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1. Explain any five of the following, giving suitable

reasons .
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(a) In spite of the ring strain in P, molecule, white

s relative to P
phosphorus 18 stable relative to P,

(b) No reductant is required for the extraction of
i

metals from HgO and Ag,O.

(¢) Helium and Neon do not form clathrate

compounds.

(d) Carbon shows much greater tendency for

catenation in comparison to silicon and nitrogen.

(¢) The colour of halogens deepens down the

group.

(f) Lithium forms predominantly the monoxide, sodium

forms peroxide whereas potassium, rubidium and

cesium form Superoxides.

(g) lonisatiop enthalpies of group 13 elements show

irregular frepgs. (3%3)
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2. (a) Name the hydrides of group 15 elements and
discuss the wvariation in their properties with

reference to :
(1) Basic character
(11) Thermal stability

(111) Reducing character

(b) Carbon is capable of reducing all metal oxides
provided the temperature of reduction 1is
sufficiently high, however the use of carbon as
reducing agent becomes impractical for metal
oxides towards the bottom of Ellingham diagram.
Comment and also explain why most of the lines

slope upwards in the Ellingham diagrams.

(c) Draw the structure of diborane and discuss the
bonding involved using molecular orbital theory.
Also, give experimental evidences in support of

the structure. (4,5,6)

P.T.O.
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3. (a) What is diagonal relationship? Giving gz least
three examples explain how boron resemb]e-

silicon.

(b) Give the oxidation sates of sulphur in Caro’s acid
and Marshall’s acid. Draw their structures
and write one reaction by which both can be

differentiated.

(c) Arrange the following in the increasing order
of their acidic strength and Justify vour

answer.
(i) H,PO,, H,PO,, H,PO,
(i) HBr, HI. HCI, HF

(i) HCIO, HCIO,, HCI10,, HCIO, (4.5.0)

4. : .
(@) Draw and discuss the structure of P 0, and ¥ e

the mechanism for its hydrolysis.
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S

(b) Discuss the structure of 3-dimensional silicates

with reference to zeolites and their application as

ion exchanger.

(c) Comment on any three:

(1)

(i)

(iii)

(iv)

XOX bond angle in Cl,O is greater than
that in F,O.

Cesium iodide is much less soluble in
water than Cesium fluoride, but Lithium

flouride is less soluble than Lithium

iodide.

Solubility of sulphates of alkaline earth
metals decreases whereas it increases

for their hydroxides on descending the
group.

Chlorine has greater electron gain enthalpy
than fluorine, yet fluorine is a stronger

oxidizing agent.

p.T.O.
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(v) Thallium doesn’t exist in (111) Oxidation

state, .\'t“ Tll, exists, (4.S,(),

5. (a) Explain the dissimilarities between the twao
allotropic forms of carbon, namely graphite and

diamond.

(b) Complete and balance the following equation -

(any four)

(i) H,PO, + HgCl, —

(i) nPCl; + nNH,Cl _120-150°C |

(i) BNH, + H,0 _A

(iV) BC]3 + L1A1H4 ether

v) 32“6 + NH ~120 °C

3(excess) >

) SiH, + AgNO, + 1,0
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(c) Draw the structure of any three -
(1) Basic beryllium nitrate
(i) Mg-EDTA complex
(111) 1odine heptafluoride
(iv) 2,2,2-cryptand (5,4,6)

6. (a) Discuss at least three points of similarities between

halogens and pseudohalogens.

(b) Alkaline earth metals are harder, denser and have

high melting points as compared to alkali metals.

Explain.

(c) Write short notes on : (any three)
(i) Cyanide Process
(ii) Zone refining

(iii) Interhalogen compounds

p.T.O.
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(iv) Solutions of alkali metal in liquid a
ammoni
a

(3,3,9)

(2000)
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1. (a) An organic compound A (C,H,,0,) on reduction
with lithium aluminium hydride (LiAlH,) forms
organic compounds B (C,H,0) and C (C,H,0).
B on oxidation followed by heating with calcium

oxide gives D (C,H,,0). C on reaction with NaOH/

P.T.O.
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b forms E and a yellow precipitate of CHI,.
Identify the organic compounds A, B, C, D and E.

