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Note : 

(i) This paper has two parts. 

(ii) Part A is based on Research Methodology and has 10 questions of five marks each. 

(iii) Part B is based on Chemistry and has 25 questions of two marks each. 

(iv) All questions are compulsory. 
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PART A 

(Research Methodology) 

1. Briefly outline the objectives of taking up research. 

2. Discuss the importance of "Research Methodology" in chemical research. 

3. Discuss the sources and importance of primary and secondary data in chemical 

research. 

4. Enlist different stages of research in a logical sequence. 

5. An extensive 'Literature Review' is crucial before taking up a research problem. 

Justify the statement. 

6. What is 'Research Design' ? Explain its significance in chemical research. 

7. Discuss the importance of statistical analysis in chemistry research. List some of the 

tools used for the purpose. 

8. Why is it important to timely publish the outcome of a research in a good journal ? 

9. What is 'Impact Factor' of a journal ? List any three chemistry journals..  

10. Give a brief account of the ethical issues in chemical research. 

Ph.D./M.PhiI CHEM 	 2 



wm 
(39.41Tras wnic41 fir4r4) 

1. argil 	3tTAII Tiral7i 4o4 	tfA I 

2. 	argitm 4 "argitTR 51ulic41 (dill 	-i"* 	WAR 

3. tittitiAch 3rd*TF 4 3rrarftw aTiK few 31-441* aldl 311( 	 W*2I-NR 

4. 3rgiti71dd 	i 'qtull 	d 	W:f kdlcsi.g 'ttf* 

5. 33-0/1R TrgrFrr vA tr-0 	`REP4FT vrh-Te Tr-q— ELui tett I w W 

-fit*ti*R I 

6. `arOtTfq 31 	T' •4;En 	? tRimAct) argivrq 4 w:P IR-1i *r ceiltvii f4R 

7. titileAct) 31 	17 	 tiul 	41:1 	tri7R I -0 Mei \71•1 	NV) 

r.9 VITA *t 	41•11W 

8. argitTR trfturml 	Trqzr 31 71-ItT Trfiwr ' 51.4.41c1 cbtqiii 476 -14-6— tpi .111 ? 

9. fkfit '41"ftT TAW T *T4 chltet? (Impact Factor) E1T al 	11 ? tkiitH  

711‘T lelWat *t 	41-11W 

10. titimPil argitm 4 	at) 71 4fkita.  idcRui trA I 

Ph.D./M.Phil CHEM 



PART B 

(Chemistry) 

Question nos. from 11 - 35 have only one correct answer. Write the correct option in your 
Answer Sheet. 

11. The complex [Co(en)3] 3+ shows a spectrum with two bands at 21,550 cm -1  and 
29,800 cm-1. Which of the following transitions will be responsible for the band at 
21,550 cm-1  ? 

(1) 	A Eng  --> 1Tig  

(3) 	m 	 rri 1 Tig 	 A. 2g 	 (4) 3  T2g 	3Eg  

12. Balmer series of the hydrogen atom spectrum has the wave number T given by the 
equation 

1 

n2  
(1) T = R 	- 	n = 2, 3, 4, 5, ... (2) 	R(2 - —1 

n = 2, 3, 4, 5, ... 22 n2 12   

(3) 	-17  = 
C

1 1 

22  n 
2  n = 4, 5, 6, 7, ... (4) v = R( 22 n2-1 

- —

1 

n = 3, 4, 5, 6, ... 

13. The spectroscopic ground state term symbols for the octahedral aqua complexes of 
V(II), Co(III) and Ni(II), respectively are 

(1) 2H, 4F and 2D 	 (2) 6S, 4F and 2D 

(3) 3F, 4F and 5D 
	

(4) 2D, 5D and 4F 

14. According to Wade's rules, the correct structural types of [B 121112] 2-  and B5H9  are 

(1) closo and nido 	 (2) nido and arachno 

(3) closo and arachno 	 (4) nido and nido 

15. Choose the isoelectronic pair amongst the following : 

(i) Co(H20)6  

(ii) [Cu(NH3)6] 2+  

(iii) [Mn(CO)5] 

(iv) Cr(CO)6  

(1) (i) and (ii) 	 (2) (ii) and (iii) 

(3) (iii) and (iv) 	 (4) (i) and (iv) 
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'RFT 

(Tfr 	rdopi) 

31-417 FlUIIT 11- 35 # 	VW Re 	37q* 3-df SP-*7 # tache-y Aft07 / 

11. cm-1  tri # I tiri [Co(en)3] 3+ 

 21,550 cm' 

1 A 

4cto 4 21,550 cm-1  atIK 29,800 "Sgfcc 

clic; lg 	PHRII-Zsid 4 	AR-TIT *istgiul 37c<141 

(2) 	1 Aig 	1 rr2g  

iii ? 

