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' Ph.D/M.Phil (CHEMISTRY)
Entrance Test, 2018

Ool="

Time : 3 hours ‘ Maximum Marks : 100

Note :

(i) This paper has two parts.

(i) 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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2.

3.

4.

5‘

8.

9.

PART A
(Research Methodology)

Briefly outline the objectives of taking up research.
Discuss the importance of “Research Methodology” in chemical research.

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

Enlist different stages of research in a logical sequence.

An extensive ‘Literature Review’ is crucial before taking up a research problem.
Justify the statement.

What is ‘Research Design’ ? Explain its significance in chemical research.

Discuss the importance of statistical analysis in chemistry research. List some of the
tools used for the purpose.

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

What is Tmpact Factor’ of a journal ? List any three chemistry journals.

10. Give a brief account of the ethical issues in chemical research.
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PARTB
(Chemistry) |

Question nos. from 1135 have only one correct answer. Write the correct option in your
Answer Sheet.

11. The complex [Co(en)s]3* shows a spectrum with two bands at 21,550 cm™! and
29,800 cm~!. Which of the following transitions will be responsible for the band at

21,550 cm™1 ? |
D A —— Ty, @) A —— 1Ty,
@) Ty —— 1Ty, | 4) 3Ty, — 3E,

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

]

1 v=R(i—i)n=z,3,4,5,... @

1 1
%) 3 R(————]n=2,3,4,5,...

22 2

n n
) v:R(—lz---lg)n=4,5,6,7,... @) V=R(—1§-~1—2)n=3,4,5,6,...
2 n 2 n ‘

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

(1) 2H, 4F and 2D (2) 88, 4F and 2D
(8) SF,4Fand 5D (4) 2D, 5D and 4F

14. According to Wade’s rules, the correct structural types of [B1oH ;512 and B;H, are

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

(3) closo and arachno (4) nido and nido
16. Choose the isoelectronic pair amongst the following :

(i) Co(Hy0)q

(i) [Cu(NHy)gl?

(iii) [Mn(CO)g]

(iv) Cr(CO)g

(1) () and (i1) (2) (i) and (iii)

(3) (ii) and (iv) | (4) (@) and (iv)
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11.

12.

13.

14.

15.

HFA [Colen)gl®* b Tagw & 21,550 cm! 3R 29,800 cm™! W & ¥ s & & |
21,550 cm~! ATt ¥ % foru Frefaflaa & & S-a1 Hhao ITgE @ 2

W Ay — Ty, | (@ Ay —— 1Ty

@ 1Ty, —— 1Ty @ 3Ty — 3E,

FRSISH AT % WeeH § IR oft H Tor-wemn v frefafes § ¥ fra wftew g &
et } 2 |

&8 6=R(-12——-1§)n=2,3,4,5,... @) 3=R(—12-—-—1§]n=2,3,4,5,..
1 n 2 n :
3) ;=R(2.i2—i2)n=4,5,6,7,... 4) ;=R(2i2-i2]n=3,4,5,6,...
n n

V(I), Co(III) 3 Ni(I) % mmaﬁ%@mqﬁ EEAT 9E Telih A
T TR B &

(1) 2H,4F 32D ' (2 88,4F 2D

(3) 3F,4F WD | (4) 2D,5D sR4F
é@%ﬁaﬁ%agw[BmHm] 3ﬁIB5H9%aaWwﬁw%ﬁ§aﬁﬁ
PEE?

(1) il A ' 2) A M T
(3) aAiil SR Tl @) S 3 A
Frfafaa & & aaseiwe 3w 9T :

() = Co(Hy0)g

(i) [Cu(NHg)gl**

(iii) [Mn(CO)s]

(iv) Cr(CO)g |

Q) @ 3G @) (i) 3N Gid)
(3) (i) 3N (iv) @ (@) Gv)
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16.

17.

18.

19.

20'

21.

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

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

(i)  CoCly(Hy0),

(ii) [AgFgl-
(iii) [CoClyl2-

(1) @) and (i) (2) (i) and (iii)
(3) (i) and (iii) (4) (1), (ii) and (iii)
Select the correct composition of amphiboles from the following :
1) (8103, 2 (8i,087),

(3) (SiO3), (4) (SiOy),

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

(1) COOH > CH = CH, > CHyCH = CH, > CH,CH,CHj,

(2) COOH < CH = CH, < CHyCH = CH, < CH,CH,CH;"

(3) COOH > CHoCHoCH3 > CH = CH, > CH,CH = CH,

(4) COOH > CHyCH = CHy > CHyCH,CH;g > CH = CH,

Which of the following carbocations is most stable ?
5 52
(1) NCCHCH;j (2) NCCH,CH,
54 +
(3) NCCH,CH,CHCHj; (4) NCCHyCHCHg

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.

17.

18.

Wﬁ%m%%@mmmmﬁﬁwmi?

(1) Fad L > M AT TSI HEHA0T

(2) Had d o d TAFAT THAT

(3) FIA M - L AT TIHIGO HHAY

@) I g me (1) K (@) H FEeE
ﬁmaéaﬁm%wﬁﬂammﬁqﬁsﬁnmmﬁﬁmmm
e Tam guiar 2

(i) CoCly(Hy0)g

(i) [AgFgl™

(iii) [CoCly?

