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Electrochemical Determination of Surface Area of Metals
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. The fundamental principles of the electrochemical determination of the surface area of metals are discussed. Conditions
_of determination and methods of calculation are analysed for smooth and powdered metals of the platinum group, nickel,
the copper subgroup, and carbonaceous materials. A list of 108 references is included.
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I. INTRODUCTION

Study of the kinetics of heterogeneous processes
requires a knowledge of the true surface area of the solid
involved in the reaction. Several methods of determina-
tion based on the measurement of adsorption by volume or
by weight have now been adequately developed and have
been surveyed in detail in monographs and reviews ™4,

Intensive work during the past decade has led to the
widespread use of a new electrochemical method for deter-
mining the surface area of several metals in compact and
powdered forms 3%, The possibility of deter mining true
surface area from electrochemical measurements was
first pointed out by Bowden and Rideal?, and later by
Shlygin and Frumkin® Among the merits of this method,
discussed quite fully by Brunauer!, is its great sensitivity,
which permits measurements on specimens of surface
area down to 0.01 cm?, The surface area of a catalyst
can be measured electrochemically directly during the
process when reaction takes place in an electrolyte solu-
tion®%?, These advantages, together with the rapidity of
the measurements and the possibility of using readily
available series-produced equipment, has attracted the
attention of increasing numbers of research workers.
However, no reviews hvve appeared on the electrochemi-
cal determination of surface area, which makes it difficult
to choose the optimum procedure according to the nature
of the metal and the conditions of measurement.

II. FUNDAMENTAL PRINCIPLES OF THE ELECTRO-
CHEMICAL MEASUREMENT OF TRUE SURFACE AREA

The electrochemical method for determining the true
surface area of a catalyst is based on measurement of the
quantity of electricity consumed in changing the charge on
the electrode in a given potential range. The theoretical
basis of the method is Frumkin and Petrii's thermodynamic
theory 1713 of the surface state of electrodes that adsorb
hydrogen and oxygen. It was shown!'™!3 that in general the
total (or thermodynamic) charge communicated to an elec-
trode is consumed in charging the electrical double layer
at the electrode -solution interface and in the adsorption of
hydrogen, oxygen, or components of the electrolyte. The
applicability of the thermodynamic theory to the surface
state of a metal in an electrolyte solution was confirmed
experimentally. Inthe case of a completely reversible
system (e.g. a platinum electrode in the range of potentials
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for the adsorption of hydrogen) an unambiguous corre-
spondence was established between the charge communi-
cated to the electrode and its potential given by the charg-
ing curve, Either the charge consumed in adsorption
(mostly of hydrogen) or the free charge (the differential
capacitance of the electrical double layer) is determined
experimentally. The surface coverage with adsorbed
species or the capacitance of the double layer is found from
investigations on electrodes of a given metal having a
known true surface area (measured e.g. by the Brunauer—
Emmett-Teller method). These values are then used as-
coefficients in determining the surface areas of other
specimens of the same metal,

We shall now consider in greater detail the above two
groups of methods, estimate their sensitivity, and assess
the prospects of using them for various materials and
experimental conditions.

1., Method of Charging Curves

Several modifications of the method of measuring
charging curves can be used at the present time. They
differ in the procedure for establishing conditions under
which the whole of the electricity supplied to the electrode
is consumed in changing its charge.

Frumkin and Shlygin 814215 developed a technique of slow
determination of charging curves on electrodes having a
large true surface area. The curves were obtained from
a solution saturated with an inert gas, to eliminate involve-
ment in the electrochemical process of hydrogen or oxygen
dissolved in the electrolyte. Powdered materials were
placed in an electrically conducting gauze '® to serve as
current lead. Charge transfer can be effected by contact
between the powder and an inert lead!?’, The quantity of
electrochemically active impurities can be diminished 8
by decreasing the volume of the solution. Slow equilibrium
charging curves can then be obtained at low current densi-
ties even on smooth electrodes,

A method was suggested 7s*° for obtaining rapid galvano-
static charging curves at high current densities. This
would eliminate the effect of foreign solutes, which might
have diffused to the electrode surface if the curves were
determined slowly.

The above methods now find widespread use in electro-
chemical research.

