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Fig. 1 Optimized configurations diagrams of the Co,FeP cluster
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Fig.2 Transition state (TS) configuration diagrams of the Co,FeP cluster
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Table 1 Thermodynamic parameters of the optimized configurations of the Co,FeP cluster
i) U/(kJ-mol 1) G/ (kJ-mol ") H/(kJ-mol 1) S/(J-K~'emol ")
13 —-1483270.299 -1483367.983 —-1483246. 101 409. 129
23 -1483250. 405 —-1483347.034 —-1483227. 643 400. 770
33 -1483170.521 -1483271.173 —-1483145. 840 420.711
43 -1483138.378 —-1483234.897 -1483114. 648 403. 650
53 -1483125.432 -1483228. 986 -1483100. 263 432.097
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Table 2 Equilibrium constant K of the isomerization reaction of the Co;FeP cluster

SERAL R AG/(kJ-mol 1) AH/(kJ-mol ") AS/(J-K~"-mol~") InK K

20 1 ® -20.949 —18.458 8.359 8.456 4.701 x10°
43 51 —133.086 —131.453 5.479 53.716 2.132 x 10%
4353 -112.137 -112.995 -2.880 45. 261 4.535x10"
43 533 -36.276 -31.192 17. 062 14. 642 2.285 x10°
530543 -5.910 —14.385 -28. 447 2.384 1.085 x 10!

IR AS S RN AE

XA SOSETF FRRK B RN e T
P R AT A REEE (BB REE ) o K (RO, U
W2 SO X [ EA T A 5 4, A 1 3% v A il i
i B O OR s J 22, RO BN 5E 4, AR U BT o Y
LGB/, X T — BRI &, 2 K > 107 I, %%
JO7 XE T} A A 04 BIR RE JE KT 30 1) AT A R EE 5 2
1077 < K < 10° I, 1252 0 1 i) 6477 A9 IR 88 1336 1) i
FTRY R BEAHGE 5 2 K < 10 77 B 3RO I ) A7 1 B
JEE e /N T ) AT B BRBEE

RG22 YRS A ME A B, 78 AT 19 A1k
SR, HAT RO 2 -1 FE 5 —a ) i i

BUNF 107, i HA R Y KT 107, BEB RO 2 —
1T F 5S4 1y i AR BEAS KAV, S B 4 A
TS B A A A 25 AR, T At S5 44 £ S 0 1)
1F SN FR R85 B N BIR B, s by A B A IS
SV TE ) AT AL 2R 4R 100%

BT X LR CAETE R SR A0 RN e A1 8
IR R TR 1 PSR R I T 2 S
B0, 0T DIXHE B — > 54 A0 B I A R 3 R A T ¢
o> SR RN TN 25 55 T2 3, thk 3 w]
%, 0 AL B K (HY KT 107, i X s 57
FAE R N HEA AR A T 4

# 3 MR Co,FeP St 0 SN (117 K K 9 5100

Table 3 Prediction of the equilibrium constant K of the isomerization reaction of the Co,FeP cluster

SRR AG/(kJ-mol ") AH/(kJ-mol =") AS/(J-K™'emol™") InK K

33513 -96.810 -100. 261 —11.582 39. 074 9.328 x10'°
33523 -75. 861 -81.803 -19.941 30.619 1.984 x 10"
53) 523 - 118. 047 -127.380 -31.327 47. 645 4.921 x 10%
5333 -42.186 -11.386 -45.577 17. 026 2.480 x 107
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Table 4 Total energy and activation energy of the isomerization reaction of the Co,FeP cluster
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K2 —1483250. 405

2005 ® s g2 1) -1483130. 416 119. 989 139. 883
A1 —1483270. 299
R4 4 -1483138.378

