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NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

Arrange the following in the decreasing order of acidity of the hydrogen indicated in italic

(i) CH;COCH, (i) CH,COCH,COCH,
(iif) CH;00CCH,COOCH, (iv) CH;COCH,NO,

@) (ii) > (i) > (i) > (iv) () (iv) > (ii) > (iii) > (i)
(©) (iv) > (iii) > (i) > (i) () (i) > (iv) > (iii) > (i)

For the reaction shown below if the concentration of KCN is increased four times, the rate of the
reaction will be

Me Me
7\ CI+KCNM>/ A\ CN + KCI

Me Me

(a) doubled (b) increased four times
(c) unaffected (d) halved.

Benzyl chloride is reacted with different nucleophiles shown below. Arrange them in decreasing
order of reactivity.

Nucleophilies: HO™, CH,COO0", PhO™, CH,0~

(@) CH,0” >HO™ >PhO™ >CH,CO0™  (b) HO™ > CH,0™ >PhO™ >CH,COO"
(c) HO™ >PhO™ > CH,0 > CH,C00™ = (d) CH,CO0 >CH,0 >HO™ >PhO"

The rate of nitration of the following aromatic compounds decreases in the order

(i) benzene (i) pyridine (iii) thiophene (iv) toluene
(@) (iv) > (i) > (iii) > (ii) (b) (iii) > (iv) > (i) > (i)
(c) (iii) > (i) > (i) > (iv) (d) (ii) > (i) > (iv) > (iii)

The major product formed in the reaction of 1, 3-butadiene with bromine is
(a) BrCH,CH (Br)CH =CH, (b) CH, =CH -CH,CH,Br

(c) CH, =C(Br)-C(Br)=CH, (d) BrCH,CH =CHCH,Br

The reaction of (+) 2-iodobutane and Nal* (I* is radioactive isotope of iodine) in acetone was stud-
ied by measuring the rate of racemization (k) and the rate of incorporation of 1*(k).

(+)CHZCH(1)CH,CH, + Nal *—— CH,CH (1*)CH,CH, + Nal
For this reaction, the relationship between k, and k; is:

(@) k; =2xk, (b) ki =(1/2)xk,  (c) k =k, (d) k; = (1/3)xk,
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lMgO/A

PO, + (Q) —HC o Ry + () + sugar
In the scheme shown above (P), (Q), (R) and (S) are
(@) (P) = purine bases, (Q) pyrimidine bases, (R) = nucleotides, (S) = nucleosides
(b) (P) = (Q) = nucleotides, (R) = pyrimidine bases, (S) = purine bases.
(c) (P) = nucleosides, (Q) = nucleotides, (R) = (S) = purine bases.

(d) (P) = nucleotides, (Q) = nucleosides, (R) = pyrimidine base, (S) = purine base.

The products obtained from the following reaction are:

o)
)I\ 18 H*
P~ NOC,Hg + H,180 ———
0
)]\ + C,HsOH i
2115
@ Ph”” oH (b) )I\ls + C;HsOH
Ph” OH
Q 18 i 18
(€) )]\ + C,Hs OH (d) )I\lg + C,Hs OH
Ph OH Ph OH

The product(s) obtained in the following reaction is (are)

OH
@) )\/ ©
OH OH
d
© ©</\/ o +
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18.

19

20.

21.

Match the isoelectric point with the amino acids.

Amino acid Isoelectric point

(X) H,NCH,COOH (9.5

(Y) HOOCCH,CH,CH(NH, ) COOH (I 6.0

(Z) H,N(CH,), CH(NH, ) COOH (3.1

(@) (X)-(11), ()-(111), (2)-(1) (b) (X)-(111), (Y)-(1), (2)-(1)
(c) (X)-(1), (¥)-(1), (2)-(1) (d) (X)-(11), (Y)-(1), (2)-(111)
The compound having the highest melting point is:

(a) LiCl (b) LiF (c) Lil (d) LiBr
The shape of SF, is:

(a) tetrahedral (b) trigonal bipyramidal

(c) square planer (d) octahedral.

The degree of hydration is expected to be maximum for

(@ Mg* (b) Na* (c) Ba** (d) K*
The decreasing order of the first ionization energy of the following elements is:
(a) Xe>Be >As > Al (b) Xe >As > Al > Be

(c) Xe>As > Be > Al (d) Xe > Be > Al > As

The radioactive isotope used to locate brain tumors is:

@ ;D (b) N (© &' Ce

The crystal field stabilization energy of high spin d” octahedral complex is:
(a) —%AO+ZP (b) —%Ao+3P (c) —%AO+ZP (d) —%Ao+3P
The complex with the most intense colour among the following is:

(@) [FeR, ]~ (b) [MncC1, ] (c) [CoCl, ]~ (d) [CoR |~

On addition of a solution of AgNO, to a solution of ‘Na,S,0.,
formation of :
(@) Ag (b) Ag,S (¢) Ag,S,0, (d) Ag,SO,.

it turns black on standing due to the

Among the following complexes,
(i) [ Ru (bipyridyt), | (i) [Cr(EDTA)|

(iii) trans - [CrCI2 (oxalate), ]3_ (iv) cis— [CrCI2 (oxalate), ]3_
the ones that show chirality are

(@) (), (i), (iv) (b) (1), (i), (iii) () (i), (iii), (iv) (d) (i), (iii), (iv)

The electronic configurations that have orbital angular momentum contribution in octahedral envi-
ronment are

(a) d* and high spin d* (b) d* and d?

(c) d? and high spin d° (d) high spin d* and high spin d®.

For an ideal solution formed by mixing of pure liquids A and B.

(a) AH 0 (b) AH pixing <0 (c) AH >0 (d) AS,ixing =0

mixing — mixing
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22.  The relationship between the equilibrium constant K, for the reaction:
1
CO(g)+EOZ(g)ﬁ;COZ(g)
and the equilibrium constant K, for the reaction:
2CO(g)+0,(9)==2C0,(9) is:
(a) 2K, =K, (b) K, =K? (c) K =K, (d) K =K,
23. For H-like atoms, the ground state energy is proportional to
(@ 72 (b) 1 (©) uz (d) 17?2
Where u is the reduced mass and Z is the nuclear charge.
24.  The value of integral Ie‘xxzdx is
(a) xe7* +2xe™* +2e 7 (b) %(xze‘x +2xe " + 2e‘X)
1 2 —X —X —X 2,—X —X —X
(0) 5 (e +2xe™ +267") (d) —x%e™ —2xe™* —2e
1
25. For the reaction aA — products, the plot of m versus time (t) gives a straight line. Order of the
reaction is:
(a) 0 (b) 1 (c) 2 (d)3
26.  The pH of a solution prepared from 0.005 mole of Ba(OH), in 100 cc water is:
(@) 10 (b) 12 (c)11 (d) 13
217, For an electron whose x-positional uncertainity is 1x10* m, the uncertainity in x-component of the
velocity in ms~ will be of the order.of (Data: m, =9x10 % kg, h=6.6x10"** Js)
(a) 10° (b) 10° (c) 10* (d) 10%.
28.  For the following system in equilibrium, CaCO,(s)==CaO(s)+CO,(g)
the number of components, (C), phases (P) and degrees of freedom (F), respectively, are
@222 (b)1,3,0 (3,32 (d)2,3,1
29.  For the distribution of molecular velocities of gases, identify the correct order from following (where
Ve Vavs Vims are the most probable velocity, average velocity root mean square velocity, respec-
tively):
(a) Vrms > Vav > Vmp (b) Vmp > Vrms > Vav (C) Vav > Vrms > Vmp (d) Vmp > Vav > Vrms
30.

i 0 _ 0 _ 0 fa
Giventhat E°,,  =-044VandE),, ,. =077V, theE is

Fe3* /Fe

(a) 1.21V (b) 0.33 V (c) -0.036 VV (d) 0.036 V
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31.

32.

33.

Identify the major product(s) formed in the following reactions. Intermediates and reaction mecha-

nisms need not be discussed.
0

(a) Me 1 NH,OH.HCI [6]
2. H,SO,/A

Me

CHO
NaOEt
(b)O: + O [6]
CHO
Me
0
C)< > <o@ o _(HNOgH;SO, 3]

(i) Hy0*/A

How may the following transformations be effected? Indicate the reagents/reaction conditions clearly

in each step.
(a) (Not involving any functional group transformation of the COOH group in the starting material)
Br
Q—COOH —>  Br COOH (6]
. . Br
(b) (Using diethyl malonate as the only source of carbon) [3]
COOEt CH,COOH
H2C — 7=
CH,COOH
COOEt

O =

Suggest a suitable mechanism for each of the following reactions.

Ph

Me
X
NaOEt [6]

—_—
EtOH
Ph @) @)

OH Cl
b) __Hel [9]

(@) PACOCH,CH; + Ph—C=C—COOEt
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34.  Rationalize the following observations using suitable mechanism.
(a) Nitration of 4 t-butyltoluene gives 4-nitrotoluene as one of the products. [3]
(b) cis-4-t-butylcyclohexyltrimethylammonium hydroxide undergoes Hoffmann elimination to yield
4-t-butylcyclohexene whereas the trans isomer does not (use conformations) explain.
1.dry eth
(c) PhMgBr + 2PhCHO#jﬁ‘sz> PhCOPh +PhCH,OH [6]
35. (a) Suggest a chemical method for the separation of a mixture contain p-N, N-dimethylaminophenol
and p-aminobenzoic acid and give a confirmatory test for phenol. [6]
(b) Write the structures of X, Y and Z in the following [9]
1. NaNO,/dil. HCI, 0°C
(i) NH; = X
2. B-naphthol/NaOH
. NaNO,/dil. HCI
(||) NHMe -
NaNO,/dil. HCI
(iii) NMe, > 7
36. (a) Predict the hybridization and draw the structure of the following molecules based on VSEPR
theory [9]
(i) I3 (i) SO3 (iii) P(CH3)3 =
(b) Explain why PCI, exists and PH, does not. [6]
37. (a) Write balanced equations for the formation of [6]
(i) P,O* from PO, (ii) [ (H,0), Fe(OH), Fe(OH,), ] from [Fe(OH,), |
(b) Which one of the two solutions has lower pH? Justify your answer. [9]
(i) 0.1 M Fe(CIO,), or 0.1'M Fe(CIO,) ..
(i) 0.1 M Hg(NO,), or 0.1-M Zn(NO,),.
38.  (a) Between Co(HZO)Z+ and (:u(Hzo)Z+ , which has more distorted structure and why? [6]
(b) Calculate CFSE (in unis of A,) and spin only magnetic moment for the following complexes.
(i) [CoRs |~ (ii) [Fe(CN)6]3‘ (iii) [Nicl,]* [9]
39. (a) The radioactive element Ra (Z = 88) emits three alpha particles in succession. Deduce in which
group the resulting element will be found? [6]
(b) A radioisotope sample has an initial activity of 23 dis/min. After 1/2 h, the activity is 11.5 dis/
min. How many atoms of the radioactive nuclide were present originally? [at% = 0-69} [9]
40. (a) Write the products of the following reactions: [9]
(i) CH4l +HO™ — (i) CRl+HO™—— (iii) 2CF;1+Na| Mn(CO), |—>

(b) Arrange BF,, BCI, and BBr, in the increasing order of Lewis acidity and justify. [6]
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41.  Justify the following: [15]
(a) Considering CO, as an ideal gas, equipartition theorem predicts its total energy as 6.5 KT.
(b) AS for a process is the same whether the process takes place reversibly or irreversibly.
(c) The quantity AG equals the maximum non-expansion work done by a system in a constant
temperature-pressure process.
(d) At constant temperature and pressure, AG =0 for a reversible phase change.
(e) Transition states cannot be isolated as independent chemical species.
3000
42.  The rate constant k for a second order reaction P+ Q — products is expressed 109y k =20 T
where the concentration is in mol lit™, T is in absolute temperature and time is in minutes. The initial
concentrations of both the reactants are 0.05 M. Calculate the activation energy and half life of the
reaction at 27°C. (R=2 cal K* mol?). [15]
43.  The equilibrium constant for the reaction. [15]
Fe;0,(s)+CO(g)=—=23FeO(s)+CO,(9)
at 600°C is 1.00. If a mixture intially consisting of 1 mole of Fe;O,, 2 moles of CO, 0.5 moles of
FeO and 0.3 mole of CO, is heated to 600°C at constant total pressure of 5 atmosphere, how many
moles of each substance would be present at equilibrium?
44, (a) Use the time-independent Schrodinger equation to calculate the energy of a particle of mass ‘m’

a a

(b) At 20°C, the vapour pressure of two pure liquids X and Y which form an ideal solution are 70 torr
and 20 torr respectively. If the mole fraction of X in solution is 0.5, find the mole fraction of X and
Y in the vapor phase in equilibrium with the solution. [6]

. . 8 . X . my . mzZ . )
with V = 0 in the state Y = a—gsm—Sln—Sln? in a cubical box of length ‘a’. [9]
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NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

After the following interchanging of groups in the Fischer projection of 2-bromobutane, the configu-
ration of (X) and (Y) will be

Bra\ CHs CHs
HA’~CH3 ——> H I Br ——> H I CoHs
C2H5 C2H5‘)) Br
(Y)

(@ X=R,Y=S () X=R;Y=R (c)X=S;Y=R (dX=S;Y=S
The major product of the reaction
CHO

Br,/FeBrs

‘o

OH
CHO
CHO CHO CHO
Br Br
(a) (b) oH (€) (d)
OH Br Br OH OH

In the reaction sequence, CH,COCH;COOC Hy =215 o5y _WIOH__, ()

CHgBr (ii) HoO/H™T

The product (Y) is:
(a) CH,COCH,COOCH, (b) CHscOCH(CH3)2
() CH3COC|:HCOOH (d) CH,COC,H,

CH,
The major product (X) in the reaction

CHs

A R
(trace of H,0)
25°C

OH

CHy
CHy
(@) © () /©/ (©) ©\ (d)
HsC CHg

OH
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5. The product of the reaction
CgHg +CO+HC|—Ae/CuCl

heat
gives positive test with Fehling’s solution. The product is:

(a) C4H;OH (b) C¢H,(CI)CHO (c) C4H,(OH)CHO (d) CsHsCHO
6. The compound (X) in the reaction sequence
CH,COONa  p.s Raney Ni
— 23 5 (X) AL CH3CH,CH,CH,4

CH,COONa  heat

/ \ CH,COCH .
(@ (0) | © (d)

S CH,COOH s s
7. The major product of the reaction

H+
—_—

OH OH
O

@ éo ®) Q—@

OH

8. The increasing order of the acidity of the hydrogen marked in bold italics among the following is:

T H $ S
H | H\II H S H
1]
@Mu<li<l (o) H<i<ll ©1<li<Il @n<i<l
9. The major product of the reaction

)\/ﬂ,; is:
(a))\/\sr (b))@r/ (C))\/\Br (d) Br\)\/

10.  The number of enantiomers of camphor

(a) Four (b) Two (c) Three (d) One
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11. The decreasing order of the first ionization energy of the following elements is
(aHe>H> Be>B (b)) Be >B>H >He
(ccH>He>Be>B (dB>Be>He>H
12. If the values of Madelung constants of the following compounds are equal, then their lattice energy
values decrease in the order
(a) KCI > NaF > CaO > ALO, (b) ALO, > CaO > NaF > KCl
(c) NaF > KCI > CaO > ALO, (d) AL,O, > CaO > KCI > NaF
13.  The fluoride, whose value of dipole moment is NOT equal to zero, is:
(a) XeF, (b) CF, (c) SF, (d) PF..
14.  The decreasing order of ionic nature of the following compound is:
(@) Lil > NaBr > KCI > CsF (b) Lil > KCI > NaBr > CsF
(c) CsF > NaBr > KCI > Ll (d) CsF > KCI > NaBr > Lil
15.  The atomicity and the total number of bonds in the elemental white phosphorous molecule are
respectively,
(@) 4and 6 (b) 6 and 4 (c)4and 4 (d) 6and 6
16.  The octahedral crystal field splitting (A, ) of d orbital energies of the following metal ions decrease
in the order
(8) Co®* > Co®* >Rh3* (b) Rh > Co® > Co?*
() Rh* > Co* > Co’* (d) co®** > Co* >Rh*
17.  The half-life of a radioactive nuclide is 20 years. If a sample of this nuclide has an activity of 6400
disintegrations per minute (dis/min) today, its activity (dis/min) after 100 years would be
(a) 850 (b) 1600 (c) 200 (d) 400
18.  The average value of C-C bond order in graphite is:
@1 (b) 3/2 (c)3/4 (d) 4/3
19.  The optical absorption spectrum of [Ti(H,0).]** has its absorption maximum at 20300 cm™. The
magnitude of the crystal field stabilization energy in cni? is:
(a) 8120 (b) 16240 (c) 24360 (d) 50750
20. In inorganic qualitative analysis, H,S in acidic medium will NOT precipitate.
(@) HgS (b) ZnS (c) Cus (d) Cds
21.  The phase diagram of a pure substance is sketched below.
T
p
P2
P3
«P1
T—
The number of degrees of freedom at points P1, P2 and P3, respectively, are
@210 (b)1,2,0 (2,01 (do0,2,1
22.

The solubility products (Ksp) for three salts MX, MY, and MZ, are 1x10°°, 4x10~° and 27x10°%,
respectively. The solubilities of these salts follow the order

(@) MX > MY, > MZ, (b) MZ, > MY, > MX

(©) MZ, > MX > MY, (d) MY, >MX > MZ,
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23.  The temperature (T) dependence of the equilibrium constant (K) of a chemical reaction is correctly
described by the following statement:
(a) For an endothermic reaction, the slope of In K vs 1/T plot is positive.
(b) For an exothermic reaction, K is proportional to T.
(c) For an exothermic reaction, K at a higher temperature is lower than K at a lower temperature.

(d) If AH is independent of temperature, the change in K with T is smaller at lower temperatures.

24.  When the concentration of K* across a cell membrane drops from 0.01 M to 0.001 M, the potential
difference across the membrane is:

(@0.0Vv (b) 0.0059 V (c) 0.059 VvV (d)0.59V
25.  The statement that is correct for both electrochemical (galvanic) cells and electrolytic cells is
(@) AG =-nFE

(b) Free energy decreases in both cells.
(c) The cell potentials are temperature independent
(d) Chemical energy is converted into electrical energy in both cells.

26.  The molar heat capacity at constant volume of a colourless gas is found to be 25 Jmol* K-* at room
temperature. The gas must be
(@) N, (b) O, (c) CO, (d) SO,.

27.  The wavelength for a particle (moving in a ring) is (Zn)_”2 exp(2i¢), where ¢ is the polar angle.

The probability of finding the particle in a small interval d¢ when the value of ¢ ==/ 2is:

(a) do (b) d/2n (c) doexp(in) (d) dpexp(in)/2n
28.  An electric current of 0.965 ampere is passed for 2000 seconds through a solution containing

[Cu (CH3CN) 4]+ and metallic copper is deposited at the cathode. The amount of Cu deposited is
(a) 0.005 mol (b) 0.01 mol (c) 0.02 mol (d) 0.04 mol

29.  The Maxwell-Boltzmann distribution for molecular speeds is shown in the following figure.

L V—
In the figure, H is the height of the peak, L is the location of the maximum and W is the width at half
height. As the temperature is decreased,
(a) H increases, L deceases and W increases (b) H increases, L decreases and W decreases.
(c) H decreases, L decreases and W increases (d) H decreases, L decreases and W decreases.

30.  Asystem undergoes two cyclic processes 1 and 2. Process 1 is reversible and process 2 is irrevers-
ible. The correct statement relating to the two processes is:
(@) AS (for process 1) = 0, while AS(for process 2) # 0
(D) Aeyere =0 for process 1 and g,y # O for process 2.

(c) More heat can be converted to work in process 1 than in process 2.
(d) More work can be converted to heat in process 1 than in process 2.
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31. Identify reagent (P) and write the structure of products (Q, R, S and T) in the following series of
the reactions. [15]
NHCOCH;
CISO3H H*/H,0
—— > [Q] NAs [Rl—2==— [S]
(Anitbacterial)
(i) HNO3/H,S04, 20°C
(i) H*/H,0, heat
[T]
32.  For the reaction [15]
HsC
CoHs—C—Br + KOH(aq) ———>
CeHs
(dextro)
(1) What is the optical activity of the product?
(if) Draw the energy profile for the reaction
(iii) Write the structure of the inermediate
(iv) What is the effect of the doubling concentration of KOH on the rate of the rate of reaction?
(v) If agueous KOH is replaced by alcoholic KOH. Write the structure of the products formed
33. (&) Suggest a method for the following transformation involving minimum number of steps
CHs CHs
e [6]
NO, COOH
Indicate the reagents/reaction conditions required at each step clearly.
(b) A dipeptide on hydrolysis gives two amino acids (X) and (Y). If the dipeptide is first treated with
HNO, and then hydrolysis is carried out, (X) and lactic acid are obtained. (X) on heating gives 2,
5-diketopiperazine as shown below. Identify (X) and (YY), and write their sequence in the dipep-
tide. [9]
H
LNT O
¢ N
H
34. Identify the compounds A, B, C, D and E in the following reactions. [15]
I
H,SO i) OH™, PhCH i) O
[A] S22t Cohg—C—cH DO PIENG, () NHANIKON 1 D% (D] + [E]

HgSO, (i) H, heat heat 77 (i) Zn/H,0
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35. (a) Why do the boiling points of the following compounds vary in order, [6]
H,0>H,Se >H,S?
(b) Identify the products in the reaction of CCl, and SiCl, with water. Justify your answer. [9]
36. (a) Write the steps involved in the production of pure elemental silicon from silica. [9]
(b) Both the products A and B, in the following reactions, contain boron and nitrogen. Identify A
and B. [6]
CgHsCl LiAHg
3NH,CI+3BCl; —=22=— A —=—B
37. (a) Addition of potassium oxalate solution to a hot solution of potassium dichromate containing
dilute sulfuric acid leads to effervescence and formation of potassium trisoxalatochromate (I11).

(i) Write the chemical formula of the chromium complex formed.

(i) Write the balanced chemical equation for the formation of the complex.

(iii) Calculate the room temperature spin-only magnetic moment, in Bohr magnetons, of the com-
plex. []

(b) Write the structures of possible isomers of [CoCI2 (en)zJCI [6]

38. (a) Draw the unit cell of CsCl lattice. Draw the (100) and (110) planes separately and indicate the
positions of caesium and chloride ions. [9]

(b) The hydration enthalpies of divalent metal ions of ten elements from calcium to zinc are plotted
against their atomic numbers. Why do the hydration enthalpies of only three elements Ca, Mn
and Zn fall on a straight line, whereas values for other metal ions deviate from this line.[6]

301

AHC —2:5

kj/mol
CaSIC Tli \I/ Clr l\/lln FIe clo l\lli Clu Zln .
M24
39.  (a) 5 grams of a protein was hydrolysed into amino acids, one of which is alanine. To this mixture,
0.1 gram of partially deutrated alanine, H,N —CH(CD,)—COOH, was added. After thorough
mixing, some of the alanine was separted and purified by crystallization. The crystalline alanine
contains 0.652 weight percent of D. How many grams of alanine were originally present in 5
grams of protein? [6]

(b) What is the role of ammoniacal buffer in the volumetric titration of zinc sulphate against EDTA,
using Solochrome black (Eriochrome black T) indicator? Write the structure of Zn-EDTA an-
ionic complex. [9]

40. (a) Calculate the pH of a solution obtained by mixing 50.00 mL of 0.20 M weak acid HA (K, = 10"
%) and 50.00 mL of 0.20 M NaOH at room temperature. [9]

(b) One mole of a salt of type MX is dissolved in 1.00 Kg of water. The freezing point of the solution

is —2.4°C. Calculate the percent dissociation of the salt in water. [6]
41. (a) The rate constant of the reaction CIO + NO—— Cl+ NO, varies with temperature as:

T(K) 200 400
k(em3s%)  20x10"  1.0x107% [6]
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42.

