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Photogalvanic Processes on a Gold Electrode

By V. Veselovsky

In a previous paper' we formulated the basic principles under-
lying the photogalvanic method of investigating electrode processes
using the silver electrode as an object of investigation.

Especial interest attaches to the investigation of anode processes
by this method in view of the high light sensitivity of the oxygen,
halogen and other films; the formation of which often accompanies
anode processes on metals and to a considerable degree determines
their course. :

It is expedient above all to use the photogalvanic method in
sludying the basic anodic processes: oxygen overvoltage and anodic
Dassivity of metals. On the other hand, fruitful results may be expec-
ted from an application of modern electrochemical methods to the
study of photogalvanic phenomena, in particular, of the ideas deve-
loped by the school of Frumkin, which establish a connection be-
tween the conditions of the electrode surface and the course of the
electrode processes. It is sufficient to recall the role played in reveal-
ing the nature of the photoelectric effect by a consideration of the
state of the emitting surface, in particular of the presence of adsor-
bed atoms on this surface.

There are only a few papers in the literature devoted to the influ-
ence of light on an anodically polarized metal. From the viewpoint
°f the present investigation, interest attaches to the work of Grub e
ind Baumeister?. Using undispersed light these authors
showed that the potential of a smooth platinum electrode submitted
Preliminarily to a strong anodic polarization is greatly lowered
upon irradiation.

The method used by Grube (lengthy expositions, not monochro-
matic light) in which secondary processes took place excludes a quan-

'V. Veselovsky, Acta Phys. Chim., 14, 483 (1941).
*G.Grube u. L. Baumeister, Z Elektrochem., 30, 322 (1924)
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titative treatment of the results obtained. We nevertheless believe
that the lowering of the potential of anodically polarized smooth
platinum under the action of light may be given a sufficiently satis-
factory explanation, similar to that of the photogalvani. process
on asilver electrode!. Indeed, anodically polarized platinum is cove-
red, like silver, with a layer of oxides, asshown by O bruchev a’
and Armstrong, Himsworth and Butler?* Hence
in this case, too, the photogalvanic process may consist in the pho-
togalvanic dissociation of the surface oxygen compounds, in wh.if-h
negative charges are imparted to the metal with a corresponding
lowering of the potential of the irradiated electrode. The reversal
of sign of the effect on platinized platinum does not fit into the
ahove scheme of the process and may possibly be due to the strong
influence of secondary phenumena, in particular, to atomic oxygen
formed as a result of the process. v

Inapaper by Bowden® brief mention is made of an observed
lowering of the oxygen overvoltage on a platinum electrode under
the action of light.

We chose gold as an object of investigation, since jas compared
with other metals, platinum and silver in particular, it possesses
several advantages for a quantitative study of the laws of the pho-
togalvanic process by our method. _ )
~ Gold has a high oxygen overvoltage, hence it is possible to work
with gold electrodes over a large range of potentials under conditions
where there is no steady state volume evolution of oxygen to compli-
cate the measurements. The large anodaic passivity of gold makes
it possible to carry out photogalvanic measurements on a gold
electrode even at sufficiently strong anodic polarization not only
in alkaline but also in acid solutions (sulphuric acid) where the for-
mation of bulk oxides, which are soluble in acids, is excluded.
Preliminary experiments with an anodically polarized gold electrode
showed that gold also has a great photogalvanic activity in the visible
part of the spectrum as compared with platinum.

Finally a number of investigations of the gold electrode have
been made which establish the state of its surface ina sufficiently

*Obrucheva, Oxygen on Platinum (unpublished data).

*Armstrong, Himsworth and Butler, Proc. Roy. Soc.,
143, 89 (1934).

® Bowden, Trans, Farad. Soc., 27, 505 (1931).




‘ Photogalvanic Processes on a Gold Electrode 805

wide range of potentials. The work of Armstrong, Butler and Hims-
I worth® and of Deborinand Ershler® proves that oxygen
lilms are formed on gold upon its anode polarization.

In an old paper on the influence of light on anodically polarized
gold, Bose and K ochan’ established that the potential
of a gold electrode, preliminarily strongly polarized anodically,
is sharply lowered by the action of light. They made the qualitative
observation that this effect is caused mainly by the short wave-
length part of the spectrum (starting from the greenregion). However,
the method used (polarization of the electrode for several days,
expositions of several hours, filters letting through a wide band
of radiation) make it extremely difficult to attempt a quantitative
analysis of the results obtained. We shall touch on them briefly
in discussing the results to be set forth below.

In the present investigation we set ourselves the following aims:

1. To establish the relation between the photogalvanic effect
and the electrochemical characteristics of an electrode—potential,
extent of surface covered by adsorbed atoms.

2. To determine the spectral sensitivity of the photogalvanic
effect on an old electrode.

3. To check the applicability to photogalvanic processes of Ein-
stein’s relation of equivalence between the action of an electric field
and the energy of the radiation used.

Experimental method

The experimental method of investigating the photogalvanic
process on a gold electrode consists in the following.

1. Measurement of the magnitude of the photogalvanic effect
of the electrode at increasing potentials (caused by polarization
by a current of constant intensity).

2. Measurement of the photogalvanic effect of an electrode kept
at asteady potential and subjected to brief (for afraction of a second)
irradiation by various wavelengths. From these -measurements
1t was possible to establish the relation between the magnitude of the
photogalvanic effect and the wavelength of the radiation applied.

SG.Deborin and B.Ershler, Acta Phys. Chim., 13, 347 (1940).
"Bose u. Kochan, Z physik, Chem., 38, 29 (1901).
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As 8 powerful source radiating a continuous spectrum we used
an arc between two graphite electrodes. To improve the quality
and constancy of the radiation only the crater of one of the electro-
des placed horizontally, was projected onto the slit of the monochro-
mator. By keeping the current in the circuit constant it was possible
to get a sufficiently constant intensity of radiation for the duration
of the experiment.

- For prolonged experiments a 1000 w incandescent lamp was sub-
stituted for the arc. In individual experiments and for calibrating
the monochromators mercury lamps (Heraeus and pointolite lamps)
were used. : '

A narrow beam of monochromatic radiation was obtained by
using a glass monochromator in the visible region and a quartz
monochromator in the ultraviolet.

The monochromators were calibrated in the usual manner, mainly
by known mercury lines, and in the long wavelength region by known
sodium and lithium lines, obtained by introducing the corresponding
salts into the flame of a Bunsen burner.

