1
:
.
&
¢
i
BN
E
i
K]
H

IR N N SR

-t
S LI & —) (A n % o ST S e AV TR AN T SR N VN LT
S, - i : - ‘ -
H
H

: Renrlnt from Natlonal Bureau of Standaras“
“Clrcular 524 on Electrochemlcal Constants,

August 14, 1953

.Slgn;flcance of constants 1nv01Ved § 17‘,§

’1n electrochemlcal double layers

e et s e i e

et g o




‘ 22. Significance of Coﬁstants Involve d'l-in'_‘-‘5;"?.'""-:-5‘\{"4"*- :
Electrochemical Double Layers -+
By J. Th. G. Overbeck " - -

, Introduction ‘; A S

The clectrical prbperties of the phase Boundafy, which mh.jr-- be' "I'}A_;- - :

summarized under the heading “electrochemical double Iayer,” have
g v

been investigated in many ways. First there is the purely electro- ..~

chemical approach. Strictly, one shoold consider the double layer in -
any electrochemical experiment in which phase boundaries are in- -
volved, that is, in all measurements on galvanic cells cither in equilib-

e

yiim or at finite current.. Practically, however, more deteiled con- .~

siderations of the double layer are restricted to the fields of thermionie. =~
work functions, overpotentials, polarization ecurrents, membrane -~
potentials, oil-water and air-water potentials, and especially electro-

capillarity. Many problems in ion exchange also require consideration e

of the double layer. - : . T

Second, those working in colloid science are interested in the electro-
chemical double layer, because it is now regarded as the direct cause
of the stability -of hydrophobic colloids [1].*> Moreover, thé double
Iayer exerts an influence on titration. curves of proteins and other -
hydrophilic colloids; it is at the basis of the electroviscous effect; it .
explains the formation and dissolution of coacervates and the soln- <

bility of globulins. In the physiological field it is related to the - o

permeability of cell membranes. - - LT
Finally, electrokinetic phenomena which lie between electrochemistry .

and ecolloid chemistry and form a striking proof of the extension in . -

space of the double layer should be mentioned. The most important -
of these, although not the most suitable for interpretation, is electro-

. whoresis which has been so significant in the development of protein -
sclence. - - ' ' : 2 S

It is no wonder, ‘therefore,”isl']at invéstigafoi*s in éuch‘idiffel"én‘ttf S

fields do not always speak the same language. Between naive opti- ..

. mists who take the charge and potential of the double layer for granted - . .
and pessimists like Guggenhein [2], who deny the possibility of ac- " " =

quiring any knowledge on the potential difference between two phases - -

or the course of the potential in one phase, almost any point of view: .- . S

can be found. ‘ . S _ ‘ . S

It is the object of this paper to show that a very sensible middle:. = .
course can be steered which, recognizing in prineiple the point of view - ..
of the pessimists, escapes its sterility In many practical cases. Our - -
ultimate aim is to obtain & complete description of the structure of -
the double layer, or what may be called & map of the phase boundary, = .
giving the distribution of nuclei and electrons from which all desirable -

information could be celeulated. Unfortunately, we ave still far from” © L

this ideal, and must content ourselves with much less det&i]._.Ourx"?}‘ o

1yan " IlofY I.abomiorf:. ﬁn!vcrsity of Utreclxt; Utrecixt, The Netherlands, -
‘Figures in brackets indicate the literature referenceson p, 22507 . - - 7




data are usualiy restricted to charge and potential dificrence 1 the
double layer and to its free energy.  The Interpretation of the relation
between charge and potential (or of the capacity of the double layer)
adds some information on the structure, cspecially on the extension
of the double layer in space. : ' T

It should be realized, however, that the investigator of the double
layer is in a rather uneasy position. It has been emphasized many
times that potential differences between different phasecs are as in-
assessable as are single ionie activities or diffusion potentials. In
~ passing a suitable test body from one phase to another electrical
work eA¢ Is always accompanied by chemical work Ap and the two
cannot be separated without arbitrariness. How then is it possible
to attribute importance to the potential difference in a_double layer?
Anticipating our arguments we mention that & double layer potential
is only part of a total potential difference between two phases, and
- although it scems to have the character of a single-phase boundary
potential, it is in fact determined as the potential difference of a
ealvanie cell related to a suitable zero, This can be most easily shown
by thermodynamic consideration of o double layer when part of a

galvanic cell. : ‘ S
Thermodynamics of the Doub!e Layer [3, 4]

