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NATIONAL UNIVERSITY OF SCIENCE AND TECHNOLOGY 

FACULTY OF APPLIED SCIENCE 

DEPARTMENT OF APPLIED CHEMISTRY 

PHYSICAL CHEMISTRY II - SCH 2204 

Second Semester Examination Paper 

2024/2025 Academic Year 

This examination paper cons ists of pages with questions + pages with tables and 
formu las . 

TIME: (3) THREE HOURS 

MATERIAL 
Graph paper} ruler} calculator. 
Tables and formulas are provided in the last pages of the paper. 

INSTRUCTIONS TO STUDENT 
Answer All questions. 
Answer each question on a FRESH page. 

R= 8.314 JK·1mol-1 = 0.08205 dm3 atm-1 K-1mol-1 

F= eNA = 96 485 C mol-1 

1 V C = 1 J = 1 Nm 
1 atm = 760 torr= 760mmHg = 101 325 Pa 
lnx = 2.3026logx 
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SECTION A Answer ALL questJ"ons. Th1s sectJ"on carrjes 40 marks. 

QUESTION 1 
a) (i) O.OSM aqueous solution of acetic acid (CH3COOH) has a molar 

conductivity(J\m) of7.814 x 10-4 Sm2 moJ·l at 298K. Calculate Ka. [4 marks] 

(ii) Calculate the ionic mobilities of H+ and Li+ ions. [2 marks] 

(iii) What are the ionic strengths of the following solutions, (1)0.5 molkg·l 
KN03, (2) 2.0 molkg·1 Ab(S04)3. [ 4 marks] 

b) (i) What is the role of a catalyst in a chemical reaction? Show its effect on a 
Boltzmann distribution profile. [3 marks] 

(ii) What is the difference between rate order and molecularity? [2 marks] 

(i ii) Calculate the rate constants, k, for the two reactions in Table 1, at 298 K. 
Calculate the half-life for the first one. [5 marks] 

Table 1 Arrhenius parameters 

First-order reactions 

Cll .NC ~ CII .C:\ 
' ' 

2:\ ,0 , ~ -1 ~0 + () , 

Phase 

gas .... 

\l ' \S' -.• . 
~ 

A/s 1 E/ (k} mol 1
) 

) ()() 

-l.lJ-1 X J() I 03 . ·I 

c) (i)What four assumptions are made for the applica tion of the Langmuir 
isotherm? [4 marks] 

(ii) What types of bonds are expected in a system that follows the BET 
isotherm? Under what conditions does the BET isotherm reduce to the 
Langmuir isotherm form. [3 marks] 

(iii) What is a surfactant? [1 mark] 

(iv) An aqueous solution of an organic acid has a surface tension change with 
concentration at 293K: 

dy = - 4.0 x l o-s Nm-1 

d Jn(c/c0 ) 

Calculate the sur face excess, rs, of the acid. [2 marks] 

d) (i) Sketch a typical electrode concentration cell. [2 marks] 

(ii) Name and sketch three models of the electric double layer at the 
electrode-electrolyte solution interface, showing how the potential changes 
from elect rode to the bulk of the solution. [6 marks] 

(iii) How do the overpotentials at the electrodes affect th e working cell 
potential of a galvanic cells? [2 marks] 
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SECTION B Answer All questi"ons from this section. Each question 20 marks 

QUESTION 2 

a) To show that standard electrode potentials can be calculated from other 
standard electrode potentials, calculate the standard electrode potentials of 
the redox couples Fe3+ j Fe2+ and Cu2+ jCu+, from £0 (Fe3+ jFe), £0 (Fe2+ /Fe), 
£0 (Cu2+ j Cu), and £0 (Cu+ jCu) . [ 4 marks] 

b) The exchange current density of the H+ / Hz redox couple on a platinum 
electrode at 298K is 0.79 mAcm-2. Estimate the current density when the 
overpotential, T), is + 5.0 m V. [ 4 marks] 

c) An inert platinum electrode of surface area 2.0 cm2 in contact with an 
aqueous solution of a redox couple at 298 K, produced the tabulated currents 
with the change in overpotential. Determine the exchange-current density, jo, 
and the transfer coefficient, a, for this electrode processes. [ 6 marks] 

11 '"m V' 50 100 150 200 250 
I "rnA' 0.3 1.5 6.4 27.6 118.6 

d) State the type of each electrode in each cell below, and write the cell 
reactions for the cells: 

QUESTION 3 

(i) Pt(s)I Hz(g)l H+(aq) II MnCb(aq), HCl(aq) I MnOz(s) I Pt(s) 
(i i) Pt(s)l Fe3+ (aq), Fe2+(aq)ll Sn2+(aq) I Sn(s). [6 marks] 

a) Distinguish colloidal systems from solutions [2 marks] 

