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SERIES INTRODUCTION

Like most museums, only about 25% of the holdings of the Oesper Collections 
in the History of Chemistry are on public display at a given time. In order to make 
the remaining 75% available in some form, it was decided to initiate a series of 
short museum booklets, each dedicated to a particular instrument or laboratory 
technique of historical importance to the science of chemistry. Each booklet would 
include not only photographs of both displayed and stored museum artifacts re-
lated to the subject at hand, but also a short discussion of the history of the instru-
ment or technique and of its impact on the development of chemistry as a whole. 
Several of these booklets are expansions of short articles which have previously 
appeared in either the bimonthly series Museum Notes, which is posted on the 
Oesper website, or the series Ask the Historian, which appeared in the Journal of 
Chemical Education between 2003 and 2012.

William B. Jensen
Cincinnati, OH

April 2014





Introduction

The physical makeup of an electrolysis cell is virtually identical to that of the vol-
taic cell discussed in Booklet 8 of this series. Like the voltaic cell, it generally 
consists of two solid electrodes (called the cathode and anode) in contact with a 
suitable ionically conducting liquid or electrolyte and, in more elaborate cells, the 
cathode and anode may also be separated by a porous membrane or spacer. But if 
the physical construction is virtually identical, the chemistry is not. In a voltaic 
cell thermodynamically favorable chemical reactions are used to generate electri-
cal energy, whereas in an electrolysis cell thermodynamically unfavorable chemi-
cal reactions are induced by means of an external source of electrical energy in the 
form of either a battery or a direct current (DC) electrical generator. Since all of 
our museum holdings relate to electrolysis cells used in either the laboratory or 
the classroom, we will discuss these academic applications first, followed by a 
brief overview of the equally important industrial uses of electrolysis, for 
which we have – largely for reasons of their prohibitive size – no correspond-
ing museum artifacts.

Uses of Electrolysis in Preparative Chemistry!

The first important preparative use of electrolysis was in the isolation of previ-
ously unknown chemical elements. This was first accomplished by the British 
chemist, Sir Humphry Davy (figure 1), in the period 1807-1808, when he suc-
ceeded in electrochemically preparing the first known samples of the elements K, 
Na, Ca, Ba and Mg.1,2 This required use of an enormous multi-cell trough battery 
recently acquired by the Royal Institution of London, where Davy was employed, 
rather than an inefficient voltaic pile. Davy tried a variety of electrolysis arrange-
ments involving either molten salts of the elements in question or moistened 
pieces of their solid hydroxides, but found that the elemental metals frequently 
burst into flame at the moment of their liberation at the cathode. His final and most 
successful cell arrangement was actually suggested to him by the Swedish chem-
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ist, Jöns Jacob Berzelius, and consisted 
of  placing a moistened piece of the 
corresponding metal hydroxide on a 
sheet of platinum metal and a puddle 
of mercury in a small cavity on the up-
per surface of the hydroxide sample 
(figure 2). The platinum sheet and 
mercury puddle were then connected 
to the poles of a battery such that the 
former functioned as the anode and the 
latter as the cathode, leading to deposi-
tion of the elemental metal as an amal-
gam which could then be separated 
from the mercury by distillation. 
! In the case of potassium – the first 
element to be isolated in this manner – 
the idealized cell reaction would pre-

sumably have been:  

!Eel + 4K(OH)(s)  !  
                  4K(s) + O2(g) + 2H2O(l) 

in which K(I) is reduced to K(0) at 
the cathode and O(-II) is oxidized to 
O(0) at the anode. Analogous reac-
tions would presumably apply for 
the other metal hydroxides as well. !
! However, this reaction, as writ-
ten, would never have occurred in 
the absence of the added electrical 
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Figure 1. Sir Humphry Davy (1778-1829) 
posing with his famous miner’s safety lamp 
(far right).

Figure 2. A modern representation of Davy’s 
final method of electrochemically preparing 
the alkali and alkaline-earth metals. P’ is the 
platinum anode, M is the mercury cathode, P is 
a platinum wire, S is the moistened hydroxide.



energy (!Eel). Today we know that chemical reactions will not produce a signifi-
cant yield of products unless they are thermodynamically favorable as measured 
by a negative value for their corresponding change in free energy (!G) as given by 
the equation:

!G  =  !G° + RTlnQ                                                                                             [1]

where !G° is the change in the standard-state free energy, R is the ideal gas con-
stant, T is the absolute temperature, and Q is the activity quotient. In the case of an 
electrolysis cell, however, this equation, must be modified to:

