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Whereas the application of Gibbs thermodynamics of the surface phenomena
to mercury and other liquid metal electrodes has been experimentally substantiated
and is at present in common use, the possibility of a similar approach to the electro-
capillary phenomena on the surface of the platinum hydrogen electrode has been
insufficiently considered in the literature. The first attempt in this direction was made
by FRUMKIN AND SLYGIN! but the formula derived by them was in such a form that it
could only be verified semi-quantitatively. Some thermodynamic relations were
considered by FRUMKIN, BALASHOVA AND KAZARINOVZ. In the present study we want
to discuss once more some of these relations and to report the results of an experimen-
tal verification of one of them, the derivation of which has already been given in more
detail by one of the authors®.

We shall assume that the platinum hydrogen electrode can be considered as
being reversible with respect to the ionization reaction of adsorbed hydrogen and the
hydrogen ion discharge and will confine ourselves to the case of a binary electrolyte
(CA) solution, containing a certain concentration of H* or OH ™ ions. The assumption
of reversibility is practically valid in the case of the platinized-platinum electrode if
the solution contains no ions displaying a strongly pronounced specific adsorption®
(I7, TI'*) within the potential range limited on the positive side by the appearance
of adsorbed oxygen on the surface. Let us also assume, at first, that the amount of
hydrogen dissolved in the bulk of the solution and in the metal can be neglected com-
pared to that present on the electrode surface, and that the concentration of the H*
ions in the solution is small compared to that of other cations, so that the chemical
potential of the cations and anions, C* and A, remains practically constant with
varying hydrogen ion concentration. The state of the system under consideration can
be determined by the chemical potentials of atomic hydrogen p;,, hydrogen ion yHn
and the electrolyte ions . We shall choose the hydrogen atoms H and the ions H*,
C* and A~ as the components from which to build the interfacial layer.* Let US

e . o ) ' d
* The system could be also envisaged as composed of H* ions and electrons (instead of H* 10ns an
H atoms). The final results are the same.
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designate by I'y, I'y+, I'c+ and I',- the surface densities of these components of the
system in the sense of Gibbs, i.e., the amounts of substance that are to be added to the
system for the composition of the bulk phase to remain constant with the surface area
increased by unity. Let us define the position of the interface by assuming I'y,o = 0.
The quantities p and I" will be expressed in electrical units. It is essential that the quan-
tity I'y includes both the amount of hydrogen adsorbed as H atoms on the platinum
surface and the amount expended due to ionization in the formation of a unit surface.
This is the quantity that we should find by experiment if we could carry out a direct
determination of the hydrogen adsorption on a platinum hydrogen electrode at given
e and py+-values: — I'y is the electricity stored/unit electrode surface (the minus sign
is due to the appearance of a negative charge as the result of ionization of the H atom).
In this sense, the quantity — I'y represents the total charge of unit electrode surface.
Iy, remains constant on open circuit if the supply of electrochemically-active sub-
stances to the electrode is hindered. If g is the surface density of the free energy, ¢, the
electrode potential measured against a hydrogen electrode in the same solution, which
is in equilibrium with H, at atmospheric pressure, ¢ the electrode potential measured
against the normal hydrogen electrode and Q the quantity of electricity to be supplied
to the electrode in order to shift its potential at constant uy. and ug from some
initial value, ¢,, to the given one, then these quantities are related by the following
formulae:

(APt us = — (Al s (1

(d@)us = (ditn+)us — (pt)yg = (dpy+)yg + (de,) 2

Iys =Tp- — Tt 3)

(52 --(%) @
0P /uaa+ s 0P [uya+ s

do = —TI'ydpuy — I'y+dpys — (Do + Tp-)dpg ®)

Equations (1) and (2) give the condition of equilibrium between the electrode
and the solution, eqn. (3)—the condition of the solution maintaining electroneutrality
in the process of adsorption, eqn. (5)—the Gibbs expression for the total differential
of the surface free energy for the case under consideration. Equation (4) follows from
Wwhat has been stated above regarding the value of I';*.