300 
510 

b) Copy and complete the table with the type of colloidal system formed by each 
combination. [6 marks] 

Disperse phase 
Gas liquid solid 

Dispersion Gas 
medium liquid 

solid 

c) Sketch the DVLO potential energy curve for the stability of colloidal particles. 
Indicate regions where flocculation, coagulation, and separation, and give 
brief descriptions. [6 marks] 
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d) The adsorption of CO on charcoal at 273K produced the following set of data. 
Show that the adsorption process obeys the Langmuir isotherm, and evaluate 
the parameters a and Voo. (6 mark] 

p "Pa' 13 300 26 700 40 000 53 300 66 700 80 000 93 300 
v r cm3~, 10.2 18.6 25.5 31.5 36.9 41.6 46.1 

QUESTION 4 

a) A certain industrial process has a reaction that has two paths to two different 
products, one product being favoured by kinetics and the other being 
favoured by thermodynamics. How can one manipulate the reaction to 
favour either of the products? [ 4 marks] 

b) Use the steady state approximation to derive the rate law for the 
decomposit ion of NzOs. [6 marks] 

2Nz0 s(g) -7 4NOz(g) + + Oz(g) 

This is the suggested mechanism: 

NzOs -7 NOz + N03 k a1 

NOz + N03 -7 NzOs k a2 

N Oz + N 0 3 -7 N Oz + N 0 + 0 2 k b 
NzOs +NO -7 NO z + NOz + NOz kc 

c) The rate constants of the forward and the reverse reactions for a 
dimerization reaction were found to be 8 .0 x 108 dm3 mol-l s-1 (2nd order) 
and 2.0 x106 s -1 (1st order). Calculate the equilibrium constant for this 

reaction. [ 4 marks] 

d) A decomposing organic compound's concentration with time followed and 
327 oc pr oduced data in the table below. Confirm that the reaction is first 
order and find the rate constant and half-life for this reaction. [ 6 marks] 

t s" 0 1000 2000 3000 4000 

A I Ao 1 0.700 0.488 0.340 0.0238 
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Table 60. 1 Standard potentials at 298 K. (b) In alphabetical order 

Reductio n hnl f-rca•t ion 

. 
AI!" - ,. - AL! 

~ ~ 

:\gBr- <' - .\g- Br 

AuCI- t' - :\ L!- <'I 
• • 

:\g:Cro,- ~ <' - ~ :\g- <.'r<.); 

AgF + .: ....:. Ag - F 

Agl-.: - :\ L!- I 
~ . 

AI ' - .'t• - :\ l 

Au - .: -.\ u 

•• • Atr - .' o: - Au 

Hi' + ·' t' -. Bi 

Br,+ l,· - .!Br • 

BrO + 11.0 - ,!,· - 1\r - 201 i 
• <-4,. '"'- 2 ~ - C.1 

• 
T .. ' t• 

,., , .. 
,.t' + ... - .l' 

C I. .,. 2t• __. 2 <.' I . 
CIO - 11.0 • .:! .: - <:I + 20H 

'·1o. • 2 11 .... .:! , -no, ... 11 .0 
• 

. ... ' .. 
( ti" --"· -< ., 

Cr.O: - 1·111' - 6 t· - ~Cr" + -H,n 

Cr' + ,<,· - Cr 

~In · - <' - ~In 

~inO - 4 II - .:!.: -~In· - ~ H.O 

.\!nO -~II - ~.· -.\In - .J !Ill 

~!m) . - c: -~!no: . . 

' :-lt '' +.:! <' - ~. 

~tOni·!- I l. ( I- .: - ~I(OH ). - 0 1 I 

:\0 -: li + (' - ~ll .,. il t) 

0 . - .:! II 0 -r ·I c! - H)l! 

0 ) - ·ll l'+·lt' - 2 11 .0 

o, - <' - () . . 

. 

(l. -1 1.0 - ~ ... - lil), - OH . 
0 - ; II - ; <' - () ~ 11 .0 

o - ll .tJ-~ ... - o - 2011 

Ph:· ... 2 <' - Ph 

Ph' + 2c: - Ph 

E'l\ ' 

-u.~~ 

- fl. I 5 

-I.N> 

- 1.40 

- 1.1{5 

-tO .. W 

+ 1.09 

) .---.!\ 

-0.:-< I 

-(H!l 

-2AS 

-0.2~ 

- I X) 

-0." I 

'
" + ......... 

-0. 7.J 

-0..1 I 

- I.~ i 

- I. ;; I 

.,.(J,b(J 

- 1 - , -· 
-0. ~.' 

