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Hydrogen Adsorption on Platinum Single Crystal Electrodes

l. Isotherms and Heats of Adsorption

Fritz G. Will
Research Laboratory, General Electric Company, Schenectady, New York

ABSTRACT

The adsorption of hydrogen on the three main faces (100), (111), and (110)
of platinum single crystal electrodes has been studied in 8N HySO4 at different
temperatures with the voltage sweep method. As on polycrystalline platinum
electrodes, hydrogen adsorbs on each of the faces in two distinctly different
binding states which present themselves as two pronounced maxima in the
current-voltage sweep curves. There are indications for a third binding state
giving rise to a third, less pronounced maximum. The potentials at which the
maxima occur are essentially the same for polycrystalline and for each of the
three single crystal electrodes. However, the relative heights of the maxima
are different in each case. The adsorption isotherms and the heats of adsorp-
tion are also notably different on the three faces. Under the usual assumption
of one hydrogen atom adsorbed per platinum surface atom, initial roughness
factors of 1.0-1.9 result which increase to 1.9-2.4 during the experiments. The
results suggest that, in fact, each of the crystal faces exposes more than one
crystal plane. The left pronounced maximum is assigned to a (110) plane, the
right pronounced maximum to a (100) plane, and the third small maximum to
a (111) plane. Different proportions of these planes determine the different
shape of the curves obtained on the different nominal faces and on polycrys-

talline electrodes.

The adsorption of hydrogen on polycrystalline plat-
inum electrodes has been studied extensively in the
past. Three different methods are available for these
studies, (¢) charging curves (1), (b) polarization with
an alternating current (2), and (¢) polarization with
a triangular voltage sweep (3) also referred to as
cyclic voltammefry or surface coulometry. All these
methods are based on the fact that a change of the
electrode potential in a certain range causes a change
of the coverage of the electrode surface with hydrogen

atoms. The adsorption-desorption process occurs
through the charge transfer reaction

M-—H&SM 4+ HY fe— [1a]

M—H4+OH- S M4 HoO + e [1b}

in acid and alkaline solutions, respectively. For polar-
izations larger than about 50 mv, the charge transfer
reaction [1] is much faster (4) than the dissociation-
recombination reaction

Hs 4+ 2M &5 2M—H [2]

Hence, for a given polarization, a certain coverage of
the surface with hydrogen atoms is established and
maintained by fast discharge of hydrogen ions or
hydroxyl ions according to the discharge reactionf{1].
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Fig. 1. Current-voltage sweep curve on polycrystalline platinum,
obtained earlier (3). Sweep range 50-1550 mv, sweep rate 0.1
v/sec; surface area of electrode 0.19 cm2.
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The partial pressure of molecular hydrogen near the
electrode surface which corresponds to that given
polarization, on the other hand, is established much
slower due to the slower rate of the dissociation reac-
tion [2]. For any given polarization, the partial pres-
sure of molecular hydrogen can be calculated from
Nernst’s law. At 0 volt (1 atm hydrogen pressure),
the platinum surface is nearly saturated with hydro-
gen; at 0.4v (= 10— atm), the surface is essentially
free of hydrogen. It can thus be seen that a change of
the electrode potential has the same effect on the hy-
drogen coverage of the surface as a change of the par-
tial pressure of molecular hydrogen. In contrast to the
latter method, however, the first method does not de-
pend on the slow dissociation equilibrium [2].

In general, adsorption isotherms obtained on “active”
polycrystalline platinum electrodes with either of the
three methods exhibit three inflection points. These
manifest themselves in fwo waves in the charging
curves (5-7), and in two distinct maxima and one
minimum in the differential capacity curves (8,9) and
in the current-voltage sweep curves (3,10). Figure 1
shows a typical curve obtained on polycrystalline plat-
inum with the sweep method. Apparently, hydrogen
adsorbs on platinum preferentially at two distinect
voltages or hydrogen pressures, i.e., hydrogen exists in
a strongly and a weakly bound state. Increasing volt-
age corresponds to decreasing hydrogen pressure, and
hence the left maximum corresponds to weakly bound
hydrogen and the right maximum to strongly bound
hydrogen. Little conclusive information is available
about the nature of the two states of adsorption.