!G  =  !G° + RTlnQ - zFEappl                                                                              [2]

where z and F are constants and Eappl is the electrical potential or voltage applied 
to the electrolysis cell. As may be seen, even if !G in equation 1 is positive (i.e., 
thermodynamically unfavorable), this can be changed to a negative (i.e. thermo-
dynamically favorable) value in equation 2 if a sufficiently high voltage is used. In 
addition, since the various products of electrolysis appear at different electrodes 
and are thus spatially isolated from one another, they are prevented from sponta-
neously recombining once formed. However, these thermodynamic facts were not 
appreciated until the very end of the 19th century and for most of this century 
electrochemists proceeded empirically when it came to discovering new examples 
of electrochemical synthesis and isolation.
! Electrolysis was certainly used to isolate the first samples of a number of 
other newly discovered metallic elements throughout the century, as well as to prepare 
samples of known elements, but was not considered especially news worthy until 
it was employed by the French chemist, Henry Moissan (figure 3), in 1886 to iso-
late the first known sample of elemental fluorine.3, 4 Though long known in com-
bined form, the high reactivity and extreme electronegativity of this element had 
prevented its isolation as a simple substance using standard chemical methods and 
had, in fact, caused the deaths of several chemists who made the attempt.5 
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! Moissan succeeded where others 
had failed by electrolyzing liquid anhy-
drous hydrogen fluoride (HF) that had 
been made ionically conductive through 
addition of a small amount of the salt 
potassium hydrogen difluoride [K(HF2)]:

!Eel + 2HF(l)  !  H2(g) + F2(g)   

Here H(I) is reduced to H(0) at the cath-
ode and F(-I) is oxidized to F(0) at the 
anode. However, since both HF and F2 
attack glass, the U-shaped electrolysis 

cell was made of platinum, the elec-
trodes of a special platinum-iridium al-
loy, and the seals of fluorspar (naturally 
occurring CaF2) coated with gum lac. In 
addition, since HF is a gas at room tem-
perature and could only be maintained in 
the liquid state by cooling, it was neces-
sary to partially submerge the electroly-
sis cell in a bath of methyl chloride (fig-
ure 4). 
! 19th-century chemists soon discov-
ered that electrolysis could be used not 
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Figure 4.  Moissan’s original electrolysis 
cell for the isolation of elemental fluorine 
as depicted in his book La fluor et ses 
composés

Figure 3. Henri Moissan (1852-1907) 
posing in his laboratory. Note the electri-
cal control panel on the far left.



only to isolate various elements, but also to synthesize a wide variety of chemical 
compounds. Typical examples include the preparation of potassium chlorate via 
electrolysis of a concentrated aqueous solution of potassium chloride:

!Eel + KCl(aq) + 3H2O(l) ! K(ClO3)(aq) + 3H2(g)
 
in which Cl(-I) is oxidized to to Cl(V) at the anode and H(I) is reduced to H(0) at 
the cathode, or the electrochemical conversion of the hydrogen sulfate anion 
[H(SO4)]- into the peroxydisulfate anion [O3S(O2)SO3]2-: 

!Eel + 2Na(HSO4)(aq) ! Na2(S2O8)(aq) + H2(g)

in which one fourth of the O(-II) is oxidized to O(-I) at the anode and H(I) is re-
duced to H(0) at the cathode. 
! As written, the above net cell reactions belie both the complexity of the ac-
tual situation and the nature of the underlying mechanisms. In many cases several 
competitive electrode reactions are occurring at once. In the case of the potassium 
chloride electrolysis, for example, these include direct oxidation of the chloride 
ion to elemental dichlorine gas and oxidation of the water to dioxygen gas and hy-
drogen ion. Only later was it discovered that one competing reaction could be op-
timized relative to the others by careful control of the electrode potential. 
! In yet other cases the initial product produced at the electrode is a reactive  
intermediate that subsequently reacts with some component of the electrolyte to 
produce the final product. Thus early 19th-century chemists observed that the hy-
drogen and oxygen generated at the electrodes during the electrolysis of water 
were unusually reactive. This led to the hypothesis that they were initially formed 
as free atoms, which only subsequently dimerized to diatomic molecules. Known 
as the “nascent state,”  these transient free atoms were thought to be the cause of 
many of the observed electrochemical reactions.6 Thus, in the case of the potas-
sium chlorate preparation, it was originally assumed that the chloride was directly 
oxidized to chlorate by the nascent oxygen generated at the anode, though this 
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mechanism is no longer accepted: 
  
KCl(aq) + 3O* ! K(ClO3)(aq)