e e

* Let us prove eqn. (4) using the following imaginary cycle. Let us transfer the electrode following
the charging curve from state I to state II, the values (um)1 and (um)i corresponding to these states,
respectively. The quantity of electricity expended in this case will be (Qir— Q1S = AQS (S is the
electrode surface). Let us now reduce the electrode surface in state II to a value which will be infinites-
imal compared to S. By definition, a quantity of hydrogen equivalent to (I'g)S will be liberated.
Let us transfer the electrode with the reduced surface to state I, following the charging curve in the
Opposite direction. The expenditure of electricity in this case can be neglected. Let us close the cycle,
bringing the electrode surface back to S. The quantity of hydrogen expended in this case will be
Squivalent to (I'm)1S. Thus (I'e)tS — (I'm)usS = AQS or Al'y = — AQ.
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Using the properties of the total differential, we obtain from eqns. (5), (1) ang
(3) by elementary transformations

( ('I’q), ) _((—er*) (@FH) _((‘}FHW‘. _
\a:“li* Ty,us a(pr uat,us ' 5(,0, uat,us 6FH )uu*.us B
_(arA_) _(arc+)
aFH mat,us dFH unt,us (6)

The derivation of eqn. (6) has already been given in ref. 3*. It follows from
eqns. (5) and (1) that

(5r}1) =_(5FC+) _(aFA_) .
Ops wert g 00; /s s 09, uat,us @

00, oly [ ary
e R v I ¢ ®
OHs /rypun* OHs /s * e OPe / uirt s

From (7) and (8) we obtain

Then

‘) "F + 61—‘ =

(o) =) () o
ops Tt o'y uutus o'y nu s

or accounting to (2)

A A

<0<p) :(OFC+) +(0FA_) (92)
6“5 Iyun 5 arH us, it arH us,upt

Equation (9) is similar to the equation

(a(p) _ _(6FC+) _(GFA_) (10)
outs /. 0 /. 0t /g

where ¢ is the charge of the metal side of the double layer, known from the thermo-
dynamic theory of electrocapillarity*>. However, whereas in (10) the change in@
with yg is considered at constant ¢, in (9a) the quantity I'y should be assumed to be
constant. Thus in the thermodynamic theory of electrocapillarity in the case of the
platinum hydrogen electrode, I'y, plays the same part as the quantity ¢ in the theory of

* 11 the case of an electrode in a solution of an acid, HA, without additions of other cations, W€ obtainl
by similar reasoning

O0pr
().

where g+ is the mean value of the chemical potentials of H* and A~ ions.

> (EF_“L) (62)
ol /.
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an ideal polarizable mercury electrode*. In particular, the maximum of the g,¢ curve
in the case of the platinum hydrogen electrode corresponds to I'y =0, and not to
¢ =0 **?. The quantities 0I'y/0¢p, and 0I'y./0p, in eqn. (6) can be determined ex-
perimentally, the former from the equilibrium charging curves and the latter from the
dependence of the change in pH of the solution, observed when the solution comes
into contact with the electrode, upon the potential"’. We can also determine the
system states for which I'y; =0 or I'y;+ =0, and hence find the absolute values of I'y
and I'y+ for' any .

The validity of the thermodynamic relations derived above is independent of
the interpretation of the physical significance of these quantities. If we wish,however,
to relate the quantities in question with some model representation of the interface,
we are obliged to go beyond the purely thermodynamic treatment.

Let us consider first the quantity I'y+ = 'y~ — I'c+. The changes in the con-
centration of the H* ions upon contact of the solution with the electrode can be due
both to the transition of the H™ ion of the solution into the state of an adsorbed H
atom with a positive charge appearing on the surface, and to the transition of the H*
ion from the bulk of the solution to the ionic side of the double layer (and to the cor-
responding reverse processes)***. Moreover, in the latter case, the adsorbed H* ions
can be attracted by the negative surface charges or can be specifically adsorbed, retain-
ing their ionic nature. The latter is unlikely, as in the case of mercury the H* ion
behaves as the Li* ion, showing no signs of specific adsorptivity’. Whatever may be
the case, we shall not make an allowance for the possibility of intermediate formations
between H,4, and electrostatically-attracted H™* ions appearing in the electric double
layer. If, however, specifically adsorbed H™ ions are present in the surface layer, we
shall treat them as adsorbed atoms and add their charge to that of the metal surface.
Further, we shall assume the relative concentrations of the H* ions and other cations
in the bulk of the solution to be chosen in such a way thatsit would be possible to
ignore the electrostatic adsorption of the H™ ions along with I'c.. We shall also
assume that, being adsorbed, all the remaining ions of the solution retain their charges.
In other words, we shall not add to the charge of the metal surface that part of the
charge of these ions which on adsorption passes to the metal. In this respect our
method of calculation is conditional and, undoubtedly does not represent the real
physical picture of the process, as the bond between platinum and the ions with strong