To reduce extraneous radiation, the beam of light from the source
~Was passed before entering the monochromator, through filters
which let through the desired range (including the necessary line
¢r narrow spectral band). Infrared radiation was adsorbed by a column
of water 10 cm long.

The principal instrument in the electrical measuring part of the
sel-up was a Cambridge string electromagnetic galvanometer with
@ current sensitivity of 1 x 1071°A, avoltage sensitivity of the order

. of 1x10°°V and a peried up to 0.002 sec. With this instrument
it was possible to measure the rate of increase of the electrode poten-
tial in the first hundredth fraction of a second, the measuring current
not exceeding 19, of the true photogalvanic current.

In addition to visual observation of the maximum deviation
of the galvanometer thread, which could be done sufficiently accur-
ately up to expositions of 0.1 sec., these deviations could be recorded
on an Edelman oscillograph.The oscillogram then furnished an idea of
the complete trend of the electrode potential under the action of light.

Short expositions were made with a «Kompur» camera shutter,
corrections for the time of exposition being subsequently made from
the time scale of the oscillogram (usually the known frequency of
the a. c. source feeding the lamp in the oscillograph),
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The reaction vessel made of transparent quartz is schematically
represented in Fig. 1.

The electrode to be tested and the auxiliary electrode were
sealed into ground glass joints. The tube A contained an auxiliary
electrode for polarization made of the same material as the test
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Fig. 1. Quartz reaction vessel.

electrode. The tube C contained an auxiliary platinized platinum
electrode preliminarily strongly polarized cathodically which served
to measure the potential of the test electrode.

The test electrode—a gold wire (Hilger) 1 mm in diameter—was
placed in the central tube B. The length of this electrode was chosen
in accordance with the height of the radiation beam in the slit of the
monochromator. The tubes A, B and € communicated with one another
through capillaries. To increase the efficiency of the incident radia-
tion, tube B was silvered on the outside. Light fell on the test elec-
trode through a slit left in the silverplating of the tube, coinciding

.~ with the slit of the monochromator.

| The entire reaction vessel was placed in a dark chamber in such
a manner that the slit of the monochromator came out directly
up against the opening in the tube with the test electrode.

The polarization and potentiometry were carried out by the
usual technique using calibrated precision instruments. The most
essential details will be mentioned in the description of the expe-
riments. The set-up is shown schematically in Fig. 2.

A—source of radiation, B—light filter, C—camera shutter,
D—monochromator, E—reaction wvessel with test electrode, F—
string galvanometer with illuminator, G—oscillograph set-up.

The measuring process consisted in the following: The potential
of the test electrede B wes brought to the required value by passing
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a direct current through the test electrode B and the reference
electrode A (Fig. 1). The potential difference bhetween the test and
reference electrodes (B and C) was measured by the compensation
method, the string galvanometer serving as zero instrument with
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Fig. 2. Scheme of experimental set-up.

its string set in the zero position. The oscillograph set-up was then
switched on. By means of the shutter the test electrode was illumi-
nated by a flash of light of the desired wavelength from the optical
ystem (Fig. 2). The photogalvanic change in potential, causing
a deviation of the galvanometer thread was registered at that
moment on the oscillograph film or observed visually.

In this manner the following measurements were carried out:

1. At a given constant value of the current intensity, the photo-
galvanic effect was measured as a function of the quantity of elec-
tricity passed through the test electrode and the acc ompanying change
in the electrode potential.

2. At a constant potential of the test electrode the photogalvanic
effect was measured as a function of the wavelength of the radiation.

Experimental results
1. Dependence of the Photogalvanic
effect on a gold electrode on the quantity
of electricity passed and on the accomp a-
nying variation of the elect rode potential

Figs. 3 and 4 r'epresent'the results of two typical experiments.
Curve 7 is the charging curve of a gold electrode in 1N sulphuric
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acid solution. The black dots mark the corresponding photogalvanic
effect on the same electrode. On the ahscissae axis is plotied the
polarization time in minutes and the corresponding quantity of
electricity passed through the electrode in microcoulombs. On the
ordinate axis—the potential of the test electrode in volts against
the potential of the reference electrede in the same solution and
the values of the photogalvanic effect: in millivolts in Fig. 3 and
in 10°®* V in Fig. 4.
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Fig. 3. Dependence of the potential and photogalvanic effect of a

zold electrode in 1 N HyS04 on the polarization (white light). 1, elect-

rode potential; 2, photogalvanic effect., Gold electrode (S=1 cm?*)

in 1 N H.SOy4; I = 2.5 uA; light from a carbon arc; water filter;
Vi—Au 1 N HaSO; exposition 1 sec.

The principal difference between these experiments is that in the
first case we used a beam of undispersed light of considerable inten-
sity, whereas in the second we used monochromatic light.

The initial potential of a gold electrode which was mechanically
cleaned and was in contact with air is usually about Vm=0.6 V.

The surface of such an electrode, as follows from the above-cited
paper by Deborin and Ershler and from our measurements, is covered
with an oxygen film of the order of a monolayer. At this value of the
potential the photogalvanic effect of the gold electrode is extremely
small. '
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The charging curve of the gold electrode has three character-
istic sections. The rapid rise in the electrode potential immedia-
tely after the polarization current has been started corresponds
to the formation and polarization of the ionic double layer. The
subsequent gentle slope of the curve corresponds to the formation
of an oxygen film on the gold electrode. The third horizontal section
of the curve corresponds to a steady process on the electrode in which
electricity is taken up without change in the potential. Besides
the evolution of oxygen in this range higher auric oxides may also
be formed here.
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Fig. 4. Dependence of the potential and photogalvanic effect of
a gold electrode in 1 N Hg504 on the polarization (monnchromatic
light). Gold electrode (S=1em?) in 1| N Hy S04 A=5520 A; I=1 pA;
exposition 0.5 sec; enmergy of incident radiatjon 124 ®X 10—% joules;
Vo—=Pt/Ha. 1 N H3S04. 1, electrode potential; 2, photogalvanic
(elfect.

In the first two sections of the charging curve the photopotential
shows a continuous growth (curve with dots, Figs. 3 and 4) which
reaches a maximum when the curve goes over into the range of the
steady process, and then falls off sharply.

As was pointed out in our previous paper the observed increase
In the photogalvanic effect upon polarization of the electrode can
be due both to a thickening of the absorbing oxide layer on the
electrode and to the change in the electrode potential.