Fig. 1 shows a typical charging curve for a platinum
electrode in 1 N sulphuric acid, obtained at low current
densities (the rapid galvanostatic curve is similar in
shape)?® (here and subsequently electrode potentials are
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given relative to the potential of a reversible hydrogen
reference electrode in the same solution), The curve
exhibits two arrests (region I and III) with a high pseudo-
capacitance. Ionisation of adsorbed hydrogen takes place
in the region of the first arrest:

MH, 4 »H*+e+ M.

The second arrest corresponds to the discharge of water
molecules with the formation of adsorbed oxygen or sur-
face oxides:

M+ H,0 — MO, 4 -2H* +2¢.
The two arrests are separated by a region II having a low

capacitance, where a large proportion of the electricity
is consumed in changing the charge on the double layer,
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Figure 1, Charging curv: for platinum in 1 N sulphuric
acid at 20°C, 2°
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Figure 2. Current-potential curve on platinum in
1 N sulphuric acid in argon with a rate of application of
potential of 1V s~1,28

Charging curves are now commonly obtained by a
potentiodynamic method, first used for this purpose by
Will and Knorr 2! and by Kolotyrkin and Chemodanov 22,
Electronic apparatus has been designed for this method?3-2
and investigations have been made on the surface state of
various metals !6:24,26,27  With linear scanning of the
potential at a rate v = 3¢/37 the i-¢ curves (Fig, 2)?®
determined by means of triangular voltage pulses repre-
sent essentially the differential form of the galvanostatic
Q~-¢ curves: I =v3Q/d¢, Maxima on the potentiodynamic
i-¢ curve therefore correspond to maxima on the galvano-
static curve, The potentiodynamic method can be applied
both to smooth 8529,% and to finely divided 14,3 electrodes,
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It yields highly reproducible results, largely because of
the reproducible surface state of the electrodes obtained
by periodic electrochemical oxidation and reduction 32,33
or by programmed pretreatment of the surface 2¢, How-
ever, limitations on the rate of application of the potential,
due to the disperse character of specimens, must be
borne in mind when using this method.

The true surface area can be calculated from each of
the above regions of the charging curve, However, the
hydrogen region is generally used, because the deposition
and removal of hydrogen are more reproducible than the
corresponding processes with oxygen. In calculating the
quantity of electricity corresponding to the hydrogen
adsorbed, we must introduce a correction for the charging
of the double layer and the evolution of molecular hydro-
gen. Finding the charge consumed in the evolution of
hydrogen is a more difficult problem, In order to prevent
the evolution of molecular hydrogen, therefore, the deter-
mination of slow charging curves does not extend beyond
potentials 30~50 mV more positive than the reversible
hydrogen potential.

The quantity of hydrogen adsorbed is determined from
the area below the potentiodynamic i-¢ curve bounding the
hydrogen region (Fig.2). This is equivalent to integrating
the Q@ -¢ curve:

@2
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The end-point for measuring the quantity of electricity
consumed in the adsorption of hydrogen on platinum was
taken 34 to be the potential of the minimum preceding the
evolution of hydrogen. This corresponds to the assumption
that the quantity of electricity required for the adsorption
of hydrogen at ¢ < ¢mpjp is balanced by the charge involved
in the evolution of hydrogen at ¢ > @ yip. A similar
postulate was made for other metals ®, It has been sug-
gested % that i—¢ curves should be obtained at a low tem-
perature (down to —72°C) to diminish the influence of
hydrogen evolution on the quantity of hydrogen adsorbed.

The oxygen region of the charging or potentiodynamic
curve can also be used to calculate the true surface
area,%"4#  However, this gives rise to additional
complications owing to the non-equilibrium character of
the adsorption of oxygen and the time variation of the
strength of its bonding to the surface 18,27543,44, Ag g result
the quantity of oxygen adsorbed depends on the current
density used to obtain the charging curve or on the rate of
application of the potential,