Slygin and Frumkin (6,11) measured the amounts
of anions and cations which are adsorbed on platinum
as a function of the potential. They found that these
amounts are influenced notably by the adsorption of
hydrogen and interpret (12) their results as the ad-
sorption of negatively polarized hydrogen at larger
potentials (small coverages) followed by the adsorp-
tion of positively polarized hydrogen at smaller poten-
tials (large coverages). Wicke and Weblus (8) found
that the right maximum is influenced by the nature of
the anions in the electrolyte while the left maximum
does not show such a dependence. From this Eucken
and Weblus (8) believe that the two maxima are not
due to adsorption on two different crystallographic
planes of the platinum but are due to adsorption on bare
platinum (right maximum) and on oxygen atoms (left
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maximum). B6ld and Breiter (13) found values for the
heat of adsorption of hydrogen on platinum in excess
of 10 kcal/mole Hjy for coverages smaller than 0.5. This
indicates that the strongly bound hydrogen is adsorbed
as atoms. Kinetic considerations lead Breiter (14) to
believe that the weakly bound hydrogen is also ad-
sorbed as atoms.

Studies of hydrogen adsorption on platinum in the
gas phase have also revealed the existence of strongly
and weakly bonded hydrogen. Disagreement exists
concerning the polarity of the two types of hydrogen
and whether the weakly bound hydrogen is adsorbed
as atoms or as molecules. Mignolet (15) measured the
changes in the work function of a clean platinum film,
which occur as a function of time, when hydrogen is
being adsorbed at —190°C. Using both the condenser
and the thermionic method, he found that the first 40%
of the hydrogen which adsorbs increases the work
function by 0.11v while the remaining 60% decreases
the work function of the clean metal by 0.23v. At 20°C,
under vacuum, only the initial 40% hydrogen which
increases the work function remains adsorbed. These
findings suggest that the initially adsorbed hydrogen
is strongly bonded and negatively polarized and the
subsequent 60% hydrogen weakly adsorbed and pos-
itively polarized. Mignolet also found that a volume of
carbon monoxide almost equal to that of the weakly
bonded hydrogen could be adsorbed in addition to the
strongly bonded hydrogen. From this he believes that
the weakly bonded hydrogen is adsorbed as molecules.
It has been shown (18), however, that carbon mon-
oxide displaces the weakly and strongly bonded hydro-
gen from the surface. Hence, the foregoing contention
does not seem to be valid. Rootsaert et al. (17) ad-
sorbed and desorbed hydrogen on a platinum tip in a
field emission microscope by changing the temperature
at a constant hydrogen pressure of 10~7 mm Hg. They
found in agreement with Mignolet that on adsorbing
hydrogen the work function first increases, passes
through a maximum at a coverage of about 0.4, and
then decreases with further increasing coverage. Plis-
kin and Eischens (18) obtained two absorption bands
in infrared spectra of hydrogen adsorbed on alumina-
supported platinum. When working with hydrogen and
deuterium mixtures, they could not find any band cor-
responding to H — D+ bonds. From this they deduce
that the weakly bonded “positive” hydrogen is not ad-
sorbed as molecules. Toya (19) showed that the two
absorption bands correspond to a difference in heats of
adsorption of only 0.8 kcal/mole H,. This small dif-
ference makes it unlikely that the strongly and weakly
bonded hydrogen discussed earlier is identical with the
two types causing the two absorption bands. For the
former, differences in heat of adsorption are found
(10,20) which are of the order of 8 kcal/mole Ho.

The following study was undertaken to find out more -

about the nature of the two states of hydrogen adsorp-
tion. In particular, this study is concerned with the
question whether the two states are due to adsorption
on two different crystallographic planes preferentially
exposed by the polycrystalline platinum. In order to
test this possibility, the adsorption of hydrogen on the
three main faces (100), (111), and (110) of platinum
single crystals was studied. The voltage sweep method
was applied because it affords a convenient and ac-
curate way to determine the quantities of adsorbed
hydrogen (3).
Experimental

The platinum single crystal was obtained by zone
melting a platinum rod of 99.999% original purity in
an electron beam. After orientation the crystal was
cut with a diamond cutting wheel to give single crys-
tals presenting the main faces (100), (111), and (110).
These faces were then polished to optical flatness using
for the final finish a 0.1z alumina powder. The three
single crystals were subsequently annealed in vacuum
at 680°C for 24 hr and finally sealed into lime glass so
that only the three faces of interest remained uncov-
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ered. The geometric surface areas were 0.181 cm?2 for
(100), 0.328 em?2 for (111), and 0.225 ecm? for (110).
The three crystals were symmetrically arranged in one
cell compartment opposite the counter electrode. A
hydrogen reference electrode was located in a second
cell compartment which communicated with the main
compartment via a capillary. All potentials are refer-
red to this hydrogen electrode. The 8N HpSOs used
in the experiments was prepared with ultrapure water
(21) and pre-electrolyzed for 15 hr. Although the mea-
surements were carried out without gas-bubbling, the
electrolyte was periodically flushed with prepurified
argon to remove traces of hydrogen and oxygen.