To separate these two possible causes, we carried out experi-
ments in which a gold electrode was repeatedly polarized, simul-
taneous measurements heing made of the Photogalvanic effect.
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The results of the measurements are represented in Fig. 5. On the
abscissae axis is plotted the polarization time in minutes and for
each polarization separately the quantity of electricity passed
in microcoulombs, on the ordinate axis the electrode potential
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Fig. 5. Dependence of the potential and photogalvanic effect of a gold electrode on the

quantity of electricity passed in repeated polarizations. Gold electrode (S=1 em?) inl N

HsS0g A=5520 A; I=1.1 pA; exposition 0.5 sec; Vy—»PtHal N HpS04.1, electrode
potential; 2, photogalvanic effect.

and the photogalvanic effect in1 X 10-°V. The curve with the circles
represents the rise and fall of the potential, the curve with dots—
the corresponding photogalvanic effect.

The first charging curve 7 and the photogalvanic effect corres-
ponding to it obtained on a cleaned gold electrode have all the
properties described above. After the anodic polarization has been
cut off, a sharp drop is observed in the potential and the photogal-
vanic effect which then remain constant for a suffi¢iently long time.
The oxygen film remains thereby unchanged and can be quantita-
tively registered by cathodic polarization at potentials helow 1.1 V.
These measurements are in quantitative agreement with the data
of Armstrong, Himsworth and Butler given in the above-cited
paper.

Upon a second polarizalion of the same electrede from which
the oxide film has not been removed (1I), considerably less electri-
city is needed to develop a high potential, and the photogalvanic
effect runs into correspondingly high values. Subsequent repeated
polarizations (III) have the same effect.
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Analysis of the results of these experiments permits us to draw
two essential conclusions.

1. Due to hysteresis of the deposition and removal of the oxygen
film the potential of the electrode can be varied considerably without
any essential change of the amount of oxygen on it.

2. The principal increase in the photogalvanic effect upon pola-
rization of the electrode is due to the change in the electrode poten-
tial.

The above measurements also show that the photogalvanic effect
on a pre-polarized electrode retains a considerably larger value,
even after the current is cut off, than on the electrode before pola-
rization. The electrode in this state differs indeed from the unpola-
rized electrode not only in the presence of a deposited film but also
in the value of the potential.

The full curve in Fig. 6 represents the dependence of the photo-
galvanic effect on the electrode potential plotted from the data
of this experiment. A comparison of this curve with the charging
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Fig. 6. Dependence of the photogalvanic effect of a gold

electrode on the potential, I, first polarization; 2, repeated
polarization.

curve (Fig. 5, 1) shows that the sharp increase in the photdgalvanin;
effect with the rise in potential sets in at a potential Vi —1.4 V at
which the oxygen film begins toform and continues up to Viz =1.7V
at which the steady evolution of oxXygen commences.
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The broken line shows the dependence of the photogalvanic effect
on the potential for the same electrode but with a pre-deposited
oxygen film (corresponding to curve I1I, Fig. 5).

The mechanism of the influence of the potential on the photogal-
vanic effect is not discussed here. Despite the small increment in the
total amount of oxide as the electrode potential rises from VA =1.3 V
to VE=1.7 V there may take place simultaneously with the change
in the electric field a sharp change in the amount of photogalvani-
cally active substance. This problem will be treated in greater
detail below.

2. Dependence of the photogalvanic
effect on the wavelength of the radiation
at a constant value of the electrode poten-

tial

Table 1 presents the results of a typical experiment carried ouf
with a gold electrode which was charged to a potential of VA =1.675 V
by anddic polarization in a 0.1 N H,SO, solution and kept at this
potential throughout the experiment.

Table 1

Gold electrode (S=1 c¢m? in 1 N H,80,: Vg=1.675 V: exposition
. 0.5 sec; Vy=Pt/H, . 1V H;50,

Energy of inci- h alvani AV referred to
y dentg:radiution ? grtfégctlﬁ?w AN same number of
joules 104 V105 Samle GLETEY quanta
6840 220 : 16 Ty 5.1
6120 136 68 36 32
5520 72 148 148 148
4780 29 156 390 450
4420 18 120 480 600
4120 16 124 564 750
3700 12 100 538 870

The Table also gives the absolute values of the energy of the
monochromatic radiation falling on the test electrode as measured
by a vacuum thermopile with a quartz window.

A Hefner lamp served as a standard. The source of the radiation
was an electric arc with a sufficiently steady (throughout the expe-
riment) regime. Filtration and monochromatization were car-
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ried out by the method described above. The time of exposition
was 0.5 sec for all the wavelengths.

Fig. 7 depicts the results of the measurements given in Table 1.

The abscissae are the wavelengths in angstréms and the corres-
ponding energies in electron volts. The ordinates are the values
of the photogalvanic effect in 1 X 10-* ¥ and the amount of radia-
tion falling on the electrode in 1 x 10-* joule.

Curve 7 is the graph of the experimental values of the photo-
galvanic effect for the corresponding wavelengths.

Curve I1 was obtained by plotting the absolute values of the
radiant energy falling on the electrode.
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Fig. 7. Spectral sensitivity of the photogalvanie effect of a gold
electrode in1 N H.S04. I, experimental values of photogalvanic effect;

II, quantities of incident energy; JIII, values of photogalvanic
effect referred to the same energy,

Curve 771 gives the values of the Photogalvanic effect referred
to a spectrum with equal energies. This was done by dividing the
magnitude of the measured effect by the corresponding relative
value of the radiant energy incident on the electrode.

The amount of incident energy for A=5520 A is taken as unity.

As appears from Fig. 7 the magnitude of the photogalvanic
effect on a gold electrode in 1 IV H,SO, and at a potential of 1.68 V
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falls off sharply in the wavelength range around 5000 A.At x=5130A
the energy of acorresponding quantum is 2.4 V and the curve depict-
ing the relative increase in the photogalvanic effect has a sharply
defined maximum. However, the electrode retains a noticeable
photogalvanic sensitivity up to A=6840 A.

3. Dependence of the photogalvanic effect
on the intensity of the radiation

In order to justify our method of transposing the values of the
Photogalvanic effect to a spectrum of equal energies it was necessary
to check up whether the effect depended linearly on the intensity
of the radiation employed. To establish such a relation for the
object would be of interest in itself. With this aim we carried out
special experiments on a gold electrode in 1 V H,SO, solution. The
results of the measurements are given in Table 2 and depicted
graphically in Fig. 8.
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Fig. 8. Dependence of the photogalvanic effect on the
intensity of radiation.

