cm ') of this molecule

anharmomuty(ﬂ) X )ls 14 c1

are respectively [NET Dec. 2011}

(a) 2143 and 4286 () 2157 and 4314 (d) 2171 and 4258

o
The molecule thaggvgjél Tgﬁ‘i(‘%_‘\/\ﬁ”’liéaman spectrum, but not IR spectrum, among the following is
% Ty [NET Dec. 2017]

a)H %ﬁ z%w‘f b HCH {c) BrCl {d) Cs,

+7_
%}tc motecule AB, the energy for the rotational transition form J=0 to J=1 stateis 3.9 cm

aergy for the rotational transition form J=3 to J=4 state would be

[NET June 2012]

aﬁfv\"g’

! b}y 7.8 ¢m (©11.7 cm™ (d15.6cm”

t Raman spectrum of a homonuclear diatomic molecule, the selection ruie under

[NET June 2012]

For the vibrationa

warmonic approximation is

(a) Av=0only (b) Av==% 1 only (c) Av == Zonly (d) Av=0, =
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Q8.

Q9.

Q1o.

Q11

012.

Qi3.

Q14.

In the vibrational spectrum of CQ, the number of fundamental vibrational modes common in both infrared

and Raman are [NET Dec. 2012}

{(a} Three (b) Two {c) One {d) Zero
The relative population in two states with energies cand g . satisfying Boltzmann distributuion is given

by ni/n_z3(3/2)exp{-(ﬁ|—ﬁz)/kBT},The relative degeneracy g /g is [NET Dec. 20;!%]

(a) 2 (b} 2/3 (c)3/2 (d} 3
The absorption spectrum of (), shows a vibrational structure that becomes cﬁ?\tén@ At
,g,;a E!
the continuum, it dissociates into one ground state atom ( . and ong c% d ﬁate atom (()U ) The
St

energy difference between 0, and Ogis 15125 cm™ .The dtsgsg%’at %ené é(m em” ofground state

[NET Dec. 2012}

56875 (b 15125
[5125 56875

{d) 41750

The vibrational frequency and anharmommé}g;
respectively. The position (ln cm ) of |ts@£ Yfgg;;%ﬁe@%l mode and first avertone are respectively.
[NET Dec. 2012]

N »‘?%
@

o
(a) 300.600 %SM’ (c) 301.5, 604.5 (d) 290.580

t ignetic field (normat Zeeman effect) the transition i[)3 ! P, splits into

[NET Dec. 2012}

(a) Olines ; %}"8 lines (c) 7lines {d) 6 lines

The équmbugl'}tﬁ pogu!atnon ratio (n}/ni) of a doubly-degenerate energy leve! (EE) lying 2 unit higher

<->">-» i

ha g Iowevnon degenerate energy level (F ) assuming K, I=1 unit, will he [NET June 2013}

{h) 2e” {ele” (d) e”

The atomic masses of fluorine and hydrogen are 19.0 and 1.0amu, respectively ( 1amu =1 .67 10 kg

0

). The bond length of HF is 2.0 A . The moment of inertia of HF is [NET Dec. 2013]
(a)3.2x 107 kg m* (b} 6.4x10"" kg m~
{(€}9.6-10" kg m~ (dh 4 .8x107" kg m*
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Q16.

Ql7.

Q18.

Q19.

Q20

Q21.

Q1s.

The C = O bond lengthis 120 pm in CO, . The moment oft?\emertxa of CO, would be closeto(masses

of C and O are |.9x 10 kg and 2.5% 10-"kg , respectively) [NET June 2014]
(a)1.§%10 % kgm™ (b) 3.0~ 10 kgm* (©5.4x 10 kgm?® (d) 72210 kgm”

gond lengths of homonuclear diatomic motecules can be determined with the help of both

[NET Dec. 2014] ",

(a) Rotationai and vibrational spectroscepy
{b) Rotational and rotional Raman spectroscopy
{c) Rotaticnal Raman and electronic spectroscopy

(d) vibrational and electronic spectroscopy
3t heteronuciear diatomic

molecute is non-zero, the rotational-vibrational spectrum wili sha [NET Dec. 2017}
W

{z) P and R branches only {b) P and O b%&es onW

S
“ﬁ;}:& 5

{¢c) Q and R branches only

between the successive absorption lingg [NET Dec. 2014]

gge

{a) increase non-linearly

(c} Increase Linearly 4
@a‘

intense band generaﬂﬁ?&pb rvetf for a carbonyl group in the IR spectrum is due to