* The hydrogen platinum electrode is not ideally polarizable in the usual sense of this term in modern
electrochemical terminology, since it is possible for an electrochemical reaction to occur on its
Surface. But it is perfectly polarizable (vollkommen polarisierbar) in PLANCK’s sense®, viz., its state is
Completely determined by the quantity of electricity, Q, supplied to it, beginning with some initial
State. Nothing will be changed if the presence of some hydrogen dissolved in the electrolyte and in the
metal is taken into consideration, provided the solution volume is limited and equilibrium is maintain-
&d between dissolved hydrogen and that adsorbed on the surface during all changes in the state of the
System.

** The method of determination of the potential corresponding to Iy =0 is given in ref. 1.

*** We are faced here with the same difficulty as in the consideration of the double layer at the inter-
face between zinc amalgam and a solution containing Zn2+ jons8.
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specific adsorptivity, such as I~ or TI", is nearly covalent*. LORENZ’s resultglo
however, indicate that a partial charge transfer occurs also in the specific adsorptim;
of a number of ions on mercury. But in this case as well, in considering the structyre
of the electric double layer, the transferred charge is not added to that of the Meta]
surface. Under the above assumptions, I'y+ is identical to ¢, the charge of the metalljc
side of the double layer at the electrode—solution interface:

Iye=I'y-—Tcr=¢ (11)
In contradistinction to I'y, I'y+ should be termed the free surface charge. Under the
same assumptions, the quantity I'y can be represented as the sum of two terms, one
of which is determined by hydrogen adsorption in the form of H atoms and the seconq
—by hydrogen ionization, the H" ions formed entering into the bulk of the solution:

FHZAH—FH+:AH—8 (12)

where Ay, is the amount of atomic hydrogen adsorbed/cm? of the surface, expressed
in electrical units. An increase of I'y. corresponds evidently to a decrease of I, **

In the case of adsorption from alkaline solutions, we shall assume likewise that
the OH ™~ ions being displaced by other anions do not form part of the ionic side of the
double layer and that the change in the concentration of the OH™ ions is determined
by that in the surface charge and hence, by the process of ionization of adsorbed
hydrogen***.

* Another treatment of such systems is possible. Thus, the platinum electrode in a solution containing
for example, Na+, Cd2+ and SO42~ ions, can be considered as a platinum-cadmium one. In this case
we should add the charges of the adsorbed Cd2* ions to those of the metal surface (as we have done
in the case of the H* ions) and assume the ionic side of the double layer to be formed only by the Na*
and SO42- ions. In the case of such treatment, the wording will be qualitatively different from that
in the text. Thus, whereas according to the concepts used in our paper the adsorption of the Cd>* ions
shifts the point of zero charge of platinum in the positive direction!, assuming cadmium to be adsorb-
ed as atoms, we must conclude that the point of zero charge is shifted in the negative direction. A
similar statement has already appeared in the treatment of the adsorption of iodine ions on iron and
its effect upon adsorption of organic cations!!. Following the same reasoning, we state that the ad-
sorption of TI* ions from the solution on mercury shifts the point of zero charge towards more
positive p-values, whereas the adsorption of Tl atoms from Tl amalgam causes an opposite effect!?.
In the latter case we can, however, establish the desired chemical potential of the atomic form regar(?'
less of the electrode potential, which is impossible in the case of the Pt-Tl surface alloy formation vid
adsorption of the ions from the solution.
** The relation

.ZWH - AH — &
can also be directly derived from the cycle given in the footnote to p. 505. )
*** The picture in the case of alkaline solutions is more complicated than in the case of acid solutions
since over a certain potential range, adsorbed hydrogen and oxygen can co-exist, as is evident from the
shape of the charging curves!13, and the change in the OH~ ion concentration can be equally well be
connected with the appearance of Oaas or of OHaas on the surface. This, however, does not affect the
formal aspect of the calculation, since the simultaneous presence of Haas and Oaas (0r OHaas) mear}:
the chemisorption of water and, consequently, if the condition I'u,0 = 0 is satisfied, the increase !
1o is formally equivalent to a decrease in /'y.
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It follows from eqns. (6) and (12) that*

0 1
(ﬁ ?: ) _ (13)
Oy + /T,us ( aAH ) -1
uatius

0Ty~

(14)

