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CHEMISTRY
( Major )

Paper @ 5.2

Full Marks : 60
Time : 3 hours

The figures in the margin indicate full marks
for the questions

1. Answer the following in brief : it 1x7=7
¥ V!

(a) Write whether the values of enthalpy of

y/ﬂsorptmn and entropy of adsorption are
negative or positive. \ R
— W

be Write the difference between chemical

y ction and photochemical reaction in
Z—+erms of Gibbs free energy charge.

_>“Tc) In photosynthesis, CO, reacts with water
in presence of chlorophyll and other
plant pigments to produce starch. State
the role of chlorophyll and the other
pigments in the reaction.
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(2)

" (d) The standard Gibbs energies of formation
. \ﬁ.' ( of HN; at 298 K are +327 kJ mol ' and
NP

i T\ / 4328 kJmol™! for the liquid and gas )

\” phases respectively. Which phase of
Y 4 hydrogen azide is the more stable at that

temperature and 1 bar?

(e) - In"case of many reaction, the entropy of

‘& e A :
o~  activation 1s negative. State the reason.

74

(gl An iceberg is floating in the lake. If one

' considers the lake, iceberg and

0 atmosphere as a one system, what are
the number of phases?

_“Why are powdered substances more
effective absorbents than their crystalline
forms?

2. Answer the following questions :

da)” Express Eyring equation regarding
[ activated complex theory in terms of
enfhopy and enthalpy of activation.

w M
A'EN

P _
’U‘@"&{ gl“h\: fluorescence quantum yield and
. vt Dobserved fluorescence lifetime of
'\'>~4.9 4" tryptophan in water are ¢y =0-20 and
e T’Q‘E X, 1, =2 6ns respectively. Determine the

: fluorescence rate constant of this
/, Q&/
¢ N

stibstance.
ETR A BN
<X {%} CThe standard molar entropy of liquid
S ',,mwater at 0°C is 65JK ! mol™" and that
A7/114
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\ of ice at that

temperature is
43 JK™! mol™!. Calculate du () and du (9

for water by rise of 1-0K temperature.
What is the effect of increasing the
temperature by 1-0 K?

(cl) W_rite the Clapeyron equation on the

y A solid-liquid boundary of the phase

( diagram. How does pressure vary with
temperature on this boundary?

3. Answer any three of the following : 5x3=15

(a) @~ Show that when a diatomic gas
v adsorbs as atoms on the surface of a

solid, the Langmuir adsorption
= isotherms becomes
(KP)'"”
1+(KP)Y?
where the symbols have their usual
2 meanings. 3
J (i) Calculate the surface excess of

/ 1-aminobutanoic acid in a
\\\(\,‘J"r& 0-10 moldm * aqueous solution at

' ay ) o
([ f=ml. =-40pN
e ('_"_’I # (dlnC s i ) 2
re Yaeh B |

I
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‘ 4 ) \ﬁ"ﬁj’ \0%

If V is the volume of a gas (corrected to
/,-/éTP) absorbed on the surface of a solid,
__then show that a plot of P /V versus B,
-~ where P is the gas pressurc in the
Langmuir adsorption isotherm, gives a
straight line. Also show that for small
surface coverages, a plot of In@/P)

versus 0 gives a straight line. S+2=5
() Deduce BET equation of adsorption. 5
(d) - LWiscuss the mechanism  of
(L,':_'_/Xi/l(y‘drogenation of ethene using metal
e/ catalyst. 2!

i, t 0°C and 1 atm pressure, the
¥ volume of Nj () required to form a
~— honolayer on a sample of charcoal

is 155-5cm> g ' of charcoal. If the

£/, area covered by one molecule of

5 N, (@) 1is 6-6x10%3 cm?, then

&y calculate the surface area per gram
/ of charcoal. 2

(e) Ppriw thermodynamically the Gibbs

. “adsorption isotherm for the adsorption of
a solute on the surface of a liquid. 5

4. Answer ecither (@) and (b) or (c) and (d) :
\V /..
v({%&‘,mmich-r the following Lindemanmn
; mechanism  for  the unimolecular
decomposition of a molecule A in the
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presence of species M (which may be any
molecule such as an inert gas like He)

A+ M—S_5 A*+ M (activation)

it 8 Foue :
A%+ M ——1 5 A + M (deactivation)
k
A* ~—2 P (decomposition)
Using the steady state approximation,
derive the rate law for the formation of
the product. 5

. (b) Discuss, how ionic strength influences
.~ the rate of a chemical reaction between
ions. s,

(c) Predict with reasons the effect of increase
in ionic strength on the rate constant for
each -of the following reactions : 114x4=6

() H,0, +H' +Br —P
(i) [Co(NHg)sBr]*' +OH™ — P

(iii) CyoHy01; +OH — P

(iv) NO,NC®0,C Hs +17 = P

e _JL(U T_}__:e following\ mechanism has been
e proposed for enzyme catalysts :
Ky
E+S = ES
k.

ES— " ,p+E
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(6)

Using steady state approximation for [ES],
show that the reaction rate is given by

_ K5 [E]olS]
Km +15]
where the symbols have their usual
meanings. Discuss the rate when
K, >>[Sl 3+1=4

5. Answer either (a) and (b) or (c) and (d) :

(@) What is the role of photosensitizer in the
__photochemical reaction? The mechanism
_\"'—'-_-."'-'4:"/ of photochemical dimerization of an

&~ anthracene is given below :
A+ hv L. (activation)
A*+ A —2 5 A, (dimerization)

A* k3 L, A+h (fluorescence)

Show that quantum yield for

dimerization of anthracene is

independence of intensity of light

absorbed. 1+4=5
(b) What is quenching? The quantum

S efficiency for the photochemical reaction

/7 H, @) +Cly @) —2— 2HCL @)

—

is1-0 x 10° with a wavelength of 480 nm.
Calculate the number of moles of HCI (g)
produced per joules of radiant energy
absorbed. 1+4=5
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(c) ~Write the mechanism of the Hy-Cly

" photochemical reaction. Prove that the
rate of formation of HCIl is directly
proportional to the intensity of the
absorbed radiation. 2+3=5

(d) In a certain photochemical reaction using
v 464 nm- radiation, the incident light
"-.,_____,powéi"' was 16-O0W and the system
absorbed 75% of the incident light. The
quantum yield of the reaction was found
to be 0-15. How many moles of the
product were formed in the reaction in

100 S? ' 5

6. Answer either (a), (b) and (¢) or (d} and (e) :

(@) What do you mean by solid compound
with congruent melting point? Draw the
phase diagram of a such system forming
two such compounds. Explain the
diagram. 2+4=6

(b) + NH,4Cl (s) is heated in a closed vessel
when the following reaction occurs :

NH4CI () = NH;; (g) + HCI (g) & %ftf

Find the number of components, phase
3y

%

and degrees of freedom. Pgee
P L
() What is the maximum possible number
: of phases that can coexist for a two-
i component system? Explain. 2
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(8)

(d) ADraw the phase diagram of water and

v _explain what the different curves signify.

.~ Using Clapeyron equation, predict the
slope of each curve. 3+3=6

'\j@){ Show that the free energy of mixing of
three gases has a minimum value with
respect to each gas only when the mole
fraction of the components are equal.

Consider ideal behaviour. 4
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