43.

44,

Determine the Arrhenius activation energy of the reaction, assuming that the frequency factor does
not change in this temperature range.
(b) Ozone seems to be formed in the atmosphere through the photolysis of diatomic molecule:

02$20 [9]
0+0,— 50,

0,+0—%20,

Applying steady-state approximation, determine the rate law for the formation of ozone. Show that
the formation of ozone follows first order kinetics when the concentration of O, is extremely small.

(a) The reaction N, +3H, ——=2NH; is carried out at 300 K by mixing N, and H,. The standard

free energy of formation of NH, is —16.4 kJ/mol. After one hour of mixing, the partial pres-
sures of N, H, and NH, are 50 bars, 2 bars and 200 bars, respectively. What is the reaction free
energy at this stage of the reaction? [6]

(b) Plot schematically the concentration dependence of molar conductivity of a strong electrolyte
and a weak electrolyte in the same figure. The limiting ionic molar conductivities of K* and CI-
are 73.5 and 76.5 Scm? mol™, respectivley. If the molar conductivity of 0.1 M KCI solution is
130.0 S cm? mol, calculate the Kohlrausch’s constant for KCI solution. [9]

(a) The electronic wavefunction (\lf) for hydrogen atom in the 2s state is given as

(ool )
g 2a,

Determine the most probable radial distance for the electron in this state and also the position of

the node (in terms of a). [9]

(b) Calculate the wavelength corresponding to the lowest energy excitation of an electron confined
to a one-dimensional box of length 1 nm. (Energy levels for a particle in-a-one-dimensional box
are given by E_= n*h%/8ma’). [6]

(a) Solve the differential equation y"—5y'+6y = 0 with the intial conditions y(0) =-1and y'(0)=0.

Here y' and y" refer to the first and the second derivatives, respectively, of y with respect to x.
\erify your answer. [9]

(b) For a particle with position 7 = 2j-3j+k and momentum B=i+2j-2k in mand kgms™,
respectively, calculate the magnitude of the angular momentum L=rxp [6]
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NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

The compound, which

(i) Reacts rapidly with acetyl chloride

(i1) Does not react with 2, 4-dinitrophenylhydrazine and

(iii) Does not form a yellow precipitate with excess of iodine in aqueous alkali is

(a) Acetone (b) Diethyl ether (c) 2-methyl-2-propanol (d) Ethanol
CHO CH,0OH
H—1—OH H——OH
1) )
H——ClI H—t—Cl
CH,OH CHO

The given compounds 1 and 2 are
(a) Identical (b) Diastereomeric  (c) Enantiomeric (d) Constitutionally isomeric.

The correct order of dipole moments () of the following compounds is:
1. CH,CH,CH,CHO 2. CH,CH =CHCHO 3. CH;CH,CH =CH,

(3) > H, >pg (B) by >pg >y (©) ng >y >p, (d) np>py > py

Which one of the following compounds gives positive test for both nitrogen and halogen with its
Lassaigne’s extract?

(a) CH;NH,.HCl  (b) NH,OHHCI () NH,CI (d) H,NNH,.HCI

Which one of the following compounds is optically active?

Cl cl

; H Cl S

Cl Cl Ec im
1) () ©)

(4)
(@)1 (b) 2 ()3 (d) 4
The compounds that react with aqueous NaHCO, to release CO, are
O
OH HsC
NH
HO O  Ho | /& HO
| o N 0] O
N\ o
HO o HOH,C L
OH HO OH
) (2) HO (3) OH 4)

(@ land3 (b) 2and 4 (c)2and 3 (dland4
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10.

The complementary strand of DNA for the following single stranded DNA sequence,
5-A-T-C-A-T-G-C-3'is:

(@ 5-A-T-C-A-T-G-C-3' (b) 5-T-A-G-T-A-C-G-3'
() 5-G-C-A-T-G-A-T-3' (d5-C-G-T-A-C-T-A-3'
The value of ‘n’ for the following molecule according to Huckel’s rule is:

(@) 16 (b) 4 ()3 (d) 14
Which one of the following compounds reacts with nitrous acid to give the product [P]?

O
[P = W
OH
@ w oSN L

OH
©) w (d) W@H
NH,

The main product obtained. in the following.reaction.is:
0 0

1. MeMgBr/dry ether ]
2. H*IH,0 o
0 0 OH
OH
o) o)
© (d))l\/”\
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11. For a reaction with rate equation —~dC/dt = kC? C_ and C are the concentrations of the reactant at time
0 and t respectively. If 10 minutes were required for C to become C /2, the time required for C_ to

become C /4 is:
(@) 10 min (b) 20 min (c) 30 min (d) 40 min.

12. For a cyclic process performed by an ideal gas, changes in some thermodynamic functions are zero.
Indicate the set in which all the functions are zero.

(@) w,AE,AH,AG  (b) q,AS,AH,AA  (c) g,AE,AS,AG (d) AE,AS, AH, AA
13.  The plot of Gibb’s free energy G and the extent of a reaction & is given below for the reaction
A—=B. If 1A and Mg are the chemical potentials of A and B respectively, the INCORRECT

statement is:

Gibb’s free energy —s

Y

0 Extent of reaction —>

(a) At point X, p, > g

(b) At pointY, AG =0

(c) At point Z, pu, > pg

(d) At equilibrium, the compaosition.of the reaction mixture.can be identified.

14.  The overlap between the atomic orbitals sketched below is:

z
% Y Y
X + X
(a) Positive (b) Negative (c) Zero (d) No overlap
15.  The pH of a 1.0x10"* M solution of a weak acid HA is 4.0. The acid dissociation constant K_is:
(a) 1.0x1073 (b) 1.0x10™* (c) 1.0x10°° (d) 2.0x10>.

16.  The normalisation constant ‘A’ for the wavefunction v (¢) = Ae™) where 0< ¢ <2 is:

1 1
@ for (b) V2r (©) 2n @ 7
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17.  The standard potential of a Daniel cell is +1.10 V and the equilibrium constant for the cell reaction
is 1.5x10%. It can be concluded that
() Zinc oxidises copper
(b) Displacement of copper by zinc goes to near completion.
(c) Copper oxidises zinc
(d) Displacement of zinc by copper goes to completion.
18.  Which one of the following figures, showing kinetic energy of the ejected electron versus the fre-
quency (v) of the incident photon, represents the Einstein’s photoelectric effect?
T T T T
o o o o
(a) X (b) X () (d) X
v(s™) > i v(s™h) — . 0 v — ! 0 v —> !
19.  Anaqueous solution containing 0.01 M FeCl, and 0.06 M HCIO, has the same ionic strength as a
solution of
(@) 0.09 M NaCl (b) 0.04 M Na,SO, (c) 0.06 M CuSO,  (d) 0.03 M H_PO,.
20.  Which one of the following species is the conjugate base of HO™ ?
(a) H,0 (b) 0* (c) O, (d) 07
21.  The solid-liquid phase diagram for the Mg-Zn system is shown in the figure below where the vertical
line at X(Mg) = 0.33 represents the formation of a congruent melting compound MgZn,. The figure
is divided into seven regions depending upon the physical state of the system. The composition of
the region #6 represents.
700
600
#1
#3
400 [A\
#35 #7
300 44 6
200
0.00 0.10 0.20 0.30 0.40 050 0.60 0.70 0.80 0.90 1.00
Zn x(Mg) Mg
(a) Single phase of a solution of Mg and Zn
(b) Two phase region between the solid Zn and solid MgZn..
(c) Two phase region between the liquid and solid MgZn..
(d) Two phase region between solid Mg and solid MgZn,
22, In the extraction of metals from their ores, which one of the following reduction methods can bring

about a non-spontaneous reduction?
(a) Electrolytic reduction (b) Reduction by carbon
(c) Reduction by another metal (d) Reduction by hydrogen.
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23. The correct order of the ionic radii is:

(@) In* >Sn* >Sr** >Rb* (b) sn** > In® >Sr?* > Rb*
(¢) Rb* > In* >Sr?* >Sn* (d) Rb* >Sr®* > In*" >sn*

24.  The correct valence shell electronic configuration of the element with atomic number 22 is
(a) [Ar]4s*3d? (b) [Ar]3d* (c) [Ar]3d?4s? (d) [Ar]4s®4p?

25.  The ligand with only sigma (o) bonding character is:

(@) CN™ (b) CH; (c)Cco (d) NO
26.  Which one of the following species is NOT isoelectronic with CO?

@ N, (b) CN- (©) NO* (d) 07
217, During wittig reaction, a phosphorus yield gets converted to

(@) R4P (b) R;P=0 (c) R;PTHOH™ (d) R,P-PR,
28.  Which of the following reactions does NOT give H,PO,?

(a) Ca,(PO,), +H,S0,— (b) P,Og +H,0——

(c) PCl; +H,0—— (d) P,Sy;+H,0——

29.  The ionic radii of Ca?* and F- are 100 pm and 133 pm respectively. The coordination number of Ca?*
in the ionic solid will be

(a) 8 (b) 6 (c)4 (d)2
30.  The shape of CH; ion is:
(a) trigonal planar  (b) tetrahedral (c) trigonal pyramidal (d) linear.
1. KMnO 1. NaOH
3L *— [Q]-Cy1Hy,0 R]Cy3H;,0 [15]
O‘ 2. NalO, [Q]-C11H420, avad\ ¥ [R1C13H1,0,
1..CH;MgBr
[P] (excess)
2. HBr
0
[T] <8 (5] CyaHyeBIO

Identify the structures of the intermediate compouds Q, R and S. Show the transformation for each
step
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32, (a) For the following scheme of transforamations, draw the structures of A, B, C and D. [9]

CHO
H—t—OH
_ henylhydrazine (3 e benzaldehyde (excess
HO H pnenylny (3eq) - [A] y+ ( ) > [B]
H——OH H
H——oH acid catalysed
CH,OH rearrangement

Y

OH
O OH
Br,/H,0 HIO,  HO
[D] = [C] =
HO o

(b) Complete hydrolysis of a pentapeptide with 6 N HCI at 110°C in a sealed tube gave 2 equivalents
of glycine, one equivalent each of tyrosine, leucine and phenylalanine. Reaction of the pentapeptide
with Sanger’s reagent (2, 4-dinitrofluorobenzene, DNFB) and subsequent hydrolysis gave the DNFB
derivative of tyrosine. Chymotrypsin cleavages of this peptide yielded tyrosine, leucine and a tripep-
tide. Deduce the sequence of the pentapeptide. [6]

33.  Complete the following reactions with appropriate structures for E, F, G, H and I.

o)
NaNO, /HCI Zn/AcOH
(@) )]\/cooa - > [E] > [F] 9]
CO,Et
heat
[F] + J//\ > [C]
o)
| N alkaline KMnO, » [H] _heat acetophenone _ 0]
O] [6]
N
34. (&) Account for the following transformation with an appropriate mechanism. Give the structure of
the Hoffmann exhaustive methylation product of 1, 2-dihydro derivative of [X]. [9]

N,OH
MeO | MeO
e H PCls N :@ij
> N
MeO
MeO [X]
(b) The optically pure ester [J] is hydrolysed in aqueous acetic acid to form a racemic mixture of

cis-4, 4-dimethyl-2-acetoxycyclopentanol [K]. Give a mechanistic explanation to account for
the formation of [K] and the observed change in the optical activity. [6]
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% Jl20

ACOH/HZO

~ .
o)l\

]

35.  (a) Misafirst row transition metal. MCI, on treatment with agueous ammonia gives a blue coloured
solution of complex N. A solution of MCI, also gives a bright red prcipitate of complex O with
ethanolic dimethylglyoxime. [9]

(i) Identify M and draw the structure of O.
(i) Determine the hybridisation of M in complex N.
(iii) Identify the paramagnetic complex.

(b) [Cr(H 2O)6 T+ gave an absorption at 208 kJ/mol which corresponds to A, . Calculate the
crystal field stabilisation energy of this complex in kJ/mol. [6]

36.  (a) Consider the ethers H,SIiOSiH; and H;COCHj,. [9]
(i) Which ether has more lewis base character?
(if) Which angle [Si-O-Si and C-O—-C] is greater? Justify your answer.
(b) Starting from SiO,, show how the following polymer is prepared industrially? [6]
CHs

ooy
CHs
37. (a) Asolution of metal ion (M2+) when treated with H,S gas gives a black precipitate A. Precipitate

A dissolved in hot concentrated nitric acid to give B along with elemental sulfur. The metal ion
solution also gives a white precipitate C with an excess of KI. Write the chemical formulae of A,
B,and C [9]

(b) Why are potassium permanganate solutions unstable in the presence of Mn?* ions? In the quan-
titative estimation of iron present in iron ores dissolved in dilute HCI, titrations with dichromate
are preferred over titrations with permanganate. Rationalise. [6]

38. (a) Al,Cly and Al,Me, are dimeric in gas phase. Draw their structures. Which compound has
more Lewis acid character? Explain. [9]
(b) Arrange the halides SnCl,, PbCl,,SiCl, in increasing order of their stability. Give reasons for

your answer. [6]
39. (a) Acidification of an aqueous solution of yellow sodium chromate gives an orange coloured A. A
saturated solution of A on treatment with concentrated H,SO, gives a bright orange solid B. Com-
pound A in the presence of concentrated H,SO, reacts with anion C to give a deep red coloured

liquid. Identify A, B and C. [9]
(b) Z°Po undergoes an o, emission to give element X followed by a B emission to give element Y.
(i) Write the valence shell electronic configuration of Y. [6]

(i) Indicate the groups of the periodic table to which X and Y belong.
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40.

41.

42.

43.

(a) When an ideal monoatomic gas is expanded from 1.5 bar, 24.8 L and 298 K into an evacuated
container, the final volume becomes 49.6 L. Calculate AH, AS and AG for the process. [9]
(b) The Maxwell distribution function for the distribution of speeds of molecules in gaseous systems

is given by
m ]% ) —mc?
C”exp
KT 2kT

f(c):47{27T

2KT )2
Show that the most probable speed, Cp,s = ™y [6]

(a) At 600 K and 200 bar, a 1:3 (molar ratio) mixture of A, and B, react to form an equilibrium
mixture containing X g, = 0.60. Assuming ideal gas behaviour, calculate K, for the reaction

A, (9)+3B,(9)==2AB,(9) [9]

(b) A50 mL 0.05 M solution of Fe(ll) is titrated with 0.05 M solution of Ce(IV) in the presence of
dilute H,SO, at 25°C. Calculate the equivalence point potential and the equilibrium constant K in
terms of log K. [6]

= =+0.75V, E®
) c

(Fe3+ /FeZJr e4+/Ce

)= +1.45V

(a) The vapour pressure of D,O at 20 °C is 745 mm Hg. When 15 g of a non-volatile compound is
dissolved in 200 g of D,O, the pressure changes to 730 mm Hg. Assuming the applicability of
Raoult’s law, calculate the molecular weight of the compound. [9]

(b) An enzyme following Michaelis-Menten Kkinetics was found to have highest activity at 37°C and

pH 7.0. If the maximum velocity V,,,, for this enzyme was 2.4x10* mol L s with an initial

enzyme concentration [E]O =2.4nM calculate the turnover frequency. [6]

(a) Consider the 47 electrons in cyclobutadiene to be free particles in a 2-dimensional square box of
length 2A. Calculate the wavelength of the electronic transition from the highest occupied mo-
lecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). Also write down

the normalised wavefunctions for the occupied degenerate states. [9]
(b) The reaction
— ky
T Y T NN 6]
trans

is first order in both directions. At 25°C, the equilibrium constant (K) of this reaction is 0.40. If
0.115 mol.
dm3 of cis-isomer is allowed to equilibrate, calculate the equilibrium concentration of each isomer.
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44, (a) With i, j and k as the unit vectors along, X, Y, Z axes, express the vector, @ in the given figure
in terms of the coordinate of P, and P,. Also determine the dot products of the unit vectors, i, j, k.

Pz(xzv Yas Zz)

[9]
\4
X Pl(XU y17 Zl)
(b) Deduce whether the matrices A and B commute or not. [6]

wlos) oo




PAPER : IIT-JAM 2008
CHEMISTRY-CY

NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

The correct statement describing the relationship between

o

o 0 OH
R,HC (?\1/ R,HC (?\1// R C_(J?\l/

2 \\ 2 o 2 N 6’
X O y © z ©

(a) X and Y are resonance structures and Z is a tautomer
(b) X and Y are tautomers and Z is a resonance structure.
(c) X, Y and Z are all resonance structures.
(d) X, Y and Z are all tautomers.
Among the following, the correct statement concerning the optical activity is:
(a) A molecule containing two or more chiral centres is always optically active.
(b) A molecule containing just one chiral centre is always optically active
(c) A molecule possessing alternating axis of symmetry is optically active.
(d) An optically active molecule should have at least one chiral centre.
The correct order of acidity among.

X X
& <,39> &7 @~ .
N | /\H,IS.

H
(i ) (i) (iii) (iv)

(@) (i) < (i) < (iii) < (iv) (b) (iv) < (iii) < (i) < (ii)
(c) (i) < (i) < (iii) < (iv) (d) (i) < (iv) < (i) < (i)

The major product obtained in the following reaction.

S = ) el
Pham: : Y Me .
7_<qu2 () AGO.H0

\\\\

(i) A HsC,

>—<>—<7—<7—<

The major product of the following reaction

CH3
H3C, anhyd. AICl;
+ ch% > s:

HsC Cl

A
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CHs CHs
CHs CHy  CHg oy
CHs
(a) CH (b) (© (d)
’ CHg 113 CHa " CH
CH 3
CHy  ° HyC

The major product obtained in the following reaction

K,CO3
PhCH,Br ~ : S

0
OCH,Ph (b) OH

OCH,Ph
0
OCH,Ph ~~ SOH
(€) 2 (d) %,
OCH,Ph HO  “CH,Ph

R(-)2-Bromooctane on treatment with aqueous KOH mainly gives 2-octanol that is:
(a) Optically active with ‘R’ configuration (b) Optically active with ‘S’ configuration
(c) A racemic mixture (d) A meso compound

(@)
OH
OH
(@)
@) w
OH
(@)

The major product obtained in the following reaction

OH
'\i/
- | i
OMe

OMe
H
(@ : " (b) "
a
© \©\0Me O/ o

(c) An equimolar mixture of

Yoo WA

-T
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9. The major product obtained in the following reaction
Ph
H+
Me Me —> Is
OH
Ph
Ph
(a) MeﬂbMe (b) me
Me
Ph
(€) Me (d) Me
Me
10.  The products of the following reaction
CHO
O/ Nal8OH
2 >

(a) Ho and Na180)k© (b) Hlso/\© J\Q

©) Nao HlBOLO (d) Nao J\Q
11.  When one mole of of ice is converted to water at 0°C and 1 atm, the work done (L atm) is:

(@) 1.1x10* (b) 2.0x103 (c) 2.0x10* (d) 1.1x10>.
12.  When 100 g of water is reversibly heated from 50°C to 75°C at 1 atm, the change in entropy (JK™?)

of the universe is:

(@) -0.31 (b) 0.31 (©o0 (d)3.1
13. For a zero order reaction, units of the rate constant is expressed as

(@) M1s™ (b) M%™ (c) M%7t (d) MP%s°
14. 1x10-° moles of the enzyme carbonic anhydrase dehydrates H,CO, to produce 0.6 mol of CO, per

second. The turnover number of the enzyme is:

(@) N,x6x107° (b) (1/6)x10° (c) (6x10°)/N, () 6x10°
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15.  Given that the most probable speed of oxygen gas is 1000 ms, the mean/average speed (ms) under
the same conditions is:

(@) 1224 (b) 1128 (c) 886 (d) 816

16. If the electron were spin 3/2 particles, instead of spin 1/2, then the number of electrons that can be
accomodated in a level are
(@2 (b) 3 (c)4 (d)5

17. For a particle in a cubic box, the total number of quantum numbers needed to specify its state are
@1 (b) 2 ()3 (d)9

18.  The maximum number of phases that can co-exist in equilibrium for a one component system is:
@1 (b) 2 ()3 (d) 4

19.  With increasing pressure, the temperature range over which the liquid state is stable.
(a) Decreases (b) Increases
(c) Remains constant (d) Decreases till the critical pressure and then in-
creases.

20. The conductance at infinite dilution follows the order

@ Li*>Na*>K* (B) Na">Li">K* (€) K">Li*>Na" (d) K*>Na*>Li"
21.  The V-shape of SO, is due to the presence of

(a) Two o — and one z —bonds.

(b) Two o — and two 7 —bonds.

(c) Two o —bonds and one lone pair of electrons

(d) Two o — and two 7 —bonds, and one lone pair of electrons.
22.  The correct order of the mean bond energies in the binary hydrides is:

(@ CH,>NH;>H,0>HF (b) NH; >CH, > H,0>HF
(c) HF > H,0>CH, > NH, (d) HF >H,0>NH; >CH,
23. In CsCl structure, the number of Cs* ions that occupy second nearest neighbour locations of a Cs*
ion is:
(@6 (b) 8 (c) 10 (d) 12
24, In the process
B ——. The X
X is:
(@) «a particle (b) B —particle (c) B~ —emission (d) ¥ —emission

25. For tetrahedral complexes, which always exhibit high spin states, the maximum CFSE (crystal field
stablization energy) is:

(@) -8 Dq (b) -12 Dq (c)-16 Dq (d) -20 Dq
26.  The most abundant element in earth’s crust is:
(@) Aluminium (b) Iron (c) Silicon (d) Oxygen
217, Metal-carbon multiple bonds in metal carbonyl are preferably identified from the stretching fre-
quency of
(a) Carbon-oxygen bond (b) Metal-carbon bond
(c) Metal-oxygen bond (d) Carbon-carbon bond
28. In general, magnetic moment of paramagnetic complexes varies with temperature as

(a) T? (b)T (c) T= (d) T
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29.  The compound having an S-S single bond is:

() H,S,04 (b) H,S,0, () H,S,0, (d) H,S,0;

30. Inareaction, Na,S,0; is converted to Na,S,O,. The equivalent weight of Na,S,0, for this reac-

tion is (mol. wt. of Na,S,0, = M)

@M (b) M/4 (c) M/2 (d) M/3

31. (a) Identify A, B and C in the following reaction sequence. [9]
O Me Me
A B KOH
— = A — Me -
| A Me EtOH ~ C
Me
Me CHO o
(b) Identify D in the following reaction and suggest a suitable mechanism for its formation.
Me Me H,N—OH
— .~ D(C/HgN)
o —~ HCI [6]
EtOH
32.  (a) Explain with the help of mechanisms, the observed stereoselectivity in the following epoxide
formation reactions. [9]
CHs CHs CH3
H3C mcPBA HsC N-bromosuccinimide ~ HsC
- 1
30% NaOH(aq).
,//O\\¢
¢}
(b) Explain on the basis of conformational analysis why (1R, 2S)-1, 2-dimethyl-cyclohexane is
optically inactive at room temperature. [6]
33. (a) Identify E, F and G in the following synthetic transformation: [9]
I g
Br,/AcOH NaBH,4 ()G X
ve =€ Twon " o [

(b) An optically active compound H (C,H,O) on treatment with H, in the presence of Lindlar’s
catayst gave a compound | (C,H,0). Upon hydrogenation with H, and Pd/C, compound H gave
J(C,H,,0). Both I and J were found to be optically inactive. Identify H, I and J. [6]

34. (a) A disaccharide K gives a silver mirror with Tollen’s reagent. Treatment of K with MeOH/HCI

gives a monomethyl derivative L, which does not react with Tollen’s reagent. Methylation of K with
Me,SO, and NaOH affords an octamethyl derivative of K, which upon acidic hydrolysis gives a 1:1
mixture of 2, 3, 4, 6-tetra-O-methyl-D-glucose and 2, 3, 4-tri-O-methyl-D-glucose. Disaccharide K
is also hydrolysed by the enzyme maltase. Identify K and L with proper stereochemistry. [9]
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35.