(1) 	J.1g1 

1 1T2g 	 (4) 	3  T2g  ---> 3  E (3) 	
Tig 	 g  

TRTITul * Acto 

1 
- — 

WrIR auft 	*7-tit9en v 

n = 2, 3, 4, 5, ... 	(2) 	v = R 

n=4,5,6,7,... 	(4) 	= R 

4 A-  

- - - 

Id ti tachtui 

n = 2, 3, 4, 5, ... 

n = 3, 4, 5, 6, 

Tlt 

... 

? 

(1) 	-V = R 

(3) 	v = R 

V(II), Co(III) 

12 	n2 
) 

( 12 

22  	n2  

- -n  ) 
( 2 2  2 n2  

311ZERK4T ati *FA- 	440 1:0 3T-4TM tg 	ch 

(1)  2H, 4F  atIK  2D  

(3) 3F, 4F alIK 5D 

14. * Adoil * ardiTR, 

	

(1) wilt AK 41i) 	
(3) WIITAI ati 7T-49I 

[B121112]  

(2) 6S, 4F at 2D 

(4) 2D,  5D3i 4F  

atIK B5H9 	Tre titcHivich mcbit 	 4 

(2) s ati WWI 

(4) -ns) 3111 -11s 

15. oftsio 4 tii-m)%T.11 	1 11") 	 : 

Co(H2O)6  

(ii) [Cu(NH3)6] 2+  

(iii) [Mn(CO)5] 

(iv) Cr(CO)6 

(1) (i) 311K 	 (2) (ii) 3111 (iii) 

(3) (iii) afIT (iv) 	 (4) (i) 3i (iv) 

12. 

13. 
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16. The blue copper proteins like azurine have an intense colour due to 

(1) L —> M charge transfer transitions only 

(2) d —> d electronic transitions only 

(3) M —> L charge transfer transitions only 

(4) A combination of (1) and (2) above 

17. Using CFT, identify which of the following complexes show tetrahedral 
stereochemistry. 

(i) COC12(1120)2 

(ii) [AgF4]-  

(iii) [CoC14] 2-  

(1) (i) and (ii) 	 (2) (ii) and (iii) 

(3) (i) and (iii) 	 (4) (i), (ii) and (iii) 

18. Select the correct composition of amphiboles from the following : 

(1) (SiO3-  )n 	 (2) (Siai )11 

(3) (SiO3)n 	 (4) (SiO2)n  

19. According to the CIP sequence rules, which of the following gives the correct order of 
priority ? 

(1) COOH > CH = CH2  > CH2CH = CH2  > CH2CH2CH3  

(2) COOH < CH = CH2  < CH2CH = CH2  < CH2CH2CH3  

(3) COOH > CH2CH2CH3  > CH = CH2  > CH2CH = CH2  

(4) COOH > CH2CH = CH2  > CH2CH2CH3  > CH = CH2  

20. Which of the following carbocations is most stable ? 

(1) NC CHCH3 	 (2) NCCH2CH2  

(3) NCCH2CH2CHCH3 	 (4) NCCH2CHCH3  

21. Which of the following statements about Friedel-Crafts alkylation reaction is false ? 

(1) Substitution of first alkyl group activates the ring towards further substitution. 

(2) Aromatic amines do not undergo Friedel-Crafts alkylation. 

(3) Aromatic compounds with electron withdrawing groups do not undergo 
Friedel-Crafts alkylation. 

(4) Friedel-Crafts alkylation is limited to aryl halides only. 
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16. teq 	41(-11 	511a.i *Tr-$1 w cnitui PHRIRgo A wrr 	 ? 

