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the insertion of a C6F6 molecule into RP2. In other solvents the
polarized formaldehyde is detected. The analysis of the CIDNP
of formaldehyde in CD3CN with the help of the expressions similar
to (1) shows that the formaldehyde is an “in-cage” product of RP2.
It is reasonable to assume that the insertion of a solvent molecule
into RP2 in the case of the substitution of C6F6with CD3CN will
hamper the formaldehyde formation.
Strong emission of the acetone is observed in all the investigated
solvents in low fields with the isopropyl alcohol as a donor. The
field dependence for acetone has a broad maximum within the
range 50-80 G (Figure 4). The field dependence shows good
agreement with that calculated with the use of the semiclassical
approximation for an F pair of two alcohol radicals. Let us note
that this interpretation is not consistent with the conclusions of
ref 18. Analogously to the results in high fields the authors of
ref 18 have suggested that in low fields acetone is polarized as
the escape product of the primary RP of an alcohol and semiquinone free radicals with a positive exchange interaction. Note
that the field dependences of the recombination products of various
RPs, which we have studied previously (see, e.g., ref 1 l), were
in agreement with those calculated without the exchange interact ion.
The field dependences of the CIDNP of DQ in similar reactions
in low fields show only the presence of semiquinone free radicals,

according with known tendency of the substance to self-quenching
reactions.20
Thus, the joint analysis of the CIDNP effects in high and low
magnetic fields allows one to make the following conclusions about
the elementary stages of quinone photoreduction by aliphatic
alcohols. First, the main contribution to the polarization brings
the RP with an oxygen-centered alcohol radical. The appearance
of CIDNP in RP with the alkoxy1 radical was already described
in the l i t e r a t ~ r e .It~ is possible due to the great hfi constant ( A
= 52 Oe2’). In this case the noticeable CIDNP proportional to
A TI, will form even at T I ,=
s. Second, when the reaction
proceeds in hexafluorobenzene, the insertion of a C6F6molecule
into a primary RP occurs with the subsequent cyclohexadienyl
radical formation. If the reaction proceeds in pure alcohols or
acetonitrile, the main channel of the decay of semiquinone radicals
is their disproportionation in solution followed by the formation
of the initial quinone and hydroquinone. Disproportionation is
also the main reaction of the alcohol radicals escaped into the bulk.
Registry No. CH30H, 67-56-1; p-benzoquinone, 106-51-4; duroquinone. 52% 17-3; isopropyl alcohol, 67-63-0.
(20) Levin, P. M.; Tatikolov, A. S.; Kuzmin, V. A. I m . Akad. Nauk
S S S R , Ser. Khim. 1982, 5 , 1005.
(21) Iwasaki, H. 1.; Toriyama, K. J . A m . Chem. SOC.1978, 100, 1964.
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Optical second harmonic generation rotational anisotropy measurements verify that surface order is preserved when
flame-annealed Pt( 1 1 1) electrodes are transferred to solution with an iodine overlayer and cleaned through an iodine40
exchange reaction and subsequent CO oxidation electrochemistry. Iodine and CO adsorption produce an anisotropic response
from the surface that indicates either a reduction of the average surface symmetry from C3, to C3or the addition of an anisotropic
nonlocal contribution to the surface nonlinear susceptibility. Oxidation of the CO monolayer creates a well-ordered Pt(l11)
surface with a potential-dependent SHG response that suggests the presence of an adsorbed hydrogen species over a wide
range of potentials.