{a) The force corfs n%gf C% bond is large [NET June 2015]
A % %

(b) Tgwe forcégp@@“?tampfco bond is smalt

(C) The %ﬁh c‘ﬁ%ﬁge in dipole mement for CO bond stretching
k!
fdﬁlsThe d|p4§lg moment change due to CObond stretching

%Ih% atry rotor among the following is [NET June 2015]
g)cn (b) CH,CH [e)CH.CH, {dy cCt,

The spectroscopic technigue, by which the ground state dissociation energies of diatomic melecules can be

estimated, is [NET June 2015}
{a) microwave spectroscapy {b} infrared spectroscopy
{c} UV-visible absorption spectroscopy {d} X-ray spectroscopy
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Qz22. The motecule with the smallest rotational constant (in the microwave spectrum) among the following is

[NET Dec. 2015]
{aJN = CH by HC = CCI @ CCl=CF (d} B = CCI

Q23. The spectroscopic technigue that can distinguish unambigucusly between trans-1, 2-dichloroethylene and

cis-1, 2-dichloroethylene without any numerical calculate is INET Dec. 2015)

{a) microwave spectroscopy {b) UV- visible spectroscopy *?QE?%\

(c} X-ray photoelectron spectroscopy (d) V- ray spectroscopy i 9‘3’%% B %
N X

Q24. If the reduced mass of a diatomic molecule is doubled without changing its foig» .. the vibrational

frequency of the molecule will be

} J2 times the original frequency

(c) twice the original frequency

Q25. Upon application of the weak magnetic fleld a J@a@fh Ehegmlcrowave absorption spectrum of rigid rotor

originates is [NET June 2016]

{a)0 {d) 3

Q26.  The rotational constqgt and“theegundamemal vibrational frequency of HBr are respectively, 10cm ™ and
% %wfa. S
2000cm™ . The cogrgﬁ ndingvalues for DBr approximately are [NET Dec. 2016)
Q\ Eact
-

(b 10 cm ™ and 1410 cm”

(dy 35 ¢m and 1410 em™

Q28. Vibrations of diatomic motecuies are usually modetied by a harmenic potential. If the potential is given by

x" the correct statements is [NET Dec. 2016}
{2} force is 2x and force constant 2 {b) force is — 2x and force constantis 2
{c} force is 2x and forces constant is—1 (d) force is — 2x and force constant is ~ 1
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Q29. The v= {to 1 vibration-rotation spectrum of a diatomic molecule exhibits transition for R (0),R (1),11(1)

and P(2 ) lines at 2241.2254.2216and 2203 cm’', respectively. Form this data, we conclude that the

molecute [NET june 2017]

(a) has rigid rotation and harmenic vibration (b} has anharmonic vibration

{c) has rotational-vibrational interaction (d is effected by nuclear spin-stastics

Q30. The first electronic absorption hand maximum of a polar and relatively rigid aromatic mol
310nm butits flurescence maximum in acetonitrile solution appears withal

The most likety reason for the Stokes shift is

(a) large changein molecular geometry in the excited state

{b) increase is dipole moment of the molecule in the excited state
{c) decrease in polarizability of the molecule in the excited state
{d} lowered interaction of the excited molecuie with polarselyent =,

Q31.  The normai mode ethylene represented, by the figure ' [NET Dec. 2017]

”ﬁ'\m ‘l“% N

(b} only Raman active

{d) neither IR nor Raman active
Q3z. , -pi:ée“itcal top and a symmetric top, among the following, is [NET Dec. 2017]
{b) Ch,Ci,.Ci,CI (cyCst,CLCH, (d) CH,,C{CH,},

Q332 %SS%@%BFMOHIC approximation, the energy change for the reaction HC1+5, — DCI+HD i cem’’
"?3.

;%%i’é (the vibrational frequency datain e s given in the table below} [NET June 2018]

w

HCl D, | bcl

2885 i 2990 1950
|2 | |

I SRR

(a) —258 (b} +258 {(¢)—129 (d) +129

e ——————
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Q34.

Q35.

Q3é6.

Qz?.

Q3s.

