
Question
 
I have noticed that some textbooks refer to Faraday’s 
laws of electrolysis whereas others refer just to Fara-
day’s law. Which is correct and why?

James Bohning
Department of Chemistry
Lehigh University
Bethlehem, PA 18015

Answer

In sharp contrast to the approach taken in earlier col-
umns, this question is best answered mathematically, 
rather than historically, by first providing a rigorous 
derivation of Faraday’s law(s) using the notational sys-
tem introduced by the Belgian physicist, Théophile De 
Donder, (1872-1957), in the 1920s (1). Thus, for a 
generalized chemical reaction:

aA + bB → cC + dD                                                   [1]

the change in the amount or extent of reaction, dξ, 
measured in units of moles of reaction events, is de-
fined as the change in the moles, dns, of any of the 
various species, s, in the reaction, weighted by its stoi-
chiometric coefficient, νs, in the balanced equation:

dξ = dns/νs = dnA/a = dnB/b = dnC/c = dnD/d            [2]

where νs is assumed to have the units of moles of spe-
cies s per mole of reaction and to be inherently nega-
tive for reactants and inherently positive for products. 
Using these conventions, De Donder was also able to 
express the rate of a reaction in terms of the change in 
its extent of reaction per unit time (2):

dξ/dt = (dns/dt)/νs                                                       [3]

	
 Applying this notation to the equation for a typical 
electrochemical reduction:

νoOx  +  νee- →   νrRed                                              [4]

we can express its rate of reaction, dξ/dt, in terms of 
either the weighted change in the moles of electrons 
consumed per unit time, (dne/dt)/νe,  or the weighted 
change in the moles of any one of the various chemical 
species generated or consumed per unit time (dns/dt)/νs :

(dne/dt)/νe  = (dns/dt)/νs                                              [5]

Multiplying both sides of this equation by Faraday’s 
constant, F, having the units of coulombs per mole 
electrons, and using the fact that the product, Fdne,  is 
equal to the change in the number of coulombs, dQ, 
and its time derivative, dQ/dt, is, in turn, equal to the 
electric current, i, gives us:

F(dne/dt)/νe  = (dQe/dt)/νe  =  i/νe  = F(dns/dt)/νs       [6]

Regrouping the terms and defining the ratio (νe/νs) as 
zs, with the units of moles of electrons per mole of spe-
cies s, we obtain the differential form of Faraday’s law:
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Figure 1.  Michael Faraday (1791-1867).



idt  = (νe/νs)Fdns = zsFdns                                          [7]

In an introductory chemistry course we usually further 
assume that the current, i, is constant over time, thus 
allowing us to use a simple integrated form of equation 
7 instead:

it = zsFns                                                                     [8]

in which the two most important electrical variables (i 
and t)  are segregated on the left and the two most im-
portant chemical variables (zs and ns) are segregated 
the right.	

	
 Textbooks have traditionally summarized Faraday’s 
original work on electrolysis, which dates from the 
1830s, in the form of two verbal statements known 
collectively as Faraday’s laws of electrolysis (3):

a.	
 The mass of any substance deposited or dissolved 
is proportional to the absolute quantity of electricity 
that passes through the cell.

b.	
 The masses of different substances deposited or 
dissolved by the same quantity of electricity are pro-
portional to their electrochemical equivalent weights.

It should noted that, although these textbook state-
ments accurately summarize his results, Faraday him-
self never clearly distinguished between these two 
statements but rather combined them into a single verbal 
law which he called the “doctrine of definite electro-
chemical action” (4):

... the chemical power of a current of electricity is in 
direct proportion to the absolute quantity of electricity 
which passes ... the results obtained for any one sub-
stance do not merely agree among themselves, but also 
with those obtained from other substances, the whole 
combining together into one series of definite electro-
chemical actions.

By the term “definite” Faraday meant that the results 
were in keeping with the law of definite proportions or 
equivalents.   
	
 In order to recover these two laws from equation 
8, we need to make use of the fact that the moles, ns,  of 
species s is equal to its mass, ms,  divided by its molar 
weight MWs, which, upon substitution into equation 8, 
gives the result:

it = zsF(ms/MWs)                                                        [9]

Solving this for ms and recognizing both that the terms 
in parentheses on the right side of the resulting equa-

tion are a constant, ks, for a given species and that the it 
term is equal to the total charge Q, we obtain the mathe-
matical equivalent of Faraday’s first law of electrolysis:

ms  =  (MWs/zsF)it    or    ms = ksQ                           [10]

Regrouping the terms again and recognizing that MWs/
zs for a given species, s  is equal to its electrochemical 
equivalent weight, EWs, we obtain, provided that Q is 
kept constant, the mathematical equivalent of Fara-
day’s second law:

ms = (Q/F)(MWs/zs)   or    ms =  k’(EWs)Q                        [11]
	

	
 Based on these derivations, we can draw a number 
of important conclusions:

1.	
 Since the two traditional verbal laws can be com-
bined into a single mathematical equation (equation 8), 
it is more appropriate to talk of Faraday’s law rather 
than Faraday’s laws (5).

2.	
 As demonstrated by the Italian chemist, Carlo 
Matteucci (1811-1868), in 1839, the relationship em-
bodied in equation 8 is equally applicable to both an 
electrolysis cell and to a voltaic cell (in which case it 
correlates the current generated by the cell with the 
amount of reaction within the cell, rather than the 
amount reaction in the cell with the applied current) 
(6). Hence, it is no longer appropriate to talk of Fara-
day’s law of electrolysis. Rather it should be called, 
following Faraday’s original suggestion, Faraday’s law 
of electrochemical action, in which the concluding 
qualifier is necessary in order to distinguish it from 
“Faraday’s law of magnetic induction,” as used in the 
field of electromagnetism.

3.	
 Our derivation clearly shows that, in contrast to 
the Nernst equation, which is thermodynamic in na-
ture, Faraday’s law of electrochemical action is kinetic 
in nature (7).

	
 Though I was taught equation 8 as an undergradu-
ate, I was rather surprised to recently discover that the 
author of the Freshman textbook used at Cincinnati 
seems to be unaware of it and that the entire subject is 
essentially missing from the textbook currently being 
used in our undergraduate physical chemistry course. A 
quick review of additional Freshman and physical 
chemistry textbooks yielded similar results. In many 
cases only the verbal equivalent of the first law was 
given or a series of special-case relationships similar 
to equations 10 and 11, thus suggesting that it is time that 
we finally update our textbook coverage of this subject.  
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Do you have a question about the historical origins of 
a symbol, name, concept or experimental procedure 
used in your teaching?  Address them to Dr. William B. 
Jensen, Oesper Collections in the History of Chemis-
try,  Department of Chemistry, University of Cincinnati, 
Cincinnati, OH 45221-0172 or e-mail them to 
jensenwb@ucmail.uc.edu 
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