36.

37.

38.

(b) Identify M and N in the following reaction sequence. [6]

i) O .KCN
6 M0 _ \, cat.KCN
(i) Zn/AcOH

In the following reaction sequence, identify P, R and S. Suggest suitable mechanism for the conver-
sionof P>QandR — S. [15]

(i) (CH3C0O),0 . _-COOH
CH3;COONa _ ©/\/H2,Pdlc R (i) SOCl, S
i o —_— -
(i) H* MeOH (ii) AICI;, heat
Q

(a) Consider the reactions. [9]
A room temperature

(N Cr,07 + H,0, —=—» Cro(0,),
Unstable

cr3*

ancrt + H,0, —B » cro2

(i) 1dentify A and B.

(ii) What is the role of H,O, in () and how does A favour the formation of Cr**?

(i) What is the role of H,O, in (1) and how does B favour the formation CrO,>?

(b) With the help of equations, illustrate the role of a cis-1, 2-diol in the titration of boric acid with

sodium hydroxide. [6]
(a) Draw the structure of anionic Ca(ll)-EDTA chelate. How many rings are formed in the chelate
and specify the number of atoms in each ring? [9]
(b) Based on VSEPR theory draw the most stable structure of CIF, and XeF,. [6]
(a) Identify A, B and C in the following reaction scheme [9]
C .
A » Colourless solution of complex
Blue solution of transition
metal salt. H,S
les
No precipitate

B
Black precipitate

(b) From the Ellingham diagram given below, identify the metal oxide that can be reduced at a lower
temperature by carbon. Justify. [6]

T

AG/KJ

Ca —> CaO

T/C —>
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39.  (a) For th e complexes [FeR, | and [Fe(CN) | [9]
(i) Show the hybridization using VB(valence bond) theory
(i) Calculate the CFSE (crystal field stabilization energy)
(b) Identify the dark blue complex formed when | Fe(CN), T_ is treated with FeSO, and account for
the origin of its colour. [6]

40.  (a) Consider the equilibrium, A(g)==B(g)+C(9) [9]

At a constant pressure of 1 atm, A dissociates to the extent to the extent of 50% at 500 K. Calculate

AG® (kJ mol) for the reaction.

(b) Consider the following redox system. [6]
Q+2H"+2e  ==0QH, E°=0.699V

Calculate the pH of the solution at 298 K, if the redox potential of the system is 0.817 V.

41.  (a) A stream of oxygen molecules at 500 K exits from a pin-hole in an oven and strikes a slit that
selects the molecules travelling in a specific direction. Given that the pressure outside the oven
2.5x107" atm, estimate the maximum distance at which the slit must be placed from the pin-
hole, in order to produce a collimated beam of oxygen. (Radius of O, = 1.8x107° m) [9]

(b) Liquid water is to be circulated to transfer heat from a source to a sink at 1 atm. Considering this
arrangement as a Carnot engine, calculate the maximum theoretical efficiency that can be ex-
pected from the system. [6]

42.  (a) Using Heisenberg’s uncertainty principle, derive an expression for the approximate ground state
energy of a particle of mass m in a one dimensional box of length L. [9]

(b) The rate of a chemical reaction doubles when the temperature is changed from 300 K to 310 K.
Calculate the activation energy (kJ mol?) for the reaction. [6]
43. (a) Consider the reaction.
CH, (9)+20,(g)=>C0,(g)+2H,0(¥) AH? = -606.9 kJ mol ™ [9]
Assuming ideal behaviour, calculate AU® when 1 mol of CH, is completely oxidized at STP.
(b) A photochemical reaction was carried out using monochromatic radiation (490 nm) of intensity
100 W. When the sample was irradiated for 30 min, 0.3 mol of the reactant was decomposed.
Estimate the quantum efficiency assuming 50% absorption. [6]
. 2
44.  (a) Giventhat, ¢, _c,, = TV where o :l(&j and k; = _l(ﬂj [9]
Ky VvaT Jp V6P );

for a pure substance, show that C, —C,, =R for 1 mol of an ideal gas.
(b) Find the eigenvalues of the following 3x3 matrix given that 2 is one of the eigen values. Compute

the determinant of matrix using the eigen values. [6]
1 1 1
1 0 -2

1 -1 1
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NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

For an ideal gas, the plot that is NONLINEAR is:
@ PVvsT (b) PV vs P, at constant T
(c) PvsV, at constant T (d) InPvsInV at constant T

Consider two identical containers, one with 1 mole of H, and the other with 1 mole of He. If the
root-mean square (RMS) velocities of the two gases are the same, then the ratio of the tempera-
ture, T(H,)/T(He) is:

(a) 1/2 (b) 2 () 1/+2 () 2

An electron moves around the nucleus in a circular orbit, according to the Bohr model. The radial
vector i and the instaneous linear momentum vector p are shown in the diagram below.

w
The direction of the angular momentum vector is:
(a) along T (b) along P
(c) opposite to p (d) perpendicular to both ¢ and P

X and Y transformed co-ordinates obtained from p and q as follows:

X\ _ (@& 8 |( P
Y ) la, 1&gty
The correct set of linear equations that represent X and Y are
(8) X =a,p+a,q (b)) X=ap+aq (c) X=a,p+a,q (d) X=ap+ag

Y =a,p+a,q Y =a,p+a,q Y =a,p+ay Y =a,p+asq

d?x
Which of the following is NOT a solution of the equation Fﬂozx =0

() x=Acosat (b) x=Asin ot (c) x= At? (d) x=A(e" +e)

An electron is found in an orbital with one radial node and two angular nodes. Which orbital the
electron is in?

(@) 1s (b) 2p (c) 3d (d)4d
The acceptable valence shell electronic arrangment is:
ALK JRERERIE
(@ 55 - (b) 5 -
o) N o] M0

2p 2p
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

If K, is the solubility product of a sparingly soluble salt A; X, , then its solubility is:

sp

@ (Ky/108)° ) (Ky)  ©(Kol/72)" @ (Ky)

For the formation of B from A, heat liberated is 20 kJ mol™. If the activation energy for the
reaction B — A is 100 kJ mol, then the activation energy (in kJ mol) for the reaction
A— Bis:

(@) 120 (b) 100 (c) 80 (d) 60

For the reaction A+ B — Z, the concentration of Z at time t is given by

[Z]=[A], (1—e‘kt)+ [Z],_, . where k is the rate constant. The rate law is:

d[z] d[z] d[z] d[z]
@ ——5 =KIAl O = =k[Al (@) = =k[2] (@) =~ =K[A][B]
Identify the correct option:
In the periodic table, on moving from left to right along a period,
(a) The atomic size of the element increases.
(b) The first ionization potential of the element decreases.
(c) The oxide of the element becomes less basic
(d) The oxide of the element becomes more basic.
Among the following, the INCORRECT statement is:
(a) Diamond and graphite are two allotrops of carbon
(b) In diamond, each carbon is sp® hybridized.
(c) In graphite, each carbon is sp? hybridized
(d) Graphite shows high electrical conductivity in one direction only
The pH of a 1x10-% M HCI solution is close to
(@) 8.0 (b) 7.1 (c)6.9 (d) 6.0
The indicator phenolphthalein changes colour at pH ~ 9. This indicator is NOT suitable for accu-
rate determination of the end point in the titration of

(a) CH,COOH with NaOH (b) HCI with NH,0OH
(c) HCI with NaOH (d) HCl with KOH

In the thermite process, iron oxide is reduced to molten iron by aluminium powder because
(a) The melting point of iron is low

(b) The reaction is highly endothermic

(c) Large amount of heat is liberated in the formation of ALQO,,.

(d) Aluminium is an amphoteric element.

The number of P = O bonds present in the tetrabasic acid H,P,O_ is:
(@) Three (b) Two (c) One (d) None.

Egyptian blue CaCuSi,O, is an example of

(a) Sheet silicate (b) Cyclic silicate (c) Pyrosilicate (d) Chain Silicate

The formal charges on the nitrogen atom from left to right in the azide anion, [N =N= N]_ are
(@+1,-1,-1 (b) -1, +1,-1 (c)-1,-1,+1 (d)-2,+1,0

The unit cell of diamond can be obtained from the unit cell of
(@) ZnS (b) NaCl (c) CsCl (d) AgClI
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20.

21.

22,

23.

24,

Calgon used for water softening is Na,[Na,(PO,),] and it is prepared by heating microscosmic salt.
The microscosmic salt is:

(@) Na,HPO, (b) NaH,PO, (c) Na,HPO, (d) Na(NH,)HPO,
The major product obtained in the following reaction

HaZ CHs socl, .

g

;s
CeHi3
g H HsC
Ha=_CHg ClaZ CHs _ 3
@ Y () ©7 N @ T,
CeHi13 CeHis sH11
The structure of D-galactose is:
CHO
H——OH
HO——H
HO——H
H——OH
CH,OH
Which one of these structures is L-galactose?

CHO CHO CHO CHO
HO——H H——OH H—1—OH HO——H
HO——H HO——H H——OH H——OH
HO——H H——OH HO——H H——OH

(a) (b) (c) (d)
H—r—OH H—t—OH H—t—OH HO——H
CH,0H CH,0H CH,0H CH,0H

The maximum number of stereoisomers possible for 4-phenylbut-3-en-20l is:
(@)1 (b) 2 (c)3 (d)4

_ _ T Al _
The major product of the reaction + X —> s
OMe

o 0
@ ©></“\0Me (b) ©)K%l\
0
(C) ©/U\)J\ (d) OMe
0
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25.  Which of the following is achiral?
(a) Alanine (b) Glycine (c) Proline (d) Phenylalanine
26.  The reactivity order of the indicated functional groups towards a nucleophile.
_CHg
@) NI O
H H OCHj,
SONNGOINS O
P Q R
(A P>Q>R (h)Q>P>R (©Q>R>P (R>P>Q
27.  The major product formed in the reaction
O O
HOOC
H3CJ\OJ\CH3 o
" > s
HO
H c)l\o
CHs HO
HOOC @)
o HOOC oH
(©)  HoO (d) :
CHs HO
28.  Arrange the following in the correct order of acidity of the hydrogen indicated in bold.
(AP>Q>R (b)R>Q>P (©Q>R>P () P>R>Q
29.  Among the following tlhe major product obtained in the reaction below is:
CHs
| N i. NaNH,
_ ii. CHgBr
N CHs

| \ CH2CH3 @CH:;
@l Ol

N CHs N CH,CHj
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CHs
CHj N
AN |
&~
© ~ @ S N Son,
r
HaC N CH
3 3 CHs

30.

31.

32.

Which of the followng are aromatic?
@ ©® @e )
P Q R S
(@ PandQ (b) Qand R (c)Rand S (Qand S

(a) A container is partitioned into two compartments, one of which contains 2 moles of He while the
othercontains 3 moles of Ar. The gases are ideal. The temperature is 300 K and the pressure is 1 bar.
R =0.083 L bar mol* K7, In (2/5) =-0.92, In (3/5) = -0.51 [9]

(i) What is the total Gibbs free energy of the two gases?

(i1) If the partition between the two compartments is removed and the gases are allowed to mix, then
what is the Gibbs free energy of the mixture?

(iii) What is the change in enthalpy in this process?

(b) Obtain (i) the molar heat of formation of CH,(g) and (ii) the average C-H bond energy, to the

nearest Kilojoule (kJ), from the given data: [6]
AG(kJ mol‘l)
(1) CH,(9) > CH4(g)+H(9) 435
(2) CH;(g) > CH,(g)+H(9) 444
(3) CH,(g)— CH(g)+H(g) 444
(4) CH(g) > C(g)+H(g) 339
(5) C(graphite) - C(g) 717
(6) Hz(9) —> 2H(9) 436
@ (i) Draw the P-T phase diagram of water. [9]

(i) Label the different regions in this diagram.
(iii) On the diagram, show the liquid-vapour equilibrium for a dilute solution of NaCl,
with the help of a dashed curve.

o )T [6]
Obtain the expression for the temperature dependence of the equilibrium constant K given that
AH® = A+ BT (Where A and B are constants.)

_ _(o(%)) __H
(b) The temperature dependence of the Gibb’s free energy G is ==
P
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33. (@) In the space provided, plot: [9]
(i) Conductometric titration curve of 0.1 M AgNO, with 1 M NaCl, extended beyond the end point
0 _10
(kNaJr - 7\'AgJr )
3
s
O
\olume of NaCl solution added (ml)
(i) pH vs. Volume of HCI, for a potentiometric titration of 0.1 (N) NH,OH with 0.1 N HCI.
14
pH
7=
\olume of HCI (ml)
(iii) Variation of the molar conductivity of NaCl with the square root of its concentration.
AN
Ve
(b) The Zn®" | Zn half cell (E® =~0.762 V) is connected toa Cu®"|Cu  halff cell (E° =0.340 V).
What is the value of E,, for spontaneous conversion of chemical energy to electrical energy? What
is the value of log,, K, where K'is the equilibrium constant? Use (2.303 RT/F) = 0.06. [6]
34, (a) The following initial rate data were obtained for the reaction [9]
2NO(g)+0,(g) > 2NO,(g)
Partial Pressure of Initial rate
NO 02
Runl Pno Po, v
Run 2 2Pno Po, 4v
Run 3 Pno 2p02 2V

(i) What is the rate law for this reaction?
(i) One of the mechanisms proposed for this reaction is:

k
% NO3 (g)

NO(g)+0,(9)
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NO; (g)+NO(g)—2—2NO, (g)

Obtain the rate law predicted for this mechanism, assuming a steady state concentration of NO,.

(i) Predict the rate law for this mechanism, if the first equilibrium step is established quickly and
the second step is slow.

(b) (i) Write the expression for the vibrational contribution to the total energy of CH,(g) at 500 K. All

the vibrational modes are active at this temperature. [6]

(ii) Calculate the total internal energy of 1 mole of the gas at this temperature R =8.314 J mol™*K

35. () In the Bohr model of a hydrogen-like atom with atomic number Z, [9]
 The angular momentum of an electron (of mass m_and charge €) is a non-zero integral (n)

multiple of h/2m, where h is the Plank’s constant. and

» The electrostatic attraction exerted by the nucleus on the electron is balanced by the centrifu-
gal force experienced by the electron.

(i) Write mathematical expressions for the above statements.

(i1) Hence obtain the expression for the radius r of the Bohr orbit of the electron in terms of e, n,
and Z.

(b) Complete the following nuclear reactions: [6]

() YN +5 He— Hot oo
(i) JLi + H—— s

36.  (a) Highly pure nickel metal can be prepared from its sulphide ore via Ni(CO), . Write the chemical

equations involved. [9]

(b) Addition of excess of aqueous NH, followed by ethanolic solution of dimethylglyoxime to a
dilute aqueous solution of nickel sulphate changes the solution colour from green to blue to red.
Write the strucures of the metal complexes corresponding to green, blue and red colours.[6]

37.  The element E on burning in the presence of O, gives F. Compound F on heating with carbon in an
electric furnace gives G. On passing nitrogen over a heated mixture of F and carbon produces H.
Steam can decompose H to produce boric acid and-a colourless gas that gives white fumes with HCI.

Identify F, G and H and give balanced equations for their formation. [15]
38. (@) Provide IUPAC names for the following complexes: [6]
(i) [ CoCI(NH,), |Cl, (i) K,[PdCl,]

(b) The magnetic moment of [Mn(HZO)ﬁ](NOg)2 is approximately 6.0 ug . Find the number of
unpaired electrons, show crystal field splitting and calculate the CFSE. [9]

39. A metal salt on heating with a mixture of KCI and conc. H,SO, yields a deep red vapour J. The
vapour on passing through an aqueous solution of KOH gives a yellow solution of compound K.
Passing SO, gas through acidified solution (with H,SO,) of K leads to green colouration of the
solution due to the formation of M. Identify J, K and M giving balanced equations for the transfor-

mations, J— K and K —> M . [15]




PAPER : IIT-JAM 2009 =

38
40. (a) Identify E and F in the following reactions and suggest a suitable reason for their formation.
H,SO, H,SO,
~To0°C “soc [9]
160°C 80°C
(b) Predict the products in each of the following reactions. [6]
OH
2 equiv. HIO,
_ HOH,C o OCHj, . o) - >
(i) HIO, (i) Ho OCHz  H'/H,0
CHOH ——(————> HO
H*/H,0 OH
OH OH
41.  (a) Acompound G having molecular formula CH,, decolourises both permagnanate and bromine
water. G on ozonolysis followed by reductive work-up (Zn/H,O") produces equal amounts of H
and J with identical molecular C,H.O. Both H and J form 2, 4-dinitrophenyl hydrazones, how-
ever, only J shows positive test with Tollen’s reagent. Identify the compounds G, H and J. [9]
(b) Identify K and M in the following reaction sequence.
(|:H3 NaOEt Y
a
H3C B > K - CH—CH,—Br
| | EtOH / i [6]
CHs H3C
42.  (a) Identify N, P and Q in the following synthetic transforamation. [9]
0 0
(i) alkaline KMnO,4 . EtOH . (i) NaOEt/EtOH (i) HCI/H,0
(i) HsO" g H,SO; (cat) (ii) HsO (i)heat
(b) Draw the most as well as the least stable chair conformations of trans-1-tert-butyl-4-
methylcyclohexane. [6]
43. Identify R, S, T, X and Y in the following reaction sequences.

(i) Mel
heat (||) AgZO/H20= S+ T
(iii) heat
@ % (o
Me/ MeOH
O\\ .0

S
¢l NH ' . heat
(i) HCI
Me
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44, (a) Complete the following reaction sequence with the structures of X, Y and Z. [9]
H,0 (i) H,0 (i) HO~"0on
X —— > HC=CH > Y -

(i) H,S0,, HgsO, (i) H*
(b) Calculate the isoelectric point (p.1.) of lysine. Given the pK_ of a..NH, is 8.95, pKa of side chain
NH, is 10.53 and pK_ of o.COOH is 2.18. [6]
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NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

The molar internal energy of a gas at temperature T is U, (T) . The molar internal energy at T =0
is U, (0) The correct expression that relates these two with appropriate contributions is:

(@ U, (T)=U,(0)+3RT [Linear molecule, translation only]

5
(b) U (T)=U,, (O)+ERT [Linear molecule, translation and rotation only]

3
) Un(T)=U, (O)+ERT [Nonlinear molecule, translation and rotation only]

(d) U, (T)=U,(0)+RT [Non linear molecule, translation only]

If a particle has linear momentum P =—2i + j+k at position ¥ =3i — j+K , then its angular

momentum is:

(a) T+ 2K (b) 2i-5j+k  (©) 5i-2j (d) 2i +5)-k

If v is the eigenfunctions to the Hamiltonian operator with o as the eigenvalue, then o« MUST

be

(a) Positive (b) Negative (c) An integer (d) Real

A quantum mechanical particle of mass m free to rotate on the surface of a sphere of radius r is in
2

the state with energy . The degeneracy of this state is:

mr?

(@) 20 (b) 10 ©9 (d) 4

Choose the INCORRECT statement among the following:

(a) When ideal gases are mixed, the entropy of mixing is always positive.

(b) At equilibrium, the chemical potential of a species is the same in all of the phases of the system.

(c) The total pressure of a mixture of a ideal gases is equal to the sum of the partial pressure of each
gas in the mixture

(d) When a gas is allowed to expand, the maximum work is obtained when the process is carried out
irreversibly.

The work done during the free expansion of one mole of an ideal gas at 27°C to twice its original

volume is (given: RT = 2494 Jmol, In 2= 0.7, log 2 = 0.3)

(@) 1746 J mol* (b) 1746 J mol* (c) zero (d) 748.2 J mol=.

Choose the correct order of the diffusion coefficients of the following at 298 K.
pP:H* In water

Q:OH" in water

R: H,O in water

S: Sucrose in water
@P>Q>R>S ()S>R>Q>P (¢)S>Q>R>P (dP>R>Q>S
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2 4
Two matrices are given as X = @ ?] and Y = (6 0] . If X7 is the transpose of X then what

would be XTY?

20 52 20 4 32 4 44 28
@4 20 ®) 52 20 © |48 12 @l 1
Addition of 1.0 g of a compound to 10 g of water increases the boiling point by 0.3°C. The amount
of compound needed to prepare a 500 ml of 0.1 M solution is (given: assume negligible dissociation

or association of the compound, boiling point constant K_of water = 0.513 Kkg mol™)
(@) 0.855¢g (b)17.19 (c)8.55¢g (d)85.5¢

The molar conductivity of 0.009 M aqueous solution of a weak acid (HA) is 0.005 S m? mol* and the
limiting molar conductivity of HA is 0.05 S m? mol at 298 K. Assuming activity coefficients to be
unity, the acid dissociation constant (K ) of HA at this temperature is:

(a) 1x10* (b) 0.1 (c) 9x10+* (d) 1.1x10°°
The colour of potassium dichromate is due to

(a) d-d transition (b) transition in K* ion.

(c) Ligand to metal charge transfer (d) Metal-to-ligand charge transfer.

Which one of the following configuration will show Jahn-Teller distortion in an octahedral field?
(a) High spin d?® (b) High spin d* (c) High spin d® (d) Low spin d®.

B,H, and B,H,, respectively, are examples of

(a) Nido and arachno borans (b) Nido and closo boranes

(c) Closo and arachno boranes (d) Nido boranes.

Which of the following has a square planar geometry according to the VSEPR theory? Atomic num-
ber: B =5, S =16, Xe = 54.

(a) XeO,F, (b) SF, (c) BF, (d) XeF,

The structure of rock salt consists of

(a) A cubic close-packed array of anions with cations in all the octahedral sites.

(b) A cubic close-packed array of cations with anions in all the tetrahedral sites.

(c) A hexagonal close-packed array of anions with cations in all the octahedral sites.