The source of the radiation was an incandescent lamp with
steady regime. The intensity was varied by regulating the distance
from the lamp to the irradiated object. To remove the undesirable
spectral region the light was first passed through a 10 ¢m water
filter and a special filter for red light.

The quantity of incideni energy was measured by a thermopile
whose readings were preliminarily checked for linearity in the given




R R RRRRRBRBRBREREEEEEBEEEREEEEe

816 V. Veselovsky

Table 2

Gold electrode §=1 cm® in 1 N H,80, solution, Vy=
=1.690 V; exposition 1 sec; source of radiation 1000 W
tungsten lamp; filter: 10 cm water-filter cutting off red

light
Incident Photogalvanic | Relative coef- Relative photo-
en]i;ggiﬁgu— x-?';fi?st Ilcien‘gigg radia- galvanic effect
6 4 0.52 0.44
44.5 1.00 1.00
23 1 2.00 1.89
140 124 12.2 13.8
1100 88 95.6 U8

range of intensities. The results obtained lead to the unambiguous
conclusion that in the measured range of intensities the magnitude
of the photogalvanic effect on a gold electrode depends linearly
on the intensity of the radiation.

1t should be borne in mind that our method of measuring with
short exposition yields the rate of change of the electrode poten-
tial, which according to our notions is proportional to the true
Photogalvanic current. The effective Photopotential (the maximum
value reached upon sufficiently lengthy exposition) will most pro-
bably not depend linearly on the intensity of the radiation, due to the
great influence of the depolarizing processes in this case. It was diffi-
cult by our method of irradiation to check the validity of the linear
dependence for each region of monochromatic radiation separately
over a sufficiently wide range of intensities. We determined the
spectral sensitivity curves for the same electrode at intensities
differing by a factor of two. For all the sections of the curve the
ratio of the corresponding values of the photogalvanic effect was
the same and equal to 2 with an accuracy of 3—4 oL,

A straightforward experiment was undertaken to clarify the
role of thermal radiation. A gold electrode in 1 &V sulphuric acid
solution was first polarized anodically (about 3000 micro coulombs
of electricity per cm? were sent through) and then irradiated by the
undispersed light of a 1000 W lamp, once with a water filter to absorb
the thermal radiation and a second time without filter. The same
beam of light was then allowed to fall on a thermopile. The exposi-
tion was 0.5 sec in both cases.
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The photogalvanic effect without filter was by four per cent
greater: than with it, whereas the thermopile showed a threefold
ancrease in the total energy of radiation without the filter. “This
experiment irrefutably proves that the photegalvanic effect does
not depend upon the total quantity of heat communicated. = =

4°Additional experiments. on _-{--h'é”-\\pflgj;to-
galvanic effect on .a,gold eleetrode

In addition to the principal measurements of the photogalvanie
effect on a gold electrode in a 1 N sulphuric acid solution, expe-
riments were also carried out to study the main laws of the effect
n a neutral solution of 1 ¥ KNO,. The experimental method was
the same as described above. :

Fig. 9 sets forth the results of the measurements of the photo-
galvanic effect on a gold electrode in1 N KNO, solution as a func-
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Fig. 9. Dependence of the potential and the photogalvanic effect of a gold
electrode in 1 N KNOz on the polarjzation. Gold electrode (S=Jcm )in
1 N KNOg; A= 5520 &; I =1 pA; V—»P{/Hs.1 N KNOg; exposition 0.5 sec;
elergy of jncident radiation = 124x10—4 joules, 7, electrode potential; 2,
v . ) photogalvanic effect.
tion of ‘the -amount of electricity passed, and the corresponding
’ change in the electrode potential. The curve with circles is the charg-
Acta Physicochimica U.R.S.S. Vol. XXI. No. 5. &
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ing curve, with dots—the corresponding photogalvanic effect.
The coordinates have the same meaning as before. The insert gives
the photogalvanic effect as a function of the electrode potential.

Attention is drawn to two characteristic differences between
the curve obtained in 1 ¥ KNO, and that for the same processes
in 1 N H,SO,.

1. The maximum of the photogalvanic effect corresponding
to the complete formation of an oxide film on the electrode sets
in at a considerably lower value of the quantity of electricity, about
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Fig. 10. Spectral sensitivity of the photogalvanic effect of

a Au electrode in 1 N KNOg.I, experimental values of the

photogalvanic effect; II, photogalvanic eifect referred to the

same energy; ITI, spectral sensitivity of a goldelectrode accor-
ding to the data of Clark and Garrett,

1000 microcoulombs per cm? as compared to 3000 microcoulombs
in sulphuric acid.

2. The electrode potential (with respect to the normal hydrogen
elggtrode) at which the sharp increase in the effect begins is at a lower
value of Vg=1.0 V (the corresponding value for sulphuric acid is
Va=1.4 V). ; :
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It can thus be concluded that in 1 V. KNO, a photogalyanically
active surface is formed at more cathodic potentials and the accom-
panying oxide film is much thinner.

Table 3 and Fig. 10 set forth the data on the spectral sensi-
tivity of a gold electrode in 1 N KNO, at Viy=1.4 V.

Table 3

Gold electrode (S=1 cm?) in 1 ¥ KNO,; I=I1pA; exposition
0.5 sec; V=0.995 V; Vy— Pt/H;-1 ¥ KNO,

)’_1 I Incident energy | Photogalvanic AV referred to
* joules x 104 effect AV the same energy
VX105 p
6840 292 140 58
6120 218 400 229
5520 124 720 720
4780 46 580 1570
4520 30 432 1800
4120 23 332 1850
3700 16 272 2100
3380 3 52 2180

Curve 7 is the plot of the experimental values of the photogalvanic
effect vs. the wavelength. Curve I/ gives the values of the effect
transposed to a spectrum of equal energies. Curve 777 is plotted from
the data of Clark and Garrett® obtained from measure-
ments of the effective photogalvanic potential (sufficiently lengthy
expositions) on an unpolarized gold clectrode in 1 N KNO, solution
at an intensity of radiation of 4 X 10~* W/ecm? (the ordinate scale
is increased tenfold). f

The trend of the photogalvanic effect in 1 N KNO, solution
shows no marked tendency to saturation upon passing over to short
wavelengths. The relative increment in the effect falls off here too,
although less sharply than in the sulphuric acid solution.

In all other respects the spectral sensitivity curve of the photo-
galvanic effect on a gold electrode in KNO, solution does not differ
essentially from the curve in sulphuric acid. The shift of our curves
relative to the curve of Clark and Garrett in the direction of long
wavelengths can be attributed to the high value of the electrode
potential at which our measurements were carried out.