Despite the cleaning procedures, reproducible results
could be obtained only by applying a periodic sweep
of such an amplitude that an oxide layer was formed
and reduced during each sweep (compare Fig. 1) prior
to the adsorption and desorption of the hydrogen layer.
A sweep range of 50-1550 mv was chosen to achieve
this and at the same time, hold the formation of molec-
ular hydrogen and oxygen o a minimum. The applied
sweep rate was 0.1 v/sec and, hence, the duration of
one sweep was 30 sec. A modified (22) Hewlett
Packard Function Generator 202A in conjunction with
a potentiostat was used to apply the voltage sweeps.
The resulting current-voltage (or time) curves were
displayed on a Tektronix 502 x-y oscilloscope. For each
face and each given temperature, photographs were
taken of the first four sweeps and every 5 min there-
after for 20 min. A 35 mm “ROBOT” automatic trans-
port and rewind camera was used for this purpose. The
integration of the enlarged curves was performed
graphically with an “Ott” planimeter No. 144 to a
precision of 2%. Measurements on the three crystal
faces were made at 0°, 10°, 25°, 40°, 60°, and 80°C. A
specially designed circulating air thermostat allowed
the temperature to be controlled within +0.1°C.

While one particular face was being studied, the
other two faces were kept in the solution on open
circuit. When proceeding to the next face, a potential
of 50 mv was always applied for 3 min before starting
the periodic sweep from this potential. During the
experiments which are reported here, each face was
subjected to some 240 sweeps. In preceding preliminary
experiments, about 160 sweeps had already been ap-
plied to each individual face.

Results

Current-voltage sweep curves.—As mentioned be-
fore, hydrogen desorbs from polycrystalline platinum
electrodes preferentially at two different potentials
corresponding to two distinct maxima in the current-
voltage sweep curve. Figure 1 shows one such curve
which was previously (3) obtained on polycrystalline
platinum wires under conditions similar to those in
the present study. The ratio of the currents of the
“first” (less anodic) and “second” maximum Iy/Is is 1.2
Figure 2 shows curves which were obtained on the
(100), (111), and (110) faces of platinum single crys-
tals at 25°C. The curves correspond to sweep 260 and
were photographed 10 min after starting the periodic
sweep. The two striking features of the curves for
(100) and (111) are: (a) as on a polycrystalline elec-
trode there are still two distinct desorption maxima,
and (b) while for the (100) face the first maximum is
smaller than the second, the opposite is true for the
(111) face; in fact the ratio I;/I» is 0.8 for (100) and
1.5 for (111). The curve for the (111) face exhibits a
small third maximum which degenerates to a shoulder
in the curve for the (100) face. The curve obtained
on the (110) face looks strikingly similar to the curve
for (111), and the ratio I;/Is is essentially the same
for the two faces. However, the current densities i1 and
ig corresponding to the two maxima of the (110) curve
are some 30% smaller than i; and is for (111).

The effect of temperature on the curves is such that
with increasing temperature the height of the maxima
increases and their position is shifted toward less anodic
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Fig. 2. Current-voltage sweep curves on platinum single crystal
faces (100), (111), and (110) at 25°C. Sweep range 50-1550
mv, sweep rate 0.1 v/sec.

potentials. Both effects are larger for the first maxi-
mum.

During the 20-min duration of one experiment, the
shape of the curves from the fourth sweep on remained
essentially unaltered. The first curve and, to much
lesser extent, the second and third curve always looked
quite different from the succeeding curves.

