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Ozone exists in a dynamic equilibrium in the stratosphere (15-55 km above earth |

surface):
0O +light (<242nm) — 20 (formation)
0+0: — 0O
O; + light(<300nm) —> O+ 0O, (destruction)
0+0 - O

A. The equilibrium process is important for the survival of life on planet since

ozone adsorbs harmful ultraviolet radiation. In the past few years there has
been a large loss of ozone in Antarctic stratosphere. Based on the records of
stratospheric chlorine concentration (1950-0.8 ppbv, 1974-1.8 ppbv, 1990-4.0
ppbv) and the attached figure of energy versus reaction coordinate for ozone
decomposition, we believe that the loss of stratospheric ozone is caused by
the emission of chlorofluorocarbons (CFCs). CFCs, which are commonly
used as refrigerants, blowing agent, and cleaning agents, are very inert and
form non-detectable amount of chlorine in the lower portion of the
atmosphere. However, in the laboratory, we do observe chlorine atom
formed from CF,Cl, in the presence of UV light. Please explain the reasons
why chlorine atoms are unable to be detected in the low portion of the
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atmosphere and rationalize the relation between ozone loss and stratospheric
chlorine concentration. @5

From the attached figure, we suggest that the decomposition of ozone
dramatically change in the presence of chlorine atom (catalyst):

k1
Cl+0; - 0O;+ClO

k2
ClO+0 = G E=ECl

Overall reaction: O + O3 — 20

Where  kl=5x10"" exp (-140/T)  cm3/s/mole

k2= 1.1x10" C exp (-220/T) cm3/s/mole

Derive the Cl catalyzed rate expression listed below by the use of steady state
approximation.
__ kik2 [0][03][Cl]+[CIO]
£ k1[05]+k2[0]

(15 53)

Propose an experimental apparatus and the necessary data that you should
obtain for obtaining a rate expression of solid acid catalyzed esterification
reaction (10 43)

For a first order irreversible reaction, if the internal mass transfer limitation is
negligible, please use the data attached to identify the regime of rate control
for the reaction temperatures of 27 and 627 °C. Please note: (1) the external
mass transfer coefficient is insensitive to temperature, and (2) the overall
resistance of the reaction is 1/kq (1/ko = 1/kg  + 1/kga), where ks is the

intrinsic rate constant, kg is the external mass transfer coefficient, and a is the

surface area of a catalyst pellet. (10 43)
Intrinsic rate constant at 25°C  : 1 1/sec
Activation energy : 10 Kcal/mole
Surface area of catalyst pellet : 10 cm2
L2
External mass transfer coefficient: 40 1/sec.cm”

4. Derive expressions relating changes in enthalpy, H(7T,P), and entropy, S(7T.,P),