(1) each L M aTraw 	 tistoiul 

(2) 4cici d —› d rantA tistviul 

(3) 41cm M --> L 37441 1:21FiaTQT tistovi 

(4) WTK RiTR (1) ailK (2) TAT tit! Ai 

17. i re 	f„gin   Tit tr-49TP4Rf PHRIRVI *T-01 	*4-Trr vig"041  
-FAR w'4 	1 	ijnit 

(i) coc12(H20)2  

(ii) [AgF4]-  

(iii) [co04.1 2-  

(1) (i) 	 (2) (ii) 31i (iii) 

(3) (i) atti 	 (4) (i), (ii) 311i 

18. 14 4-i 	ci 	\14611(.1 iT k1 	l titid1 1514  

(1) 	)n 	 (2) (Si4070n  

(3) (SiO3)n 	 (4) (SiO2)n  

19. *ft-iiilc-s-TTT (CIP) 31 -jWil 1 	441* argeR, PH 	-4 airrdr r 04-14T TIT Ire 

(1) COOH > CH = CH2 > CH2CH = CH2 > CH 2CH2CH3 

(2) COOH < CH = CH2  < CH2CH = CH2  < CH2CH2CH3 

(3) COOH > CH2CH2CH3 > CH = CH2 > CH 2CH = CH2  

(4) COOH > CH2CH = CH2  > CH2CH2CH3 > CH = CH 2  

20. A4-I 	 A• SIT'-1-41TRTzfq V-414 alfir-  TAT* ? 

(1) NCCHCH3 
	 (2) NCCH2CH2 

(3) NCCH2CH2CHCH3 	 (4) NCCH2CHCH3 

21. 5gra--;b1LKti . f;'1:bActotul aTfie*-zrr Ail PHICIRgo A A 0417 WaR arAW t ? 

(1) 31211:f A.1 -0.  too r 5114k114-1 arta 	3TT4 Mi4x1N-1* IC•1 	lifOrd "1"M t I 

(2) t-1.41t 	5RItu-sbmti 	 RI c4i 	t 

(3) *4-eq 3TERZM k14j 	 girl tt) .41 ti1P14)5Rria-silivizilcbtui Tel q411; t 

(4) 3R14F-shmti -q4bzfict)tul 4acei  	 t 
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22. Which of the following gives the correct order of basicity of nucleophiles ? 

(1) CH3C00-  > -OH > CH30- 	(2) CH3C00-  > CH30-  > -OH 

(3) CH3C00-  < -011 < CH30- 	(4) CH3C00-  < CH30-  < -OH 

23. The major product formed in the following reaction is 

0 
II 

CH3CC2H5  + NH2OH 

OH 

(1) CH3N = C - C6H5 

OH 

(3) CH3N - CH2  - C6H5  

O 
II 

(2) CH3NHC - C6H5  

OH 

(4) CH3NHCH - C6H5  

HC1 	> 

24. Which are chiral compounds from (i) - (iv) given below ? 

OH 

th„ 	,H 
= C = C 

•CH3  

CH3  

(i) 
	

(ii) 	 (iii) 	 (iv) 

(1) (i), (ii) and (iii) 
	

(2) (ii) and (iii) 

(3) (ii), (iii) and (iv) 
	

(4) (i), (ii) and (iv) 

25. Which of the following compounds is/are aromatic ? 

0 

HIV)C 
CH3 	 CH3  

1■1 j 	 NI■T'O 
H 

CH3  

0 

(1) 
	

(ii) 	 (iii) 

(1) Only (i) 
	

(2) Only (ii) 

(3) (i) and (ii) 
	

(4) (i), (ii) and (iii) 
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22. PHiCiRsici 4 	trA 	arc+-aT Tret TIT 	? 

(1) CH3C00-  > -OH > CH30- 	(2) CH3C00-  > CH30-  > -01-1 

(3) CH3C00-  < -OH < CH30- 	(4) CH3C00-  < CH30-  < -OH 

23. PHiCiRoi 3TRIWzIT * Aq-Tri- 1 dct-114* VE1 4 31R1 @in ? 

0 
I1 

	

HCl
CH3CC2H5  + NE120LA 	••• 

OH 
	

0 
II 

(1) CH3N = C - C6H5 	 (2) CH3NHC - C6H5  

OH 	 OH 

(3) CH3N - CH2  - C6H5 	 (4) CH3NHCH - C6H5  

24. r ftv-R ()-(iy)* Aq-A 	? 

HO 
OH 

/H 
-C=C=C 

\ CH3 

CH3 

(i) 
	

(ii) 
	

(iv) 

(1) 	(i), (ii) 3 	(iii) 
	

(2) 	(ii) 

(3) (ii), 	(iv) 
	

(4) (i), (ii) 3fi (iv) 

ttg ? 