Introduction
The reliable formation of well-defined electrochemical surfaces
is essential for the examination of molecular adsorption, organization, and reactivity at electrochemical interfaces. To this end
a variety of ex situ preparation procedures have been developed
for the reproducible formation of ordered single-crystal electrodes.
In particular, methods for the preparation of well-ordered, single-crystal Pt( 1 11) electrodes by a flame annealing process have
been described by Clavilierl and by Zurawski et aI.*v3 These
methodologies are potentially very useful to electrochemists since
they do not require any ultra-high-vacuum (UHV) cleaning or
verification process prior to immersion of the electrode, yet the
surfaces prepared via the flame annealing processes yield electrochemistry which is identical with that obtained with more
sophisticated preparation methods4 Careful emersion studies
of the electrodes with UHV techniques have shown that the flame
annealed Pt( 1 1 1 ) surfaces are indeed ~ r d e r e d . ~
(1) Clavilier, J. J . Electroanal. Chem. 1980, 107, 21 1 .
(2) Zurawski, D.; Rice, L.; Hourani, M.; Wieckowski, A. J . Electroanal.
Chem. 1987, 230, 221.
( 3 ) Wieckowski, A.; Rosasco, S. D.; Schardt, B. C.; Stickney, J. L.;
Hubbard, A. T. Inorg. Chem. 1984, 23, 565.
(4) Wagner. F. T.; Ross, P. N . J. Electroanal. Chem. 1988. 250. 301
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In situ spectroscopic measurements are required to verify that
the surface order of these Pt( 11 1) single crystals is preserved upon
immersion into the electrochemical environment. Optical second
harmonic generation (SHG) is an in situ spectroscopic measurement that can be used for this purpose. The rotational anisotropic response of the SHG from the surface for various combinations of input and output polarizations reflects the symmetry
of the first few atomic layers of the metal surface. SHG rotational
anisotropy has been applied both in UHV6v7and in electrochemical
environments.s-’O In addition to the symmetry information that
(5) (a) Wasberg, M.; Palaikis, L.; Wallen, S.; Kamrath, M.; Wieckowski,
A. J. Electroanal. Chem. 1988, 256, 51. (b) Zurawski, D.; Wasberg, M.;

Wieckowski, A. LEED/Voltammetry of Carbon Monoxide Electrosorbed on
Pt( I 1 1). J. Phys. Chem., in press.
(6) Heinz, T. F.; Loy, M. M. T.; Thompson, W. A. Phys. Rev. Lett. 1985,
54, 6 3 .
(7) (a) Tom, H. W. K.; Aumiller, G. D. Phys. Rev. 1986,833,8818, (b)
Mate, C. M.; Somorjai, G. A.; Tom, H. W. K.; Zhu, X. D.; Shen, Y. R. J.
Chem. Phys. 1988.88, 441. (c) Tom, H. W. K.; Mate, C. M.; Zhu, X. D.;
Crowell, J. E.; Shen, Y. R.; Somorjai, G. A. Surf.Sci. 1986, 172, 466.
(8) (a) Shannon, V. L.; Koos, D. A.; Kellar, S. A.; Huifang, P.;Richmond,
G . L. J . Phys. Chem. 1989, 93, 6434. (b) Shannon, V. L.; Koos, D. A.;
Richmond, G . L. J. Phys. Chem. 1987.91.5548. (c) Shannon, V. L.; Koos,
D. A.; Richmond, G . L. J . Chem. Phys. 1987, 87, 1440.
(9) Miragliotta, J.: Furtak, T. E. Phys. Rev. 1988, B37. 1028.
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can be obtained from the sensitivity of the SHG signal to the
electronic structure of the surface, changes in the SHG signal can
be used to indirectly monitor chemisorption. We have previously
used changes in the SHG signal from polycrystalline Pt surfaces
to monitor the chemisorption of hydrogen, halides, and bisulfate.ll
In particular, the large response of the surface SHG to the underpotential deposition of atomic hydrogen at polycrystalline
surfaces suggests that SHG measurements can help identify the
potential range over which a hydrogen species is present at a
well-ordered Pt( 1 1 1) s ~ r f a c e .In~ this paper we utilize in situ SHG
anisotropy and potential dependence to measure the average
surface symmetry of a Pt( 1 1 1) surface during the adsorption of
iodine, carbon monoxide, and hydrogen on a well-ordered Pt( 11 1)
electrode.2

