Chemical Sciences

Paper I1
1. {a) Whatis Zeise's salt? Show its stucture and describe the honding (5]
() Use Coulomb's law to deduce the dimension of charge )]

{c) Explain which of the followang 13 primanly responsible for the di fference in
chemical properties of nanomaterial s from the bulk. {2}
1. lattice defects
1. surface to volume ratio
1. London forces

{d) Suggest a synthetic method (may need more than one step) for the following
transformation. q%m
' (5

MEO—Q e MED

{e) Match the following:
Compounds Type

1. progesterone 1. antiulcer comp
2. amozxycillin 1. antiallergic 4
3. morphine 11,
1.

V.

et o

2. (a) Identify the products Ato 6 following reactions.

(%)

. Mes0 BFy
©  W(CO)+ L =5 SR

{11) Fe,(CO)y ——a
(iii} [FhzC:][X] + Ni{CO)yy — D

(iv)  (n°-CplFe+ CH:COC! — E

(h) Draw the structures of Cog(COYg and Irg(C O
(6)

3. (a) Wnte appropriate equations for the synthesiz of (1) MsPsCls and (1)
MsFsFs.
(4)



(b} Sketch the *'P NMR spectral pattern for the following compound
[consider only *T{PFY].

CI‘ }QI
et
Clep, I 1 aSPh
P 2Fa
c|"" hl "SF‘h

{c) Sketch all 1somers of PFs{CHz); assuming a trigonal bipyrarm dal
geotnetry in each case.

{a) What 1z the origin of the hlue colour in Prussian Blue? Comtnent pi
the effect of (1) oxdant and (1) reductant on its colour,

{b) Give an example of a diamagnetic transition metal hy degd
Howr 15 the presence of metal bound hydnde detected b
spectroscopic methods

THF, Hs
—

(c) Rh{PPhs}sCl A

Column I Column I1
A Sderophores 1. Co

E. Chlorophyll 2. Fe

. Superomde dismutase | 3. Mg

D, Vitammn By 4. Cu-Zn

{a) Sketch the structure of the bis{dimethvl glvommato)mickel (Il complex
used in the gravimetric estimation of mckel{II). Why 1z alarge excess of
dimnethyglyoxme solution avoided in this estimation?

(h) Two isomers of [PClo(PEL: )e] have (™ Pt-F) values of 3500 Hz and
2400 Hz respectively. Asagn the coupling constants to the 1somers,
gIVing reasot.

(5)

(6)

(7)

(6)

(2)

(4)

(3)

(8)

(7)

(4)



{c) 21311\13 1z a stable nucleus. Predict which ofthe following unstable

nuclet decay by B~ or 7 emission.

) BMe (i) BMg (i) HNa (iv) 5 Na

when the medium 1z allzaline.

{b) Sketch the curve for amperometric titration of 0.0 1M PhilN O3}y with
0.05 M E;Cr;07 at 1.0V (ws SCE), the potential at which both thg,

species are electroact ve.

() Match itemsin column T with those of 11

T (a) Write equations for reduction of oxygen at dropping mercury electrode,

[

I

4 Bupporting electrolyte

B Ikovic equation

rmogravimetry

am
dt

dH by [ gration current

_dt

E. Spectrofluorimetry

5. Dnffusion current

F. Atomic Absorption Spectro

6. Mercury

7. Graphite furnace

. Cold vapour technique

g (a) Write equatinns.r

{c) & one-electron paramagnetic copper complex can have two charge

distrnbutions: -

u-L or Cu - = organic ligan
Cu'-L or Cu'-L"® (L= ligand

Howr they can be distnguished by ESE spectroscopy?

(4)

(4)

(4)

(4)

(7)



9. {a) Draw generally accepted structure of active site ofthe enzyme
involwved in nitrogen fization. Indicate the site on which nitrogen first

hinds.
(6)
(b) Bent metallocenes have general formulation [(n*-CsHs)2MLa]. Write
two examples choosing appropriate "M, hawing different walues of 'z’
| (6)
{c) Examples of cartbonylate amons are many more than those of metal
carbonyl cations. Explan.
(3)
10. {a) KEMnOy shows an intense pink colour, while KReOy 15 coloutless.
Explain.
. {5)
{b) Copper(D) 1odide 1z a stable species, while coppe(Il) 1|:|d1d
exist. Explain. j
@ (6]
(c) H'is ahard acid while H  is asoft base. Expd
, (4)
11. (a) Identify A —Dinthe following catalyty wwith their structures
)
ll‘rg.rdri-:le
rmigration
[C]
(h) Draw the moleg mictures of the following compounds in solid state
(i) Tifn -] CpJa (if) Uln -CpJs (1if) Smin’-Cp*)s
(7)
12. {a) What property/properties of lanthanide p-diketonate comples make(s)
thern useful as shift reagents in NME spectroscopy?
(3)

{b) Write the products in the following reactions.