! By the last decade of the 19th century and the first two decades of the 20th 
century, university-level lecture and laboratory courses in electrochemistry would 
become commonplace, along with a plethora of accompanying journals,7 
textbooks8-10 and laboratory manuals.11, 12 The latter would usually feature several 
representative electrochemical syntheses and, indeed, in 1898 Franz Peters would 
publish a 704-page summary of the known electrolytic reactions of the elements 
and their compounds13 and in 1911 Karl Elbs would publish a laboratory manual 
devoted exclusively to the subject of electrochemical synthesis.14  
! All of the above examples involve inorganic chemistry. The first significant 
applications of electrolysis to organic chemistry are generally attributed to the 
German chemist, Hermann Kolbe (figure 5), in the period 1845-1868,15, 16 who ap-
plied it to aqueous solutions of various 
organic acids and esters. Kolbe’s most 
famous result, now known as the Kolbe 
synthesis or the Kolbe electrolysis, in-
volved the electrochemical oxidation of 
organic carboxylic acids:

!Eel + 2RCOOH(aq) ! 
                          R2(g) + 2CO2(g) + H2(g)

in which the carbon atoms of the car-
boxylate groups are formally oxidized 
from C(III) to C(IV) at the anode and 
H(I) is reduced to H(0) at the cathode. 
This proved to be a useful method for 
the synthesis of various alkanes. Indeed, 

 OESPER MUSEUM BOOKLETS

- 6 -

Figure 5. Hermann Kolbe
(1818-1884).



if one electrolyzes a mixture of two different 
carboxylic acids, RCOOH and R’COOH, one 
will obtain a permuted mixture of all of the pos-
sible alkanes: R2, R2’ and RR’. Though Kolbe in-
voked nascent oxygen to explain his results, our 
current rationale postulates instead the formation 
of free alkyl radicals as intermediates. By 1896 
sufficient results had accumulated in this field to 
fill a small specialty monograph by Löb17 and 
large portions of the books by Peters13 and 
Elbs,14 mentioned earlier, were also devoted to 
this subject.
! A second significant advance in organic       
electrochemistry is generally attributed to the 
German physical chemist, Fritz Haber (figure 6), 

who in 1898 showed that the nature of 
the products obtained from the elec-
trolysis of nitrobenzene were critically 
dependent on the cell potential18 and 
whose approach was summarized in a 
1910 volume by Moser entitled Die 
elektrolytischen Prozesse der organ-
ischen Chemie.19 

! Since the composition of the electro-
lyte, and thus the resistance of the cell, 
changes during the course of electroly-
sis, maintaining a constant potential re-
quires continuous  monitoring and can 
be quite tedious. However, in 1942 A. 
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Figure 7.  A circa 1958 Redoxotrol Model 
III unit for constant potential electrolysis. 
The control unit is on the left and the elec-
trolysis cell on the right.

Figure 6.  Fritz Haber
(1868-1934).



Hickling proposed the first electronic potentiostat for performing this function 
automatically.20 By the late 1950s various commercial potentiostats, such as the 
Redoxotrol (figure 7), were available, which also incorporated additional func-
tions, such as graphing the changes in the various electrical parameters.21 Though, 
in keeping with the electronics of the period, the initial instruments were large and 
cumbersome, modern advances in solid-state electronics and computers have now 
greatly reduced their size. Use of this instrumentation also required that a third 
electrode, known as a reference electrode (usually a SCE or standard calomel elec-
trode), be added to the traditional electrolysis cell in order to monitor the cell po-
tential and produce feedback for the potentiostat.

Uses of Electrolysis in Analytical Chemistry

Writing in 1958, Allen observed that “the 
cells used for electrolysis can be as varied as 
one’s imagination will permit.”21 The truth 
of this statement may be verified by compar-
ing the cells used by Davy and Moissan, as 
described in the previous section. Thus, in 
the case of electrochemical synthesis, there 
is no standard electrolysis cell to be found in 
a laboratory supply catalog or in most 
museums.22 Fortunately, when it comes to 
the analytical applications of electrolysis, 
this is no longer the case, since standardiza-
tion and reproduceability are absolutely es-
sential in this field.
! As early as 1800 William Cruickshank, in the first paper to describe the effects       
of the newly discovered Voltaic pile on aqueous salt solutions,23 noted the ease with 
which copper was plated from its solutions and suggested that this phenomenon 
might be useful as a means for the analytical detection of this element. Though, dur-
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Figure 8. Oliver Wolcott Gibbs
(1822-1908).