Experimental Considerations
The SHG signal measured in these experiments was created
on the electrode surface from the 2-ps pulses of light at 605 nm
generated by a 4-MHz laser system described previously.I2 The
electrode in the experiments was a 6-mm polished Pt( 11 1) crystal
obtained from Aremco. Prior to the immersion of the electrode
the Pt crystal was heated to 800 OC in a hydrogen flame and then
cooled in an argon/iodine vapor stream. The electrode was then
mounted on a glass rod, sealed around the edge with Teflon tape,
and immersed into a two-window spectroelectrochemical cell."
The SHG experiments were performed at an incident angle of
60' with respect to the surface normal; the anisotropic SHG
response of the electrode was obtained by rotating the azimuthal
angle of the crystal with respect to the plane of incidence for the
fundamental beam. This angle was defined to be zero at a
maximum in the s,p anisotropy of the iodine-coated Pt(ll1)
surface, and was controlled to better than a degree with a stepper
motor. The SHG signal was obtained with a photon-counting
system normalized by a separate reference channel and is expressed
in counts s-';I2 each point of the anisotropic SHG response corresponds to 4 s of integration time (or 16 million laser pulses).
The spectroelectrochemical cell contained approximately 100 mL
of a 0.1 M HC104 (doubly distilled from Vycor GFS Chemicals)
solution prepared from water that was Millipore-filtered and then
doubly distilled. The electrode potential was controlled by a
Princeton Applied Research 173/ 175 potentiostat; all potentials
are reported versus a Ag/AgCI(4 M NaCI) reference that was
isolated from the main solution. The SHG anisotropy experiments
were all performed at an electrode potential of +0.200 V. Cyclic
voltammograms (CVs) were obtained by cycling the electrode
potential at 100 mV/s and were captured digitally and stored on
a computer.
Results and Discussion
The SHG measurements employed in this paper are obtained
with either s-polarized input light and p-polarized second harmonic
light, or p-polarized input light and s-polarized second harmonic
light. We found these polarization combinations to be the most
useful for probing the surface electronic structure. A phenomenological theory for the rotational anisotropy of optical second
harmonic generation has been presented by Sipe.13 The second
harmonic intensity 1(2w) from a (1 11) surface with crossed input
and output polarizations can be described by
4,p(20) a

+ c , , ~cos (34)12

I
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(10) Friedrich, A.; Pettinger, B.;Kolb, D. M.; Lupke, G.; Steinhoff, R.;
Marowsky, G . Chem. Phys. Lett. 1989, 163, 123.
( I I ) (a) Campbell, D. J.; Corn, R. M. J . Phys. Chem. 1988,92, 5796. (b)
Campbell, D. J.; Corn, R. M. J . Phys. Chem. 1987, 91, 5668.
( I 2) Campbell, D. J.; Higgins, D. A.; Corn, R. M. J. Phys. Chem., in press.
( 1 3) Sip, J. E.; Moss, D. J.; van Driel, H. M. Phys. Reo. 1%7, 835, 1129.
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Figure 1. The SHG signals 1s,p(2w)(a) and 1,,(2w) (b) as a function of
azimuthal angle for a Pt( 11 1) electrode with an adsorbed monolayer of
atomic iodine in 0.1 M HCIOI at an electrode potential of +0.200 V.
The open circles are the experimental data points and the solid lines are
fits to eqs 1 and 3 for 1s,p(2u)and IP,J2w), respectively (see text for
details).

factors, bulk susceptibility terms, and the various surface nonlinear
susceptibility elements.I3 For a (1 11) crystal surface, the first
three monolayers have C3, symmetry, and the only four nonzero
tensor elements are xzzz, xzxx = xzn,xxxz = xxzx = x m =
xyzy,and xxxx = -xyxz = -xnX =
For an isotropic
surface, xxvx is zero. For the crossed polarization measurements
1,,,(20) and 1,,,(20) the constant
only contains xzH, and the
constants c,,~and b , , only contain xxxP
The SHG signals 1,,p(2w) and 1,,(20) from a Pt( 111) electrode
biased at a potential of +0.200 V in 0.1 M HC104 with a monolayer of atomic iodine that has been chemisorbed from an argon
atmosphere immediately after annealing in a hydrogen flame are
plotted as a function of azimuthal angle in Figure 1, a and b,
respectively. The angular dependence of 1,,p(2w) can be fit by
eq 1 with the ratio ~ahp~/~chp~
= 1.14 and a phase difference between
ahpand ch Ay = 22O [since the coefficients a, b, and c are complex
we must Jefine both a relative magnitude and phase]. In contrast,
the angular dependence observed for IP,J2w) in Figure 1b is an
alternating 6-fold pattern which cannot be fit by the present theory
of SHG from a C3, surface13(eq 2, which predicts a uniform 6-fold
pattern). Instead, the anisotropic response observed from the
surface implies that there must be a constant term upscontributing
to 1,,,(2u):
-xxw'3914

1p,,(2~)a tap.,+ b , , sin ( 3 4 1 1 ~

(1)

where the subscripts [s,p], and [p,s] refer to the polarizations of
the fundamental and second harmonic beams with respect to the
surface, 4 is the azimuthal angle between the crystal axes and
the component of the incident light wavevector parallel to the
surface, and the complex coefficients a, b, and c contain Fresnel

b'

