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Abstract: The adsorbate resulting from the potentiostatic, catalytic decomposition of methanol (0.1;®@HJHI

0.5 M H,SQy) on a platinum black electrode has been studied%anuclear magnetic resonance spectroscopy, at
open cell potential. Cyclic voltammetry results indicate that coverage is a function of electrodecomposition time
and potential. The spinspin relaxation timdl; is dependent on surface coverage and ranges f8np ~1.8 ms

at coverages ranging from 0.3 to 0.75 ML, due to the increased effectiven®&-dfC dipolar interactions at high
coverage. At 0.5 ML, the temperature dependence of¥8© T, (in a 2H,O-exchanged electrolyte system) has

been determined from 80 to 250 K. There is a well-defined peak in relaxation rate7@tK which can be modeled

using a simple diffusional model having an activation energy ot7 20 kcal/mol. Spir-lattice relaxation results

from 10 to 250 K reveal Korringa behavior, withTaT product (and Knight shift) that is independent of surface
coverage, and has the same value for the electrochemical adsorbate as gas phase CO adsorbed on Pt. The similarity
in T1T, T, Knight shift, and activation energy for surface diffusion are in general accord with values previously
measured in gas phase heterogeneous catalyst systems and strongly support the idea of primarily on top CO with
C-down, on one major type of surface site.

Introduction the presence of both bridge-bonded and linearly bonded CO.
At high MeOH concentrations>0.1 M, in perchloric acid) both
species appear to be present, whereas at lower concentrations,
only bridge-bonded CO was found, using sum-frequency

NMR spectroscopy has become an important tool for the
study of surface phenomeha. While NMR techniques enable

investigation of both static and dynamic structural features, their i ¢ ByTh f multiolv-bonded GO
poor sensitivity in surface studies requires samples of very high generation Spectroscopy.he presence ofmuitiply-bonce

surface area. Hence, NMR studies have generally been carried"as found to be much more pronounced on supported platinum

out with small supported metal particles, as typically used in particles than on bulk I.Dt metél.We show (using vgnablg
heterogeneous catalySisRecently, however, we have shown temperature NMR e_xper_lments) that the electroch(_emlcal oxu_JIa-
that unsupported metal electrocatalysts can also be investigatedtlon process used in this wo_rk produces CO which occupies
even in an electrochemical environment, which opens up new Gnly a§|ngle type of.surface 3|te., at h'gh coverage. We dedyced
possibilities for the study of electrode adsorption, surface thedactl\:(anon energies for ?O dlﬁus]!on,ctge ratFe:ts otft(;O mo}uor;_, d
diffusion of electrochemical adsorbates and poisoning reactions1C Make a comparison of resufts tor on F at the gas/soli
and solid/liquid interfaces. Our results on the electronic

in fuel cells! Such studies should also enable a comparison of properties of the chemisorption bond, the surface diffusion rates
results obtained from different types of spectroséagyd, in ' '
iy b | and the structure of the adsorbate suggest new avenues for the

the longer term, offer an exciting challenge for theoretical . ? o
analyses of structure and bonding at the seliquid interface study of electrode_adso_rptpn "%”d. dlrecF ox_ldat|on fuel cell
! (DMFC) catalysts, including in situ investigations.

including the effects of electrode potential on the electronic
properties of the chemisorption bond.

Here, we are concerned with CO ex MeOH binding to
platinum in an electrochemical environment. Earlier workers  Sample Preparation. Fuel cell grade polycrystalline (PC) platinum
have indicated that the chemisorption of CO ex MeOH onto black (~80 A diameter) was obtained from Johnson & Matthey (Ward

polycrystalline Pt can be generally characterized in terms of Hill, MA). The use of high surface area (24%uy) fuel cell grade
platinum and 99.9%°C enriched methanol and CO (Cambridge Isotope