~) ' \1 ,., 

41 I !I 

-II. 10 

-0.51' 

- 0.0:-

-0.1 ·' 

- 1.1'-
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Reductio n half-reactio n 

l'u - <: - Cu 

. ' . <u - • .: - <u 

t ' ~ l'" - < "ta 

I-~,. -~1 

It• -.:!,· -h· 

.:!II • ~.· -II. 

~ II Hr< l - ~ H - .:! <' - llr - ~ II <I 

If(\ •21! -2·· -2 1!0 

II~. • ~.: - 2 llr• .. . "' 

' 1 ~ u - "' ~: - t it! - •:-- - · .. 

-~ .... _ _ ,, 
ln-,· -ln 

In - ,. -In 

In - :,· - In 

In - 5t• - In 

11• - c: - :n 

I .\ - ·' c: - 1 ,1 

~In -~In 

!'I,'>< I - : ,. - Ph - '>i) . 
l't - ~ ,. - Pt 

Pu' - ,. - !'u 

I' ' " ' ·' - - t• - ;\.~l 

Rb - ,. - 1\h 

,., •. _ ~! 
-' . 

t.. ( I -r 2 <' - ~ ~() 

It -~,· -l'i 

I I I 
- <' - · Tt 

11 - o: - 11 

l' - ,1 ,· - l ' 

l' - ~ - l ' 

\ . ' \' - - l · -

\ - l' - \ '' 

/.n - ~ <' - Zn 

II II Jl lll'lllll.ll I Ill I I Ull ill 

-n;' 

-tU-1 

-0.·1·1 

-ll.<H 

-1) --

- I hll 

- I 1'1.~ 

-3.0 

-() t-' -
-0.5·1 

-0 ;, ... 

- 0. I ·I 

-ll. 10 

-ll ·1-l 

-ll 3-1 

-II I" 

' ". -- ...,_, 

-.1.0~ 

-;Uo 

-I. IX 

' ,, ' - \ -· . 
-0.-lS 

' ( -"'-· ~~ 
-.:!.<l-1 

-0.1·1 

-IJ !5 

-l.h,; 

-0.3 ~ 

0.0() 

- 0 .. 1.1 

- O.c-> I 

-1.1'1 
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T a b I e 21 . 5 I i m i t i n ~ i o n i c c o n d u r t i vi t i c ~ i n w ,H c r , lt 2 9 R K , } ... 1 ( m S m ~ m o 1- 1 ) .. 

Cation" 

Ba~· I ' -.., -· ' - Hr 7.81 

' Ca-· I I . 90 C l LCO, ·1.09 -
C'\ I --) ( ., - ,-

•• I . I - I .6.''"' 
"I cu-' I 0.7 2 CIO. _, 

0 - "\ 
• I •"') 

H - -~-1:. 96 co; 13.86 

K- .., .. -o I . . '"~~ (CO )~ I·~ .~2 

Li~ ... ~-
·'. I t :;. S.t 

., 
f\ l g-~ I 0.60 I Ft..'( c ~ )I l ~ ~0 )-... . _, 
~ ~ • 

5.010 T' C" ' · 4-L20 • (l I t.. ( . \!>• 

[N(C~H ~) ~r 3.26 II CO~ 5.·16 
- q -

! ~ (CH 3 ) .: J~ 4.49 I 7.68 

i\ ,, .. - '- ~0~ 7. 146 I · ·'~ 1 

Rb- 7.7~ 0 II 1'1.'11 

~ ' ~r-1 I 1.~9 ' SU; 16.00 
• 

'/. ) . .n- I 0.56 

Ions in solution 

. \ ') = ' . I~ -r \ . ; .. 
Jll T ' 

!\ m = (1.. !\ ~l 

?t = zur 
' (/.( 

1\ = 
,) 

l 

I o g Y1 = - I : _ z I /\ 11 
• --

I 

I = ~({J~zi + [; : ~)/// ~ 
-
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Electrode process 

c.:r· RTI l. ' 
I -., II = I ' 1l /'\ 

u \.' . 

fo 1 I r) I < 0.1 ; F/ U. T = f 

ln j = ln )o + (1- a)f11 

ln j = ln j 0 - afn 
Kinetics 

(A)= [A lo- k rl 

[AI 
l n [A Jo =- kJ, 

' I > 0.1 V 

'1 < - 0.1 v 

I 1 k 
l A J - lA ]

0 
= ) ' f I 

[A Jo 
A = 1 + k t-[A] 

K = [ B L<~ = k, 
. [A] k' 

\ • 1 r 

E 
lnkr = ln A- RT 

Adsorption 

p= ] +I p 
v a\ \1 -· . 

() Jn (ap .. ) 

J(l r r ) 
0 

--

U'l J 

1 

T . 
• 

() I 11 ( L" I c -· ) 

t I) 

1 
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