
DR. FARADAY'S EXPERIMENTAL RESEARCHES IN ELECTRICITY. 

857. Intending hereafter to apply the results given in this and the preceding series 
of Researches to a close investigation of the soulrce of electricity in the voltaic in- 

strument, I lhave refrained from forming any decided opinion on the subject; and 
without at all meaning to dismiss Inetallic contact, or the contact of dissimiilar sub- 
stances, being conductors, but not metallic, as if they had nothing to do with the 

origin of the current, I still am fully of opinion with DAVY, tlhat it is at least con- 
tinued by chemical action, and that the supply constituting the current is almost en- 

tirely from that source. 
858. Those bodies which, being interposed between the metals of the voltaic pile, 

render it active, are all of them electrolytes (476.); and it cannot but press upon the 
attention of every one engaged in considering this subject, that in those bodies (so 
essential to the pile) decomposition and the transmission of a current are so intimately 
connected, that one cannot happen without the other. This I have shown abundantly 
in water, and numerous other cases (402. 476.). If, then, a voltaic trough have its 
extremities connected by a decomposing body, as water, we shall have a continuous 
current through the apparatus; and whilst it remains in this state may look at the 

part where the acid is acting upon the plates, and that where the current is acting 
upon the water, as the reciprocals of each other. In both parts we have the two 
conditions inseparable in such bodies as these, namely, the passing of a current, and 

decomposition; and this is as true of the cells in the battery as of the water cell; for 
no voltaic battery has as yet been constructed in whicih the chemical action is only 
that of combination: decomposition is always included, and is, I believe, an essential 
chemical part. 

859. But the difference in the two parts of the connected battery, that is, the de- 
composing or experimental cell, and the acting cells, is simply this. In the former 
we urge the current through, but it, apparently of necessity, is accompanied by 
decomposition: in the latter we cause decompositions by ordinary chemical actions, 
(which are, however, themselves electrical,) and, as a consequlence, have the electrical 
current; and as tthe decomposition dependent upon the current is definite in the 
former case, so is the current associated with the decomposition also definite in the 
latter (862. &c.). 

860. Let us apply this in support of what I have surmised respecting the enormous 
electric power of each particle or atom of matter (856.). I showed in a former series 
of these Researches on the relation by measure of common and voltaic electricity, 
that two wires, one of platina and one of zinc, each one eighteenth of an inch in dia- 
meter, placed five sixteenths of an inch apart, and immersed to the depthl of five 
eighths of an inch in acid, consisting of one drop of oil of vitriol and four ounces of 
distilled water at a temperature of about 60? FAHR., and connected at the other ex- 
tremities by a copper wire eighteen feet long, and one eighteenth of an inch in thick- 
ness, yielded as much electricity in little more than three seconds of time as a Leyden 
battery charged by thirty turns of a very large and powerful plate electric machine 
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in full action (371.). This quantity, though sufficient if passed at once through the 
head of a rat or a cat to have killed it, as by a flash of lightning, was evolved by 
the mutual action of so small a portion of the zinc wire and water in contact with it, 
that the loss of weight sustained by either would be inappreciable by our most deli- 
cate instruments; and as to the water which could be decomposed by that current, it 
must have been insensible in quantity, for no trace of hydrogen appeared upon the 
surface of the platina during those three seconds. 

861. What an enormous quantity of electricity, therefore, is required for the decom- 

position of a single grain of water! We have already seen that it must be in quiantity 
sufficient to sustain a platina wire -r- of an inch in thickness, red hot, in contact with 
the air for three minutes and three quarters (853.), a quantity which is almost infi- 

nitely greater than that which could be evolved by the little standard voltaic arrange- 
ment to which I have just referred (860. 371.). I have endeavoured to make a com- 
parison by the loss of weight of such a wire in a given time in such an acid, according 
to a principle and experiment to be almost immediately described (862.); but the 

proportion is so high, that I am almost afraid to mention it. It would appear that 
800,000 such charges of the Leyden battery as I have referred to above, would be 

necessary to supply electricity sufficient to decompose a single grain of water; or, if I 
am right, to equal the quantity of electricity which is naturally associated with the 
elements of that grain of water, endowing them with their mutual chemical affinity. 

862. In further proof of this high electric condition of the particles of matter, and 
the identity as to quantity, of that belonging to them with that necessary for their 

separation, I will describe an experiment of great simplicity but extreIne beauty, 
when viewed in relation to the evolution of an electric current and its decomposing 
powers. 

