
THEORY OF ELECTRO-CHEMICAL DECOMPOSITION. 

no tendency to pass towards the negative pole. But if a plate of iron, zinc or 

copper, be substituted for the platina, then the oxygen and acid can combine 
with these, and the metal immediately begins to travel as an oxide, to the oppo- 
site pole, and is finally deposited there. Or if, retaining the platina pole, a fused 

chloride, as of lead, zinc, silver, &c., be substituted for the sulphuric acid, then, 
as the platina finds an element it can combine with, it enters into union, acts 
as other elements do in cases of voltaic decomposition, is rapidly transferred 
across the melted matter, and expelled at the negative pole. 

546. I can see but little reason in the theories referring the electro-chemical 

decomposition to the attractions and repulsions of the poles, and I can perceive 
none in M. DE LA RIVE'S theory, why the metal of the positive pole should not 

be transferred across the intervening conductor, and deposited at the negative 
pole, even when it cannot act chemically upon the element of the fluid sur- 

rounding it. It cannot be referred to the attraction of cohesion preventing 
such an effect; for if the pole be made of the lightest spongy platina, the effect 
is the same. Or if gold precipitated by sulphate of iron be diffused through 
the solution, still accumulation of it at the negative pole will not take place; 
and yet in it the attraction of cohesion is almost perfectly overcome, the par- 
ticles are so small as to remain for hours in suspension, and are perfectly free 
to move by the slightest impulse towards either pole; and if in relation by 
chemical affinity to any substance present, are powerfully determined to the 

negative pole *. 

547. In support of these arguments, it may be observed, that as yet no de- 
termination of a substance to a pole, or tendency of obedience to the electric 

current, has been observed (that I am aware of,) in cases of mere mixture; 
i. e. a substance diffused through a fluid, but having no sensible chemical affi- 

nity with it, or with substances that may be evolved from it during the action, 

* In making this experiment, care must be taken that no substance be present that can act chemi- 

cally on the gold. Although I used the metal very carefully washed, and diffused through dilute sul- 

phuric acid, yet in the first instance I obtained gold at the negative pole, and the effect was repeated 
when the platina poles were changed. But on examining the clear liquor in the cell, after subsidence of 

the metallic gold, I found a little of that metal in solution, and a little chlorine was also present. I 
therefore well washed the gold which had thus been subjected to voltaic action, diffused it through 
other pure dilute sulphuric acid, and then found that on subjecting it to the action of the poles, not 
the slightest tendency to the negative pole could be perceived. 
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does not in any case seem to be affected by the electric current. Pulverised 
charcoal was diffused through dilute sulphuric acid, and subjected with the 
solution to the action of a voltaic battery, terminated by platina poles; but not 
the slightest tendency of the charcoal to the negative pole could be observed. 
Sublimed sulphur was diffused through similar acid, and submitted to the 
same action, a silver plate being used as the negative pole; but the sulphur had 
no tendency to pass to that pole, the silver was not tarnished, nor did any sul- 

phuretted hydrogen appear. The case of magnesia and water (495. 533.), with 
those of comminuted metals in certain solutions (546.), are also of this kind; 
and, in fact, substances which have the instant before been powerfully deter- 
mined towards the pole, as magnesia from sulphate of magnesia, become en- 

tirely indifferent to it the moment they assume their independent state, and 

pass away, diffusing themselves in the surrounding fluid. 
548. There are, it is true, many instances of insoluble bodies being acted 

upon, as glass, sulphate of baryta, marble, slate, basalt, &c., but they form no 

exception; for the substances they give up are in direct and strong relation 
as to chemical affinity with those which they find in the surrounding solution, 
so that these decompositions enter into the class of ordinary effects. 

549. It may be expressed as a general consequence, that the more directly 
bodies are opposed to each other in chemical affinity, the more ready is their 

separation from each other in cases of electro-chemical decomposition, i. e. pro- 
vided other circumstances, as insolubility, deficient conducting power, propor- 
tions, &c., do not interfere. This is well known to be the case with water and 
saline solutions; and I have found it to be equally true with dry chlorides, 
iodides, salts, &c., rendered subject to electro-chemical decomposition by 
fusion (402.). So that in applying the voltaic battery for the purpose of 

decomposing bodies not yet resolved into forms of matter simpler than their 

own, it must be remembered, that success may depend not upon the weakness, 
or failure upon the strength, of the affinity by which the elements sought for 
are held together, but contrariwise; and then modes of application may be 
devised by which, in association with ordinary chemical powers, and the assist- 
ance of fusion (394. 417.), we may be able to penetrate much further than at 