The transition moment integral for rotational transition between J=1:M =0 and J=2:M=0 states for a

diztomic molecule along the z-axis is proportional to [NET June 2018]
(a) [‘cosze(?;cosz@—l)d(} {b) fcosj{)(3c0539~]_]sinedﬁ

I 4]
(c) [.COSE}(BCOSEG-])SianB (d)fcosG(Bt:os:ﬂ-i)sinldO

tt_: { \éﬁ'

A symmetric top molecule, among the following, is
(a) ethyiene (b) altene (c} butatriene

to/from i’\
{a) even J levels are missing (b) odd J levels are missing %, ?’%% ) §
{c) aliJ levels appear (d) none of the [ levels appears Y
I third and fourth lines in the rotational Raman spectrum of €@,are g}ggar%@‘ﬁ by 8 em™'. The CO bend
length is given by "'23‘»»% T [NET Dec. 2018]
' h 3h ’ ' 3h

(@) Jooope (b} [ (d) Jommm-

V167 e 32npe V32a e

N R, R
A molecule AB, shows the following IR and I?&)g%mgn%gcfra
I O

[NET Dec. 2018]
(b) Bent symmetrical (C, )

(d) Bent asymmetrical (C_}

8. {d)
15. (d)
22.(¢)
29. (¢}
36. (a}

Answer Key
3.{c) 4. (d) 5. (a) 6. (d) 7.(b)
9. (b) 10. (d) 11. {b) 12. (a) 13. (a) 14. (b}
16. (¢) 17.{d) 18.{a) 15. {d} 20. (b} 21. (b}
23.(a) 24. (b) 25.(a) 26. (d) 27.4{b) 28.(b)
30. {b) 31. (b) 32.{c) 33.{c) 34, (b) 35. (b

37.(a) 38.{c)
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GATE Previous Year 5 Questlon

Ql. The popuiation (N} distribution over states {n) of a diatomic molecule corresponds to {GATE 200]
N
0
0—»n
{#) Translatian {b) Vibration (c} Rotation
az. Radiation of 10" Hz falls in the region of
(a) Radiofrequency {b) Microwave (c) visible
Q3. The spacing between the rotational lines of the HF is 40cm’™ .

rotational lines in DF is approximately [GATE 2002]

(a) 20 cm’ {b) 30 ¢m (d) 7.5 cm
Q4. Neglecting the mass of hydragen (1.0 amu} and deuterlu (2 0 lelLI) with respect to that of iodine
{127 amu ), the ratio between fundamental wbrat;gga fg\g‘eque (‘fles Hl and Diis [GATE 2004]
a1 %
l .
(a) — (b} 2 (d) V2
Q5. The population of I rotational{e & sgwéﬂn bv N =N, (20 1)e Bk rhe Jyalue of rotational
level with maximum popula’%%n (J!m\) |s‘glven by [GATE 2004}
WwT/B)-1 KT B
e 95 T
“ gﬂw
Q6. Require matchln‘g ofw?tems?’of column-i with the appropriate items in column-il. Choose the correct one
form the alté%nai‘?é (o], (c) and (d) [GATE 2005]
g, 2
Colum%; ; W Column-li
%Speéiral Te hnique Selection Rule
:%’eatﬁé)hal transition L Av =%l
g .\?‘bratlonal transition i AJ=0
ft, Electronic transition in atoms  Iik. AJ=+1
5. Molecular ensemble . Al= 11
Vo Am, = &1
vi. Av=0
vi. Al =
(a) P-1, Q-VI, R-VIL 8-V {b) P-1I, Q-I, R-{V, 8-V
() P-111, Q-1, R-IV, 8-V (d) P-I, Q-V1, R-VIl, §-V
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Q7. The :ero-point energy of the vikration of J';'Clj mimicking osciilator with a force constant
k=22903.8 Nm™'is [GATE 2006}
(a) 10.5x 107"} (b) 14.8x107") (€)20x 10"} {d) 29.6x107"]
Q8. The selection rules for the appearance, of P branch in the rotational-vibrational absorption specira of a
diatomic molecule within rigid rotor-harmonic oscillator model are [GATE 2007}
(a) Av=t land AJ = = | (b) Av =+ 1 and Al =+ 1 5, 4
B B w3

(et Av=+1 andAJ= — 1 (d) Av= — 1 and Al = u_é% %N

Qg. The J=0 — 1 rotational transition for 'H"Br occurs at 500.72GHz Asg?;rr‘i\g}%ﬁffmlecule to be a

rigid rotor, the ./ =3 — 4 transition occurs at [GATE 2007]

{(a} 50.1 em™ {b) 66.8 cm "’ ()16, Tu (d) 83.5cm

LY
Q10.  Therotational constant for CO inthe ground and the flrs%e&gﬂed vibrational states are 1.9and 1.6 ¢m '

, respectively. The % change in the internuclear dlstangg due ‘fo%\?lbratuonal excitation is
e
v?%-ff"

{a) 9 (b) 30 (d) 0 [GATE 2008]

Linked Answer Type (.11 and Q.12

The infrared spectrum of .2 diatamic olecule exhibits transition at 2144 4262 and 6354 cm’

Hi é
A

corresponding to ewtatm’hs%}‘orm the ground state to the first, second and, third vibration states

u@mr«% @'
= %?g( ﬁ;g
% %

Q11. The fundamenta?f‘ran tIOI’l (Cm ! ) of the diatomic molecule is at {GATE 2008]

respectively

b) 2170 () 2183 {d} 2196
Q1% Sy, :“; n:cny constant (cm'i) of the diatomic molecule is [GATE 2008]

(b) 0.012 (c} 0.006 (d) 0.003

Ql3.  The total number of ways in which two nonidentical spin —1/2 particles can be oriented relative to a

constant magnetic field is: [GATE 2008]

ta) 1 (b) 2 ()3 (o 4
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Q14.

