SJABAz

Want more books?
Visit 9jabaz.ng and download for free!!




~ "™mMATTAN SEMSESTER, 2024/2025
SEssron
CHM 403 - FLEC""'QCHEMISTRY
TIME ALLOWED - 1 oy
(CONSTANTS: F = 96500 C. R = 8.314 3 /01! K1)

1. The mo'ﬂ"‘z;x;‘d'_"f“v"'_y‘ at 18° ar 4 certain concentration of NHJOH is
1.31 x 10 2" "'mol™". Compate 1tk o1ar conductivity at infinite dilution

and the degree of dissociaticn of NH,OH if the molar conductivities at
infinite dilution at 18°C for Ba(OH)., BaClz and NH4C| are 2.88 x 102,
1.20 x 10°? x 10" and 1.29 x 10?0 ';ol-! respectively.

4 v

2. A conductance cell containing 0.01 moldm-3 KCl solution was found to
have a resistance of 2573 ohra ot 2% 2, and a conductivity of 1.409
ohm™! m"!. The same cell when filled with a 0.200 moldm"3 solution of

CH3COOH has a resistance of 5083 ohm, Calculate:
] The conductivity, k, of the CH3COOH solution ~

) The molar conductivity, A, of the solution of KCV/
iii) The molar conductivity of the ©H3COOH solution

3. a. Explain the following terms as related to electron transfer processes
on surfaces: .
i. Chemical flux
ii. Electron flux
b. What are the necessary conditions for an ion or a neutral specie to be
involved in charge transfer process(es) at the electrode?

. _ When dilute sodium hydroxide was eiectrolysed using a nickel cathode, the
overpotential was found to be 0.394 V to maintain a current density of
0.01 A cm~? and 0.148 V to meintain a current density of 0.0001 A cm-
2_Calculate the transfer coefficient and exchange current density for the

hydrogen/hydrogen ion equilibrium at a nickel cathode in the given medium
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OBAFEMI AWOLOWO UNIVERSITY, ILE-FE, NIGERIA  APy2ls Obwecocn un
DEPARTMENT OF CHEMISTRY (KM 20 s /52
B.Sc. Degree Examination Part IV

CHM 403: ELECTROCHEMISTRY

Harmattan Semester Examination (2024/2025 Session)

Time Allowed: 2 hours Date: 16® March 2026
INSTRUCTION: SECTION A: ANSWER ANY TWO (2) QUESTIONS

. SECTION B: ANSWER QUESTION 4 AND ANY OTHER ONE
Constant: (R = 8.314 J mol K™, F = 96500 C mol ™)
; il
' SECTION A ? S
l(a) @) W‘Lat is a conductometric titration? ?

" (i) Briefly state three common types of conductometric titration, illustrated with an equatlo;\
each. X = fo
(b). For a particular weak acid, HA, the dissociation constant, K, is 1.42 x 107* at 298 K and the
limiting molar conductivity at zero concentration of the H* and A" ions are 3.50 x 102 and 0.48 x
102 m2Qr'mol”, respectively. Calculate the conductivity and resistivity of 0.01 mol dm™ of the
acid, HA. (18 marks)
Ny SO ke
2(a). The conductivity of 2 satuat:;d solution of sodium sulphate at 25 °C is 3.850 x 10* @”'m™ and
the conductivity of\tj:e water used is 0.626 x10 o'm!, The limiting molar conductivity at zero
concentration for Na" and % SO 12 142 x 10 and 8.201 x 10 m?a'mol’, respectively.
JQJ Calculate the concentration of sodium sulpiate at this temperature.
t)"" ). The electrolytic conductivity of 0.001 moldm™ of Na;SO, is 2.6 x 102 2~2m™*. If the solution
is saturated with CaSOs, the conductivity rises to 7.0 x102 Q~*m™2, Calculate the solubility
product for CaSOs given the jonic molar conductivity, Ayg+ =5.00 x 102 and A;Cu+ =595x10

3 m20~1mol~1 at this concentration. (18 marks)

3(a). The em.f. of the cell, Cd — Hg/CdCl, (0.01M),AgCls) / Ag is 0.7580 V. The standard e.m.f.
of the cell is 0.5732 V. Calculate the mean activity of cadmium chloride solution.
(). Calculate the mean activity coefficient of the ions in Na2SO4 solution using the Debye-Huckel

limiting law if the solution is made up of 0.005 moldm™Na,SOx at 25°C. (18 marks)
i SECTION B
4(a). Define electrolysis (3 marks)
(b). | Write the electrode half-reactions, the overall cell reactions, and calculate the standard potential
|of each of the following cells: Le] (502
| ) >
\(\{0"‘ 1 w W ™
Al st & Koo W g
& ‘\“(\ u(L C =
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©).

5(a).
®).

6(a).

(®).

/'72 f't«us’\ v
@ & N ZaSOs
() Zn(s)|ZnSOs(aq)||AgNOs(aq)lAg(s) L (4 marks)

(i) Cd(s)|CdClz(aq)||HNOs(aq){Hz(g)|Pt(s) (4 marks)
(iii) Determine the spontaneity (or otherwise) of each of the cells in i and ii above, given that the
standard reduction potentials are: Zn/Zn®*; E° = -0.76 V, Cd/Cd**; E° = -0.40 V, Ag/Ag";
E°=-+0.80 V, Cr/Cr**; E°=-0.74 V. (3 marks)
One of the alternatives to the standard hydrogen electrode is the quinhydrone electrode
(quinh'ydmne, Q-QHy, is a complex of quinone, CsH4sO, = Q, and hydroquinone, CsH4O2H; =

QH2>), where the concentrations of Q and QH: are equal to each other. The electrode half-reaction
is: ‘

°o_\¢d + -
Q(aq) +2 H'(aq) +2 & — QHz(aq), E© =+0.6994 V. e 2 Agpi0;—> Ageg TV
At whlt electrode potential will the pH of the cell reaction be 2.04? (4 marks)
eV .

Coa=e Cq_-ru\,. +Cg S
Give at least three important‘pmperties of a reference electrode (3 marks)
For the hydrogen evolution reaction from a 0.1 M HCI solution on a lead electrode at 25 °C, the
steady-state current density was measured at different overpotentials. At an overpotential
(magnitude) of 0.50 V, the current density was 2.4 x 10° A cm?, and at an overpotential
(magnitude) of 0.40 V, the current density was 3.1 x 10 A cm2.
() Atwhich electrode is this reaction likely to take place? Give a simple reason for your answer

(2 marks)
(i) Calculate: — =
(1) The slope of the Tafel’s plot for the process (9 marks)
(2) The transfer coefficient, a, for the reaction (2 marks)
(3) The exchange current density (2 marks)
The overvoltage of an individual electrode may be expressed as the sum of
contributions from activation 774, concentration #c, and resistive film yz over voltages.
Explain each of these overvoltages (3 marks)
’Iihe exchange current density i, for the Ag*/Agredox couple on aplatinum electrode is
5.0 x 102 A cm™ at 25 °C. The reaction is: Jo e S7657%
: Agt+e RAg  ruchon ol L ! E- &%
with standard potential E° = +0.799 V.
(’:Jalculate the current density when the overpotential 7 = E — E° is:
@@ +20mV (5marks)
(i) ~150 mV _ (5 marks)
(ili) +500 mV (5 marks)

Given that the transfer coefficient, a = 0.50

, &

i o_ pt ln _@:_“_9‘ N
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OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE, NIGERIA
DEPARTMENT OF CHEMISTRY
B.Sc. Degree Examination Part IV

CHM 403: ELECTROCHEMISTRY

Harmattan Semester Examination (2023/2024 Session)
Time Allowed: 2 hours Date: 1* March 2025
INSTRUCTION: SECTION A: ANSWER ANY TWO (2) QUESTIONS
SECTION B: ANSWER ANY TWO (2) QUESTIONS

Constant: (R = 8.314 J mol! K™, F = 96500 C mol™")

AN Mol A
SECTION A 3 zsmf"gvlzw\u SN

DN

1(a). What is transport number? Vs

(b). The conductivity of a saturated solution of sodium sulphate at 25 °C is 3.850 x 10 a"'m™! and
the conductivity of the water used is 0.626 x10** ”'m'. The limiting molar conductivity at zero
concentration for Na* and % SO4 are 12.142 x 10 and 8.201 x 10° m?a"'mol™ respectively.
Calculate the concentration of sodium sulphate at this temperature.