1 () IR Gi) » (2) (i) 3R (i)

3) (1) 3 (i) @ @), i) I Gid)

frafefea # ¥ Aaie 1 T GueT g :

(1) (8037, @) (Si40%1),
(3 (803, 4)  (SiOg)y

19.

20.

21.

F-$MeeIatn (CIP) JipFA el % sgew, fefafes & @ @ = S-a #9 9
g2 |

(1) COOH > CH = CH, > CH,CH = CH, > CH,CH,CHj

(2) COOH < CH = CH, < CH,CH = CH, < CH,CH,CHj

(3) COOH > CH,CH,CH; > CH = CH,, > CH,CH = CH,

(4) COOH > CH,CH = CH, > CHyCH,CHj > CH = CH,
frfafa #f & FA-A FERA Ted A wr @ 2

® (53]
(1) NCCHCH4 (2) NCCH,CH,

(3) NCCH,CH,CHCHj (4) NCCH,CHCH;
Sﬁ%ﬂ-mﬁ%ﬁﬂwaﬁ%m%aﬁﬁﬁﬂﬁﬁﬁﬁﬁiﬁﬂmWM‘g?
(1) o Afeenet W W AT For F S i & R wfeRa |
2 Wiks WY Hida-swe A T g €1

(3) TR H TYE AT WA i shra-shraeE dfeweten € i &
@) HRT-FRE YRpelten o YW Tonget # € it Aa R |
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22.

23.

24.

25.

Which of the following gives the correct order of basicity of nucleophiles ?
(1) CH3gCOO™ > "OH > CH3O~ (2) CH3COO™ > CH30™ > "OH
(3) CH3COO™ < "OH < CH30~ (4) CH3COO < CH3O; <"OH

The major product formed in the following reaction is

0
CH3gCZH5 +NHoH ¢ ,
OH 0
(1) CH,N= ¢ CoH @) CH3NHg — CeH,
OH OH
@3) CH31|\I _CH,-CgHs @) CHSNHéH — CeH,

Which are chiral compounds from (i) — (iv) given below ?

OH o (:31 Cl H ., JH
HO ' g C=C=C
<~ NOH 4 \CH,
° om 0 CHjy
) G) i) (iv)

(1) (i), (ii) and (ii) (2) (ii) and (iii)
(3) (i), (ii) and (iv) (4) (D), (i) and (iv)
Which of the following compounds is/are aromatic ?

i CH
o)\g N N.’K 0 HO 0" 0

CH4

() (ii) (iii)
(1) Only () (2) Only (i)
(3) (@) and (i) (4) (D, (ii) and (iii) )

Ph.D./M.Phil CHEM 8



22. fFmfifgs § & TREEREl B HHa B adt FH BT ?
(1) CH3CO0™ > OH > CHz0™ (2) CH4C00™ > CH30™ > OH
(8) CHsCOO0 < OH<CHO~ = (4 CHy000™ <CHy0™ < OH

03, froiifaa s & FH-a Ted S % &9 3 W= B 2

0
) » HCl
CH3CCzH5 + NH20H —_— ..
OH o
| | Il
(1) CH3N = C bt CGH5 (2) CHaNHC — CGH5
OH OH
I | |
(3) CH;3N - CH, — CgHj (4 CH3NHCH - CgHj

24, R () F & BD AP PRE E 2

o CH,

OH . c
Ho\L{U\OH :
9 om
@) ' (i) ‘ (iid)  (iv)
() @), Gi) I Gii) (2 (i) 3N (i)

®) (i), (i) 3 Gv) | @ @, G 3 Gv)
95. Fafafes & @ sF-gr/A N Wales 32 2

0
CH N - CH3
;SRS ¢ !
-0 g . N ™>N"TO0 HO “0”T0

CH,
(i) | (ii) (iid)
1) w4 G » (2) Fad (i)

(3) (@) 3 (i) | 4) (@), (i) M (i)
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26. The following transformation proceeds through two consecutive electrocyclic
reactions. These are

AN AN A
, Ba—
Z

(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

L
A
—>
o
@ |
7
0]
|
OH
4)

%

Ph.D./M.Phil CHEM : 10



26. Tr=fifRea i 3 FATTa Aga-Sshr Afufskstt g g @

_I\ X __A__"
Y T

3 & arffsrand Frafoafaa & & SR 2 2
(1) 4n GOl 3 4n + 2 T

(2)  4n Torepff 3R 4n + 2 Tl

(3) 4n GuEVfl 3R 4n + 2 fopefi

(4) 4n Toeofl 3 4n + 2 ol

27. Pretferfas sifea § S gea 3w 2

A
—
0
) \m
0
@

| yZ

0

3

4) |
=
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28.

29.

30.

31.

32.

The molar solubility of AgoCrOy is 65 x 10'5>mol dm~3. What is the value of K, ?
(1) 11x10-2 (2) 2:3x10-2
(3) 32x10-2 (4) 65x10-2

The combustion of 1-00 mol of glucose at constant volume and 298 K liberates 2559 kJ
of heat.