8Clark and Garrett, J. Am. Chem. Soc., 61, 1805 (1939).
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. “Preliminary: determinations of the photogalvanic effect on an
-anodically polarized gold electrode in alkaline solution showed that
the effect in 1 NV KOH is a few hundredth part of the value obtained
with"the same electrode in' H,SO, solution, and quantitative mea-
surements by ‘our method were impossible.

In explaining the observed effect it must be taken into account
that . the potential of an anodically polarized electrode in alkali
differs considerably (up to 1 V) from that of an anodically polarized
electrode in acid. ;

‘In conclusion we set forth the results of measurements made
to-determine the dependence of the effective photogalvanic current
and the effective photogalvanic potential on the polarizing current
density-in the region of oxygen overvoltage (Table 4).

The measurements were carried out in meonochromatic light
of constant intensity. In measuring the effective photogalvanic
current the electrode potential (Vaark) was kept constant; in measur-
ing the effective photogalvanic potential, the current intentsity
(I aarx) Was kept constant. The measurements were commenced with
large current densities and gradually proceeded to smaller values.

; Table &
Gold electrode (§=1 cm?) in 1 N H,50,; 4=5200 A, vo— Pt/H, . 1 N H.80,

© Tgark | Vdark, Iight | Viight, I aw AT M;=%‘—n-‘5;£f-
Ax108 Volt Ax108 Volt | mV Ax10-8 108
25 | 1.5920 27 B 1.5838 8.2 2.5 5.1
50 1.6704 53.5 | 1.6622 8.2 3.5 8.2
400 : 1.7155 10%.5 1.7127 2.8 4.5 5.6
250 ©1.7682 257.0 1.7671 1.1 7.0 5.5
500 1.7793 510.5 1.7781 1.2 10.5 12.0

Gold electrode (S=1 cm?) in 1 N KNOj; A=5200 A; V,— Pt/H,. 1 N KNO

25 0.8556 26 0.8488 6.8 1.0 3.4
50 0.8832 o2%: - 0.8844 4.8 2.0 4.8
100 0.9108 102.5 0.9096 1.2 2.5 2.4
250 0.9114 256.5 0.9408 0.6 6.5 3.0
0.5 1.0 5.0

Do

500 [ 0.9637 | 511 | 0.9632

With an increase in the p.olarizing current density the effective
“photegalvanic' current-increases-and ‘at the same time the increment
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in the effective photogalvanic potential decreases. The effective
photogalvanic current gives a qualitatively correct representation
of the dependence of the photogalvanic effect on the potential as
obtained by our main method. As has been shown by us elsewhere?,
the effective photogalvanic potential is not a direct measure of the
photogalvanic effect and is determined by the total expenditure
of electricity in the various processes taking place at the electrode.
Let us try to establish a relation between the effective values
obtained for the photogalvanic effect, the total current flowing
through the electrode and the true photogalvanic current. _
Upon irradiation of the electrode at a constant current /, in the
circuit, the potential of the electrode changes from V,to V;. In the
region of oxygen overvoltage, when a steady process has set in, the
electrochemical discharge current should be equal to

II — Id 83 Vi~ Vﬂf)-

The observed current is the sum of the electrochemical disclxarge
current and the photogalvanic current A7;. At constant current
in the circuit we have: '

Iy=I5;+ Al
whence

A= I~ I} = I 03 0 Vg

i. e. the photogalvanic current is equal to the difference between
the light and dark electrochemical discharge currents. 1f the current
| in the circuit is constant then until a steady process sets in
. the photogalvanic current will be expended on the change
in the electrode potential and on the compensation of the varying
electrochemical discharge current:

AL=C Y 4 [, — 1,0 Va),

where C is the capacity of the electrode, £—the time. :
In the first moment of irradiation, V —V, the photogalvamc

av
current is Aly=C df 1o 2nd We obtain the equation formerly_ deri:

‘ ved from the oscillographic curves of the effect .
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In a steady process %-I; =0. Then:

Al = / —Ideﬁ(vl”'"d):_—fa (1 —ed Vi=Va),
On the basis of Bowden’s ® data on oxygen overvoltage we
take —%:0.050 and can then compute the absolute values of the

photogalvanic current at different polarization currents from the
values of the effective photogalvanic change in the potential.

Taking for the effective photogalvanic potential V,—V,= — AV,
we obtain for small values of AV:

Vi-Va .
AL =1, (1— 000y =1, SVt
The last column of Table 4 gives the values of A, calculated
by this formula.

Considering the difficulties involved in accurately measuring
the effective photovoltaic effect (lengthy exposition), the agreement
obtained between the computed values of Al; and the experiment-
ally measured increment of the current AJ at constant potential
and irradiation of the electrode in sulphuric scid is satisfactory.
The discrepancy between the computed and measured values of Al
in the neutral KNO, solution is probably due to the unsteady
character of the process.

From the absolute value of the photogalvanic current and from
the rate of change of the photogalvanic potential measured by
our main method, one can compute sufficiently accurately the
capacity of the electrode

Vi-Va
s Al z.Id (-’1—9 0-4cy ) .
dedt[—&U ) dV,fldl{_‘D

For the measurements depicted in Fig. 4 at an effective value
AV;=22.4 mV we have —2.—5.7 mV/sec; I,=1x 10°* A. Hence
the capacity of the electrode for this potential range (V,=1.8)
is approximately equal to 100 vF.

The preceding discussion also explains why despite the linear
_depeﬂdence of the true photogalvanic current on the intensity of

*Bowden, Proc. Roy. Soc., A 126, 107 (1930).
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the radiation a linear dependence will be observed for the effec-
tive photogalvanic increment in the potential only at small values
of AVy; at large values of AV; the dependence on the intensity
will be logarithmic.

Adler' applied the method of the transitional state to the inve-
stigation of a steady photogalvanic process balanced by diffusion
and established a similar relation between AV, and the intensity
of the radiation,

5. The spectral sensitivity of the photo-
galvanic process on a gold electrode as a
function of the electrode potential

It is of considerable interest for an interpretation of the mecha-
nism of the photogalvanic effect to establish the dependence of the
magnitude and red boundary of the effect on the electrode potential.

