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Theoretical Calculation for Interaction of CO, with - Hand - CHs
in Synthesis of Acetic Acid from CHs and CO:

ZHANG Riguang, HUANG Wei *, WANG Bagjun

( Key L aboratory of Coal Science and Technology of Ministry of Education and Shanxi Province,
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Abstract: The reactions of CO, with H and CHj; radicals were systematically investigated usng the quantum
chemistry dendty functiona theory. The reaction mechanism of CO, with H and CHjs radicals wasobtained. The
pathway that H or CHs radica attacked the C atom of CO, was the preferentia pathway in dl the four desgned
reaction pathways. The main product was acetic acid, while methyl formate was inhibited by dynamics. The
caculated result wasin accordance with the experimenta result , which provided a new illustration and guidance
for the direct synthessof oxygenated compoundsfrom CH, and CO- by a two-step reaction method.
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Fg1l Seric corfigurationsof different ecies
(IM —intermediate, TS trandtion state.)

1
Table 1 Primary geometric structure parameters of different ecies
IM1 TSL IM2 T2 HCOO: IM5 TH CH3COO-
Bond length (nm)
Ol-C2 0.118 0.120 0.124 0.126 0.126 0.118 0.121 0.127
C2- 03 0.118 0.120 0.124 0.126 0.126 0.118 0.121 0.127
C2- H4 0.302 0.160 0.115 0.112 0.110 0.308 0.196 0.149
C4- H6 - - - - - 0.109 0.109 0.120
Bond angle (°)
Ol-C2- H4 88.965 99.133 108.594 116.936 123.227 93.193 109.983 123.855
03- C2- H4 91.245 99.745 108. 639 116. 944 123.229 89.672 104. 435 124.009
O1-C2- 03 179.790 161.120 142.764 126.119 113.544 176. 756 151. 581 112.129
Dihedrd angle (°)
H6- C4- C2- O3 —_ —_ —_ —_ — 12.358 - 34.848 - 29.070
IM3 T3 IM4 T HOOC: CH300C: HCOOH CH3;COOH
Bond length (nm)
H4- 01(C2) 0.303 0.138 0.340 0.188 0.997 0.145 0.988 0.150
Ol- C2 0.118 0.122 0.118 0.123 0.134 0.135 0.136 0.137
C2- 03 0.118 0.118 0.118 0.120 0.120 0.120 0.121 0.122
C4- H6 - - 0.109 0.109 - 0.110 - 0.120
Bond angle (°)
C4-Cl-C2 111.560 116. 869 154,222 120.591 108. 140 114.566 105. 671 -
Ol-C2-03 179.892 156. 267 179. 766 142.716 129.990 126.190 125. 316 122.304
Dihedra angle (°)
C4-Cl-C2-C3 2.160 0.1 90. 686 176. 766 0 178.617 6.446 -
H6- C4-01-C2 —_ —_ 51.305 170.522 _ 45.084 _ —
, CO, TS1. , C2- H4
, 0.160 nm. C2- 01 0.112 nm
, 0.126 nm, O1l- C2- 03 180. 0°
M1 TS1 IM2, C2- H4
(1) , , , T HCOO:- .

IM1 ,C2 H4 , H C2- 03 ,
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Table 2 Only imaginary frequency of different transtion states and

3

Table 3 Energy for every sationary pointsof different
gpecies in various reaction pathways

the bond corregponding to the relative norma vibration

TS Imaginary frequency (cm %) Bond edes Et Eo Ec =

TSL - 971.65 C2- H4 kJ/ mol kJ/ mol kJ/ mol kJ/ mol

T - 753.08 0Ol-C2- 03 - H+ CO; - 496520. 85 29.72 - 496491. 13 0.00

T3 - 1297.44 H4- 01- C2 IM1 - 496527.29 30.89 - 496496. 40 -5.27

T - 888.14 C4-C2-01 TS1 - 496491. 69 32.33 - 496459. 36 31.77

TSH - 357.42 C4-C2-01 IM2 - 496523. 32 45.22 - 496478.10 13.03

T - 496509. 75 44.53 - 496465. 22 25.91
(2) , IM3, . H4 HCOO-: - 496518. 26 51.66 - 496466. 60 24.53
IM3 - 496526. 66 30.02 - 496496. 64 -5.51

o1 ' TS3 ' TS3 - 496450. 36 32.71 - 496417.65 73.48
C2-01 0.118 nm 0.122 nm, HOOC: - 496529. 91 51.43 - 496478.48  12.65
0O1- C2- 03 180. 0° 156. 267° , -CH3+CO2 - 599747.82 106. 29 - 599641.53 0.00

IM4 - 599749. 45 106. 85 - 599642. 60 -1.07
HOOC: . (3) TS - 599579. 84 114.84 - 599465.00 176.53
IM4 , ,C4  O1 CHsO00C- - 599691.56  125.13 - 599566.43  75.10
TS . C2-01 0.118 nm IM5 - 599754. 65 107.67 - 599646. 98 -5.45
0.123 Ol1- C2- 03 TS - 599721.33 114.84 - 599606. 49 35.04
: nm, » O1-Le- CHsCOO- - 500751.68 112.83 - 509638.85  2.68
180. 0° , CH300¢C. . HCOOH - 498272.54 — — -

(4) IM5 CH3;COOH - 601489. 87 _ _ _

c4 o1 Et— Totd energy; Eop ™ Zero-point energy; Ec— Correct-

’ ! ed energy for zero-point energy; E.— Reative energy (with
TSS , C2-01 0.118 nm - H+ CO, as reference in pathways (1) and (2) , with - CH3
0.121 nm, O1- C2- 03 180. 0° + CO, as reference in pathways (3) and (4) .)
112.129°, CH3;COO- .

® kd/ mol 37.04 K/
COz+-H™—IM1— TSI —IM2— TS HCOO- (1) mol . (2) , 78.99
CO,+-H——IM3——TS3— HOOC: (2 k3/ mol . (3) '
CO,;+:-CH3 7/ IM4— TS CH300C: (3)
e T 177. 60 kJ/ mol. (4) ,
CO, + - CH3 IM5 TSH CH3COO- (4)
X 40. 49 kJ/ mol.
Scheme 2 Course for various reaction pathways 200
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IM2 Y 12. 88 oeciesin various reaction pathways
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