ing the first half of the century, at least a half dozen 
different chemists reported use of electrolysis to 
qualitatively detect the presence of various metals 
and metalloids, it was not until 1864 that the Har-
vard chemist, Oliver Wolcott Gibbs (figure 8), first 
employed it for the quantitative determination of 
copper and nickel, thereby giving birth to a new 
branch of analytical chemistry now known as electro-
gravimetric analysis.24, 25 Using a preweighed platinum 
crucible as the cathode, Gibbs plated all of the cop-
per or nickel in a fixed volume of his unknown so-
lution onto its interior (figure 9). Carefully drying 
and reweighing the crucible after the deposition 
was complete gave the grams of copper or nickel 
in his solution, from which he could ultimately 
calculate their percentages in his original samples. 
! The next year, a German chemist in the em-
ploy of the Cologne-Mindener Railway by the 
name of Carl Luckow published a paper describing 

a similar technique for the determi-
nation of copper and silver which he 
claimed to have been using since 
1860.26 Luckow’s apparatus (figure 
10) was slightly different from that 
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Figure 9. A stand later intro-
duced by Classen for electro-
gravimetric analysis using the 
Gibbs method. The support rod 
was made of glass for insula-
tion. The bottom metal clamp 
and ring for holding the plati-
num crucible was connected to 
the cathode. The anode, in the 
form of a platinum wire that 
extended into the interior of 
the crucible, was suspended 
from the end of the upper 
metal clamp.

Figure 10. Luckow’s original apparatus for 
electrogravimetric analysis.



of Gibbs. Rather than using a platinum crucible 
or dish, the solution was placed in a glass beaker 
into which extended a preweighed cylindrical 
platinum cathode and a spiral platinum wire anode.
! The first monograph on electrogravimetric 
analysis – Quantitative Analyse auf Electroly-
tischem Wege by the German chemist Alexander 
Classen – was published in 1882 and by 1927 
had passed through seven editions27 and numer-
ous translations.28, 29 Indicative of the growing 
importance of the field, Classen’s book grew 
from a modest 52 pages in the 1st edition of 
1882 to over 399 pages by the 7th edition of 1927.          
!  The next important innovation was the       
introduction in 1904 of the rotating anode by the 
American elec-
trochemist, Ed-
gar Fahs Smith 

(figures 11-12), which greatly reduced the time 
required for complete deposition of the metal in 
question, in some cases from as long as 12 hours 
to as little as 10 minutes.30, 31 This innovation had 
in fact been suggested by Klobukhov as early as 
188632 but was not widely used until it was publi-
cized in later editions of Smith’s popular textbook 
Electro-analysis, which had first appeared in 
1890.33 Like the earlier text by Classen, this text-
book would pass through many subsequent edi-
tions and translations. Though, by the turn of the 
century, other monographs on electroanalysis had 
also appeared,34 none were as successful as the 
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Figure 11.  Edgar Fahs Smith
(1854-1928).

Figure 12. Smith’s rotating anode.
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Figure 13. A circa 1910 photo of an assistant posing with Sand’s ramped 
potential apparatus for rapid electrogravimetric analysis.

Figure 14.  A circa 1918 view of the laboratory for electroanalysis at Pur-
due University.



early books by Classen and Smith.
! A final innovation was the intro-
duction of the ramped potential in 
1907 by the British electrochemist 
Henry Sand.35, 36 By minimizing the 
distance between between the cath-
ode and the rotating anode, Sand was 
able to reduce the deposition time per 
determination to as little as five min-
utes, and by adding a reference elec-
trode to monitor the applied cell po-
tential, he was able to sequentially 
and selectively plate up to seven dif-
ferent metals from the same solution 
(figure 13). 
! The period 1890-1920 saw not 
only the establishment of the special-
ized lectures and laboratories for 
electrochemistry mentioned earlier, 
but also the establishment of laborato-
ries devoted exclusively to electroan-
alysis. The facilities at the University 
of Pennsylvania are described in the 
textbook by Smith33 and the Oesper 

Collections contain several, circa 1918, photographs of the newly established labo-
ratory for electroanalysis at Purdue University (figures 14-15). Indeed, by 1920 
some laboratory supply catalogs were offering self-contained units for electrogra-
vimetric analysis (figure 16),37 and by the 1950s and early 1960s these had taken 
the form of the well-known Sargent-Slomin Electrolytic Analyzer (figure 17) still 
to be found in some laboratories.38

! However, the 1930s saw the beginnings of a gradual displacement of traditional 
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Figure 15.  A closeup of one of the worksta-
tions shown in figure 14, showing the wall 
mounted meters, rheostat, and stirrer motor, 
as well as the anodic stirrer and platinum cup 
cathode.