The occurrence of hysteresis in the removal of the oxygen film
on a gold electrode in sulphuric acid solutions made it possible with
sufficient approximation to obtain an electrode whose potential
could be varied over a considerable range (1.7—1.3 V) without any
marked disturbance of the amount of surface oxide film. We shall
not consider here the possible mechanism of thus varying the poten-
tial. In case the variation of the electrode potential reduces merely
to a change in the electric field, without affecting the quantity
of photogalvanically active substance, it becomes possible with
such an electrode to establish the influence of the electric field
on the photogalvanic process.

Before the measurements, the electrode was charged to a high
potential and after formation of an oxide film, a curve of spectral
sengitivity was obtained.

Fig. 11 represents graphically the results of one of the typical
measurements. The abscissae are the wavelengths of the applied
radiation in angstroms and the corresponding energy in electron
volts. The ordinates are the values of the photogalvanic effect
in 1 X 1074 V, referred to aspectrum of an equal number of quanta;
the number of quanta of monochromatic radiation at A=5520 A
being taken for unity.

10 g Adler, J. Chem, Phys., 8, 500 (1940}.
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- Curve I was obtained at’ an electrode potential Vyg=1.716 V.
Curve /7 for the same electrode corresponds to Va=1.500. V: The
intensity of the radiation and the entire method of measurement
were strictly the same for both curves. ' i '

On the basis of the results obtained from the above experiment
and from a whole series of similar measurements we can formulate
the following sufficiently well satisfied relation: In order to keep
the value of the true photogalvanic current constant near the red
boundary, when the electrode potential ig incressed by a given

Vrzg*
100F.
90 °
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Fig. 11. Dependence of the spectral sensitivity of the

Dhotogalvanic effect of a gold electrode on the poten-
: tial. I, Vg=1.716 V; II, VE=1.500 V.
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amount the energy of the quanta of the radiation applied must
be reduced by the same amount.

Indeed, in the above experiment the difference between the ‘elec-
trode potentials in the first and second runs was 0.216 V. The diffe-
rence between the energies of the radiation in electron-volts, giving
the same photogalvanic effect in both cases, was 0.200—0.220 in the
region of minimum measured values of the effect. If the difficulty
of making measurements in this region is taken into account, it

must be conceded that the above formulated relation is sufficiently
well borne out.
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This relation, approximately true for a gO]d elettrode may
be written as fn]]O\w. ] :

d_t.’ jr1_ Ig ' A
e(Vi—=Vy)=h(»,—w) or Vi—V,= 55 (va—"1)»

where I, V and v are, respectively, the photogalvanic current,
potential and frequency of the radiation for the first and csecond
clectrodes.

However, at sufficiently large values of the quanta this condition
is not fulfilled. As appears from Fig. 11, the limiting value of the
photogalvanic effect varies, being smaller the lower the electrode
potential. Evidently the complete influence of the electrode poten-
tial on the photogalvanic effect is not limited to the change of the
electric field at the surface.

Mechanism of the photogalvanie process on a gold electrode

Our curves giving the photogalvanic effect on a gold electrode
as a function of the quantity of electricity passed and the data of the
above ¢ited work of Bose and Kochan allow us to conclude unambi-

1 guously that the photogalvanically active material in the process
is the surface compound of gold with oxygen which forms upon
anodic polarization of the electrode.

From the experimental relations obtained it is difficult to deter-
mine the electrical state of the adsorbed photogalvanically active
material, ¢iz., the extent to which it differs from the oxygen ion,

| orto decide whether the entire or only part of the oxygen film formed
is photogalvanically active. :

In studying the external photoelectric effect a number of authors
established that an oxygen film on a gold electrode increases the
work function of the electron; in other words the oxygen film creates
an additional negative potential on the outer surface of the metalll,

If, in addition, it is taken into consideration that the electrode
in our experiments was at strongly positive values of the potential,
then the reversal of the sign of the effect in the photogalvanic process
with respect to the photoelectric process appears quite regular.

l “'Whalley and Rideal, Proc: Roy.>Soc., A, 140, 484 .(1933):
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A light quantum acting on negatively charged photogalvani-
cally active material in the strong electric field of the electrode,
tears off the electrons absorbed by the metal and leads to the evolu-
tion of free atomic oxygen. The energy of the quantum in the range

_of the main increase of the photogalvanic effect on a gold electrode

{(hy=22.5 electron-volts) is of the order of the dissociation energy
of an oxygen molecule. The photo_ nic process evidently proceeds
by a less profitable reaction than the purely electrochemical evolu-
tion of oxygen.

The absolute value of the energy of the photogalvanic process
which depends on the electrode potential must thus be considered
as including in addition to the energy of the reacting system a con-
stant characterizing the height of the potential barrier (activation
energy) of the process.

Consider the spectral sensitivity curve of the photogalvanic
effect of a gold electrode on the basis of the proposed scheme of the
process. Table 5 and Fig. 12 represent the data of one of the charac-
teristic experiments.

Table 5

Gold electrode (S=1 cm?) in 1 & H,50, solution; 7=0.2pA; Vy=1.6580 V;
quartz monochromator, slit 0.5 mm: exposition 0.5 sec;
Vo—>= Pt/H,-1 ¥ H,50,

5 AV |

]fln{.a}'gy of | Phologal- AV referred |
Ain A 1'1an(;‘ilaqceig:x err:;}i‘; igrg:‘;ﬁ'? to si]ar{lt‘- ! Remarks

joules x 104 V105 energy m};::agtlao[ |
6840 86 3.0 0.7 0.56 1
6120 16 5.0 6.3 5.6 [ i
5520 20 27.0 27.0 9.0 |3 F lrl;;Pr;’uitglloft
4780 16 68 85.0 98.0 || €
4420 8.6 42.0 98.0 : 122.0 J
4120 1.45 7.5 403.0 | 137.0 Black filter let-
3700 3.6 17.0 94.5 1.0.0 } ting through near
3380 1.25 7.0 111.0 180.0 ultra-violet

The dots denote the experimental values of the photogalvanic
eifect referred to the same number of incident light quanta; the broken
line represents the relative increase in the photogalvanic effect
with variation of the energy of radiation and hence characterizes
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the amount of photogalvanically active matter which reacted under
the influence of the same number of quanta of different energy.

In general, this curve characterizes the probability of the photo-
galvanic process which depends both on the distribution in energy
of the photogalvanically active complexes and on the probability
of reaction of a complex possessing sufficient energy.