Q1s.

Qle.

Qil7.

Q18.

Q19.

19
The rotational Raman spectrum  of F2 shows a series of Stokes lines at

19230.769 ¢cm ',19227.238 em”and19223.707 ecm' . The rotational constant for NF: in Gz

[GATE 2009]
(a) 26.484 (b} 52.968 (c)105.936 {d) 3.531

The most populated rotational state for HCI(B = S.SCm") at 300K is

(a) 2 (b} 3 ()5
The ratio of life times of two states that givesrise to line width of 1.0 cm respectively is
@y 1:2 by 1.5 (@2:1

Common Data for Q.17 and Q.18

A hypothetical molecule XY has the following properties

Reduced mass: 2x 10 kg

Force constant of the bond: 8 1 0°N .h%j‘l

[GATE 2011]

(2) 3184.8 (c;1061.6 (d) 840.0

cm’' units) required to rotationally excite the molecule from J=0 to J=1

[GATE 2011]

3.2 (d) 3.6

},;;20495 em”' iaser line was used to excite oxygen molecules (madeof 'O only) to obtain the rotational

Raman spectrum. The resulting rotational Raman spectrum of oxygen molecule has the first Stokes line at

20479 cm’’
The rotational constant (usually denoted as B) for the oxygen molecule is [GATE 2012}
{a) 1.2 cm’ (by 2.0 cm ' (c}3.0 cm (d) 6.0 cm

Head office: 28-A. Jia Sarai , Hauz Khas New Delhi-110016,
Contact: 011 -26511021, 8285787633, 8800927759, 9582285416 84



Alchemist Science Academy CSIR NET/JRF, GATE, TIFR & HIT-JAM

Q20.  The next rotational Stokes line is expected at {GATE 2012}
{2} 20467 em ™' (b) 20469 cm ™' (c)20471 ¢m™ (d) 20475 cm !

Q21.  Theinfrared spectrum of HCl gas shows an absorption band centered at 28835 ¢in™* .The zero point energy

of HCt molecule under harmonic osciltator approximation is: [GATE 2013]
{a) 2.8665%107"] (b} 2.8665=107) (c)5.7330%107) (d) 5.7330= 187"
@ '
. . ) o R B Rl .
Q22.  The ratio of molecules distributed between two statesis 9.22x 10" at 300K . The drff%%;:z% en t%:r (in
‘ E -
klmol™ } of the two states is —-o———— 5 @@A 'E 2014]
% kY

o, '
Q23. Consider a two-state system at thermal equilibrium with equal degeneracy whife fl _“F@x@tééd state is higher
. g5 =
in energy than the ground state by 0.1eV . The ratio of the population %f%ﬂ?ﬁa’ d state to that of the
L U,

ground state, at temperature for which kT = 0.05¢V, is = {GATE 2016]

Q24.  Ofthe vibrational modes given below, the IR active mode(M(areﬁ% GATE 2016}
e i)

l

{c) (iy and {ii) (d} (i} and (iii)

AN

(b) (i onlyss,

Q25.
[GATE 2017]

Q26. For a diatomic v?ﬁf@ti?‘i‘gm%or, in vibrational level v = 3 and rotational level J, the sum of the rotational

andeyib tjo%lgﬁ?e%é gies is 11493.6 cm . its equilibrium oscillator frequency is 2998.3 cm™',

’jﬁg\%&constant is 0.0124 and rotational constant under rigid rotor approximation is

%

. E
‘h . Thevalue of Jis —————— [GATE 2018]

%

Bptdnearest integer)

Q27.  The spacing between the two adjacent lines of the microwave spectrum of HPCl,is 6.35x1011Hz,

given that bond length D Cl is 5% greater than of HCI the corresponding spacing for DFCT——

<[0'""Hz . (Upto two decimal places) [GATE 2018]
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Answé‘\r Key
1.{c) 2.4c} ENEY 4.{d) 5. (b) 6.(c) 7.(b)
8. {c} 9. (b} 10. (a) 11.{b) 12. (c) 13. {c} 14. (a)
15. (b) 16. (b) 17.{¢) 18. (b) 19. (a) 20. (b} 21. (b}
22.{38 to 42) 23.{0.13t0 0.14) 24. (d) 25 {899 to 901)

26.(12) 27.{2.95)
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Ql.