(c). Calculate the mean actxvity coefficient of the ions in Na>SOj solution using the Debye-Huckel
limiting law if the if)lutio is made of 0.005 moldm™ Na;SOx at 25°C. ﬂf_o 5ﬂ [19 marks]

N 7T

~ 2(a). The molar conductivity, A. at 20 °C of a 0.01 moldm aqueous solution of ammonia (NH.OH)
is 9.6 cm?a! mol!. For NH,CI, A° = 129.8 em? o mol™! and the fonic conductivities Ao of OH"
and CI" are 174 and 63.6 em®a”) mol” respectively. Ca.lculate, : ; g ind —*_A:"
(). A° for the ammonia solution and 3 biant b SR

(il) the degree of dissociation in 0.01 moldm'“ solution,

(NH40H), the resxstance was 2460 ohms, vaen the molar conductmty at mﬁmte dll\mon that
A° (NH;*) = 73.4 and A° (OH') = 198.6 m® mol™! o™, Calculate the; jep it
(i). molar conductivity (Ac) of the ammonia solution 2
(ii). the degree of dissociation (o) of the ammonia solution
(c). In not more than five lines, describe the three modes of interaction of ions used by the inter-
ionic attraction theory to explain variations in molar conductivity with concentration.
[19 marks]

3(a). The electrolytic conductivity of 0.001 moldm™ of NazSOs, is 2.6 x 102Q-1m~2, If the solution

is saturated with CaSQs, the conductivity rises to 7.0 X102 Q~m™2, Calculate the solubility

product for CaSO4 given the ionic molar conductivity, Ayg+ = 5.00 x 103 and A1+ =595%
2

10 m2Q~1mol~* at this concentration.

(b). Inamoving boundary experiment to determine the cation transport number in 0.02 moldm™
lithium chloride solution, a current of 1.6 x 10 ampere caused the boundary to move a
distance of 7 x 10 m in 0.6705 hours. If the cross section of the transport tube is 1.115 x 10

m?, calculate the transport numbers of the cation and anion. [19 marks]
T xafc’
SECTION B fR=L t S

4(a). Define the following terms:
(i). Electrode polarization
(ii). Concentration polarization
(iii). Reference electrodes [6 marks]




(b). The transfer coeflicient of a certain electrode in contact with M2* and M* in aqueous solution at
25°C is 0.42. The current density is found o be 17.0 mA cm? when the s 10
mvmlsMomﬂumuMmrnwmuyofnmAm"? [lv_i‘.m!h]

5(a). Derive the Nemst equation from your knowledge of the change in Gibb's free energy. [4 marks]
(b). For the cell at 25°C and | bar i \ :

Pi| Ag| AgCI(s)| HCI(ag)| Ha,C1, (9| Ha | Pt

(D). write the cell reaction . [2 marks]
(ii). find the emf if the HCI molality is 0.100 mol/kg [4 marks]
(iii). find the emf'if the HCI molality is 1.00 mol/kg. - [2 marks]
(). For this cell, (;) =0.338 mV/K at 25 °C and 1 bar. Find AG®, AH", and AS” for the
cell reaction at 25°C. : [10 marks]
Given that ”

Agl4gCilcr B = 4022207 and
Ol |Hg, Cl,|Hg  E° =+0.2680

6(2). The Tafel equation that relates the overpotential to the current density for processes at electrodes

can be written in the form:

l7|=a+blog, |i| where a and b are known as the Tafel’s constants £
What are the corresponding expressions for @ and b in terms of measurable quantities for an
anodic process [5 marks]

(b). When dilute sodium hydroxide was electrolysed using a nickel cathode, the overpotential was
found to be 0.394 V to maintain a current density of 0.01 A cm and 0.148 V to maintaina -
current density of 0.0001 A cm2. Calculate the transfer coefficient and exchange current density
for the hydrogen/hydrogen ion equilibrium at a nickel cathode in the given medium. [13 marks]
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ARMATTAN SEMESTER EXA
CHM 403 — EL ECTROCHEMISTRY
TIME ALLOWED - 1:00 HOUR

v 1. The limiting molar ionic conductivities at 25 °C for La* (aq) and S04% (aq) are
209.1and 160.0 S cm? mol™!. Find the limiting molar conductivities of lanthanum
sulphate at 25 °C. Thence, find the transport numbers of lanthanum and
sulphate ion in an aqueous solution of lanthanum sulphate G o)

2. After correcting for the conductivity of the solvent, the conductivity of a
saturated solution of silver bromide in water is 6.99 x 10® S cm™ at 18 °C. If
the molar ionic conductivities of Ag'(aq) and Br™(aq) are 53.5 and 68.0 S cm?
mol respectively, find the solubility of silver bromide in water. From this
calculate the solubility product for silver broinide.

i Briefly explain the following: \
a difference between and ideal and a non-ideal solutions of electrolyte

b. asymmetric effect of ionic atmosphere
Express the mean molality of an aqueous solution of lanthanum sulphate

in terms of the molality m of the solution

8o
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JI 1-AP25% 4 /‘G‘ -,
7 : 5°C and pH 7, a solution containing compound A and its reduced form AH; has a standard <
electrode potential of -0.60 V. A solution containing B and BH; has a standard potential of -0.16

! V. If a cell were constructed with these systems as half cells, o
N
: St ! e &
(a). Is A_Hz oxnd!zed by l?ﬂ\or is BH; oxidized by A under standard conditions? 4 =X fP‘ = e
= = i

(b). What is the reversible emf of the cell?
(c). What would be the effect of pH on the equilibrium ratio [B][AH;]/[A] [BH2]?

2 (a). What simple difference exists between a polarizable and a non-polarizable electrode /\0
)

W

4V and the charge density at the electrode surface is 3.52 *

surface?

(b). The zeta potential is 4.182 x 10° :
10 C m™, find the thickness of the diffusion layer. (Relative permittivity of water = 78.54 and /\
/
permittivity of free space = 8.854 x 10"2C* ' m™). \\/
3. Calculaic the miean activity coefficient for Ba®* and SO,% ions in a saturated solution of
BaSOs (Ksp = 9.2 X 10" mol®> dm®) in 0.20 moldm™ K, 804 assuming the Debye-Hiickel
Q¢

limiting law applies. (A =0.51)

t more than five lines, describe the threc modes of interaction of ions used by the inter- o
K‘\

o

4. In no

n theory to explain variations in molar conductivity with concentration.
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OBAFEM] AWOLOWO UNIVERSITY, ILE-IFE, NIGEIIA
DEPARTMENT OF CHEMISTRY

& B.Sc. Chemistry Degree Examination
55 CHM 403: ELECTROCHEMISTRY

2018/2019 Harmattan Semester KExamination o
Time Allowed: 21/, Hours

Date: 237 July, 2019
Instructions: Answer ALL Questions in Section A and ANY TWO Questions in
Section B
Useful Constants: Relative permittivity of water = 78.54, Faraday constant = 96,500 C
R=8314 Jmol! K-, permittivity of free space = 8,854 x 10712 ¢2 y! m K= 1,38 % 102 j g

SECTION A: Answer ALL questions in this section

L. (a). What simple difference exists between a

‘polarizable’ and a ‘non-polarizable’ electrode
surface?

(b). The solution provided by the Stern model to the probl
may be written as

@ = Ae X* 4 Bexx

em of ‘polarizable electrode n?u’




value of 1/, the thickness of the W-h
¢ density per unit area of the elecn'bdg (6)in Cn

 would be the
: measured charg
s .. edge of the outer Helmholtz plane isat3mm? ¢ ¢ '
the charge density obtained in 1(b(iii)), calculate the potential at this point an
J.‘V‘A‘l Wdens alternative name. O"°\ 5 ‘o&/
+ From the graph, determine the potential at the surface of the electrode, i.e. ¥g. 3~
% @‘Gwen that the current density i produced by cell A and B are 0.25 A m’ 2 and 0.5 A m?
 respectively. (i) What would be the reaction rates in cells A and B if the valency of the charged

ions are 1 and 3 respectively. (ii) In which of the cells would the electrochemical process be ,05\
faster? =

f X o0 »
"ZC—T:;»\;«”/ [15 marks]
2. (a). The molar conductivity at 200C of a 0.01 moldm™ aqueous solution of ammonia is 9.6

em’Q! mol™. For NH4Cl, A & 129.8 em? Q! mol”! and the ionic conductivities of OH- and CI°

are 174 and 65.6 cm? Q! mol*! respectively. Calculate, oo ,(—//;%?_ 8, S s

M ~ (i) A, for the ammonia solution and C*eon g 0 N v L
| &7 71 b\'*
(1) 1h6 degred of ionization in 0,01 moldm™ solut i S
; m™ solution.

ii) the degree of ionization in mo olutio va Mm ~ N

(b). A solution is made up of 0.02 moldm™ CdCl, and 0.02 moldm?® CuSOx. Calculate the

activity coefficient of Cu?* ions in the solution using the Debye-Huckel limiting law. L= %

2

(¢). The resistance of 0.01mol dm™ solution of a salt 6ccupying a distance between two platinum

electrodes placed 1. 80 cm apart and 5.4 cm? in area was found to be 32 Q. Calculate the molar
conductance of the solution. Ko A BT

Y i X% e NYy Ko £ %
=N - Smarks] 4 o
i - SECTION B: Answer any two questions from this section § %’3
2 Buppose Figure Y (shown on page 3) was obtained during the experiment conducted in Dr.