In order to calculate surface coverage of an electrode
by hydrogen and oxygen it is necessary to know the
quantity of electricity consumed in forming a hydrogen or
oxygen monolayer, It is supposed that one hydrogen or
oxygen atom is adsorbed on one metal atom. Polycrystal-
line electrodes are generally used in electrochemical
investigations, so that most workers 16, 37740,45 =47 giart
from the interatomic distance in determining the number
of surface atoms. In the case of platinum this corresponds
to 1.31 X 10% atoms cm~? true surface. Monolayers of
hydrogen or oxygen on platinum then require consumptions
respectively of 210 and 420 uC cm-2, These values are
used directly to calculate coverage by oxygen 6y and 6.
By no means in all cases is it possible to measure sepa-
rately the quantities of electricity consumed in the adsorp-
tion of hydrogen and oxygen and in charging the double
layer. If the regions in which these processes occur
overlap (e.g. onnickel, silver, and carbonaceous materials),
some numerical coefficient, determined by the charge

’
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necessary to change the electrode potential in the given
range, must be used in calculating the true surface area.
In the electrochemical determination of surface area
it must be borne in mind that the character of the charging
curve is influenced significantly by the composition of the
electrolyte !, This is due to the simultaneous adsorption
of hydrogen and oxygen and of components of the electrolyte
on the electrode surface. During recent years these
phenomena have been investigated in detail on smooth and
finely divided platinum4875! and palladium?®2:53 electrodes.
Thus for a palladium electrode in the presence of various
anions and cations coverage with hydrogen decreases in
the sequences

H,80, > HpPO, >HCl >HBr  KOH > NaOH >> CsOH > Ba (OH), > Ca (OH)s.

In deter mining the surface area of a catalytic electrode,
therefore, it is desirable to obtain galvanostatic or
potentiodynamic charging curves in a standard electrolyte,
whose components do not undergo strong specific adsorp-
tion. Organic impurities in the solution influence sub-
stantially the character of adsorption and the quantity of
hydrogen adsorbed5t, Special methods of purifying solu-
tions have been described 33,52,55757  ensuring that experi-
ments can be conducted under sufficiently uncontaminated
conditions. This is especially important in the investiga-
tion of smooth electrodes,

2. Measurement of Differential Capacitance

Another method for determining true surface area
involves measuring the differential capacitance of the
double layer. The relaxation time of the double layer
is considerably shorter than typical times of adsorption
and exchange accompanied by complete or partial transfer
of charge across the interface. We can measure the
capacitance of the double layer by high-frequency a.c, 58,°
or pulse® methods with short resolving times (~10-¢ s),
and use the result to estimate true surface area. It is
usually assumed in this method ¢°-% that the capacitance
of the double layer is the same on different metals, equal
tothe capacitance of the mercury electrode (1620 uF cm=-2),
However, recent accurate measurements indicate ® that
different metal electrodes may differ in capacitance by
50-100%. Relaxation methods for measuring the differ-
ential capacitance of the double layer are applicable only
to smooth electrodes, which is an important restriction
on their use for determining true surface area,

Isolated attempts were made® to determine the capaci-
tance of the double layer by means of slow charging
curves, However, these methods cannot be regarded as
successful, since in most cases processes involving
adsorption of electrochemically active species also occur
in the “double layer” region. It was shown®’ by Frumkin‘s
thermodynamic method!! that oxygen already begins to be
adsorbed on platinum at potentials more positive than
0.3V,

Comparison of the two groups of electrochemical
methods for determining true surface area—by obtaining
charging curves and by measuring differential capaci-
tance—indicates that the former are simpler, more
generally applicable, and reliable. It therefore forms
the basis of most electrochemical techniques for measur-
ing true surface area. Recently the possibility has been
discussed of determining this property from the rate of an
electrode reaction with a known specific exchange current®
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II. DETERMINATION OF TRUE SURFACE AREA OF
VARIOUS MATERIALS

Specific methods for measuring true surface area of
various metals are governed by the nature of the latter,
the ability to adsorb hydrogen and oxygen. Specific
surfaces of rmost metals that have been investigated
electrochemically are determined from the adsorption of
hydrogen. They include metals of the platinum group—
platinum, palladium, rhodium, iridium, ruthenium, and
osmium—together with nickel, With platinum and rhodium
the potential range for the adsorption and desorption of
hydrogen is quite clearly defined. With ruthenium and
nickel the potential ranges for the adsorption of hydrogen
and oxygen overlap. The adsorption of hydrogen on palla-
dium (and to some extent also on nickel) is complicated by
the dissolution of hydrogen in the bulk of the electrode,
Hydrogen is hardly adsorbed at all on gold, copper, and
silver, on which surface area is determined from the
adsorption of oxygen or the polarisation capacitance in a
certain potential range. The last method is used also to
determine surface areas of carbonaceous materials.

