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Oueestion 1

This question carries 40% of the murks for this
assigmment, and fests Objectives 13, &, 19, 21 and 23
aaf ik 5.

Supports  for  heterogenedus catakysts  are ool
necessarily inert and, as in the case af dial-funstion
catalysis (Block 5, Section 4), may comiribute
chemically 1o the catabyin process, Abernatively, they
may intersct with the metal component of the catalyst
gither eloctronically to influence its reachivity: or
physically o contrel particle size. This guestion
considers  such  possibilities in relation 1o the
auhstiution of silicon nitride, SigM,, for ALO; in the
three-way catalytic CONVEET as 3 means of enhancing
performance Tor reduction of MO by OO,

{a) (6 marks) Stde the sssumptions undertying the
Langmuir-Hinshelwood madels for the kimetics of
heterogeneoashy catalysed reactions, noting briefly the
[imitations of this approach. [T00-T 530 vords)

(b} (& moris) For competitive  non.dissociative
adsomtion of twe reactants, A and Bron a supface with
N sites, write an expression for the number of sites
remaining vacanl ol any moment. | B o T

W col. Then, by s

appropriate expressions for the equilibriger Beee oF

adsorption and  desorption of A -

; uow i

fractional coverase of A, &, = given by : e
By = bapall = By — th) n

where by is the adsorption coefficient of A, p,, is the

equilibrium  partial pressure of A, and & s the

fractional coverage of B Combi
: - . Comhine : ;
cquivakent for &, 1o obiain ombing equation | with its

G = Bylbgpg'h g, (3

and then use this e i
o expression and equation 1 to show

By = bap 11+ Y P Ry | )

Finally, usi i
182y, s equations 1 and 3 show o il
of siles vacant, @°, can be written as S

8" = 1AL+ baps + bupd {4)

.

ic) (7 marksy Two possible mechanisms  for
neduction of NO by €O are shown below, where =
represents a vacant surface site, f is an adsorpion
coefficient and & is a ratc constant of the form
appropriate for surface reactions. Baoth mechanisms
ivolve competitive non-dissociative adsorption of CO
ard MO (steps 5 wod 63, In mechanism 1, the rate-
limiting step iz taken to be the dissociation of an
adsarbed NO molecale (step T) the Miad) and Cad)
formed reacting rapidly to give the gaseous products
My, N4 (nitroas oxide] and OO, (sleps #2104, In
mechanism 2, the slowest process is assumed 10 be the
bimolecular reaction  belween  Dwo W ad] species,
taking place via two paraliel pathways (steps 11 and
12}, at rates that are of a similar order of mirgrnitiade,

Mectanism |

CoKg) + * —==C0(ad) (5]

MNONg) + = == NO{ad) Y

NOad) + = ——> Niad)+ Ofad) (T

N{ad) + Miad) ——% Nalg) £ 2* (%)

Niad) + NO(ad) ——% Na{g) £ 2+ (9)

CoMad) + Ofad) — 21— CO(g) + 2= {10

Mechanism 2

Cig)+ === COW ) L
™ - b $

T _ e

NENET+ v = NHadh,

T N {6}
iy e
WO ad) + MO ad) = Nalgh + 200 ad) (n

NO(ad) + NOfad) —*—» N,O(g) + Ofad) + + (12)

Assuming that a Langmuir-Hinshelwood  kineti
_ k

maodel applies, and noting that the rate of sep ':“:r:iﬁ
depend o the feacthon of sitcs vacan, &°. use
appropriate expressions from part (b) (o show that the
rate equation for mechanism | con be written as: i

Py Py

Fi = &y -~
{14 ch.,.xq,pm.;,g.wpm]!

(13}
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