Give the name reaction involved during the

conversion of C to E along with mechanism.

(b) Identify A having molecular formula (C ,H ,0,)
. in the following reaction. Give the name of the

reaction and mechanism involved. Write down the

role of cyanide ion in the following reaction :

QCHO + "CN — A (9,6)

(a) Carry out the following conversions (any three):

0 O—O-0

(ii) Propanal — Propan-2-ol.

(iii) Ethane nitrile — Butan-2-one.

(iv) Ethanal — Butane,

(b) Identify A and B in the
Justify your answer :
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Conc. HzSOL

100°C A
CH;CH,0H
Conc. H;S0, B (9,6)

(OS]

(a) Carry out the synthesis of any three following
compounds either from EAA (Ethyl acetoacetate)
or DEM (Diethyl malonate) :

(i) Methylsuccinic acid
(ii) 4-Oxopentanoic acid
(iii) Crotonic acid
(iv) Antipyrine

(b) Differentiate between the following (give visible
test only) and write down the reaction involved

(any three):
(i) Acetaldehyde and acetophenone
(ii) Ethanol and propan-2-ol
(iii) Benzoic acid and p-cresol

(iv) Ethylchloride and chlorobenzene (9,6)

P.T.O.
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(a) Give reason for the following (any four) :

4.

4

(i) The rate of hydrolysis of the carboxylic

(i)

(iii)

(iv)

(v)

(vi)

acid derivatives is:
CH,COCI > (CH,C0),0 > CH,CONH,

Syl reactions are accompanied by
racemization, while S\2 reactions result in

the inversion of the configuration.

2,2-Dimethylpropanal gives Cannizzzaro’s
reaction, while 2-methylpropanal does not.

Carboxylic acid does not form oxime though

they have carbonyl group (>C=0) in their
Structure.

Malonic acid and B-keto carboxylic acid

decarboxlate readily on heating 200°C.

Ketones cannot be prepared from acid
chloride and RMgX although they can be

Prépared from acid chloride and R,Cd/
R,CuLi.

(b) Prepare the following organic compound using
Wittig reaction -
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CH, (12,3)

5. (@) ldentify the organic compounds (A, B) and explain

their formation with the help of mechanism.

OR

Identify the organic compound (A) formed in the
following reaction and explain its formation with
the help of mechanism.

o

I

. Il (i) CH3CH,COO Na* x
HyC——C——0CH,CH, H——C——0CH,CHy3 —

(i) H*

(b) Benzene on reaction with propene in the presence
of a Lewis acid forms A (CyH,,). A on aerial
oxidation forms B (C,H,,0,). B on acidic
hydrolysis gives C (C;H,O) and D (C,H,O).
Identify the organic compounds A, B, C and D.

P.T.O.
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(¢) (i) Write down the products obtained on heating
a, B and y-h)_-droxycarboxylic acid separately.

(i) Tertiary alkyl halides are not good substrates
for nuc.leophilic substitution reactions, Explain,

(iii) p-Chlorotoluene on reaction with NaNH, in
liq. NH, forms m-toluidine along with p-
toluidine. Explain. (4,2,3,3,3)

6. Complete the following reactions :

(i) CHyCH,COOH —Ci2RedP

O
(ii) @‘g—'NHz .
(iii) Q_O/\/ Zogoc o

Conc. HS0,

8

() PICHO + chycoom,coogN"OCsHs
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(vi)

(vii)

(viii)

(ix)

(x

N’

(xi)

(xii)

I
H3C"—""C —“’CHQCHa

Zn-Hg/HC!

OH
@ CHaOH/MH*
COOH ‘

-
COOC,H
- 2Hs HzN\
CHz\ + /C—--—-O
COOC,Hs H,N~.
PCC

CH30H2CH20H20H ———in

(i) Dil. NaOH'___

CH3CH,CHO

CH3

HsC—C—Br + NaSH ———

H.