Q2.

as.

TIFR Previous Year’s Question

The stretching frequency of the O-H is about 3600 ¢m . Compared to that, the stretching frequency of
0-D and 5-H bonds are very similar and about 2500 ¢m ™' . What can you conclude from these data

[TIFR 2010)
{a) The electronic structure of O-D and O-H are same, and that S-H is different
(b} The force constant of the bond O-D and O-H is same,
%"%
; By %
{c) S-His a weaker bond than O-H or O-D bond s %’”‘é;@
£
5 N
(d) All of these above %X‘%Q
Read the following two statements carefully. %*%%%g

t. The changes in total angular momentum that occurs when a dlg pﬁi}?@‘é\%le i. e. arigid rotor)
ﬁ‘q G !q Btal angular momentum the
e

accurs when an electron on a H atom changes from ad to an ?‘orblt’ai ieform/{ =2t /f =3

change rotational level from J=2 to J=3 is the same asih%h

igé
2. The change in energy that occurs when a diatomic m?leéi;rle (i. € rigid rotor) changes rotational level
o,

=
from J =2 to J =3 is the same as the chaz%fq% energwthat occurs when a electron on a H atom

changes from a d to an f orbitalsi. e. froﬁ [@- 9% ‘tQ ......

3 E "ﬁ
Based on the above, which of the foilowmgfs;%ﬁe% ect statements [TIFR 2010]
{a) Both statement 1 and 2 are trifes - ;LE’)’) Both statement 1 and 2 are false

”&ix&h
(c) statementsl is trug sta,tgerrfegt 2is false (d) Statement 1 is false, and statement 2 is true
s
:wz*/,f

4 R,

The vibrational Ramga&gﬁ\eg ggonsiderably weak scattering phenomena, was first reported by tate Sir CV

‘r

A

Raman in 1928. &}g‘le intens,lty of the individual vibrational resonances ohserved in a Raman spectrum is
{TIFR 2012]

(b} Polarizibility of the bond

(d) All of the above

Rotational energy diatomic molecules is given by E,_ =J(J+1)hB, . where E ., isin Joules. If the
rotational constant for H, molecule is given as B, =1.8324x 10" Hz, the rotational period of the H,

moteculein J = 10 level will be [TIFR 2012}

() 1.33x10 Wsec () S.0x107"sec  ()5.46x10 Tsec () 7.39x 10 sec
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Qs.

Q6.

Q7.

Q3.

The transition probability for spontaneous emission form state m to state nis given by an expression

6dn'v’, -
= W}Hh;”“ .(Km'dh}))

m--n

Where VY, is the frequency of transition, and the term in the parenthesis is the transition dipole.

Assuming that magnitude of the transition dipole is same for all type of transitions, arrange the average

lifetimes for the electronic, vibrational transitions in the proper order. [TIFR 2012}
(a) electronic < vibrational < rotational (b) vibrational < rotational <C electrgnic

(¢} rotational <C vibrational <C electronic (d) electronic << rotational = vl

Consider a classical harmonic oscillator with a mass 'm’ and a force constant
'v'  Which of the following statements is NOT true for this system ?
{a} 'V’ increase if ‘m’ decrease
(b) The oscillator is most likely to be found at its equilibrium pc?’%fjfigg

(c) The acceleration is maximum at its turping points

{d) V' does not depend on how large the amplitude of th

e

)r’

Shown helow in solid-line in the harmonic potential ok quantui'n oscillatar for & diatomic motecule. if the
%?

harmonic potential is suddenly transformed mtoﬁor tial shown in dashed-line how would the zero

point energy shape of wavefunction change? % [TIFR 2013}
BE™S
: ﬁ‘%»{

i
2
sl

=
A

L

f\

o,

1%};2&0 ;"b_gnt energy remains the same and wavefunction do not change
B, |

0- gi‘cmt energy remains the same but wavefunction refiects a change on the high Gside

aﬁ?‘a} 3?E,ro point energy changes and wavefunction reflects a change on the high G side.

%éjﬁj/ ?Dtentlai never reflect any change in the shape of the wavefunction.

