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V

Not all dissolved metals are decomposed
by galvanic electricity. From manganese
nitrate | obtained gaseous bubbles at the
negative pole? instead of a metallic
deposit; and it seems that, when under
the same circumstances the dissolved
metal has a greater affinity for oxygen
than that of hydrogen for the same
principle, it is solely water which
undergoes decomposition.

2 | shall henceforth use the expression
positive pole to refer to the tip of the wire
connected to the disc of zinc, and the
expression negative pole to denote the tip of
the wire in contact with the copper disc.

PaboTa NpoTryca cywecTBeHHO wupe
naen nepeopueHTaumMm gunorsrien Boabl.

"Mémoire sur la Décomposition
a’'l'’Aide de I'Electricite Galvanique”
Published in Rome, 1805

Ann. Chim. (Paris) 58:54-74 (1806)
Translation: Biochim Biophys Acta
1757 (2006) 871-875
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Of all the metallic salts that | have subjected to the action of the
electromotive apparatus, lead acetate and tin muriate® gave me most
beautiful vegetations. That of lead takes the appearance of fern leaves;
and on the ramifications of tin, | often observed, with a magnifying glass,
octahedral crystals. It is remarkable that arborisation always grows from
the negative pole to the positive one, regardless of their respective
location, and that it is therefore always organised in the direction of the
electric current. The vegetation of a metal obtained by means of electricity
appears somehow to imitate that of natural plants, which constantly point
towards the source of light, and release oxygen upon coming into contact
with its rays.

3 ] also obtained more or less similar results from nitromuriates of gold and
platinum, from nitrates of zinc, copper, mercury, and cobalt, from sulfates of zinc
and iron, from stannite of muriated potash, and from iron muriate.



ANEeKTPOXPOMHbIe MaTepuanbl
XII N ABNEeHuNA

Following a prolonged application of galvanic electricity to a solution of
iron sulphate , the latter became blurred, adopting a reddish hue in the
region surrounding the positive pole. One then verifies that it contains a
highly-oxidised oxygenated iron sulphate, by testing it with prussiate of
potash, which instantly turns into a beautiful Prussian blue in that part
of the liquid, whereas that surrounding the negative pole, in the
presence of the same prussiate, merely turns into a greenish-white
precipitate.

X1

Cold solutions of molybdic acid in concentrated sulphuric acid adopt a
beautiful blue colour that disappears upon heating the solution.... at the
positive pole, the liquor gradually becomes perfectly transparent, and
molybdic acid partly precipitates as a white powder, whereas around the
negative pole, it acquires a colour ever darker and dirtier. Switching the
two poles around has the opposite effect: the transparent part reverts

to blue, and the blue part becomes transparent.



ANeKTPOXUMNYECKN UHULMMPOBaAHHOE OcaxaeHue
XIV

Upon prolonged application of galvanic current to an alkaline salt
solution, the base of the latter gradually precipitates around the tip of
the wire with the negative electricity. These precipitates do not seem
to me to be due to a decomposition , judging by the infinitely small
guantity of alkali generated at this location; but | presume that the acid
of the salt is either destroyed or decomposed there, so that its alkaline
base becomes free.

The glass tubes used to hold the solutions subjected to the
experiments that | have just described often ended up coated with a
metallic layer which seemed molten onto the glass inside the tube,
and which came from the metal particles torn off from the conducting
wires by the action of the apparatus: thus, when the tips were made of
gold or of silver, the glass tubes became perfectly gilded with silver or
gold.



XVI

The voltaic column, which immortalises the genius of its inventor, is an
electric magnet of which each and every element (i.e., each pair of discs)
possesses its own negative and positive poles . Pondering this polarity
suggested to me the idea that a similar polarity might very well arise
between the elementary molecules of water  solicited by the same
electrical agent; and | must confess that this was for me an illumination.

XXII

The theory of water decomposition that | have just presented leads to the
following consequences. (a) The proportion of hydrogen cannot increase
In water located in the vicinity of the positive pole, since the oxygen of
the whole liquid traversed by galvanic current tends towards that

point, whereas hydrogen tries to move away from it. (b) By the same
token, oxygenation is impossible in the water surrounding the negative
pole, since hydrogen is constantly attracted to it, whereas oxyge nis
repelled by it. (c) Even if the component principles of water could not be
combined into any proportion other than that which constitutes water, the
latter would still be decomposed as described; but neither oxygenation,
hydrogenation, acidity, nor alkalinity would be observed in any of its parts.