Experimental Section

lDepart_ment of Chemistry. Laboratories; Cambridge, MA) was necessary in order to obtain
§Erceo(|j:r§(|)‘l Seitz Materials Research Laboratory. adequate sensitivity for the NMR measurements. All water used in
ytechnique feiérale de Lausanne. . . L
® Abstract published im\dvance ACS Abstractfecember 1, 1996. the preparations was obtained from deionized water that had been
(1) Duncan, T. M; Dybowski, CSurf Sci Reportslggl 1, 157-250. further purified with a Mllllpore Ml”l'Q Plus 185 fllterlng SyStem
(2) Slichter, C. PAnn Rev. Phys Chem 1986 37, 25-51. (Millipore, Redford, MA) to a resistivity of 18.2 M/cm. DO
(3) Ansermet, J. P.; Slichter, C. P.; Sinfelt, J.#iog. NMR Spectroscopy
1990 22, 401—-421. (6) Parsons, R.; VaderNoot, J. Electroanal Chem 1988 257, 9—45.
(4) Chan, K. W. H.; Wieckowski, AJ. Electrochem Soc 199Q 137, (7) Permans, A.; Tadjeddine, AChem Phys Lett 1994 220 481-—
367—-368. 485.
(5) Lipkowski, J.; Ross, P. NAdsorption of Molecules at Metal (8) Christensen, P. A.; Hamnett, A.; Troughton, G.J.Electroanal
Electrodes VCH Publishers, Inc.: New York, 1992. Chem 1993 362, 207-218.
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Figure 1. First cycle (dotted line) showing the amount of coverage
from the CO oxidation peak. The second curve (solid line) is
characteristic of the polycrystalline platinum voltammograms routinely
obtained.

(SIGMA, St. Louis, MO) for T, measurements were distilled from

potassium permanganate. All other reagents were reagent grade or T T — -
better and were obtained from Aldrich (Milwaukee, WI), unless 1000 500 0 -500
otherwise noted. All solutions were degassed by bubbling with PPM from TMS

ultrapure (99.9995%) Nfor at least 30 min before use. ) )

The preparation of CO from methanol decomposition on PC platinum Figure 2. *C NMR line shape oft-150 mV sample (4 h) at 80 K.
black was accomplished in the following manner: First, the platinum
powder was cleaned in hot () chromic acid for at least 1 h. The The deuterated samples were prepared as described above, except
platinum was then thoroughly rinsed with water and stored in 0.5 M that the samples were rinsed with 0.5 M sulfuric acid i¥ODon the
sulfuric acid. The decomposition of methanol was performed in a fifth and sixth rinses. The potential was maintained after the sixth
specially designed three electrode electrochemical cell, which comprisedrinse for 1 h, and then the sample was prepared and sealed in the above
a medium fritted funnel and a Teflon cap which supported the manner. The remaining powder was rinsed several times with 0.5 M
electrodes. The working electrode was a piece of perforated platinum sulfuric acid in normal water before coverage determination.
foil fashioned into a square “boat”, roughly2 2 cm, placed on the Nuclear Magnetic Resonance SpectroscopyCarbon-13 NMR
frit of the funnel. The counter-electrode consisted of a piece of spectra were obtained on two “home-built” NMR spectrometers. The
platinized platinum gauze roughly 6 émAll potentials were referenced  first consists of an Oxford Instruments (Osney Mead, UK) 8.45 Tesla
to a 1.0 M NaCl Ag/AgCl reference electrode. Between 300 and 400 3.5-in. bore superconducting solenoid magnet, a Nicolet (Madison, WI)
mg of platinum powder was introduced into the boat via a pipet, and Model 1180 Explorer [11-C/2090 transient recorder, and a variety of
the potential cycled at 1.0 mV/s in 0.5 M sulfuric acid for approximately digital and radiofrequency circuitries. The sample probe was a
12 h until a characteristic polycrystalline platinum voltammogram was conventional solenoid design and operated inside an Oxford Instruments
obtained, as shown in Figure 1. The potential was then held at the CF-1200 cryostat, down to 10 K. The second instrument used a 7.0
desired value and the electrolyte drawn through the funnel by vacuum, Tesla Oxford magnet and a home made spectrometer. Spin-echo pulse
leaving only enough~+5—10 mL) to maintain continuity between the  excitation was used in all cases since the lines were broad. The 90
electrodes. The potential was maintained in this manner for all steps pulse widths were s at 8.45 T and s on the 7.0 T system at 80
requiring solution exchange. Finally, a solution of 0.1*3@ enriched K. Spin—lattice relaxation times were measured using a saturation-
methanol in 0.5 M sulfuric acid was introduced, and allowed to sit for recovery method. A typical sample contained abouf 2C spins.
a given length of time. The duration of the decomposition depended One measurement of a spifattice relaxation time required 12 to 18
on the potential, and the amount of coverage desired. For di@ct h at 80 K and increasingly more scans at higher temperatures. Chemical
adsorption3CO was simply sparged through the cell for the duration shifts are reported in ppm from tetramethylsilane (TMS) and were set
of the adsorption. At the end of the adsorption/decomposition, the using external CS taken as 192.8 ppm downfield from TMS, using
13C-enriched MeOH/CO solution was removed by filtration. The cell the IUPACJ-scale (high-frequency, low-field, paramagnetic or deshield-
was refilled with 0.5 M sulfuric acid and rinsing continued for a total ed values are positive).
of at least 6 complete volumes (50 mL each). Approximately 200 mg
of the voluminous CO-platinum material was removed and mixed with pagyits and Discussion
roughly 300-400 mg (about 4650% by volume) of glass beads

