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Abstract: Using the characteristic crystal theory(CC), the electronic structures, potential energies, atomic volumes,
lattice constants and cohesive energies of characteristic atom sequences and characteristic crystal sequences of Pt-Ru
alloy were determined. The stability, catalytic performance and ratio of composition of alloy catalyst were discussed. The
potential energies and lattice constants of Pt-Ru ordered alloys in which the atomic ratios of Pt to Ru are 3:1, 1:1 and 1:3,
respectively, were calculated. The configuration of component Pt was analyzed. The average properties of Pt-Ru
disordered alloys and electronic structures of Pt-component were calculated. The results show that when the content of
Ru increases, the potential energy decreases, the stability increases, the lattice constant decreases and the d-orbital
vacancy is enlarged, which is advantageous to reaction. The most proper atomic ratio of composition of alloy as catalyst
is 1:1.

Key words: Pt-Ru alloy; electronic structure; catalytic performance

AR, d TS BRI G M LRI B TS e ™
&, HARE® LS. LR, TR, ivi
SEAL R BT A B R FL B (PEMFC) A BT 1 44
R BRI 4 RAHBEAR, BN 21 Al
A RHLIR AT A S AR ) e R L

(I RER 7. HEr, BT RS E. HET
Pt RMEALFIOAS & Dt IR, WIFE =, &K
PEMFC AR =y, 2L . Pt-Ru & &b
T Pt A Ru P FAVEH OCKD T Pe A, $d
T HEALFIT CO MPEREY O, FHRBEM AL, P

EEWH: FEKARBEIEEIINH(50471058); WG4 F ARl 4 ¥ B I H (081I3099); 1 m 44 B T 78 B0 H (K21); Ky A vh 4 [ 5 5 0 5

B P I H
U5 BHE: 2008-04-03; #&ITHHEA: 2008-11-10

BIEE. Zag, RAd, M), fib: 0731-8879287; E-mail: phjl08@163.com



F19BEH 1

WA, S Pt-Ru B RBFRALI T RS RMEAL P R 149

HEALTIVERE R BATWITUN T2 bR A T ez i
TREEEREESSARERT, & haidE R R,

se M de 73R s« d BUE BRI T d, Ror d
Pug EmARER T s Rom s PUE ERIEA BT 6

eI E LRGSR R F =M. R R v RRIE TR o Ron s AL
O N PR AR SR T ER(OA)T RIS S E A A ERRS G,

HgCOM M. e, ASEFKE CC HibHiE
Pt-Ru 5 4 Z [FRFHE 57 RURRAE A A4 7 91 I 36 A5 .
Xt Pt-Ru 5 AT AEALIE TE AU M Aoy e bL
TIEHAT RGN, a7 AR T SR A
PEBERIR AR, B 1 AT HMEAPAE v il L P51 )
Pt Bt ftEie R 3.

1 Pt-Ru 5& RZBVFEIR FFAA4FHE SR
KFE5

75 SSA HEZEH, MARFF AL S A I EHE, i 9
FEANA] (AR A BE R PR A XS R B A 15 <
ARNPFR AR, RERBER Y AR R ARG
TICFe A S A O A R SR, 5y
LR TR Tk . BREAETR RIS, AL
HILEKRAARKIXLE, k15 Pt-Ru &5 R LR
TMVRFAL S A7 51 (M BEAE B 1M1 2 Big) P-All
Ru-$5 A0 5t (1 55 3 BE A 7 (A RR Bl e A K (19742
B 1 PR s Jerp R AR § R iR A Ru )55

2 Pt-Ru §&EMLFIBIR S ECELIAK
EHEESTEERRXR

MBI T I B AT AT - AT R AR -
AR AR A RE R IR FFB] G -G -G
G -G -G A LRI R 2
BT Pt Ru, &4 RIVAENE P4, BT
fie JTABL BRREHH S0 AR R
AR, JR Py Ru, GG TAM, SIS
BRI BV FE LI Y AT

21 Pt-RuBFASEMATIBELEREMIZE S

A7 Pt Ru SR 74 AN [RIFC LG BB T AN [A) 28 2L 1 4
B G, WA, HRNEERAEYRA W 3
FANRN R o

1) 4 Pt Ru N2 L 3:1 18, & 4500
o ASB BUEALT, e A R AgR 2 FRRRAE SR T
k. MR 1A 2 /531X 2 MRFIE I 1 e pe Al

R 1 Pt-Ru G R PHRFL T MURFAE 55 1A S5 44 ZHOM P 5t

Table 1 Structural parameters and properties of Pt characteristic atoms and corresponding characteristic crystals in Pt-Ru alloy

system

M s¢ Se d, d, ¢/(eV-atom ) V/(10°nm*atom™)  a/mm  E /(kJ'mol ™)
™ 0.040 0 1.460 0 2.540 0 5.960 0 -5.8526 15.095 0.392 31 564
oM 0.038 2 15102 24621 5.9835 -5.878 7 15.069 0.392 09 566.52
o™ 0.036 5 1.557 4 23905 6.015 6 ~5.8850 15.052 0.391 94 567.13
M 0.0350 1.600 9 23251 6.039 0 -5.889 2 15.036 0.391 80 567.53
M 0.033 5 1.640 7 22752 6.048 6 -5.8922 15.021 0.391 67 567.82
M 0.0322 1.676 4 22246 6.066 8 -5.894 6 15.008 0.391 56 568.05
o 0.0310 1.707 6 2.180 7 6.080 7 ~5.896 3 14.997 0.391 46 568.22
o™ 0.030 0 1.734 5 2.143 1 6.092 4 -5.897 8 14.988 0.391 38 568.36
™ 0.029 2 1.756 7 21124 6.101 7 ~5.898 9 14.981 0.391 32 568.47
™ 0.028 5 1.774 1 2.088 5 6.108 9 -5.899 8 14.974 0.391 26 568.55
™ 0.028 0 1.786 5 2.0714 6.114 1 ~5.900 4 14.971 0.39123 568.61
oy 0.027 7 1.794 0 2.061 1 6.1172 -5.900 7 14.968 0.391 21 568.64
L 0.027 6 1.796 5 2.057 4 6.118 5 -5.900 8 14.967 0.391 20 568.65
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Table 2 Structural parameters and properties of Ru characteristic atoms and corresponding characteristic crystals in Pt-Ru alloy