1. Platinum Metals and Nickel

Platinum and rhodium

Galvanostatic charging curves have been used to inves-
tigate the surface coverage of finely divided platinum and
rhodium powders by adsorbed hydrogen and oxygen 9,16,
The potentials at which adsorbed hydrogen is completely
removed from the surfaces of these metals are respec-
tively 0.40 and 0.27 V (in 1 N sulphuric acid), The quantity
of hydrogen adsorbed was determined by the method of
tangents. No correction was made for the capacitance of
the double layer, so that values of 64 were rather too high.

1,61

Oy
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a.4

o, V
Figure 3. Potential dependence of surface coverage with
hydrogen of: 1) platinum powder (s =20 m?g-1); 1’)smooth
platinum electrode; 2) rhodium powder (20 m? g~');

2') smooth rhodium electrode '€,

However, the contribution of this capacitance does not 5!

exceed 5-7%, which is smaller than the error in the BET
method. Knowing the true surface area of powders mea-
sured by the BET method, we can calculate values of 6y

on platinum and rhodium at various potentials.
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Monolayers of hydrogen on platinum and rhodium sur-
faces correspond in electrical units to 210 and 220 uCcm=2
respectively. Fig. 3 shows that surface coverage of both
platinum and rhodium powders with hydrogen reaches a
monolayer (94 ~ 1) near the reversible hydrogen potential.
Similar results have been obtained on a single crystal of
platinum’°, The surface area of platinum and rhodium is
independent of the method of obtaining the powders or their
degree of dispersion, so that the hydrogen region of the
charging curve can be used to determine the true surface
area of these powdered metals®. Galvanostatic charging
curves on the powders were compared with i-¢ curves
obtained by means of triangular voltage pulses on smooth
electrodes. Good agreement was obtained for 6g—¢
curves on smooth and dispersed electrodes (Fig.3). The
technique can be used also to determine the true surface
area of platinum-rhodium alloys ™,

The possibility has been considered3’~# of measuring
the true surface area of platinum from the adsorption of
oxygen. Surface coverage was then determined as the
ratio of the quantity of electricity consumed in the adsorp-
tion of oxygen to double the quantity corresponding to a
monolayer of hydrogen: g = Q0/29H. However, diverse
values have been published—1.76,37 1,83, 1,05,* and
1,24 % V—for the potential at which 6p = 1, Such
divergence is due to the non-equilibrium character of the
adsorption of oxygen and to accumulation of the gas on
the electrode surface with time,

Ruthenium

Comparison of the electrochemical determination of the
true surface area of ruthenium black 2 with the BET
method showed that the quantities of electricity consumed
in adsorption of hydrogen near the reversible hydrogen
potential are 280 and 218 uC cm-2 in aqueous sulphuric
and hydrochloric acids respectively, The former value
corresponds to a monolayer, Determination of true
surface area from the charge consumed in the double-layer
region gave markedly overestimated values, owing to the
presence of adsorbed oxygen on the ruthenium surface in
this range.

Palladium

The possibility of determining the true surface area of
palladium powders from the adsorption of hydrogen has
been subjected to detailed investigation 6,52;5%,73, The
complexity of such determination is due to the dissolution
of hydrogen in the bulk of the metal. A typical charging
curve obtained on powdered palladium in 1 N sulphuric
acid is reproduced in Fig. 4. Over the range of potentials
0-0.08 V hydrogen dissolves with the formation of e and 8
phases. Itisadsorbedat0.08 V< ¢ <0.28 V; someadsorp-
tion of hydrogen is observed also at ¢ < 0,08 V.52 A
technique was proposed 2,52 for separating the quantity of
hydrogen adsorbed and desorbed in the potential range of
chemisorption, and determining the surface coverage with
chemisorbed hydrogen at each potential on the assumption
that 6y is independent of the degree of dispersion of the
specimens, This assumption was confirmed for palladium
powders of true surface area 0.3-100 m? g~!, Fig.5
illustrates the dependence of surface coverage of palladium
with hydrogen over the potential range 0-0.28 V in 1 N sul-
phuric acid (curve 1), It follows from these results that
the quantity of hydrogen chemisorbed at 0.075 V corre-
sponds to 6H = 0.82, but at potentials close to zero 6 = 1,
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The calculations were hased on the hypothesis that the
quantity of electricity consumed in coverage with a mono-
layer of hydrogen was 210 uC cm™2,

o,V
4.6
4.9+
0 1 1 i 1
150 700 450 690
0. Cg!