AR S

403 glass If thts experiment was aimed at determu'ung the mechamsm of the




= g -3 mol.dm™.
ing Atabeequal 010017 L in 3(e) b deposied
ning A & ¢ hydrogen calculated in :
density would the amount © ) (e N 5

is1.0x 105 m?s? &

n =0.0513Ini +0.1592
R?2=1

01

Ini

Figure Y.
[20 marks]

. A8)(a). The exchange current at the electrodes of a cell in which two electrons are involved in the
cell reaction is 0.311 mA cm™. If the current flowing through the surfaces of the electrodes is
0.612 mA cm? and the transfer coefficient is 0.43, calculate the cathodic and the anodic

g overpotentials of the electrodes at 25°C. What is the overvoltage of the cell and the electrode
. . e
reaction rate? ,al o Sl tt\nlo
: 2+ : £ 2f 4 s P e
(b). If the current flowing through the B/B?* electrode with Nernst diffusion layer of 2.5 x 107 m
is 0.500 A. Assuming that the bulk concentration for B2* jon and the coefﬁciér?of diffusion are
0.2 mol.dm™ and 4.9 x 10 m? s” respectively, |75 A
i i H 2+ 7R & c‘)
(i) determine the concentration of B*" at the electrode surface. ©" U= 24 D; (C.,..“; 4

ii) calculate the limiting current density (i,). © -3¢ bS©




sort number of an jon

. ﬁ&-wﬁq of 0,02 mol.dm™ AgNO; is 128.5 em’ mol”! QL
.AC’ = 0,477, calculate the mobilities of Ag* and NOy™ ions in 0.02

{b). Calculate the jonic strength of the solution obtained by mixing,

-

< em’ of 0.10 moldm™ KC! with 30 em” of 0.01 moldm™ BaCla;
(Zu A5 em® of 0.02 moldm™ NaOH with 20 cm? of 0.01 moldm™ H2SO«.

(€). A conductivity cell standardized with 0.01 mol.dm® KCI was found to have a resistance of
189 0 and molar conductivity 149.9 m? mal”! Q *'. However, with 0.01 mol.dm™” ammonia
solution (NH4OH), the resistance was 2460 Q. Given the molar conductivity at infinite dilution
88 (AL, +) =734 m” mol” 0 and (Agy-) = 198.6 m? mol"! Q°!, Calculate;

(x) the mollr conductivity (A, and the degree of dissociation () of the ammonia solution
ﬁl) the bue dissociation constant (K) of the ammonia solution.

[20 marks)
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Bac (CHEMIST‘?‘!(\)FSQICI [f:WOLowo UNIVERSITY, ILE-IFE
REE HARMATTAN SEMESTER, 2017/2018 SESSION

CHM 403: Electrochemistry
TIME ALLOWED: 1 Hour

INSTRUCTION:
ON: Answer ALL questions
(Given: Faraday’s constant, F = 96500 C mol”, Universal Gas Constant, R=28314J K" mol")
l_.. (a) Discuss with diagram the following standard secondary reference electrodes: (i) Glass electrode (ii)
Silver-silver chloride electrode

glassy carbon electrode (diameter = 3

(b) In a cyclic voltammetry experiment, the electron transport at a
) at 25 "C was determined in 5.0 mM [Fe(CN), |*/[Fe(CN )e]~ redox probe in 0.1 M pH 7.0 PBS (vs

mm
Ag|AgCl, sat’d KCI) (scan rate: 25 mV/s).
The number of electrons (n) due to the rev ersible process at the electodé is related to the current (1) using
Randles-Sevcik equation: /= (2.69 X 10°)n*?CA(Dv) :

fficient of FeCN solution = 7.6 x 10°

Where | = peak current (9.997 x 10° A) and D = diffusion coe
cm?/s. Determine “n” and state the function of the sa’d KCI.

2. (a) State five (5) advantages of a dropping mercury electrode
Using the Llkovic equation id = 607nD""Cm™"’t
Calculate the limiting diffusion current that would be expected from the reduction

using the DME characteristics (m = 2.0 mg/s, t =4 sec, diffusion coefficient of Pb*
(b) Consider the cell notation: Zn/ZnClL//AgCl/A2

£ of the cell represented above at 25 "C is 0.986 V and th

€ the hasic thermodynam:c par

1.01 x 10” cm?/s).

- temperature coefficient is -7

The ¢
volt/kelvin. Calculate the alues ¢

13

of 2 x 10™ M Pb*

7.25x 107



~ OBAFEMI AWOLOWO UNIVERSITY, ILE-IFE, NIGERIA
E, NIG
DEPARTMENT OF CHEMISTRY

B.Sc. Degree (Chemistry) Examination Part IV
CHM 403: Electrochemistry

Harmattan Semester Examination 20 7/2018 Session
e A ——————— 0 SARTINAton LU1//4V10 vession »
Time Allowed: 2 Hours = : . . :

Date: August 20, 2018

Instructions: Answer ANY THREE (3) questions.
(Faraday’s constant, F = 96500 C mol"', Universal Gas Constant, R = 8.314 J K- mol™)

SECTION A

* 1. The values of A° for NaOH(aq), NH4Cl(ao) and NaCl(aq) in aqueous solutions at 18°C
are 219.96, 129.54 and 108.40 S cm? mol™ respectively. The molar conductivity of a
0.0010 M aqueous solution of NHj at 18°C is 29.03 S cm? mol™.
a. Determine the degree of protonation and the equilibrium constant of ammonia in
water. (Note: At infinite dilution, weak electrolytes are considered to be fully
N ionised)
L b. One of the applications of conductance measurements is conductimetric titrations,
draw the form of the graph (conductivity vs volume of titrant) of such titration for
i. Strong acid — strong base titration

\ ii. Weak acid — strong base titration e
\ iii. Strong acid — weak base titration 1 i
R iv. Explain in not than 6 lines the titration curve in b(i) above R &"
e [25 MARKS] 1D
20 < e
Jsi i 3 > Az A 1 ! cs 1-1/2 32 : &R
\Z/(Jsmg the equationlog,, 7, = ———= wheic 4=0.5i0 mol™" dm”" where p is the Q 2
— : Ml /i/,%
=¥ ionic strength of the solution U
a. Calculate the individual activity coefficients for a 0.100 moldn™ solution of B
magnesium chloride LY, € ,i\
b. Use these to calculate the mean activity coefficient for the electrolyte. = ' Y

¢. Use the Debye-Huckel expression for the mean activity coefficient to calculate the
mean activity coefficient. o 435

d. Comment on the results .
i¥g {25 MARKS] <

/ a. Discuss the following electroanalytical techniques:
(i) Polarography (ii) Cyclic voltammetry (iii) Square wave voltammetry and
(iv) Galvanostatic Charge discharge
b. In a cyclic voltammetry experiment, the electron transport at a glassy carbon

electrode (diameter = 5 mm) at 25 °C was determined in 5.0 mM [Fe(CN)s]*

/[Fe(CN)e]" redox probe in 0.1 M pH 7.0 PBS (vs Ag|AgCl, sat’d KCI) (scan rate: 50 © *
mV/s).

14 . 24}‘1 ""i



The number of electrons (n) due to the reversible process at the electrode is rel
the current (I) using Randles-Sevcik equation: I = (2.69 x 10%)n’2CA(Dv)!2
where I = peak current (9.997 x 10° A) and D = diffusion coefficient m FP( N solutigy
=7.6 x 10" cm?/s. Determine “»” and state the function of the sat’d KC y D ¥

251 mucs;

a‘edh ®

(i) Define the term “Over pote
electrochemical process

(i) State Tafel equation and define the te
does the ¢

" and discuss the different types that occur during

in the equation. What eiectrode process
ation describe?
(i1i) Using the Ilkovic equation, i
i
|

calculate the limitir

diffusion m reduction of 2 x
104 M PH? using t DMI ( t = 4 sec
coefficient of Pb?* = X 107 ¢
(1) Using mathematical expressions, state the two limitis cases of Butler-Volmer
(if) The exchange current of a rode is 0.65 What amount of

currents flows through the electrode of tota

potential difference across the electrode is 5.5 1

15



Questlon 1’

{a) Wﬁat is transpért number of an ton?
(b) ‘What are the charge’ carnerggn (“Lcobalt '
gas and (iv) germamum dopea with boron? - . , a
(c) Explain briefly with equations why the condqctuvnty of cadn’num iodide solutlon
A 'N?““ ;
tions ofkCl fkC1 el and %iKzSOx are 149 9,
olar conductv?’ty for the

etal (n) sodium sulphate solutlon'(lldhkf&um
o N anHE

‘decreases with increase in concentratlon

(d) The molar conduct:vnty of 0.001 mol dm™ solu
{ 126 5 and 153.5 cm2 O mol? respectnve%Calculate the m
- same concentration o@%/N;zsoa W "'\a

SN '--*-S“'*' N \., A= b
;h‘;; e I Quest"n zAJf/ ALY
(a) Def'ne the term actwlty coeffucnent Arrange the followmg e\ectrolytes-m mcreasmg - N
e 05 3
(2250 and N&3POa. e’ P05

order of activity coefficient, aqueous NalO;f N
(b) Why will the mobility of agueous H* ions be more than double that of its c\cse in size . 1 : (

2

aqueous Li*ions? ; )
to a\'\

{c) Outline two factors that relax after while whenan e\ectnc current is app\\ed
on for whrch the termmology relaxahon time’ |s common\y used.