()
( 6(10 ) — 6FH* uptius
Ti,us (

O+ 0Ay ) 1
6rH* untus

Equation (6) and its equivalent eqns. (13) and (14) can be verified, since all the quanti-
ties in these equations can be determined by direct experiment*. In this sense, the plati-
nized-platinum electrode has an advantage over the mercury electrode, because for the
latter, eqn. (10), which is of the same type as eqn. (6), can be verified only using data
calculated from the interfacial tension or differential-capacitance measurements. For
comparison with experiment, it is most convenient to write eqn. (6) in the form

( a0, ) — _(arw) <8Q) (15)
Opty+ /s 6(Pr unt,us o, 't s

Equation (15) was verified for a solution of composition, N KCi+ 0.01 N HCL.

44
Oty +

Figure 1 shows the dependence of( ) upon ¢, found experimentally. In
Iius

accordance with (2)

d A
( L ) = ( k. ) +1 (2a)
Oty + I'u,us Oy + /I'yus

In Fig. 2, the calculated I'yj.,¢, curve is compared with the experimental one. The
value of d¢,/Opy+ was determined directly from measurements of the potential change
with changing pH of a platinum hydrogen electrode, which had been previously
polarized to a definite ¢, in a solution saturated with helium. The change of pH was
carried out under isoelectric conditions, i.e., preserving?''# the constancy of I

T 0 0o, .

he value of was found from (— ) using eqn. (2a). The
Hu+ /Tyaps OHy+ /aps

value of 0Q/d¢p, was found from the charging curve and the value of I'y+ from the

change in the acidity of the solution upon contact with the electrode. When integrating

the values of 01y, /d¢, calculated by means of eqn. (15), in order to obtain the theoret-

—_

% . . i s . .
Using similar arguments, we obtain from eqn. (6a) for the case of a platinum hydrogen electrode in
& solution of an acid that does not contain foreign cations:

B [ TR e W e N s W]
. ' i ) 1] (4a
(a/’irpu [(aFJIL)Hi T(DFH*’ My ol s +(DFH+ M )

The quantity /'y+ in this case cannot be equated with ¢, as the H* ions, in the absence of foreign
catiOllS, can participate in the formation of the ionic part of the double layer, I'y™i = 'yt — ¢.
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ical I'yy+,¢, curve, use was made of the value of I'y+ corresponding to¢, = 0, determin_
ed by direct adsorption measurements. The values of I'y;. in Fig. 2 are given PET unj
of the true electrode surface, the latter having been determined from the length of the
hydrogen section of the charging curve under the assumption that at ¢, = 0, Ay is
210 #C/em**. The above method of verification has been chosen for the reason that
of the three derivatives appearing in eqn. (15), éI'y+/0¢, can be determined with least
accuracy. The technique used will be described in detail elsewhere®.
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Fig. 2. Dependence of I'u* on ¢r. The curve was calculated according to eqn. (15). The circles ar
experimental values.

~

Oy +
In other words, the dependence of the potential upon pH is similar to that observed
in the case of an electrode that is in equilibrium with hydrogen gas at constant

It follows from Fig. 1 that ( ) is close to unity at small values of -
T',us

" 15,
* This coefficient was recently verified by electrode surface measurements using the BET method
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ressure. It follows from eqn. (14), however, that this is due not to the character of
the dependence of Ay upon ¢,, (e.g., to a considerable surface coverage with H,g;
at small @) but to the fact that at small @, I'y;+ changes only slightly with ¢,. With
dp
Oty +
zero. In other words, the electrode no longer operates as a hydrogen electrode, which
is a natural result of Ay vanishing. Taking into consideration eqn. (14) and the complex
nature of the 4y vs. ¢, dependence one should not be surprised at the complexity of
¢
Oty +
It is evident from Fig. 2 that at values of ¢, not greater than 0.4 V, the calculat-
ed values of I'y+ coincide with the experimental values within the accuracy of measure-
ments of I'y+ and, which is of particular importance, the calculated curve intersects
the abcissa at the same value of ¢, as the experimental value. This corroborates the
validity of the treatment of the surface of the platinized-platinum electrode as an
equilibrium system the state of which at constant g is determined by the independent
variables py and .+, and the correctness of the experimental determination of the
point of zero charge. In the case of the system investigated, the latter lies at ¢, = 0.16,
whence, in accordance with the earlier determinations''? ¢,_, = 0.04, whereas the
total charge of the electrode surface, — I'y;, determined as described in ref. 1, vanishes
at g, =0.25, i.e., p = 0.14.