present into the constitution of our chemical elements. 
550. Some of the most beautiful and surprising cases of electro-chemical 
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decomposition and transfer which Sir HUMPHRY DAVY described in his cele- 
brated paper*, were those in which acids were passed through alkalies, and alka- 
lies or earths through acidsft; and the way in which substances having the 
most powerful attractions for each other were thus prevented from combining, 
or, as it is said, had their natural affinity destroyed or suspended throughout the 
whole of the circuit, excited the utmost astonishment. But if I be right in the 
view I have taken of the effects, it will appear, that that which made the wonder, 
is in fact the essential condition of transfer and decomposition, and that the 
more alkali there is in the course of an acid, the more will the transfer of that 
acid be facilitated froni pole to pole; and perhaps a better illustration of the 
difference between the theory I have ventured, and those previously existing, 
cannot be offered than the views they respectively give of such facts as these. 

551. The instances in which sulphuric acid could not be passed through 
baryta, or baryta through sulphuric acid+, because of the precipitation of sul- 

phate of baryta, enter within the pale of the law already described (380. 412.), 
by which liquidity is so generally required. In assuming the solid state of sul- 

phate of baryta, they became virtually non-conductors to electricity of so low 
a tension as that of the voltaic battery, and the power of the latter over them 
was almost infinitely diminished. 

552. The theory I have advanced accords in a most satisfactory manner 
with the fact of an element or substance finding its place of rest, or rather of 
evolution, sometimes at one pole and sometimes at the other. Sulphur illus- 
trates this effect very well. When sulphuric acid is decomposed by the pile, 
sulphur is evolved at the negative pole; but when sulphuret of silver is decom- 

posed in a similar way (436.), then the sulphur appears at the positive pole; and 
if a hot platina pole be used so as to vaporize the sulphur evolved in the latter 
case, then the relation of that pole to the sulphur is exactly the same as the rela- 
tion of the same pole to oxygen upon its immersion in water. In both cases tlhe 
element evolved is liberated at the pole, but not retained by it; but by virtue 
of its elastic, uncoinbinable, and immiscible condition passes away into the 

surrounding medium. The sulphur is evidently determined in these opposite 
directions by its opposite chemical relations to oxygen and silver; and it is to 
such relations generally that I have referred all electro-chemnical phenomena. 

* Philosophical Transactions, 1807, p. 1. t Ibid. p. 24, &c. / Ibid. p. 25, &co 
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Where they do not exist, no electro-chemical action can take place. Where 

they are strongest, it is most powerful; where they are reversed, the direction 
of transfer of the substance is reversed with them. 

553. Water may be considered as one of those substances which can be 
made to pass to either pole. When the poles are immersed in dilute sulphuric 
acid (527.), acid passes towards the positive pole, and water towards the 

negative pole; but when they are immersed in dilute alkali, the alkali passes 
towards the negative pole, and water towards the positive pole. 

554. Nitrogen is another substance which is considered as determinable to 
either pole; but in consequence of the numerous compounds which it forms, 
some of which pass to one pole and some to the other, I have not always found 
it easy to determine the true circumstances of its appearance. A pure strong 
solution of ammonia is so bad a conductor of electr icity that it is scaricely more 

decomposable than pure water; but if sulphate of ammonia be dissolved in it, 
then decomposition takes place very well, nitrogen almost pure, and in some 
cases quite, is evolved at the positive pole, and hydrogen at the negative pole. 

555. On the other hand, if a strong solution of nitrate of ammonia be de- 

composed, oxygen appears at the positive pole, and hydrogen, with sometimes 

nitrogen, at the negative pole. If fused nitrate of ammonia be employed, hydro- 
gen appears at the negative pole, mingled with a little nitrogen. Strong nitric 
acid yields plenty of oxygen at the positive pole, but no gas (only nitrous acid,) 
at the negative pole. Weak nitric acid yields the oxygen and hydrogen of the 
water present, the acid apparently remaining unchanged. Strong nitric acid, 
with nitrate of ammonia dissolved in it, yields a gas at the negative pole, of 
which the greater part is hydrogen, but apparently a little nitrogen is present. 
I believe, that in some of these cases a little nitrogen appeared at the negative 
pole. I suspect, however, that in all these, and in all former cases, the appear- 
ance of the nitrogen at the positive or negative pole is entirely a secondary 
effect, and not an immediate consequence of the decomposing power of the 
electric current. 