“aqueous solut:
urrent of 0.79 ampere had

(d) A solution. of LiCl was electrolysed in a Hittorf cell After ac
~been passed for two hours, the mass of LiCl in the anode had decreased b 0 793g m

e the transport numbers of the Li* and CIions. (ii) 1f the mo\ar condt.\ctmtv of.

- Calculat
SLcis 1. 15x102 m? Q' mol 1, what are the ionic conductwmes of Li* and C\ mns’ lf =
L B :

R 96500Cmol‘and molarwelghtofu 70g] K pys Oy 5




ite  the
[hKK + F ([H] K ]+1\ [(,)) Rewtile v

.

5 A - . / e
In an acid medium: Bl

In a rather alkaline medium 7/
How does each of the expressions in (i
the electrode potential with pH of the solution?

,A 0. 10 M CdSO4(aq) solution is electrolyzed between a cadmium catho
anode with a current density of 1.00 mA cm. The hydrogen overpotential is 0.60 V.
will be the concentration of Cd?* ions when evolution of Ha begins at the cathode? Assume

4

and ii) above shows the variation of

de and a platinum
What

- o o :
all activity coefficients are unity (E° for Cd/Cd** =-0.40 Y() b D= s '\
w4 e I y2e \
& Questian 4 V(ch/d - \/\f“ A
u > o s o

a. Define the following terms N 4 ke

i Electrode polarization |

il . Exchange current e e g Y Ne

iti. Activation over-potential
RS Distinguish between voltammetry and chronopotentiometry = & I{q A

¢. How many electrons or protons are transported through the double layer in each second

when the Cu, Ha/H* (jo = 1.0x10® A cm?) and Pv/Ce*, Ce3* (o =4.0 x 10° A cm?)

electrode are at equilibrium at 25 °C? Take the area as 1.0 cm? in each case. Estimate the
,'.fpequenc,‘y ‘at which a smnle atom on the surface 1akes part in an electron nansfer proces;, ,




M 40.> - Electrochcnustr)
' Tinie :\llon ed: 1 hour

SIS

3 Question 1
Gi%’the S Iumts of (i) activity and (ii) activity
How and why. does the conductance of (i) 2 metal and
the rise in temperature? (Answer in 10 lines or le ;s)
‘i‘C Outlme two limitations of the use of conductance mvmod for deter’nmmo tl’*"

. equxva"lem point of acid- base’ mrauon
(d) Given 2 solution of 0.25 mol dm™ Sferge sulphate calcuiate the. ionic strenOth of %

: ‘the solutxom If the ionic conductances at mﬁmle dilution oflhe iron and sulphate e
ions_are 2.85x107 and 1.25x107 m? Q" mol” respectively at 298 K, find the

B s moblht:?\j\e 1ron\ion assummg the transpon number of iron ion is 0.624. [ F. —.-‘

coefiicient @hel e
(i) an electrol)n vary thh o

{ 9650Q]
A - ( : Qucstlon 25
art For the follewmo refercnce clectrode; SRR A A R TG

" Silver-silver chloride: Ag/AgCl

e

ii Calomel:KCl (m)/Hg,CL/Hg' - .
Ciile ‘Mercurous’ sulphate electrode: K;SO,;/H 250JH0 e
Write the half cell :eactxon and the f‘orrespondm:, Nern;z equauon for eacn of the

"< electrodes :
A’ cell is made up . of hydrogcn electrode m an_ unknown so]unon and a slwer

“electrode m_o 100 mol dm Ag’ solutions. The standard e.m.f of the cell js +1 24, 03
s the pH of thc unknown solution, assuming that the hydrogen gas o

i
1 atmosp”here? (standard reducnon potenhal for Ag/Ag = o 80 V)




Srh.l

Yisxaedl ,.( i) © =, LY :
~4 a. What is the major dtsadvanta"e and the conscqu 3 qeof the

>

.5 the direct current method? ( 7 C&&"j g
S marks) . . i
‘ ‘ﬂ-‘-t 3 rC..&(kﬂaﬂ\‘

X b.The conductivity of 0.01 mol dm of lead nitrate solution at 208 K is 0:2382. ot s
the tran:po't number of lead ions is 0.584, calculate the diffusion coeﬁicxent of lead ions

- in the solution. (10 marks) i : AZ%.- G AT S ‘Lt‘f ¢
s e W 3 = ¥ ™~
X025 ’ ; ; : ol
5 = ? : Section C -
A G y Answer only one question from this section. M= T i f 1_
\ & = e 2 2 =
L@. Define the terms in and limit thz gencrality of the following c{xpressions: =i

ﬁ“: B < g S oL ,

'."? ‘s s (x—c)h PaY 5 L 92 . = b

B J=Jee o) - o R IR ;
e - G J(Smarks) AR i Fox -h
; o °\ > - %2

iil. J=—Jse T . 5
¢ (3 marl\s) : b«,’%% !
b. Given that the exchange current densnty and lhe tnnsfer coefficient for the reaction >
T Fe** +e” — Fe* e "t
R on platmum cctrode zt 25 °C are 2.5%103 A cm? and 0.58 respeg tively. Dclcm\'\ne ¢
S'g\ il what current densxty would be needed 10 oblam over- patemlal of 0.30-V as La\cu\'\tcd
B s from » P :
g - Butler-Volmer cquation (4 marks) .
i B _ The Tafel equation. €] marl\s) '

TN Is the, validity oflhe Tafel approximation 2 1ffcct~d‘ at hwhcr over- poten'm\s (of 0 LY

andmore, (3—n rks) . { AN SeAL e

3 6 a Dustmgulsh bctwcen voltammelry and chmnwpatcntmmct-y (8 muks) ‘ -

' b.A 0 10 M FcSO4 (aq) solution Ts electrm vsed between a mannes-um cathode andad platm'
,, ﬁ h anodc wnlh a current densnty of 1.50 mA cm™. The hy drogen over—polermal is 0.60 V.

ij will be concentration of Fe?* when evolution of hydrogen gas just bcgms a! ﬁl& cath
~ Assume all actmty OOCff cients are unity (l warks) y
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SCAMIN: ATION

AFEMI AW’DLO\VO "\'IVFRSI
- BSc (CHEMISTRY) DEGREE E
: 2014/2¢15 Harmattan Semester
CHM 403 -- Elcctrochcmasn y

{3

. ¢: Sept. 2015
Time ailowed: 2 hours Da ues(.ofeagh from
INSTRUCTION: (i) Answer all the qucstions in section A and °"° q
G sections B and C ' ach question i
s SRS (ii) Leave a blank sheet between each section and answ er each O R, g.
gl on a fresh page. ; :-:" 2 ;ﬁ e b,
e B T‘\NTS Debye-Huchel conetant = 0 50 " R=l 38""10 JK! a9y, ! =
G F = 96300 coul mol”! electronic charge = 1. 607x10 'Y
L ) - ¢ &
L S 5 i
% 3 ’%Y -Section A (Y} ))\
) a SO, . ;
~
/Ans“ rer all the questiens in th/%cu:on N, ) /
3 $ ar
1. Two solutions A and B are each of concentration (hlo_mol dm? Sclution A is sodium % &1
suiphate and solution B is chromium sulphate. Calculate the followings; Cs 9'\—/76" e
: : = A
(i) The activity co:f.xc:cn:s of the sodium and sulphate ions in solurion A [L‘Cb)"-"v\);ox&/

21"" ——— HucheHimitng lew-iswpplivabie woiorsi- TR RS

(”) : Thew‘ilj coefficient of solution A using thz cxpression, o, = {c. \
oA j= O g R A VL
ana viTe Depyesrucaet T @y & nﬂnm; = ‘“““”"__@'Q T 351 )
(,'i) The concentration in mol dm'J of the chromxum ions in solution B (2 marls) oqacy- 0438
(iv) ~ The activity co.,fﬁumlg of the chromium and sulphate ions in sclution B3 (4 n."..-m')
(v) The mean activity coeﬁxucnt of solution B using the two method< in (i1) above. 4 oSS
marks) : ®
(vi)  Are the o, obtained from the two methods the same in (ii)? Are they theisame in
V)2 Sligge.s( a reason of less than two lines for cach answer. (4 marks) "—'7:
i [No:é.: Your answers must be labeled as the questions are itemized] e
it PLE
: : Lok Qokeabial fante Wi
2 a. Fxp.(fxm the following i L < = lee R & N wquaJ \,,\A D e
i " Electrode polarization”™ . (3 marks) ‘)
ii. - - Activation over-potential (3 marks) A= € - £° : '
N, B Lo g £ A
2 ii.. Exchange current density (3 marks) X ; STl
b. Discuss the main structural features of the clectric double |ayL:r ¥l \6 m:\rld)
HasgaNG LN (o g oo ‘ C‘cc\«’é{ ‘L”‘t‘\‘
- lpl ¥ :-‘:hr‘}r _Z-,/ﬁ ‘7 i Sk 7 ):Le. a\g
T -B5x S(;QS G
o .li 0.\ ~wlld ¢ 1t e \S\r\q'f..s‘ui
S gy X0 LT v%cm-gud
> s i b 4
‘a3c+~ ,_o_\\\ 2““: @95 } it
o S | § 20 : ' i &‘
+ = (p — . e




