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T CHM 414: HETEROGENEOUS CATALYSIS (2 Credits)
Instructions: Answer Question 1 and TWO others Time: ] hour 45 mimecy
Question 1 (30 marks) . ) e
a) Write out the mathematical equations fur the Freundlich and Langmuir adserption jsetherin: ;Lg;r."__/,
defining each parameter (4 marks).
srous solid sorface 15 22 4

b) The volume of nitrogen gas adsorbed at STI' (o form a_monufa;'er‘on apu : -
em?/g. If the area occupied by the nitrogen gas melecule is 16.2 A. Caleulate the suriace area in vm’,

1

(4 marks).
In heterogeneous catalysis, there are four essential stages. List each step (4 marks). &

d) List three essential properties of a good catavst (3 marks). v
Name two groups into which the phenomenon of catalysis can be divided giving an example ol each
group with chemical equations only (2 marks).
fi Many gas reactions are catalysed by solids, and the process starts with the gas molecules being
adsorbed on to the metal surface. Explain the difference between the words ac/sorbed und ahcorbed.
(2 marks). ‘
The adsorption of a gas on a solid surface was found o follow a Langmuir isotherm with K = 4 Pa!
at a temperature of 25 °C. What pressure w.ll be required to achicve a fractional coverage of 909,
Give your answer in Pa to two decimal placos (4 marks). v
) In the adsorption of sugar from an agueous sulution 10 activated alumina. identify 1

adsorbate. (3 marks).
In ehenucal adsorption (chemisorption). what faices hold the gas molecules on the solid sinface” (2 inarks -

('

he adsarbent and the
v’

1 What is the role of desorption in the process of catalysis? {2 marks).

Question 2 (20 marks)
4} The adsorption of a gas on a solid surface fallows the Langmuir isothenm. At « pressure of 2060 Pa
a0 ‘ & H F o ) % L H s ' ) = &

U5 of the surface is covered with gas, What will be the surface con erage at & pressure of 300 Pa? (3

marks).
ot Irvin Langmuir measared the follow ine dair ior 1 ¢ 15
g dair fife

e adsorption of methane vato 1 eran,

A,

i S
498 855 (74 668 1
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“r., I ] SCClIFE i s 1me --“- iy 1 ¥ o 3 o
e P is the pressure of the methane st ve 1he mica suriace at equilibrium. and Vs the wolume
01 pas adsorbed onto the surfuce, measured ! T=293K and at a pressure of Jatm. #1¢ oo
ool 8 2 AU Front AN appropriae
_ araph of the data, determine V. and K. (15 marks). : | e s
Grestion 2 (20 marks)
WA pol of | I againsi | yvhere 3 i
i 1 zlol r: 10g Xfm againsi fog P (where Pis sressure of eos i atm) is a straight line witl; o! !
Gds g L T St ght line witl) slope 2gual
v S ond mtercepl equal 1o 0.602. Caleulate the exteint of adsorption of the gas at a pres: i
iy © 24as ata pressure of 1 anm,
P) Cheek the applicability of Freunali i
ppiicaotiny of Freundlich adso. ption isother 7
3 1 ad mn isetherm 1or the adsorntis # I
or the adsorption of selute on 2 solid at

~.=22 " and find the values of K and n. (15 marks,
% ] ; I - .17‘-_ - M .\.-.: AD ;.-.' — - -~
chatm § 40 T ode | 30 | s T da T e Tme
LNm(g) | 455 W s e L 125 | qae .
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Question 420 marks)
a; 1., vanslicar 2 .
S APERACations of orp: smetallie oo 4 e 1
of eustry to ¢ ; [? canemetalite comnot nds in homogencons catalysis tran<cead th turi
ik o S e £ : A28 e C boumdune
S S, u:\;-ﬂd) 16-day sy mhesis in lzboratar seare reactions. The il *‘1 € 1van il
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metal ﬂrganua‘nci-m' h are two 0 wich applications of homagensous caglysi- by th st
= A 2y s = 4 il iZ DY > raresiiny
Pathways and m{‘«m‘ ‘-i‘mplg.,\u._ Give deta e mechanisms of both reactions m‘r"v"-n'n ‘[; ¥ e
- |" e v, . - o - i ) - E e e it
b} Derive | A1aiysis used in each case. (10 marks) Sl
e langmuir’ adsorptio thern ollowi
1 Molecular ad SArPLIOn soiherm for vae following cases:
. : sarption of CO (i) D ivE ddsnrmtion o
s dtive adsorption of €O (i3
< M ot CO (fi) Comipet
Binelitive adsarm

meleculargs y
y ad o G 3 -
catalytic f“-flna?i(:-:hei CO and dissociative! adsoibec He withon fivitber roas .
¥ ~ i - = " ’ 2 “ cac 1, [ s
bete e i dn(% mc(}haho! trom C O aud HA oceurs through a mechani e + '_" =
s o T i &N a mechanisa i which i . 4
and the first H-ator deiermines the rate (the reverse reget ; [ i
\ Fedcilon may | spharec

while al} «
subsequent react ;
: ac . o

vOisidered g quli”briu;n i:():; i}“l’s are ;1-1“.. eacent for the dt‘bt‘rrp!mn of methano; .