T

which of the foliowing statements is/are true [TIFR 2014}
{i) HCI absorbs IR radiation (i) CO. absorbs IR radiation

(i} H atom absorbs [R radiation {iv) H a%oms UV -vis and microwave radiation

(a) (i) onky (b} {i} and (i) only

{c) (1), (ii) and {iii} only {d) (i),iiy, (1ii) and (iv)

Head office: 28-A. lia Sarai, Hauz Khas New Delhi-110016,
Contact : 011 -26511021, 8285787633, 8800927759, 9582285416 88



Alchemist Science Academy CSiIR NET/JRF, GATE, TIFR & {IT-JAM

Q8. N, daes not shows pure vibrational spectra because [TIFR 2014]
(a} triplet bond in Nz is very strong {b) The dipole mement of N. is zero
(c) Both {a} and (h) {d} None of the above

Q10. Raman scattering is often seen overiapping with fluorescence emanating form the sample. However,
fundamentally Raman process is different form fluorescence. This is because [TIFR ZQJW.%:

(a) Raman scattering is a two — photon process and flucrescence is not
(b} Raman process is a scattering process while fluorescence is not
(c) Raman process need not be stoke shifted
(d} All of the above

Qil. How many normal modes does the CQ), molecule have? What i.

{a) 4 normal modes for free C(), and 4 for cons@ﬁ?ﬁgﬁ%@gg

T W

move in one dimension? N [TIFR 2015]

o :ji“ "‘%. e
(B) 3 normal maodes for free CQ, and 2 fo“t;g%ié”’n:s@aiyea CO.,
2 R g 2

DR

N .
(c) 3 normal modes for free COﬁ?ag‘giﬁagé%ghstrained CO,

2 % )
’g‘z

Og,and 2 for constrained €O,

Q12z.  Which of the foll g{gég“?tgiéme

hts are true? [TIFR 2015]

(i) Far a hardic
. .
increds

gﬁhg”}qq@ﬁum number,

B

lo¥ce oscillator potential, the spacing between adjacent energy levels increase with increasing

. “the vibrational quantum number.

£ e

fit) Harmonic ascillators are be used to explain the bond dissociation

{iv) Morse oscillator can be used to explain the vibration of molecule.

{a) i,ii and iii only(h) iand iv only (c} i.ii and 1V only (d) 1.ii.iii and 1V oniy

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016 ,
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L . L }
Q13.  For a harmonic osciliator in its ground state . e. V.= () states, the energy is given by £ = — v wherev
2

[TIFR 2015}

is the vibrational frequency. This is due to its

{a) Kinetic energy (b) Potential energy

{c} Sum of kinetic and potential energy {d) Heat of formation

Q14 The electronic absorption spectra or two species A and B are shown below

Maolar

absorptivity

t‘\
—_—
>
,
v A
Frequeney Frequency

solution is excited at V,, & single fluorescend d
li%r;gg@re seen around frequencies F, and I, . Which of the
S, &2 ,(-_-l;‘?“

%, .
following figures can gualitative ?descﬂtq%e tgg*éorrect relative position of the frequencies v vy.Fand

s,

aE

N . . W, .:-‘ \ ..
I » ? The continuous line shaWs absorption and the dashed line shows fluorescence emission spectra.
%
. BN f o
Absorption or = “ P
P FIERY ) I‘
P - e ' 3 !
emjssionin ggﬁy [ [
g % , ) v ! '
’ 4 ‘ 1
S Y B . "
Fl VH F:
Frequency —
”\
' AY
i 1
1
Absorption or AN o
’ \ ! 1
emissionintensity SN / |
f AN i
" ‘\ A ," \\\ B
L . s .
F v, § Vi
Freguency -
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Absorption or

emissionintensity

Frequency

Absorption or

emissionintensity

Q15.

Qle.

Assume:
S

fTIFR 2016)

(A) The force constant for different isotopes can be consider identical.

{B) The isotopic changes in the carboryl group will have little effect on the vibrations of other atoms in

proline

{2} 80cm ™’ ) 165¢cm ™ (c)85cm {d) 42.5¢cm”!
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C117. na rotatlonal microwave spectrum of C'20" lines were eqgually spaced by 3.663cm’ . In a rotational

Raman spectrum of N. (normal isotope} the lines where equally spaced by 8.04¢m™' . Assuming that the
force constant for the two molecules is inversely proportional to their bond lengths, the ratio of the
vibrational frequency of CO to that of N, will be [TIFR 2017]

ta) 0.8368 {v) 0.9952 (c)1.0258 d) 1.2198

Q18. Suppose you are carrying out an experiment measuring the Raman spectrum of N, gasin the olitdoor air.