Figure 4. Charging curve on palladium powder (30 m?g-!)
over the range 0-0.7 V in [1 N} sulphuric acid at 25°C. ™

Investigation of the influence of anions (PO3~, Cl-, Br-,
and SO%") 52 and of cations (K*, Na*, Cs*, Ca?*, and Ba?)®
on the adsorption of hydrogen on palladium showed that the
course of the charging curves in the region of the a-8
phase transition is almost independent of solution composi-
tion, whereas the chemisorption of hydrogen is affected
significantly by the nature of anion and cation. The sur-
face coverage 6y diminishes with increase in the adsorb-
ability of the anions (Fig.5). A similar pattern is observed
with cations %3,

N
P
:&& A
a1 0.2 4.7
e, V

Figure 5. Potential dependence of surface coverage of
palladium powder with hydrogen in 1 N acids: 1) sulphuric;
2) orthophosphoric; 3) hydrochloric; 4) hydrobromic, 52

Thus the true surface area of palladium powders can
be determined from the adsorption of hydrogen, The
divergence between the results and values obtained by the
BET method does not exceed 10%, !¢

The 6-¢ curves calculated for smooth palladium elec-
trodes from potentiodynamic {~¢ curves obtained with the
potential applied at 20mV s~! were found*® to coincide with -¢
curves for finely divided powders. This indicates the
possibility of using potentiodynamic curves to determine
true surface areas of smooth palladium electrodes.
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The total quantity of electricity representing the
adsorption of hydrogen dissolved in and adsorbed on
palladium in the range 0-0.3 V cannot be used to measure
the surface area of palladium, as had been suggested ™,
since the quantity of hydrogen dissolved is independent
of the surface area. Thus this quantity is approximately
the same for powders having surface areas of 39 and
3 m?, whereas the quantity of hydrogen adsorbed differs
more than tenfold 6,

The true surface area of smooth palladium has been
determined ¥ from the adsorption of oxygen under condi-~
tions such that in 1 N sulphuric acid a monolayer is
formed at ¢ =~ 1,0 V, in agreement with results obtained
by other workers 52,53,73,

Nickel

The electrochemical behaviour of nickel near the
potential of the reversible hydrogen electrode has been
less well studied than that of the platinum metals, There
is no generally accepted view on the mechanism of the
adsorption and dissolution of hydrogen and the formation
of oxide layers in this potential region™7%, The wide-
spread use of nickel in electrocatalysis (liquid-phase
hydrogenation, chemical current sources, etc.) has given
rise to repeated attempts to develop electrochemical
methods for determining its true surface area. These
methods usually involved determining the capacitance of
the double layer (using alternating current ®-8%  from the
fall in potential after polarisation had been switched off &,
and from charging curves®), The calculation was based
on various values for the differential capacitance of the
double layer (from 10 ! to 100 pF cm™2).%° Therefore
these procedures can hardly be recommended for deter-
mining the true surface area of nickel without adequate
experimental support. A method based® on measure-
ment of the adsorption of thallium and sodium ions is
merely comparative,

o, V
0.2

a.1
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7727

Figure 6. Charging curve per unit surface area (mea-
sured by the BET method) of nickel: A) Raney; B)car-
bonyl; 1) sintered electrode of A; 2) sintered electrode
of a mixture of 50% A + 50% B; 3) powder in a grid of A;
4) powder in a grid of B; 5) sintered electrode of B, %

Q, uCcm™?

The most soundly based method for determining the
true surface area of smooth and finely divided nickel was
developed by workers who showed 8 ~% that hydrogen does
not undergo bulk dissolution in nickelat ¢ = 0,03V, A
similar conclusion was reached by another worker 7,
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Surface areas (measured by the chemisorption of oxygen
from the gas phase) of various nickel powders were
compared 278 with the slopes of the linear portion of the
equilibrium galvanostatic charging curve (Fig. 6) over the
range 0.03-0.17 V. The pseudocapacitance calculated
per unit true surface area was 1120 pF cm™2, Such a
value was explained by the occurrence of electrochemical
processes involving adsorbed layers of neutral species.

