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DIRECT COULOMETRIC DETERMINATION OF FARADAY’S CONSTANT 
A HIGH SCHOOL AND COLLEGE EXPERIMENT 
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The value of Faraday’s constant was determined using 
the direct coulometric method. Electrolysis of water (i.e. di-
luted solution of sulphuric acid) was carried out in Hoff-
mann’s apparatus. The quantity of evolved hydrogen was cal-
culated by measuring the volume of the hydrogen gas, em-
ploying the ideal gas approximation. 

Keywords: Faraday’s constant; direct coulometry; college 
chemical experiments 

INTRODUCTION 

In the early years of the nineteenth century, 
Faraday discovered the laws of electrolysis [1]. 
According to the Faraday’s first law, the mass of 
the substance obtained by electrolysis (ms) is pro-
portional to the quantity of electricity that has 
passed through the system (q). The law may be 
expressed by the following equation: 

qkm ss = (1) 

where the constant ks is called electrochemical 
equivalent of the substance (denoted by the index 
s) in question.

Faraday’s second law states that the electro-
chemical equivalent of a given substance is propor-
tional to the ratio of its molar mass (Ms) and the 
relative charge of its ions in solution (zs), i.e.: 

s
s

s Fk
z

M
=  (2) 

where the proportionality constant F is called 
Faraday’s constant or Faraday. 
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One may quickly arrive to the physical mean-
ing of the Faraday’s constant by simply combining 
eqs 1–2 : 

 
M
z

Fks

s
s=  (3) 

and then substituting physical quantities with their 
numerical values : 
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s
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M
m =  (4) 

In which case : 

 }{}{ qF =  (5) 

So, Faraday’s constant is numerically equal to 
the quantity of electricity required for electro-
chemical transformation of one mol of a substance 
that includes a relative charge change equal to one. 
In fact, it is equal to the (molar) quantity of elec-
tricity, corresponding to Avogadro’s number of 
electrons. Its value is 96485 C mol–1. If, say, a 
quantity of electricity equal to 96485 C passes 
hrough an aqueous solution of AgNO3, a quantity 
of 1 mol silver will be deposited on the cathode. 

Faraday’s constant is usually determined by 
some suitable gravimetric method. For that matter, 
an aqueous solution of copper(II) sulphate is 
widely used [2]. However, this experiment, al-
though accurate in principle, is not attractive 
enough as a lecture demonstration – the students 
can not follow the changes in the system during the 
process of electrolysis. It may also appear to be 
time consuming. Very precise measurements of the 
Faraday have been performed by high-precision 
coulometry [3], at a price of a rather complex in-
strumentation.  

As an alternative, we suggest the experiment 
described below. It is attractive, quite fast, the 
changes are clearly visible and it also gives the 
opportunity of discussing various sources of errors 
that affect the final result, as well as their impor-
tance relatively to each other. 

MATERIALS AND EQUIPMENT 

Diluted solution of sulphuric acid (ρ = 1.130 
g⋅cm–3), Hoffmann’s apparatus, multimeter, d. c. 
power supply (car battery or dry batteries), ba-
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power supply (car battery or dry batteries), ba-
rometer, thermometer, chronometer. It is desirable 
that the precision of all instruments be as high as 
possible, to ensure higher precision (as well as ac-
curacy) in the measurement of the final quantity 
(F). 

EXPERIMENTAL 

This experiment can be performed with 
Hoffmann’s apparatus, or an improvised one, 
shown in Fig. 1. It consists of parts of burettes, 
platinum electrodes, regular and three-way stop-
cocks and a reservoir, which are connected with 
plastic tubings. The main advantage of the impro-
vised apparature is, perhaps, the possibility for 
more precise measurement of the volume of 
evolved gas. Diluted aqueous solution of sulphuric 
acid may be used as an electrolyte. A car accumu-
lator, two dry batteries of 4.5 V, or a rectifier may 
be used as a current source. The first source is the 
one that is preferable, as it is gives constant current 
for quite a long time. 

 
 

�

�������$����"�%�����'������"���������
�a – ���)�����������+�b – ������
������������+�c – 
��"����
��������%���� "�3�+�d – 
��"����

Fig. 1. Improvised Hoffmann’s apparatus:  
a – piece of burette; b – platinum electrode; c – three-way stopcock; d – stopcock 
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 The density of the sulphuric acid solution has 
to be measured (a picnometer may be used, but an 
areometer also gives results that are precise enough 
and has an advantage, the measurement being 
much faster). Then it should be placed into dry (or 
washed with the same solution) Hoffmann’s appa-
ratus. Care should be taken when filling the appa-
ratus with the acid, due to the possibility of ap-
pearance of air bubbles in the tubes. The apparatus 
should be cleaned carefully before use. Otherwise, 
during the gas evolution, droplets of the solution 
may stick on the tube walls and increase the meas-
ured volume of hydrogen. The circuit should be set 
as shown in Fig. 2. 