The double layer will be considered as situated at one of the phase
boundaries of a galvanic cell. - Qur considerations will be restricted
to situations in which no current flows.. . . .. -

Extension to current carrving ecells is possible as a first approximation by = .
assuming that the strueture of the double layer is analogous to that at rest, .-

although charge and potential may be modified. = o A
Current-free situations occur with two very different systems, i, e.,
(a) with a reversible clectrode in true thermodynamic equilibrium
and (b) with a perfectly polarizable electrode. Experimentally, there
is a great difference between (a) and (b) in that with the reversible
electrode the emf of the cell is completely determined by the composi-
tion of the phases, whereas with the polarizable electrode the potential
difference at the cell is a parameter which can be freely ‘changed.

To simplify the discussion we shall choose two examples which,_ m- e

¢identally, are the best investigated cases in this field.
For the reversible double layer, that on Agl will be chosen and for-

the polarizable one, that on Hg. To incorporate these two double . '

layers in galvanic cells, a second electrode is necessary. It is funda-

- mentally irrelevant whether this second clectrode is a reversible type - -
or one connected to the cell by a liquid junction which is supposed to
suppress the diffusion potential. For thermodynamic calculations -
the reversible electrode is more suitable, but in most experiments the.
liquid junection is used. L R

The two cells considered are: =~ - -
a. Reversible case, = S
Pt} Ag | Agl| solution, H,0, Agt, | saturated KC (or
- I- and other ions | NH,NOy) -

He,CL | Hg| Pe: -
b. Polarizabiecase; S S

. Pt | Hg | solution, H:0, ions | saturated KCl'| He:Cls | He | Pt. .
For simplicity all ions will be assumed to be uni'va.lent.‘ o

‘.7214_

- Charge and Potential of the Polarizable Double Layer =~~~

The notion of charge is rather simple in that it is considered to be’
-typical for the phase boundary between Hg and solution that no
current can pass through it. By imposing a potential difference be-
tween the two Pt electrodes of cell (b) a small amount of electricity .
passes through the Pt to the Hg and on the other side from:the
calomel electrode through the liqud junction to the solution.: These -
two amounts of eleetricity must be equal and of opposite sigh and

- may be considered as the charges of the Hg and solufion sides of the =~ SN

double layer, provided we start with an ulicﬁmrged double layer. The . -
absence of charge on the Hg can be experimentally ascertained, for - .
according to the Lippmann relation it is characterized by a maximum =~
in the interfacial tension of Hg. ' : o

The potential difference between Hg and solution is, hd\veﬁef, ntit"'t
sib We know the potential difference, E, imposed on /-« o -
the cell, but it is composed of three contributions, i. e., the potential: ~ . =~

directly asscssible.

Hglsolution, saturated KCI|[Hg, and the diffusion potential, which can-- e
not be separated from each other without arbitrariness. '
changes in the potential difference, dE, are considered, they can-be- .

located only at the polarizable interface, Hgjsolution, because the S

potential at the other two interfaces are completely determined by -
the composition of the phases and these do not change measurably -~
by the passing of the small quantity of electricity necessary to charge
the double layer. So, calling the potential difference between;ég
and solution, A¢, wehave - . - . .. L L E
s ‘ dAp=dE. " ..

In the zero point of charge there is no double layer, but there may be .~
and probably is a difference in potential between the two phases as &
consequence of orientation of dipoles and polarization of surface atoms;
Calling -this potential difference x, A¢ may be divided into the un-
known x and a potential difference I, directly connected with the
presence of the double layer, thus - = === .- Vil

R L Me=xdkD L )
This double layer pbtcntial Dis exbeﬁmentally assessible according., to

where Eoiis- the cell potenﬁaj at the zero pé)inﬁ of cha,.rge-. - V'Fl.‘owr‘n' D and
the charge density ¢, the integral or differential capacity (Ci. ond .
Cuir.) of the double layer can be derived according to - "+ - &
o e e
Cour. =0¢ 0D =30 [OE.