H,g,+OH™ > HO +¢,
Ni+ x OH~ — Ni (OH), + x €.

Determination by a vacuum-electrochemical method of
the surface coverage of nickel with hydrogen and with
oxygen showed that 6y > 0.95 and that 6oy < 0.5 and 0.2

at ¢ ~ 0 and 0.17 V respectively, These results make it
possible to determine the true surface area of finely divided
nickel in this potential range.

If it is assumed that the nature of the adsorbed species
is the same on smooth and powdered specimens, theresults
can be used to investigate smooth electrodes 8%, Poten-
tiodynamic ¢-¢ curves are then obtained in alkaline solu-
tion over the range 0.03-0.18 V, and the quantities of
electricity at different rates V of application of the poten-
tial are extrapolated to V = 0. The result is compared
with the value 1120 yF cm~2. The electrode must be
subjected to a special (stepwise) treatment at 0,2, 0.1,
and 0 V in order to obtain reproducible results %: other-
wise a different value may be obtained for the pseudo-
capacitance per unit surface area of the nickel powder %,

The electrochemical method for deter mining the true
surface areas of platinum metals and nickel has found
practical application in investigating electrocatalytic
processes on porous gas-diffusion and liquid electrodes,
It has been used to determine the surface area of the
catalyst in porous electrodes %3 during preparation and
operation 4,949 in measuring the distribution of liquid
and gas porosity®¢, for determining the surface area of
platinum metals on a carrier ®, and also in calculating the
kinetic parameters of electrochemical reactions ®3.

2. Metals of the Copper Subgroup

Hydrogen is not readily adsorbed on copper, silver,
and gold, in contrast to metals of the platinum group, so
that surface coverage with hydrogen cannot be used to
determine the true surface areas. Therefore either the
potential range corresponding to the adsorption of oxygen
is used (copper and gold), or else some segment of the
charging or potentiodynamic ¢~¢ curves on which the
polarisation capacitance has been determined in pre-
liminary experiments (silver).

Gold

An electrochemical method has been developed 652 for
determining the true surface area of finely divided and
smooth gold from the adsorption of oxygen, The surface
coverage in acid solutions was calculated from charging
curves or from potentiodynamic curves over the range
1.3~1,7,V. On the assumption that one oxygen atom is
adsorbed on one metal atom the coverage of finely divided
gold reaches a monolayer at 1.7 V. The adsorption of
oxygen obeys similar laws on smooth and finely divided
gold: the specific adsorption is the same on such elec-
trodes. Good agreement is found between surface areas
obtained from charging curves and by the BET method.
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Copper

The quantity of surface oxide Cu,O forming a monolayer
in a given potential range is determined®’., Conditions
required®’ indicate that surface area is most conveniently
measured in alkaline solutions. The quantity of electricity
corresponding to a monolayer of copper(l) oxide is
180 uC cm=2,%8 The quantity of oxide is calculated from
the arrest on the charging curve in the range 0.87-0,47V,
It can be found also by obtaining potentiodynamic curves
with the potential applied at 2~10 mV s-!, This method
has been used to determine the true surface area of
copper coatings having a roughness factor of 2-10, It has
found application in studies of the corrosion of copper %,

Silver

Determination of true surface area from the adsorption
of oxygen on silver, in contrast to gold and copper, is
difficult because of the formation of multilayer deposits,
The adsorption of oxygen on silver powders in the range
0.25-0.8 V gives in several cases!® good agreement with
BET results. The roughness factor of smooth silver
electrodes has been estimated 1°!51°? from the quantity of
electricity determined from i-¢ curves obtained by the
application of triangular voltage pulses over the potential
range 0-0.2 V, in which it was assumed !, 1°2 that the
quantity of electricity was consumed only in charging the
double layer of the silver electrode.