(i) Lo, —2
Gy cl, —E

(i)  MaClo, =St
Iil'J:l 1_—,-2 S OHSolbim

()



13,

14,

(c) "B used in nuclear reactors participates in two reactions. One reaction
vields " Li and another product X. The other reaction vields °T and X
Identify 3 and write two balanced nucl ear reactions.

(4)
{a) Forthe complexation reaction
[Mi(en)a(Ha Okl ™" (an) + tren (ag) = [Mi(tren)(Hy )] (ag) + Zen (ag)
(A
the log p wvalueis 1.85. Ezxplain this value giving structure of AL
[tI'E-'Il = N{CH;CHQNH3}3]
(5)

{h) What change in the position of iron 1n hetnoglobin occurs upon
hinding to oxygen and why?

{c) Identify 1solobal pairs from the foll owing
CHs, CHy, CH, Cr{CO)s, Mn{CO)s, and Co{CO)s

a) The spacing between the first and second lines 3
diatomic molecule with an equilibrium bund lﬁﬁl
between the 9th and 10th linesis 36 cm’ C%@ ;
to the centrifiugal distortion.

1 &1is40 cm’ ' The spacing
e extension of the bond due

i Uy -
II % [ I: :I
by Calculate the vibrat onal quarg mibet at the dissoctation limit fora

diatomic molecule {given the g

()

L U e

Show that the row A4 iz orthogonal to the row E.
(4)



b Given the reducihle representation, T, in Ds

| E 20 30,

rl? 1 1

Determine its irreducihle comp onents.

(5)
c) Usethe shove character table to determine whether the 4; — A5 transition 15
allowed when the change in transition moment 12 (1) along 2 — ams and (117 10

the x-v plane.

(6)

1. a) Showthat all Bragg reflections of a primitive cubic crystal have 1 E

intensity. '

(7]

b Flot the Fermi factor £{E) versus energy, E, for a free elpctrén metal st T=0 K

and T =0 K. o

(4)

£l The temperature variation of the ki gh-temyp eragd
of three solids is shown below. Identify th
antiferromagnet.

(4)

write the wavefunctions (without denivation) for all states for the full region of z.
State if the wavefunctions are even or odd (e have parity symmetry). State the
boundary conditions involved in the derivation.

(4+1+3)
b Discuss the parity of the wavefunctions 1f in the above problem, the origin 13
shifted to the centre of the hox, e the potential WV (%) 1s

Viz)=co xS —ald mrall
V=10 -l 2% 2 all

Write the wavefunctions in this case.

(7)



15,

b

19

20.

21.

22,

a) Find the inverse ofthe matrix (é D]

2
(8]
How do the states w, w*, 4w, and €™y differ with respect to observable
propetties and why?
(7
a) Show that <x> = I for systems that respect parity as a constant of
motion.
(6]

b) Esaluate the comrmitator [L?;{ L ]

a) Two variables x and 33 are related by =3 -2 . Show thy
xand ¥ defined by cix, ¥ = (zy)—(x}(y), is equal to 4"
AR where Axt= (xj)—<x)2.

b} For a polydisperse polymer solution, use ba

(M : ) /(M n)- %

% In- (5)

I
tgﬁcient of 0.01 mol L'! NaCl aqueous
f1 agueous solution at 298 K).

a) Calculate the mean ionic actisy
solution at 298 K (A =10.

()

b Write the cell reactio A predict whether it is spontaneous or non-
spontaneous in dkellat 298 K.

e ()| Fe(s)

YCd)=-0403 V and
(Fe**f Fe) = -0.447V
(7

a) For aszecond order reaction 24 — P, show that ts, o 11,’[;3;]3 where ty, 15 the
half-life and [4]g 15 the initial concentration.

(10)

by The equilihrium constant (K for the elementary reaction at 1000 K
C3He(g) == 2 CHs(g) iz 1.30 = 107" mol L'! and the rate constant for the
forward reaction (k1) is 1.57 = 107 & Write the rate law and calcul ate the
rate constant for the reverse reaction (k)
(5)




23 a) 364 g of compound A (molar mazs 1500 15 dissolved in 180 g of henzene and
the wapour pressure of this solution 15 756 torr at the botling point of benzene.
Cal culate the molar mass of A 1n benzene and explain the discrepancy, 1if any
[assume dilute solution].
(8)

L) First two quantum states of an atom & (*Fy and “P)) are separated by 300 cm™
Cal culate the electronic partition function at 1000 K for this system (hil 000k,
=438 x 10" g).
(7
24.a) Caculate the entropy of muzing and Gibbs free energy ofmizing of 5 moles of
component & and 5 moles of component B at 27 °C.

b Showthat, if an engine takes up heat O from a sinkt at a tem e, atd
gives to a source at atemperature T without any wo rk, the
wiolate the prncple & S{umverse) = 0.

