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Abstract. m u  alloys are used for electmoxidation of methanol in direct methanol he1 cells. Theii catalytic activity shun& 
depends upon the stmckm and +tim of the We have investigated the stmhre of PtlRu alloy particles 
#anhighsurface~csrtmhthreedifferent compositions, namely Pt:Ru,8.5:1.5.1:1 and 1.5:8.5. The samples were 
prepared by impregnating the carbon with salt solutions ofthe two metals fdlowed by redwAon to the alloy. The total metal 
hdiag was I0 wt%. The Pt L, andRuKEXAFS -ts were &ed out at LN, temperature on beamhe Xl 1A of NSLS. 
T h e d e t a ~ a d y z e d t o g d ~ ~ p ~ ~ b o t h t h e P t a n d R u E X A F S .  Theresultsshowthatthemetals 
a ~ .  mog,k&y alloyed and the average Pt-Ru distance is 2.70 A. D i d t i e s  which a r m  in the data analysis will be discussed 

Intd& 
The alloys of platinum and ruthenium are known to be some of the best catalysts for the direct electrochemical oxidation of methanol to 
COz. In order to uxkstad and improve their cntalyk activity it is wcessary to debmine the stnrcture and camposition of the alloy 
particles. We have unchtaken a f i l e d  study of the carbon supported WRu alloys. Our in-situ XAS measurements (Pt L, and Ru K 
edges) showed that theFe is a &&ant d c a t i o n  of the alloy sbuctme in the methanol oxidation potential regime [I 21. However, the 
adysk ofthese in-sifu EXAFS data was found to be highly complicated. Although we were able to obtain qualitative information mainly 
~theradialstructrPe~andnearedge~itwasnotpossibletogetconsistent~alp~tershthe~EXAFS 
fitting procedures. In fact, other groups have also e e n c e d  similar diiliculties and their EXAFS analysis is canied out in highly 
Eoastrainedmanners [3]. This could be partly due to the complexity of the in-situ chemistry of the small supported particles. In order to 
avoid this complexity we undertodc an ex-situ XAS study of large Pt/Ru alloy particles of varying composition that would help us 
understand the interplay between the Pt and Ru. 

EXperimontPI 
Carbon supported F't-Ru alloys with three different compositions namely Pt:Ru,8.5: 1.5.1 : 1 and 1.5:8.5 were prepared using techniques 
&vebped at PSI. The support material carbon was sequentially impregnated with a solution of chloroplatic acid and ruthenium chloride. 
The precursor is reduced in hydrogen at an elevated temperature. The particles were given a final heat treatment at 900°C. The XAS 
meawmmnts were p e r f d  at the National Synchrotron Light Source (NSLS) on b e d i  X11A using a Si(l1 I) double aystal 
mcmdmmator and gas flow ionization chambers to monitor the intensities of the incident and transmitted X-rays. 

Data Analyab and Reaults. 
RekrrwP Data The Pt-Pt, Pt-Ru, Ru-Ru and Ru-Pt ref- spech were calculated using the program FEFF 5.03 developed by J. Rebr 
[4]. The EXAFS data for the Pt foil and Ru metal were fitted using the h e t i c a l  refer- to obtain the values of h2. Next, FEFF was 
used to cslculate the back scattering amplitude, f(x, k), and the phase fimctions, 4(k), for the Pt-Pt, Pt-Ru, Ru-Ru and Ru-F't interactions. 
These are shown in Figures 1 and 2, respectively. The backscattering amplitudes of F't and Ru are sigmficantly different. In the k-range 
extending up to k = 13 k1 the backscattering amplitude for Ru, fRm(u, k), is much higher than the backscattering amplitude for Pt, f d n ,  
k), while for k> 13 kl, fdx ,  k) dominates. Above k = 6 A-1, fR(x, k) shows two maxima and a minimum. In contrast, f,(x, k) shows 
only one maximum and it decays rapidly. The phase functions, @(k), for the Pt-Pt, F't-Ru, Ru-Ru and Ru-Pt are shown in Figure 2. 
Intea&@, the phase difference between @,dk) and @,,.(k) is about x radian in the range of 6 k1 < k < 11 kl. This would give 
rise to destructive interference between the Pt-F't and F't-Ru EXAFS contributions. This is also the case for the Ru-Ru and Ru-F't 
a m h i i .  As the backscattering amplitudes of F't and Ru are distinctively different, the destructive interference is expwted to effect 
an EXAFS spectrrrm d i f f i  in various k -ranges (e.g low4 vs. high 4. For example, consider the Pt L, EXAFS for a system containing 
equal numbers of Pt and Ru neighbors having the same bond distances. For the Pt EXAFS, the x,,(k) is expected to dominate up to k 
= 13 kl. Ekyond that xR.,(k) will dominate because fR(x&) is greater than f,(x ,k) for k>  13 8;'. 

Data Processing: The EXAFS function ~ ( k )  was separated from the experimentally measured absorption specbum using the standard 
procedures. The R L, and Ru Kedge radial shwture functions (RSFs) for the alloy samples are shown in the figures 3 and 4, respectively. 
The RSFs are s i g d k d y  different from each other indicating that the structure strongly depends upon the composition. The effect of the 
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destnrtive interfmnce at the Pt L, edge and Ru K edge is clearly seen in the RSFs. The amplitudes of the Pt L, EXAFS signal (seen as 
the intensity of the f H  peak in the RSF) decrease in the following order: Pt&u,, > P t , f i ~ ,  > &.,Rq, This could mean that the 
partkk sre largest for the Pt&uIJ sample, and the particle size follow the same trend as the EXAFS amplitude. However, this thisation 
is not supported by the Ru EXAFS. At the Ru edge, the intensity of the R ~ g t , ,  (same as R,,R&) sample is the highest indicating largest 
p t i ch .  This omh.adidory observation indicates that it is neesay to a n a l p  both Pt and Ru EXAFS in order to get consistent results. 
l'he peek heights can mt be used to judge the cood&on numbers (and hence the particle size). Interesthgly, the amplitude of the EXAFS 
si@ at both the Pt and Ru edges for the &.&q ,, sample is the lowest For this sample amposition (50150) the possibiity of having 
equel rnunbes d P t  and Ru neighbors is very high. Hence, the extent of destructive i n t e r f i  is expected to be a maximum at both the 
Pt nod Ru edge EXAFS The sbuctud pammkm fa the Pt-Pt (Ru-Pt) and Pt-Ru (Ru-Ru) contributions were found to be highly d a t e d  

dtbeir phsses (l4 diSC1LSSed above. The preliminary analysis showed that the d s  are completely alloyed and the average Pt-Ru 
b d  distance is 2.70 A. 

Summaq 
It is &own that the EXAFS analysis ofthe PtRu system is complicated The clifEculties in the analysis is due to the phase functions of the 
Pt d R u  We r 4  the use ofphase axrected Fourier transfoxmation coupled with EXAFS analysis of both the Pt and Ru EXAFS 
in rhe large& possile data rage to obtain ' ' 

' ' liable d t s  Tbe analysis ofthe in-situ data is fiuther complicated by the presence 
ofthe & adswbed s p i e s  fkom the electmlyte solutions. Additionally, the R-Pt and Pt-0 interactions are in phase in the low kregioe 
Thus it is extremely dif6cult to obtain quantitative information for the various contributions. 
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Figure 1 FEFF Calculated Bacckscattering Functions Figure 2 FEFF Calculated Phase Functions 
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Figure 3 Ptedge Radial Structure Functions 
FT (k', A k 3-18) 
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Figure 4 Ru-edge Radial Shucture Functions 
FT (k', Ak 2.7-18) 