electrogravimetric analysis by a variety of 
newer electroanalytical methods collectively 
known as electrometric. These included such 
techniques as potentiometry, amperometry, 
voltammetry, polarography and coulometry, as 
well as many subvariants. Though many of 
these are based on electrolysis, it is not ex-
haustive electrolysis, and rather than weighing 
the products, the analytical data is instead in-
ferred from the time and/or concentration de-
pendent measurement of various electrical pa-
rameters, such as charge, current, and poten-
tial. Coverage of these newer techniques is 
beyond the scope of this booklet, though in-
terested readers may wish to consult the con-

cise overview given in the small mid-
20th century monograph edited by 
Browning.39

Uses of Electrolysis in the Classroom

Classroom and lecture demonstrations of 
electrolysis have almost exclusively cen-
tered on the electrolysis of water, to 
which a small amount of sulfuric acid 
has been added in order to enhance its 
electrical conductivity:
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Figure 17. A circa 1965 single cell Sargent-
Slomin Electrolytic Analyzer.

Figure 16.  A circa 1920 “Braun Elec-
trolytic Outfit”  for electrogravimetric 
analysis.



!Eel + 2H2O(l)  !  2H2(g) + O2(g)
 
where H(I) is reduced to H(0) at the cathode and       
O(-II) is oxidized to O(0) at the anode.
! The earliest electrolysis cell used for this pur-
pose was a simple glass tube bent in the shape of a V 
(figure 18) which dates back to the first decade of the 
19th century and the work of such pioneering elec-
trochemists as Johann Wilhelm Ritter and Sir Hum-
phry Davy.40 Surviving early 19th-century examples, 
belonging to Michael Faraday, are still on display at 
the Royal Institution of London41 and cells of this 

shape were sold commer-
cially well into the early dec-
ades of the 20th century.42 !
! Yet a second electrolysis cell, known as a goblet cell, in 
which the dihydrogen and dioxygen gas are collected in in-
verted test tubes (figure 19), also dates back to the first dec-
ade of the 19th century.40 It would spawn many variations 
and present-day versions using beakers rather than goblets 
are still sold online by various laboratory supply houses.43

! It was not until the second half of the 19th century that 
substantial refinements in the use of electrolysis for demon-
stration purposes were made by the distinguished German 
chemist, August Wilhelm Hofmann (figure 20).44, 45 Hof-
mann’s interest in lecture demonstrations began in 1860 
with the publication of a brief paper on a new method for 
illustrating the volumetric composition of ammonia46 and 
was followed in 1865 by a lecture to the London Chemical 
Society “On Lecture Illustrations.”47 The many woodcuts 
used to illustrate the printed version of this lecture were 
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Figure 19. An early 
19th-century version of 
the so-called “goblet” 
electrolysis cell.

Figure 18. A circa 1800 V-
shaped electrolysis cell as de-
picted in the writings of Ritter.



obviously taken from the plates for his 
forthcoming book, Introduction to Modern 
Chemistry Experimental and Theoretic, 
which reproduced his introductory lec-
tures at the Royal College of Chemistry 
and which was published the next year.48 
He continued to refine and expand his 
repertoire of lecture demonstrations after 
his return to Germany and, in 1869, dur-
ing his tenure as President of the German 
Chemical Society, he gave a detailed lec-
ture on these newer developments to the 
society as part of a special meeting con-
vened to celebrate the opening of his new 
chemical laboratory at the University of 
Berlin.49 His interest in this subject per-
sisted unabated almost to the day of his 
retirement and, between 1870 and 1882, he 

continued to publish occasional updates.50!

! After having demonstrated the qualitative composition of HCl, H2O, and NH3 
in Lecture I of his textbook, Hofmann then proceeded in Lecture II to further 
demonstrate their quantitative compositions. Doing this gravimetrically would 
have been too time consuming and would not have lent itself to any easy visualiza-
tion on the part of his audience. Consequently, Hofmann chose instead to demon-
strate their quantitative compositions volumetrically via electrolysis of their aque-
ous solutions:

!Eel + 2HCl(aq) ! H2(g) + Cl2(g)                   

!Eel + + 2H2O(l) ! 2H2(g) + O2(g)

ELECTROLYSIS CELLS
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Figure 20.  August Wilhelm Hofmann
(1818-1892).