increasing ¢,, the value of( ) diminishes and at ¢, ~ 0.5 V becomes equal to
T'ya,us

the shape of the ( ) , @, curve .
T',us

0
4 ) exceeds
au}{ + /I'a,us

) is positive . According to (15) this is possible only if
T'y,us

It is interesting to note that at ¢, < 0.06, the value of(

r

L (a
unity, i.e.,
0,uH+

(BF’”) is negative. In other words, there should be a minimum on the curve
00, Juu+us
of the I'y+ vs. ¢, dependence. Such a possibility was not envisaged in refs. 1 and 3.
The accuracy of the experimental determination of I'y. achieved in the present
investigation is not sufficient to solve the problem of the actual existence of this
minimum*. At ¢, = 0.5, there is some discrepancy between the experimental and the
calculated values of I'y;.. It is possible that at this potential, the assumption of the
feversibility is not completely valid, but this problem requires further investigation.
The possible effect of hydrogen dissolved in the metal and in the solution
layers near the electrode, on the results of these measurements merits separate

Consideration. Although under the conditions of our experiments the amount of
.

*Dr. N. BALAsHOVA communicated to us that in a number of experiments on the determination of
the dependence of the adsorption of alkali-metal cations on platinum upon the potential by the tracer
Mmethod, a weakly-expressed maximum of 7'c* was observed in the hydrogen region, which corre-
$ponds to a minimum of 7'y *. But as this effect was just within the accuracy of the measurements, it
Was not taken into consideration when plotting the curves of the dependence of adsorption upon the
Potential,
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dissolved hydrogen was small*, this problem is of fundamental importance. Let yg
consider, therefore, the behaviour of the platinum hydrogen electrode under the
condition of constancy of the total quantity of electricity stored as electrochemically_
active substance—hydrogen, or present as the free surface charge, giving up the
assumption according to which the amount of dissolved hydrogen is small compareq
to the amount of adsorbed hydrogen. We shall assume however the existence of equi-
librium between dissolved and adsorbed hydrogen. Let us denote the bulk concentra-
tion of hydrogen dissolved in the metal (expressed in electrical units) by ¢, and the
electrode volume calculated/unit surface by vg (the same reasoning holds in the case
of hydrogen dissolved in the electrolyte if vg denotes the solution volume/unit electrode
surface). The concentration of the indifferent electrolyte will be considered to be
constant (ug = const.). Let us introduce the function

Iy =Ty + vsey (16)

The state of the system is determined by two of the three variables ¢, = const. — Ly,
ITy; and pyy+ . Consequently,

0o, oIl o1l
(-~ (. 42
Oty + /iy Oty + /. 0P [t
But as ¢;; depends only on pyy and is independent of py+ , it follows from (16) , (4) and
(1) that

(GIIH) :(GFH) =_(6F}l+) (18)
Oty + /. O+ /o 0@, Jun+
It follows from (17) and (18) that
( 0, ) _(6FH+) '(OI[H) (19)
a:“H" /Ty aq)r pat . a(pr 't

When eqns. (16) and (12) are taken into consideration, eqn. (19) can be also written
in the form

( o9, ) i o1, ) _ 1 (20)
Oty + /gy Oy [+ (ﬂaAH ) + Us( «55}{ ) _1
UFH* upt CFH+ gt

* According to the measurements of GILEADI, FULLENWIDER AND BoCkRis, whose results have be-;n
kindly communicated to one of us by Dr. GiLEADI, hydrogen solubility in platinum under cathodic
polarization in the presence of As2Os3 is only 2.7 x 10-% g atom/cm3 (at 70°). Since the volume of
platinum black on our electrodes was ca. 0.02 cm3, and the amount of adsorbed hydrogen at ¢r = 0,
ca. 4.3 > 107> g atom, the amount of hydrogen dissolved in platinum black could be ignored. The
true surface of our electrodes was more than one thousand times as large as the visible one. Un.de.r
these conditions, the effect of hydrogen dissolved in the platinum gauze which underwent Pla“_m'
zation!7 can also be neglected. The amount of hydrogen dissolved in the whole volume of the solution
at the smallest value of ¢, at which the measurements were performed (pr = 0.03), did not eX(fee
10 of that adsorbed, and in the absence of stirring only a small part of it could come into equilibrit™
with adsorbed hydrogen.
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Further, it is evident that