- e 1th the gas phasz, Devise the mecher: M SRRy b

rate of reaction. (19 - Basp - Devise the mechunigm and derive an expression for mh
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I PLULKAL UNIY LK Y UF FELRULEUM RES "ES, EFF |
i DEPARTMENT OF (:ltt:hl:;'?::b’l‘( R
FIRST SEMESTER EXAMINATIONS 202412025 ACADEMIC SESSION
CHM 414: HETEROGENEOUS CATALYSIS (2 Credits)
Instructions: Answer Question 1 and TWO others Time: | hour 45 minutes
Question 1 (30 marks) ‘

a) Write out the mathematical equations for the Freundlich and Langmuir adsorption isotherms clearly
defining each parameter (4 marks).

b) The volume of nitrogen pas adsorbed at STP to form a monol
em/. fthe area oceupied by the nitrogen pas molecule is 16.2
(4 marks).

) In heterogencous catalysis, there are four essential stages. List each step (4 marks).

d) Listthree essential properties of o good catalyst (3 marks).

¢} Name two groups into which the phenomenon ol catalysis can be divided giving an example of each
group with chemical equations only (2 marks).

) Manyv gas res

ayer on a porous solid surface is 22 4
A. Caleulate the surface arca in em?/g.

(oS/%34 [267R

ictions are catalysed by solids, and the process starts with the gas molecules being

adsorbed on 1o the metal surface. Explain the difference between the words adsorbed and absorbed.
(2 marks).

) The adsorption of a gas on a solid surface was found to follow a Langmuir isotherm with K = 4 Pg”'
al a lemperature of' 25 °C. What pressure will be required to achieve a fractional coverage of 90%?
LIve your answer in Pa to two decimal places (4 marks). '

) Inthe adsorption of’ sugar from an aqueous solwtion ta activated alumina, identifv the adsorbent and the
adsorbate. (3 marks).

i) Inchemical
1 What i

i £ HM autra @

adsorption (chemisorption), what forees hold the gas molecules on the solid surface? (2 marks).
s the role of desorption in the pracess of catalysis? (2 marks).

Question 2 (20 marks)
The adears G oy gy Ay - lid erirlacs fAllae " " i g 1

a) The adsorption of a gas on a solid surface follows the Langmuir isotherm. At a pressure of 200 Pa,
50% of the surface is covered with gas. What will be the surface coverage al a pressure of 300 Pa? (5
marks).

b frvin L

muir measured the follow

g data for the adsorption of methane ontn 1 gram of mica at

at

Gopw I N EST

[P(pars) T154 JTiT 766 &S5 (74 668  [585
(V{mm®) [85.0 3804 759 (716|679 | 84.2 1612 1
Where P is the pressure of the methane above the mica snrf';ur:c_:-ELLflibrium and V is the volume
of gas adsorbed onto the surface, measured at T=293K and at a pressure of | atm. From an appropriate
graph of the data. determine Vmand K. (15 marks).

Quesiion 3 (20 marks)

585 |

a) A plot of log x/m against log P (where P is pressure of gas in atm) is a straight line with slope equal
10 45 and intercept equal 10 0.602. Caleulate the extent of adsorption of the gas at a pressure of | atm.
(5 marks).

b) Check the applicability of Freundlich adsorption isotherm for the adsorption of solute on 4 solid at

25 "C and find the values of K and n. (15 marks).

LeGiny 1 a0 | T | o0 1 &

[ xm@ [ 455 | 915 [ 113 | 121

760 | 910 | 970
[ 125 [ 126 | 126

Question 4 (20 marks)

a) The applications of organometallic compounds in homogeneous catalvsis transcend the boundaries
of industry 10 meet the day-to-day synthesis i lauboratory scale reactions. The alkene isomerization
and al]\'cn“c hydrogenation are two of such applications ol homogeneous catalysis by the transition
metal organometallic complexes. Give detailed mechanisms ol both reactions indicating the different
pathw a)‘; and catalysts used in each cage. (10 li‘]:ll‘l\x?_