(i11) Square wave vo
(16 marks)
Electron transport at a n19
1.0 mM K3[Fe(CN); s]in 1.0
( 00 — 600 mV/Q) us

recorded

n

o)
=
-

mwl wa

S
Ay ; : i I Iabls bel .bsmgm:
Tafzl equation: £ oo stant

Do
Dztermine the 'l‘af':? value.-bi.(ii): W he net cell reactions for the
electrochemical cell. (iii) What is th tic 0:M KCl electrolyte? (iv) State the
function of the A;]AgC], sat’d KCl

Scan rat te v (m

1€ € ;‘VL"OdL
Qhuc the } 1J s 111*.\'

{efine all the tern I XPpression.
Give two reasons (providing mathematical expressio ] ‘olmer equation is
considered as one of the most important ical kinetics at the
electrodes surface. (16 marks) {

The data below are for the cell: Pt(s)|Hz (g,P%)|HBr(

aq. m)|AeBrlAges at 25 °C. Determine
the standard emf of the cell.

m(10™*)/ mblkg™ 4.042 8.444 37.19
E/V 0.47381 0.43636 0.36173

(9 marks)

oA

/ A 2K
/ A




" el b 4
’ > h
) o L&

o
! ‘ 1A
OBAFEMI AWOLOWO UNIVERSITY, {LE-IFE, MIGER
IR \ 2 5
BSc (CHEMISTRY) DEGREE Ex_.\J\lln\.ATION. 20 1:1-21 3T T
= AR A e
CHM 403: ELECTROCHEMISTRY LA =
S .

TIME: 2:30 mins
JINSTRUCTIONS: Answer ANY THREE questions

S
(Given: Faraday’s constant, F = 96436 C mol™, Universal Gas Constant, R = 8314 J K'mol™)

-50:>, Mg* and Mg(NO3)2 @t

2 m? mol™! respectively. Celeulete . 70[
£

R

1. (a) Given that the molar conductivities of Cs",
0.772x1072,1.600 x 1072, 1.060 x 107 and 2.488 10°
* the molar conductivity of (i) Cs2SOx (ii) NO; andCsNO3, _, _ ] \( = '\25
| > (6 marks) %20 SN oRoireay < * ‘)<"
()  Explain Wien effects. What is the relationship between First Wien effect and Debye-
'Falkenhagen effect? K '.://\5 A= '5~O.;'L7(kd";_5
(6 marks) N n=
(©) The conductance of a saturated solution of AgCl was 3.042x.10¢Sina conductivity cell
with a cell constant of 98.4 m™'. The conductance of water in the cell was mezsured to be
1.171 pS. Calculate the Ksp of AgCl if the limiting molar conductivity of AgClis 1.383 x

102 S m? mol'..

~

(7 marks)

d) Arrange K*, H* and Na* ions in decreasi i why?

(6 marks)
es increase with increase in

ng order of their mobility an

(a) Why does the molar conductance of strong electrolyt
o ionize completely in solution, even in very

dilution despite the fact that they are known t
i 97 + - Al + 3t 5
‘concentrated solutions? E> N > LK
(4 marks) s .,\:"T?
) List four factors that can cause the transport of ions in $olution. : (4 marks)
1limiting law and the experimentzl condition under

) State the equation for the Debye-Hucke

which this equation-will hold. Arrange the following electrolytes in decreasing order in-

i1l accurately describe them: Ca3(PO4)2, MgCl,

 which the Debye-Huckel limiting law wi
NaNO; and K3POs. : E : _3% v ; i
O i) R T e
@)  The mobility of the silver ion is 7.912 x 108 m? /(Vs). %3 o e
i) Calculate the drift speed of the silver ion in an electric field of 125 V/m & Al d
1 f the silver ion (note, no = 0.890 X 10 kg/ (ms)). {k*[\w ;

ii)  Estimate the hydrodynamic radius 0

DN Calculate the molar conductivity of silver ion ; . s
iv):  Estimate the diffusion coefficient of the silver ion at 298 K. (note: 1V =1 JIC; 1V = s :
i s=ifgh i e U :-(,U%T: B \146/ 3
(13 marks) = ¢ : ' s
(- 2w’
: =7

=200

AT p'.r,oa\xw\é




i

95wl din™ sa
ctivities of (he

wre are AN and
2

soctition Constat L of ’“l" NOIC MGG
Jiss i

. the sunc i ]

= i l‘.".'O". and ﬂm doree 04 .

...... o
S i A 3 A5
infinite dilution at 1§°C for . 7
RN G 2 LR Fi

et aqueous sitve

1 the . amount of fll‘
0 7227g beltre clecieolysis and 028172
0.C194¢ ol copper was deposited on tie cath
the Hittor! eoli. (

X W daea Thdoi! expeg

Ve clt«-{:".:dl.‘ o

Caleutate the transport num

) gy s
¥ 11'What aee the miobilities of HY and .\’
piven the ionic conductacce-at infi
: SN2 w2 2 :
aad that of SO47 tons to be l.S‘)le('z € mol '.

.sojuiion at i_ni";nitc Gl :io.
fn icns 10 be 3.49x 107

: i [ ‘- : 3 Y A -l =
12 ‘I'he ionic conductivily of Li* ions at zevs concentra 64x107 m> QO mol!. 2= ]
Calzuiate the nu u\aer of ionic” diatieter traversed’in. rmc sbco,—‘d wder a potential -
difterence of (v m lftnc .(.du‘s of the selvaied ionis 2 35,\ 1010 . ki

3 3f0d dhe diibesion cusii VTR syt A" of site &0 s Wi W e B
B3 a sy wi DPGH piven its mobiilly 0 bETR2TNIG v cosn'v of wafer =
i 100107 ke m ' 68 Llectonic charge = L.60Zx10 !’cCLH ;
H ol 4 A e Mo 5 I «u
(4 Caicyiate the cl.m ociucxm'xvr». Na" and SL‘ e gL
AR T
L

NCLT”‘QL—.:L#QQ.M’E—L s i O, buS mot dm’ »ufsc ium sul pha*c 29?{ %w-&,m LA R e A0
é Ntyv}ck—tysﬁm,y/\u Taz i
15 in 1 nmv'nrr houndary experiment to determine i ,c"":)n transno" number in 0.02
! Im~ lithivw chloride sclution, a current of:1.60x10™ 2mp caused the boundary {0
'nmv- a distance of '.’.OCAI o min 0.6793 Liows. If the cross-section of the transport
b isl: HS,\H) Ld]buiﬂi 'h(.lrwspon aumbe softh(. hon aJ,_\ anion.

1

2 Aﬁm b S “‘:‘:
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trechemistry Tutor ial Questlons

:-:——--—-‘—e-- w... Ger e PR CUSA Wes

uc ty 0!' a samrated solutmn of barium supla
fthe conductivitywater used js 0.618x10-*ohm’ ‘I'he htmung molar |

uetancc ﬂémmnmmzangn_for 1/2133 and 12! so.“ aie 6.364'% 107 and 8.000 x
_m ‘mol! respcctwely ,,,,, N S

f “the - solublhty product of banum sulphate 7o lhxs icmpetature. assutmnig'-'-h
,‘co.mplete d:sso\.xahon ofthe salt E =5 3 QT‘K\O . %

molar-conductancc at zero. con..entraho of (e,trae.thylammomum pncrav.e

in- cthanol (vxscosuy*— 0.0101:-poise) at 298K is 5: 54 X 10 ‘ohm™*m% mol ™. “Calculate
! ionic conductzmce .of the tetraethylammpnium cation in’ ‘acetone at 298K, |
f gwcn that’ ‘the- hmltmg ionic ; conduciance at “ZEIo co ccntrduon of the pi pxccrale mn m
f- ,,acetone (vxscosuy 0 003)6 ponsc) at 298K is 8. 242 mlO ohm 'm mol F

The clcctrolyhc conducnwty ofa 0. 001 mol dm™ ofNa:SO.z is 2.6 x° 10 ohm m If

- the solution is saturated with’ CaSO4, 1he® conductlvlty b°comes 7:0"; X 102 ohm™'m*

: }Calculate the solubxhty ‘product -for” C3804 gwen thet fonic’ ‘molar . condu»tance L
A(Na*) . OO).lO -and A(I/ZCa“) 395x10 ohm m’ mol at mcse-con"emranous

Sk

Thc rcsmtmce of a ccll whcn ﬁﬂed wzth O 01 mol dm KC1 was ‘omd to b°- 189 -/l,)the >
ceu was then. filled with- ammonia: -solution of 0. 01 mol dm? and the resmtance ‘Wwas
2qum Calculate: 1hc base dlssocxatxon constant of: the ammoma soliition’ glvcn that thc
mo)a_r conductanccs atinfinite dllutlon ofK 26 e NH4 and’ OH are.7.64 x 10 7 35 %