(3)

The experimental data in Figure 1b can be fit by eq 3 with a ratio
lap,l/lb , I = 0.25 and a phase difference between ups and bps,Ay'
= 240°?' We attribute the presence of a large nonzero up,,to the
adsorbed iodine monolayer. After the removal of iodine and CO,
becomes very small, producing an almost symmetric 6-fold
pattern in the 1,,,(2w) anisotropy (see below).
There are two possible explanations for the observation of a
nonzero up,,constant in eq 3. The first is that the presence of the
adsorbate creates an additional nonlocal contribution to the surface
(14) (a) Guyot-Sionnest, P.; Chen, W.; Shen, Y. R. Phys. Rev. 1986, 833,
8254. (b) Shen, Y. R. The Principles of Nonlinear Optics; Wiley: New York,
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Figure 3. Cyclic voltammogram (-) and the potential dependence of
lup,,12during a CV (---) from a well-ordered Pt(ll1) electrode in 0.1
M HCIOp solution. The scan rate for the CV is 100 mV/s; JCI,,~)~
was
obtained by measuring 1,,(2u) at an azimuthal angle of 0" during a CV
at a scan rate of 20 mV/s.
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Figure 2. The SHC signals lS,,(2u)(a) and 1,,(2w) (b) as a function of
azimuthal angle for a Pt( 1 1 1 ) electrode with a highly packed adsorbed
CO monolayer (circles) and a well-ordered clean Pt(lI1) surface (diamonds) in 0. l M HCIO4at an electrode potential of +0.200 V. The solid
lines are fits to eqs 1 and 3 for 1,,+(2w) and IP,J2u),respectively (see text
for details).
nonlinear susceptibility. This additional contribution must be
anisotropic, because any isotropic contributions (such as those due
to the dc electric field effects) are zero by symmetry for the
polarization combination 1p,5(2w).The second possibility is that
the adsorbate has reduced the average surface symmetry. Such
symmetry reductions have been observed previously on a reconstructed Au( 1 11) electrode.I0
The chemisorbed iodine on Pt( 1 1 I ) flame annealed surfaces
is known from UHV3,5and STM" measurements to form a
(V'7XV'7)R19.1 ' ordered overlayer on the Pt(ll1) surface. With
the adsorbed iodine monolayer the local electrode surface symmetry is reduced from C3, to C3. For surfaces with C3symmetry
the additional surface nonlinear susceptibility tensor elements xm
= XXZY = -xyxz = -xvzx and x w v = -xyxx = -xxxy = -xxux
can be n0nzer0.l~The presence of the tensor element xxyz will
lead to a constant term a in the expression for ZP,J2w) and the
tensor element xwv will L d to an additional c,,~cos (39) in eq
3. Experimentally, we find no evidence for a nonzero xwr, but
the experimentally observed
can be attributed to a nonzero
xm We also note that the nonlinear susceptibility tensor element
xxyz does not appear in the 1,,p(2w) measurements, so that eq 1
is still valid.
The reduction of the average surface symmetry from C3,to C3
by the iodine monolayer is somewhat surprising and varied slightly
in magnitude from day to day. There are two possible domains
for the iodine (v'7Xv'7)R19.1° structure on the Pt(lI1) surface,
and if there were equal amounts of these two domains the average
surface symmetry probed by the SHG signal should be C3,.A
reduction of the average surface symmetry to C3 indicates the
presence an unequal distribution of the two domains of adsorbed
iodine. In a recent SHG study of gold single-crystal electrodes,
Friedrich et aLiOalso observed the presence of unequal domain
distributions on the surface with the anisotropic SHG response.
Figure 2, a and b, plots (with the circles) the anisotropic response of 1,,(2w) and IP,J2w) from the Pt( 11 1) electrode at a
potential of +0.200 V after the iodine monolayer is replaced with
(15) Schardt, B. C.: Yau, S.;Rinaldi, F. Science 1989, 213, 1050.