(Sigma; 106«m and smallet-cleaned identically to the platinum black) Type of Adsorbate and Adsorption Site. We show in

to reduce contacts between Pt particles and thus increase the radiOFigure 1 the cyclic voltammogram of a typical sample produced
frequency field penetration during NMR measurements. At all times '\ 10 O electrodecomposition on our polycrystalline fuel cell
the CO-platinum was deep in the supporting electrolyte to minimize grade platinum electrode. The first cycle shows the amount of

atmospheric exposure. The €®t/glass mixture was transferred to a f the CO oxidati k while th d
cylindrical Pyrex glass ampoule (1.0 cm diameter3.5 cm length) coverage, irom the oxidation peak, whilé the second curve

which was then attached to a vacuum apparatus fitted with a nitrogen IS characteristic of a clean pla_tlnum surface. Similar \_/0|tam'
purge line. Samples were subjected to reduced pressure (0.1 mmHgmograms were routinely obtained for all samples. Figure 2
for about 10 s) and then purged with ultrapure nitrogen. The pump/ shows a3C NMR spectrum of a-150 mV sample (4 h) at 80
purge cycle was repeated at least three times. The ampule was therK at a field of 8.45 T. The spectrum has a full width at half-
chilled to 77 K and flame sealed under a slightly reduced pressure. height of 250 ppm, and the peak maximum occurs at 330 ppm
The sample was stored at 77 K until NMR measurements were made.downfield from TMS. These results are similar to those
The remaining powder in the electrochemical cell was cycled from the gptained for CO adsorbed from the gas phase onto small Pt
holding potential to determine the amount of CO coverage, relative to particleg although the peak width is narrower due, we believe,

active Pt surface sites, from the CO oxidation peak (Figure 1). During . e e
adsorption, the electrode potential was controlled by an Amel Model to the presence of a smaller Knight shift distribution in the fuel
cell Pt electrocatalyst sample.