[

Where would you find & higher strength of the anti-Stokes line
{a) 1a Kanyakumari

(b} On top of Mt. Everest

{c) The strength will be the same in both the places

(d) Nitrogen would not have an anti-Stokes Raman line

Q19.  The fully symmetric C--1 stretching mode ( ) of CH, was’ﬁét

bending mode (f:) on the other has was detected to, be at EfSOcm " If complete D exchange

g@ﬁhe frequency ratio R, is defined as

ich of the following statements is TRUE about

:TLV ] for C[) Rl! ’[thd/V

bend \tu,n,h
R, 7R, an dthe vibrational technique used.f G detection: [TIFR 2018]

(a) R /R
mode
(b} R
bending mode

() R“/RD—I @%thi?eklR Zan detect the symmetric stretch stretch and Raman the bending mode

E ;s' :-

() %/ % = hue"Raman can detect the symmetric stretch and IR the hending mode.
Ry, il

Q20. t%Jheggf‘mtaf’?a%;;!E’i’constant for a diatomic molecule is 1.9225cm ' in general {Within the rigid rotor

\%@é&agpm%ﬁ;%on) at T=600K , for a rotation state with maximum population (],m\) and the position of
&;)% %
max:mum intensity of pure rotational absorption spectrum (I,m\), which of the following holds true

[TIFR 2018]

(a) ) =7, while 1 positionis near transitions originating form J = 7

Mikx BILIAN

.. position is near transition originating from =17

(b) J, . =10 whilel
() J_ =7, while |

max max

position cannot be determined from this information alone

=10, while Inm position cannot be determined form this information alone.

(d)

Max

Head office: 28-A. Jia Sarai , Hauz Khas New Delhi-110016,
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Answer Key
1. (b} 2.(c) 3.4d) 4.(b) 5. (a) 6. (b) 7. (d)
8. (d) 9. (b} 10. (d) 11. {d) 12. (b} 13. (¢} 14. (¢}
15, (d) 16. (a) 17. (b 18 (a 19. {b)
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Other Examination Previous Year's Question

Ql. The lines in the microwave spectrum of "H'Y'1 are separated by A cm’ . The lines in the microwave

spectrum of 2171 will be separated by
(a) A/4 (b) A2 () A2 (d A

Commaon Information for Q.2 and Q.3.

Shown below is a vibrational - rotational spectrum for a diatomic molecule with reducéd =10% kg

recorded at temperature 1.

TTTT TT I T T[T TIT]

R{2)
08"'— p(z) .
P{4)
06— .
Ri4) R0) 30
0.44— P(8) —
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Q. Moment of inertia (kgmz) is:

(a) 1.0 10" (b) 1.2x10"% (30210 % )y 2.5%10

1

Q3. Determine the correctness or otherwise Assertion dJ and Reason [I’Jf .

L

r
Assertion [alz Usually symmetric vibrations give rise to intense Raman lines. Non-symmetri’é%ones are
=S %

e )
usually weak and sometimes not observed. %‘%@%\ %%%
N
] .
Reason [I';: Change | dipole is the highest during symmetric vibrations thaﬁ%he@wd@g%nhg the non-
i ,.f&. i%%?n )

symmetric ones,

(¢) Both [a} and[l‘} are false

(d) {a!is true but M is false

Q4.
{(d) 5.8x10°*
Qs.
(d) &
Q6.

hv+JLJ(J+1).n =1,23..J0 and=0.1.2.....
21

3

(5 (11+E/2)hv+%3(J+l),n =0,1,23..andJ = 0.1.2

_—l

he
fe) (_ﬂ'+‘]/2)h\’+‘—E-l“—M‘.n::I-Z-B ....... andM = 0.x 12,43,

b

(d) (n+1/2)hv+%lvlin =0,1.23....and M = 0.1,2.3.....
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Q7. Given that the rotatnonal energy 3 (_| + 1y where the rotational constant has a value 8 = 0.2¢m” and
WTis 200cm ' the approximate ratio of population of two rotational states with J = 10 and 20 are
(a)1:2 thy 2:1 (©)19:27 (dy 21:41

Qs. The moment of inertia for HCl gas can be determined form its microwave spectrum. Which property of the

HCl molecule may be obtained form the moment of inertia?
{a) the vibrational freguency {b} the force constant

{¢) the bond strength (d} the bond length

CSIR NET/JRF, GATE, TIFR & HT-JAM

Q9. Awave of length 10 1um is traveling at a speed of 10°m/s . The frequency

(a) 3x10'"Hz

Q10. The selection rules for the allowed rotation Raman lines is

(b} 10" Hz (c)3Hz

(b) AJ = =]

2 1O ﬁ‘?* %Th(j%?’etatlonat constant of AXis:

@) A)=0,:12
Qil.
Q12.
Q13
1‘"% : v%

{b) 20 em™ ()5 cm” (dy [5cem’

5 O?é‘{tig?'\es are observed in the vibrational spectra of diatomic molecules when

?%f) Anharmonricity is large

(b) Anharmonicity is absent

{c} Vibrationat and rotational modes are coupled

{d} An alternating etectric field is applied.