(i) A

CF3CO00H

S

P.T.O.
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CHs
(xiii) Hac—-?—-Br + CH30'Na" —————ri

H

(xiv) CH,COOH A :
—_—

CH,COOH
(xv) THO Conc. NaOH. (15)
S
CHO

(1500)
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I.

2

Answer any five questions given below :

(i) How does the addition of naphthalene affect the

(i1)

(i11)

(iv)

(v)

CST of the phenol-water system at constant

pressure. Explain giving reason. (3)

Azeotropic mixtures have definite composition

and definite boiling points yet they are not

compounds. Explain. (3)

Show that it is not possible to have more than
three phases in equilibrium with each other in a
onc component system. What is the number

of degrees of freedom when two phases are

present? (3)

Enthalpy of chemical adsorption of H, on the
surface of Nickel is slightly positive yet the

adsorption is spontaneous. Explain. 3)

Given the E° values for the electrodes
Fe**(aq)|Fe(s) and Pi(s) |[Fe3*(aq), Fe?*(aq) as
—0.44 V and +0.77 v respectively, calculate the

E° value for the clectrode Fe3*(aq)|Fe(s)-
(3)
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(vi) How can liquid junction potential in a
concentration cell be eliminated? Explain giving

examples. (3)

(vil) Why can’t we use a Voltmeter for determining

the emf of a galvanic cell? (3)
SECTION A
2. (i) Find the number of components in the following
cases :

(a) HCI(g) and NH,(g) in equilibrium with
NH,CI(s) when the equilibrium 1is
approached by starting with HCl and NH,

only.

(b) KCI-KBr-H,O system. (4)

(i) Derive the Duhem-Margules equation from

Gibbs-Duhem equation for a binary system.

(4)

P.T.O.



1419
(i)

3. G)
(i1)

4

On the basis of the critical temperatures, T, of
the gases given below, predict and explain
which of the following gases will exhipij;

maximum adsorption on 1 g of charcoal at roop

temperature. (4)
Gas CO;2 NH3 H> ]
T./K 304 405 33

Derive the relation between the number of

phases (P), components(C) and degrees of
freedom (F) for a non-reactive system in which

One€ component is present in all but one phases,
and another one is present ip only two phases.

Rest of the cOmponents are present in all the

" phases, (4)

Metals X ang Y exhibit a simple eutectic

diagram, Following table gives the break and

h i :
alt points for various mixtures of X and Y.
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(iii)
4. (i)
(i1)

h

Mass % of Y 0 20 40 50 70 85 100

Break temp./°C | 800 | 600 | 400 415 | 500 | 600

Halt temp. /°C | 350 | 350 [350 [350 |350 [350 |]350

Draw the phase diagram and label all the regions.

What is the maximum percentage of Y that can
be recovered by crystallization of a mixture

containing 85% of Y? (4)

What is the basic principle underlying steam
distillation? A substance X, immiscible with water
is distilled using this method. Derive an
expression to calculate the relative mass of

substances in the vapour phase in terms of their

molar mass and vapour pressure. (4)

With a suitable derivation, show that a multistage

solvent extraction is more efficient than a single

stage extraction using the same amount of

solvent. (4)

To 100 mL of an aqueous solution of aspirin
with concentration 3g / L, 50 mL of ether were

added. The mixture was shaken and allowed to

P.T.O.
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equilibrate at 293 K. The distribution Coefficien

of aspirin between ether and water is 5.9

(a) How much aspirin remaing unextracted ip

the aqueous phase?

(b) If instead of 50 mL ether, the extractiop is
carried out with two successive 25 mL

portions of ether, how much aspirin remains

unextracted?

(4)

(i) Discuss how the extent of adsorption varies on

(1)

(ii)

(1) increasing the surface area PE€r unit mass of
adsorbent (i) increasing the temperature of the

System and (iij) increasing the pressure of the
gas?

4)

Show that iy a binary solytiop if one component

behaveg ideally thep the other also does so.