(d) A cubic close-packed array of anions with cations in all the tetrahedral sites.

Among lithium, nitrogen, carbon and oxygen, which element has the highest first ionization poten-
tial?

(a) Lithium (b) Nitrogen (c) Carbon (d) Oxygen

In which of the following C-H bond has the highest ‘s’ character?

(a) Acetylene (b) Ethylene (c) Methane (d) CH radical
Which one of the following is an electron deficient molecule according to the octet rule?
(a) CH, (b) H,N:BH, (c) AlH, (d) GeH,

Which one of the following has the highest lattice energy?

(a) LiCl (b) CaCl, (c) LiF (d) KCI

At room temperature, HCl is a gas while HF is a liquid because
(a) Of a strong bond between H and F in HF

(b) HF is less acidic as compared to HCI

(c) Of strong intermolecular H-bonding in HF

(d) HCl is less acidic as compared to HF
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21. Benzene and Dewar benzene are
Benzene Dewar benzene

(a) Canonical forms (b) Structural isomers (c) Tautomers (d) Conformational isomers.

22.  The IUPAC name of the following compound is:
Cl
/CN
HC—CH
H3C CH3

(a) 2-cyano-3-chlorobutane (b) 2-chloro-3-cyanobutane

(c) 2-methyl-3-chlorobutanenitrile (d) 3-chloro-2-methylbutanenitrile
23.  Which chemical test will distinguish the compounds shown below?

(a) Beilstein’s flame test (b) Ethanolic silver nitrate test

(c) Sodium fusion test (d) Fehling’s test
24.  The reaction of the bromo compound shown below with sodium ethoxide gives predominantly

NaOEt
HSC//,
®
H
H3C/// H3C//, D

© H

25.  Choose the correct order of reactivity for dehydration of the given alcohols using concentrated sul-

furic acid.

(a) 2-methylpropan-2-ol > 2-butanol > 1-butanol
(b) 2-methylpropan-2-ol > 1-butanol > 2-butanol
(c) 2-butanol > 2-methylpropan-2-ol > 1-butanol
(d) 1-butanol > 2-butanol > 2-methylpropan -2-ol.
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26.  The titration curve of alanine hydrochloride is given below

O o5 1 15 5, 25
Equivalents of hydroxide

The position in the graph that corresponds to the isoelectric point of alanine is:

(a) P (b) Q (©R (d)S

27.  The absolute configurations at the two chiral centers in D-Ribulose are

CH,OH
——QO
H—T—OH
H—T—OH
CH,OH
D-Ribulose
(@) 3R, 4R (b) 3R, 4S (€)3S, 4R (d) 3S, 4S
28.  The most stable conformation of the molecule shown below is correctly represented by
OH
Me
Me --n|<
Me
Me Me Me on
0T o I =7
HO Me
Me
Me OH Me
© W (@ e e
Me

HO
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29.  Thermal rearrangement of the following compound would give
Qo/\
X
CHO CHO CHO
(a) (b) (©) (d)
o}
30.  The energy profile diagram that corresponds to 1, 2-dihydroxyethane for rotation around the C-C
bond is
5- 5-
& &
= | S
@ & (b) & -
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Dihedral angle(deg) Dihedral angle(deg)
5- 5-
& G
= S
©) & (d) & -
0 60 120 180 240 .300. 360 0. . 60 120,180 240 300 360
Dihedral angle(deg) Dihedral-angle(deg)
31. (&) Equilibrium constant for a reaction doubles as the temperature is increased from 300 K to 600 K.
Calculate the standard reaction enthalpy (in kJ mol™) assuming it to be constant in this tempera-
ture range. (given R = 8.3 J K* mol, In2 = 0.7). [9]
(b) A50 mL solution of 0.1 M monoprotic acid (K = 1x10~at 298 K) is titrated with 0.1 M NaOH
at 298 K. Calculate the [H*] of the solution after the addition of 50 mL of NaOH at this tempera-
ture. (given K = 1x10"" at 298 K) [6]
32.  For the reaction, H,(g)+Br, (g)— 2HBr(g)

the following mechanism has been proposed.

Initiation: Br, +M—XBr' +Br' + M

Propagation: Br' +H,+—2>HBr+H"; H' +Br,—HBr+Br
Retardation: H' + HBr——H, + Br’

Termination: Br’ +Br" +M— Br, + M +energy
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33.

34.

35.

36.

37.

Where M is the initiator/terminator.
(@) Write the differential rate equations for the formation of the two intermediates H and Br". [6]

(b) Using the steady-state approximate calculate the concentration of the intermediate H* and Br’
and obtain the rate law for the formation of HBt. [9]

Calculate AH,,, and AS, for the process

H,0(1) H,0(s)
T=263K »| T=263K
P=0.1MPa P=0.1MPa

Assume that at 273 K the molar enthalpy of fusion of ice is 6006 J mol, the heat capacity C, , (s)

of ice is 38 J K* mol ™ and heat capacity C, , () of liquid water is 76 J K-* mol™*. Consider the

heat capacities to be constants. . [15]
(given: In 263 = 5.57 and In 273 = 5.61)

Two beakers, one containing 0.02 M KMnO,, 0.2 M MnSO, and 0.5 M H,SO, and another contain-
ing 0.15 M FeSO, and 0.05 M Fe,(SO,),, are connected by a salt-bridge Platinum electrodes are
placed in each beaker and these two electrodes are connected via a wire with a voltmeter in between.
H,SO, is present in equal volumes in each beaker. Assume H,SO, is completely ionized.

2.303RT
i ) 0 = 0 = —_—— =
Given: E_ 5, o, =08V, EMnOZ/Mn2+ =15V, = 0.06V and log2=0.3
(a) Write the complete balanced redox reaction for this cell. [6]

(b) What would be the potential of each half-cell after the reaction has reached equilibrium? [9]

An atomic orbital is described by the wavefunction

r

\y(r)z—se %0/, where ay-is the-Bohr-radius:
nag

2 1
Given: dt =r?sin0drdod¢ and jr”e‘Brdr = # (n is a positive integer)

(a) Identify the atomic orbital and calculate the mean or the average radius of this orbital in terms of

a, [9]
(b) Calculate the most probable radius (in terms of a)) at which an electron will be found when it
occupies this orbital. [6]
Identify W, X, Y and Z in the following sequence. [15]

Li+W(g) heatﬁ\(?e%) HZO%Y(g) alkaline KoHgly N

Y turns moist litmus paper blue. Write balanced chemical equation for the conversion of Y to Z.

(brown)

(a) Draw the crystal field splitting diagram with appropriate labels for [NiCI4]2_. Determine the

spin only magnetic moment and the crystal field stabilization energy (CFSE) for this complex.
(given: atomic number of Ni = 28) [9]

(b) Write the balanced equations for the reactions involved in the iodometric estimation of Cu?
using thiosulfate. [6]
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38. (a) In the reaction sequence given below P is an anionic Fe(ll) complex.
p__aiNoj | 0 aq.5%~ s R
(brown) (purple)
Identify P, Q and R. [9]
(b) Draw a properly labeled unit cell diagram of CsCIl. Show through calculations that there is only
one CsCl per unit cell. [6]
39. (a) Write the balanced chemical equations for the reactions involved in the synthesis of borazine
using ammonium chloride as one of the starting materials. Write the structure of borazine. [9]
(b) Draw Lewis structures of SF, and NO; [6]
40. (a) Complete the following sequence by identifying E, F and G.
0
N 1. AICI3 _ Zn-Hg _ H3POy4
2. H0* conc. HCI [9]
o)
(b) Identify H and I in the reactions below [6]
o) o) NH; HNO;
)I\/”\ +  PhCHO =g H —rion |
OC,Hs
(2 moles)
41.  (a) ldentify the products J, K, and L in the following reactions. Lassaigne’s test for L shows the
presence of nitrogen only. [9]
NHCOCH3;
HS04/S03 ; excess HNO; P 1. heat/H;0" |
2. Neutralization
(b) Write the structure of M and N in the following reactions. [6]
Me
CH,C=CH
HgSO, NaOEt/EtOH
_ > M > N
o dilute H,SO4 Heat
42. (a) Write the structures of P, Q and R in the given reaction sequence. [9]
1. MeMgBr Pd/BaSO, LiAIH,
Ph———-H > P > >
2. BrCH,COOC,Hs H, dry ether
(b) Identify S and T in the reactions given below: [6]

CO,Et NaH in toluene S H;O*/ heat

CO,Et heat
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43.  (a) Identify X, Y and Z in the following reactions. [9]
0

Q ®
NK + BrCH(COOC,Hz), —> X

lNaOEt/CICHZCHZSMe

o o 1. NaOH
Phthalic acid + Z = Y
2. H30"/heat
—-CO,
(b) Suggest a suitable mechanism for the following reaction. [6]

O
CHO
HO- o®
reflux OH
CHO

44.  Consider the following reactions for a compound with molecular formula C H, ..

Hydrogenation
CioH16 Yo > CyoHy

Ozonolysis O

H H
2 moles of HCHO + 1 mole of acetone + 1 mole M

O O

(@) Write structues that are consistent with the above data for the formula C H, . [9]
(b) Given that myrcene is a terpene and has the molecular formula C, H,, using the isoprene rule
identify the correct structure for myrcene among the structures elucidated in part(a). [6]
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10.

11.

12.

13.

NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

The pair of semimetals in the following is:

(@) Al, Si (b) Ge, As (c) Sh, Te (d)Ca, B

The most probable oxidation states for both Cr and Mo are

(@) +2, +3, +4 (b) +2, +3, +5 (c) +2, +3, +6 (d) +3, +4, +5
The correct order of acidic character is:

(@) Al,O; >MgO >SiO, >P,0,, (b) P,O; > Al,O; >MgO >SiO,

(c) P,O, >SiO, > Al,O; > MgO (d) Sio, > P,0,, > Al,O, > MgO
The pair of amphoteric oxides is:

(@ VO,Cr,0, (b) V,0,,Cr,0, (c) VO,,Cr,0,4 (d) V,0g,CrO,

In the structure of B,O (OH)i_

(a) All four B atoms are trigonal planar

(b) One B atom is tetrahedral and the other three are trigonal planar.
(c) Three B atoms are tetrahedral and one is trigonal planar.

(d) Two B atoms are tetrahedral and the other two are trigonal planar.

The pH of an aqueous solution of AI** is likely to be
(a) Neutral (b) Acidic (c) Slightly basic (d) Highly basic.

Hydrolysis of (CHj), SiCl, and CH,SiClj, leads to

() Linear chain and cross-linked silicones, respectively
(b) Cross-linked and linear chain silicones, respectively.
(c) Linear chain silicones only

(d) Cross-linked silicones only.

The oxide that has the inverse spinel strucrure is:

(a) FeCr,0O, (b) MnCr,O, (c) CoAl,O, (d) Fe,CoO,
The transition metal monoxide that shows metallic conductivity is:

(@) NiO (b) MnO (c) TiO (d) CoO
The metal that is extracted by the reduction method is:

(a) Al (b) Au (c) Hg (d) Mg

The most viscous liquid is:

(a) Water (b) Methanol (c) Ethylene glycol  (d) Glycerol
In ammonical buffer, oxine (8-hydroxyquinoline) forms yellow precipitate with
(@) Mg(l1) (b) Ca (1) (c)Ba(ln) (d) Sr (1)

Addition of an aqueous solution of Fe(ll) to potassium hexacyanochromate (111) produces a brick-
red coloured complex, which turns dark green at 100 °C. The dark green complex is:

(a) Fey[Cr(CN), | (b) KFe[Cr(CN),] (c) KCr[Fe(CN),] (d) Fe[Cr(CN),]
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14.

15.

16.

17.

18.

19.

20.

21.

22,

In the following equation X is:

StAM+ o —— 57°Bk+X

(a) 2gn (b) gn (c) 21H (d) SHe

Based on the principle of equipartition of energy, the molar heat capacity of CO, at constant
volume C__is:

(@)35R (b) 6R (c) 6.5R (d) 9R

One mole of a van der waals gas undergoes reversible isothermal transformation from an initial
volume V. to a final volume V.. The expression for the work done is:

@) RTIan+a(V2—V1) (b) —RTIn vl—b+a(71_72
P RTInY2=D_ (1 1
(c) RTInF2 (d) V. b vV,

1
The scalar product of two vectors u and v, where u = 2j +3j—5k and v =i + j+ 3K, is:

(a) -10 (b) 2i +3j-15k (©) 3i+4j-2k (d) 10

The minimum concentration of silver ions that is required that is required to start the precipitation of
Ag,S (Ksp = 1x10°) in a 0.1 M solution of S* is:

(@) 1x10* M (b) 1x10-°° M (c) 1x10* M (d) 1x10®2 M

Identify the correct statement regarding Einsteins’s photoelectric effect

(a) The number of electrons ejected depends on the wavelength of incident radiation.

(b) Electron ejection can occur at any wavelength of incident radiation.

(c) The number of electrons ejected at a given incident wavelength depends on the intensity of the
radition.

(d) The kinetic energy of the ejected electrons is independent of the wavelength of incident radia-
tion.

The hydrolysis constant (K.) of NH,Cl'is 5.6x107% The concentration of H.O* ina 0.1 M solution of
NH,CI at equilibrium is:

(8) v5.6x107% (b) /5.6x107% (c) 5.6x107% (d) 2.8x107°
The acid dissociation constant (K)) for HCOOH, CH,COOH, CH,CICOOH and HCN at 25°C are

1.8x107*,1.8x107°,1.4x10™° and 4.8x1071°, respectively. The acid that gives highest pH at the

equivalence point when 0.2 M solution of each acid is titrated with a 0.2 M solution of sodium
hydroxide is:

(a) HCOOH (b) CH,COOH (c) CH,CICOOH (d) HCN.

For an ideal gas undergoing reversible Carnot Cycle, the plot of enthalpy (H) versus entropy (S) is:

H H OO
(a) (b) (c) (d)

S S S S
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23.

24,

25.

26.

Hybridizations of the atoms indicated with the asterisk (*) in the following compounds sequentially
are

HC—CH

0—o0
o CH, /4 )\ /4 >\
)I\ * *
P~ So—ph Ph)j\O—Ph Ph o Ph Ph o~ Ph
% *

(a) sp®,sp*,sp°,sp”  (b) sp®,sp°,sp,sp”  (c) sp®,sp®,spsp” () sp?,sp?,sp®,sp’
The Cahn-Ingold-Prelog (CIP) priorities of the groups and the absolute configuration (R/S) of the
following compounds are

OH
CH,
--|II|||/
(H3C),HC

CHs
(@) CH,0OH > CH(CH3)2 >CH=CH, >CH; and S
(b) CH,0OH >CH=CH, > CH(CH3)2 >CH; and S
(c) CH,OH>CH =CH, > CH(CH3)2 >CH; and R
(d) CH,OH > CH(CH3)2 >CH=CH, >CH; andR

The optically active stereoisomer of the following compound is:

CH;
HO OH

HaC—fCHs
CHgs

OH

OH
OH
OH
CHs
OH
CHj
© W (d) w o
OH

The correct relationship within each pair of the natural products is:

(a) Camphor — terpene; insulin — protein; nicotine — alkaloids; streptomycin — carbohydrate
(b) Camphor — terpene; insulin — carbohydrate; nicotine — alkaloid; streptomycin — lipid
(c) Camphor — alkaloid; insulin — protein; nicotine — terpene; streptomycin — carbohydrate.
(d) Camphor — carbohydrate; insulin — protein; nicotine — alkaloid; streptomycin —terpene.
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27.  The correct sequence of relationships between the compounds of the following pairs i-iv is:

CH,CHg CHg
COOH CHs
) ... H—F+—Br H——Br
(i) H+NH2 H NH, (i)
CHs COOH Br——H Br——H
CHg CH,CHg
Ph CHs CH,CHs CHs
... HO—F— —_ . o _
(i) 0 H H NH, (V) H cl cl H
H,N—+—H HO—1—H H——Br Br——H
CHs Ph CHs CH,CHs

(a) Identical, enantiomers, diastereomers and structural isomers.
(b) Enantiomers, identical, structural isomers and diastereomers.
(c) Enantiomers, identical, diasteromers and structural isomers.
(d) Identical, identical, diastereomers and structural isomers.
28.  The INCORRECT statement in the following is:
(a) The nucleobase pairs are aligned perpendicular to the helical axis in DNA.
(b) RNA contains uracil and thymine, but DNA contains only thymine.
(c) All naturally occuring amino acids with the exception of glycine are chiral
(d) All enzymes are proteins, but all proteins are not necessarily enzymes.

29.  The product P and Q in the following reactions, respectively, are
Cl

CHs
NaNH
—2>P A/CIMQ
S cl S
o7 By Oy A
a
@® A/
and iy and Cl

o . o ~ cl
CH3 3

o T ALe o) "m Ay

2

30.  The major product in the following reaction is:

0
{/ \\ H,NCONHNH,(lequiv), HCI, 100°C
+ >
o~ CHO

(1 equiv) (1equiv)

O
- !\ I
(a)<:>=N CNANF, (®) o (H:=N—(Il—NHNH2
i 0
NH—C— gl \
(c><:>=N NH—C—NH, (@) & ) LS=N_NH_L1_NH2
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31. (@) In the following reactions, identify X, Y and Z. [9]
Na,SO; + S boiling water, X(colorless solid)
AgBr MY(SOIubIe complex)
X + Cl, + H,0 boiling water 7 4+ HCI
(b) Draw the structures of S,N,H, and N S,F,. [6]
32.  (a) The magnetic moment of [Fe(phen)2 (NCS)Z] varies with temperature. The magnetic moments
at 200 K and 50 K are 4.9 B.M. and 0 B.M., respectively. Write the d-electron configurations of
Fe at both temperatures and give reason for the observed change in the magnetic moment.
(phen = 1, 10-phenanthroline) [6]
(b) PCI, exists as a discrete covalent molecule in the gaseous state, but is ionic in the solid state.
Draw the structures of PCI, in gaseous and solid states. [9]
33. In the following equilibrium and reactions, identify species B to E. [15]
Write the balanced chemical equation for the conversion of C to E.
pH > 6 dil. HCI
» B — C
» oxide of Cr » yellow color » strong oxidizing agent
* solid » tetrahedral
* no d-electrons
B + diphenylcarbazide ——— D(violet color)
C + HCI ——— > E(greenish yellow gas)
34, (a) Identify species A and C in the following. [9]
Write the balanced chemical equation for the conversion of A to A%,
A+ aguaregia ——  A3* + NO
A3 + |- ———» B(black precipitate)
B + I7(excess) C(orange color)
Hint: C on the dilution with water gives B
(b) Draw the structures of X and Y in the following reactions. [6]
(i) Borazine + HC| —— > X
(ii) Borazine + Bry ———— > Y
35.  (a) The molar conductances at infinite dilution for BaCl,, KCI, K.SO, and CI- are 280, 150, 300 and

76 QO 'm?mol™, respectively. Calculate the transport number of Ba** in BaSO, solution at infi-

nite dilution. [9]
(b) If 4 moles of a MX, salt in 1 kg of water raises the boiling point of water by 3.2 K. Calculate the
degree of dissociation of MX, in the solution. [6]

[For water, k. = 0.5 K kg mol]
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36. (a) For the reaction R — P, the plot of In[R] versus time (t) gives a straight line with a negative
slope. The half life for the reaction is 3 minutes.
(In2=0.693,In 0.1 =-2.303)
(i) Derivative the expression for t .
(i) Calculate the slope of the straight line [9]
(iii) Calculate the time required for the concentration of R to decrease to 10% of its initial value.
(b) Shown below is the Jablonski diagram that describes various photophysical processes. The solid

arrows (—>) represent radiative transitions and the wave arrow (~~~) represents a non-radia-
tive transition. [6]

Z —
‘WV\M/\N\.}:
T,

Y

Absorption

S, —
(i) Name the photophysical pathways X, Y and Z.
(if) Which of the radiative decays is faster?
37. (@) (i) Given that AG = —nFE, derive the expression for the temperature dependence of the cell
potential (E) in terms of the change in entropy (AS) . [9]
(ii) For a cell reaction, E(at 25°C) = 1.26 V, n =2 and AS=-96.5J K 'mol™* . Calculate E at 85° C

by assuming AS to be independent of temperature. (F = 96500 C mol™).
(b) The phase diagram for the lead-antimony system at a certain pressure is given below.

Liquid
Q‘ 631
g
2 ) 327
E’_ Region | M
5 24 _
Region 11

Mole fraction of Lead

(i) Identify the phases and components in region | and region II.
(i) Calculate the number of degrees of freedom (Variance) at point M. [6]

38.  (a) One mole of an ideal gas initially at 300 K and at a pressure of 10 atm undergoes adiabatic
expansion.
(i) Reversibly and
(i1) Irreversibly against a constant external pressure of 2 atm until the final pressure becomes equal
to the external pressure.

Calculate ASyq,, for (i) and (ii). For (ii), express the final answer in terms of R. Given: Molar heat
capacity at constant volume C, - = 3R/2. [9]
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(b) For the following equilibrium at 300 °C.
Calculate K, when N,O, is 30% dissociated and the total pressure is 2 bar. [6]
39. (a) The Maxwell probability distribution of molecular speeds for a gas is:
3% 2
F(v)dv = 4nv? m exp| -V |y
2nkT 2kT
where ‘v’ is the speed, ‘m’ the mass of a gas molecule and k the Boltzmann constant.
(i) Use F(v) to show that the most probable speed Voo is given by the expression.
2RT |2
LV
(i) Use R = 8 J K- mol in the above expression to calculate the Voo for CH,(g) at 127 °C. [9]
(b) The wavefunction of a quantum state of hydrogen atom with principal quantum number n = 2 is:
1 1 32 r r
r0,0)= — 2—— |exp| ——
vam(r00)= el © | (2= Josg( 50
(i) 1dentify the values of quantum numbers | and m and hence the atomic orbital.
(i) Find where the radial node of the wavefunction occurs. [6]
40. (a) Write the possible substitution products in the following reactions. Indicate the types of mecha-
nisms (S 1/S,2/S2") that is/are operative in each reaction. [9]
S)
. CN, DMF
(i) NAB——>
Br CH;0H
(ii) /7< —— 37 52
(b) Write the elimination products A to C in the following reaction. Identify the major product
OH
7 H3PO, , A
o8 _AsBsc
[6]
H
41. (a) Write the structures of Ato C in the following reaction sequence. [9]
HCI, AICI; CH3COCI, AICl3 )
+ H3C—HC==CH, > A > B(major product)
1. CF3COOOH, CH,Cl,
2. NaOH, A
3. H3;0*

C
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(b) Write the structures of D and E in the reactions given below. [6]
HsC._CH3
1. HNOg, H,S0, 1. Bry, FeBrs
2.SnClp, HCI D 2.KOH, H,0,A
3. (CH4C0),0 3.NaNO,, HCI

(major product) 4. HyPO,

42. (a) Write the structures of Ato C in the following reaction sequence. [9]
m-CIC¢H,COOOH, benzene 2. H30"
> (A) » B + C
3. NaNO,, HCI
CHs
(b) Write the structures of D and E in the following reaction. [6]
OH
Brz, OH™
Ph)\”/NHZ Ty - . . e
o et (intermediate) (stable product)
43.  Write the structures of products A to E in the following reaction sequence. [15]
CHs
P~
N(CH3),
Li, NHs(lig. H,O* isomerization (H3C)sSIO H30"
t-BuOH
CHs
44,  Oxanamide O, a tranquilizer, is synthesized according to the following reaction scheme. Write the
missing structures and reagents K to O. [15]
K: Reagents - . . ,
CgH;g —— 2L (C4HgO and gives positive test with Tollen's reagent)
NaOH, A
(-H20)
1. SOCl,

Ag,0, NaOH 2. NH,

————— N » O
(oxidation) 3. CF;COOOH

(an epoxy amide)

(2)-M
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10.