!Eel + 2NH3(aq) ! 
                   3H2(g) + N2(g)                 

This approach also al-
lowed him to introduce a 
discussion of both the 
ideal gas law and what we 
would today recognize as 
Avogadro’s hypothesis. 
The resulting 1:1, 2:1, and 

3:1 volume ratios further 
allowed him to gradually 

introduce the newly emerging con-
cept of atomic “quantivalence” or va-
lence.
! For most of his electrolysis 
demonstrations Hofmann made use of 
a traditional V-shaped electrolysis 
cell (figure 21) powered by two Bun-
sen carbon cells. However, in a later 
lecture he also introduced a U-shaped 
cell with a central fill tube and sealed 
platinum foil electrodes. By 1869 this 
came with an attached addition fun-
nel (figure 22, center) and he had also 
introduced yet a third variation in the 
form of an H-shaped electrolysis cell 
with replaceable carbon electrodes 
(figure 22, left and right). This latter 
form is the version which has sur-
vived today and which is most com-
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Figure 21. The V-shaped electrolysis cell used by Hof-
mann in his lectures at the Royal College of Chemistry 
and as depicted in his book of 1866.

Figure 22. The final forms of Hofmann’s 
electrolysis apparatus as depicted in his lec-
ture of 1869. The H-cells, with replaceable 
carbon electrodes, are on the left and right, 
whereas the U-cell, with sealed platinum foil 
electrodes, is in the center.



monly associated with his name.
! These variations hardly exhaust the list 
of Hofmann’s demonstration innovations. He also 
designed as series of lecture eudiometers which 
allowed him to verify the compositions deduced 
from electrolysis by volumetrically resynthesizing 
his three model compounds directly from their 
constituent elemental gases, as well as several 
other devices. Indeed, by 1912 the laboratory 
supply catalog for the American firm of Eimer 
and Amend was listing over 34 items under the 
heading of “Hofmann Lecture Apparatus,” some 
of which were mentioned in chemistry texts as 
late as 1939.51 However, with the exception of the 
H-shaped electrolysis cell, all of these have long 
since disappeared from the modern chemistry lec-
ture hall. 
! A final attempt to refine Hofmann’s H-shaped 
electrolysis cell was made by the American chem-
ist, R. H. Brownlee, in 1907.52 The dihydrogen, 

dioxygen and dinitrogen gases generated by the electrolysis of water and aqueous 
ammonia all have relatively low solubilities in water at RTP. The same, however, 
is not true of the dichlorine gas generated by the electrolysis of aqueous hydrogen 
chloride. This solubility is significant enough to affect the predicted 1:1 volume  
ratio, especially since the fine bubbles of freshly liberated dichlorine gas are al-
lowed to bubble up through the remainder of the undecomposed aqueous HCl. Es-
sentially Brownlee designed an electrolysis cell that instead allowed one to selec-
tively collect the electrolytic dichlorine gas over water that had previously been 
saturated with chlorine. Unfortunately the resulting apparatus (figure 23) was so 
visually complex that it was probably the cause of more student confusion than 
clarification.   !
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Figure 23. Brownlee’s 1907 cell 
for the electrolysis of aqueous 
HCl over chlorine water.



Uses of Electrolysis in Industry
!
The first industrial applications of electroly-
sis date back to 1839 and involve its use in 
electroplating and in galvanoplasty or electro-      
typing.53 In the first of these applications – 
electroplating – electrolysis is used to de-
posit a thin protective surface layer of a fin-
ishing metal on a object of lesser value. 
Originally the metal of choice was either 
gold, silver or copper, though later in the 
century both nickel and chromium became 
favorites. It was also soon discovered that 
use of electrolyte solutions containing a 
mixture of the salts of two or more metals 
allowed one to directly plate alloys, of which 
brass and bronze were the most common. 
! The second application – galvanoplasty or electrotyping – involves the use of 
electrolysis to make a metallic replica of an object, be it a statue, a vase, a bas re-
lief, a coin or medallion, a woodcut or a copper etching, or a page of printer’s 
type. First a negative mold of the object was made using soft wax, plaster, or rub-
ber latex. This mold was then made electrically conductive by brushing it with 
graphite or finely powdered metal and connected to the cathode of an electrolysis 
cell composed of an aqueous copper sulfate electrolyte and a solid copper anode. 
Copper was then electrolytically deposited in the mold to the desired thickness in 
order to produce a positive replica of the original object.
! The introduction of these processes is usually attributed to three independent 
inventors: the German physicist, Moritz Hermann von Jacobi (figure 24); the Eng-
lish printer, C. J. Jordan; and the English carver and gilder, Thomas Spencer, all of 
whom published descriptions of their discoveries in 1839, resulting in the usual 
squabbles over who deserves priority.54 The term galvanoplasty was introduced by 
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Figure 24. Moritz Hermann von Jacobi
(1801-1874).