550B potentiostat (ECO Incorporated, Cambridge, MA) or a Princeton ) - - .
Applied Research, Model 173 potentiostat (EG&G; Princeton, NJ) under ~ The 13C spin-lattice relaxation was found to follow a single
computer control. exponential law of the form
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M() = M1 — e ™) @ or

whereM(t), the magnetization at time recovers from 0 td/,
with a time constanT;. Typical results are shown in Figure 3
and Table 1. Such single exponential relaxation behavior was
found in all cases, independent of coverage or electro-oxidation
potential. This is in sharp contrast to the results of previous
studies of3CO chemisorbed from the gas phase onto supported
Pt catalysts where multiple exponential behavior has been .
observed® In both cases, spin-lattice relaxation can be
attributed to the presence of conduction electrons on the CO
adsorbate. Different adsorption sites can be expected to exhi-
bit different relaxation rates, depending on the details of the 0008 o1 0.01 o 1 10 100
Pt—CO chemisorption bond. Recycle time (s)

There are, however, two effects which could produce single Figure 3. 13C spin-Ilattice relaxation at 80 K following open potential

exponential relaxation behavior even though the system actually adsorption of methanol for 3 hours. Fit using a single exponential with
has several sites with different intrinsic relaxation times: spin- a relaxation timeT; of 1.0 s.

diffusion and fast exchange between different binding sites.

However, the following results lead us to rule out either of these

mechanisms. First, we found that tiieT was essentially

constant from 10 to 250 K, so that motionally-averaged behavior

from two or more sites of differerk; values was unlikely given

the temperatures below the onset of surface diffusion, which is WO \

discussed later. The other mechanism is spin-diffusion mediated

by dipolar coupling amongst th€C spins. This process can I N

only occur if the coupling is strong compared to the resonance \-

frequency differences of neighboring spins. We have verified \
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that this process does not occur by means of two experiments. °

First, we inverted half the line and observed that cross-relaxa-

tion or exchange between both lobes of the line did not 01 : 1 )

occurlin times short compared T. Second, a sample with 2 xt(ms)

}2(();{: SC';_|O’ prepared fl;jom 131%:?hH3OH mlxe((jj.WIi[h 90% i Figure 4. 13C spin—spin relaxation at 80 K follpwing methanol
sUM, was prepared, So that the average dipolar Coupling yq.omnosition at-0.150 V for 3/4 hours. Sample in the presence of

among thel3C spins became much weaker. Still, single H.0 (O) and of DO (@).

exponential behavior with the same relaxation rate was observed,

effectively ruling out spin-diffusion. Table 1. TiT (sK) for Several Samples
The surface coverage of many of our samples is Known to decomposition decomposition  surface

be high from the CV measurements. In addition, an indepen- potential (V) time (h) coverage (%) TiT (sK)
dent, microscopic characterization of surface coverage is _g 200 5 25 78t 3
provided by measurements of the spapin relaxation;T,, as —0.150 24 70 96k 13
shown in Figure 4. We have actually obtained two sets of-spin  —0.150 4 55 88t 13
spin relaxation data at 80 K. A rapid signal decay was obtained —0.150 3/4 30 8at 1
with H,0 in the electrolyte, while a slow decay was obtained éL(DO) ?;22_79 ggi?
with DO in the electrolyte. There are clearly major differences o, 4 35 83t 10
between the two relaxation plots, which must be attributed to +9.150 4 (RO) 48-41 844 4
the presence of nearBil spins in the HO system. The decay 0.0 3-5(D:0) 50-76 77+ 3
of the echo-amplitude as a function of pulse spacing is the re- CQOg adsorptioninsoln 3 18 8 11

sult of two mechanisms. First, the dipolar coupling am&it
spins produces a so-called slow b¥att can be approximated  the correlation time and is independent of the strength of the
by a Gaussian having a time constdat. Second, Pt spin-  coupling. However, we obtained an independent estimate of
flips produce relaxation of Lorentzian character, with a char- T, by measuring a sample in,D having a 9%-C isotopic
acteristic timeT(, as was shown previously by measurements abundance, and found approximately the same value as with
with 3CO diluted in*2CO on small supported Pt particlé's.  samples of supported cataly$tsyamely 2.7+ 0.3 ms at 77 K.
Therefore, the spinspin relaxation is expected to take the form  We used thisT,. value for all samples at 80 K. We next
deducedr,c from the spin-spin relaxation data obtained with
M(t) =M, exp[—(t/TZG)Z] exp(—t/T,) 2) samples at 77 K in BD, prepared under various conditions
(Table 2). Again, CO coverage was deduced from CV
Our relaxation curves are such that it is not possible to deducemeasurements.
from them bothT,g and T, at a signal-to-noise ratio which The relaxation data in Table 2 show the extent to whigh
can be reasonably achieved. The Lorentzian process is in thevalues are sensitive to coverage. The significance of these