Al this relates to the double layer between Hg and a solution of & .
Fwen composition. ‘
1

point of charge. Tor example, if thio-urea [5] is added to the aqueous -

solution the Hg must be made more negative to reach the zero point of - S

charge. This shift amounts to 100 mv for 0.01 N thio-urea, incresses R

But when : T

e

.  Changing the composition of the solution one. .
nds different relations between o and I and usually a shift of the zero 7 "~




{hic-urea adsorbed on the He. , : i
With the small amounts of thio-urea involved it is  inconceivable
- that the diffusion potential changes by more than a few millivolts.

to a maximum of about 450 mv, and is directly proportional amount of

Consequently the change in /%, may be considered here as a change in

7TADSORPTION OF
THIQUREA IN
IO-PMOLES/CME, ~ .

100 206 306 400 . - - ¢

7 . o i . .AxINmV-_. . -
' Freume 22.1, Adsorption of fhiourea in the zero point of charge ‘plorted' against the”
: o : . . shiftimx.. - T e e e
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Frours 22.2.  Shift in x as @ function of the concentration of thioureo.

lhé'-}c poﬁen‘ti:ﬂ caused by the oriented adsorption‘of thi(_)-u.re@ (or i
by the replacement of oriented water by thio—}lrea,). _Thls is illus-"

trated in figures 22.1 and 22.2. .- o R,
Although for changing composition our arguments are not as con-

clusive as for constant composition, involving as they do an assumption .

_about the diffusion potential, there are many cases like that just cited,

T

where the shift in E, is so large arid the concentrations involved so - -

small, that one may confidently identify the change in I, with a change
in x potential. ' o R

" Charge and Potential of the Reversible Doublé .Layer
Next, we shall consider the revérsiblc‘double layer.’ The ga;lvani'éf{f - N
cell which was indispensible in the polarizable case could be omitted - .- -~ .

here, because the double layer is not supposed to be influenced by a-- - =" 1}
certain amount of electricity passing throughit. 'We might, therefore, .

study the double layer of Agl in an aqueous suspension without an;

electrical attachment whatever. The advantage of using the cell = .

described above lies in underlining the analogy between the two | -

- systems considered. o S . R A
The emf of the AgT cell can as in the case of Hg be divided into .

several potential jumps; i. e., AglAgl, Agl| solution, the diffusion

potential, saturated KClHg and HglAg. Of these only theoneat the .- -~ " - |}
Agl| solution interface and the diffusion potential are variable, end as - .-
with the Hg case there are many variations of the total potential which .~ . .
can be ascribed nearly- exclusively to variations at the boundary = .. -
between Agl and solution. When the solution contains a certain -~
amount of electrolytes, say in a econcentration of 0.1 N or higher, the .
concentration of Ag* or I~ ions can be changed by several decades -

without practically influencing the total amount of electrolyte.? These .
changes 'm
potential, but the potential difference between Agl and solution will

' vary according to the Nernst equation. In these circumstances: " ' -

F

- The notion of charge of the double layer on Agl is less obvious than =7 - -
that on Hg. Experimentally we can only determine adsorption of .- "~
salts on the phase boundary, and it seems artificial to assign one of the
ions to the solid phase and the other to the solution. Nevertheless of - :

all the ions present in the solution Ag* and I~ take a very special -

position. Only salts containing Agt or I~ ions can modify the po- .= .
tential difference according to eq (6). They appear to be more - ..
strongly adsorbed than other salts. They are the only ions whichcan . - .

be incorporated into or withdrawn from the lattice, and.the good - ~ " .
reversibility of the Agl electrode proves that this process runs easily. -~ - -
It scems reasonable, therefore, to assume that adsorbed Ag*™ or I~ions =~ "
are incorporated in the lattice and that all the other ions remain in the - = . .

solution phase. - . :

For double layers of the reversible type on other substances, .- -
analogous suppositions about the charge should be made. Reversi- .. ..
bility means that the transition of the potential determining ions from - -
the lattice to the solution and vice versa is unhanipered. The charge .-
of the solid phase arises therefore from the adsorption of these ioms - -
(e. g., Ag* and halide ions on silver halides; OH™ ions, H* ions and "~ "~
metal ions on oxides and hydroxides; metal ions and electrons on - . -
metals; ete.). - - - oS

vt

* The solubility product of AT is only 101, - .