�
����.��D ���������
��������������������� ���

Fig. 2. Set-up for demonstration 
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 By closing the circuit, one starts the meas-
urements of time and current. If the current is con-
stant (as is the case when a car accumulator is used 
as a current supply), the quantity of electricity may 
be simply calculated as a product of time and cur-
rent. Otherwise, if the current varies with time (e.g. 
when dry batteries are used as a current supply), a 
numerical integration should be performed. Elec-
trolysis is performed for several minutes (at least 
15 cm3 of hydrogen should be generated). After 
that, the volume of the hydrogen is read from the 
graduated tubes of the apparatus. Also, the height 
difference between the solution in the middle tube 
and in the tube where the hydrogen is evolved 
should be measured, in order to make corrections 
due to the hydrostatic pressure of the diluted sulfu-
ric acid solution. 
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I = 1,10 ± 0.01 A 

t = 210 ± 0,5 s 

V = 30,3 ± 0,2 cm3 

h = 27,0 ± 0,2 cm 

Pbar = 98052 ± 2 Pa 

CALCULATIONS 

If the current is constant, than the quantity of 
electricity exchanged is equal to I⋅ t. This product 
is also equal to F⋅ ne, where ne is the quantity of 
exchanged electrons. The reaction of hydrogen 
evolution can be represented by the following 
equation: 

 OH2H2OH2 22
+

3 +→+ −e  (6) 

from where it is obvious that ne = 2
2Hn . Using the 

ideal gas approximation, one gets: 

 
RT
PV

n =
2H  (7) 

and, finally: 

 
PV

ItRT
F

2
=  (8) 

where P and T are the pressure and the temperature 
of the hydrogen. This pressure can be calculated by 
the following equation: 

 ghPPP ρ+−= (corr.)OHbar 2  (9) 

where Pbar is the pressure read from the barometer, 
PH O2

(corr.) is the pressure of water vapor at the 

ambient temperature, corrected due to the presence 
of sulphuric acid using the modified Raoult’s law 
(Appendix 1) [4]. The product ρgh is the hydro-
static pressure of the solution.  

A calculation of the value of F is given in the 
worked example given below. A thorough discus-
sion on the possible errors is given in Appendix 2.  

WORKED EXAMPLE 

The following values for the physical quanti-
ties were measured during one of the experiments 
(the uncertainties of the measurements, i.e. the lim-
its of precision are also given): 

I = 1.10 ± 0.01 A 

t = 210 ± 0.5 s 

V = 30.3 ± 0.2 cm3 

h = 27.0 ± 0.2 cm 

Pbar = 98052 ± 2 Pa 
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T = 297,5 ± 0,5 K 

ρ H SO2 4
 = 1,130 ± 0,001 g·cm–3 

PH O
*

2
 = 3150 Pa. 
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 F = 96039 ± 1923 C mol–1. 
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T = 297.5 ± 0.5 K 

ρ H SO2 4
 = 1.130 ± 0.001 g⋅cm–3 

PH O
*

2
 = 3150 Pa. 

From the above, one calculates: 

 F = 96039 ± 1923 C mol–1. 

The estimation of the precision of the meas-
urement (∆F) is given in Appendix 2. 

APPENDIX 1 

According to Raoult’s law the lowering of the 
water vapor pressure, due to the presence of sul-
phuric acid and taking into account only the first 
dissociation step (the influence of the second step 
is assumed to be compensated by the values of the 
activity coefficients), is: 

 )1(
4222 SOH

*
OHOH ixPP −=  (10) 

where PH O
*

2
 is the vapor pressure of pure water at 

the ambient temperature, i is the van’t Hoff’s coef-
ficient (as previously mentioned, the value of 2 
was assumed for i), and xH SO2 4

 is the mole fraction 

of sulphuric acid. 

APPENDIX 2 

The application of a standard mathematical 
treatment of the possible errors [5], will be demon-
strated. One starts with the following equation: 

    ghPPV
ItRT

F
ρ+−

=
(corr.)
1

2 OHbar 2
  (11) 

Taking logarithm on both sides, one obtains: 

)(corr.)ln(
ln)2/ln(lnlnlnln

OHbar 2
ghPP

VRTtIF
ρ+−−

−−+++=
   (12) 

(For simplicity, in the last and all of the following 
equations, the symbols for physical quantities – A 
are used instead of the symbols for the correspond-
ing numerical values {A}.)  
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Differentiation of this final form: 
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leads to: 
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As PH O2
(corr.) is very accurately calculated, 

within the approximations used, one finally gets: 
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To use this equation in the estimation of er-
rors, one usually substitutes the infinitesimals by 
the corresponding 'limits of precision' for each of 
the measured quantities, and also takes the absolute 
values of all terms, i.e. 
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  (16) 

The limits of precision (the corresponding 
∆’s) of the measurements in this experiment, were 
given in the worked example. By substitution, one 
easily obtaines : 

 ∆F = 1923 C mol–1 

It is self understood that all above calcula-
tions should be done using a computer, to get rid of 
the (always!) tedious algebra manipulations. 
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