43 5 ® s e 1) - 1483068. 092 70. 286 202.207
R 1) —1483270. 299
KR4 -1483138.378

40 53 s s 2 - 1483066. 472 71. 906 183. 932
A 2 - 1483250. 405
KR4 -1483138.378

40 530 s s - 1483124. 804 13.573 45.716
A3 - 1483170. 521
KR 5 —1483125.432

53) 543 s s -4 - 1483083. 306 42,125 55.072
A 4 -1483138.378

a— N S IS I RE R Z 2 b—A ) ST A R iR 2 22

N ST T AL RE R A | B R AN 25 5 i AT, T
PAHI 2 4 H AR B 7T 2 B0, BT AT S AR e A R
1 EBNT E VAR BT A S 4 S Hh I 1] J
o7 B3 i S5 7 B2 5 R AT, BRIDRE B v AL R R 45 5
FEAL R RE AR AR B [RIE, phy 18] 3 AT LR B, Fg 25
4 T AL R N e %2, 3 HAE 49 -1
49 2O [l SR A R R 4 A R VS A T
FEREARIE ( — & 1Y 22 1E A 1. 620 kJ/mol ) , B HA#4)
T 4 A sk Y A A TS Y TSt 2
SRR ZEAR, H - F W AR RE AR
LR IR 2 b B, R TS T st 2 gy
23 (] 45 4 5 S50 A 7 B 43 A AL, {EL pl T A 25

1 RE AR TR R 2 | FiF LU H R S5 by B et
AT 4 B2 AL O B R BRI B R 11 A R
19 (HAF— A, A1 40 FE AL R 7 3 i
E/NTH7 4 FM S AR N E, 2% 9 Fe
TSV 2 AERG I 4 AT AR A 04 3o U 25 v i
FREM

HR A5 B3 7 5E B 97 % B 75 B 14 Js2 1y 1 [i]
t=-(In0.03)/ k (H k=21 x 10" x T x
e—lOOOAE/(1A9859xT> ,k %m&MEﬁﬁﬁ,AE %:i/j_\‘}:iji‘z
TEALRE) PIAS 7R R IR T, Y B 2 I 2 s
BTG AL BE 21 kcal/mol ( 2% 88 kJ/mol) A=
BLHEAT 22,3 min, 117 2435 L HE R 22 keal/mol ( 29K



%5 1

TR e Wi Co,FeP A AL SN BIE 127 5 8 125 29 -

-1 483040 -

F B1_23) 4B3)_13)
o] o
- [ V)
-1 483100F  / PR
-1 4831201 _/ P RN
-1 483140F 5V 2T S
-1 483 160+ IR
| -1 483 180+ N A
| —1 483200+
-1 4832201
-1 4832401 A
-1 4832601 55 N
-1 483280 =
-1 483300

Ty

K3 HIfE CoyFeP SA4 10BN A HHE i 121

Fig.3 Potential energy surface diagram of the isomerization
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Table 5 Reaction rate constant and equilibrium constant of

the isomerization reaction of the Co,FeP cluster

SRR bop/s™! kg/s™! K

23513 3.07x107%  9.99x10°1 3.07 x10°
4351 ™ 3.68 x 10° 2.76 x10 % 1.33 x10%
43523 1.88 x 10° 4.34x10°%®  4.34x10"
43 33 1.66 x 10'° 3.85 x 10* 4.31 x10°
503054 8.68 x 10° 4.68 x 10! 1. 85 x 10?
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Table 6 Entropy of transition state configurations and

pre-exponential factor of the isomerization

reactions
SRR S/ (T K emol ™) ALY Ay
2030 51 393. 533 2.601 x10'*  9.516 x 10"
43 51 401. 122 4.582 %102  2.371 x10"
463 52 400. 833 4.426 x 102 6.258 x10"?
43533 394. 198 1.993 x 102 2.560 x 10!
53543 395.576 7.681 x 101" 2.352 x 10"
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Thermodynamics and kinetics of the isomerization reactions of
the Co, FeP cluster

MAO Zhilong FANG ZhiGang" QIN Yu XU You HOU QianQian

(School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract ; In order to find the stability, structure and internal forces of the Co,FeP cluster, density functional theo-
ry has been used to calculate the cluster at the B3LYP/Lanl2dz level. Five optimized configurations were obtained
and the reactants, transition states and products of the isomerization reactions are discussed and analyzed from the
perspective of both thermodynamics and kinetics. The results showed that all configurations are C1 symmetric and
the spatial structure of the configuration has an effect on its entropy. The stability of the configuration is determined

19,2 and 3 are stable under normal temperature and

by both metal and non-metal atoms. The configurations
pressure and are the final products of most isomerization reactions. Therefore, in terms of actual material develop-
ment, it is not only necessary to pay attention to the forces between metal and non-metal atoms to ensure the stabili-
ty of the configuration, but we should also consider the relevant research on the stable configurations 1, 2’ and
3%,

Key words: Co,FeP cluster; density functional theory; Van’t Hoff equation; transition state theory; Arrhenius for-

mula