NOTE: Attempt ALL the 44 questions. Questions 1-30 (Objective questions) carry three marks
each and questions 31-44 (Subjective questions) carry fifteen marks each.

Molecular shape of SOCI, is:

(a) Square planar (b) Trigonal pyramidal (c) Triangular planar (d) T-shape
Number of three-centre two-electron(3c-2e) bonds present in diborane is:

(a) 2 (b) 4 (c) 6 (d)8

The lattice energy of LiF calculated from Born-Lande equation —1000 kJ mol*. Assume that for both
LiF and MgO the Madelung constants, interionic distances and Born exponents have the same value.
The lattice energy of MgO in kJ mol is:

(a) —4000 (b) —2000 (c) 2000 (d) 4000

The compound formed by dissolving elemental gold in aqua regia is:
(a) AuCl (b) AuNO, (c) H[AuCI ] (d) H[Au(NO,),]

Number of moles of ions produced by complete dissociation of one mole of Mohr’s salt in water is:
(@3 (b) 4 (©)5 (d) 6

The tetrachloro complexes of Ni(11) and Pd(I1) respectively, are (atomic numbers of Niand Pd are 28
and 46 respectively)

(a) diamagnetic and diamagnetic (b) paramagnetic and paramagnetic

(c) diamagnetic and paramagnetic (d) paramagnetic and diamagnetic

The total number of steps involved and number of beta particles emitted in the spontaneous decay of

238 208 i
o U — g, Pbrespectively, are

(@) 8and 6 (b) 14 and 6 (c)6and 8 (d) 14 and 8

A filter paper moistioned with ammonical sadium nitroprusside solution turns violet on contact with
a drop of alkaline Na,S solution. The violet color-is due to the formation of

(2) [Fe(SCN), (NO) ]~ (b)[ Fe(SCN), (NO)|

(©)[Fe(CN), (NOS) " (@ [Fe(cN), (NoS)

The species/compounds that are aromatic among the following are

! o
A OOdS
P Q R S
(@ Rand S (b) Pand Q (c)Qand S (dPand S

The major product obtained in the reaction below is

Lb< HCl
—_—

CH,
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11.

12.

13.

14.

15.

16.

(@ZJE%Ti (m\N;££7 ©c (m;j}:fi;
Cl Cl

The rates of acetolysis for the following norbornyl derivatives are in the order

TsO H H OTs H OTs
2$£7 QI%7
P Q R

(@)R>Q>P (b)) Q>R>P (©P>R>Q (R>P>Q
The Haworth projection for o.—anomer of D-glucose is:

0 oH 0 e oH OH
OH OH 0
(@) N ®) O © L3 (d)
OH OH OH o
OH OH OH OH

The complementary DNA sequence of the given DNA 5’-G-A-A-T-T-C-3’ is:
(@) 5’-C-T-T-A-A-G-3’ (b) 5’-C-U-U-A-A-G-3’
(c) 3’-C-T-T-A-A-G-5’ (d) 3’-G-A-A-T-T-C-5’
The order of nucleophilicity of the following anions in a S 2 reaction is:

o° & o° o°

i i i i _NO,

P Q NO, NO,

R S

@Q>R>S>P (b)Q>P>R>S () Q>R>P>S (P>S>R>Q

The pair of conformation that has maximum energy difference is:

(8) <N and \0\ (b) <N\ and X
© A<\ and \m2\ (d) LN and \—F

The major mono-sulfonation product of o — tetralone is:

SOzH O

O
o (0]
HO5S
(a) (b) (c) (d)
HO3S

SOzH
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17. Electrophilic nitrations of the following compounds follow the trend
NHCOCH;  CyHs
(@S>R>P>Q (b)R>S>P>Q (c)R>P>S>Q (d)P>S>R>Q
18.  The compounds those would not respond to tests of both nitrogen and sulfur with sodium fusion
extracts are
® i i
- € @ o
HoN—NH3HSO,4 HoNT “NH, HaN—NH3'HCO; HZNJ\S/
I [ I 1\
(@ land Il (b) 1 and IV (c)land IV (d) lland IV
19.  The correct epimeric pair of the following is:
CHO CHO CHO CHO
HO—1—H HO——H HO——H H—+—OH
HO——H H—t—OH H—t—OH H—t—OH
H OH H OH HO H H OH
H—t—OH H—t—OH H—t+—OH HO—1—H
CH,OH CH,OH CH,OH CH,OH
P Q R S
(@ PandQ (b) Rand Q (c)Qand S (dRand S
20. o.— Farnesene shown below is a
(a) diterpene having two isoprene units (b) triterpene having three isoprene units
(c) triterpene having four isoprene units (d) sesquiterpene having three isoprene units.
21. For the equilibrium N, +3H, =—=2NHy;, the equilibrium constant, K, is expressed as
p o Py 2
3 _ FNH3 3 _ NH3 3 _ FNH3
@ 3Ky =—3 0 FKe=—7— ©FKy=—7 @) 3%} _ P
PN, PN, PH, PN, P 4
2
22.  The average speed of H,, N, and O, gas molecules is in the order

(@ H,>N,>0, (b) O, >N, >H, (c) H, >0, >N, (d) N, >0, >H,
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23.  The enthalpy of vaporization (A,q,H) is zero at

(a) Boyle temperature (b) critical temperature

(c) inversion temperature (d) boiling temperature.
24.  The half-life of any zero-order reaction is:

(a) independent of concentration (b) proportional to inverse of concentration

(c) proportional to concentration (d) proportional to square of the concentration.
25.  The molality of (NH,), SO, solution that has the same ionic strength as 1 mol kg solution of

KCl is:

(a) moI kg™ (b) moI kg™ (c) moI kg™ (d) moI kg™

26.  The standard enthalpy of formation (Af Hgoo) at 1 bar and 300 K for the formation of CF,CICF,CI (g)
from its constituent elements in the standard state is =900 kJ mol?. Given R = 8.3 J K mol, the

standard internal energy of formation(Af Ugoo) at the same pressure and temperature is:
(@) —905 kJ mol™ (b) =895 kJmol™ (c) 895 kJ mol (d) 905 kJ mol=.

27.  The percent transmittance of a solution having absorbance (optical density) 1.0 is:
@1 (b) 10 (c) 50 (d) 99

X -y .
28. The matrix which transforms y to IS:

) -1 0 0 -1
CYERE oy & o5

29.  Aconcentration cell with two hydrogen electrodes at two different pressures is depicted as

H, (9)(Pt)|HCI(aq) Ha (9)(PY)
Pu, =Py Ph, =Pz
The potential (E_,) of the cell is:
RT , P, RT P P2 Py
Ol (b) My © —f”—l @ 35 0,

30.  Anaqueous solution containing 1 g L™ of a polymer exerts osmotic pressure of 4 torr at 300K.
Given R =0.082 L atm, the molar mass (g mol™) of the polymer is:
(a) 4500 (b) 4564 (c) 4674 (d) 4800

31.  (a) Identify the most acidic compound from the following: CH; —CH;, CH, =CH,and CH=CH,

and justify your answer. Draw overlap of the orbitals to show bonding in the most acidic compound
using the concept of hybridization. [Marks: 09]
(b) Write a balanced chemical equation to represent acid-base reaction of orthoboric acid in water.
Addition of ethylene glycol to aqueous orthoboric acid enhances its acidity. Explain the above state-
ment using appropriate chemical equation. [Marks: 06]

32. (a) Draw the unit cell structure of NaCl. Calculate the limiting radius ratio of any ionic solid having
NaCl like structure. [Marks: 09]
(b) Give molecular formula and structure of the compound formed by reaction of Be(OH), with
acetic acid. [Marks: 06]
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33.

34.

35.

36.

37.

38.

(a) The spin-only magnetic moments of K, [Fe(oxalate),] and K,[Ru(oxalate),] are
591ug and 1.73 ug, respectively. Write down their ligand field electronic configuration. Justify
your answer. Atomic numbers of Fe and Ru are 26 and 44 respectively. [Marks: 09]

(b) Draw the structures of NO,, NO, and NO,, . Arrange them in the increasing order of O-N-O
bond angles [Marks: 09]

(a) Show with labels the splitting of d-orbitals in an octahedral ligand field. Calculate the CFSE of

(i) high spin d° and (ii) low spin d® metal ions in octahedral field. [Marks: 09]

(b) Schematically represent orbital overlaps in metal carbonyls. Show the correct signs of the lobes.
[Marks: 06]

(a) A coordination compound is composed of one Co(lll), one chloride, one sulfate and four mol-
ecules of ammonia. The aqueous solution of the compound gives no precipitate when combined
with aqueous BaCl,, while a white precipitate is formed with aqueous AgNO, solution. Draw its
structure and explain the observations with chemical equations. [Marks: 09]
(b) Draw the structures of dimethylglyoxime (DMGH,) and its Ni(ll) complex formed in aqueous
ammonia.

[Marks: 06]

(a) Write the structures of E, F and G in the following scheme of reactions. [Marks: 09]

CHO
| eXCess excess
THOH NH,OH E(CH300)2O - 29 AgOH

(THzOH)z (C4HgOy)
CH,OH
(b) Identify the structues of H and I in the following synthetic transformation [Marks: 06]

[ N =—come = heat
heat. ' L

(CgHgOy)

(a)Complete the following reaction sequence with appropriate structures of J, K and L.

[Marks: 09]
/ﬁ\)\/ﬁ\ NaOH HzOz/OH_ NaBH4

(cyclic enone)
(b) Identify the structures of M and N in the following synthetic transformation  [Marks: 06]

NHz 1. amyl nitrite M_N_
OH 2.HO-, heat - O‘a

o)
(@) In the following reaction scheme, write the structure of O, P and Q [Marks: 09]

® A

HC=CCH,CH,0H ———— 0 NaNH,/NH, —
(CgH140,) '
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(b) Given below are structures of some natural products. Identify them as vitamin A, B,, C and D and
classify them according to their classes (isoprenoid, alkaloid, carbohydrate and steroid)[Marks: 06]

Os O p
N NN N CHOH mHOH
HO OH
\ ey

,, OH

\H HO
N OH
=
HsC N
HO
39. (a) Write the appropriate structures for R, S and T in the following scheme. [Marks: 09]
O/OH 1. Tollens reagent o 1. CH;MgBr(excess)
+ = + =
o 2.H (C4H602) 2.H (CGleo)
1. BHs-THF
2. H,0,/HO™
acetone/H*
-~ T

O O

P

(b) Choose the correct stereoisomer between U and V that would furnish W on controlled hydroly-

sis. Write the stable conformation of W. [Marks: 06]
SCOCH;
SCOCH3 HO~
—_—
controlled H. S
OCOCH3; OCOCH3; hydrolysis 67110
U Vv
40.  The mechanism of isomerization of cyclobutene (CB) to 1, 3-butadiene (BD) is as follows.
CB+CB—<»CB"+CB
CB"+CB—*1>CB+CB
CB"—2,BD
d[BD]  k,k.[CBT
(a) Show that the rate law is = [Marks: 06]

dt k_,.[CB]+k,
k,.k;.[CB]
(b) The apparent first-order rate constant, Kapp Zw. At the CB concentration of
-1 2

1x10-° mol dm3, the value of kapp reaches 50% of its limiting value obtained at very high con-

k
centrations of CB. Evaluate the ratio k—z [Marks: 09]
-1
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41.  (a) The molar conductance of 0.012 mol dm= aqueous solution of chloroacetic acid is
100 Q* ¢cm? mol™. The ion conductance of chloroacetate and H* ions are 50 Q' cm? mol™* and
350 Q! cm? mol ™, respectively. Calculate (i) degree of dissociation and pK_ of chloroacetic acid,
and (ii) H* ion concentration in the solution. [Marks: 09]
(b) Sketch the conductivity versus concentration of base curves for the titration of aqueous solutions
of acetic acid (i) with NaOH, and (ii) with NH,OH. [Marks: 06]
. i . _ —h? dz\y(x) .
42. A solution of a free particle Schrodinger equation —————=Ey(x)is
8n°m dx
y(x)=e" =coskx +isinkx
(a) Derive expressions for energy ‘E’ and momentum ‘p’ of the particle. [Marks: 09]
. h
(b) Using the above relations, show that the wavelength () is o [Marks: 06]
43. (a) Sketch the temperature composition phase diagram at 1 atm pressure for the ethanol-water sys-
tem. [Marks: 09]
(i) Label all the areas in the diagram.
(i) Indicate the temperaure at which the composition of the vapour is same as that of the liquid.
What is this mixture known as?
(i) What is the degree of freedom at the corresponding composition?
(b) Estimate the pressure necessary to melt ice at —10°C if the molar volume of liquid water is 18.01
mL and molar volume of ice is 19.64 mL. The entropy change for the melting process is 16.3 J K™.
Assume that the molar volumes and entropy change remain constant in this temperature range. [100
J=1L bar]. [Marks: 06]
_ ouU n’a
44, @ (i) Show that for ‘n” moles of a Vander waals gas, N V2 [Marks: 09]
T

(i) Can a gas that obeys the equation of state p(V —nb)=nRT be liquefied? Explain,
(b) Consider ideal mixing of 2 moles of toluene and 2 moles of benzene at 1 atm and 300K. Calcu-
late the values of A, V, A U, A H, A G and A S for the process. (In 2 = 0.69) [Marks: 06]

mix mix mix
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CHEMISTRY-CY

* Questions 1-10 (Objective questions) carry two marks each, questions 11-20
(fill in the blank questions) carry_three marks each and questions 21-30
(descriptive questions) carry five marks each.

» The marking scheme for the objective type question, is as follows:
(a) For each correct answer, you will be anwarded 2 (Two) marks.
(b) For each wrong answer, you will be awarded —-0.5 (Negative half) mark.
(c) Multiple answers to a question will be treated as a wrong answer.
(d) For each un-attempted question, you will be awarded 0(Zero) marks.
(e) Negative marks for objective part will be carried over to total marks.

* Thereis no negative marking for fill in the blank questions.

OBJECTIVE QUESTIONS

The most polar compound among the following Is:
(a) SF, (b) BF, (c) XeF, (d) SO,

Which one of the following order of the carbonates is CORRECT for their decomposition tempera-
ture?

(a) BaCO, > CaCO, > SrCO, > MgCO, (b) BaCO, > SrCO, > CaCO, > MgCO,

(c) MgCO, > CaCO, > SrCO, > BaCO, (d) MgCO, > CaCO, > BaCO, > SrCO,

The CORRECT order of CO vibrational stretching frequency in the following complexes is
(1) (PF,),Mo(CO),  (II) (PCI,),Mo(CO), (lII) {P(OMe),},Mo(CO),

@ l<t<Hi () m<l<l ) n<i<i @iti<i<i
Among the following, the ligand that BEST stabilizes low oxidation state of tungsten (W) is
(@ H,0 (b) NH, (c)Cco (d) F-

. = 1 . .
The function y = X exp(—xz) has a minimum at X = ——=. The second derivative of the function at

NG

the minimum is

@ 22003 ] 0 -22e0(-3] ©0 @ 2o -3

1
For a particular reaction at constant temperature, a plot of inverse of reactant concentration ([ A]]

versus time is a straight line with a slope of 4.0x107? L mol s. The time required (in seconds) for
1.0 M of reactant to decrease to 0.25 M is:
(a) 18.8 (b) 34.7 (c) 75.0 (d) 187.5

For a physisorption process, which one of the following statements is NOT correct?
(a) There are van der Waals interactions between the adsorbate and the adsorbent.
(b) The process predominates at low temperature.

(c) The process cannot proceed beyond a monolayer

(d) The process is reversible.
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8. The product of the following reaction is
~ "
@/ 200°C
_—
N
o
% Ph / Ph Pz Ph (j\/\Ph
@l I M W dMe @l P @l
N Ph N Ph N Me N Ph
9. The CORRECT order of stability of the following carbonium ions is
+ +
Q) ) an;
@ n>1>1l () M >11>1 ©1>u1r>1l (d=>ui>1
10.  Which one of the following statements is CORRECT?
(a) Naturally occuring DNA has p-configuration.
(b) Nucleic acids are derived from proteins.
(c) Proteins store genetic information
(d) Vitamins generally act as enzymes.
Fill in the blank questions
11. The reaction of anhydrous FeCl, with sodium-pentadienyl in ether gives an air-stable diamagnetic
orange solid, which on oxidation gives an air-sensitive paramagnetic blue-green compound in solu-
tion. The blue-greencompound is ..........cccoeviineenieniieiieeiieen,
12. CaO, VO and MnO have octahedral coordination of the metal ions in a rock-salt structure. The
correct increasing order of their lattice-enthalples’is ..cc.........c i,
13.  The shape of the interhalide IF,"is ...
14.  The vapour pressures of solid and liquid chlorine are given by
log, P = 243990 g log, P" _1g- 2000
T T
where P, and P, are the vapour pressures (in Torr) of solid and liquid chlorine near the triple point,
respectively and T is the absolute temperature. The ratio of the slope of the solid-gas curve to the
slope of the liquid gas curve at the triple point in the P-T diagram is ...........cccooeveviiiiviinnnnn
2
. ) . 2r r r
15.  For unnormalized wave-function, W (r.0,¢)=sin 9C034{——(a—] }exp(—a—], the number of
0 0 0
radial Nnode(S) IS ......ccovvrveiiiieninnnne
16. A hypothetical element (atomic weight = 300) crystallizes in a simple cubic lattice. For this crystal,

the first order X-ray diffraction with wavelength of 5 A appears at an angle of 30°. The density of the
Crystalis ........oooevveiiieiiciiee, g cm®. [Avogadro number, N, = 6.02x10%]
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17.  MnO, (aq)+2Zn(s)+H,0" (ag) - Mn** (aq)+Zn* (aq)+H,0(¢)
For the above reaction if the equilibrium constant at 298 K is represented by 10%, then the value of X

2.303RT

[Given: The standard cell potential E° = 2.4V and =0.06V at 298K ]

18.  The rotational energy barrier between the most stable and the least stable conformations of 2, 3-

dimethylbutane along C~C, bond is ..............ccccoeennn kcal mol=.
[Given: The energies (kcal mol™) for H/CH, eclipsing = 1.8, CH./CH, eclipsing = 2.9 and CH,/CH,
gauche = 0.9]

19. The number of peaks or signals in *H NMR of N, N-dimethylformamide (DMF) at 25°C is

calixene
Calixene is a polar hydrocarbon with a high dipole moment. The most stable dipolar canonical
SETUCEUIE IS .ot

DESCRIPTIVE QUESTIONS

21. Amixture of C,H, and oxygen in 1L closed vessel has an internal pressure of 4 atm at 100°C. When
the mixture is ignited, the reaction produces CO,(g) and H,0(g) until all oxygen is consumed. After
the reaction, pressure of the vessel is 4.2 atm at the same temperature. Calculate the weight of
oxygen present before the reaction. [Gas constant, R = 0.082 L atm mol* K-].

22.  The following reaction is carried out at 1 atm and 300 K
2H,(g)+0, (g) > 2H,0(1)

AU for the above reaction-is 550 kJ.-Assuming ideal gas behaviour for H, and O,, calculate the

value of AH . The value of gas constant, R =0.082L atm mol-*K-*=8.314 mol*K™,
[Given: The volume of 1 mole of liquid water is 18 mL under the above reaction condition]

23. At 298K, calculate the solubility of metal sulfide, MS(s), in a saturated solution ofH,S where the
concentration of H.S and pH are maintained at 0.1 M and 3.0, respectively
Given at 298 K,

H,S(aq)+H,0(/)==H,0" (aq)+HS (aq) K=10"
MS(s)+H,0(/)==M?*"(aq)+HS (aq)+OH (aq) = K=5x10""
24.  For each of the following metallo-proteins identify the metal-ion at the active-site and the function

of the proteins:
deoxy-hemoglobin, deoxy-myoglobin, oxy-hemocyanin, cytochrome-C and carbonic anhydrase.

25. A solution containing 250 ppm of CuSO,.5H,0 (formula weight = 250) has an absorbance of

0.1 measured in 1 cm cell at 600 nm. Calculate the molar absorptivity (&) of CuSO,.5H,0 in L

M-cm™. When 25 mL of the above solution is titrated against Na,EDTA (aq) solution, it con-
sumes at 50 mL of Na,EDTA(aq) solution. Calculate the concentration of Na,EDTA(aq) solu-
tion in moles L.
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26.

Assume the complex [Ni(PPh,)(SCN),] is paramagnetic. The analogous complex of Pd(ll) is dia-
magnetic. Draw all the probable isomers for both the complexes considering SCN- is an ambidentate

ligand.
27.  Write the structues of A to E in the following reaction sequence:
X .
N A ozonolysis
> A » B y » % E + D
CllH14O CllH1602
Li
28.  Write the structures of F to J in the following reaction scheme:
0O
PPhs, Me;SiCl - (i) n-BuLi, HCHO KOH y
- (ii) H* B isomerization
DiBAL-H
(1 equiv)
CH,l,

Cu-Zn
[DIBAL-H = diisobutylaluminium hydride]

29. Propose a mechanism for the following reaction. Show stepwise correct reactive intermediates

o) 0

PhT YT Y
NaH, 80°C
+. PhCHO >
Ph Hlil 6] Ph 'il o

Ph Ph

30.  Complete the following reaction sequence and write structures of K to O.
t-BuOK, t-BuL.i - il. HCI
=[ ] | M-CPBA Mduec N + O

cl carbene
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CHEMISTRY-CY

* PART-I consists of 35 objective type questions. The first ten question carry ONE marks
each and the rest of the objective questions carry TWO marks each. There will be
negative marks for wrong answers. For each 1 mark question the negative mark will be
1/3 and for each 2 mark question it will be 2/3.

* PART-II consists of 8 descriptive type questions each carrying FIVE marks.

PART-l1 : OBJECTIVE QUESTIONS
Q. 1 - Q. 10 carry one mark each.
For square matrices M and N, if MN = M and NM = N, then:

(@ M?=Mand N> = N (b)N? # N and M? = M
(c) M?> # M and N2 = N (d)M? # M and N2 = N
The energy of an electron in a hydrogenic atom with nuclear charge Z varies as:
(@ z (b) Z2 (c)1/z (d) 1/22
The carbonyl stretching frequency (v._.) is highest for:
0 0
(@) HSCJLOH (b) HscjiH © Hsc/ﬁ\CI (d) HSCJLNHZ
The homolytic breaking of the C, — C, bond is easiest in:
H H H.C H H.C CH, H,C CH,
(@) H-p-H () H-r-&oH © ot (@ ne-b-dch
/7 N\ /N /N /7 N\
H H H CH, H.C CH, H.C CH,

Tollen’s test will be negative for:
(@ Glucose (b) Mannose (c) Sucrose (d) Galactose
Which one among the following is a sesquiterpene?