carbon monoxide from a saturated CO solution at an electrode
potential of +O. 150 V . The replacement reaction in saturated
C O solution at this electrode potential leads to a highly packed
CO monolayer with a surface density of 0.62-0.68 CO molecules
per Pt surface a t ~ m . ~ .A' ~striking change in the angular dependence of 1s,p(2w)is observed. This change can be described
by the C3/C3,symmetry of eq 1 if we let l a , I/lcs,,l = 0.74 and
k y = 55'. The change in the SHG signal of t i e surface indicates
that the adsorption of CO has modified the surface electronic
structure but has not changed the average surface symmetry. Ex
situ LEED measurements indicate that the structure of the highly
packed CO monolayer is ( ~ ' 3 x 3 ) r e ~ t .If~ the three possible
domains for this structure on the Pt( 11 1) surface were equally
populated, then the average surface symmetry would still be C3u.
Increases in 1,,(2w) from Pt( 1 1 1 ) surfaces upon adsorption of
a CO monolayer have been observed previously in UHV.I7 The
lP,J2w) SHG signal plotted in Figure 2b is larger after the replacement of the adsorbed iodine with CO but maintains the same
functional form (eq 3 with lap,sl/lbp,sl= 0.19 and AT' = 210').
Again, the observation of a nonzero upsis attributed to the presence
of the adsorbate, which has either created an additional anisotropic
nonlocal contribution to the surface nonlinear susceptibility or
reduced the average surface symmetry.
The highly packed CO monolayer can be oxidized electrochemically to C 0 2 at +OS40 V (at a scan rate of 100 mV s-l);
integration of the current peak observed in the CV obtained during
CO oxidation led to a surface charge density for the monolayer
of 305 pC c m 2 in good agreement with the results of other
a ~ t h o r s . ~Continued
*'~
cycling between -0.220 and 0.840 V results
in the steady-state CV shown in Figure 3. This CV is indicative
of the highly ordered Pt( 11 1) surface obtained originally by
Clavilier,' with the reversible "butterfly" peaks at 0.510 V. The
presence of these peaks can be used as a verification of the
preparation of a well-ordered Pt( 11 1 ) ~ u r f a c e . ~
The angular dependence of 1s,p(2u) from the well-ordered
Pt( 11 1) electrode at a potential of +0.200 V is plotted in Figure
2a (diamonds). This 1,,(2w) signal is greatly reduced in magnitude
compared with the Pt( 11 1 ) surfaces with a iodine or CO monolayer. After oxidation of the CO, the level of the 1s,p(2w)signal
from the Pt(ll1) surface at a fixed potential was found to change
over the course of an anisotropy measurement (ca. 20 min) due
to the readsorption of CO from any small amount of residual CO
in solution. Figure 4a plots a partial angular scan for 1s,p(2w)
(diamonds) that was attempted under such conditions. A 3-fold
pattern grows in during the scan due to the adsorption of a partial
CO monolayer; this 3-fold pattern is similar to that obtained from
(16) (a) Leung, L. H.; Wieckowski, A.; Weaver, M . J. J . Phys. Clrem.
1988, 92, 6985. (b) Chang, S.;Weaver, M. J . Chem. Phys., in press.
(17) Grubb, S.G . ; DeSantolo, A. M.; Hall, R . B. J. Phys. Chem. 1988,
88, 1419.
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Figure 4. (a) The SHG signal l,,p(2w)as a function of azimuthal angle
for a Pt( 11 I ) electrode with a highly packed adsorbed CO monolayer
(circles), and during a partial azimuthal angle scan in which the readsorption of a partial monolayer of CO is occurring (diamonds)in 0.1 M
HCIO, at an electrode potential of +0.200 V. (b) The CV of the oxidation of a partial CO monolayer that was formed during the SHG
angular scan. The integrated surface charge density of the CO oxidation
peak at +0.450 V is 23 WCcm-*,which corresponds to approximately 8%
of a full CO monolayer.

