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Fig.1 The geometric configuration diagram optimized at the
B3LYP/LANL2DZ/6-31 ++ G (d, p) level for HCOOH,
Au, and H,
('The unit of bond length isnm)
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()T Au( 1) JLFZBEEETR, 0(2)—H(2)
TS AR A TS1-1. TS1-1 X 5 4 ME — 5 45
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Fig.2 Potential energy profile obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for the path I

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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Fig.3 Potential energy profile obtained at the BALYP/ LANL2DZ/6-31 ++ G (d, p) level for the path II

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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Fig.4 Potential energy profile obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for the path Il

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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Fig.5 Potential energy profile obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for the path IV

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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L5 TS4-2( M N -1754.7 iem™ ) 5 B F & 72 )
PC4(CO+H,0) , FFREHL 249.99 kJ/mol RE . TS4-2
RSN E H(1) 28 0 (1) S+ )

0(2) JLFEEIT, A C—O0(2) B, 0(2) R 1
HH(1) M 0.2102 4% % 0.0974 nm, X EH O
(2)—H(1) 5.

2.3 CO, 7 H,7 Au, A% _E AR ENLR B B iR

HE 6, K7 K CO,f H7E Au, AFEH PR
) B2 i 57 o 4R CO Al H,0 AY3E AR (Au (1) J
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Fig.6 Potential energy profile obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for the path V

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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Fig.7 Potential energy profile obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for the path VI

(The unit of bond length is nm, the unit of relative free energy is kJ/mol)
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TEFAR VI, B, Sl e s 2 b vl b
A, HKEE A -70.88 kl/mol. i Tfff H(1) 1 H
(2)REIF £ 2] 0 (1) |, —FH WM 0
(1) B8, FIk, RC6 Hi 0(2) R 74553 TS6
R, WA T Y PC6, X — 7 B Ik 461.24
kJ/mol HYfE L2 F-FEBER 540.45 kJ/mol fE& 1R,
TS6 ME— HEM(-429.4 iem™ ) MHR B4 2L IE AL Hh b
AT H(D)EFHFH2) B m 0(1) EB .

H(D) PR O(1) i Z [ R B 0.2966 45
£ 0.0971 nm, H(2)JFH O(1) JFiFZ A A i &
i1 0.3104 45%5 4 0.0967 nm, %M 0(1)—H(1)
B 0(1)—H(2) BERIE .
2.4 BEEDHT

FlohgD I, I, IV, VAIVIZE B3LYP/
6-31++G(d, p) /KF T 1532 WA X TH7 163 25 19 S g
YA SE S RE R R (7. k)/mol). HP ML FRERE R
A AEe, FRIRAITEFRR A AE,, FHaliieRnh

%1 7£ B3LYP/ LANL2DZ/6-31++G(d, p) KETHEMERF I ~ VINEHAESHEP I EREYHIHEITEGEE
Table 1 Relative energies (in kJ/mol) with respect to the separate reactants for the path I ~ VI in the gas phase
at the B3LYP/ LANL2DZ/6 - 31++G (d, p) level