CH,

(b)
OH
H,C” “CH,

I
o T
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7. The predicted geometry of TeF, by VSEPR theory is:
(@ Octahedral (b) Square planar (c) Tetrahedral (d) Trigonal bipyramidal
8. Among the following, the isoelectronic pair is:
(@ NO and CO (b) O, (superoxide anion) and NO~
(c) NO* and CO (d) O, (superoxide anion) and NO*
9. The metal ion of an enzyme involved in hydration of CO, is:
(@ Cu(ll (b) Fe(ll) (c) Mg(ll) (d) zZn(11)
10.  Among the following, the element having maximum inert pair effect is:
[Given : Atomic number of Ge = 30, Pb = 82, Si = 14 and Sn = 50]
(@) Ge (b) Pb (c) Si (d) Sn
Q.11 - Q.35 carry two marks each:
11. The reactivity of compounds I-1V with maleic anhydride (V) follows the order:
H, 0
|
O
| Il 11 \
@ I<li<ll<IVv (b)I|<|V<III<I
© H<i<l<IVv @n<i<iv<ll
12.  Which one among the following molecules is chiral?
| H cl H o1
C
C= C=C
Q) = < ® =e=c=<_ © >=c <. (d)
Cl
13. Identify the starting material | in the  given-reaction.
@)
H ¢
(a) HC%(IOH (b)HCp\OH (c) HCYC( (d) HC%O/
14.  The major product for the following reaction is:
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15.  The structure of the major product in the following reaction is:
0

O CH, o H,C O O
CH, H, CH,

16.  The correct orientation of dipoles in pyrrole and pyridine is:

0 D1 O W01 (1
o DT O ST 01

17.  Specific rotations of freshly prepared aqueous solutions of I and Il are +112 and +18.7, respectively.
On standing the optical rotation of aqueous solution of | slowly decreases to give a final value

of +52.7 due to equilibration with Il. Under this state of equilibrium, what is the ratio Il : 1?
HO
OH H——OH OH
ot — "6, — oo
HO™™ Yon H——OH HO™ on
CH,OH
| I
[a],” =+112 [a],” =+18.7
(@ 0.57 (b) 1.00 (c)1.75 (d) 5.9

18.  The major product formed in the following reaction is:
COOH i) Na/liquid NH,

ii) C,H,Br
C( )CH, » Product

COOH COOH COOH COOH
@ ©<c4H9 (b) Q © O @) Q
C4H9 CAHQ
CAHQ
19. In boron neutron capture therapy, the initial boron isotope used and the particle generated after

neutron capture respectively are:

(@) B and o particle (b)1°B and o particle

(c) B and p particle (d)1°B and B particle

20.  The number of a and B particle(s), generated in the following radioactive decay process, are:
U S BU
(@) one o and two B particles (b)two o and one B particles

(c) one o and four  particles (d)no o and four B particles
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21. In the measurement of hardness of water by complexometric titration, identify P and Q in the
following equation.
[Pl + [HYI" - [QI* +  [HIn" + H*
red colourless colourless blue
(@ P = Mgy, Q = Mgin (b)P = MgY,, Q = Mgln,
(c) P =Mgln,, Q = Mgy, (d)P = Mgin, Q = MgY
22.  An aqueous solution of haemoglobin has a molar absorptivity value of 18,600 L mol* cm™ for
an absorbance value of 0.1 at 540 nm (Given : cell thickness = 1cm). The concentration (in p M)
of the haemoglobin solution is:
(@) 0.537 (b) 5.37 (c)53.7 (d) 537.0
23.  The electronic transitions responsible for the colour of K,Cr,O_ and porphine in their solid state
respectively are:
(@ d->dnr—>n* (b) M— L charge transfer; 1 — n*
() L—M charge transfer; m—n* (d) L—M charge transfer; d —>d
24.  The correct order of M—C(M = Ti, V, Cr and Mn) bond stretching frequency is:
(Given: Atomic number of Ti = 22, V = 23, Cr = 24 and Mn = 25)
(@ [V(CO)]™ < Cr(CO), < [Mn(CO) " < [Ti(CO)G]Z‘
(b) [Ti(CO)l* < [V(CO)e]~ < Cr(CO), < [Mn(CO)]*
(€) [Mn(CO),]* < Cr(CO), < [V(CO) ] < [Ti(CO)G]Z‘
(d) [Mn(CO)]" < [V(CO)g]™ < Cr(CO), < [Ti(CO),l*
25.  For the following reactions, the metal complexes X and Y are:
i) N —29 (i) Fecl —2NaCH:
1 atm / 25°C
(@ X =Ni(CO),; Y = Fe(n’ -C.H.), (b) X = Ni(CO),; Y = Fe(n'-C,H,),
(c) X =Ni(CO),; Y = Fe(n’ :C.H:)5 (d) X, =Ni(CO),; Y = Fe(n'-C,H,),
26.  The correct order of crystal field strength is : (Given: en = ethylenediamine)
(@ CIF <H,0 <en< (n°-CiH,) (b)H,0 < CF < (n°-C,H,) < en
(€©) H,0 < (n’-C;H;) <en<CI (d)en < CI < H,0 < (n°-C,H,)
27.  The carbon-oxygen bond in an organic compound absorbs electromagnetic radiation of frequency
6x10* Hz. This frequency corresponds to the region:
(@) Infrared (b) Microwave (c) Ultraviolet (d) Visible
28.  According to the equipartition principle of energy, the molar heat capacity at constant volume for
CO,(9), SO,(g) and H,O(g) follows the trend:
(@ CO,=S80,=H,0 (b)CO, > SO, = H,0
(c) H,0 > S0, = CO, (d)CO, = SO, > H,0
“h? d? h2a2x? 2
29. { }exp(—axz) =C exp(—ax?), where h, 7, mand o are constants. Then

@°m) dC  (272m)
Cis:
(@ 2a/m (b) o/2m (c) a/m d) o’/m

(4n°)
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30.  Among Ar, NH,CI, HF and HCI, the strength of interatomic / intermolecular forces follows the

order:
(@ NH,Cl > HF > HCI > Ar (b)HF > HCI > Ar > NH,CI
() HCI > Ar > NH,CI > HF (d)Ar > NH,Cl > HF > HCI

31.  The number of degrees of freedom in the homogeneous liquid region of a two component system
with a eutectic point, at one atmosphere pressure, is:

(@ 0 (b) 1 (c)2 (d) 3
32.  The ionic strength of 0.1 M aqueous solution of Fe,(SO,), is:
(@) 0.1 M (b) 0.65 M (c)1.3 M (d) 1.5 M
33. If the transport number of Na* is 0.463 (dilute solution of NaCl in methanol), the transport

number of H* (dilute solution of HCI in methanol) is:

(Given, A (NaCl in methanol) = 96.9 ohm™ cm? mol* and A” (HCI in methanol) = 192
ohm cm? mol™)
(@ 0.27 (b) 0.46 (c) 0.54 (d) 0.73

34.  Charcoal (1 gram) of surface area 100 m? per gram, absorbs 60mg of acetic acid from an aqueous
solution at 25°C and 1 atmosphere pressure. The number of moles of acetic acid adsorbed per cm?
of charcoal surface is:
(@) 1072 (b) 10°° (c)10°° (d) 10°°

35.  The change in entropy for the following transformations is respectively: (+ indicates increase, —
indicates decrease and O indicates no change)

(i) SO,Cl,(g) A 50,(g) + CL(g)
(i) NCH, = CH,(g) — 2L o ¢ ol _CHA-(9)
(iii) 1,(s) 2

> | (v
1 atmosphere oY)
(iv) Adiabatic reversible expansion of an ideal gas

@ + -0, + (b) .+, -,.0,0 (-, +.1+0 (d) +, - +0

PART-II: DESCRIPTIVE QUESTIONS
Q.36 — Q.43 carry five marks each.

36.  Using crystal field theory (CFT), for the [Co(NH,) ]** ion
(@) draw the d-orbital splitting including their orbital labels (designations) and show their electron
occupancy.
(b) calculate the crystal field stabilization energy (ignore pairing energy) and spin-only magnetic
moment values. (Given : atomic number of Co = 27).

37. (@) Write the correct order of lattice energy for LiX, X = F, CI, Br and 1.

(b) A first order reflection from (111) plane is observed for LiX with 26 = 24.6° (X-ray of
wavelength 1.54A). Assuming LiX to be a cubic crystal system, calculate the length of the side
of the unit cell in A

38. For the reaction:

2NO + 2H, —2C 5 N, + 2H,0

(i) Write the expression for the rate of the reaction in terms of the change in concentrations of
NO and H,O.
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(if) Given the following data for the above reaction, find the order of the reaction with respect
to (@) NO and (b) H, and the rate constant of the reaction along with the proper unit.

[NO]._,(moldm™) | [H,],_,(moldm™®) | Intial rate (moldm ™)
Experiment 1 0.025 0.01 2.4x10°°
Experiment 2 0.025 0.005 1.2x10°®
Experiment 3 0.0125 0.01 0.6x10°

39.  The vapour pressure of benzene is 5333 Pa at 7.6°C and 53330 Pa at 60.6°C. Calculate the heat
of vapourization of benzene and the normal boiling point of benzene.

40.  The following graph represents the dependence of certain properties |1 to V (given below) as a
function of temperature.

4

Property

Temperature

Property

I The enthalpy change of a gas phase reaction in which the sum of the number of moles of
products is greater than the sum of the number of moles of reactants

Il The osmotic pressure of an ideal solution at a given concentration

Il The standard Gibbs free energy of formation of metal oxides

IV The molar heat capacity at constant volume for a an ideal gas, as predicted by the equipartition
of energy

V  The rate constant of a reaction with E__= 100 kJ mol!

The lines / curves A, B, C, D and E corresponding to the appropriate property are:

41. Draw the structures A-E for the given transformation:

CH,
i) O,
Br, A _NaOFEt [8] o ) D+E
N EtOH ii) Me,S
I C,oH,.Bro
H,C CH,
(+)-pulegone
42. In the reaction sequence given below, draw the structures of A, C, D and reagent B.
CHO
H,C 0 B
>_< N ag. NaOH A (reagent)=
H,C H
(excess)

Rearrangement | H*

[c]|——D
(Intermediate)
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43. (@) How many *H NMR signals are expected for 2-chlorobut-2-ene? (ignore spin-spin coupling)
(b) Write down the iron containing chemical species, E, F and G in the following reactions.

KCN
H,S
EM[FeCh]BqT»F

[NH.].,

G
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Section-A contains 30 Multiple Choice Questions (MCQ). Each question has 4
choices (a), (b), (c) and (d), for its answer, out of which ONLY ONE is correct. From
Q.1 to Q.10 carries 1 Marks and Q.11 to Q.30 carries 2 Marks each.

Section-B contains 10 Multiple Select Questions(MSQ). Each question has 4 choices
(@), (b), (c) and (d) for its answer, out of which ONE or MORE than ONE is/are
correct. For each correct answer you will be awarded 2 marks.

Section-C contains 20 Numerical Answer Type (NAT) questions. From Q.41 to Q.50
carries 1 Mark each and Q.51 to Q.60 carries 2 Marks each. For each NAT type
guestion, the value of answer in between 0 to 9.

In all sections, questions not attempted will result in zero mark. In Section—-A
(MCQ), wrong answer will result in negative marks. For all 1 mark questions,
1/3 marks will be deducted for each wrong answer. For all 2 marks questions,
2/3 marks will be deducted for each wrong answer. In Section-B (MSQ),there
iS no negative and no partial marking provisions. There is no negative marking
in Section —C (NAT) as well.

SECTION-A : MCQ (Multiple Choice Questions)

Q. 1 - Q. 10 carry one mark each.
The first row transition metal complexes having tetrahedral geometry are high-spin due to

(@ A, >P (b) A, <P (€).A, =P (d) A, > A,
The major product formed. in the following reaction is
COOH
(i) NaN3, DMF
Br iy H, pdiC
COOH AN 0o CH,OH CONH,
@ L _w, ® | © S n O L s
——NH

Which one of the following is an identity matrix?

0 0 10 01 11
(a) (0 0] (b) (0 1] (©) (1 0] (d) (1 J

The structure of (2S, 3R)-2-amino-3-hydroxy butanoic acid is

COOH COOH COOH COOH
H——NH; HoN H HoN——H H——NH;
(@) Ho——H (b) HO H () H——oH  (d)H—]—oOH

CHs CHs; CHs; CHs
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5. The intermolecular van der waals potential is inversely proportional to ré. The corresponding force is

proportional to

1 1 1 1

@ = (b) = ©) = (d) =
6. The ene-yne that produces a chiral compound upon treatment with Lindlar’s catalyst is

(a) /\/ (b) /\/\ (©) | | (d) \J\/

Z Z
N Z

7. An organic compound P(C,H,O) is positive to Bayer’s test, but inert to sodium metal. On treat-

ment with conc. HCI, P gives CH,CH,Cl and CH,CHO. The structure of P is
@ HOT XY () o ©) >N (d) N \F

8. Lowe-spin iron (111) centre is present in
(a) deoxy form of hemoglobin (b) oxy form of hemoglobin
(c) hemocyanin (d) carbonic anhydrase
9. Afliter paper moistened with cadmium acetate solution turns yellow upon exposure to H,S. The
transition responsible for the yellow colour is
(a) d-d (b) metal-to-ligand charge transfer
(c) ligand-to-metal charge transfer (d) -0
10.  The species responsible for the superacidity of SbF_-HSO,F system is
(a) HSO,F (b) SbF, (c) HF (d) H,SOF*

Q. 11 - Q. 30 carry two marks each.

11.  The correct order of the pKa values for the conjugate acids of heterocyclic compounds given

below is
!\ oa [ ~
Q) N (1 H (1 N (IV)| _
H H N

@u=>1t>1>1v._ O Iv>1>1t>1 @ >1u>1v>1 dH>1v>Ii>lI
12.  The species having trigonal pyramidal shape is

(a) NO; (b) cOi (c) BrF, (d) SOZ
13. The Volhard method is used for the estimation of

(a) cyanide ion by titration with silver nitrate (b) silver ion directly
(c) oxygen in water (d) glucose in blood

14.  The correct order of the *H NMR chemical shift values (&) for the indicated hydrogens (in
bold) in the following compounds is

@I>U>U>IV G U>I>H>IV ©U>H>1>1V  (d)I>1H>1V>]
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15.

16.

17.

18.

19.

20.

21.

22.

23.

The reagent ‘oxine’ commonly used in analytical chemistry is

N N @yo e N7
(@) NZ e, (b) N (©) O/ “Son (@ H3CIN
OH

OH

The correct statement about ionization potential (IP) is
(a) non-metallic character of an element decereases as the IP increases
(b) IP decreases down the group in the periodic table
(c) second IP of Ca is larger than second IP of K
(d) IP decreases on going from left to right in the periodic table.
The set of products formed in the following reaction is
o)
o (i) NaOH, Br,

—_—
(i) H*

‘9, '/, ////

0
(a) CHBr, and a racemic acid (b) CHBr, and a chiral acid
(c) CHBr, and a racemic ester (d) CH,_Br, and a chiral ester

The normal spinel among the following mixed metal-oxides is

(a) CoFe 0O, (b) NiFe,O, (c) CuFeO, (d) ZnFe O,
The ground state term for a free ion with 3d’ configuration is

(a) 4F3/2 (b) 4F9/2 (C) 4F1/2 (d) 4F5/2

The correct set of reagents required for the following transformation is

OH (@] (@]
@ é/\/u\o/
S

(a) (i) CrO,; (ii) acrylonitrile; (iii) H,O*

(b) (i) O, ; (ii) methyl acrylate

(c) (i) CrO, ; (i) NaOMe/MeOH, methyl acrylate; (iii) H,0*

(d) (i) H,O; (ii) methyl acrylate.

The concentration of K* ion inside a biological cell is 20 times higher than outside. The
magnitude of potential difference between the two sides is [Given : 2.303 RT/F = 59 mV]
(a 0 mv (b) 26 mV (c) 77 mVv (d) 177 mVv

At 25°C, the solubility product (Ksp) of CaF, in water is 3.2x10-". The solubility (in mole per kg

of water) of the salt at the same temperature (ignore ion pairing) is
(@) 4.0x10° (b) 3.2x10™* (c) 2.5x10™* (d) 2.0x10™*

The complex that is expected to show orbital contribution to the overall magnetic moment is

@ [cr(en)]”  ® [Co(H,0),]" (@ [Ni(en),]" (@ [cu(NH,),]"
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24.

25.

26.

27.

28.

29.

30.

The correct order of the fundamental vibrational frequencies of the following diatomic mol-
ecules is

(a) "H*CI > '"H¥Cl > ’D*ClI (b) 2D*CI>'H¥Cl > 'H*CI
(c) *H¥CI > '"H*Cl > *D*CI (d) *H¥CI > *D*CI > '"H*CI
Identify the correct reagents required for the following transformation
CHO CH,OH
—_—
COOEt CHO

(a) (i) NaBH,; (ii) H,0*

(b) (i) LiAIH, ; (ii) H,O"

(c) (i) HOCH,CH,OH, H*; (ii) LiAIH,; (iii) H,O0*

(d) (i) HSCH,CH,SH, H; (ii) LIAIH,; (iii) H,0*

For an isothermal free expansion of an ideal gas into vacuum, which one of the following set of
values is correct?

(a AU=0,g>0,w<0 (b) AU>0,g>0,w=0
(c) AU=0,g=0,w=0 (d) AU<0,g=0,w<0

The kinetics of the reaction 2N,O0, — 4NO, + O, in liquid bromine medium was measured in-

dependently for three different initial concentrations of N,O, : 0.11, 0.07 and 0.05 mol L. The
half-life of the reaction was found to be 4.5 hours for all these concentrations. The order of the
reaction is

@~o (b) 1 (c) 2 (d)0.5

Which of the following statements are correct for S, Ar reaction?

(i) Follows second order kinetics

(i) K/K, > 1

(iii) Involves carbanion-type ‘inermediate

(iv) Involves two transition states

(@) (i) and (ii) only (b) (ii) and (iii) only (c) (i), (iii) and (iv) only (d) (i) and (iii) only
According to the equipartition principle, the predicted high temperature limiting value of the
molar heat capacity at constant volume for C H, is

(@55R (b) 6.0 R (c)9.0R ()9.5R
The major product formed in the following reaction is
o}
Br
__NaOMe__ ,
MeOH

MeO OMe

O
Br MeO
@ QCOOMG ) © ©
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SECTION-B : MSQ (Multiple Select Questions)
Q. 1 - Q. 10 carry two marks each.
1. If X=xx and Py =g dx then the value(s) of p,Xx—Xp, is/are
h ) i
@ 7 (b) —in (c)0 (@ %
2. The common feature(s) of Rb™, Kr and Br™ is/are that they
(a) have same numbe of valence electrons
(b) have same magnitude of effective nuclear charge
(c) have same magnitude of first ionization potential
(d) are isoelectronic species
3. The characteristics of the blue solution of sodium in liquid ammonia is/are
(a) diamagnetic (b) paramagnetic
(c) reducing in nature (d) conducts electricity
4. Which of the following compound(s) show(s) only two signals in *H NMR and a strong IR band
at ~ 1690 cm™,
o)
0 0
(a) (b)
o
0 0 o} o
~o o
(c) (d)
o o~ o)
5. The reaction(s) which give(s) phenol is/are
Cl
(i) conc. HySOy4, A
(if) KOH > KOH, 300°C
NO; . +
(i) Hy, PAIC (_u_) CH3CH=CH,, H
(©) (ii) NaNO,, HCI, 0-5°C (d) (ii) Op, KOH >
(iiii) NaOH - (iii) H*
6. At what angle(s) of incidence, X-rays of wavelength 5.0A will produce diffracted beam from

the (110) planes in a simple cubic lattice with a = 10A?
(a) 6.8° (b) 10.2° (c) 20.7° (d) 45.0°
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7. Which of the following statement(s) is/are true about the reaction given below?
0

0
%/ NaOMe, MeOH e A

Br
(a) it involves a carbocation intermediate
(b) rearrangement is due to S 1 reaction mechanism.
(c) it proceeds via a concerted S 2 pathway
(d) it involves neighbouring group participation.

8. Which of the following species is/are aromatic in nature?
P © 0]
L) ¢ 1 ] el |
@1 (b) (€) |—= (d)
N ® N 0
9. Which of the following statement(s) is/are true about the transition metal-alkene complexes?

(a) Back-bonding weakenes the double bond of the alkene

(b) o -bonding and back-bonding synergistically strengthen metal-alkene interaction
(c) Electron-withdrawing substituents on alkene reduce back-bonding

(d) z-acidic co-ligands on metal strengthen back-bonding

10.  Which of the following thermodynamic relation(s) is/are correct?
~oAEL olE 5 e@) A7 oF) -7
@lav ), "\as),  ®lap) "\es), ©lav) “\ar) Dlae) ~\ar),

SECTION-C : NAT (Numerical Answer Type)

Q. 1 - Q. 10 carry one mark each.
1. In the gas phase, the ratio of excluded volume to molecular volume for a spherical molecule is

2. The pK, values of lysine are 2.18, 8.95 and 10.79. The isoelectric point of lysine is

3. The amount (in grams) of potassium dichromate (MW = 294) present in 75 mL of 0.16 M
aqueous solution is

4. Given that the expected spin-only magnetic moment for (Et,N),[NICl,] is 2.83 p_ , the total
number of unpaired electrons in this complex is

5. Given that the crystal field stabilization energy for [Co(HZO)E;]2+ is 7360 cm, the calculated
value of A, in kJ mol is

6. The amount (in grams) of NaOH (MW = 40) required for complete neutralization of one mole
of the following compound is

HOOC
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7. For the reaction, 250, +0,—=2S0;, the equilibrium constant K, =5.0 at 207 °C. If the
partial pressures of SO,, O, and SO, are 1,0x10, 0.20 and 1.0x10™*, respectively, then the
Gibbs free energy of the reaction (A,G) in kJ mol at 207 °C is [Given: R =8.314
K=t mol].
8. In the given list, the total number of compounds that form a clear homogeneous solution on
treatment with cold dilute H,SO, is
1-propyne
cyclohexanone
cyclohexane
1-propene
propane-1-amine
propoxypropane
tetrahydropyran
ethyl butanoate
pyridine
9. Two moles of an ideal gas is expanded isothermally and reversibly from 5 to 1 bar at 298K. The
change in the entropy (in JK=) of the system is
10.  The pKa values of H,PO, are 2.12, 7.21 and 12.67. The pH of a phosphate buffer containing
0.2M NaH,PO, and 0.1 M Na,HPO, is
Q. 11 - Q. 20 carry two marks each.
11.  Theionic radii of Cs*and CI- ions are 181 and 167 pm, respectively. The Born exponents for the
_ _ _ ANe?
He, Ne, Ar, Kr and Xe configuration are 5, 7, 9, 10 and 12 respectively. If the value of Are. 1S
0
2.45%107*Jm ., the lattice energy (in kJ mol?) of CsCl according to Born-Lande equation is
12. A 2.5x10™ M solution of a complex exhibits an-absorption maximum at 625 nm with an absor-
bance of 0.90 when measured in a cuvette with a path length of 1.5 cm. The absorbance of
1.5x107 M solution of the same complex recorded in a cuvette with a path length of 0.2 cm is
13.  The total number of compounds (shown below) that form phenylhydrazone derivatives under

acidic conditions is

S ot o Lot
7 O oy O
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14.  The standard reduction potentials of the Fe*/Fe?* and Fe?/Fe couples are 0.77 and -0.44 V
respectively. The standard reduction potential (in V) for the Fe3*/Fe couple is

15.  The number of possible monoalkylated products formed in the Friedel-Crafts reaction of ani-
sole with 2-chloro-3-methylbutane in the presence of anhydrous AICI, at 50 °C is

SRT
16. In an ideal monoatomic gas, the speed of sound is given by ’/3_M' If the speed of sound in

argon at 25°C is 1245 km h, the root mean square velocity in m s is

17. A wood specimen containing *C taken from an ancient palace showed 24 counts in 3 minutes
per gram of carbon in a detector. However, a fresh wood showed 52 counts in 2 minutes per
gram of carbon. Assuming no background signal in the detector and half life of **C as 5730
years, the age (in year) of the wood specimen is

18.  The magnetic field (in Tesla) required for flipping a *H nucleus in an NMR spectrometer oper-
ating at 400 MHz is [Given: y=2.67x10°T 's*, n=3.14]

19.  For areaction, the rate constant at 25°C is doubled when the temperature is raised to 45 °C. The
activation energy (in kJ mol?) of the reaction is [Given : In2 = 0.693]

20.  When a perfect monolayer of stearic acid is formed at the air-water interface, each molecule of
stearic acid (MW = 284, density = 0.94 g cm™) occupies an area of 20 A2 The length (in A) of
the molecule is
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Section-A contains 30 Multiple Choice Questions (MCQ). Each question has 4
choices (a), (b), (c) and (d), for its answer, out of which ONLY ONE is correct.
From Q.1 to Q.10 carries 1 Marks and Q.11 to Q.30 carries 2 Marks each.
Section-B contains 10 Multiple Select Questions(MSQ). Each question has 4
choices (a), (b), (c) and (d) for its answer, out of which ONE or MORE than ONE
is/are correct. For each correct answer you will be awarded 2 marks.
Section-C contains 20 Numerical Answer Type (NAT) questions. From Q.41 to
Q.50 carries 1 Mark each and Q.51 to Q.60 carries 2 Marks each. For each NAT
type question, the value of answer in between 0 to 9.