CgH;204(s) + 609(g) » 6CO4(g) + 6HyO(g)
The enthalpy change for the above reaction is
(1) +2559kJ (2) -2559kdJ
(3) ~2544kJ (4) +2544kJ

One of the plausible mechanisms for the reaction
2NO + Hy - N,0 + H,0

is proposed to be
2NO = N, O, (rapid equilibrium, equilibrium constant = K)
N30y + Hy — N,O + H, O (slow step, rate constant = k)

The overall order and the rate equation for the reaction are likely to be
(1) 2; k[NyOol[H,) (2) 2; k[NOI[H,]

(3 3;kKINOI? [Hy] (4)  3; kKINO] [Hy]2

The molar conductivity of a 0-05 M aqueous solution of ethanoic acid is found to be
5732 S m™L. 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) 240 (2) 270

- (3) 3:00 (4) 3-30

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 §) 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.

29.

30.

31.

32.

AgoCrO, 1 Hichia RS 65 x 1075 mol dm~3] | 7% R K, Fwn 7w 2 ?
1) 11x10-2 @) 2:3x10-2
(3) 32x10-2 (4) 65x10-2

R a3 208 K T @ ¥ 1-00 H1d T8 § 2559 kJ FHT I Bl 8 |-
CgH1206(s) + 6045(g) » 6CO4(g) + 6Hy0(g)

I SR % forg wdedt afad ]

(1) +2559kJ ' (2) -2559kJ
(8) —2544kJ (4) +2544kJ
Frafafaa sfufsen

2NO + H, —> N20 + H20

H dyg frnfafte § A s 39 THR e 2
2NO = N,0, (57 &=, ¥t et = K) |
N,O, + Hy - N,O + H,0 (¥fn =1, gt i = &)
i 6 T SR 3k @ e frafafea § @ FRw 2
(1) 2; k[NyOgl[Hy] @) 2; kINOJ[H,]
(3 3; KKINOJ? [H] | (4) 3 KKINO] [Hyl? -

udFiEE T % 0:05 M S R i wiefa Srehar 573-2 S ml R | AR Fa agan

R TAAIEEH ITFA <l WIS STershar 286-GSm‘1€T,?ﬁﬁwv'&H pH Frfafea & @ =0

g ?
1 240 | @ 270
(3) 300 @ 330

300 MHz & T.TH.37R, IUHW & AB T30 Pt ¥ 319 & Frafifge v @b T
LGRS

2036 Hz, 2026 Hz, 2022 Hz 3R 2012 Hz

30 T0 P % A o B Wiert it 5 umet o, fefafes § @ @t g feufeat
ST T BT 2

(1) 6-754 3R 6-740 (2) 6760 3R 6-730
(3) 6770 3R 6720 @ 674536745 |
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33. Which of the following statements is not true about the diffraction methods used for

34.

35.

the determination of crystal structure of solids ?

(1)

(2)

3)

4)

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

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

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

Neutron beam can undergo additional scattering due to paramagnetic species.

The operators for the components of angular momentum, /I\JX , /I\Jy and /Lz do not

commute with each other. However, each one of ‘these commutes with £2, the

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

that

(D
(2)
(3)

(4)

we can precisely measure L2.

we can precisely measure the three components of angular momentum.

‘we can precisely determine the square of the total angular momentum and only

two (any) of its components.

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

The fundamental vibration for NO molecule is observed at 1876 cm~!. The first hot
band for NO molecule is expected to be around

(D
3)

934 cm—1 (2) 1848 cm™!
1904 ¢m1 (4) 3724 cm™1
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33. M%Mﬁmﬁwﬂﬁmﬁaﬁqﬁﬁm}%mﬁn&ﬁaﬁﬁﬁwmw

34.

35.

w& T R

(1) WW@&WW%Om%W@?ﬁ% 3d: I Treeeta 3@t @
faada & fore sum =& foma 5 whan 2

(2) =g TR g v B & wafs Xt semgtt g wehifla Bt € |

(3) X-fortor forad < o & =g Fehioi grEgio TS <At i S e # e
 WEEh BRI

(4) SHgEHT TS % FRO g RS H AR T & wehar § |

HIONT AT & TR & FHH L, L, 3N L, 3w § wRafia =i § | wmg s @
T 12 % @y aRafda S R, 1?2 $o B 9 F o B GHRS R | 3W YR W
FaTeu s frefifea & @ - s Tl ¥

(1) L2 =1 gemel o fRutfa foran s awar 2

() T gan & A wewt B g 7 T fmEn S T # |

(3) F BT T F it @Tw%éﬁaﬁﬁpfauzaﬁmmmm%mmm
7

(4 T BT FEAT F i @twﬁ;%ﬁmﬁs@ﬁ@mwmmm%mmm

2
Noénga:rw-em 1876 cm™! W f¥a a1 a1 } | 3@ NO A9 1 yoH qw &%
Frafafga & & form am w wefdfa gm 2 |

(1) 934cmt : (2 1848 cm™!
(3) 1904 cm™! (4) 3724cm™!
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