The effect of the number of sweeps on the shape of
the curves was quite pronounced, however, during the
first 20 or 30 sweeps that were applied to the virgin
crystal faces. Figure 3 shows this effect for the (110)
face, where it is most pronounced. Curve I resulied
when the 10th sweep was applied to the virgin surface.
Curve II is identical to the (110) curve in Fig. 2 and
was obtained after about 250 sweeps had been applied
to the (110) face. While maximum 1 did not change
too much, maximum 2 increased considerably with in-
creasing number of sweeps. In fact, maximum 2 is
smaller than maximum 3. After 10 sweeps, the ratio of
the maxima currents I1/Iz is 2.9, and after 260 sweeps
this ratio is 1.45. The corresponding figures for the
(111) face are 2.1 (10 sweeps) and 1.5 (260 sweeps)
and for the (100) face 0.79 and 0.80.
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Fig. 3. Current-voltage sweep curves on the (110) face at 25°C
after 10 sweeps (curve 1) and after 260 sweeps (curve ll).
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Fig. 4. Saturation amounts of hydrogen adsorbed on the three
faces at 25°C.

Saturation concentration of adsorbed hydrogen.—
Since a voltage is applied which changes linearly with
time, the current-voltage curves in Fig. 1 and 2 also
represent current-time curves. Hence, an iniegration
of these curves yields the charge corresponding to the
amount of adsorbed hydrogen plus the charge of the
double layer capacity. The double layer capacity is
almost constant between 50 and 400 mv (11). Its
charge is only about 2% of the charge of adsorbed hy-
drogen and shall be neglected. The small current above
potentials of about 400 mv is mostly due to the charge
of the double layer (3). Below 50 mv the current
decreases steeply. Therefore, the saturation concen-
tration of hydrogen sQu adsorbed on the surface can
be determined by integrating the curves from 50 to 400
mv. This was done for different times in the tempera-
ture range of ¢° to 80°C. The result at 25°C for sweeps
240 to 280 is plotted in Fig. 4. During the first two or
three sweeps of each experiment, erratfic values are
found for sQu. From then on, sQu changes but slightly
with time. This finding agrees with the finding con-
cerning the changes in the shape of the curves with
time.

For the first 10 sweeps that were applied to the
virgin faces, considerably smaller amounts of hydrogen
were found. The sQu values for 10 sweeps are 0.39 m-
coul/ecm? for (100), 0.23 for (111) and 0.24 for (110).%
The corresponding values after 260 sweeps are 0.51 m-
coul/em?2 for (100), 0.46 for (111), and 0.30 for (110).

For the first sweep of each experiment, the total
anodic charge, i.e., adsorbed hydrogen plus oxygen, is
always between 14% and 34% larger than the total
cathodic charge. However, for the succeeding sweeps,
the total anodic charge is consistently smaller than the
cathodic charge, namely, by 1 to 12%.

Except for the (110) face, temperature has no sys-
tematic effect on the g@Qu values. For the (110) face,
s@u stays roughly constant between 0° and 40°C and
then decreases by about 20% from 40° to 80°C.

Adsorption isotherms.—The sweep curves obtained
after 10 min for different temperatures were integrated
in intervals of 50 mv between 50 and 400 mv. The de-
gree of coverage ¢ = Qu/sQu at, e.g., 300 mv, is the
ratio of the charges resulting from an integration
between 400 mv and, e.g., 300 mv, and between 400 mv
and 50 mv. The resulting adsorption isotherms for the
(100) face are presented in Fig. 5. Applying Nernst’s
law and correcting for the vapor pressure of the sul-
furic acid, the overvoltages are converted into partial
pressures of molecular hydrogen. As one would ex-
pect for an exothermic process, the degree of coverage
decreases with decreasing hydrogen pressure and in-
creasing temperature. The curves display three in-
flection points in accordance with the three extrema

1 Note added during revision of manuscript: According to a pri-
vate communication on October 12, 1964, Dr. J. E. Oxley, Leesona
Moos Laboratory, in similar experiments on Pt single crystals ob-

tained gQ@wm values of 0.30 mcoul/cm? for (100), 0.29 for (100), and
0.21 for (110). The results were obtained at a sweep rate of 18 v/sec.
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Fig. 5. Adsorption isotherms on (100) face. Straight lines relate
voltage on right ordinate to partial pressure of hydrogen.

of the current-voltage sweep curves. Figure 6 shows
the adsorption isotherms for the three crystal faces
at 0° and 80°C. For constant hydrogen pressure, the
degree of coverage decreases distinctly in the whole
temperature range in the order (100)>(111)>(110).
The effect is more pronounced at lower temperatures.
Heats of adsorption.—The Clausius-Clapeyron equa-

tion
dp/dT = AH/TAV [3]