Tty

Ag* or I~ ions will therefore not affect the diffusion. '

L T O T




" The charge drensity‘of the double layer on Agl is then' "

" where I'sge and Ti- represent the number of ions adsorbed per square |

~ centimeter. :

First, this hypothesis defines a zero point of charge which can be

used as a point of reference for the double layer potential. According
" 1o different methods [6, 7] this zero point of charge is found in aqueous
solutions at a silver ion concentration of 107%¢ N, thus rather asym-~
mefrically, as the point -of cquivalence is at cagr=e¢1-=107% N. .

Sceond, adsorption isotherms for Agt or I~ ean now be converted
I

with the help of (6) and (7) into relationships between charge density
T and double layer potential . - S ,

p Coulferm? Lo R
-6 .
.3 , ’/:123//6/ 2 fa‘&
L /)’6 i
L -1 S L e
10-4% skt -tk -232 -2% D'”s‘?d 7
02 5 L e
. _".2 ..
R

Fioure 22.3.  Adsorption of NalandAgClO,or AgNOson Agl expressed as charge

per square centimeler against the double-layer polential D in agueous solutions.. -~ . }.
. ‘A'ccording to eq (3,5 there §s a direct relation betwedn Dand the pAg {=—log Cuap) of the solution. E.L...

Alackor, Ree. trav, chim. (1952,; J. A. W. Van Laar, thesis, Utrecht).

'O, Points in NaClQ, selation, -, points in 0.1 N'in NaNOs solution. The drawn curves refer to measure-|

ments by J. A, W. Van Laar in KNO:-NaX 0y, 1:7 (Thesis, Utrecht). .

Tor Jlustration a number of such ¢—=D relationships are given in
figure 22.3. : o i

It should be realized, hové'evér, that the choice of eq (7) for the
charge density cannot be o universal one. Assoon as Ag* or I7 pla

a part in formation of the solution side of the double layer, they will . -
formn a part of the analytically determined adsorption T, without - —-f ©.
giving rvise to a charge of the Agl. Suppose, for instance, that in the -

. zero point of charge (obtained by a suitable solution of AgNQ;) more

. AgNO; is added to the solution. The surface potential will become

St -

mann relation:
Now it is"evident that the free energy of the phase Bouﬁd‘dfyuis_‘; a
* thercfore necessary. It leads to the conclusion that for the poleriz-

- able interface

and for the reVeréiblé-'i_nté'rfaé?é,_-i . o

interface per em? and w the nterface between Hg and solution, o

more positive according to (6), silver ions will be adsorbed and charge.
the surface, but at the same time some silver ions in the solution will -

be pushed away from the surface by electrostatic forces.” Conse- - . .~ - :
~ quently, . - D , ; Prees.  Lonse-

B

: crl>e(I'Ag+-l—rz-)'.,'-‘ o o ‘- .> {8)

" An even more extreme ease is formed by a mixture of ' ilr;a A I\ .ﬁ:'dr re
water. We do not have available any means to determirﬁa an agso’:gtiolx)iu{g e
this case, so I'=0 but as the solution contains equivalent amounts of Agt - .
and I- and the equivalence point and the zero point of charge are not eoig- © -~
cident the surface will be charged by I- ions, which are compensated in the =~ .
solution by Ag®. S : ‘ : IR

Equation (7) as a means of defining the charge density of the surface © . .~ -
can therefore be applied only when a sufficient excess of ions is present . -+ .
in the solution so that the part of the Agt or I~ in the solution side of -~ #

the double layer is negligible. If this is not the case, more detailed - = -
knowledge about the structure of the double layer is necessary to .- -
determine ¢ from the analytical adsorption of Ag* and I~ ions. e

4 PN

Free Energy of the Double Léyéfrﬂ

A phase boundary can be considered to be the seat of a certam
amount of free energy and this surface free energy is in part due to
the presence of a double layer. When specific adsorption is absent, -
the iree energy G, of the double layer can be described by the Lipp

G=Go=0)~fsdD."