863. A dilute sulphuric acid, made by adding about one part by measure of oil of 
vitriol to thirty parts of water, will act energetically upon a piece of plate zinc in its 

ordinary and simple state; but, as Mr. STURGEON has shown*, not at all, or scarcely so, 
if the surface of the metal hias in the first instance been amalgamated; yet the amal- 
gamated zinc will act powerfully with platina as an electromotor, hydrogen being 
evolved on the surface of the latter metal, as the zinc is oxidized and dissolved. The 

amalgamation is best effected by sprinkling a few drops of mercury upon the surface 
of the zinc, the latter being moistened with the dilute acid, and rubbing with the 

fingers so as to extend the liquid metal over the whole of the surface. Any mercury 
in excess forming liquid drops upon the zinc, should be wiped offt. 

864. Two plates of zinc thus amalgamated were dried and accurately weighed ; one, 
which we will call A, weighed 163 1 grains; the other, to be called B, weighed 1 48-3 

* Recent Experimental Researches, &c., 1830, p. 74, &c. 
+ The experiment may be made with pure zinc, which, as chemists well know, is but slightly acted upon by 

dilute sulphuric acid in comparison with ordinary zinc, which during the action is subject to an infinity of 
voltaic actions. See Ds LA RIVE on this subject, BibliothUque Universelle, 1830, p. 391. 
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grains. They were about five inches long, and 0'4 of an inch wide. An earthenware 
pneumatic trough was filled with dilute sulphuric acid, of the strength just described 
(863.), and a gas jar, also filled with the acid, inverted in it*. A plate of platina of 
nearly the same length, but about three times as wide as the zinc plates, was put up 
into this jar. The zinc plate A was also introduced into the jar, and brought in con- 
tact with the platina, and at the same moment the plate B was put into the acid of 
the trough, but out of contact with other metallic matter. 

865. Strong action immediately occurred in the jar upon the contact of the zinc 
and platina plates. Hydrogen gas rose from the platina, and was collected in the 
jar, but no hydrogen or other gas rose from either zinc plate. In about ten or twelve 
iinutes, sufficient hydrogen having been collected, the experiment was stopped; 
during its progress a few small bubbles had appeared upon plate B, but none upon 
plate A. The plates were washed in distilled water, dried, and reweighed. Plate B 
weighed 148'3 grains, as before, having lost nothing by the direct chemical action of 
the acid. Plate A weighed 154*65 grains, 8'45 grains of it having been oxidized 
and dissolved during the experiment. 

866. The hydrogen gas was next transferred to a water-trough and measured; it 
amounted to 12'5 cubic inches, the temperature being 52?, and the barometer 29'2 
inches. This quantity, corrected for temperature, pressure, and moisture, becomes 
12 15453 cubic inches of dry hydrogen at mean temperature and pressure; which, in- 
creased by one half for the oxygen that must have gone to the anode, i. e. to the zinc, 
gives 18'232 cubic inches as the quantity of oxygen and hydrogen evolved from the 
water decomposed by the electric current. According to the estimate of the weight 
of the mixed gas before adopted (791.), this volume is equal to 2,3535544 grains, 
which therefore is the weight of water decomposed; and this quantity is to 8'45, the 
quantity of zinc oxidized, as 9 is to 32-31. Now taking 9 as the equivalent number 
of water, the numiber 32,5 is given as the equivalent numnber of zinc; a coincidence 
sufficiently near to show, what indeed could not but happen, that for an equivalent 
of zinc oxidized an equivalent of water must be decomposed+. 

867. But let us observe how the water is decomposed. It is electrolyzed, i.c. is 
decomposed voltaically, and not in the ordinary manner (as to appearance) of chemical 
decompositions for the oxygen appears at the anode and the hydrogen at the cathode 
of the decomposing body, and these were in many parts of the experiment above an 
inch asunder. Again, the ordinary chemical affinity was not enough under the cir- 
cumstances to effect the decomposition of the water, as was abundantly proved by 
the inaction on plate B; the voltaic current was essential. And to prevent any idea 
that the chemical affinity was almost sufficient to decompose the water, and that a 
smaller current of electricity might, under the circumstances, cause the hydrogen to 

* The acid was left during a night with a small piece of unamalgamated zinc in it, for the purpose of evolviing 
such air as might be inclined to separate, and bringing the whole into a constant state. 

+ The experiment was repeated several times with the same results. 
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pass to the cathode, I need only refer to the results which I have given (807. 813.) to 
show that the chemical action at the electrodes has not the slightest influence over 
the quantities of wat;er or other substances decoumposed between them, but that they 
are entirely dependent upon the quantity of electricity which passes. 

