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Detailed abstract : rt group metals have been widdly used in catalys's such as hydro-
genation of organic compounds and the oxidation of carbon monoxide. The information about CO
adorption on the Pt group surfaces and the influence of other surface gecies, such as hydrogen
and CO, , will be greatly helpful to ducidate the adsorption behavior of CO on Pt-group metal sur-
faces and get a degper understanding of cataytic mechanisms of Pt-group metals. Surface-en-
hanced Raman ectroscopy (SERS) has been becoming an increasingly important means to char-
acterize the eectrochemical meta-lution interface over the past two decades. Our laboratory has
success Ully obtained SERSfrom neat transition metal surfaces, including Pt!*!, Nit? | Fel®! and
Co. We are able to observe the SERSof CO and the atop adsorbed H on roughened Pt surfaces'*!.
However , compared with Ag, Au and Cu which exhibit great surface enhancement , the weak en-
hancement of the trandtion metals make it unsuitable for the detailed study for those adrbates
with very smal Raman scattering cross sections.

Another method to obtain the SERS sgnals from Pt group metas has been developed in
Weaver’ s group , which isto electrodepost ultrathin metal filmson SERS active Au surfaces, uti-
lizing the long range effect of the SERSof Aul*®!. . Recently, they obtained the pinholefree ul-
trathin (2 5 monolayers, mL) filmsof Pt-group metalsover SERSactive gold , which can pro-
duce intense SERSfor chemirbates bound to the overlayer metal . ®! The important advantage of
the improved method isthat it can avoid the influence from the SERSactive substrate. Further-
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more, the surface enhancement of these metal thinfilmsis higher than that of roughened pure Pt
group metds (about 10 to 100 times) . Therefore, by usng this method, it isposdble to obtain
good quaity Raman dgnds that enable more detailed information of ecies with small Raman
cross sections to be obtained.

In this study the ultrathin Rh and Pt film electroces were prepared by electrodepodtion over
mildly roughened Au surfaces under constant current condition. Snce H has been found to have a
strong interaction with Rh and Pt surfaces, inorder to fully understand the adsorption behavior of
CO on Pt and Rh surfaces, we have to consder the possble influence of adsorbed H. Experimen-
taly , this effect can be intendfied by comparing the different gpectra behavior when CO isintro-
duced to the solution in the potential range more postive or negative than the H adsrption. First
from the experiments, wefound that CO; iseasy to be dectroreduced on Rh surfaces, and the Rar
man feature of the reduction product CO shows great difference with that directly adsorbed from
the CO saturated lution. Without CO in the solution, to our surprise we could detect a pair of
weak bands at 1983 cm™ *and 468 cm™ *at O V , as shownin Fig. 1(a) . Thispair of bands could
be assgned toL oo andL rpc Of CO according to our previous result of Pt/ CO, repectively. This
CO weciesis very posshle the reduction product of COin the lution by Rh. Compared with the
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FHg.1 Potentid dependent SERS gectra of CO adrbed on ultrathin Rh film surfacesin 0. 1
mol/L H,SO., with (@) 10 mL thickness and CO introduced at - 0.3 V ,and (b) 25 mL
thickness and CO introduced at OCP
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dgnadsof the saturated CO on Rh surfaces, as shown in IZScps

Fig. 1(b) , there is an apparent redshift of U oo band. x3 97 ~2010

One possble reaon for this may be due to the intrindc D2V
low coverage of CO produced in this condition. It has 499

been reported that the CO, reduction may involve the par- \k * g 0.3V
ticipation of one or more surface hydrogens' ! since the re-

duction potentid locatesin the H adorption region. Asa w&. 04V
result, the formation of CO may require more than one

Rh surface atom, thus the CO coverage may be unable to H2060 8
reach a high vaue. Another possble reason is that , the 04V 5"
CO, reduction tends to occur at surface defects such as ~397 J\2055 é’
edge, step and kink dtes. When CO adsorbs at these " '05V g
dtes, the frequency of C=0 vibration will be lower than A o &

, , 200 400600 180021002400
that of the CO adsorbed at terrace stes. Apparently , dif- Wavenumbers /cm”

ferent goectrd feature could be found for the reduced CO
and the CO adsorbed from the CO saturated solution , as Fig- 2 Potentia dependent surface-en-
do shown in Fig. 1(a). When CO gas was bubbled into hanced Raman spectra of CO ad-
the lution to saturation at - 0.3 V while reduced CO d- orbed on ultrathin Pt films (25
ready existed on the Rh surface ,an abrupt change on the m.) in 0.1 mol/L H,S0,, and
1 . CO wasintroduced at - 0.4 V
frequency of the band at 1 962 cm™ ~occurs. It shiftsto 2
011cm  * due to the increase of the CO coverage. In Fig.
1(a) , we amost could not detect any band related to the bridge bound CO, which is quite differ-
ent from the result shownin Fig. 1(b) , where both the bands assgned toU o of the bridge bound
and linear bound CO ocould be detected when CO was saturatedly adsorbed at the open circuit po-
tential (OCP) . No obvious change of the intensty of the bridge-bound CO could be detected when
the potential was moved negatively into the hydrogen evol ution reaction (HER) region. This gives
an indication that the atop adsorbed H will not greatly influence the adorption of the bridge
bound CO. Ontheother hand, no detectable signal for the bridge bound COin Fig. 1(a) may in-
dicate that the previoudy adsorbed H on the Rh hampers the adsorption of bridge bound CO.

For the Pt surface, different behavior wasfound as shown in Fig. 2. The gectra were ob-
tained while moving the potentia negatively from - 0.2 V. Before purging CO, smilar phe
nomenon to that on ultrathin Rh film surfaces could a be detected. The bands around 2 010
cm™ ' are d very likely assgned tou oo of CO, the reduction product of CO,. Thisis supported
by the relative weak bands of U pc detected in the low freguency region. However ,on roughened
bulk Pt dectrodes, we did not detect thispair of bandsin the same condition. A possble reason
could be the low surface enhancment of the pure Pt electrodes. At - 0.4V a broad band at 2 085
cm” ' with reasonable signal to noise ratio was detected , which isassigned toU g of the on-top ad-
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2rbed hydrogen, in agreement with our result on pure Pt eectrodes. (11 The difference in the
cataytic activity of Pt and Rh in the reduction of CO,into CO and their interaction with H could
be the possble rean. Thuson Pt surfaces the influence of CO on the H adomtion is weaker
than that on Rh surfaces, and we gtill can detect the Sgna of H adsrption o Pt surfaces. After
the purging of CO, the band at 2 085 cm™ ! was replaced by a new band at 2 06C cin” *indicating
that the adsorpability of CO is stronger than that of the overpotetnial deposted H.

As has been shown above, with the help of the thinfilm strategy , we are able to detect the
sgnal of the adorbed H and CO, which alows us to anayze the interaction between the CO
molecules and that between the coadorbed CO and H on various transtion meta surfaces. Fur
thermore, this technique a9 provides a sendtive way to identify the adsorbed CO formed by dif-
ferent methods, such as directly adsorbed from CO gasor by the reduction of COs.

Key words: Ultrathin transtion meta layers, Rhodium, Platinum, Hyelrogen, Carbon
monoxlde, Carbon dioxide
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