Unit; (kJ/mol) AE, TAS v AE, AE gy AH AG AG™
RC1 -54.52 -39.33 -52.05 -78.56 -50.04 -10.71
TS1-1 146.61 —-43.55 131.00 134.64 132.13 175.69 186.40
INT1-1 -14.60 -44.52 -24.81 -21.46 -23.93 20.59
TS1-2 60.75 -45.98 36.57 10.04 5.06 82.72 93.43
INT1-2 -65.90 -44.98 -86.40 -82.42 -84.89 -39.92
TS1-3 138.37 -30.84 138.32 135.39 132.93 163.80 174.51
PC1 —-48.66 -23.22 -40.92 -41.13 -43.60 -20.38
RC2 =77.40 -44.39 -72.30 -68.83 -71.30 -26.95
TS2-1 125.65 -47.78 114.47 116.65 114.18 161.96 188.91
INT2-1 26.11 -46.02 25.06 27.87 25.40 71.42
INT2-2 28.24 -46.36 26.48 29.33 26.86 73.22
TS2-2 62.55 -50.84 48.99 50.17 47.70 98.53 125.48
INT2-3 -17.32 -43.56 -29.79 -26.11 -28.58 14.98
INT2-4 2.05 -36.82 17.49 12.76 10.29 47.11
TS2-3 78.74 =34.77 76.90 73.14 70.67 105.44 132.38
pPC2 -48.40 -30.88 -38.91 -40.38 -42.89 -11.97
RC3 -84.27 -45.77 -104.39 -75.31 -77.82 -35.15
TS3-1 238.24 -49.08 225.98 230.71 228.24 268.99 304.14
INT3-1 -14.43 -30.92 -6.82 -4.23 -6.74 35.48
TS3-2 151.37 -43.05 140.21 142.97 140.50 183.55 218.70
PC3 -102.42 -34.64 -106.99 -99.12 -101.59 -66.94
RC4 -160.00 -45.77 -155.39 -153.30 -155.77 -103.68
TS4-1 165.98 -49.08 153.30 156.15 153.68 204.01 307.69
INT4-1 23.22 -48.37 37.03 29.37 26.90 76.53
INT4-2 -107.49 -48.66 -98.16 -96.44 -98.91 -50.46
TS4-2 61.84 -47.15 53.22 55.27 52.80 99.91 203.59
PC4 -77.40 -33.18 -187.65 -180.79 -183.26 -150.08
RC5 125.65 -30.92 -86.69 -78.66 -81.13 -50.21
TS5 26.108 -39.92 332.00 337.11 334.64 374.55 424.76
PC5 28.24 -40.04 -129.45 -123.30 -125.77 -85.73
RC6 62.55 -36.65 -111.59 -105.02 -107.49 -70.88
TS6 -17.32 -40.92 305.14 310.08 320.16 390.37 461.24
PC6 2.05 -33.18 —-187.65 -180.79 -183.26 -150.08
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307.69 1 203.59 kJ/mol. BN%5 — L) H k2 5
e, AT — 2D s B D BR. INT4-2 5 PC4 #§
BB E R EE S, ARV SRR kM, ™
AR HEEL SR A R B2 AGCT ZHIAK,
AL F TC IS e b T =ML AN Au (1) JRT |
AL T =AY Au(4) 55 b, HR w1
ZERIRK. BeAh, BT, IV B IE AL B e 42 Lt %
71, &, BrLfE Au, AEAEAL T, HCOOH B 5
SHRARE) CO, M H,. XIS = ifimdl > i k8,
HEALFIE T HCOOH 1) 5 %0 52 7 RS 7K 52 7 ) ikt
s SOV 1S AL RE 23 ] My 353,15, 335.02 kJ/mol, i 7E
Au, A% I HCOOH 1) JBd &0 12 ALK B A2 B 2234
FRFEAL, 0°h 186.40 , 188.91 kJ/mol. iX—%515
SRR gT > BT 2% U Y A Ak 00 YR 4 it S g
BABGHRLE R, B4 O, H,Z0CR BT

N

WS S AT, TEBRAR Vb, RC5 I AG 2
-50.21 kJ/mol, PC5 (& AT H HAE AG J&-85.73
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Table 2 The energy barrier of HCOOH decomposed dehydrogenation path under the action of Au,, Au, and Aug clusters

Species AGT/(kJ - mol™) AGY/(kJ » mol™) AGI/(kJ - mol™)
Au, 222.45 147.30 197.65
Au, 186.40 93.43 174.51
Au, 237.95 162.43 231.83
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Fig.10 The transition state configuration obtained at the B3LYP/ LANL2DZ/6-31 ++ G (d, p) level for Au, and

Au, clusters loading on the CeO, in the first step of HCOOH dehydrogenation
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Theoretical Study on Decomposition Mechanism of

Formic Acid on Au, Clusters

ZHANG Ke-xin, YANG Chun-xiao, ZHANG Yan-kun, LI Fen-ji, YANG Yun-han,
GAO Qian, LU Zhen-dong, LI Xiang-hua, XIA Fu-ting” , JIA Li-juan”

( School of Chemisiry and Environment, Yunnan Minzu University, Key Laboratory of Resource

Clean Conversion in Ethnic Regions, Education Department of Yunnan, Kunming 650500, China)

Abstract: The decomposition mechanism of HCOOH on Au, clusters was studied using density functional theory

and two catalytic active sites of Au, cluster were investigated. In path I and path I, the decomposed products of
HCOOH are CO, and H,. In path Il and path IV, the final decomposed products of HCOOH are CO and H,O. In
addition, the transformation of two kinds of products, named path V and path VI was studied. It is showed that the

activation energy barrier of path I and path II are low, which means that HCOOH on Au, clusters is likely to be

decomposed to CO, and H,. Moreover the conversation of the two kinds of products is not easy to happen. Further

study finds that cluster size and CeO, support have certain influence on the activation free energy barrier of dehydro-

genation path of HCOOH decomposition.

Key words: formic acid decomposition; density functional theory; reaction mechanism; cluster Au,