XXIV

The polar arrangement , such as is found in the elementary
molecules of water traversed by galvanic current, must also result in
the elementary molecules of all other liquids, provided that they are
solicited by the same forces. In metallic solutions, electric polarity
takes place among the elements of the oxide, whose oxygen is
transferred to the positive pole, and whose metal is deposited at the
negative pole. Acid reacts with these metallic particles which it holds in
solution; but even though it has been decomposed either by this
reaction or by the electric power, revival occurs nevertheless.

l

“Uber die chemische Wirksamkeit des Lichtes und der
Elektrizitat”, Jahres Verhandlungen der Kurlandischen
Gesellschaft fur Literatur und Kunst, 1819, 1, 119-184

...In solution even without electrical current  there is
a continuous exchange between molecules and
their elementary parts




TennoBoe ABUXEHUE 1 BO3MOXHOCTb

CMOHTaHHOWN Anccoumnauuu,
Poggendorff's Annalen 101 (1857) 338
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A. C. CaBenbes, 1953

Poggendorff's Annalen, 89, 177, 1853 «O ranbBaHNYECKOMN
NPOBOAUMOCTU XXNOKOCTEN»



Gottingen Nachrichten, 1876, 213

1. Ueber platinivte Elactroden wned Widerstonds-
heatbmaminng; ver Fridedrich Hoehivoawsoh.

Yuncna nepeHoca

1. Bei der Flatinireng won Elctuden sem Zwecks von
Wilestandsbetlmsangen, welchs izh mit dea Herren Hol-
harn ued DMioseolhorst smifibrio, ghranchies wir die von

l @ Herren Lummer snd Ewrlbsum fir ibre bolomeiriszhon

Swocke oosgemittolte Lisumg. Dieselte baalaht sus 1 Platis-
ehdarid uad 0008 Blasestial in 30 Wiaser.

Din Aswendung deser Liesng is nicht sar wegen dar
Sicherkeit, mil welcher der Niedersching als matber, tef sobwarzer
Flntinmohr ontetoht, argenchm, sonden e fiel ues an den ey

CkopocTy RIS Bl oyt B o e St
MmexaHn4yecKoro iler telephonischen Widerstardimemsung aol. Die Erscheinusg

gt sfenar wit i Agpenion 4w Panssto w- riedrich Wilhelm Georg

samman, walche woler der Milwirkusg das pelisian Bleies
OBWXEHUA antatehs. Din beknnnte rhibselbafte ¥errchsedenhest, mit welcher Kohlrausch
die gine Fletinchleeidltsung schlecht, cize sndore regelmisaig
wit plitinert, dasl mikn oo webl aicker damial sisbek@hrin,
g e lulzbars 05 pasigwele Veruantitigeng derch din aaderes
Metall [Zink, Kupfer, Hi=i) enthielt
Dwe weitars Verfolgung die Gegestande fobirte o Er-
grebnissen, welche als ein wesantlicher Partschritl dor Wachsal-
sipmmethade bei der Messung elictolytischer Widemiinds
bezsichnet werden diirfen.
Lotzteres wird sofort cinloochior, wenn ieh eimige Ee-
fshrusgen mittheile. Die 10 em? gresssn Electrodon in gloem

3ne|<Tp|/|qec|<|/|e Flaschehon, wie win sclthos fir Widirstandsbastimmung woo
Wasser oder dergl. gebrawcht su werdea plogt, worden mit der
nOﬂ'BVDKHOCTM L.-E "sehen Litenng kriftir platinirt, sosgewkasert und nun dizses

(Crefilsa mel cinem wideren von ebes b Eehor Widersian dscapaci-
tit, welchea mit dir geichen Flossighaeil gefallt werde wis jenes,

|
L

in der Bricke mit dem Telephon vergloben, mdem die Widers
siads bebder suf cnen Hbeostaten zurfickgefohrt wardes.
Die baiden Geflses standm = demailben HBade, Salbab La
Fillung wdl normaoler HoCl-Loeusg eotstand wno fur Ein-
stellung noch brasehbares Minimum, shwobl der Flissigheits-

Annalen der Physik und Chem ‘\-.._,_,__f‘t
MeToaunka nsmepeHus 60 (1897) 315- 322 Figg. 1
9NEeKTPONPOBOAHOCTU: el

