UcTopuna anekTpoxmmuu. 4. ABonouma npeacraBneHnin
O MOHAX B pacTBoOpax

Pabota 'poTtryca (1805): byaoyLiee anekTpoXMMnM4YeCcKoro
mMaTtepuanoBegeHus + BakHasa rmnoresa

Knaysuyc, TennoBoe aABmxeHne/crnoHTaHHasa guccounayms
ObobLweHna Appennyca n Octeanbga (+ npotectol MeHaeneesa)
AKTMBHOCTb KaK TepMognHammieckas senmunHa (J1sounc)

bopH, nepBas pusnyeckaa moaenb

http://www.elch.chem.msu.ru/rus/wp/index.php/phdcourses/



J13Bu, HuKoJJCcOH

K - dapaneu: [TPUKITAJHAA SJIEKTPOXUMUA
apJieJib:
WIEKTPOJIU3 IJIEKTPOJIN3A
BOJbI/PacTBOPOB |
T >

1800-1803  1833-1834

1805 1857 1874 1887 1907 1919
' | i | ] ; "
I'porryc: | Kaaysuyc: T I )
HUOHBI - HEC TOJIBKO
MEXaHU3M NMPOTEeKAHUSA I — Hoﬂj Konmemmust
TOKA 4epe3 PacTBOPbI Appenuyca
1853-59, I'mtTopd:
YHUCJIA MIePeHoca JIbrouc:
1865, ®duk: AKTHUBHOCTH
3aKOHbI AU(pdy3un BopH: Moen

KoJsbpayui: nonnnie
3J1eKTPONPOBOIHOCTH



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 Lmpe
naeu nepeopueHTaumm 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



CTpyKTYypa 3NeKTPONIUTUYECKUX
VI ocafKoB

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.



AneKTPoOXpoMHbie maTepuansbl
X|| N ABNeHunsA

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.



AneKTPOXUMUYECKU MHULMMPOBaHHOE ocaxaeHue

X1V

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 oxygen is
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 Kurléndischen
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.




Ueber die Elektricititsleitung in Elekirolyten;
con B. Clausius.

Ann. Phys. 177 (1857) 338-360

n positive Theilmoleciile in der positiven und #»' ne-
gative Theilmoleciile in der negativen Richtung hindurch-
gehen, die Stromstirke mit C(n 4 n') bezeichen.

TennoBoe ABMXeHne CTONKHOBEHUA Rudolf Julius Emanuel
Clausius

1822 — 1888
anccounaums ( )

J.L. Gay-Lussac, Na,SO, + BaCl _
( ’ Vv e 2 S. Arrhenius, JACS 34 (1912) 353-364:

These ideas are, perhaps, a little abstract, but they are of the greatest
interest, for they are more than eighty years old. They were expressed
in 1839. And later on, in 1857, Williamson expressed absolutely similar
ideas, and the same was the case with Clausius, the German mathematical
physicist. Clausius came to this conclusion from quite different con-
siderations. He did not care at all for chemical compounds
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e wille BpéHcTen
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BanT-Iodhch
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Arrhenius:

In a former communication “ 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.4 This assumption I will
make the basis of the calculations now to be carried out. I
have designated the relation between the number of active

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

* Clausius, Pogg. Ann., 101, 347 (1857); Wied. Elektfr., &, 941,
t Bikang der Stockholmer Akademie, 8, Nr. 13 uud 14, 2 TL. pp. 5 and 13;
1 TL, p. 61,

1ie,27Tl, p 5
48

electrolyte at infinite dilutiiII ‘i therefore taken as(unity.) For

smaller dilution it is(less 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 active molecule dissociates
(e. 9., k=2 for K Cl, t.e., K and {1; k=3 for Ba CI, and
Ao, SO, t.e., Ba, Cl, (1, and K, K, S0,), then we have :

c im0
41

; i { i =
SURSTANCE, FORMULA.,  —aon | (k—1)a.

Barium hydroxide..... Ba(0H), 0.84 2569 2.4
Strontium hydroxide... Sr(0H), 0.86 2.61 2.72
Calcinm hydroxide .... Ca(0H), 0.80 2.59 2.59

Lithinm hydroxide.... Li OH il 5% XDe 1.83
‘wSodium hydroxide..... Na OH .35 .04 1.88
Potassium hydroxide .. K OH 93 1.1 1.93

equal to the ratio of the actual molecular conductivity of the no abynuo-

smaller dilution it is less than one, and from the principles "
established in my work already cited, it can be regarded as \ 3 AdHHBIX
solution to the maximum limiting value which the molecular U KpUo-
conductivity of the same solution approaches with increasing W3 paHHBLIX ckonum
dilution. This obtains for solutions which are not too concen- o 3NeKTpo-

trated (i.e., for solutions in which disturbing conditions, such
as internal friction, ete., ean be disregarded).