(4)

AL3S3K, the vapoyy Pressures of pure ethylene
b

romide gpq Propylene bromide are 22.93 and
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16.93 kPa, regpectively, and these compounds
form a nearly ideal solution. A mixture of 3 mol

of ethylene bromide and 2 mol of propylene
bromide is contained in a cylinder with a piston.

Slowly the pressure is decreased.

(a) Calculate the pressure at which the first

bubble of vapour is formed.

(b) How many- moles of each compound is

present in this bubble?

(c) What is the composition of last droplet?
(4)

Define Critical solution temperature (CST). With

the help of a suitable diagram, describe the

" sequence of steps that take place when the

composition of a mi'xtizlre of partially miscible
liquids exhibiting lower C.S.T is varied at room

temperature. Discuss with respect to the number
of components, number of phases and degrees

of freedom. (4)

P.T.O.
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6.

SECTION B

(i) Construct a cell using the standard reduction

potential values of the two half-cell reactjop,

given.
Cr3t + 3¢ = Cr

Fel* + e = Fe?*

For the cell write (a) the cell reaction (b) Nernst

equation.

Calculate the maximum work that can be obtained

from the cell under the standard conditions.

4)

(i) The potential of the cel] Cd|Cdl,(a,)|Agl(s)|Ag(s)
1s 0.286 V at 25°C. Calculate the mean ionic

activity of the ions in solution and the activity of
the electrolyte. (4)

Gil) Derive Langmyir adsorption isotherm. Show that
. . e
When 2 diatomic gas adsorbs as atom on !

. 1on
Surface of a solid, the Langmuir adsorpt!
180therm becomes
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7. @)

(i)

(iii)

equation.

0 (K.p); |

(1+Kp)2

where K is the equilibrium constant, p is the

pressure and 0 is the surface coverage. (4)

Differentiate between Galvanic and electrolytic

cells using appropriate diagrams. (4)

Calculate the liquid junction potential (E;p)
associated. with the following cell if the

transference number of H* is 0.83.

Ag(s), AgCl(s), HCl(m, v,): HCl(m,,y,),
AgCl(s), Ag(s)

m,=1.0 mol kg™'; y, = 0.809; m,=0.05 mol kg ';
Y, =0.830 (4)

How can the ionic product of water be
determined using an electrochemical cell? Explain

with the cell used, its reactions and the Nernst
(4)

P.T.O.
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10

(i) For the cell Plle(g-lmm)IHBF(HQ)IAgBr(sNAg(S)

(i)

(4)

En CC“/V = ()07]31 s 499 X l() 4 (I/K —~— 298)

_3.45 x 10°¢ (T/K - 298)2.

Evaluate change in standard reaction Gibbs

energy, enthalpy and entropy at 298 K.

For the cell reaction, (4)
2Fe** (aq) + Fe(s) = 3Fe?*(aq)

Construct two different galvanic cells using the
following three half cells and calculate the
standard cell potential for each of these cells.

Compare the two cell potential values and

comment on the result obtained.

Given :
Fe* + 2¢ = 0 .

2e Fe Ep g, =044V
Fe** + " 0 _

Je = Fe EF63+\FG =-0.036 \Y
F&' + & w= pert B perepp = 0771V
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(iiiy Which of the iollowm;_., represents the variat;
c on

of physical adsorptmn with 4 temperature?

Explain your answer,

(4)
aT bT
[
0
r — T —_—
1 A
Cr dT
) ]
> -,
T — :

9. (i) Given the cell,
Cd|CA(OH),(s)[NaOH(0.01 mol kg )\Hy(1 bar)P!

With E_, =0V at 298 K. Calculate the solubility
product of .Cd(OH),. (4)

(i) What are potentiometric titrations? Write the
i ic titrati er
advantages of potentiometric titrations OV

4)

conventional volumetric titrations.

p.T.O.
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(iii) Ascertain whether the following reaction wil]
proceed in the (Vward or backward directio
| n

giving reasons.

JFe?* + ClL. == 2Fe¥* + 201
s 2C1 (2)

(iv) Can a copper spoon be used to stir a solutiop of

silver nitrate? Give reason. (2)

(500)