(AH, AV enthalpy and volume change on transferring
1 mole of hydrogen from the gas phase into the ad-
sorbed phase) may be written as

d In puy/dT = W/RT? [4]

if one assumes ideal conditions in the gas phase and
neglects the volume of the hydrogen in the adsorbed
phase. The heat of adsorption W = AH is negative for
an exothermic process. If the heat of adsorption is
temperature independent the integration of equation
[4] gives

In pyy = —W/RT -+ const. [5]

In a plot In pp, against 1/T straight lines should re-
sult whose slope is proportional to the heat of ad-
sorption (10, 13). While this is indeed the case for the
(100) and (111) faces, the heat of adsorption increases
noticeably with increasing temperature for the (110)
face at temperatures above 40°C.

Qu/5Qy

DEGREE OF COVERAGE 8

ol ot 5
3 -5 -0 -5 -0 -5 0
PARTIAL PRESSURE OF H, £ p, [mm Hg]

Fig. 6. Adsorption isotherms on (100), (111), and (110) at 0°
and 80°C.
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Fig. 7. Heats of adsorption of hydrogen on the three crystal
faces as a function of coverage.

The heats of adsorption for the three crystal faces
are plotted in Fig. 7 as a function of the degree of
coverage. For the (110) face the temperature-inde-
pendent values of W between 0° and 46°C are shown.
For all three crystal faces, the heat of adsorption de-
creases substantially with increasing coverage. This
agrees with results obtained on polycrystalline plati-
num in electrolytes (10, 13) and in the gas phase (20).
Especially in the curve for the (110) face one can
clearly distinguish between strongly and weakly
bonded hydrogen; the latter prevails at 6 > 0.6 and
has a heat of adsorption of about 7 kcal/mole. An in-
crease of ¢ from 0.1 to 0.85 causes a decrease in the
heat of adsorption of 66% for (100), 59% for (111),
and 53% for (110). The other noteworthy finding is
the comparatively large difference in the heats of
adsorption for the different faces. Except for coverages
larger than 0.8 the heats of adsorption decrease in the
order (100)>(111)>(110). At coverages larger than
0.8, near saturation, this order is reversed. For cov-
erages smaller than 0.6 the difference in W between the
three faces averages between 2 and 3 kcal. For ¢ = 0.5
the heats of adsorption are 15 kcal/mole Hy for (100),
11.9 for (111), and 9.4 for (110).

Discussion

Roughness of the surface—The number of platinum
atoms in the surface planes of the three crystal faces
are 1.5 - 1015 atoms/cm?2 for (111), 1.3 - 1015 for (100),
and 0.92 - 1018 for (110). If one makes the usual as-
sumption that one hydrogen atom is adsorbed per plati-
num surface atom, the corresponding charges are 0.24
mcoul/em? for (111), 0.208 for (100), and 0.147 for
(110). The amounts of hydrogen that are found are
considerably larger, particularly after the faces have
been subjected to a large number of sweeps. This may
be interpreted as a large initial roughness of the vir-
gin faces which further increases with the number of
sweeps applied. For the (100) face, for example, the
roughness factor would be 1.87 after 10 sweeps and
2.45 after 260 sweeps. With such a large surface rough-
ness, it is probable that the surface exposes more than
one crystal face. The fact that the current maxima on
all three faces occur to within +5 mv at the same po-
tentials (compare Fig. 2) could indicate that each of
the faces is, in truth, a mixture of essentially two
faces with a small fraction of a third face, particularly
in the case of the nominal (111) and (110) face.

Effect of sweep on curve shape—The effect of the
number of sweeps on the shape of the curves (com-
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pare Fig. 3) might be explained as follows. Initially
(curve I), the nominal (110) face exposes a large
fraction of (110) (maximum 1) and small fractions of
(111) (maximum 3) and of (100) (maximum 2). After
260 sweeps have been applied (curve II), the amount of
(110) has decreased slightly, the fraction of (111)
stayed almost constant, but the fraction of (100) in-
creased sharply. The periodic voltage sweep might
cause the formation of etch pits with the exposure of
preferred crystal faces. In this connection, it is inter-
esting to note that the development of low-index
planes by chemical etching is a standard technique in
the determination of the orientation of various metal
crystals (23).