FRC)

completely determined quantity and its valugagannot be influenced -
by uncertainties that may be present in the quantities « or D. An
analysis of the thermodynamies leading to the Lippmann relation is

e SR
a-E_’ce.ll'_’ N

Dpagnos (PA?__?—PI? .

where pagno, is the thermodynamic potential of AgNO,. The rela- °
tions (10) and (11) contain only measurable quantities and are there-
fore free from the ambiguities mentioned above, ‘ Lo e
The change in free, ener(gly G of the polarizable cell (b) can at constant”™ = =
temperature, pressure and composition be represented by . .-

dG=FoudQ+Gods -

where @ is the charge ﬂow"ing through the cell, G’, the fre‘e‘énérggf of 'ﬂ;;a : -

Mo o
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. FlGﬁkE 22.4, -=Diﬂérentc'al capacily of the double ldyer calculd;ed by Gmhdm. .

The eapacity of the nondiffuse part of the double layer is teken from figure ‘22.6_.7_,‘,. .-
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1 i ! ,'°',1N1._-
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) %4,9/10.2
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Fisurg 22.5. ‘C’oinparfson of ei;icrimentcfl and caleulated relations between charge
: and pdtential. T :

. Capacity of the fnolcr:ular condenscr taken from ﬁ'gure 22.7. Superficial charge o té\é:qilnst doul?le layer

potential: coaeoooioau. , experimental; s c_:a!culf R

" Subtracting d(E.y: @) from both sides and applying a well known

property of a total differential, we find .-
‘ C o d(G——Ean)=_'QdE“’“+Gadw S

20y _20) _ T

Y . aw : E ." ) L

- oy

b e

- solutes near the interface. T

_potential in the diffuse layer was assumed to obey the Poisson-Boltz- ::
‘mann’ equation - R R SRS

The changeisfree energy of a sur's'péns‘ion' of Agl in "watﬂer- contammg R
Agl can be expressed,

AgNO; and of course a shight amount of dissolve .
neglecting the dissociation of the water which is immaterial to our §
problem, at constant temperature and pressure by d@=pg oo+
pagrBagt + i+ uxozdnye; + Gude. Subtracting A pagagr+pr-np+
knogino;) from both sides, applying the condition of electroneutrality, *
Nagt=="1-"T Moy, the condition of saturation with Agl, pygr+ p-=const.

and the equation u,++ Myoz=Hagno, We obtain d{G— HagTagt— Brfie— o :
- #nogTo; k0,0 — (Ragr—nr-)dpagno, +Gidw and consequently, >

(_(.)pA " ) - =_[_*,(M§w ’"’I)] o ~ (Tae =T
0 “rEO T T THO0MNG MO Ly
Inferpretation of Charge and Potential of the Double:
S . Layer =~ . ... ...

After having shown how charge and potential of the double layer’
are obtaned it is necessary to indicate how they may be interpreted

With a double layer on a metal, the charge on the metal side is'a
surface charge. The charge in the solution, which is carried by ions-
is & space charge the extension of which is governed by. the opposing:
tendencies of diffusion and electrical attraction. With double layers..
on other solid substances the charge of the solid phase is usually
assumed to be a surface charge although recently Grimley and Mott "
[18] suggested that this charge may also have the character of a shace
charge. Whatever the situation near the interface may be, it will be-
clear that the structure of the double layer far from the interface can be
described by using macroscopic properties of the phases as is done -
in Gouy’s [9] and Chapman’s [10] theory. of the diffuse double layer. -
The uncertainties about the detailed structure near the phase bound-:-
ary may be avoided by the conception of the “molecular condenser”, -
introduced by Stern [11]. This molecular condenser also serves to -
correct for some all too obvious deviations from ideal behavior of the