556. A few observations on what are called the poles of the voltaic battery 
now seem necessary. The poles are merely the surfaces or doors by which the 
electricity enters into or passes out of the decomposing substance. They limit 
the extent of that substance in the course of the electric current, being its 
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termination in that direction: hence the elements evolved pass so far and no 
further. 

557. Metals make admirable poles, in consequence of their high conducting 
power, their immiscibility with the substances generally acted upon, their solid 

form, and the opportunity afforded of selecting some upon which ordinary 
substances exert no chemical action. 

558. Water makes a pole of difficult application, except in a few cases 

(494.), because of its small conducting power, its miscibility with most of the 
substances acted upon, and its general relation to them in respect to che- 
mical affinity. It consists of elements, which in their electrical and chemical 
relations are directly and powerfully opposed, yet combining to produce a 

body more neutral in its character than any other. So that there are but few 
substances which do not come into relation, by chemical affinity, with water or 
one of its elements; and therefore either the water or its elements are trans- 
ferred and assist in transferring the infinite variety of bodies which, in association 
with it, can be placed in the course of the electric current. Hence the reason 

why it so rarely happens that the evolved substances rest at the first surface of 
the water, and why it therefore does not exhibit the ordinary action of a pole. 

559. Air, however, and some gases are free from the latter objection, and 

may be used as poles in many cases (461, &c.); but, in consequence of the 

extremely low degree of conducting power belonging to them, they cannot be 

employed with the voltaic apparatus. This limits their use; for the voltaic 

apparatus is the only one as yet discovered which supplies sufficient quantity 
of electricity (371.376.) to effect electro-chemical decomposition with facility. 

560. Where the poles are liable to the chemical action of the substances 
evolved, either simply in consequence of their natural relation to them, or 
of that relation aided by the influence of the current (518.), then they suffer 

corrosion, and the parts dissolved are subject to transference, in the same 
manner as particles of the original decomposing body. An immense series of 

phenomena of this kind might be quoted in support of the view I have taken 
of the cause of electro-chemical decomposition, and transfer and evolution of 
the elements. Thus platina, as the positive and negative poles in a solution 
of sulphate of soda, has no affinity or attraction for the oxygen, hydrogen, acid, 
or alkali evolved, and refuses to combine with or retain them. Zinc can com- 
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bine with the oxygen and acid; at the positive pole it does combine, and imme- 

diately begins to travel as oxide towards the negative pole. Charcoal, which 
cannot combine with the metals, if made the negative pole in a metallic solu- 

tion, refuses to unite to the bodies which are ejected from the solution upon its 
surface; but if made the positive pole in a dilute solution of sulphuric acid, it 
is capable of combining with the oxygen evolved there, and consequently unites 
with it, producing both carbonic acid and carbonic oxide in abundance. 

561. A great advantage is frequently supplied, by the opportunity afforded 

amongst the metals of selecting a substance for the pole which shall or shall 
not be acted upon by the elements to be evolved. The consequent use of pla- 
tina is notorious. In the decomposition of sulphuret of silver and other sul- 

phurets, a positive silver pole is sulperior to a platina one, because in the former 
case the sulphur evolved there is combined with the silver, and, the decompo- 
sition of the original sulphuret rendered evident; whereas in the latter case it is 

dissipated, and the assurance of its separation at the pole not easily obtained. 
562. The effects which take place when a succession of conducting decom- 

posable and undecomposable substances are placed in the electric circuit, 
as, for instance, of wires and solutions, or of air and solutions (465. 469.), 
are explained in the simplest possible manner by the view I have given. In 

consequence of the reaction of the constituents of each portion of decomposa- 
ble matter, affected as they are by the supervention of the electric current 

(524.), portions of the proximate or ultimate elements proceed in the direction 
of the current as far as they find matter of a contrary kind capable of effecting 
their transfer, and being equally affected by them; and where they cease to 
find such nmatter, they are evolved in their free state, i. e. upon the surfaces of 
metal or air bounding the extent of decomposable matter in the direction of 
the currents. 

563. Having thus given my theory of the mode in which electro-chemical 

decomposition is effected, I will refrain for the present from entering upon the 
numerous general considerations which it suggests, wishing first to submit it 
to the test of publication and discussion. 

'Royal Institution, 
June 1833. 