CH3 

0 I•1N 

25. 	A4-1 f i R i 

0 
HN).c.7  

N 

4 A 	-mAl. 	tlerftw 

CH3 	N N  < 
H 

CH3 

(i) (ii) 

(1) 	cio (i) 
	

(2) 	cm (ii) 

(3) (i) 	(ii) 
	

(4) (i), (ii) atiK 
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26. The following transformation proceeds through two consecutive electrocyclic 
reactions. These are 

(1) 4n conrotatory and 4n + 2 conrotatory 

(2) 4n disrotatory and 4n + 2 conrotatory 

(3) 4n conrotatory and 4n + 2 disrotatory 

(4) 4n disrotatory and 4n + 2 disrotatory 

27. The major product in the following reaction is 

(1) 

(2) 

(3) 

OH 

(4) 

Ph.D./M.PhiI CHEM 	 10 



26. PH 	 5b1-11 1 11 	aegi*arrail 	: 

t 3TR470 	 -4 4-1-#1 ? 

(1) 4n tiiike AK 4n + 2 	 

(2) 4n 	 aft 4n + 211 

(3) 4n 1:igiEkUff * 4n + 2 idEkit 

(4) 4n -NV AK 4n + 2 'NW 

27. r+- 	i RMr51d aTliii*ZIT 	 .3041q ? 

( 1 ) 

(2) 

(3) 

OH 

(4) 
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28. The molar solubility of Ag2CrO4  is 6.5 x 10 -5  mol dm-3. What is the value of Ksp  ? 

(1) 1.1 x 10 -2 
	

(2) 2.3 x 10 -2  

(3) 3.2 x 10 -2 
	

(4) 6.5 x 10 -2  

29. The combustion of 1.00 mol of glucose at constant volume and 298 K liberates 2559 kJ 
of heat. 

C6111206(s) + 602(g) —> 6CO2(g) + 6H20(g) 

The enthalpy change for the above reaction is 

(1) + 2559 kJ 
	

(2) - 2559 kJ 

(3) 	2544 kJ 
	

(4) + 2544 kJ 

30. One of the plausible mechanisms for the reaction 

2NO + H2  -> N20 + H2O 

is proposed to be 

2NO N202  (rapid equilibrium, equilibrium constant = K) 
N202  + 112  N20 + H2O (slow step, rate constant = k) 

The overall order and the rate equation for the reaction are likely to be 
(1) 2; k[N202] [H2] 
	

(2) 2; k[NO][H2] 

(3) 3; kK[N01 2  [112] 
	

(4) 3; kK[NO] [H2]2 

31. The molar conductivity of a 0.05 M aqueous solution of ethanoic acid is found to be 
573.2 S m 1 . If the molar conductivity of ethanoic acid at infinite dilution is given as 
286.6 S m-1, the pH of the solution would be 

(1) 2.40 	 (2) 2.70 

(3) 3.00 	 (4) 3.30 

32. The following four signals were obtained for the AB spin system in a molecule on an 
NMR instrument operating at 300 MHz : 

2036 Hz, 2026 Hz, 2022 Hz and 2012 Hz 

Which of the following, correctly gives the respective resonance positions (in 8) of the 
A and B protons of the spin system ? 

(1) 6.754 and 6.740 	 (2) 6.760 and 6.730 

(3) 6.770 and 6.720 	 (4) 6.745 and 6.745 

Ph.D./M.Phil CHEM 	 12 



28. Ag2CrO4't 	4144 fd-azrdT 6.5 x 10 -5  mol dm-3  t I VI 	Ksp *T WIT TIR ? 

(1) 	1.1 x 10 -2  (2) 2.3 x 10-2  

(3) 	3.2 x 10 -2  (4) 6.5 x 10 -2  

29. "PE 3i iii 	3 298 KxR 1.00 1:4 g' -gT A 2559 kJ 4014ii 	tltt I 

CO-11206(s) + 602(g) -+ 6CO2(g) + 61-120(g) • 

zERIT aTfiTWzrr*R-RTAI-eft Ift-44q t 

(1) + 2559 kJ 
	

(2) -2559 kJ 

(3) - 2544 kJ 
	

(4) + 2544 kJ 

30. PHrrt 	ct aTliTi*zrr 
2NO + H2  —> N20 + H20 

TilT4 6tilfdliml 4 A 'cr- 	mcnit w.ciAa 

2NO N202  ("0 VTR, TI11:4 W2•T = K) 

N202  + H2  — N20 + H2O (411:17 WIT, 7 	 = k) 

aTii&-zri*t 'Urfa QR. att tvilcnkui P4-irciRgo 4 Aq-lu ? 