To show the extent the Gouy-Stern theory may explain’ experi-
mental data, we give a few results obtained by Grahame [12] for the
double layer between Hg and solutions of NaF and results obtained
by Mackor [13] and the writer for the double layer on Agl. For the
first, a- comparison is made between measured and calculated capaci-
tics of the double layer, in the second cxperimental and caloulated -
surface charges are shown as a function of the double layer potentials.
For both the double layer was represented by a diffuse Gouy-Chap- "
man layer, followed immediately by a molecular condensor:. The~

| “V'zw;__:' _i:i E‘m,zte éxp. (—‘zietillkT) ‘_

where V? is the Laplace operator, ¢ the diclectric constant of thé solu-
tion, ny the ionic concentration and z, the ionic valency. The capacity. .-
of the molecular condenser was assumed to be o certain function of the
charge of the double layer as shown in the figures 22.6 and 22.7. RS

| 2383785315 .




.. Summarizing, one finds that the charge of the double layer and the

L] iffer i i -the massessable
xtra potential difference 1t superimposes upon
;;ttillt-ili)ll difference x existing already between the uncharged phases

o sl j : tential diff by localizing part
S r explains this extra potential difference by localizing
of fglsgrg d?i%se double,layer in the solution phase, possibly another
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s Fiaere 22.6.  Differential capacily of molecular condenser on mercury derived from

the experimental curve at 1.0 A NaF and used io calculale the capa_cz'_tz’es ai Iower._ :

concentrations of NaF (see ﬁg ?2-4)-‘ RPTR

/‘VCMzso" "g‘ : ] S | . .
e DIFFERENTIAL CAPACITY © |. " .
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CAPACITY.
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720 =
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Fi wE 227, [ el denser on silver iodide used to calculats the
Frovns 0. Copaity o mell el gt sl el
art as a diffise Jayer in the second phas ‘ hird part somewhere
s a diffuse layer in the second phase and a ]
gfelzf' %}Sl(? phase bou};:;dary. For t-hlIS th}u'ddpa,rt it is gssgmet% gni{ a?l%lgsét
tential difference is completely determined by ) .
g(l)ebcl))’ooh ?n the empirical and theoretical approach, detailed stat%mgn:z
on the potential difference between different ph&fesl are avoi e‘ as.
they should be. -~ | T
‘Can the x Potential in Principle be Knpwn?
JAs -there seems to be no direct experiment which can lead to a

ial, 1 < ther this notion
mowledge of the x potential, it may be asked whether s no
}s\llnlgu‘id n%t he completely e_lim’mated from our consr_1dersl,t10ns:ﬂ -

S

© . equation:

The present writer -a,ﬁswas: this
the first place, to avoid speaking of a potential

Moreover, although we do not yot

of the distribution of particles and
boundary and henee the average
¢ should be determined., »
i Although in each

A differént method of attack on the
found in electrokinetic
double layer slong the

possible influence of the roughness of
uncertainty about values of vigcosity

kineti¢ effects. .. . . N S S R .
The basic equation for electro-osmotic velocity along a plane
formulates the equality

viscous drag of the liquid: . ..

e
g B

- velocity of the liquid, ¢ the potential in the
===field strength along the phase boundary..

*: Integration of eq (12) leads then to the Helmholtz

{ the potential at the plane of

from the phase boundary being taken as zero,

Guggenheim 15} has remarked that it wor

of 5 as well and therefore turn to eq (14),° - R
This equation, although correct, is rather unfruitful,

Electrokinetics and the ¢ Potehtiél_ BERCE

; problem of double layer is - . -
experuments, wherein shearing motions of the
phase boundary are studied, This subject,’ .- "
which of necessity is econcerned with irreversible processes, is raore .. - . G .
difficult than. the equilibrium situation. Even if we disregard the o
the phase boundary [14], the ="
and dielectric constant in the "
! double loyer introduces uncertainties in interpretations of electiro-"

of the force on the electric charge and the

where 2 is the coordinate i)érpeﬁdiculdr to the -ﬁhﬁsé boﬁﬁ&éﬁry’, v, %hej
double layer and E' th
. Usually the viscosity and the dielectric constant are ;ci‘)ﬁéiaér'e&i to
"+ be constant up to a plane, where shearing just begins to be possible.’
-Smoluchoxvskl

| where o is the velocity of the Iiquid far from the phase boundary and -
shear, the pbtentia}l of the liquid 'fa;j [

i . When one drops the hypothesis of the constancy of e and 5
. Integration leadsto .. - .- . L T
B
E T 4g %

