The principal catddyie cycles involving CIO, and Brl,
gpecics are believed io be as shown in Cyeles 2.3 and 4.

Cycle 2
CI0= + HOpe — A5 HOCH+ 0 (1R)
HOC + by ———3 HOe + Cle
HO» + Oy —— HOys 4 O

Cls + (g —— Cls + 0},

el 2y ——— M, (15)
Cyele 3
BrOe + HOw —21 sy HOBr + Oy (19

HOBr + iy — FOs + Birs
HOw 40y ——— Hw + 0

Bre + (3 —— Bl + {04

nel: 20y —— 30 {13}
Cyole 4
BrOk + Cl0= — 52y Bre + Cle + O {240}

Bre + (3, — Bride + (1

Cle+ 0y —— Cl0s + 0y

mcrease o the concentration of fhe ClOs  radical.
Explain wery brigfly why this should be s (Twe or
Hheree short senfenges)

{b) (I8 marks) The model predictions mentioned o
part alii} have been confiomed by o it measurements
aboprd the MASA ER-I arerafl; the abundance of hoth
Cl0s am] BoOw in the mid-latitude lower siralosphere 1=
higher than previoosly thought, by @ Tactor of len for
Cls, Typical volume mixing ratios arc currently as
follonas:

CI: 100 pup.tv. = 100X 10712
Br(: 15 ppiv. = 15 = 101

Expressions for the rate of ozone boss (—d[Ox]5de)
obtained by agplying a steady-state treatment to cach of
Cycles 14 in wm are coflecied in Tahle 2. Also
included in the table are the corresponding values of the
rate of boss (expressed in the unit “panis per billion per
day’). colculated from known values of the rate
constants and current concentrations of the variodd
species in the mid-latitwde lower stratosphens,

Table 2 Information on the rale of grome hes by Cycelbes | x
3 amd 4 for cumment conditions in the mid-latinade lower
siralosphers

net: Py e 30y (15

{a} (7 marksy In the mid-latitude lower siratosphens,
levels of “active’ chlorine amd bromine radicals (CH),
and B are imflwenced by heferogeneous resctions of
reserveir molecules aking place on the surface of the
suffate aerosol particles that rormally  pervade  his
regica.

(i) Explain brfefly the significance of the lerm ‘reservoir
molecules”, and the pant such species play in
stratospheric orone chemistry. (Ao TOO-150 words)

(i} For the physical conditions and backeround level of
aeroscl prevalent in the mad-laiods Tower srratosphere,
recent laboratory studies indicate that the heteropeneos
reactions of beoming reservoirs {e.g, HBr and BrdMNO3;)
are more rapid than those of the comesponding chlorine
compourds.  Model  calculations  which — include
heterogreneous bromine chemisiey predict increases in
Hi* amnd Brde concenirations abowve the levels
calculated on the bhasizs of gas-phase chemistry alone.
Maorcover, becase of the reaction of HOs with HCL, the
increase in [HOw=| 15 expected to lead indivecily ooan
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Using the information provided n this gquestion {in
alebitiesn 16 that in Topic Stody 1), produce a concise but
well-ressoned  discussion of e implications, for past
aned Tuture oxone levels at mid-latitedes, of the release of
chloring and bromine compounds by human sciivilices.
Ax o bavis for vour discussion, compare the rate of
oeone destroction by Cyeles 2, 3 and 4 with the rate dus
1o the ‘natwrsl” HO, Cyele 1, and with ope another, and
consider gualirarively the significance of heterogeneous
hromine chemistry for these varows processes. Include
commmend on other factors that may also affect the lulurs
staie of Lhe oeone layer.

Your answer should be abowur 400 words v length ond
suitably structured. wot simply a list of points. Make
sure that ywour statesents or conclusions are supaorted
v precize references fo the ogfarmation in Table 2 and
to crfeer relevans informarion provided in this question
alfor Tapic Srady 1. Up ro 3 marks will be awarded for
the overall clarity, structuee and eokerence of voar
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