strong collision limit in which the relaxation time is equal to results becomes apparent when they are compared with theoreti-
cal estimates obtained from the slow beat behavior of simple
(9) Wang, P.-K.; Ansermet, J.-P.; Rudaz, S. L.; Wang, Z.; Shore, S.

Slichter, C. P.: Sinfelt, J. HSciencel986 234 35-41 * 13CO adlayer patterns on Pt single crystal surfd@esor the
(10) Ansermet, J.-P.; Wang, P.-K.; Slichter, C. P.; Sinfelt, JPHys three surface structures considered previouBly,is about 1.6

Rev. B 1988 37, 1417-1428. ) ms for c(4x 2) at a coverage of 0.75 ML, 1.9 ms for cf22)
(11) Ansermet, J. P.; Slichter, C. P.; Sinfelt, J.3JChem Phys 198§
88, 5963-5971. (12) Gaussian fits to the slow beats of ref 11.
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Table 2. Coverage andc of Samples in BO at 77 K

surface coverage (%) Tac (MS) s
312 29+0.1 200
38 21+01
41 21401 2000
51¢ 1.9+0.2
¥ 1.8+0.1 1500

apecomposition at—0.150 V.P Decomposition at+0.150 V.

¢ Decomposition at 0.0 V.

25

AT, (11s)

0.5

L L

0 50

100 150 200

Temperature (K)

Figure 5. 13C relaxation rate (I) as a function of temperature.

Methanol decomposition at0.200 V for 5 hours. T,T = 78 £ 3 sK.
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Figure 7. The temperature dependence of & transverse relaxation
rate (17,) for deuterated sampled3C isotopic abundance: 99% (filled
square), 9% (open square). Line: see text.
be identified, as shown for example in Figure 6, where the mean
T,T value is~80+ 10 sK. Interestingly, we find no evidence
for multiple-T; components, unlike the situation observed
previously with CO chemisorbed in vacuufh.

The T, T product can also be used to make an estimate of the
Knight shift, K, because both are related by the Korringa relation
TiTK? = hy%4my?, to the extent that the relaxation is deter-
mined by the hyperfine contact term only and that many-body
effects can be neglectéd. For T;T = 80 sK, we predict a

e Knight shift of about 228 ppm. The purely orbital or chemical
o 190 shift of CO on Pt can be expected to be about 165 ppm
3 downfield from TMS, resulting in an overall frequency shift of
100 L e o dobe L, about 390 ppm. The experimental shift is 330 ppm, Figure 2,

0 50 100

1560 200 250
T{K)

in reasonable accord with prediction, but also possibly indicating
the presence of electron orbital and hyperfine couplings, which
contribute toT; but not toK. We believe that these spin

lattice relaxation and Knight shift measurements help character-

ize the chemisorption bond. For example, in contrast to the
case of CO on Pt, thEC spin-lattice relaxation of CN on Pt

is not at all accounted for by the Knight shift, indicating a
pattern on Pt(100) at 0.50 ML, and 3.2 ms for e@( X weaker & bond and a stronger2 bonding!* Moreover, the
V3)R 30 pattern on Pt(111) at 0.33 ML. Apparently, the observation that th&;T product for CO(g) adsorbed onto Pt
T, data for the electrochemical CO adsorbate on the polycrys- from the electrolyte solution is the same as that obtained from
talline platinum surface displays a similis-coverage relation- methanol decomposition strongly supports the idea that both
ship, consistent with increased homonuclear dipolar interactionsspecies have the same structure and that the adsorbate is
at increased coverage. hydrogen free.