A more rapid method proposed®! for determining the
surface area of silver powders involves applying the tri-
angular pulse to the electrode after cathodic reduction of
the latter at negative potentials, with {—¢ curves obtained
in the range 0.2-0 V applied at the rate 3-40 mV s~!, As
before 191,192 this potential range is regarded® as corre-
sponding to charging of the double layer. It was assumed
for the calculation that the true capacitance of silver in

this potential range is 50 uF cm~2, The results agree well

with those obtained by the BET method.

o,V
1.0
0.5
1/
J /7
Q, mCg’

Figure 7. Charging curves on silver powders differing in
specific surface (m? g=): 1) 2.5; 2) 3,0; 3) 10,®

The true surface areas of silver powders prepared in
various ways were measured ! by the BET method and
compared with electrochemical measurements by means
of slow charging curves in 0.1 N aqueous potassium
hydroxide. Charging curves on silver powders are plotted
for various specific surfaces in Fig. 7, Comparison of
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BET surface areas with the quantity of electricity con-
sumed in the range 0-0,25 V showed that for almost all the
silver powders @ /sggT = 0.02 + 0,003 mC ¢cm=2, Hence
the true surface area of silver can be determined from the
polarisation capacitance in the potential range 0-0,25 V.

3. Carbonaceous Materials

Measurement of the specific surface of carbonaceous
materials is one of the most important and difficult tasks,
Development of an electrochemical method is impeded by
the existence of such materials in various modifications
(coal, carbon black, graphite, pyrographite, vitreous
carbon), whose electrochemical properties depend in con-
siderable degree on their structure and the method of
measurement, Appreciable difficulties may result also
from the presence of micropores, of dimensions compar-
able with the radii of hydrated ions, in several carbon-
aceous materials (e.g. in activated carbon), This would
lead to a change in the capacitance of the double layer.

Figure 8. Charging curves obtained in 0,01 N sulphuric
acid on: 1) activated carbon (surface area 710 m? g-');
2) carbon black (760); 3) graphite (670), 17

The adsorption of oxygen and hydrogen on various
carbonaceous materials has been investigated in electrolyte
solutions 93-1%8 Fig, 8 shows typical charging curves on
activated sugar charcoal, PM-100 carbon black, and
graphite in 0.01 N sulphuric acid°’. The capacitance
is minimal in the potential range 0.05-0.25 V. This seg-
ment of the charging curve corresponds to the capacitance
of the double layer. Values of the capacitance for coal,
carbon black, and graphite are 7.0, 4.5, and 2.5 uF cm™2
frue surface area, Hydrogen is adsorbed at potentials
more negative than those corresponding to the double-
layer region, and oxygen at more positive potentials,
Results obtained for coal and carbon blacks having differ-
ent surfaces in 0.1 N sulphuric acid indicate that the
“oxygen” portion of the charging curve can be used to
determine the true surface areas of these adsorbents,
With coal the mean polarisation capacitance is
%8 + 2 uF cm~® for surface areas of 450 and 710 m? g-1,
which corresponds to an accuracy of 10%; but with carbon
black the mean value is 13 + 2 uF cm™2 over the range
160760 m? g-', corresponding to an accuracy of 15%,

For KhS-172 carbon black and AG-3 carbon the polarisation
capacitance in the same potential range was respectively
15 and 19 uF cm™2, 1% Deviations from the results of
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Ref, 107 may be due to technical differences in the produc-~
tion of the carbonaceous materials,

An attempt was made % to use a.c. polarisation to
measure the surface area of porous carbonaceous mate-
rials (coal and graphite of various brands), which reduces
to determining the capacitance of the double layer. As
noted above, however, the specific capacitance of the
double layer depends on the nature of the carbonaceous
materiall®”, Hence the capacitance values used to calcu-
late specific surface area from electrochemical data
require special experimental justification.

o0o

The electrochemical method for deter mining true
surface area is now sufficiently developed for platinum
metals, the copper subgroup, nickel, and certain types of
carbonaceous materials, It has been successfully used to
study several electrolytic processes at electrodes of these
materials, The number of researchtopics towhichthe
electrochemicaldetermination of surface area is applicable
will increase as investigation of the structure of the
double layer and of adsorption from electrolyte solutions
on other metals and alloys is extended. Another important
line of development of the electrochemical method is to
measure the surface area of metallic or semiconducting
catalysts on carriers, of platinum on carbon, oxides on

carbon, and nickel and silver powders stabilised by oxides.
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