the surface with a chemisorbed iodine monolayer (Figure la) but
shifted by 60°. The 3-fold pattern represents a different surface
structure for the electrode with a small amount of adsorbed CO
than for the electrode with a full CO monolayer (the circles in
Figure 4a). Electrochemical oxidation of the readsorbed CO
immediately after the SHG angular scan results in a broad
stripping peak that is shifted from the peak observed with the
packed monolayer (Figure 4b). The integrated surface charge
density of the peak is 23 pC cm-2 and corresponds to approximately
8% of a full C O monolayer. This broad voltammetric peak has
been observed p r e v i o ~ s l y ; with
~ , ~ ~ex situ LEED measurements
this voltammetry has been assigned to the formation of a
(d3X5)rect CO structure on the ~ u r f a c e .If~ the three possible
domains of the (d3XS)rect CO structure exist on the surface with
an equal probability within the spot size of the laser, the SHG
measurements from the partial CO monolayer will exhibit an
average C,, surface symmetry. The SHG measurements verify
that either a C,, or a C, average surface symmetry exists on the
surface, but the large changes in a,p and cspfor the surface indicate
that the electronic structure of the surface is quite different with
the partial CO monolayer than with the full C O monolayer.
Continued exposure of the bare surface to C O results in the
continued growth of the 3-fold SHG anisotropy pattern until a
surface coverage of approximately 50% of the full monolayer, at
which point the 3-fold pattern begins to decrease and is eventually
replaced by the anisotropy pattern for the full CO monolayer. In
contrast, if the full CO monolayer is partially oxidized, only a
reduced anisotropy of the same form as in Figure 2a is observed.
This is in agreement with FTlR results that suggest that the partial
oxidation of the full monolayer leads to islands of the highly packed
CO surface structure.I6

The angular dependence of I J2w) from the well-ordered
Pt( 1 1 1 ) electrode at a potential of +0.200 V is plotted in Figure
2b (diamonds). The Ip8(2w)signal has been reduced and modified
to an almost uniform 6-fold pattern predicted by C,, symmetry
(eq 2 ) . The SHG anisotropic response of the Pt(l11) crystal has
contributions to the nonlinear susceptibility from the surface and
from the bulk (via magnetic dipole and electric quadrupole contributions).I3J4 In general, there is no a priori way of separating
the bulk and surface nonlinear optical re~ponse;'~
however, any
changes in the SHG signal that occur during electrochemical
cycling can be attributed to changes in the surface contribution
to the nonlinear susceptibility. The quantity lap412can be obtained
as a function of potential by measuring IP,J2w) at an azimuthal
angle 4 of Oo (see eq 3); Figure 3 plots the value of lap,s12obtained
during a cyclic voltammogram of the well-ordered Pt( 1 1 1) surface.
At all potentials la,,J2is greatly reduced as compared to the surface
with an adsorbed monolayer of CO and is virtually zero at potentials positive of the butterfly peaks (>+0.480 V).
Below an electrode potential of +0.480 V, lap,I2 remains small
but rises as the potential is scanned negatively. We attribute this
rise to the presence of an adsorbed hydrogen species on the
electrode surface. The broad current wave at 0.0 to -0.200 V is
associated with hydrogen adsorption, and some authors attribute
the current shoulder at +0.450 V to hydrogen adsorption (there
is a long-standing controversy over the assignment of this peak
in the electrochemical literature*). A complete description of the
potential dependence of the various SHG signal polarizations and
a comparison to polycrystalline and Pt( 100) electrodes will be
presented in another paper.l* Briefly, the Zp,p(2w) and IP,J2w)
SHG signals from polycrystalline and Pt( 100) surfaces in perchloric acid are found to be independent of potential in the
double-layer region and to rise sharply upon the adsorption of
hydrogen. For Pt(ll1) electrodes, both Ip,p(2w) and Ip,,(2w)
increase steadily at potentials below +0.480 V, suggesting that
hydrogen is adsorbed onto the surface in that entire potential
range.
Conclusions

In summary, in this paper we have demonstrated that the
surface structure of a well-ordered Pt( 11 1) electrode is maintained
throughout the series of electrochemical chemisorption and oxidation steps required during its formation. The formation of an
iodine monolayer and a highly packed C O monolayer is easily
observed with the SHG anisotropy measurements. Additional
contributions to the surface SHG signal are observed with these
monolayers and can be attributed either to additional anisotropic
nonlocal contributions to the nonlinear susceptibility or to a reduction of the average surface symmetry. The formation of a
partial monolayer of C O results in changes in the SHG and
electrochemical response from the surface; the changes in the SHG
signal demonstrate that the electronic structure of the surface is
different with a partial CO monolayer than with the highly packed
CO structure. In the absence of iodine or CO adsorption, the order
of the Pt( 1 1 1) surface is preserved and the presence of adsorbed
hydrogen is detected at potentials negative of +0.450 V. The use
of SHG in this paper demonstrates its utility not only for elucidation of average surface symmetry but also for the identification
of various chemisorption processes that can modify electrode
surfaces.
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