NPOBOAHOCTHU



LXXVIII.—The Compounds of Ethyl Alcohol with Water,

By D. MENDELEEFF.

J. Chem. Soc. Trans. 51 (1887) 778-782

[0.1. Menpenees
B 1878

«rmgpaTtHasa Teopus
(npon3BoaHasa NNOTHOCTU MO KOHLEHTPaLUK) pacTBOPOB»

Applying this method to the solution of H,0 and C,H,0, three
definite combinations are found to exist, namely—

C,H,O + 12H,0 = 1756 per cent. alcohol.
C.H:0 + 3H.O = 4600 s '
30,H;,O + H,0 = 8846 . ”



Gilbert Newton Lewis (1875 — 1946)

Proc. Amer. Acad. Arts & Sci., 43 (1907) 259-293

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.

)’!{ «— (JYrMTUBHOCTb
RT
..... It is probable that no one of these laws is ever strictly true. As
approximations to the truth they have been of the greatest
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
Inaccuracies 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.

aKTUBHOCTb —> S —




HCl = H* + CI~.

lNMepexon OT KOHLEHTPALMOHBIX
KOHCTaHT K TepMOANHAMMNYECKNM

According to the ordinary mass law,

€uct

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

Lofr. ..
“E'P — /4 (& ﬂﬂnstant) - B 06LLIEeM BUe AN KOHCTaHTbl PaBHOBECKSI.
§i&p - - -
RT RT ., £5é%
N apna 30C uenu: E: — lIl K — 1111 - Lf'
m it O A 3



TepMUH «KMOHHaA curna» BO3HUK U3 aHarm3a Koppensauum mexay
Ko3adhhmumeHTamm aKkTUBHOCTMU:

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE UNIVERSITY OF CALIFORNIA. ]

THE ACTIVITY COEFFICIENT OF STRONG ELECTROLYTES.!

By GiLBERT N. LEwIS AND MERLE RANDALL. J. Amer. Chem. Soc.
Received March 10, 1921, 43 (1921) 1112-1154

In any solution of strong electrolytes let us multiply the stoichiometrical molality of
each ion by the square of its valence (or charge). The sum of these quantities, divided
by two (since we have included both positive and negative ions), we shall call the ionic
strength, and designate by p. Thus in pure solutions of potassium chloride, magnesium
sulfate and barium chloride, all at 0.01 M, we have, respectively, p=0.01, p =0.04, and p
=[(4 X 0.01) - 0.02]/2 = 0.03. We may now state our general principle: In dilute solutions

the activity coefficient of a giver TasLe XXIV.
same ionic strength. Activity Coefficients of Individual Ions at Various Values of the Ionic Strength.
B=....................0.000 0.002 0.006 0.01 0.02 0.05 0.1
)5 GO 098 0.97 095 0.92 09 0.8 0.8
B cunbHO pa3baBneHHbIX OH-....................098 097 095 0092 0.8 0.8 0.8
paCTBOan 6b|na 3aBUCUMOCTDb €1, Br ,I7 ... ...... 0.08 0.97 0.95 0.92 0.89 0.84 0.79
it e 098 0.7 09 092 0.8 0.85 0.8
TOJ1bKO OT 3apdAfa NOHa; Nat oo, 098 097 095 092 0.8 0.8 0.8
K+ Rb*, Cs*........... 098 0.97 095 092 0.89 0.8 0.79
At 097 0.9 093 0.90 0.85 0.8 0.77
npum bonee BbICOKUX KOHUEH- 1t 0.97 0.96 0.93 0.90 0.85 0.75 0.64
NOS . e 097 09 094 091 0.87 0.77 0.68
Tpaumnax ABHO NoAsnAnach Cl10;~, BrO; e a0 095 0.93 08 0.8 0.79 0.70 0.61
3aBNMCMMOCTb eLlle n oT Met+® .. . ... .. 0.78 0.74 0.66 0.60 0.53 0.43 0.34
pasmMepa MoHa. SO™ =i 07 071 063 05 047 035 0.26
Lat + + Fe(CN)r --..073 066 055 047 037 028 0.21

* Under Me* * we 1nc1ude Mg* *, Ca* * Sr* %, Ba*t *,Cu* *, Zn* *, Cd+ *,
except that for Cd* * the value is not 'ro be used for obtammg the activity coefﬁcient
of a halide.
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MeTtoq umknos » Lukn bopHa-labepa @

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

HoH — chepa
Cpeda — KOHMUHYYM, &
Paboma nepeHoca He3apsixxeHHoU cgpepbl U3 8akyyma 8 cpedy — 0

[loOdep xaHue arnekmpoHeumparsrbHocmu
AGp = Np (W +W5)

Z.€,
- Aree, 2 1
o AG, =N, (&) (1--)
. , 8re,r, &
1~0 (Zle )
W = [ pdg=_"2
A 8reg,r



