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Thermodynamics of Water Adsorbed on Palladium Surface

SUN Xi-Yuan KONG Fan-Jie JIANG Gang”
(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu

ZHU Zheng-He
610065, P. R. China)

Abstract: The different structures of PAOH,, PdOH, and PdO were optimized by the relativistic effective core
potential (RECP) and the density functional method B3LYP. The results showed that Pd and H,O of stable Pd-OH,
molecule were not in the same plane, and the bond length (Rpo) was 0.2283 nm. For PAOH molecule, the ground state
was ?A’, the structure parameters Rp, Roy, and £ PAOH were 0.1965 nm, 0.0968 nm, and 110.186°, respectively; The
ground state of PdO was “II, and the bond length was 0.1858 nm. Furthermore, the thermodynamic functions of
PdOH,, PdOH, and PdO were also calculated according to electronic-vibration approximation, and based on this
results, the relationship of the equilibrium pressures with temperatures was obtained. From the results, it was deduced
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that the poisoning effect of H,O was due to the adsorption of O and OH dissociated from H,O on palladium surface.
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H~E, SAEA] LIS SIS [ T 285075 Az ks
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| an, | am
-D(PdO)
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PAO(s) A IS 27 iR B R

Vol.23
AH=AH,+AH!
~E(PdO)-E(Pd)-H(O)+AH—~
D(PdO)-AH! (1)
AS’= S (PdO)-S(Pd)-S(0O) (2)
AG’=AH"-TAS’ 3)

AR Z A RE SRR, (B Pd MR B AA T
JE SR AR, ML AH,~AHS, A2 A )2
PR AH® TR,

AH'~ E(PdO)-E(Pd)~H(0)-D(PdO) 0))

2 PdOH,.PdOH.PdO HFHILEH SR

1t B3LYP/SDD /K ~F- |43 %l %} PAOH, .PdOH ,
PdO 43 W AT e RUHEA T LA P Ak, 153 3053+ 11
s Fy WL 1. Horp Pd BTN 2 28 N HL T
(15°2522p°35%3p°3d") F A XF 18 45 %4 R 1 52 #4«(RECP/
SDD)HUL, 18 ™ L T (4s%4p°4d") K F (6s5p3d)
FAEARM, O HIFEF K Haug-ce-pvdz 5. 24510 T
ANFRE T AE Ol 75 H,0 4F .OH fE® E
A S DL PAOH, PdOH PdO 4> TR s fE E, Fl
HL IR Sev.

3 PdOH,.PdOH.PdO B4 @ #t 115 R &)

5&ERSH

Pd J5. T fL AE AH,= 377 kJ -mol™', PdO [ #% BE
E.=3736 kJ *mol ™, Pd )il T — i H1 &5 $#1=2674.4 kJ -
mol™ (BE15k H www.webelememts.com). O JiiF
H, - 2% M1 g il 3 aug-cc-pvoz ik i B 1S E] N
414.677 kJ-mol™. 4 (1)-(4)=X, 15 AR TS
[ 52 7 () A A T 22 PRERAH® (AS”  AGFI T 383, X
[ 52 N7 P ~F- 7 7 i ek 3 ) A5 Ak 56 R AT LAAR 4
AG’=—RTInK,=2.303RTgp>K 1, &5 R UnE 1R,

M 3 ] LLE H, 7 98.15-898.15 K L 5 [l

%1 PdOH,.PdOH.PdO & FHIR MR
Table 1 The structure properties of PAOH,, PAOH, and PdO

State Structure parameters D,/eV
PdOH, HJ‘O B g 'A(C) Rpo=0.2283 nm  Ry=0.0966 nm £~ HOH=105.486° 9.568(0.236%
2 I
PdOH 0""(1. A'(Cy) Rpo=0.1965 nm  Rpy=0.0968 nm £ PdOH=110.186° 6.563(2.161")
HO
o
PdO O Pd 1(Cx) Rpy=0.1858 nm 2.364

a) dissociation energy of Pd-H,O; b) dissociation energy of Pd-OH
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%2 OFEF# H,0,0H.PdOH,.PdOH.PdO 4> FHIIRZNEE Ey 71 FIRZNHE Sev
Table 2 Entropy and enthalpy for H,0, OH, PdOH,, PAOH, PdO molecules and O atom at different temperatures

T PdOH, PdOH PdO H,O (6] OH Pd!
K Ey Sev Ey Sev Ey Sev E S E S E S E S
98.15 61.49 1.79 30.59 5.80 3.54 9.15 58.18 151.74 1.23  129.36 24.07  145.90 2.88 8.97
198.15 62.61 9.18 30.76 6.83 3.64 9.74 60.68 175.11 247  143.96 26.15 166.34 539  26.61
298.15 6443 16.57 31.34 9.13 397  10.89 63.18 188.73 3.72 15246 2823 178.23 796  37.10
398.15 66.60  22.82 3226 11.77 449  12.36 65.72  198.48 497 15847 30.31  186.65 10.58  44.69
498.15 68.99 28.17 33.41 14.33 5.10 13.75 68.35 206.22 6.21  163.13 3239 193.17 13.27  50.71
598.15 71.55 32.86 34.71  16.70 5.79 15.00 71.07 212.72 746  166.93 34.47  198.50 16.01  55.73
698.15 74.27  37.06 36.10 18.86 6.51 16.11 73.90 218.37 8.71 170.14 36.56  203.03 18.81  60.06
798.15 77.13  40.89 37.58  20.84 726 1711 76.84 223.42 995 17293 38.68 20697 21.67 63.88
898.15 80.13  44.42 39.13 22.67 8.02 18.01 79.90 228.01 11.20  175.38 40.82 21048 24.59 6733
The units of £ and S are kJ-mol™ and J+-mol™- K™, respectively.
*3 AREBEETRENERANERE
Table 3 The thermodynamic functions at different temperatures
PdOH, PdOH PdO
/K AH’ AS° AG’ AH’ AS° AG’ AH’ AS° AG’
(kJ-mol™)  (Jemol™-K™")  (kJ-mol™) (kJ-mol™)  (J-mol™-K™)  (kJ-mol™) (kJ-mol™)  (Jrmol™-K™)  (kJ-mol™)
98.15 -23.18 -158.93 -7.58 -205.64 -149.07 -191.01 -271.31 -129.19 -258.63
198.15 -27.90 —192.54 10.25 -210.89 -186.12 -174.01 -275.80 -160.83 -243.93
298.15 -31.98 —209.26 30.41 -215.79 -206.21 -154.31 -280.11 -178.67 —226.84
398.15 -35.81 -220.35 51.93 —220.40 -219.57 -132.98 -284.30 —-190.80 -208.33
498.15 -39.56 —228.76 74.39 —224.86 —229.55 -110.51 —288.44 —200.09 -188.77
598.15 -43.29 -235.59 97.62 -229.22 -237.53 -87.13 -292.58 -207.66 -168.37
698.15 -47.03 —241.37 121.48 —233.54 —244.23 -63.03 -296.74 -214.09 -147.27
798.15 -50.80 —246.42 145.87 -237.87 -250.01 -38.32 -300.93 -219.70 -125.58
898.15 -54.61 -250.92 170.75 -242.21 -255.15 -13.06 -305.17 -224.70 -103.36
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Fig.1 The relationship between equilibrium

pressures and temperatures
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AXHEA SR T 52 RECP)X PAOH, .,PAOH &2 PdO
ST AT LT AR, 75 20 AH I B -1 2544 . AR 3 L
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R 2 R R, IF S0 T Oy Y~ He g Rl R Y
AR RS IREW], KIZERIEA SR 8
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