3 10 s 234 10‘3 and 19 86-x 10 ohm m mol respeclwcly e \

gz iR

e The classxcal dlssocxauon constam of propanoxc acxd is- 1,34x105 at: "SOC and the 05
hmltmg xomu conductanccs at mﬁnnc dllutxon of the hydrogcn and propzmoate ionsare ., .e*
'3.498x1072 zmd 3,58 x 10-° ohm m? mol”! zcspcctwcly Calculale thc resxstwﬂy ofa
O IOmol dm solutmn ofplopanmc acld : - ; e Ry S \'

/ ‘~ o : 3

Tne degree of dlssocmuon of an ac1d HA in. 0 Ol molar oluuon at 298K x.; S
Al OSIOI ‘Calculate the ‘true disfocxatxon constant of the’ acxd “If to this solution is auded i

an equal volum" of OOl -mol dm “aqueous’ sodxum l1ydr0\1de corudnung sodum 1 _

sulphate, at 0.003 niol dm, what-will bC.(}zYI"C 1omr‘ she gth and @ 'h" bydrogen ion J—

conccntraflon of thc 1esu1tmg solutwn”
r A Solutlon contmmg 10 SSOg ’éxlver nitrate- per. IOOOt7 W dtcr was’ electrofyscd bet\w-r-n Te
/ silver. elcfrodcs ‘After elctrolysis the’ .\.holc solution= was’ removed and:was found to {
.WewhrS_fLQQQg On. analysxs it was found to contain sﬂvex equivaient to 0.7217g silver . i
- nitrate. In acoulomcgcrm series, 0. O4672g coppvr “was’ deposited. Calculate .ihe '
t‘ran.spoxt numbcr. of tllxc silver i ion ana'ﬂT ¢ nifrate 1on \-t‘\ é‘ i & .

¥




of the hydmgen and ethanoatc jons at mﬁf :
e are 3I0 ind 77 ecm® Q' mol*! csp:ctwe y Celet

noxc acrd

conduehvrty at 18°C of a centzin concentra ; .
Compute the- molar conductivity at infinite dilution and the degrez of
on of NH:OH if the molar conductivities at mﬁnlte dxlunon 2" 185C fm Y
4Cl; 2nd NH.:CI are288 8,120.3 2nd 129.8 em? Q! mol respeCUVCl}' e

L In a- Hmorf expenment aqucous silver nitrate solulxon was e]ectrolyscd betwecn ¢
' ": -’ﬂ‘e silver eleutrodes The amount of silver nitrate in-the anode coinpactment was - :
+ 0.227g. before elcctrolvsxs and 0,281g after “electrolysis.- During the elﬂctrolysr., :
9 01943 of coppér was deposited on the cathode of 2 copper coulometer.in series wnh

;.’th Httorf cell. Caleulate thc transport numbers of Ao -and NOj7ions: AT ‘0 %

Z Vhat are the mobrlmes of H* and SO4 ions.in-aqueous. solutron at mﬁmt‘- dlhmon v
* given' thc ionic conductancc at rnﬁmtc drlutron at 298K of H' jons to be 3. 1‘9x 300 2
. :and that of SOq ions to bﬂ Ji, 596x10 m Q' mol': :

Wi “Calculate: the - numbcr of lonic diameter traversed in ont, sccond under a pot°nt1a1
} dlfference of 10 v m’ 1fthc radlus ofthe solvated ion is 2 a6x10 10y "

/Fmd lhc dxmlsron coeff'cxent and the hydrodynamrc radws in A° of the so, “ion
-'~,m ‘water at 298K given its mobility to be 8. 27(10’ s ve i [szc.osuy of- water =
l OOXIOJ kg m? s, E)ectmmé charge = 602x10 coul] Seat .

o

r,,»—::'#‘(‘ JJ‘»U" ]‘r“{_:.‘\,ﬁ_\‘_v“, ';eavv,

1,4 Calculate the activity, coefﬁcremg of Na‘-and SO,* ions anﬂ?::nmmamr:ﬂy
fal/l’fl/e'i%%t:gf‘ﬂ_&m»s (i 0:005 mol dm ot sodrum sulpha‘te at 298K A\M_/'ﬁ\,u/ v
My'ﬁ"\,c‘g\,ﬁ—o%&'\,i% ;

: 15Ina movmg bourndary expenmcnt to determlnc the catron transport numbcr in 0. 02;;
5.3 ‘mol dm™ lithium chloride’ solunon a current of 1.60x107 amp caused the boundary to
. '~.movc a drstance ot 7 00x107? ‘m in 0. 6705 hours. If the CIOSS- -section: of the transport.

115x10 m calculate thc transport numbt.rs of th° cation. and amo

-




d)  Usin
g the charge de .
ns
AORS  ali ity obtained i 3(c), caleulate the potential 4. this point and
mative name, From the gra h, d : 2
@ the electrode, i.c. (p, (O tential at the surface of
SR IS Do

:9:7 4 (a). Calculate the current densit

= 0.025 mol. 5.
2oy L

=' D=V = 0% %

i l
=64l 23504,
if the migration rate is — 5 .503

Lﬂ:b—c\ éc“; Xp.

o1
d 0.5 Am? 3-Gan'
ould be the reaction rate in cells A and B if the valency of the charged

yi(inAm?) fora migrating ion A

-4

3 i ‘
(b). Given th X ity i
& : at the current density i produced by cell A and B are 0.25 A m? an
gf respectively. What w.
) Y .
_C,“ ions are | and 3 respectively. In which of the cells would the electrochemical process be
faster? Ao O tesnet.

o~
; (¢) What fraction of hydrated protons would populate an excited state at 25°C. if the energy b{
Y of the state is 450 J and the transmissi i is unity? 3 (Ye, Q
0 J and the transmission coefficient £ is unity r th;,a\ - ‘\“; Yt
5. Suppose the figure below is the result obtained to determine the mechanism of the
electronation reaction 2H" + 2e” — Hy, conducted during Dr. Sanusi's CHM 403 class. If
;\ the following two-step processes are proposed for the reaction at 25/C;
G R tre e Hyd, 0 cesthsheed electronation step ~/
l;t w #FGi)2Hw = Hzgy i combination step,

v Y%
¥ L § a). determine which of the two steps (i) and (ii) is the slow step.> | ¢ «
g .

b). what is the value of 4 for this reaction?

¢). determine the exchange current density.

o e : 3 -
n . d). calculate the concentration of the hydrogen atom adsorbed on the cathode at 0.043 volts \

: i i 2 X ‘hat current density Would this
Aads \ overpotential, assuming A to be equal to 1%10 mol.dm™. At what cu y

AT =
amount of hydrogen be deposited if the rate constant is given as IX107™s¢

- Mlet
Gr(mp.’)/"ﬁ ‘s Ml ¢ 0'/ ’_/(//
R B Ly C"l :

(= w(“ 4 g 00

. X
( = e b 3

Y \
L;& i)}_ X . |

28



> . l
TmaetC \§ = \(M,()“MD

n = 0.0513Ini + 0.159.

§ o) Pl
g o . \ath

§ 0.02 e 4 -3 2 = 0
S 0.04 4
£ -0.06 <8
o &

-0.08 4 Q//\

01~ £ @

Ini N
Y
&

6 (a). State the difference between a charge transfer and concentration overpotential.
(b). If the current flowing through the B/B?" electrode with Nernst diffusion layer of 2.5 % 10°
mm is 0.500 mA. Assuming the bulk concentration for B>" and the diffusion coefficient are 0.2

mol.dm™ and 4.9 x 10° mol.dm™ s respectively,
(i) determine the concentratios: of B2" at the electrode surface.
(ii) calculate the limiting current density (ip)-

(iii) what is the concentration overpotemial’,’

Note generally that, R? is just a correlation coefficient that measures the degree of

y of the experimental data. 0.9 < R* < 1.0 indicates high

consistency/reliabilit

consistency/reliability.

29




‘GQ 1
in explaining the concept of ‘polarizable
1e solution provided by the Stern model to the problem of ‘polarizable e
~ may be written as ; j

) AR 4
. @ =Aerx i Bext o e L

where 1/x and x are the thickness of the diffused layer and the position of the electrolytic ion
from the electrode surface respectively. If the figure below is an experimental observation from

Dr. Sanusi’s CHM 403 class, i i
we gty
0.01
0.009 j 55 \\—
0.008 = — \ v
\ N\

— :::67 /(P\= G;Olpf""s) \\
z° R2=1 e

10

x (mm) i

a) Under what condition does equation (**) (theoretical solution) matches the

experimental observation?
b)  From the graph, what would be the value of 1/, the thickness of the diffused layer?