Sedg or-Jr fedp from electrokinetio experiments than to caleulate ¢, How- "
ever, when one doubts the constaney of e, it seems consistent to doubt that

] Tt éi\_?és bzﬂf s IR
some information on the zero point of charge, for, whatever the values. - -

o

question in the negative, In . . .-
difference between - .-
phases would force us to clumsy and unnecessary circumlocutions, .
Possess the means of determining

the x potential it is a well defined quantity. If we were better able

to handle the wave equation it would be possible to solve the problem - - o
charges in the region of the phase =~ * R

potential at every point of space~ - .-

] h phase this average potential is a i?efy Var'iable;f;
function of phase, it could be averaged over large enough regions of ~ 1.
the phase and thereby give a value for the potential of the phase, -, ¢

wall

az
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of ¢ and 7, the integral in (14) is zero when dy=7zero, which implies
zero charge of the double layer. - o B

For double lavers which are not extremely compact, that is for
doubl¢ Jayers in dilute solutions, the assumplion of constant ¢ and
n over the major part of the double layer seems justified. In these
cascs the ¢-potential may not only be calculated from- (13}, but it
mav be interpreted as the potential drop over a large part of the
double layer in_the solution. It is therefore reasonable to compare

¢ with the total potential of the double layer and to expect { to bé:
somewhat (or much) smaller than D. Such a comparison would be-

come almost meaningless when electrokinetics are expressed through
Sedyor Slefydg.

Unfortunatcly the cases where D and ¢ have both been determined
on one and the same object are very rare and as far as modern accurate
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k- FIGL‘-RE 22.8. A Dand ¢ of silver iodide agdz'nst the logarithm _of the I~ ion concentralion

in the solition.

“work is concerned nearly restricted to some experiments on glass by ;

Rutgers [16] and on Agl by Troelsira {17]. : :

From experiments by Troelstra we derive figure 22.8, in which it is |

seen that the zero point of charge and that of electrokinetic motion

- coincide and that, at least near this zero, { seems to be a nearly
. constant fraction of I2. For higher potentials it is difficult to derive

reliable values of ¢ from the electrophoretic velocity {18] although
one .would expect that with D continuously rising { would rise less

and less because at high potentials the double layer gets more com-

pressed and for the greater part in regions with high viscosity.

Turning to the theoretical interpretation of the structure of the
double layer, one would expect { to resemble especially that part of
D that, according to theory, is loeated in the liquid phase. Until
now such comparisons have met with little success probably because
adequate experimental material is lacking. It would be very mu?h
worth while to try to fill this gap in our knowledge. =~ - .~
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SR ~ Discussion - . LT
Dr. J. O'M. Bockris, Tmperial College of Science and Technology,
London, England: I should like to congratulate Prof. Overbeek on-
his attitude towards this subject, because he is less pessimistic than
some workers. Lange has also tried to make a more rational approach .’
to the definition of potentials at & metal-solution interface.. It is-
now possible to calculate the dielectric constant of the solution as as .’
function of potential, and taking these revised values into sccount:
makes quite appreciable diffgrences to the caleulated charge in the
diffuse layer. L T LT TR
Dz, J. Tu. G. Overseex: I think you refer to the new calculation
by Grahame. S L e
Dz, Bockris: I am referring primarily to some calculations we:
l(m.ve ;:)een doing recently (Bockris et al, Trans. Faraday Soc. 47, 756 -
Dr. Overseex: Well, of course it might affect the innermost:
parts of the double layer. . o T T
Dr. Bockris: The dielectrie constant in the Helmholtz layer turns
out to be a good way off the minimum saturation value, expect at-
very high electrode potentials. In the diffuse layer, the mean dielec:
tric constant may be as low as 45. ;! T
Dr. G. Scarcuarp, Mass. Institute of Technology, Cambridge,
Mass.: Woere you saying x is independent of the AgNQ; concentration?
Dr. Overperx: That was_the x between the AgNO;_solution and -
the pas phase above the AgNQs, and it was onl ydependent upon the . -
AgNO; when its concentration came in the neighborhood of 1 eq/liter.