)

25 a) Dunng an adiabatic reversihle expansion {a

gas undergoes a decrease of temperature
volume 12 32.8 L, caculate the final v%

(4)
by Transformation a o be aghieved by undergoing (1) an 1sothermal
reversihle Expans' &) and (ii) an isochoric reversible process (c—sh).
Calculate the & atgein each process and the total entropy changein
going from
(5+5+1)
26 (a) D orrel ation diagram for disrotatory opening of a cyclobutene to
[al 3-diene. Predict the outcome of the reaction in the ground state.
(10;
{b) Predict the products A and Bin the following reactions, and suggest
mechanistm oftheir formation.
(5)

(A] -t dj _ ™ e [B]

27 (a) Predict the products A and B (with correct stereocher stry) in the  following
reaction, and suggest a mechanism of formation of B

(6)



o
h
A Otz
Ao

() Triplet sensiized irradiation of compound € gives D, Suggest a
mechanism.
(6]
Ay i <D
————= O
sEnzitizer
o
[cl (]
() Suggest aplansible mechanism for the following transformation.
(3)
oH
T —— (1
—-
H
28 (a) Inthe following transformation, predict the structures (grth
stereo chetni stry) of compounds A and B.
(6)
MEHER,.CHO M et gBr
OMe
() Exzplan the ongin of stereos
chelate or Felkin-Anh mod
(4)
() - ation of the newly formed stereocentre and
(5)
29 (a) Wnte the
(10;
By g 101 @é_\w?
]
H
(h) Write the stnuctures of the products E- G, and write the name of the
dipeptide G.
t (5)
HoM o LCO0H (ABuoco,0
Y L [E ] (F] Y )

pan O
O0CHPh



30 {a) The kgl of hase catalveed elimination react on given helow in HaO and Da0
was found to be 0,13 Write suitahle mechanism consistent with this

observation.
(5)
M,
i haze O4H
{h) D-Glucose 1z converted to unsaturated sugar as given below. Write the
structures of A-C.
(6]
HO
FI'—PO’j\ﬁL ’E’:ED'W:-[A] B e [B]-2" ] C]
Ho - Hy0 AcOH
{c) Write the structures of I and E in the sequence
(4)

Ilﬁ%hemistw) in the following synthetic
(15)

3l
SEQUENCES.

mMoBr
Ho ". _



32 (a) Wrte the structure of the compounds A and C, and suggest suitahle
tnechard stn for their conwersion to the products B and D, respectively.

(10}
EQ MH20H (A] H25o4 \_&-\t
1
Ha2 c NHENHE
MaoH [c] HOH
(0]
(h) Suggest suitahle reagents for the followang selective transformations.
(5)
P H O HO “%m
oy =y &
) HO
. O
33 (a) Identify the products Ato C in the following re {a)
< > — iMahHg (a] & : 1DET .
i HCHO T TiolPrg
'BuOOH
Iy,
(h) Suggest a mechanism for the #‘?g transformation. 4
e
(o) Buggestas wernthetic sequence forthe following transformation.
(5]
34 (a) Idennfy the products A to D in the fDllDWlng reaction sequence (1)
oH
CHCl MaH
[A] (B ] PhaP= CHCDOEL[C] A (D]




(h) Identify the compound E and suggest a suitable mechanism for its conversion to
compound F.

iSOCl; b
QOH = [E] -
i T Hal CHaCly

35 (a) Write the structures of the two possible products A and Bin the
reaction given helow, and give suitable mechanism of their formation.

Suggest how 'H NME spectrum can he used to differentia and B.

(5)

o
[F]

(10)
[J&w m-CPBA
— [A] + [B]
(h) How would yvou distinguish 2-methylbuta ded -methylhutanal
1SNZ mass spectromm ety p i
; (5)
36 (a) The monoterpene citral undergoes reach h below. Write the
structures ofthe products A-F. : (o
[B] [C]+MaCHD
(C1oH14) (CgH2)
citral
lKMnO4
(D] + [E] + [F]
(CaHzlz)  (CHD)  (SaH:04)
(b)) Identify the products G to Tin the synthesis of cocaine {a)
[ G] = [H]
Ec + hMefH, + HOW\OH
CHO
i. Ma-Hg
ii. Hayot

COOMe
i.HCI, MeOH

OCOPh - [1]
ii. PRCOCI, py

cocaine



37 Deduce the structure of the organic compound having the following
analytical and spectral data
Analysis C, 7495, H, 6.86
Ilass 176, 131 (base pealy), 103, 77
IR Vaax 1714, 1639 cm™
'HNMRE & 131 3 H =71 Hz), 4.2 (3, 2 H. =71 He), 6.43 (d, 1 H,
J=15.8 He), 7.24-7.57 (m, 5 H), 7.67(d, 1 H, F=15.8 Hz).
BONME &14.3 604, 1184, 1281, 128.9, 130.2, 134.5, 144.5, 166.8.

(15
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