) What would be the measured charge density per unit area of the electrode (o) in
21 25°C, if the edge of the outer Helmholtz plane is at 3 mm?

g (e (i S0



a)
,}-—Eb) An'angc and give rezsons (5 to 6 lmes) the o:dcr of
z ~the - fallowmo elcctolytcs, potassmm su]_phate, #

N .
a sodiiirm . fluonde ‘in 0 10 nol dm? solunon-ls 8
Q mol™: “The: salt may be.takert as 92% chssocxated If: the trapspon numbe
0,45, calculatc thc mobzlmes ofNa and F’ lons e

Quesnon?. ‘ e
,oeﬁimcm vﬁ _d mzo«aw ”Q-T _A w,,,q ﬂ
J' -

6%.- = w;( +5_ro

.:. EE

O' hne:,'(6 hncs o‘ : less) th° ahent features of th° vanatlon of aCtmty coefﬁcxents
: nt nAshow'z in thc dxacrram above! .
¢) The xransferencc aumber of sodxum ion in sodium cyamde is 0. :84 and that of the'
lp'hate 100 in. tctraoxosulphale (VI) acid is9212. The molar conducthttes at:
ite: ﬂunon of sodium- cyanide, and 1etrao;cosulphate (VI) acxd are 2 45 andq
m l respectwely, galulatey s L =0T s e e !
er of the Syenide jon et Sy
nite lution fhydfoghn yanide: )‘g
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5 istr 3 '
CHM 403 -- Electrochemiis yTimC alloved: 1 hour

ije-iie

Y
3852107 JK, F = 96500 Coul mo!

Coastants : R=8314 Jmol?, k=1
=1,602x10™ coul. '

" Electrenic Charge

Instruction : Answer all questions .

Qucsh’on—l

y

(a) What is Debye-Huchel length? ( answer must not exceed 3 lines)
(b)S = uE. (i) What are S, t and E in this equation? Give the S.I units ©
E- kR s e :
() A solution of HCl was electrolysed in a transport cell between
platinum electrodes. The cathode compactment contained 0.196g of
chloride ions before electrolysis and 0.182g afterwards. A .silver
coulometer in-series with the cell had a deposit of 0.2499g of silver. - e
Calculate the transport numbers of the H' and CI ions. ’

£ 1NN
p=-x X

Questiou__z a8

(a)Give an example of a metal-insoluble salt electrode. Write the
- electrode reaction equation in form of reduction. (9.0
(b) Ont what principle is the moving boundary method of measuring the )4z Jagc!
transport number of ions predicated? (answer in maximum of 3 lines)
(c) If the mobility of the sulphate jon is 8.55x10° m? v s! at 27°C, - ftlw
C. calculate and-giye\,’thef units of the diffusion coefficient of the jon at ﬁl&/m‘

S

- - this temperature.

s ; e T = %r s m“hl
s Y e : : lf ’D.‘L‘?-' V
PRy I ! S ik forge . ’15.
Lo 3 s i ‘:! 0 Tk A LS s : R L : \&
, i L e ’59 g i 4k Wjj . be’c!(.ggsy,(am
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Prek 9E kﬁ : i : bCeaxvg™"Pyeia
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: Af the molai cbndu tuﬁues at mﬁmt A
'_a_naNHaCl are2§8.8, 1203 and 129.8 em’ Q"

’;i In l‘ Hlttorf e"F’cmm:nt aqucous mlver mt e soluuon was elec\ro\ysed bctweep

. the silver electrodes. The. amount of silver nitrate in, ‘the anode compactment was It
O‘ 27g ‘before electrolysis -and'0,281g after electiolysis.’ During the electrolysis: -
10.0194g of copper was deposited on the cathode of a copper coulometer in seneswnh A
'ihe Hittorf cell. Calculate the transport numbers of Az and NOyions. - .~ IR

- .t IWhat are thc mobxhues of H' and SO4* ions.in- aqucous soh.mon at mﬁmte. dllutxon
. given the 1omc conductance at mﬁmtc dllutxon at 2981\ of H+ 1ons 10 be 3; 49x 102'-

= and that ofSO, lons to be 1. 396x10 m> Q! mol

onccmrauon 153 864x10 m Q. mollA

12 The i ionic conductn xty of Li* ions at zero ¢
otenhal

Calculate the numb°: of ionic diameter traversed in ong: spcond undcr a. p
dlfference of 10 vm’ 1f the radms of the solvaled ion 1s 2. 36x10 :

13 Fmd the dxffusmn cocfﬁcxent and the hydrodynamxc radms in A of the SOa.
its misLility 1o be 8. u‘du m Vs l"I'Vlscosny of watc.r

in water ot ”9"“{ g‘- fven its o
.00x10'3 kgm s Electromc charge = 1 602x10™! coul]
A ,gg;-:s% I oA h&“’*’ oA W
alc: ate !.bc 'ctw] coefﬁcxenu of Na* and’ SO4 ~ions aﬂ‘é“.:\-v- Taean-acitHsy- -
& 5 m 61)05 mol dm” of sodxum sulphate at 298K. ?&M/M >

—f

ne‘the catxon lransport number in 0 02 :
1.60x10” Zmp caused the boundary 0.
If the cross-section of the txansport e

14 b In a. movmg boundary expcnment to deternu
mol dm “lithium chloride’ soluuon a current of*
movc a dlstance of 7 00x102 m in 0.6705 hours:
; 15x10 m?, calcuﬁc_ﬁ:_g_l&n)sp_qrt numbcrs of the cation and amon EiSaR-o
e O fjé‘,; ¥s

e

- §4K19” i
d Ll ol f
1= 267 mdn? el o

| Kuw "JJ-Z" ""'n#-w‘. = jnagimd )
3 ‘70'00 —i(u&‘ N“’" .
T T
_4.9;,,-1 5 P 2151,;(,0 R s
: z:-.m_,i,u)a 2199 ¢ s 0ttmitd Az 7 A= :;qm,,, ,,35“,‘
354
.:l & "l-\m"“?ll Syt 'Pﬂmrlsl.&z .00";8,26 t‘h" ‘,ul-l K ...‘
e bt AR 13kanS” e_m”u,.ﬂ
e -3 fid
. eﬂv"‘, - A;C,«l, Aﬁ,l, He=. 10 med m 3 2
S /—— g H;

45 = A
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st s G —— FEE S

| it A ; ; 10°* ohm'

N The conducuvny ofa saturated solution of barium suplm la! ‘%a CTxhst ]?ri?l):ng rgogr

© . 'm™and of the conductivity water used‘is 0.618x10" ohm m 6 64 10 34ind 8.000 X .- 8

-coz;ductance at zero concentration for 1/2Ba and 1/7 SO. ‘are J X bt

. 107 ohm' m mol‘respecnvely A e i R
~Calculate the solubility product of banum sulphatc at_ this lcmpexature assummg, :

complele dxssocxanon of the sall Al Whier e fo’

Thc :hmmng molar \_onductancc at.zero concentration of tctracthylaTmOD}l’lm PﬂCl' ate - -
in.ethano (Vlscosxty, -0.0101-poise) at 298K is 5:54'x 10 *‘chm™m* mol .- Calculate
thcz-hm“""g fonic ‘conductance .of ‘the tetracthylammonium cation in"zcetone at 298K,
4,.8“’.,!1 thatthe limiting jonic . conductance atzero conccnn ation.of the’ pxccrate 1o‘n m
: acetone (vxscosxty 0 00316 ponse) at 298K is 8:242 x 10~ ohmi - m2 mol G

xiThe electrolym: CO']ducthIy ofa0. 001 ‘mol dm” of Na,SO, is 2.6 x 107 ohm m’ I.f.
‘.the ‘solution is saturated with’ CaSOy; the’ conducnvlty becomies’ 7Q x 102 ohm™m™, - P
- Calculate’ the . solubxhty product “-for- C3504 ngen the* jonic’ ‘molar conductancc =yesras g
(Na')— 5. OOxlO and A(1/2Ca2') 5 95x10 ohm m*~ mol ! at these mncentratlons s

The resmtancc ofa cell when ﬁl]cd wnh 0 Ol 'nol dm }\Cl was found to be 189 4 the' _
cell % was'then . ﬁllcd with: ammonia’ so]utlon of 0.01 mol de and the, resmtance was_'_ A
# 246051 - Calcu]atc the base dissociation: constant of* the ammonia: soluuon glven that thc" o =
 molar: conductanccs af mﬁmtc dxlunon ofK , CI'; NH4" and OH™are 7 64 % 10 il 35 x
10" 734 % 107, and. 19 86 x 10 ohm | m? mol respAcuvcly' > i

The classmal dxssomatxon constant of propanoxc ac1d is l 34)(10 at 25" C’a_rlg_’ thﬁ__——— :-*‘j“
hrmtmg 1omc conductancos at mﬁmte dx]uhon of the hydrogen and propa.noato rohs \arei -
3.498x1072 and 3:58 V0 3 ohm™ m? mol rcspec(xvoly Calculaio lhe remsthty of a,,\
.10mol de olutlo fpropanoxc acxd e

sl :.‘.‘M* "‘i:
1.\

_ ofdlssocxatlon of an ac1d HA in’ 0 Ol molar aqucous solutlon -at. 298K 15
‘Calculate the true dlssoc1at10n constant of the acid. “If to this solutlon is added
5 volumc of OOI mol’ dm aqueous sodium” hydrox1dc contalmng sodlum‘

5 whay w1ll bc (a) lhc ionic; strengih and (b) the hydrogen'ion.;, -

n}\ppntuun 10‘._850g sxlver mtrat" per lOOOg water’ was electrolysed betwecn
3 “elctrodes. CAfter. clctrolysxs thé: wholc solution: :was:removed- -and:was found: { :
rlgﬁ' éb 900 On -anal¥sis it was’found'to conhm silver'e ec;ulva]em t00.7217g silver. ** ‘3
: aﬁ‘&ale a.coﬂomctetm seriés; '0\046723 coppers wa? acposxtcd ,E'Ca}culate t}\e

thumber.of the SllVetnon and the nftrate ion ¥
< I '4‘. v':‘:i't.sl- 5 ' o

g s .
.\\mtr\ 5 o "'-..,., pal

1 N *\ z]vp:-‘t

Ak w‘"
S \’ 3 ?‘
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e :
“an equal volume’of 00. mol; dm3 aqueous sodivra-Hydroxide containing sodium’ . _
sulphate, at 0.003 rrol dm i \"bal will be () the i 1o~uc sl'c-wm and (b) the h)dmgcn ion
-~ concentration of thc 'csu.u.m solut on?