(L) () () -
0@ Juu* 0Py [unt 0P, 0Py [yt
where Q’, as Q in eqn. (4), is the quantity of electricity that must be supplied to the

electrode for the latter to attain the potential, ¢,, calculated/unit electrode surface.
It follows from (19) and (21) that

(2~ 68
Oly+ /1y 0@ Jun+ 0@ Jun+
Equation (22) differs from eqn. (15) (derived without making an allowance for the
presence of dissolved hydrogen) in that the ¢, vs. i+ dependence is considered at
constant IT, rather than at constant I'y,. Thus, the presence of hydrogen dissolved in
metal or electrolyte should have no effect upon the results of the verification of eqn.
(15), provided equilibrium between dissolved and adsorbed hydrogen is to be main-
tained at all changes in the state of the system. It follows from eqn. (20), however,
0,
Oltyy+
potential of the electrode under consideration upon pH should approach that observed
in the case of the usual hydrogen electrode.

The relation derived in the present study as well as the experimental determi-

that with increasing vy , ( ) should approach zero, i.e., the dependence of the
Ty

nation of the values of( AOQD' ) and (%) provide additional information
Ofu+ /Tans OUs /Ty *

on the structure of the platinum electrode—solution interface. Thus, the use of eqn. (15)

apparently permits the determination of 0I'y;+/0¢, with an accuracy greater than that

obtainable in direct measurements. If this equation is used in conjunction with the

measurements of '+ at ¢, =0, it will be possible to increase the accuracy of the

determination of I'y+ at any ¢, , which would be very helpful in finding the values of

5] T L ; ; "
( — ) . The latter quantity is necessary for calculating the important quantities
Olyg+ /un

’

X = (aa/;p ) and Yz( S¢ ) , which determine the degree of the dependence
H/Tu* /Ay

P

oly+

of the potential at the platinum hydrogen electrode-solution interface upon the ad-
sorbed atoms and upon the electric double layer. In ref. 2 the expressions are given
for the quantities X and Y (eqns. (15)—(17) of the paper cited), which after some
transformation can be written as:

oy ol y+

X = - [( - ) + = :Z (23)
Oy [+ Oy + [y
ol Ol g+

X+Y=[(~ﬂ +<a“) ]:z (24)
UHH it (]llH it

J. Electroanal. Chem., 12 (1966) 504-515



7 _ (arH) (arm) (arw )2
(’},UH [t a.“ll* % a“H ut (25)
The determination of all the other quantities appearing in eqns. (23)~(25)
o y+ . . i
except ( b ) , presents no difficulties .
Hu+ Jun

So far eqn. (9) has not been verified experimentally. It is quite possible that it
can be used in practice only in the case of not too strong specific adsorption of the
indifferent electrolyte ions. If the results of the measurements of the quantities

( ﬁa(p' ) and (—(3&) were compared , taking into consideration eqns. (6)
OHu+ /Taus Ofs /Iy *

and (9), it would be possible to determine the dependence of I'c. and I'y - upon ) i
and, hence, upon ¢, and to compare the results obtained with those of the adsorption
measurements of C* and A~ by the tracer method!®.

An expression similar to eqn. (6) can be readily derived for the oxygen section
of the charging curve of the platinum electrode. It is possible that at not too positive
potentials, ionization of adsorbed oxygen occurs with sufficient reversibility for these
relations to be used, at least to the first approximation. In this respect, some other
metals of the platinum group, such as iridium, may have some advantages compared
with platinum.

CONCLUSIONS

It has been shown that by determining the dependence of the hydrogen elec-
trode potential upon the pH of the solution at a constant quantity of electricity
stored on its surface, it is possible to calculate the dependence of adsorption of the
hydrogen ions upon the electrode potential. In the case of N KC1+0.01 N HCI, the
relations obtained are in agreement with experiment, which proves the applicability
of Gibbs thermodynamics of the surface phenomena to the platinum hydrogen
electrode, and at the same time provides a new method for the determination of the
point of zero-charge. A physical interpretation of the quantities contained in
the thermodynamic relations, on the basis of a definite model of the double layer
at the hydrogen electrode-solution interface, has been suggested. The changes in the
relations derived that result if the presence of dissolved hydrogen is taken into con-
sideration have been discussed.
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