It it is assumed that the probability of reaction is constant
in a given energy interval for complexes with sufficient energy,
then the broken line in Fig. 12 characterizes the energy distribution

o, S, e T 8
SISSISSR

Fhotogalvanic erfect
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Fig. 12. Dependence of the spectral sensitivity of the photo-

galvanic effect of a gold electrode onthe energy of the incident

radiation quantum. I, photogalvanic effect referred to the

same number of quanta; 2, relative increment in the magnitude
of the photogalvanic effect.

=

of photogalvanically active matter. The form of the spectral sen-
sitivity curve of the photogalvanic effect on a gold electrode forces
us in this case to assume a nonhomogeneous distribution in energy
of the reacting complexes. By our scheme of the process such an
inhomogeneity in the energy distribution corresponds to different
binding energies of the adsorbed complexes with gold, which can
be most naturally explained by the inhomogeneity of the electrode
surface. The above scheme of the photogalvanic process can be
described in the first approximation by the following equations:

Lo TN U T ek
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The photogalvanic current due to dissociation of absorbing
complexes of the i-th kind with binding energy E; corresponding
to a quantum kv; and with selective absorption will be

I;=cjbw, %,

where I is the current intensity, j the intensity of irradiation
expressed in the number of quanta falling on the electrode per second,
O the extent of surface covered by photogalvanically active com-
plexes at a given electrode potential, &; the number of complexes
with binding energy E;, N the total number of complexes on the
electrode, w; the probability of a reaction when a quantum strikes
an i-complex, e the charge of the electron. The extent of surface
covered 6 is sufficiently large and remains practically unchanged
throughout the experiment. The measurements are thus carried
out at very small relative amounts of adsorbed absorbing complex
removed and at various degrees of binding to the surface.

In the real process, when the surface is irradiated by light of
frequency v;, absorption is not selective; all the oxygen atoms
with a binding energy E = hv;—U, (where U, is the energy of
the potential barrier of the process at an electrode potential V)
can absorb and dissociate (become discharged) photogalvanically
and the total photogalvanic current will be

E;
N 1 0N
Ey

In order to take this integral in the general case, it is neces-
sary to know not only the distribution in binding energy of the
absorbing complexes but also the dependence of the probability
of reaction of the absorbing complex w on the binding energy
and on the energy of the quantum of radiation.

Substituting conditionally for the probability of the reaction w
a constant value for the given energy interval w and observing
that in our experiments in the proposed scheme of the process

Sl dl di ' :
h ey S — A 3 g
we a\fe dE = 30w’ there obtalns.

. —(C ton , 18N
I S o A
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whenece

dr dr o 4 ON iy

s = A TEs
; -'Thus, under the above assumption, the derivative of the expe-
rimentally established relation between the photocurrent and the
energy of the quantum of radiation gives the curve of the distri-
bution of the adsorbed absorbing complex with respect to the energy
of binding to the surface with an accuracy up to a constant factor.

Carrying out a graphical differentiation of the experimental
relation 7= f(hv) we obtain df;:_)s # (hv). The resulting curve,
represented in Fig. 12 is well approxunated by a distribution
‘function of the form: 6
1 oN _aEe

To obtain the final results in a simpler form we 'represent the
experimental curve thamed in the first approximation by the

functmn

1 6N

22 ~BE?
¥ o8 = ¢ (B) =aHe =

The quantity 1/8 is here the most probable binding energy
of the absorbing complex and is determined from the position of

: aftuis 1
the maximum of the curve m:j (hv), where hvm=F—|~U,.

The constant a is determined by the normalization condition:
S aFe-¥E*dE =1; whence a= 2{3".
0

Thus, in principle, photovoltaic measurements furnish a method
of establishing the true picture of the energy state of adsor-
bed photogalvanically active complexes (oxygen on gold in our °
case) if the value of w which we condltlonally took for a con-
stant, is found.

In the proposed scheme of the mechanism of the process, we
have

Eg : Eg
I-:-s;'afv"g LN IE = <jtwa \ Be-#dE.
Ea : ;
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After integration and some simplifying transformations we obtain
L — E
I=cejfwe-p2E2 | 2

From the dependence of the energy of the process on the elec-
trode potential considered above it follows that for the realiza-
tion of an elementary photovoltaic act at an electrode potential

V it is necessary to expend the energy:

Q=E+U,=E-}+U, —acsAV=hy,

where U,, is the emnergy of the potential barrier at V=V, and
AV =V —V,. The factor o can be represented as the product of
two coefficients determining the part of the effective potential
and the effective charge of the reacting complex. This quantity
will be more fully specified below.

With a change in the electrode potential the value of 6 in
the general case also changes. For the range of potentials under
investigation we shall take a linear relation:

B,= b, + YAV =6, (1 +YAV),

where 6, is the extent of surface covering by photovoltaically
active complexes at V=7V,. It is now easy to determine the limits
of integration in the above expression for the current intensity
corresponding to a quantum kv and a potential V—V,=AV.

Since by definition the integral should give all the absorbing
complexes with an energy of the process not exceeding the energy
of the applied electric field and the incident quantum E4U,, =
=hv+acAV, the upper limit E; = hv+4 aeAV — U,,, and the lower
E, =0.

Conmdermg the limits and substituting for 6, its value we
obtain the final expression giving the relation between the photo-
current, the intensity and frequency of the radiation and the
electrode potential:

I=¢50,(14-yAV) w [1 Hene (h‘?-i-asAV-U.DO)SJ — <6, (14 YAV) #L,

(L denotes the expression in the brackets). The resulting equa-
tion gives the dependence of the photocurrent on the intensity
and energy of the radiation, the potential of the electrode and
the individual properties of the system characterized by the con-

stants y, «, 6, and U,,.




Photogalvanic Processes on a Gold Electrode ‘831

Assuming a definite mechanism of the elementary act one can
attempt to determine the physical meaning of the quantity U,,
and its relation to the principal energy parameters of the absorb-
ing complex.

In the experiment, the results of which are depicted in Fig. 12,
the maximum increment of the photogalvanic effect corresponds
to hy,=2.4 electron volts. The character of the increase of the
effect (the energy distribution of the absorbing quanta, according

A8 0 an0 10 0o
fu A0 00 ey ——nu 0 +0vnH
* g 0"a2H,0 o B 0" H,0

Potential energy

Distance from metal surface

Fig. 13, Schematie representation of an elementary act
of the photogalvanie process.

l to our representation) corresponds to a value of 2107 ev

B
whence the value of the potential barrier of the process is determi-

ned: Uu=kvm—-?=tl.7 eV is numerically equal to the energy

of the quantum at the red boundary of the photovoltaic effect
at an electrode potential Viy=1.68 V; U,,= U, ¢=AV.