Jacobi in a book published in 184055 and refers 
to the use of galvanism in the plastic or visual 
arts to make metallic replicas. The term elec-
trotype, on the other hand, was originally more 
specific and referred to its use in the printing 
industry to make replicas of typeset pages and 
etchings. All of the above uses were soon sub-
sumed under the more general term of elec-
trometallurgy, first introduced the English 
chemist, Alfred Smee (figure 25), in book pub-
lished 1841.56 Over the next 70 years at least 
another 20 books dealing with these applica-
tions would appear.57

  ! Originally batteries were used as the 
power source (figure 26), the most popular of 
which were composed of a simple voltaic cell 

invented by Smee and named in his honor.58 This had the cell configuration Ag(s)/
H2(SO4)(aq)/Zn(s) and was based on the net cell reaction:

Zn(s) + H2(SO4)(aq) ! Zn(SO4)(aq) + H2(g)

in which H(I) is reduced to H(0) at the Ag cathode and Zn(0) is oxidized to Zn(II) 
at the Zn anode. In actual fact the cathode was not pure silver but rather a thin 
layer of silver that had been plated on platinum. Though the net EMF of the cell 
was only 0.76 V, it could produce a substantial current, which is the key electrical 
parameter when it comes to high-yield electrolysis. 
! Though batteries continued to be described in some detail in books on this 
subject well into the early 20th century, by the late 1870s and early 1880s they 
were being rapidly replaced, at least in the larger commercial establishments, by 
DC generators (figure 27). Indeed, as early as 1860 George Gore, in his short 
monograph on The Theory and Practice of Electro-Deposition, felt compelled to 
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Figure 25. Alfred Smee
(1818-1877)
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Figure 27. A circa 1890 establishment for commercial electroplating. The 
electrolysis cells are arranged along the wall to the left, the cleaning baths 
in the center, and the polishing and finishing area along the wall to the 
right. Note the DC generator to the left in the foreground.

Figure 26.  A circa 1860 establishment for commercial electroplating. The 
electrolysis cells are arranged along the wall to the left and the batteries 
along the wall to the right. Note the wires running across the ceiling.



describe – in lieu of commercially available units – how one could construct their 
own generator, though he left the question of the prime mover (presumably a small 
steam engine) required to operate it to the reader’s imagination.59                                                                                            
! When a chemist or engineer speaks of industrial electrochemistry, they are 
seldom referring to either electroplating or electrotyping but rather to the use of 
electrolysis to separate and refine metals and to produce countless other chemicals 
on an industrial scale. As long as one had to rely on voltaic cells as the power sup-
ply, industrial scale use of electrolysis for these purposes was economically im-
practical. However, all of this began to change in the late 1870s and 1880s with 
the increasing availability of commercial DC generators or dynamos, urban elec-
trification, and especially the availability of inexpensive hydroelectric power.60 
This latter factor is why the American electrochemical industry was initially con-
centrated in and around Niagara Falls, as documented by Trescott in her book The 
Rise of the American Electrochemicals Industry: 1880-1910.61 This author has also 
documented how this new industry influ-
enced the rise of electrochemistry courses, 
laboratories, and degree programs during 
this same period in various American 
universities.62  
! The number of chemicals prepared elec-
trochemically is far too large, and the kinds 
of industrial-scale electrolysis cells used are 
far too varied, to deal with in this booklet. 
Suffice it to say that, in 1901 Blount would 
survey 22 important chemical products pre-
pared in this manner63 and by 1940 Mantell 
would list 60, of which 47 were prepared via 
electrolysis of aqueous solutions and 13 via 
electrolysis of molten salts.64 Nevertheless, 
passing mention should be made of one of 
the more historically important of these 
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Figure 28. Charles Martin Hall
(1861-1914)



products, namely the electrolytic prepara-
tion of aluminum metal from purified alu-
mina (Al2O3) dissolved in molten cryolite 
(Na3[AlF6]) – a process independently pat-
ented in 1886 by both the American, Char-
les Martin Hall (figure 28), and the 
Frenchman, Paul Héroult (figure 29). In 
each case the electrolysis cell had the con-
figuration C(s)/Al2O3(m)/C(s) and was based 
on the net cell reaction:

!Eel + 2Al2O3(m) + 3C(s) ! 
                                           4Al(s) + 3CO2(g)

in which Al(III) is reduced to Al(0) at the cath- 
ode and C(0) is oxidized to C(IV) at the anode.
! In Hall’s version the industrial elec-

trolysis cell (figure 30) was initially a rectangular iron tank with a carbon liner that 
functioned as the cathode. Since the carbon anode was consumed in the process, it 
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Figure 29. Paul Héroult
(1863-1914)

Figure 30.  A schematic of the original industrial cell used in the Hall 
process for the electrolytic preparation of metallic aluminum.



was instead composed of a series of carbon rods hung from a common electrical 
feed such that they could be gradually lowered into the melt as they were con-
sumed and easily replaced when spent. The melt itself was kept molten by the in-
ternal resistance heating provided by the electrical current. Aluminum had previ-
ously been prepared industrially by purely chemical means and at one point was 
more expensive, on a per weight basis, than platinum. After introduction of the 
Hall-Héroult process, however, the price dropped dramatically and it is now one of 
the most widely used metals known to man. 