1) Derive Langmuir” adsorption isotherm for the following cases: - N
i) Molecular adsorption of CQ (ii) Dissociative ;|dsor|m0n_m CO (iii) Competitive udsorption of
molecularly adsorbed CO and dissociatively adsorbed Ha without further reaction. (iv) Suppose the
cutalviie formation of methanol from CO and Hz oceurs through a mechanism in which the reaction
between adsarbed CO and the first H-atom determines the rate (the reverse reaction may be ignored).
while all subsequent reaction steps are fast, L‘\\;L"iﬂ for the dem‘\zplinn .\l'n_wlhunol. which may be
considered at equilibrium with the gas phase. Devise the meehanism and derive an expression for the
vate of reaction. (10 marks)
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Instructions: Answer Question 1 and TWO others Time: 1 hour 45 minutes
Question 1 (30 marks)
a) Write out the mathematical equations for the Freundlich and Langmiuir adsorption isctherme zicurL\/
defining each parameter (4 marks)
b) The volume of nitrogen gas adsorbed at STV 1o form a monolayer on a porous sohd surface is 22 4
cm’/g. 1f the area occupied by the nitrogen pas molecule is 16.2 A. Calculate the suriace area in cm?/g
(4 marks)
¢) In heterogeneous catalysis, there are four essential stages. List each step (4 marks) «
d) List three essential properties of a good cataivst (3 marks). V0
) Name two groups into which the phenomenon of catalysis can be div ided giving an C\:xmp!\:/cfmch
group with chemical equations only (2 marks).
f) Many gas reactions are catalysed by solids, and the process starts with the gas molecules being
adsorbed on to the metal surface. Explain the difference between the words adsorbed ond aborbed:
(2 marks).
¢) The adsorption of a gas on a solid surface was found to follow a Langmuir isotherm wiih K =4 Pa”
at a temperature of 25 °C. What pressure will be required to achieve a fractional coverage ol 9092
Give your answer in Pa to two decimal places (4 marks). v
h) In tiie adsorption of sugar from an aqueous solution to activated alumina. identify the adsorbent and ihe
adsorbate. (3 marks). v
1) In chemical adsorption (chemisorption), what forces hold the gas molecules on the solid surface” (2 marks L~
) What is the role of desorption in the process of catalysis? (2 marks).
Question 2 (20 marks)
a) ‘T'he adsorption of a gas on a solid surface follows the Langmuir isotherm. At « pressure of 200 Pa,
50% of the surface is covered with gas. What will be the surface coverage at a pressure of 300 Pa? (3
¢ marks).
b) Irvin Langmuir measured the following daic for the adeorption of methane onto 1 grarm - Emica e
L i Al S BT T T Sy ———r e
Pbarg) T34 T 190 1855 174 1668 585 |
Vimm') [85.0 [804  [759 (716 (€19 [ed2 12
Where P is the pressure of the methane zbove the mica surface at equilibrium. anid Vs the wolune
01 gas adsorbed onto the surface, measured at T=293K and at a pressure of 1atm. From an q'pg“!\‘i‘."u.\n.\/
craph of the data, determine Vi and K. (15 marks).
(uestion 3 (20 marks)

a; A piot of log x/m against log P (where P is pressure of gas in atm) is a straight line with slope equal
1o 45 and intercept equal to 0.602. Calculate the extent of adsorption of the gas at a pressure of | arm.
(5 marks). J

i) Check the applicability of Freundlich adso:ption isotherm for the adsorption of solute on a solid at
25 °C and find the valuesof K and n. (1S marks). W

“Phamm) |40 | 165 | 350 | s [ 70 | 910 | 9%
Pfatm) | 40 1 T65 ¢ 330 . 545 1 760 | 910 | 970
Cwm(@ | 455 | ovs [ m3 | 2 | s | 126 1 46
Question 4 (20 marks)

a) 1he applications of organometallic compounds in homogencous catalysis transcend the boundaries
of incustry to meet the day-to-day synthesis in laboratory scale reactions. The alkene isomerization
and alkene hvdrogenation are two o5 such applications of homogeneous catalysiz by the transition
metal organometallic complexes. Give deta'led mechanisms of both reactions indicating the dilierent
pathways and catalysts used in each case. (10 marks).

b) Derive Langmuir” adsorption isotherm for e following cases
i) Molecular adsorption of CO (i) Dissou ative adsorption of CO (iii) Competitive adsvrption ol
molecularly adsorbed CO and dissociative! . adsorbed Hz. without further reaction. (:v1 Suppose the
catalytic formation of methanol from €O and Ha oceurs through a mechanism i which the reaction
bcl\\'ccn adsorbed CO and the first H-atom determines the rate (the reyerse reaction may be ignored)
while all subsequent reaction steps are fas., except for the desorption of methanol, wiiich may be
considered at equilibrium with the gas phase. Devise the mechanism and derive an expression for the
rate of reaction. (10 marks).
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