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CY 1001 Mid-Semester Examination
Physical Chemistry

One mark
AL
1. The expression for the half-life for a zero order reaction is | 3k

2. The overall rate constant of a composite reaction involving two elementary steps with

e k s 2 ;
rate constants k; and k; is given by Koveran = k—l If E, and E, are the activation energies
2

of the individual steps, Eoveran = Ei-E2

Two marks

3. Plot a graph, showing the variation in Gibbs energy, G, with temperature T, for a pure

solid undergoing complete sublimation.

4. What is the temperature of a two level system of energy separation equivalent to 300

cm” when population of the upper state is one half of the lower state?

e2-e1=300cm™
n2/n1=0.5

Substituting this in the above equation, T =623 K.



Three marks

5. The frequency factor for an apparently unimolecular reaction at 473 K is 2.5 x 10"

s-1. Calculate entropy of activation, ASOi ;

A= %exP(ASD%)exp(l —An® )

a

AS* MhY
= exp » =4 RT e

. ln{(z.sx 10”)(6.022><10"“‘)}_8-314
8.314x473

=7.742 Jk-1 mol-1 = 8.314 JK-Tmol-1 = -0.572 Jk-1



Four marks

6. The Arrhenius parameters for the thermal decomposition of NOCI represented by,
ZNOCl () > 2NO (g) + Cly (g) are A = 1.00 x 10" M s and E, = 104 kJ mol"'.
Calculate the entropy (A"S), enthalpy (A"H) and free energy (A"G) of activation for
the reaction at 300K.

e Ae_E%T

>,dInk

= E,=RT
dT

@

From TST
k,T [ R -4

=2 [ OT JK ¥ substitute K by eA% ¢ Tkt take Ink and diffrentiate wrt T

h r

dink 2 AH
=3 =

~ S

=FE,=AH +2RT
AH" = E, —2RT =104k mol™ - 2(8.314J K~ mol”" )(300K)
= AH" =99.0kJ mol™

k

(2) comparing (1) and (2)

AS* = RIn fhc
gkl

13 -1 _-1 -34
= AS* = (8314 K- mol,)ln[(l.oono M's™)(6.626x10 Js)(lM)]

e’(1.38x10 7% JK " )(300K)
= AS* =-12.7J K™ mol™

AG* = AH" —TAS?
= AG* =99.0kJ mol™ - (300K) x (-12.7J K~ mol™)
= AG* =102.8kJ mol™
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For the reaction, 2 NO; (g) + F» (g) = 2 NOF (g), the rate law is, rate = k [NO;] [F] .

Can the elementary reaction be the same as the overall reaction? Explain.

The rate determining step is the slowest elementary step in a mechanism,
and the rate law for this step is the rate law for the overall reaction.

The (determined) rate law is,

rate = k [NOQ] [F2], for the reaction,

2NO, (g) +F, () > 2NOF (g),
and a two-step mechanism is proposed:

1) NO,(g)+F,(g) > NOF(g)+F(g) -"-@
2 NO,(9)+F(g) > NOF(q) =

The rate for step 1) is rate = k [N02] [F2], which is the rate Jaw, this suggests that
step 1) is the rate-determining or the slow step. —_—

e




26 A certain solid sample adsorbs 0.84 mg of CO, when the pressure of the gas is 36 kPa
and the temperature is 300 K. If the cross sectional area of CO molecule is 1x10™
cm?, then what is the surface area of the material, if the adsorption is described by
Langmuir isotherm.

Ans,
Langmuir isotherm is 6 = Kp/(1 + Kp)
Since it obeys Langmuir isotherm, it forms one monolayer at 36 kPa.

As per the Langmuir model, the gas adsorbed forms a monolayer, 0.84 mg of CO form one
monolayer on the material.

Number of molecules in one monolayer =(0.00084/28) x 6.023x10%* =1.8 x 10" molecules

One molecule is having a cross sectional area of 1x10%° cm? so the total surface area of
monolayer is 1x10™® cm?x 1.8 x 10* = 1.8 x10° cm?

4. Label the regions (solid, liquid or gas) of the phase diagram of a one component system
given below. Find out the degrees of freedom at the specific points mentioned, across the line
AB.

Pressure

Temperature



Ans:

Pressure
0
=k
g

Triple point

gas

Tempergture

Here, number of components is 1,
So, degrees of freedom at points A, a, ¢, e and B,
F=C-P+2=1-142=2
At points b and d,
F=1-2+2=1

Or a question to draw a simple eutectic system.
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