New Yofi

Dr. Ov'ERBEE_K‘: These measurements are done on suspensions of | -
fairly small particles.
larger picces and that their conductance is larger. We find, for

R. ScarcHARD: What is the order of magnitude of conductance .. - o
Cof Agt? - . 7

It may be they are less regularly formed than - e

sk



‘Instance, that the order of maemitudeis 10-¢ ohm~" ¢m-!, perhaps

smm\\]mt lower. We Lnow thls is the order of mawmtude because : £

we have speecial difliculties in doing electrokinetic measurements.
on Agl, which indicate a conductance of the same order as that
of distilled water. We cannot make a direct measurement of the
conductance without treating the Agl so that it is not a represente- .
tive sample. .

Dx. T, qHLDLO\’%KY Rocl\efoller Institute for Medical Research,

New York, N. Y. The AO'I is not on the electlode as a contmuous e

film? -

Dr. Overpzrx: No, you can only detelmlnc the’ absorptlon of the, T

AgT when the surface is very Jarge. We use Agl as a fine suspension
or as a collodial solution. It is for simplicity that I have drawn the
Agl to be present on the dectrode but for the whole thermodynamics
of the cell it is not esscntnl for the Agl to be attached to the Ag
clectrode. - :

" Dr. SHEDPLOVSKY: What is affecting the potcntml of the Ag elec-
t:odc absorption of the Ag or of the iodide?

Dr. Ove ERBEEK: e can argue that the potential dlfference of the
cell when it is reversible dépends upon the cell reaction whlch a.pa.rt
f! om the process at the liquid junction is gwen by, . .

A (meml)—]—I‘(conc —c)-I—HgCl(sohd)—é' |
AwI (solid)+ Cl~ (saturated) —I—Hg(metal) ‘

The emf of ‘this cell changes only with changes of the concentratlon
of I~ ions. The potential difference between Ag and Agl, both being
solid substances with a given chemical composatxon, is constant. If
I measure potential differences between Ag and Hg, I know that, apart
from a constant, it is equal fo the potential (hfgference between Ag
electrode and the schution, and consequently apart from another
constant, to the potential d]fference between Agl and the solution.
One can pmtme that most casily. That is what I have done on the
blackboard by just interposing Agl between the Ag and the solution,
.but it is not necessary for the kmd of measmement we have done )
T think the simplification is not essential. -
. D= Sueprovsxy: Isn't the function of AgI sxmply to ﬁx t,he Ag ion
activity and so make it an lodide clectrode? : o

Dr. OverBeek: I quite agree with you there; yes, . .. "

Dr. J. V. PerroceLL, The Patent Button Co. Watexbury, Conn .
As I see it, at present, we have a fairly good ]Jmiure of the double -
layer at- the He metal clectrode. How are we oing to picture,
kinetically, the XO' clectrode? In other words, -% has thcse ions
absorbed \ery close to it. Now, if you have a pmce of Ag in the
solution, what do you have on the smface solid psut.lcles o§
Ag ions? .

DR Overprex: You mean the- sﬂver electrode T have’ used 1n my‘. -
experiment?

AgI or |

Dr. Prrroceiir Yes. Can the mechamsms you ha,ve descmbed- :

be applied to the metal? When we are talking about the double. |
layer, we would like to sce a picture of the orientation of the ions and
their posnlon on the metal also,
Dr. Oversrex: I have tried to make not a plctmc of the double'
* layer on the silver but on the silver iodide. The silver clectrode only
comes in as a means Lo brmg electrlc churrves in the fonn of Ag+ ions
to or flom Lhe qolutmn B S S :