7. A mlu(lon com.:u:‘g 0. aS 0Og silver te per 1000g waler was clectrolysed Hetween
silver elctrodes. Afler elctrolysis vhole soluiion was removed and vas found b=
weighg 54.900g. On arcly‘n it swwas found to cot g silver cquivalent i 0.7217g% </ll
nitrate. In 2 coulometer in series 0 046/23 copper waR > Calealale’s

" trznsport number of ihe silvsr fon and the nitrale 1(‘:} > il
. / e
/ "73/\ b el ¢ ’( S ' 3
g H'— £ 7 - :_: g, L :‘j"_’. s
1 / 4 g ; p.’ \ = J'sf y

. molar co"ductarc=s &t nnm'
10%,734x19%and 1

s ._:ZO:F::\:? Ogiisamnt'" solution of barium &1
iy -‘20!‘ lw.tyw-uel used {8 0.618x10 ok
‘0_ s CA‘? C;anuwdr..u..n for 1/2Ruand 1/2 SO4 i
ohm™ m*® mo} respectively.
Caleulate, the solubili ty prod
complete dnssuc.nhon of the

3 A
piate ¢l <. 07 ol

. o T . E e . 3
cf.of bartum sulplwle al this tompertiure, assunneg
i, ¥

The limiting molar: LOT'dJ\l mc
in cthanol (vns;o:. ty=
tic limiting icnic con

Caleulate
ion in acelone at 208K,
0 concant of the picerale ionin
5 8.242.x ‘0') ohm ' m? mot™.

given that the Himi
acciene (viscosity

'.ro v_nc co'u...u.'w)'y ox’ n_,ml mgl dm™ o(\unf)« i5 2.0 x 107 alwy ' 'L X
lhc solutio > X

0’1‘-\ i mol™ 4t \\\z_:~ concentraiions.

th resistance ofa LC“ whcn £l with O. 01 niol dm" KCI w;s found fo he '“-41'1.. §
ccll was then filled Wit nia solution of .01 macl dm™ and the rcsistance was

24600 Calcm?t- the bask ofrcoastant m Alig"ammonia Soiufion gixicr that the

I, C' \hq d 01 1rc76«‘ 17 235
o moi? rvsobcuvc.y

5x"

Ah‘: classxca‘. d'sw\la'\o'm cons: ant of propanvic .md is 1325107 4 25°C wnd the

“limiting i mmc conductanc cs at mh ite dxln'mn af the hydrogen ainl propanoate ionsare

3.498x107 .'md 3.58 %10 7 oha i ot respectively. Caleulate the resistivity of a
6.10mol dm™ soh.‘m.x of propanuic acid.

T'u. dvgn,c of dissociation of an ucid HA in 001 violar aqueous solution ai 298K is
-.0.0510. Calculate the true Gissociation constant of the acid. I to this dotuiion is added
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' DEPARTMENT OF CHEMISTRY :
ngiygm AWOLOWO UINVERSITY, ILE-IFE, NIGERIA
HARMATI‘AN SEMESTER EXAMINATION, 2013/2014 SESSION
' 'CHM 403 - ELECTROCHEMISTRY - e
TIME ALLOWED - 2¥: HOURS W
~ Answer e'\ch section in separate boollet

A g i : SECTION A .~ il ¢ A B &?6
‘QUESTIONONE =~ mwixc @insboss fooc iR gfv’ ,

a. State I\ohlrausch law ofmdependmt méoration of ions. A /\/v/ p
Rl ThS

b ‘The 1“"““‘8 molar’ conductxvxtxes of Nal, NaCH:COz, and Mg(CH;COz)z are 12.69
mS m? miol, 9.10 mS m?mol”, and 18.78 mS m 2mol! rcspccuvely (all at 25 °C).

_lbmd/‘

- % What is the lxmmng molar conduclwny of \4012 : y““ S
e i The Oswald dilution- law given 2s |\°“ M‘) gL N
o~ 2500 RS
S. “a .iﬁ,& can be used to dch,rmmc the dxssocxanon constant of a\wea-k L
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T . acid. A chemist, 'in-an attempt {0 determine the dissociation constant and the “4/
e ‘ hmmng mola.r cogd_ucnvxry Obe[unO]C acid, plotted e Versus. A e ev‘\y/‘/
g = A, '
i ’< d cbta reda saaAght line graph witls 11.c alupe be..:g equalto 0454 S2 e o5 1 o
i SRR . i
ik dmﬁ‘} and the mtercept on the Lams equals 10°0. 0023 S cm’ 2 mol. Process this
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é{ = mformatxon to dctermmc Ka and A for bulanmc ac;d . ,g L AR
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%  Discuss the factors that affect the moblhty of an ion in sQunon in the presence of
> b " an apphcd electric field. _re(mah\ By elschro Pluov 2T o ( a
T e . f_/ b0 s e sl 009'
. .b. Calculate Z, 7z, and ax fora 0. 0250m soluuon of AICl; at "98 K. Assume colr:xplete
P dxssocxanon A AR L . A Ao
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c. Chloroacetic acid has a dxssocxanon constant of 1_ 38>< 1 0 Calculate the degrce of
“ dissociation for a 0. 0825m solutxon of this acid usmo the Debye- Hucke\ hmmng
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SECTION B

QUESTION ONE

a. - Show Jhow the g
b. "Skeich the
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QUESTION THREE (BONUS) ., °% ™ -\
ctrodes inBiosensors OR Fuel cells. (NB:

Discuss the application(s) of el
"Discussion without half-cell reactions will attract no marks)
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QUESTION O z '

W

" Wb!t&a Wﬁﬁﬁderstar;d -by the term “transport number™.

S T TR0 S oy 3
t." ‘f'?””'miﬁng molar conductivity, A°, for IKCl (2q) at 25°C is l{%)9.'8 %,cm' mol
r and the limiting molar ionic conductivity for K (2q) is 73.5.S cm” mol™, calculate

. the trans'ppn number t; for the K* ion. What is t. for vCl'v (aq)
QIR o oo’ e

a. The l5°h‘b'ilﬁ)'. of a sparingly soluble salt MX is described by the following

~ equilibrium

MX

M*(aq) + X(zq)

Show that S, the solubility of MX depends on the solubility product of MX (Ks)

and the jonic strength of the solution as follows (ais a positive constant)
1 . 3
log,, $=’2‘ng|0 Ig.\‘ +aﬁ- \
- b. Calculate Z, 5%, and a. for 2 0.0325m solution of K.Fe(CN); at 208 K
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T\me‘ allowed: 2 hour
n\tl"UCtlon Ans“,er All QueStlons i ; £C. = ours
n the same b , ; 5
1ge between: Secnons A and B ® booklet but leave & Blank

onstants : R=8.314 J mol’, F=96500 coulomb mol”
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© Question 1 y “/‘“k =~ :
(a) Give the S.I. units of (i) concentration of a sclution (u) activity of a solutioni” b
(b) Arrange and give reasons (5.10.6 lines) the order of i increasing molar conductwny : é’
of the following -electrolytes, potassmm sm_lp‘xatc hthmm hate and N
tetraoxosulphate (V1) acid— . S :w»’é—a- 5 D
J'(C) T‘P molar conductivity of sodium ﬂuonde in 0 10 mol dm™ solution-is g, 35 m 2 6\»
"' mol The salt may be taken as 92% dissociated: If. the transport numbcr of \)
Z sodmm ion is. 0 45, ca)culﬂte the mobilities of Na* and F ions. ;
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Question 2 3 il
(a) Define the term activity coefﬁcxc*\t A *
(b) % Lt - < 4gh< M, SOy

"I?'r

Qm]me (6 lines or less) the salient features of the .variation of activity coefﬂcxents
- with concentration shown in the diagram above. ey

(c) The transference number of sodium ion in sodmm cyanide is 0.384 and that of \he
sulphate ion in tétrzoxosulphate (V1) acid is3212. The. molar. conductivities at:
infinite dllutxon of sodium cyanide and tetra oyosulp‘mat" (Vl) acxd are 2.45 and
10.68 m*> Q' mol ! respectively, calculate, , )

(1) the transference number of the cyanide jon 17 ko ,

3= (u)' the molar. conoucuvny at infinite dilution of hydrogen cyamde
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