In all sections, questions not attempted will result in zero mark. In Section—-A
(MCQ), wrong answer will result in negative marks. For all 1 mark questions,
1/3 marks will be deducted for each wrong answer. For all 2 marks questions,
2/3 marks will be deducted for each wrong answer. In Section—-B (MSQ),there
iS no negative and no partial marking provisions. There is no negative marking
in Section —C (NAT) as well.

Section-A

Multiple Choice Questions (MCQ)

Q.1 — Q.10 carry ONE mark each.

1.

The correct order of pKa for the following compounds is

COOH

@)
g

c” TOoH

NO,
(||) (1) (V)
(A I1>1> 11> 1V @ NUN>1>IvV>1 CU>IV>1>11 D)IV>I>1>1l
The major product formed in the following reaction is
OH
Ph
oH H,SO,
Ph
Ph Ph O
1 eh Ph Ph
Ph

Ph Ph

(A) (B) (©) OH (D)
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3. The mechanism of the following transformation involves

HO

Q Q  NaOH OH
I RS G~
2
H H™ "H HO
(excess) OH

(A) Aldol reaction and Cannizzaro reaction

(B) Aldol reaction and Claisen-Schmidt reaction

(C) Knoevenagel condensation and Cannizzaro reaction
(D) Stobbe condensation and Cannizzaro reaction

4. The most basic amino acid among the following is

(A) tyrosine (B) methionine (C) arginine (D) glutamine
5. The crystal field stabilization energy (CFSE) in [I\/In(HZO)ﬁ]2+ is

(A) 04, (B) 2.0 A,-2P (C) 04 A,—2P (D) 2.0 A,
6. Indicator used in redox titration is

(A) Eriochrome black T (B) Methyl orange (C) Phenolphthalein (D) Methylene blue

7. Among the following, the compound that has the lowest degree of ionic character is
(A) NaCl (B) MgCl, (C) AICI, (D) CaCl,

8. The correct order of entropy for various states of CO, is
(A) CO,(s) > COL(I) > CO,(9) (B) CO,(I) > CO,(s) > CO,(9)
(C) CO,(g) > CO(l) > CO,(s) (D) CO,(g) > CO,(s) > CO,(I)

9. The coordination numbers of Cs™ and CI™ ions in the CsCl structure, respectively, are
(A) 4, 4 (B) 4, 8 (C) 6,6 (D) 8, 8

10. Determinant of a square matrix is always
(A) a square matrix (B) a column matrix  (C) a row matrix (D) a number

Q.11 - Q.30 carry TWO marks-each.
11.  The correct order of *H NMR chemical shift (3) values for the labeled methyl groups in the

following compound is

1
Me O

O—Me

Me3

(A) Me! < Me? < Me® < Me* (B) Me® < Me* < Me! < Me?
(C) Me® < Me! < Me?* < Me? (D) Me? < Me* < Me® < Me?
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12.  Among the following, the most stable conformation of meso-2, 3-dibromobutane is
Br Br Br Br
Br Me H Me H Me Me Br
(A) H Me (B) Me H (C) H Me (D) H Me
H Br Br H
13.  The major products X and Y in the following reaction sequence are
Ac,0 HNO3
Z/ \> ZnCl,, 0°C (X) H,S0, (¥)
0
() x = U\( v- U\(NOZ
© o} © o}
o)
0)
o)
o)
@ x={ \ ﬂ\(
02N
o
14.  The major product formed"in" the reaction of butanenitrile-with phenylmagnesium bromide
followed by acidification is
o) 0 NH, "
’Ph
15.  An organic compound on reaction with 2, 4-dinitrophenylhydrazine (2, 4-DNP) gives a yellow

precipitate. It also gives silver mirror on reaction with ammonical AgNO,. It gives an alcohol and
sodium salt of a carboxylic acid on reaction with concentrated NaOH. It yields benzene-1, 2-
dicarboxylic acid on heating with alkaline KMnO,. The structure of the compound among the

following is
? Cg( © ©\A ©) C(
CHO CO,Et
o}

(A)

Q,

CHO
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16.

17.

18.

19.

20.

21.

The major products X and Y in the following reaction sequence are

O

(i) MeMgBr
Cul, ether‘ m-CPBA
(i) Mel

= (Y)

M MeO

eO MeO eO
é\ Yzé:i(o (B)X:é\ Y = o

o) o o)
o o)
(€) x= Y = (D) X = Y=

The TRUE statement about [Cu(H,0).]*" is

(A) All Cu-O bond lengths are equal

(B) One Cu-O bond length is shorter than the remaining five

(C) Three Cu-O bond lengths are shorter than the remaining three
(D) Four Cu-O bond lengths are shorter than the remaining two

M

(A) X =

The complexes [Pt(CN)JZ_ and [NiCI,]*, respectively, are

(A) paramagnetic, paramagnetic (B) diamagnetic, diamagnetic
(C) paramagnetic, diamagnetic (D) diamagnetic, paramagnetic

The value of *x’ in [ Cu(CO), | such that it obeys the 18 electron rule is
(A) 6 (B) 5 € 4 (D) 3
The correct order of vy, (cm‘l) in the following compounds is

(A) NO* > NO > [NiCp(NO)] > [Cr(Cp),(NO),]
(B) [Cr(Cp),(NO),] > [NiCp(NO)] > NO* > NO
(C) NO* > [Cr(Cp),(NO),] > NO > [NiCp(NO)]
(D) [NiCp(NO)] > NO > [Cr(Cp),(NO),] > NO*

The red color of ruby is due to

(A) d-d transition of Cr®* ion in Cr,0, lattice
(B) d-d transition of Cr3* ion in AlLO, lattice.
(C) ligand to metal charge transfer transition

(D) metal to metal charge transfer transition
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22. The final products in the reaction of BF, with water are
(A) B(OH), and OF, (B) H,BO,; and HBF, (C) B,O, and HBF, (D) B,H, and HF
23.  The correct order of bond angles in BF;, NH,, NF; and PH, is
(A) BF, > NH, > NF, > PH, (B) PH, > BF, > NF, > NH,
(C) BF, > PH, > NH, > NF, (D) NH, > NF, > BF, > PH,
24.  The maximum of a function Ae™ (A>0;a>0) is at x =
1
(A) 0 (B) +o0 (C) —o ®) 7
25. At 298K, 0.1 mol of ammonium acetate and 0.14 mol of acetic acid are dissolved in 1 L of
water. The pH of the resulting solution is [Given : pK, of acetic acid is 4.75]
(A) 4.9 (B) 4.6 (C) 4.3 (D) 2.3
26.  An electrochemical cell consists of two half-cell reactions
AgCl(s)+e” — Ag(s)+Cl (aq)
Cu(s) > Cu* (aq)+2e
The mass of copper (in grams) dissolved on passing 0.5A current for 1 hour is
[Given: atomic mass of Cu is 63.6; F = 96500 C mol]
(A) 0.88 (B) 1.18 (C) 0.29 (D) 0.59
217, For a zero order reaction, the half-life depends on the initial concentration [C,] of the reactant
as
(A) [Cy (B) [C,l° (C) [CyI™ (D) [C 1"
28.  The effective nuclear charge of helium atom is 1.7. The first ionization energy of helium atom
in eV is
(A) 13.6 (B)-23.1 (©) 39.3 (D) 27.2
29.  The relationship between the van der Waals ‘b™ coefficient of N, and O, is
(A) b(N,) = b(0,) =0 (B) b(N,) = b(0,) #0
(C) b(N,) > b(0,) (D) b(N,) < b(0,)
30.

From the Kinetic theory of gases, the ratio of most probable speed (Cmp) to root mean square
speed (C,.J) is

(A) 3 (B) V2/43 (C) V3/N2 (D) 3/V2
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Section-B
Multiple Select Questions (MSQ)

Q.31 — Q.40 carry TWO marks each.
31.  The correct statement(s) about the following species is(are)

o) X OH .
P N P SN Ph/\ril
OH
(1 (1) ()
(A) I and 11 are resonance structures (B) 11 and 111 are resonance structures
(C) 11 and 111 are diastereomers (D) I is a tautomer of |
32.  Consider the following reaction:
PthH—_NHz
equiv
(D)-glucose (—q+)> (0,9]
cat. H

Among the following, the compound(s) whose osazone derivatives(s) will have the same
melting point as that of X is(are)

CHO CH,OH CHO CHO
HO——H —0 HO——H H——OH
H——OH HO——H HO——H H——OH

(A) HO——H ®) H—T—oH © H—TOH (p)HO——H
HO H H OH H OH H OH
CH,OH CH,OH CH,OH CH,OH

33.  The appropriate reagents required for carrying out the following transformation are

(A) (_i) PCC, CH,CI,; (ii) Ph3P:CI—_|_COZEt; (iii) ag. NaOH, heat, then acidify
(B) (|_) CrQ,, HZ__SO4, ag. acetone (_u) ,_AC_ZO, NaQAc
(C) (i) MnO,; (ii) CH,(CO,H),, piperidine, pyridine

(D) (i) PCC; CH,CL,; (ii) BrCH,CO,C(CH,),, Zn (iii) H,0", heat

34.  The appropriate reagents required for carrying out the following transformation are

O—00)

(A) (i) succinic anhydride, AICI,; (ii) Zn/Hg, HCI; (iii) polyphosphoric acid
(B) (i) maleic anhydride, AICL,; (ii) H,N-NH,, KOH; (iii) H,SO,
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(C) (i) succinic anhydride, FeCl; (i) LiAIH,; (iii) H,SO,
(D) (i) phthalic anhyride, F,B.OEt,; (i) HS(CH,),SH, H*; (iii) Raney Ni; (iv) polyphosphoric

acid
35.  The protein(s) that belong to the class of blue copper proteins is(are)
(A) ceruloplasmin (B) superoxide dismutase (C) hemocyanin(D) azurin
36.  The ion(s) that exhibit only charge transfer bands in the absorption spectra (UV-visible region)
is/are
3- _ - . 2-
(A [cr(c,0,),] (8) [cro, T (©) [ReO,] (D) [NiO,]
37.  The type(s) of interaction(s) that hold layers of graphite together is(are)
(A) m—m stacking (B) van der Waals (C) hydrogen bonding (D) Coulombic

38.  TRUE statement(s) about Langmuir isotherm is(are)
(A) valid for monolayer coverage
(B) all adsorption sites are equivalent
(C) there is dynamic equilibrium between free gas and adsorbed gas
(D) adsorption probability is independent of occupancy at the neighboring sites

39.  The 3p, orbital has
(A) one radial node (B) two radial nodes  (C) one angular node (D) two angular
nodes

40.  The diatomic molecule(s) that has (have) two r-type bonds is(are)
(A) B, (B) C, (C) N, (D) G,
Section-C

Numerical Answer Type (NAT)

Q.41 — Q.50 carry ONE mark each.
41.  Among the following, the number of molecules that are aromatic is

a O) o) OO
| i (il
5@@

42.  The number of all possible isomers for the molecular formula C,H,, is

43. Hydrolysis of 15.45g of benzonitrile produced 10.98 g of benzoic acid. The percentage yield of
acid formed is

44.  Acetic acid content in commercial vinegar was analyzed by titrating against 1.5 M NaOH solution.
A 20 mL vinegar sample required 18 mL of titrant to give endpoint. The concentration of acetic
acid in the vinegar (in mol L) is
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45, The bond order of Be, molecule is

46.  The number of P-H bonds in hypophosphorus acid is

47.  The isotope Z;*Po undergoes one alpha and one beta particle emission sequentially to form an

isotope “X”. The number of neutrons in “X” is

48. In a diffraction experiment with X-rays of wavelength 1.54A, a diffraction line corresponding to
20=20.8° is observed. The inter-planar separation in A is

49.  The potential energy of interaction between two ions in an ionic compound is given by

7 _
U =1389-4[ﬁ} kd mol™ . Assuming that CaCl, is linear molecule of length 5.6A, the potential

energy for CaCl, molecule in kJ mol™ is

50. The enthalpy of formation for CH,(g), C(g) and H(g) are ~75, 717 and 218 kJ mol2, respectively.
The enthalpy of the C-H bond in kJ mol™ is .

Q.51 — Q.60 carry TWO marks each.
51.  Specific rotation of the (R)-enantiomer of a chiral compound is 48°. The specific rotation of a
sample of this compound which contains 25% of (S)-enantiomer is

52.  Among the following, the number of compounds, which can participates as ‘diene’ component in
a Diels-Alder reaction is

DO oW
D(l@@@’

53.  Among the following, the number of molecules that possess C, axis of symmetry is

Me Me
N—( (o
H H

Me Me

<
H
54, Effective nuclear charge for 3d electron in vanadium (atomic number = 23) according to Slater’s
rule is

cl
BF; CHCl; 2, 5-dimethylthiophene >=
H
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55.  The total number of isomers possible for the molecule [ Co(NH,), CI(NO,)] is
56.  The bond angle in PBr, is 101°. The percent ‘s’ character of the central atom is
57.  Cu(s)+4H"(ag)+2NO; (aq) > 2NO, (g)+ Cu* (aq)+2H,0(¥)
In the above reaction at 1 atm and 298K, if 6.36 g of copper is used. Assuming ideal gas
behaviour, the volume of NO, produced in liters is
[Given : atomic mass of Cu is 63.6; R = 0.0821 L atm K™ mol]
58.  The AHC for the reaction CO(g)+%20,(g)—>CO,(g) at 400K in k] mol is
Given at 298K :
AH? c
kJ mol™ Jmol'K™
O, O 29.4
cCoO -110 29.1
CO, -394 37.1
59.  The rate constants for a reaction at 300 and 350 K are 8 and 160 L mol s, respectively. The
activation energy of the reaction in kJ mol? is
[Given : R = 8.314 JK™* mol].
60. A 10 L flask containing 10.8 g of N,O, is heated to 373K, which leads to its decomposition

according to the equation 2N,O(g) —4NO, (g)+0,(g). If the final pressure in the flask is 0.5

atm, then the partial pressure of O,(g) in atm is
[Given : R = 0.0821 L atm K™ mol™]
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Section-A contains 30 Multiple Choice Questions (MCQ). Each question has 4
choices (a), (b), (c) and (d), for its answer, out of which ONLY ONE is correct. From
Q.1 to Q.10 carries 1 Marks and Q.11 to Q.30 carries 2 Marks each.

Section-B contains 10 Multiple Select Questions(MSQ). Each question has 4 choices
(@), (b), (c) and (d) for its answer, out of which ONE or MORE than ONE is/are
correct. For each correct answer you will be awarded 2 marks.

Section-C contains 20 Numerical Answer Type (NAT) questions. From Q.41 to Q.50
carries 1 Mark each and Q.51 to Q.60 carries 2 Marks each. For each NAT type
guestion, the value of answer in between 0 to 9.

In all sections, questions not attempted will result in zero mark. In Section—-A
(MCQ), wrong answer will result in negative marks. For all 1 mark questions,
1/3 marks will be deducted for each wrong answer. For all 2 marks questions,
2/3 marks will be deducted for each wrong answer. In Section-B (MSQ),there
iS no negative and no partial marking provisions. There is no negative marking
in Section—C (NAT) as well.

SECTION-A

Multiple Choice Questions (MCQ)

Q.1 — Q.10 carry ONE mark each.

1. The correct order of the boiling points of the compounds is
(A) CH,>SiH, >SnH, > GeH, (B) SiH, >CH, >GeH, >SnH,
(C) SnH, >GeH, >CH, >SiH, (D). SnH, > GeH, >SiH, >CH,
2. In the following Latimer diagram,.the species that undergoes disproportionation reaction is

MnO; —2%— Mn0;” —%—» Mn0O3 —2%— Mn0O, —2**— Mn,0; —>2— Mn (OH ), —** Mn

(A) MnO3” (B) MnOY (C) Mn,0, (D) Mn(OH),
3. A yellow precipitate is formed upon addition of aqueous AgNO, to a solution of
(A) phosphite (B) pyrophosphate (C) metaphosphate (D) orthophosphate
4. The compounds having C,-axis of symmetry are
Me Br Me
Me
Me Me e Ve BF Br AN “I\e
Q) (I (1 (V)

(A) I, 11l and IV (B) I, Il and 11l (C) 1and 11 (D) 11 and IV
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5. The correct order of rate of solvolysis for the following compounds is
Br Br
Br
) (1 (1

A H>1>1 |) 1=>1>1Hl @©m=>1r>1n (D) H>H>I

6. In the following sequence of reactions, the overall yield (%) of O is
| __92% yield NY 78% yield N __85% yield Ne)

(A) 61 (B) 85 (C) 74 (D) 68
7. Catalytic hydrogenation of the following compound produces saturated hydrocarbon(s). The number

of stereoisomer(s) formed is

Me Me
Me\)\/\\‘
Me

(A) 1 (B) 2 (€3 (D) 4
8. The number of normal modes of vibration in naphthalene is

(A) 55 (B) 54 (C) 48 (D) 49
9. The number of degrees of freedom of liquid water in equilibrium with ice is

(A) 0 (B)1 (€ 2 (D)3

o . AU \ A

10. A straight line having a slope of “Cit Is-obtained in a plot between

(A) In(K,) versus T (B) In(K,) versus T (C)In(K,) versus 1/T (D) In(K,) versus 1/T

Q.11 — Q.30 carry TWO marks each.

11.

12.

13.