(1) 2; k[N202][H2] 
	

(2) 2; k[N0][Ha] 

(3) 3; kic.[N0l 2  [1121 
	

(4) 3; kK[NO] [H2] 2  

31. 744)-43T T * 0.05 M 	fk-dzR tr &Mei mtiothoi 573.2 S m 1  I 	3T4U alai 

qt TYRYIW 3Tif 	4-11(41ii iiMcnai 286.6 S m1 t, c 	4 	pH 	4 A WIT 

	 ? 

(1) 2.40 
	

(2) 2.70 

(3) 3.00 
	

(4) 3.30 

32. 300 MHz clic‘ 	.7f.3TTK. dkichtul A AB mmishul Pcbiti 	PHRII-Zgo 	I 317F 

2036 Hz, 2026 Hz, '2022 Hz at 2012 Hz 

5m5nui Pchii A a* B 	8 HilcA 	PHroRgo 4 A -we arda-K •Pedatt 
9W141: WIT 611 ? 

(1) 6.754 *6.740 	 (2) 6.760 *6.730 

(3) 6.770 NIK 6.720 	 (4) 6.745 atT 6.745 
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33. Which of the following statements is not true about the diffraction methods used for 

the determination of crystal structure of solids ? 

(1) Thermal neutrons have a de Broglie wavelength of about 250 nm, so they cannot 
be used for diffraction from crystalline solids. 

(2) The neutrons are scattered from the nuclei whereas the X-rays are scattered by 
electrons. 

(3) Neutron scattering helps in locating the position of H-atoms more effectively as 
compared to XRD. 

(4) Neutron beam can undergo additional scattering due to paramagnetic species. 

A 	 A 
34. The operators for the components of angular momentum, L x  , Ly and Lz  do not 

commute with each other. However, each one of these commutes with t2, the 

operator for square of the total angular momentum. On the basis of this, we can say 

that 

(1) we can precisely measure L2 . 

(2) we can precisely measure the three components of angular momentum. 

(3) we can precisely determine the square of the total angular momentum and only 
two (any) of its components. 

(4) we can precisely determine the square of the total angular momentum and only 
one (any) of its components. 

35. The fundamental vibration for NO molecule is observed at 1876 cm-1 . The first hot 
band for NO molecule is expected to be around 

(1) 934 cm-1 
	

(2) 1848 cm-1  

(3) 1904 cm-1 
	

(4) 3724 cm-1 
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33. c3.141**Ral- 	fkiTirm.  4 nth f4-449-  (Ail* 	NI 4 4 VIR.TIT 

*ig) 	? 

(1) 	-9r91 	01.441.  WiTrtai 250 nm i 	T allc{1 t,   fit*d4ei cilfll 4 
-ft-44R. * 	R-ef Rheil   t I 

(2) .11;11 RT5T-*-1 Ttf mcAlz41 -t4 AGIN) x-1 	4Atil r -409).  	't I 

(3) X-ichtul f 	go 	i1 -441.1 Auf.i 1*§-1,11-1 LitHluiaff 	T.ff ctA4 4 aTrw 
(-welch 	111 t 

(4) 39-1Parzi 44A chitui 	41 atAT 	 (otmi .t 

34. rnluilq t.1 1 1 	* ticract, L , , Ly  atIT L Z  al-FER 4 Iiikagi Tel 	t I7-1 	4 

ch 1,2 *Tim   	101 t, t2 	* A if kicnikch I Ff war( 

wdr-4- f P1-1RiRsid 4 4 VIR.-17 

(1) L2 	7r210 Trrq Atifftas RAI IT tictml 	I 

(2) et) 	u 	'i 41-11 .4e.et1 iii zr214 117 Tff 	'7T tictn 	I 

(3) M Quilts tid1I * '44 	d,cm f 	14e.ctIl 	712trzilTfq 	qT 	 

t I 

(4) 	M  cf;luilei ti+1* 	atIK dti4) 4rio 1441 	 7r4T2f 1:17 Tff i4A1 	(knell 

-4I 

35. NO ailg •"1' TO' *TR 1876 cm-1 	fTic i 	4I \Tin t I -Pi NO 3Tuj 	TRTI:f 	4s 

PHR-0.11 4 4 1.4*1 RR-  3g1:4-d. -1411 ? 

(1) 934 cm 1 	 (2) 1848 cm 1  

(3) 1904 cm-1 	 (4) 3724 cm1  
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