Conduction Electrons at the C Atoms of the Adsorbate. Surface Diffusion of the Adsorbate. We next consider the
Thel3C spin-lattice relaxation rate was found to be proportional surface diffusion of CO obtained by the electrocatalytic
to temperature for all samples, and a representative result isdecomposition of MeOH. Here, we use the fact that the
shown in Figure 5. That is, we find that temperature dependencelofcan provide important information
on the mobility of adsorbaté8. We account for the temperature
dependence of the relaxation rate, Figure 7, using a simple
model. It involves three relaxation mechanisms: the fluctua-
This temperature dependence is unique to relaxation by conduc-ions of the**C—*3C dipolar coupling by local motion of the
tion electrons. Furthermore, the magnitude of the relaxation @dsorbate; the random motion over the entire surface of the
rate is close to that of CO chemisorbed from the gas phase ontoParticle in the field gradient produced by the particle itself, and
supported Pt particles, where it was shown to be due to @ 1/T2 (other) term. Hence, we consider the following: (1) a
conduction electrons at th&C nucleus® We have also  ~C—*C dipolar coupling, with a splitting\ws; (2) diffusion
measured th&:T product for several decomposition potentials through a local magnetic field gradiendHy:, due to the
and coverages as well as for CO(g) adsorbed onto Pt in thisMagnetic polarization of the paramagnetic particles, producing
electrolyte system as shown in Table 1 and Figure 6. a frequency changéwz, and (3) 1Txtery Which represents

The first column in Table 1 is the potential used for methanol &l other relaxation mechanisms, for example, the relaxation by
decomposition/CO adsorption. One sample was prepared atPt Spin flips (which is a term related to temperature, see, e.g.,
open-cell potential, and three samples were exchanged withFigure 2 of ref 11).
deuterated water in order to measure the spipin relaxation (13) Slichter, C. P.Principles of Magnetic Resonanceérd ed.;
in the absence of protons in the electrolyte, and to verify that SrJEilndge\;\-l\JerIJag:Dla@;/%j - Eranasseruk. K. Montez. B Oldfield. E-
the protons of the electrolyte did not contribute significantly to |, . e AN A v 2 ' B
T rSIaxation of the'C. N)(; definite trend in thé'l'ic'] producty Wieckowski, A.; Vuissoz, P.-A.; Ansermet, J.-B.Chem Soc, Faraday

. . - Transactionsn press.
as a function of adsorption conditions, or temperature, could  (15) Ansermet, J.-P. Ph.D. Thesis, University of lllinois, 1985.

Figure 6. TiT product as a function of temperatur® 0.0 V 3 h; a
open 4 h;¥y 0.0V 3 h CO;® —150 mV 3/4 h;0 —200 mV 5 h.

T,T = constant 3)




13050 J. Am. Chem. Soc., Vol. 118, No. 51, 1996

3500

A
B
3000 s 100 .
\ . ° .
\ e — e
2500 . 80 * ‘e
o0
g 2000 ., €0
= — &
= 1500 -
40
1000
500 t »
P 0 . . )
00 02 04 06 08 1.0 00 02 04 06 08 1.0
Coverage Coverage

Figure 8. Spin—spin (Tzc) and spin-lattice (T1) relaxation results for
13CO on Pt as a function of surface coverage. Tés; B, TiT.

There are also two motional regimes, the strong collision

limit, wheret.> 1/Aw, 1/T, = 1/r, and the motional narrowing
regime, wherer. < 1/Aw, 1/T, = Aw?tc. For the dipolar
interaction, the characteristic timg is 7c = tjump, While for
diffusion over the Pt particler = N%tjymp, WhereN is the

number of jumps needed to travel over one quarter of the Pt

surface circumference. The average jump tirpgp is given
by an Arrhenius relation
_ . ElkeT
Tiump = To€ B
whereE* is the activation energy.