868. What, then, follows as a necessary consequence of the whole experiment? Why, 
this: that the chemical action upon 32*31 parts, or one equivalent of zinc, in this 
sinmple voltaic circle, was able to evolve such quantity of electricity in the form of a 
current as, passing through water, should decompose 9 parts, or one equivalent of 
that substance: ad, considering the definite relations of electricity as developed in 
the preceding parts of the pesent prs aper, the results prove that the q'uantity of elec- 
tricity which, being naturally associated with the particles of matter, gives them their 
combining power, is able, when thrown into a current, to separate those particles 
fronm their state of combination; or, in other words, that the electricity which de- 
conposes, and that which is evolved by the decomposition of, a certain quantity o' 
natter, are alike. 

869. The harmony which this theory of the definite evolution andthe equivalent 
definite action of electricity introduces into the associated theories of definite propor- 
tions and electro-cheinical affinity, is very great. According to it, the equivalent 
weights of bodies are simply those quantities of them which contain equal quantities 
of electricity, or have naturally equal electric powers ; it being the ELECTRICITY which 
determines the equivalent number, because it determines the combining force. Or, 
if we adopt the atomic theory or phraseology, then the atoms of bodies which 
are equivalents to each other in their ordinary chelnical action, have equal quan- 
tities of electricity naturally associated with them. But I must confess I am jealous 
pf the term atom; for though it is very easy to talk of atoms, it is very difficult 
to form a clear idea of their nature, especially when compound bodies are under 
consideration. 

870. I cannot refrain from recalling here the beautiful idea put forth, I believe, by 
BERZELIUS (703.) in his development of his views of the electro-chemical theory of 

affinity, that the heat and light evolved during cases of powerful combination are the 
consequence of the electric discharge which is at the moment taking place. The idea 
is in perfect accordance with the view I have taken of the quantity of electricity asso- 
ciated with the particles of matter. 

871. In this exposition of the law of the definite action of electricity, and its cor- 
responding definite proportion in the particles of bodies, I do not pretend to have 
brought, as yet, every case of chemnical or electro-chernical action under its dominion. 
There are numerous considerations of a theoretical nature, especially respecting the 
compound particles of matter and the resulting electrical forces which they ought 
to possess, which I hope will gradually receive their development; and there are 
numerous experimental cases, as, for instance, those of compounds formed by weak 
affinities, the simultaneous decomposition of water and salts, &c., which still require 
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investigation. But whatever the results on these and numerous other points may 
be, I do not believe that the facts which I have advanced, or even the general laws 
deduced from them, will suffer any serious change; and they are of sufficient imlpor- 
tance to justify their publication, even though much may remain imperfect or undone. 
Indeed, it is the great beauty of our science, CHEMISTRY, that advancement in it, 
whether in a degree great or small, instead of exhausting the subjects of research, 
opens the doors to further and more abundant knowledge, overflowing with beauty 
and utility to those who will be at the easy personal pains of undertaking its experi- 
mental investigation. 

872. The definite production of electricity (868.) in association with its definite 
action proves, I think, that the current of electricity in the voltaic pile is sustained 

by chemical decomposition, or rather by chemical action, and not by contact only. 
But here, as elsewhere (857.), I beg to reserve my opinion as to the real action of 
contact, not having yet been able to make up my ilind as to its being either an ex- 

citing cause of the current, or merely necessary to allow of the conduction of electri- 
city, otherwise generated, from one metal to the other. 

873. But admitting that chemical action is the source of electricity, what an infi- 

nitely small fraction of that which is active do we obtain and employ in our voltaic 
batteries ! Zinc and platina wires, one eighteenth of an inch in diameter and about 
half an inch long, dipped into dilute sulphuric acid, so weak that it is not sensibly 
sour to the tongue, or scarcely to our most delicate test papers, will evolve more elec- 

tricity in one twentieth of a minute (860.) than any man would willingly allow to pass 
through his body at once. The chemical action of a grain of water upon four grains 
of zinc can evolve electricity equal in quantity to that of a powerful thunder-storm 

(868. 861.). Nor is it merely true that the quantity is active; it can be directed and 
made to perform its full equivalent duty (867. &c.). Is there not, then, great reason 
to hope and believe that, by a closer experimental investigation of the principles which 

govern the development and action of this subtile agent, we shall be able to increase 
the power of our batteries, or invent new instruments which shall a thousandfold 

surpass in energy those which we at present possess ? 
874. Here for a while I must leave the consideration of the deJinite chemical action 

of electricity. But before I dismiss this series of experimental Researches, I would call 
to mind that, in a former series, I showed the current of electricity was also definite 
in its magnetic action (366. 367. 376. 377.); and, though this result was not pursued 
to any extent, I have no doubt that the success which has attended the development 
of the chemical effects is not more than would accompany an investigation of tihe 

magnetic phenomena. 

Royal Institution, 
December 3lst, 1833. 
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