system
cr St Se d, dy e/(eV-atom ') V/(10°nm*atom™)  a/mm  E,/(kJ-mol™)
COR” 0.298 5 1.374 0 22453 4.0822 —6.424 3 14.174 0.384 16 619.08
ClR” 0.3019 1.378 2 2.249 5 4.070 4 —6.424 7 14.169 0.384 12 619.14
CZR” 0.3052 1.3799 2.2539 4.0610 —6.428 5 14.157 0.384 01 619.47
C3R“ 0.307 7 1.3817 2.2639 4.046 7 —6.436 8 14.138 0.383 84 620.31
C4R” 0.313 8 1.3842 2.2730 4.0290 —6.446 1 14.111 0.383 59 621.18
CSR” 0.3217 1.387 5 2.287 1 4.003 7 —6.458 6 14.074 0.383 26 622.38
CGR” 0.3340 1.390 6 2.2999 39755 —6.472 1 14.031 0.382 87 623.68
C7R” 0.347 1 1.393 4 23175 39420 —6.489 7 13.980 0.382 40 625.36
CgR” 0.360 0 1.3977 2.340 4 3.9019 —6.5115 13.920 0.381 86 627.44
C9R“ 0.377 6 1.402 2 2.361 6 3.8586 —6.532 3 13.854 0.381 25 629.55
CIOR“‘ 0.396 4 1.407 8 2.3875 3.808 3 —6.559 2 13.779 0.380 56 632.03
CHR“ 0.4203 14135 24113 3.754 8 —6.5852 13.696 0.379 80 634.56
ClzR“ 0.4400 1.4200 24400 3.700 0 —6.6153 13.605 0.379 01 637.50
i S v AL
@) -m Pt Ru
60l & £=0.75¢5" +0.2558" = 0.75%(-5.8922) +
_ 0.25x (—6.424 3) = —6.025 2 (eV/atom)
é “e2r a=0.75a;" +0.25a" =
?é, 4k o 0.75x0.391 67 +0.25x0.384 16 =0.389 79 (nm)
E __‘_\\\ 2) PRI R EFAB2 HEH 1B, SR L
6.6} | At AB BUAEALH, B AT AT AR 2 PR AR T4
B RIARERT R B
*% 2 6 1012 =056 +0.568 =0.5x(~5.8989) +0.5x (~6.446 1) =
! ~6.172 5 (eV/atom)
15.2
T_*_HT . . a=05az" +0.5a" =0.387 46 (nm)
4
14.8 " 3) Y4 Pt Ru JS PR N 13 0, &490%
e R ABy BT, B A" R AR 2 FRRRE SR T
g 1441 AN A=y (Y F X )
N £=025¢]y +0.7558" = 0.25%(-5.9008) +
14.01 0.75 x (=6.5115)=—6.358 8 (eV/atom)
| a=0.25ay +0.75a8" =0.384 20 (nm)

1 Pt-Ru &S Pl Ru-AHE 5 T (1 5 73508 & A
& ST AR VPR VR RO R AR

Fig.1 Relationship of atomic potential energies, &, & (a)
and atomic volumes, V', VR (b) of Pt and Ru characteristic

atoms with coordination number 7 in Pt-Ru alloy system
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Fig.2 Concentrations (x;”" and x*") as function of composition
(x(Ru)) in disordered Pt-Ru alloy: (a) x;™ vs x(Ru); (b) x*" vs
x(Ru)

Table 3 Properties of disordered Pt-Ru alloy and electronic structure of Pt component

Alloy Pt component

o ¢/(eV-atom ™) /(10 nm*-atom™) a/nm E /(kJ-mol™) d, d, Se St

0.10 —5.880 4 15.002 0 0.391 48 569.2 5.969 3 24801 1.5130 0.037 6
0.25 —6.000 4 14.734 0 0.389 10 583.27 59936 23800 1.5917 0.0357
0.30 —6.030 6 14.681 0 0.388 63 586.14 6.022 1 23275 1.6157 0.034 7
0.40 —6.089 2 14.586 0 0.387 80 591.47 6.045 3 22514 1.6703 0.0330
0.50 —6.1459 14.506 0 0.387 09 596.38 6.063 4 2.196 1 1.709 1 0.0314
0.60 —6.283 5 143380 0.385 61 607.75 6.079 5 2.1590 1.7312 0.0303
0.75 —6.3112 14.306 0 0.38533 609.97 6.086 4 2.126 6 1.757 8 0.0292
0.80 —6.201 3 14.4350 0.386 46 601.03 6.0959 2.099 4 1.776 2 0.028 5
0.90 —6.3677 142410 0.384 75 614.52 6.1124 2.068 1 1.791 8 0.027 7
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