The curve obtained on the (111) face (compare Fig.
2) looks always quite similar to that on the (110) face.
This implies that the nominal (111) face exposes, in
fact, always a large fraction of (110) (maximum 1), a
considerable fraction of (100) and only a small frac-
tion of (111). In order to rationalize this conclusion
one has to assume that a thin surface layer exhibits a
polishing and recrystallization texture which exposes
the preferred orientations that are found. Indeed, a
preferred orientation has been found on cold rolled and
of polished copper and gold, with (110) planes lying
parallel to the surface (24). The recrystallization tex-
ture on annealing may or may not resemble the pol-
ishing texture, depending on the severity of the sur-
face damage and the particular annealing conditions
(23). As mentioned before, the platinum crystals were
annealed at 680°C for 24 hr. On platinum single crys-
tals that had been annealed at 1100°C for 48 hr,
Tucker (25) did not find evidence for faceting. How-
ever, the detection of crystal facets smaller than about
100A in diameter is beyond the sensitivity of the slow
electron diffraction apparatus.

Adsorption isotherms and heats of adsorption.—In
the preceding discussion, maximum 1 has been assigned
to a (110) plane, maximum 2 to a (100) plane, and
maximum 3 to a (111) plane. This assignment is
based on the relative heights of the current maxima
for the different nominal faces in Fig. 2. It implies that
the hydrogen bond is weakest on the (110) plane and
strongest on the (100) plane. This agrees with the
heats of adsorption for the three faces shown in Fig. 7,
which increase in the order (110)<(111)<(100) for
coverages smaller than 0.8. Based on considerations
involving the number of nearest neighbors and their
degrees of unsaturation, one would argue, however,
that the bond should be weakest on the (111) plane
and strongest on the (110) plane. More experiments are
needed to solve this apparent contradiction.

Qualitatively, the different adsorption isotherms for
the different faces can be understood with the proposed
assignment of the current maxima. Since, for example,
the nominal (110) face exposes a much smaller surface
fraction of (100) than the nominal (100) face, it is
evident that at smaller partial pressures of hydrogen,
where (100) adsorbs preferentially, the surface cov-
erage is smaller for the nominal (110) face than for
the nominal (100) face. On a similar basis, the differ-
ence in heats of adsorption can be understood.

Current-voltage curves on polycrystalline wires.—
The two pronounced maxima of current voltage curves
obtained on polyerystalline platinum wires (compare
Fig. 1) occur at essentially the same potentials as those
obtained on the single crystal faces. The texture of
cold-drawn wires of face-centered cubic metals, like
platinum, is usually a double fiber texture with a [111]
and a [100] direction parallel to the wire axis (23).
With the possibility of so many different crystal planes
exposed it seems surprising that only two maxima are
observed. This difficulty can be reconciled by postulat-
ing that the wire surface becomes etched in the usual
pretreatments of the electrodes prior to the experi-
ments. In this etching process, the low-energy main
faces are expected to develop at the expense of the
large number of high-index planes.
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Conclusions

The finding that the maxima have different heights
for the different faces, but occur at almost the same
potentials, suggests that each of the nominal faces ex-
poses, in fact, several crystal planes in different pro-
portions. Such an interpretation is consistent with the
assumption that the large measured amounts of ad-
sorbed hydrogen are due to a considerable surface
roughness. The left pronounced maximum has been
tentatively assigned to a (110) plane, the right pro-
nounced maximum to a (100) plane and the third
small maximum to a (111) plane. This implies that the
bond strength of hydrogen and, hence, its heat of ad-
sorption is smallest on (110) and largest on (100).
This has been actually found. The two adsorption states
of hydrogen that exist on polycrystalline platinum
electrodes are also likely to be due to adsorption of
hydrogen on two different crystallographic planes.
The two current maxima occur within +5 mv at the
same potentials as the two pronounced maxima on the
single crystals. Hence, it is concluded that cold-worked,
polycrystalline platinum electrodes expose mainly
crystallites with {110} and {100} planes. This conclu-
sion is in agreement with the fact that the texture of all
cold-rolled face-centered cubic metals is one in which
{110} planes are parallel to the rolling plane (23). To
reconcile the occurrence of only two or three eurrent
maxima on cold-drawn platinum wires with their
texture of [111] and [100] parallel to the axis, one has
to assume etching of the surface during the process of
“activating” the electrodes. Studies with better defined
crystal planes and under extreme clean conditions are
needed to confirm these tentative conclusions.
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