In a typical conductometric titration of a strong acid with a weak base, the curve resembles

(0] (0] (0] (0]

Q Q Q Q

o o o o

s s s s

(A) E (B) E ©) E (D) E
\Volume of base Volume of base Volume of base Volume of base

The coordination number of Al in crystalline AICI, and liquid AICI,, respectively, is

(A) 4 and 4 (B) 6 and 6 (C) 6 and 4 (D) 3 and 6
The homogeneous catalyst used in water-gas shift reaction is
(A) PdCl, (B) Cr,0,

(C) [RNhCI(PPh,).] (D) [RuCl,(bipyridyl),]
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14.  Nitrosyl ligand binds to d-metal atoms in linear and bent fashion and behaves, respectively, as
(A) NO* anad NO* (B) NO* and NO~ (C) NO~ and NO~ (D) NO™ and NO*

15.  The metal ion (M?*) in the following reaction is
hot conc. HNO3

M?%" +52” — 5 Black precipitate White precipitate

(A) Mn* (B) Fe* (C) cd? (D) Cu?*

16.  The correct order of wavelength of absorption (lmax) of the Cr-complexes is (en = ethylenediamine)
— 3+ 3+ 3-
(A) [CrR]* >[Cr(H,0), [ >[Cr(en),] >[Cr(CN)6]

(B) :CF(HZO)J >[erR >[Cr en } [
(©) _Cr(CN)ﬁT >[Cr(en)3]3 >[Cr(H,0 6]3+ >[erR
] >

3+

(D) [cr(en), ] >[cr(eN), ] >[cr(H,0), " >[crR]*

17.  The correct order of enthalpy of the hydration for the transition metal ions is

(A) Cr** >Mn* >Co®" > Ni* (B) Ni** >Co*" >Mn*" >Cr*
(C) Ni* >Co*" >Cr?* > Mn% (D) Cr?* >Mn*" > Ni?* > Co?"
18.  Among the following compounds, the pair of enantiomers is
COzH CH,OH CH,OH NH,
H—1—Br H—1—Br HoN—1—H H——CH,O0H
HoN——H H—T—NH, H—1—Br H—+—CO,H

CH,OH CO,H CO,H Br

) (1)) (D) (1Vv)
(A) I'and IV (B) 1'and 111 (C) Il and 111 (D) 1 and 1V

19.  The number of proton NMR signals for the compounds P and Q, respectively, is

(@]
NO,
Me
)0 Nl
Me Me

(P) Q)
(A) 3 and 4 (B) 3and 5 (C) 4 and 3 (D) 5 and 4

20.  The correct set of reagents for the following conversion is

OMe

OMe
Br
—_—
CN
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(A) (i) NaNH,/lig. NH,; (i) NaNO,/dil, HCI; (iii) CuCN, heat

(B) (i) HNO,/H,S0,; (ii) Zn/HCI; (iii) NaNO,/dil. HCI; (iv) CUCN, heat

(C) (i) Mglether, H,0%; (ii) (Et0),CO; (i) NH,0H; (iv) PCI

(D) (i) Mg/ether, H,O"; (ii) HNO,/H,SO,; (iii) NaNO,/dil. HCI; (iv) CuCN, heat

21.  The product R in the following reaction is

©E><Me (i) Ozonolysis

————— (R)

(ii) ag. NaOH
Me

0O
O
® CE/& ®) 6:@@”9
Me Me
Me

0 O

© Me7CEé (D) Me7d}:[>
Me Me

22.  The major product S of the following reaction is
o)

(i) NH,OH * HCI

(i) HoSOy4; H,0, heat
(iii) Bry/FeBrs > (9)
Br
o]
i ﬁj -
N
H
(A) N (B) Q)‘\
H
Br
iog
N
H

(©)

PP
(D) /©)J\H
Br




PAPER : lIT-JAM 2017 95
23. In the following reaction, the major product T is
Me
gr () NaOMe
3 (i) HgO", reflux T
Me (iii) polyphosphoric acid
Me
¢}
(A) (B) Me
Me ol
Me
Me Me
(©) (D) 0
Me Me
o}

24.  The following conversion is carried out using

Me Me

F

_—

CO,H

(A) hydroboration-oxidation followed by Jones oxidation
(B) Wacker oxidation followed by haloform. reaction

(C) oxymercuration-demercuration followed by Jones oxidation
(D) ozonolysis followed by haloform reaction

25. In the following reactions, the major product E and F, respectively, are
OH

(i) NaOH/CO,

125°C, 4-7 atm CH-CO0),0

(if) H3O

OH OCOCH;,4
OH OCOCHj;
and CO,H CO,CHj3
(A) (B) and

CO,H CO,H
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OH OCOCH;3
OH OCOCHj;
and CO5H COyH
(©) (D) and
COzH CO,CHj4
d
26. d_i:_% is a differential equation for a/an
(A) circle (B) ellipse (C) bell-shaped curve (D) hyperbola
27.  Value of the given determinant is
1 30
2 6 4
-1 0 2
(A) -12 (B) 0 (C) 6 (D) 12
28. lonisation energy of the hydrogen atom in ground state is 13.6 eV. The energy released (in eV)
for third member of Balmer series is
(A) 13.056 (B) 2.856 (C) 0.967 (D) 0.306
29.  For afirst order reaction A(g)—2B(g)+C(g), the rate constant in terms of initial pressure (p,)
and pressure at time t(p,), is given by
1 p 1 2p 1 3p 1 3p
(A) Iﬁn 0 (B) =N 0 (©) —¢n 3 (D) Al 0
Pt = Po t 3p—PR L P=P t 3p -
30. For a particle in one-dimensional box of length L with potential energy V (x):O for L>x>0

and V (x)=o0 for x>L and X<0, an acceptable wave function consistent with the boundary
conditions is (A, B, C and D are constants)

D
(A) Acos(nil_xj (B) B(X+X2) (©) Cx*(x-L) (D) (nnx]
sin
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SECTION-B

Multiple Select Questions (MSQ)
Q.31 — Q.40 carry TWO marks each.
31.  The ‘heme’ containing protein(s) is/are
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(A) cytochrome C (B) hemocyanin (C) hemerythrin (D) myoglobin
32.  Among the following, the species having see-saw shape is/are
(A) SF, (B) XeF, (C) CIF,* (D) CIF,~

33.  The indicator(s) appropriate for the determination of end point in the titration of a weak acid with
a strong base is/are

(A) phenolphthalein (B) thymol blue (C) bromophenol blue (D) methyl orange
34.  Jahn-Teller distortion is/are observed in octahedral complexes with d-electron configuration of
(A) d°-high spin (B) d°-low spin (C) d8-high spin (D) db-low spin

35.  Among the following, the correct statement(s) is/are
(A) Guanine is a purine nucleobase
(B) Glycine and proline are achiral amino acids
(C) DNA contains glycosidic bonds and pentose sugars
(D) Sucrose is a non-reducing sugar

36.  The INCORRECT statement(s) among the following is/are
(A) [4n+2n] cycloaddition reactions are carried out in presence of light
(B) [2n+2n] cycloaddition reaction between a keto group and an alkene is photochemically
allowed

© [4n+2n] cycloaddition reactions are thermally allowed
(D) Transoid dienes undergo Diels-Alder reactions

37.  The following conversion(s) is/are-example(s) of

O/\ heat Me o
Mew > M
Me

Me H
(A) oxy-Cope rearrangement (B) sigmatropic rearrangement
(C) Claisen rearrangement (D) pericyclic reaction
38. IR active molecules(s) is/are
(A) CO, (B) CS, (C) oCs (D) N,
39. Intensive variable(s) is/are
(A) temperature (B) Volume (C) Pressure (D) Density

40.  Wave nature of electromagnetic radiation is observed in
(A) diffraction (B) interference
(C) photoelectric effect (D) Compton scattering
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SECTION-C

Numerical Answer Type (NAT)

Q.41 — Q.50 carry ONE mark each.

41.

42.
43.

44,

45.

46.

47.

48.

49.

The number of isomeric structures of di-substituted borazine [B;N;H,X, ]| is

The number of S-S bond(s) in tetrathionate ion is
The number of unpaired electron(s) in K,NiF; is

The number of reducing sugars among the following is

OMe OH OH
o o  HOHC  ©
HO HO OMe
OH OH
OH OH OH OMe  HO OH
Q)

an (111)
CH,0H
o o =
HOH,C OMe HOH,C OH H——oO0H
G © -
H——OH
HO OH HO O CH,0H
(V) V) (V1)

The maximum number of dipeptides that could be obtained by reaction of phenylalanine with
leucine is

Among the following, the number of aromatic compound(s) is

o S

S

CHs
At an operating frequency of 350 MHz, the shift (in Hz) of resonance from TMS (tetramethylsilane)

of a proton with chemical shift of 2 ppm is

At 298K and 1 atm, the molar enthalpies of combustion of cyclopropane and propene are —
2091 kJ mol? and -2058 kJ mol™, respectively. The enthalpy change (in kJ mol™) for the
conversion of one mole of propene to one mole of cyclopropane is

0
For a cell reaction, Pb(s)+Hg,Cl,(s)— PbCl,(s)+2Hg(¢), [aaiT] is 1.45x10~4 VK. The
P

entropy change (in J mol*K™1) for the reaction is
[Given : 1F = 96500 C mol™]
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50.  For a reaction 2A+B—C+D, if rate of consumption of A is 0.1 mol L™ s, the rate of
production of C (in mol L™%s) is
Q.51 — Q.60 carry TWO marks each.

51.  The standard reduction potentials of Ce*" /Ce®" and pe3+ g2+ are 1.44 and 0.77V, respectively.

The log,, K (K is the equilibrium constant) value for the following reaction is
(Final answer should be rounded off to two decimal places)

Ce** + Fe?* ——=Ce* + Fe**
[Given : RT/F = 0.0257 V]

52.  Aradioactive element undergoes 80% radiaoctive decay in 300 min. The half-life for this species
in minutes is

53.  Silver crystallizes in a face-centered cubic lattice. The lattice parameter of silver (in picometer)
is
[Given : Avogadro’s number = 6.023x102® mol™, molar mass of silver = 107.87 g mol* and
density of crystal = 10.5 g cm™]

54.  The amount of bromine (atomic wt. = 80) required (in gram) for the estimation of 42.3 g of phenol
(molecular wt. = 94 g mol™) is

55.  The total number of pair of enantiomers possible with molecular formula C.H,,O is

56. In 200 g of water, 0.01 mole of NaCl and 0.02 mole of sucrose are dissolved. Assuming solution
to be ideal, the depression in freezing point of water (in °C) will be
(final answer should be rounded off to two decimal places)

[Given : K (H,0)=1.86 K kg mol™]

57.  The adsorption of a gas follows the Langmuir isotherm with K = 1.25 kPa™* at 25°C. The pressure
(in Pa) at which surface coverage is 0.2 is

58.  The separation of 123 planes (in hm).in an orthorhombic cell with a = 0.25 nm and b = 0.5 nm
and ¢ = 0.75 nm is
(final answer should be rounded off two decimal places)

59.  Avessel contains a mixture of H, and N, gas. The density of this gas mixture is 0.2 g L™* at 300K
and 1 atm. Assuming that both the gases behave ideally, the mole fraction of N, (g) in the vessel
is
(Final answer should be rounded off to two decimal places)

[Given : R =0.082 L atm mol K™, atomic wt. of hydrogen = 1.0 and atomic wt. of nitrogen
= 14.0]

60.  Consider an isothermal reversible compression of one mole of an ideal gas in which the pressure
of the system is increased from 5 atm to 30 atm at 300K. The entropy change of the surroundings
(in J K1) is (final answer should be rounded off to two decimal places)
[Given : R = 8.314 J mol! K]
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Section-A contains 30 Multiple Choice Questions (MCQ). Each question has 4
choices (a), (b), (c) and (d), for its answer, out of which ONLY ONE is correct. From
Q.1 to Q.10 carries 1 Marks and Q.11 to Q.30 carries 2 Marks each.

Section-B contains 10 Multiple Select Questions(MSQ). Each question has 4 choices
(@), (b), (c) and (d) for its answer, out of which ONE or MORE than ONE is/are
correct. For each correct answer you will be awarded 2 marks.

Section-C contains 20 Numerical Answer Type (NAT) questions. From Q.1 to Q.10
carries 1 Mark each and Q.11 to Q.20 carries 2 Marks each. For each NAT type
guestion, the value of answer in between 0 to 9.

In all sections, questions not attempted will result in zero mark. In Section—-A
(MCQ), wrong answer will result in negative marks. For all 1 mark questions,
1/3 marks will be deducted for each wrong answer. For all 2 marks questions,
2/3 marks will be deducted for each wrong answer. In Section-B (MSQ),there
iS no negative and no partial marking provisions. There is no negative marking
in Section—C (NAT) as well.

SECTION-A

Multiple Choice Questions (MCQ)

Q.1 — Q.10 carry ONE mark each.

1.

The number of crystal systems and the number of Bravais lattices are, respectively
(A) 14 and 7 (B) 7 and 32 (C) 32 and 14 (D) 7 and 14

NaF, KF, MgO and CaO are crystalline solids. They have NaCl structure. Their lattice energies
vary in the order

(A) NaF < KF < MgO < Ca0 (B) KF'<"NaF < CaO < MgO
(C) MgO < CaO < NaF < KF (D) CaO < MgO < KF < NaF
On hydrolysis, aluminium carbide produces

(A) CH, (b) C,H, (C) C,H, (D) CH,

+2
The value of integral JX e dx js
2

1
(a) 0 (b) 5 (€1 (d) 2

For adsoption of a gas on a solid surface, the plot that represents Freundlich isotherm is (x = mass
of gas, m = mass of adsorbent, P = pressure)

E E
X X
an an
A) = (B) =

llog P| llog P|
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E E
2 2
g g
© = (D) =
llog P| llog P|
6. The C-2 epimer of D-glucose is
(A) D-Mannose (B) D-Fructose (C) D-Galactose (D) D-Gulose
7. Carbonic anhydrase is an example of
(A) Hydrolysis enzyme (B) Redox enzyme
(C) O, transport protein (D) Heme protein
8. The compound that contains the most acidic hydrogen is
(A) H,C=CH, (B) HC=CH (C) HC=C=CH, (D) H,C-CH,
9. The major product formed in the following reaction is

cl
NaNH,
Lig. NH,
CN
NH,
NH,
A B
( )Oi/\/CN ®)
CN
CN

@@é .

10. The CORRECT order of melting points of group 15 trifluorides is
(A) PF, < AsF, < ShF, < BiF, (B) BiF, < SbF, < PF, < AsF,
(C) PF, < SbF, < AsF, < BiF, (D) BiF, < AsF, < ShF, < PF,

Q.11 - Q.30 carry TWO marks each.
11.  The major products Y and Z in the following reaction sequence are

NH, /\"/ OEt
(excess)
0O

i) EtONa, then H30*

(ii) NaOH, then H3O", heat
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H H
N N
(A) (V) = \k (2) =
CO,Et
o)
o
,/\COZEt
N N
\/\COZEt
(B) (Y)= (2) =
H
N N
€ (Y)= \k (2) =
CO,Et
0
0
//\COZEt
N N
v\cozEt
(D) (Y) = (2) =
12. The behavior of Cl, is closest to ideal gas behavior at
(A) 100°C and 10.0 atm (B) 0°C and 0.50 atm
(C) 200 °C and 0.50 atm (D) -100°C and 10.0 atm

13.  With respect to periodic properties, the CORRECT statement is
(a) Electron affinity order is F > O > Cl
(B) First ionisation energy order is Al > Mg > K
(C) Atomic radius order is N > P > As
(D) lonic radius order is K* > Ca?* > Mg?*

14.  With reference to the variation of molar conductivity (A, ) with concentration for a strong electrolyte
in an aqueous solution, the CORRECT statement is

(A) The asymmetry effect contributes to decrease A, whereas the electrophoretic effect contribution
to increase A,

(B) The asymmetry effect contributes to increase A, whereas the electrophoretic contributes to
decrease A,

(C) Both asymmetry effect and electrophoretic effect contribute to decrease A,

(D) Both asymmetry effect and electrophoretic effect contribute to increase A,
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15. A vector A=i +xj +3k -is rotated through an angle and is also doubled in magnitude resulting
in B=4i +(4x-2)]+2k . An acceptable value of x is
(A1 (B) 2 © 3 (D) 4/3

16.  The sequence of three steps involved in the following conversion is

Y

(A) (i) Friedel-Crafts alkylation; (ii) Reduction; (iii) Friedel-Crafts acylation
(B) (i) Friedel-Crafts acylation; (i) Friedel-Crafts alkylation; (iii) Reduction
(C) (i) Friedel-Crafts acylation; (ii) Reduction; (iii) Friedel-Crafts alkylation
(D) (i) Friedel-Crafts alkylation; (ii) Friedel-Crafts acylation; (iii) Reduction

17.  The reaction A —— Products, follows first-order Kkinetics. If [A] represents the concentration of
reactant at time t, the INCORRECT variation is the shown in

(A) [A]k (B) —d[A]/dt‘ ©) ‘d[A]/dt‘E ) 2
t— t—

t— [Al—
18.  The CORRECT order of stability for the following carbocations is

Ot Ay kY

(1) (111) (1V)
@I<l<iv<ll by N <l <IV<I @u<Iiv<ii<l (dIV<il<I<lI

19.  The decay modes of **C and **O are
(A) p~ decay
(B) Positron emission

(C) B~ decay and positron emission, respectively

(D) Positron emission and S~ decay, respectively
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20.  Which plot represents a spectrophotometric titration, where the titrant alone absorbs, light in the

visible region?
end point
end point
(B)
\olume of titrant

\Volume of titrant

/7
end point
(D)

\Volume of titrant

(A)

Absorbance in the
visible region
Absorbance in the
visible region

(©)

/T\n
end poin

\Volume of titrant

Absorbance in the
visible region
Absorbance in the
visible region

21.  The CORRECT order of A, (the octahedral crystal field splitting of d-orbitals) values for the
following anionic metal complexes is

(A [Ir(eN,) T <[Ra(eN), T <[RAlJ" <[Col, ]

(8) [Col, ] <[RhI,]" <[Rh(cN), ] <[Ir(cN), ]

3-

(©) [col,]” <[Rn(CN), ] <[RhI,]" <[Ir(CN),]

(D) [Ir(cN), ] <[col,J" <[Rh(CN), ] <[RnI,]"
22.  The electrolyte AB, ionises in water as

AB, —— A’ +2B"

The mean ionic activity coefficient (v, )

1 2

1 12 2 1 12
(A) y2,y (B) vz, v2 ©) y2, y2 (D) (v, +2v,
A% ip A B A% i A B

23.  Among the dimethylcyclohexanes, which one can be obtained in enantiopure form?

w [ e ®

CHs;

© (D) Hscm%

H3C
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24.  The CORRECT order of carbonyl stretching frequencies for the following compounds is

[eadeaton

) (1) (1 (V)
A N<I<l<IV B I<l<l<IV
O Iv<ii<lll<lI O)m<iv<Il<l
25.  The CORRECT expression that corresponds to reversible and adiabatic expansion of an ideal gas
IS
(A) AU=0 (B) AH=0 (C) AS=0 (D) AG=0

26.  The major product formed in the following reaction is

CO,CHj
@ E :
+
CO,CHj

CO,CH3
A / 5 CO,CHj3
(A) (B) / CO,CHj
CO,CHjs
CO,CHj
/ o A

© CO,CHj3 (D)

CO,CHj4 CO,CH3z

27.  Among the following metal carbonyl species, the one with the highest metal-carbon back bonding
IS

@) [Ti(co). | (B) [v(co), | (C) Cr(Co), (D) [Mn(co),]

28.  The product (X) in the following reaction sequence is

(i) TiClg, Zn—Cu
0 — . > (X)
(if) Cold alkaline KMnQOy4

(iiii) H,SO,
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o e) O O
(A O%j ®) Qb © ®
29.  The major product formed in the following reaction is
// \\ CHCl;
e
EtONa
N
@
© K
cl OEt
X X X X
A B D
@l G ol J ol
N Cl N OEt N N
30. Consider the following four xenon compounds : XeF,, XeF,, XeF, and XeO,. The pair of xenon
compounds expected to have non-zero dipole moment is
(A) XeF, and XeF, (B) XeF, and XeF, (C) XeF, and XeO, (D) XeF, and XeO,
SECTION-B

Multiple Select Questions (MSQ)

Q.1 - Q.10 carry TWO marks each.

1.

The CORRECT statement(s) about carbene is(are)

(A) Carbene is neutral species

(B) Carbene is an intermediate in the Curtius rearrangement

(C) Carbene can insert into both ¢ and r-bonds

(D) Carbene is generated from amines on reaction with ntirous acid

The CORRECT expression(s) for isothermal expansion of 1 mol of an ideal gas is(are)
V, .
(A) AA =RT/n Vinitial (B) AG = RT¢n —nitial

final final

Vina
(C) AH = RT/n Vfinal (D) AS = Rén%

. initial
Which of the folldWialrmg metal(s) is(are) extracted from its (their) sulfide ore(s) by self-reduction/
air reduction method?
(A) Cu (B) Al (C) Au (D) Pb
Choose the CORRECT answer(s) with respect to the magnesium-EDTA titration carried out in the
pH range 7-10.5, using Solochrome black as indicator
(A) Magnesium-indicator complex is more stable than the magnesium-EDTA complex
(B) At the end point, the colour changes from red to blue
(C) After the end point, the colour of the solution is due to the indicator
(D) pH range of 7-10.5 is necessary for observing the specific colour change
Consider the following six solid binary oxides CaO, Al,O,, PbO, Cs,0, SiO, and Sb,O,. The
pair(s) of ionic oxides is(are)
(A) Ca0 and ALO, (B) CaO and PbO
(C) Cs,0 and AlQO, (D) SiO, and Sh,O,

In a saturated calomel electrode, the saturation is with respect to
(A) KCI (B) Hg,Cl, (C) HgCl, (D) AgCI
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7. Which of the following set(s) of quantum numbers is(are) NOT allowed?

(A) n=3,/=2,m,=-1 (B) n=4,/=0,m,=-1

(C) n=3,/=3,m,=-3 (D) n=5,/=3m, =42
8. Tetrapeptide(s) that gives (give) the following product on reaction with Sanger’s reagent followed

by hydrolysis is(are)

NO,
H
N\/COZH
CHs
O5N

(A) Ala-Gly-Leu-Phe (B) Asp-Phe-Leu-Pro  (C) Asp-Gly-Tyr-Phe (D) Ala-Phe-Tyr-Pro
9. One reaction with NaNO,, and HCI, which of the following amino alcohol(s) will yield compound

P?

«1IICHO
(P)
NH,
A B NH,
A) MOH B) WH
NH,
> NH,
© (D)
OH

10.  The compound(s) that shows (show) positive haloform test is(are)

O o)
X
CH
(A /O)‘\ 3 (B) O/\)‘\CHs
H3C
o}
X _~CHs
OCHg
o o O/\/

H3C
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SECTION-C

Numerical Answer Type (NAT)
Q.1 — Q.10 carry ONE mark each.

1
1. Consider the reaction, CO(g)+502(9)—>C02(9)

The value of AU for the reaction at 300K is —281.8 kJ mol™. The value of A4 at same
temperature is kJ mol-*(rounded upto the first decimal place)
(R =8.3J K mol?)

2. The value of C, for 1 mole of N, gas predicted from the principle of equipartition of energy,
ignoring vibrational contribution, is JK= mol* (rounded up to two decimal
places)

: 3 . .

3. The nuclear spin quantum number (I) of a nucleus is Px When placed in an external magnetic
field, the number of possible spin energy states it can occupy is

4. The time for 50% completion of a zero order reaction is 30 min. Time for 80% completion of this
reaction is min.

5. The number of possible isomers for [Pt(py)(NH,)BrCI] is (py is pyridine).

6. The volume of 0.3 M ferrous ammonium sulphate solution required for the completion of redox
titration with 20 mL of 0.1 M potassium dichromate solution is mL

7. The number of hydrogen bond(s) present in a gaunine-cytosine base pair is

8. Assuming ideal gas behaviour, the density of O, gas at 300K and 1.0 atm is

gL™! (rounded up to two decimal places) [R = 0.082 Latmmol*K™, molar
mass of O, = 32]
9. The number of stereoisomers possible for the following compounds is

H H
Ph—C—C—FPh

OH OH
10.  Among the following hydrocarbon(s), how many of them would give rise to three groups of
proton NMR peaks with 2 : 2 : 3 untegration ratio?

e

Q.11 - Q.20 carry TWO marks each.

11. For H, molecule, the fundamental vibrational frequency (\76) in wave numbers can be taken as

4400 cmL. The zero-point energy of the molecule is kJ mol! (rounded up to two
decimal places) [h = 6.6x107%* Js, ¢ = 3x10® ms™, N, = 6x10% mol™]

12.  The electron of a hydrogen atom is in its n" Bohr orbit having de-Broglie wavelength of 13.4A.
The value of n is (rounded upto the nearest integer)
[Radius of n" Bohr orbit = 0.53 n? A, 7 =3.14]
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13.  How many of the following interhalogen species have 2 lone pairs of electrons on the central
atom?

CIF,, CIF;, CIF, and ICI}

14.  The magnitude of crystal field stabilization energy (CFSE) of octahedral [Ti(H20)6]3+ complex is

7680 cm™l. The wavelength at the maximum absorption () of this complex is
nm(rounded up to the nearest integer)

1
15.  For the reaction H2(9)+502(9)—> H,O(¢), the following information is given T = 300K

AH® =285 kJ mol™* S20(£)=70JK™* mol ™
S (9)=204JK mol*  §Y (£)=130JK* mol*
AS. ... TOr the reaction is J Kt mol .

universe

16.  2*Na decays to one-fourth of its initial amoount in 29.8 hours. Its decay constant is
hour=! (rounded up to the four decimal places).

17. Elemental analysis of an organic compound containing C, H and O gives percentage composition
C :39.9% and H : 6.7%. If the molecular weight of the compound is 180, the number of carbon
atoms present in the molecule is

18.  The emf of a standard cadmium cell is 1.02 V at 300K. The temperature coefficient of the cell

is —5.0x10~% VKL, The value of AH® for the cell is kJ mol-1 (rounded up to
two decimal places)
[1F = 96500 C mol?]

19.  The number of compounds having S-configuration among the following is

>\ H+OH “o= =4
H-C Br 7
: H3C/ "CHa
CHg
H \\\CH3
CN. CHNH:
HsC H
20.  The solubility of Pbl, in 0.10 M KI (aq) is x10~" M (rounded up to two

decimal places) (The solubility product KSp = 7.1x1077]