We show in Figure 7 thé3C T, relaxation results of our
sample, for PtCO(ads) in 0, as a function of temperature.
There is clearly a minimum i, at about 170 K. This occurs

Day et al.

simply due to the fact that multiple-€C contacts increase as
coverage increases, decreasihg However, over the same
range of coverage, neither the Knight shift, the lineshape nor
the T, T product change. This further supports the notion of a
single type of site, with th&@,g versus coverage results simply
being due to the increase in surface CO concentratiather
than a series of discrete structures, in whigf, the Knight
shift and T, might all might reasonably be expected to change
with coverage.

Conclusions

The results we have presented above give considerable
information on the structure and bonding of the surface CO
generated from methanol electrodecomposition on Pt-black fuel
cell electrodes. Spinlattice relaxation at low temperatures
reveals the presence of a single type of site. T{leproduct
is independent of the potential used for the electrodecomposition,
and is also independent of surface coverage. The shihe
product is obtained if CO is chemisorbed directly from a CO-
saturated solution, implying that the product of methanol
decomposition must be CO, not a reduced species such as COH
or CHO. The observation that tAgT product is independent
of surface coverage indicates that ##€ T, is dominated by a
highly localized P+C interaction and is not influenced ap-
preciably by the presence or absence of neighboring CO
molecules. In contrast, th€C T, is strongly influenced by
dipolar interactions with neighboring3C spins, with the
experimentall; vs coverage results being in excellent agreement
with previous calculations of; for 13CO on Pt at different
coverage levels. This observation leads to an independent
measure of surface coverage, and also provides strong evidence

when the correlation time for CO motion is on the order of the  for the basic correctness of the homonuclear dipolar relaxation

reciprocal of thel3C—13C dipolar coupling, that is at the
crossover from the strong collision to the weak collision limit.

mechanism fofM,g.
The temperature dependence of the sg@ipin relaxation

This model accounts for the basic features of the temperaturereveals surface diffusion of the adsorbate, with an activation

dependence of T§ with Aw; = 1 kHz, Aw, = 25 kHz,N =
25,7, =1 x 107135, E* = 7.9 kcal/mol, and Wy (ethery= 400
s+ 4s1KIT,

energy of 7.9+ 2 kcal/mol, close to that found previously for
gas phase heterogeneous catalyst systems. The-lgftice
relaxation timeT; is inversely proportional to temperature in

These results obtained for CO on Pt in an electrochemical the range 10 to 250 K, indicating that carbon experiences the
environment are quite close to those obtained previously for presence of conduction electron spins. The observation that

CO on a single cryst#l17 and on supported Pt catalysts in

the T,T product, frequency shift, and line width for all

vacuum;® where, in the latter case, an activation of energy of ejectrochemically prepared adsorbates are independent of
6.5+ 0.5 kcal/mol was deduced from the time evolution of a adsorption potentia| (or surface Coverage) and fﬁ\/é’zl T]_T,

half-flipped line shape.

The Effects of Surface Coverage on Spin-Relaxation.
Finally, we show directly in Figure 8 the effects of surface
coverage on the relaxation tim@s and T;. For T, we find
that T,¢ decreases from3 ms at low coverage te-1.8 ms at

andK values similar to those of gas phase CO on Pt implies
that all have the same structure: linear, C-down, and nonpro-
tonated. Since our surface is highly dispersed and clean
(catalytically active) due to the oxidatiemeduction cleaning

cycles, it appears to represent an excellent model for the

high coverage, Figure 8A, as noted briefly above. Moreover, poisoning of fuel cell catalysts by CO as well as offering the

these surface coverage results track very wellTtheehavior

opportunity to investigate systems not accessible from the gas

computed previously for various well defined surface structures phase, e.g., CNon Pt.

having from 0.33 to 0.75 ML coveradé as shown in Figure

8A. In sharp contrast, there is essentially no change at all in
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