NaTNHNPOBaAHHAA NnjiatnHa
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Arrhenius:

In a former communieation ““ On the Electrical Conductivity
of Electrolytes,” I have designated those molecules whose ions

are independent of one another in their movements, as active ;

the remaining molecules, whose ions are firmly combined with
one another, as inactive, I have also maintained it as probable,
that in extreme dilution all the inactive molecules of an elec-
trolyte are transformed into active.t This assumption I will
make the basis of the calculations now to be ecarried out. I
have designated the relation between the number of active

molecules and the sum of the active and inactive molecules,
as the activity coeflicient.] The activity coeflicient of an

* Clausius, Pogg. Ann., 101, 847 (1857): Wied. Eleltr., 2, 941,
t Bihang der Stockhelmer Akademie, 8, Nr. 13 und 14, 2 T1. pp. 5 and 138;
1TL, p. 61,

1ie,2TL,p. &
48

electrolyte at infinite di]ut"ll ‘I therefore taken aa For

smaller dilution it isCless than one) and from the principles



tive and active molecules. 1f, then, m represents the number
of inactive, and # the number of active molecules, and £ the
number of ions into which every aective molecule dissociates
(¢. 9., k=R for A Cl, i.e., K and Cl; k=3 for Ba Cl, and
h SO, e, Ba, C1, (1, and K, K, §0,), then we have :

;m+ kn
m-n

SEURETANCE, FORMULA.

Barinm hydroxide..... Ba(0H),
Strontium hydroxide... Sr(0OH),
Calcinm hydroxide .... Ca(0H),
Lithinm hvdroxide.... Li OH
Sodium hydroxide..... Na O
Potassium hydroxide .. & OH

smaller dilution it is less than one, and from the principles
established in my work already cited, it can be regarded as
equal to the ratio of the actual molecular conductivity of the

solution to the maximum limiting value which the molecular

conductivity of the same solution approaches with increasing
dilution. This obtains for solutions which are not too concen-
trated (i.e., for solutions in which disturbing conditions, such

as internal friction, ete., ean be disregarded).

as<l??

; t =

@ Si§5 1+(k-1)a.
0.84 2.69 .69
0.66  2.61 2.72
0.80 2.59 2.09
0.83 2.02 1.83
0.868 1.96 1.88
.93 | £ § 1.93

\ \ N3 paHHbIX

no adynwuo-
N KpUo-

U3 gaHHbLIX cKonuu
Nno 3N1eKTpo-
NPOBOAHOCTHU



Likewise we shall find it desirable to intro duce
besides the fugacity, which has the dimensions
of pressure, another quantity which has the
dimensions of concentration.

]‘[; <— (yrnTuBHOCTb

RT

aKTUBHOCTb —» 5 —

Gilbert Newton Lewis
Proc Amer Acad Arts and Sciences, 43 (1907) 259-293

..... It is probable that no one of these laws is ever strictly true. As
approximations to the truth they have been of the gre atest
service . But now that their utility has been demonstrated, the
attention of a progressive science cannot rest upon their
acknowledged triumphs, but must turn to the investigation of their
iInaccuracies and their limi tations. From the study of the deviations
from the simple gas laws has grown one of the most interesting
chapters of chemistry. So from a study of the deviations  from such
a law as the mass law we may ex pect results of the highest value.



HCl = H* + CI-.

lNepexon OT KOHUEHTPaUNOHDbIX
KOHCTaHT K TepMOAUHAMUNYECKUM

According to the ordinary mass law,
CuCa __

= K.
OH'ﬂl
'
éﬂfm — E;
énar

If therefore the mass law is false, it must be because the activity is not
simply proportional to the concentration for one or more of these three
substances. The problem, therefore, is to determine how the activity of
the undissociated substance and the activity of the ions vary with the
concentrations of both. It seems that all the facts which are at present
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MeToa umMKnoB » Llukn bopHa-labepa @

M.BopH, Z. Phys. 1(1920)45

HoH — cpepa
Cpeda — KOHMuUHyym, &
Paboma nepeHoca He3apsi>keHHoU cgepbl U3 sakyyma 8 cpedy — 0

[loOdepkaHue anekmpoHetmparibHocmu
AGp = Np (W+W;)
b = 4%
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