i) L3 marks) Inoa further sedes of expenments ol
308 K in which the imittal concentrations of the reactants
wore varied, bur with the condiion [SW], = [5.00 14
it was found that the hall-hfe For the peroxydisulfate ion
(e time 11 takes for the concentration of 5,02 1w fall
tor half its initial value) was independent of [S0,5 |,

Uise this information. in conjunction with your answer 1o
part (b, o determine the partial order of reaction with
respect o the peroxydisulfate ion. Show your reasoming,

{Jurestion 3

Thiz guestion carries 40% of the marks for this
assignment. and tests Objectives 1, 970, 14, 15, I7-19
and 23 af Block 2.

This question is concerned with the gas-phase
clemeniary reaction between atpmic oxvgen (00 and
mabecular hydrogen (Hy) which  produces  hydroxyl
raficals (HOw) and atomic hydrogen (H) acconding o
equation 4. {A radical, or “frec medecal’, can be thought
of a3 a ‘molecular fragment” which has an unpained
ehectron, signified by the dog).

0+ Hy —— Hile + H {4

{a) (2 marks) Write down. giving vour reasons, the
rade equation for reacton 4.

(b (8] marks)  In an experimental study of reaction 4,
the reaction was followed by monitonng the amount of
alomic  oxygen remaining al ovarious times as the
resction mixiure flowed along a tube, The results of an
experiment carried out at 623 K are given in Table 2; the
imitial concentration of hydrozen was [Hil, = 600 =
10 mol dm™.

‘Z"'-‘?L‘F of the concentration of atomic oxypen, [,
iﬂ o L for reaction 4 of 623 K.

T
5
-
s
1,,__._:‘ ey
b

[T [
C 17 mol din

@,

Use the information provided, together  with  an
appropriate graphical method, o determine the rate
constant, kg, for reaction 4 al 623 K. Include all of your
reasoning and cakculations in your answer, and show all
necessary valoes in tabular form. You should  also
include a famd-drawe version of the graph that you have
usied o determine your valas of k.

(e 01 marks)  Reaction 4 was also studied ol &00K
anef 675 K. The ratio of the cxperimental rate consiants
al theze iwo emperalures, bpio73 K600 E), wis
found 10 be 220, Use this information, in conjunction
with your answer i parl (b), 10 cslimate experimental
values of the Amhenies activation energy, £, and A-
fwctor for reaction 4. What reservations would vou have
about using this method to determine these parameters?
{ Twar ar three senferces)

(dy (¥ marks) The hard-sphere collision cross-section
for reaction 4 s estimated as & = (L3492 o, and the
melecular maszes of O and Hy can be waken o be:

o[} = 2657 x 10T kg
m{H) =335 % 10727 ko
(1] Wiath the aid of a simple diagram, explain (i one or

o senfences) what 35 meant by the “hard-sphere
collision cross-section” for reaction 4

(iiy Comment on how your experimentad value of the
A-factor for reaction 4 (from part {c)) comparcs with that
predicied by the hard-sphere collision theory,

(2} (7 marks) The Arhenivs activation energy for the
reverse of reaction 4 i5 found 1o be 29kl mol~'. Given
this additional information:

(1} Sketch and label a schemartic potential energy profile
for reaction 4; take care o define any symbols that vou
use and include an appeopriate caption.

(it} Estimate the value of AHE for reaction 4, and
hence the value of AH T for the hydroxy] radical, HO..

(Any other thermodynamic data vouw need should be
tnken from the 5342 Dara Bood )
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