SECTION4  BLOCKS 5 AND 6 (TMA 03)

Parts A and B of this Seclion cover imporiant concepes
amd resulis in the area of heterogencous catalysis (Block
5): et particular, working through the gquestions in Part
B will give vou valuable practice in analysing the
kinetics of heterogeneously catalysed reactions. Par: C
will help vou b0 check your understanding of some of the
surface techrigues discussed in Block .,

PART A

The guestions in Part A test Objectives 3, 8. 9, 10 19,
20 e 28 oof Blowk 5.

Q4.1 Select from the key the fwe statements that are
correct.

KEY for (4.1

A The toval surface area available from 2 g oof metal M
with a density of § x 10F gm™?, assuming spherical
erystallites of 3 nm radius, is 25m*,

B The mode of chemical adsorpiion of propane gas,
CHydg). on a suitable metal surface may be either
asspciative or dissociative,

©  Hydrogen gas, Ha(g), is dissociatively adsorbed to
monolayer coverage on a tin metal surface @l room

IEMperature.

[ If the enthalpy change for dissociative chemical
addsorption of hydrogen on a fransition metal surface
is —L1A0 kI maol~'. and the chemisorption is activated,
then the enthalpy change for desorption will be
greater than 150 K] moll,

o IF ihe dissociative chemizorption of o gas, A, oheys
the Langmuir isotherm, the equilibrium pressure of
A must be increased by a factor of 36, in order o
bring about an increase in the fractional surlsce
coverage from @ =0.10 o0 & =040 at a fixed
lemperalure.

Q4.2 Al low coverages, the adsorption of carbon mon-
oxide gas, CO. on a polycrystalline metal film can be
described by -a single-site Langmuir adsorplion iso-
therm: In one study it was found that the ratio of the
adsorplion cocfficients measured ot 420K and 450K
ithat i, HEA20KWHAS0K)) was cqual o 6,75, What is
the value of the eathalpy change on adsorplion,
according 1o the Langmuir model? Select from the key
thic valoe that is closest T YOUT ANSWer,

EEY for (4.2

p T Y D15k mol!
B =40kl moal! B a4 k) mol!
C =15k} mpl™ F KT mol™!

Q4.3 The surface area of 7.1 g of a particular metal
catalyst was determined using nitrogen adsorption al
77 K via the BET method, Two data points laken from
the physical adsorption isotherm are given in Table 4.1,

Tahde 4.1
Visipiom® Pip
503 (h13%
LR (IR

If it is assumed that the BET plot is linear for
pip= < (.30, what is the specific surface area of the
catalyst? {Take the effective area occupied by each
adsorbed nitrogen molecule at 77 K 10 he 0162 nme.)
Select from the key Lthe value thal is closest 1o your
ANEWET.

KEY for (4.3

A 2Wmig! D 400mig!
B 40mlg! E T00mig!
C Tomig! Fo1000m* g™
PART B

The questions in Part B test Obfectives 1Y, 21 23 and
24 of Block 5,

4.4 and Q4.5 These questions are concerned with
the following heteropencously catalysed reaction:

Afg) + Bigh = 2C(z) (4.1

Qd.4 If cerain assumptions are made. then one
possible mechanism for reaction 4.1 leads 1o the
Tolbowing theonetical rate expeaticdn;
= hbﬁpﬁbﬂpﬂ - l:'-li- 2’
(14 by +mpp

where The notation 15 similar to that used i Block 5.
Select Trom the key those assumplions (e o Mres)
concemning the mechanism which would be consistent
with this form of rate squation.

KEY for (4.4

A The rae-limiting step is that between B in the gas
phase and sdsorbed AL

B The rate-limiting step 1= that between A in the gas
phase and adsorbed B.

C The rate-limiting step is the surface reaction
between adsorbed A and adsorbed B.

[ The chemical adsorption of A 15 o fast, reversible
[TOCESS.

E The chemical adsorption of A and B on the cotalyst
surface is non-competitive.

F  The products of the reaction are desorbed as quickly
a% they are formied,

i 13 st be far more strongly adsorbed on the catalyst
surface than is A

Q4.5 An alternative two-step mechanism can he pro-
posed for reaction 4.1:

Alg) + (adsorption sie) — 3 Afad)

Afad) + Bilg) —— 2C(g)

where both steps are taken o be imeversible. The
lraction of the catalyst surface covered with A at any
time during the reaction 15 denoted by 8,2 all other
surface intermediates are faken 10 be preseni in
insignifican! amounis. Examine the sialements con-
cerning this mechanism in the key and sclect up fo three
that are corredt,