Fig. 13 schematically represents a possible mechanism of the
elementary photogalvanic act and gives the curves of the poten-
tial energy of an atom and hydrated oxygen ion with respect
to the electrode surface.

The action of a light quantum consists in bringing an oxygen
ion into the atomic state under the simultaneous action of the

' electric field of the electrode surface which captures the excited
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electrans. The dotted arrows indicate the path of -transition of
the oxygen from the potential curve of the ion to the potential
-curve of the atom in a photogalvanic act, in agreement with' the
Frank-Condon principle. The curved arrow indicates a possible, ener-
getically preferable path of electrochemical discharge of an oxygen
ion. The simplest ‘possible scheme of the process Au‘O4-hy—
—>Au+ O though reflecting “the- ¢éssence of the photogalvanic
act, does not, however, éxp].ain’ the totality of electrochemical
phenomena observed on the electrode.

The energy of the elementary photochemical act @ at a poten-
tial of the electrode V, corresponding to zero charge will be:

Qw:k‘)w:E—I—W(,'—}-f{,-—fzsap:}f—{—ﬂrvo.

‘Here W is the energy of hydration, J— the electron affinity of
oxygen, sp the work function of the electron on a gold surface
which is in a state corresponding to zero charge of the electrode,
E the binding energy of the photovoltaically active complex
with the surface of the metal.

At an arbitrary value of the electrode potential AV=V —V,
the energy of an elementary act will be:

Qo=hvo=E+Wo + I — 220 — 21'2AV —
=E4U, —a:AV=FE +U,.

The coefficient a’ characterizes the part of the change in the
potential which affects the photovoltaic process.
At the red boundary of the photovoltaic effect (E=0) we
obtain:
hy,=Uyy —2a'eAV = W - + Iyr—2e0 — 22" AV =
W AT (9, (p —«’AV).

The equation obtained, despite the insufficient foundation for
the proposed mechanism of the process, indicates a possible way
of utilizing the data of the speciral sensitivity of the electrode
for determining important electrochemical quantities.

Let us consider the final expression for the photogalvanic
current i

_ I=35j0,(14+7AV) wL. .
When the boundary frequency is hy=U,, —22AV the value of L
‘becomes zero. The photogalvanic-current is 7 = 0. 1f the parameter
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B (hv+22AV —U,,)=3, then L=1 with an accuracy to the fourth
significant figure (in the given experiment this condition is ful-
filled at Av=3.8 eV). The photogalvanic current takes on the
limiting value

L= 2jl, (14 YAV) @ = &j0, .

This expression defines the physical meaning of w as the quan-
tum yieldy at sufficiently large values of the quanta
and 6,=1,

The determination of the limiting values of the photogalvanic
effect at various potentials permits of determining y and compar-
ing it with the value found from the experimental data on the
capacity of the electrode.

Indeed
I'FJCD _.a
_ f‘rlﬂcx)
it AV
whereas
=Ly
qoflo

Here I, is the limiting value of the photogalvanis current at the
corresponding potential, ¢, the charge of the monomolecular
surface layer, C the capacity of the electrode.

For the investigated range of the potentials y is of the order
of 5 reciprocal volts. , I

It is evident that, if the capacity of the electrode is entirely
determined by the process of formation of the photogalvanically
active complex, then the preceding relations also allow of establish-
ing the absolute value of 6, the extent of electrode surface
covered by the photogalvanically active substance. e

In order to determine the absolute value of the quantity w0
and to compare the experimental data with the values’of the effect
computed by the formula obtained, it must be taken into consi-
deration that the measured photogalvanic effect 1s

IAt
ﬁVDh = T »
Acta Physicochimica U.R.5.8. Vol. XXI. No. 5. 3



V. Veselovsky

where C is the capacity of the electrode at the given potential;
At —the time of exposition. Hence the measured photogalvanic
effect at sufficiently small values is:

&8, w AL

AVp=Te 20 L

- Putting the capacity of the electrode C =100 pF and taking
from the experiment the limiting value of the effect as 1.6 X 107°V

we obtain for the conditions of the experiment fw =0.0002.
In view of the absence of exact data on the capacity of the

gold electrode in this range of potentials the value of 6w found
characterizes only the order of magnitude of this quantity.
Combining the experimental data and expressing the number

of incident quanta per second as j=—- ’ , where j’ is the intensity

of radiation in watts and hv the energy of a quantum in volts,
we obtain:

V= A 1AV) DR [f g btV Uy,

For the investigated photovoltaic process on a gold electrode
t.he quantity 4.as determined experimentally is of the order of 2V.

Fig. 11 depicts the dependence of the photogalvanic currents
on the frequency of the applied radiation as computed by the
derived formula and referred, as are experimental data, to the
same number of quanta.

The proposed semi-empirical equation represents a first attempt
to establish a relation between the principal characteristics of the
photogalvanic process with a consideration of the electrochemical
parameters and the state of the electrode surface.

~ The relationships obtained can be further specified when the
true mechanism of an elementary act and the kinetics of the process
hﬁcome known. We believe that interesting material on the nature
of the process could be obtained by subjecting the electrode to the
action of polarized light. A photogalvanically active surface repre -
sents a system of oriented light-sensitive complexes and should

. possess anisotropic properties and a selective absorption maxXimum.




e e B e T S AT

Photogﬂwmc Processes on a Gold Electrode ' 83'5

Summary

1. A relation has been established between the magnitude of the
photogalvanic effect on a gold electrode and the amount of electri-
city passed, which determines the potential of the electrode and the
extent of its covering by an oxygen film.

2. A relation has been established between the photogalvanic
effect and the intensity of radiation.

3. The spectral sensitivity of the photogalvanic effect on a gold
clectrode has been determined.

4. The dependence of the spectral sensitivity on the electrode
potential has been established and it is shown to what extent the
relation of equivalence between the action of an electric field and
the energy of a quantum of radiation is valid in the photogalvanic
process studied. j

5. A probable mechanism of the photogalvanic process on a
gold electrode is discussed and a relation given between the value
of the effect, the intensity and frequency of the radiation, the elec-
trode potential and the energy characteristics of the phot.()galvam-
cally active complex adsorbed on the electrode. -

The present investigation was carried out in the laberatory

{ of Prof. A. Frumkin to whom I express my sincere gratitude for
his constant attention to the work and valuable advme in its orgam-
zation and carrying out.

1 am also indebted to Prof. A. Terenm for h]S interest in the
work and fruitful discussions. '
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