Q1%.  The selection rule four observing rotaticnal Raman spectrum is:

(a) Al=+1

by Al ==+2 cAl=0 (@) Al==3

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
Contact: 011 -26511021, ]285787633, 8800927759, 9582285416

26



Alchemist Science Academy CSIR NET/JRF, GATE, TIFR & HT-JAM

Qleé. The wavelength of light emitted when electron falls form the n = 30 orblts to the # = 49 orblts of H-

atoms, is

0
(a) 55nm {b) 0.55cm (c)0.55 A (d) 55n
Q17.  Which of the following molecules has the lowest vibrational stretching frequency?
(a) "H“C (b) “H"CI (c) ' H"Cl (@) "HTCl,,

Q18 A radiation which has an energy of N 50 kJ Mol falls in the following region of@t{

spectrum.
(a) infrared

Q19, The microwave spectrum of a molecule yields three rotational const
(a} Prolate symmetric top
{c) Asymmetric top

Q20. A certain molecule can be treated as having onl ﬂaWUubngegenerate state lying at 360 cim™' above the

in the upper state is:

(a) 500 (c) 200 (d} 300

e

Q21.  When "*N, (with rotatipr*f‘%l cgnﬁant of 1.99 ¢m ') is exposed to 34{) nm tight, then the strokes and

ﬁ@molecu‘f& is second rotational state can be observed at
'dg‘% ‘y(%b
2429410 cm | (b) 340.3 nm and 339.9 nm

anti-stokes lines fg

(d) 29384 cm”' and 29424 em”’

iy 1/2 (o (d) 3/2
Q23.  The rotational constant (B) of H*CLHYCland DCI follows the crder
(a) HCl > D*Cl> HYCI (b) H®Cl > H'Cl> DV(CH

() DPCl>H"”Cl>HCI (d) HC) » H'Cl = DY (I

Head office: 28-A. Jia Sarai, Hauz Khas New Delhi-110016,
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Q25.

Q2e6.

Q27

Q28.

At a given temperature for a r|g|d rotor, the probability that the system is in the rotational state J=0is

CSIR NET/JRF, GATE, TIFR & IIT-JAM

0.6 instate ] = 1is 0.3 ,and 0.1 in J = 2. The energy in a rotationai state Jis given by .I(.H"UB,

where Bis the rotational constant. The average of the rotor at the give temperature is
(a) -6.0B by 1.2B {c)3.6B (d) 4.8

The fundamental vibrational frequency Vof a hemonuclear diatomic molecule with atomic '

Mass m and force censtant kis

. 1 vt /"?I e ) T
? 2n\Vm vim ) 2nVim

(a) 1400 ¢m™” (b 1450 cm™

The moment of inertia of CO moleculesis |

jevel of CO molecules is

() 9.14%10 'rad.sec”

{a} alt properuy d%ﬁergy of same guality (b) properties better than the energy
€ ;%e T,

(c) e%ﬁﬁe{ffé:tﬁﬂ properties  (d} equal kinatic and potential energy values.

=
P %
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Q30.

Q3

Q32

Q33.

Q34.

Qss.

Qzle.

CSIR NET/JRF, GATE, TIFR & HT-JAM

The mathematical form of transition dipole moment {with usual terms) for an optical transition form :mtlal

state ( ) to final state (f) for visible radiation interaction with matter is given by

(a) <\I’f‘M!Wi> (b) <\p,7|ul\;f|> (c)(\pf. ‘r-ﬂi‘i’.> id) <\p| M \pl.>

The bond length for HFis 91.68%10">m . Where does the axis of rotation intersect the molecular axe

(a) Exactly in between F and H atoms (b) Axis of rotational is closeto ¥

(c) Axis of rotation is close to H (d) Far away to the rightof

The number of iR active bands in i, moleculesis

{a) 2 (b} 3 (c)4

(d) 108

(d) H,

(d) OCS

57

(ctH, (&) CH,
Answer Key
4. (a) 5. (] 6. (c] 7.(d)

11.{b) 12. (¢} 13. (c) 14.(a)

15. () 16. (b} 17. () 18. () 19. (<) 20. () 20(d)

22.(d) 23. (b) 24. (b) 25. (b) 26. (¢) 27. (b} 28.(3)

30. (b} 31. (b} 32.(b) 33. (b} 34. (¢) 35. {d}
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