Museum Holdings

Because of both standardization and suitable size, the only museum holdings re-
lated to electrolysis cells deal either with electrogravimetric analysis or with dem-
onstration apparatus, and many of the latter items were donated by the Department 
of Chemistry of Oberlin College, which happens, by the way, to the alma mater of 
none other than Charles Martin Hall.
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Figure 31.  A late 19th-century (3”  x 6.5”  x 14.25”) setup for electrogravimetric analysis 
according to Gibbs. A Bunsen carbon cell is the power source. Compare with figure 9. 

Jensen-Thomas Apparatus Collection
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Figure 32. A late 19th-century (3”  x 6”  x 14.25”) setup for electrogravimetric analysis 
according to Luckow. A Bunsen carbon cell is the power source. Compare with figure 10.

Jensen-Thomas Apparatus Collection
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Figure 33.  A small circa 1945 (7.5”  x 8”  x 12.75”) single cell “Slomin Electroanalyzer.” 
Compare with figure 17.

Jensen-Thomas Apparatus Collection
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Figure 34.  A circa 1965 (11”  x 11”  x 18”) single cell “Sargent-Solmin Electrolytic Ana-
lyzer” with heater. Compare with figure 17.

Jensen-Thomas Apparatus Collection
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Figure 35.  A circa 1880 (10”  x 11”  x 25”) V-style electrolysis cell with platinum foil 
electrodes as modified by Hofmann. The stand indicates that it was sold by the Eimer & 
Amend Laboratory Supply House of New York City. Compare with figures 18 and 21. 

Jensen-Thomas Apparatus Collection
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Figure 36.  A mid-19th century (4.5”  x 6.25”  x 10.5”) goblet-style electrolysis cell with 
platinum wire electrodes. The bottom of the interior contains a layer of sealing wax. The 
wooden lid indicates that it was sold by J. W. Queen & Co. of Philadelphia. Compare 
with figure 19. 

Jensen-Thomas Apparatus Collection
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Figure 37.  A circa 1900 (5”  x 9”  x 28”) U-style ungraduated Hofmann electrolysis appa-
ratus with sealed platinum foil electrodes. Compare with figure 22. 

Jensen-Thomas Apparatus Collection
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Figure 38.  A circa 1900 (8.5”  x 8.5”  x 30”) H-style graduated Hofmann electrolysis ap-
paratus with replaceable carbon electrodes. SMC, 53 is etched at the bottom of each col-
lection arm, indicating that it was made for the Scientific Materials Co. of Pittsburgh. The 
graduations are in units of ccm. Compare with figure 22. 

Jensen-Thomas Apparatus Collection
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Figure 39.  A circa 1930 (6”  x 8”  x 28.5”) H-style ungraduated Hofmann electrolysis ap-
paratus with replaceable platinum foil electrodes.  

Jensen-Thomas Apparatus Collection
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Figure 40.  A circa 1980 (6.75”  x 8”  x 26”) H-style graduated Hofmann electrolysis appa-
ratus with replaceable platinum wire electrodes, plastic base, and teflon stopcocks.  

Jensen-Thomas Apparatus Collection
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Figure 41.  A circa 1920 (7”  x 11”  x 31”) Brownlee apparatus for the electrolysis of 
aqueous hydrogen chloride solutions. Compare with figure 23.

Jensen-Thomas Apparatus Collection



The Significance of Electrolysis in the History of Chemistry

Since it is the voltaic cell that made electrolysis possible in the first place, it is vir-
tually impossible to disentangle their respective contributions to pure chemistry, 
and much of what was said at the conclusion of Booklet 8 also applies here and 
need not be repeated. But, in addition to the establishment of such theoretical ad-
vances as Faraday’s laws, the Nernst equation, and the ionic theory of dissociation, 
we have also seen, in the case of electrolysis, some very practical contributions, 
such as the technique of electrogravimetric analysis and its various electrometric 
successors, as well as a method for the isolation of new elements and for the effi-
cient manufacture of many basic chemicals on an industrial scale.
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