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Table 1 Geometries of reactant and TS1 for one-step reaction

(bond lengths in angstrom, angles in degrees)

HF/STO-3G [4] AM1 HF/3-21G

R TS1 R TS1 R TS1

c,—C, 1.512 1,933 1.471 1.589 1.487 1.836
C,—0, 1,219 1.182 1,233 1,225 1.200 1,171
C,—0, 1.392 1.302 1,388 1,282 1,357 1,277
C,—H; 0.990 1.214 0.965 1.633 0.961 1,342
C,—C, 1.312 1.334 1.331 1.347 1.315 1.353
C,—H, — 1.328 —_ 1.360 —_ 1,338
C,-C,-0, 126,300 119,200 125,388 121,217 127.744 120.300
C,-C,-0, 111,800 90.600 121,757 105.997 118,316 97.320
C,-0,-H, 104,500 — 110,475 — 116,316 —
C,-C,-H, o 55,800 — 76.628 — 59,937
C,-C,-C, 121,600 114,500 126.069 119,071 126,270 113,417
C,-C,-0,-H; e 1.600 —_ 2,280 — 1.250
0,-C,-C,-0, = 178,700 —_— 180,615 — 182,204
Cs-C,-C,-04 — — — 95.462 —_ 100,194
H,-C,-C,-H; — - —_— 180,050 _ 178.580
C,-Cs-H,-H, — —_— - 181,040 e -178,550
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Table2 The energies of chemical species of reantant, TS1, IM, TS2

and products of one-step and two-step reactions

HF/STO-3G (4] . AaMm HF/3-21G o
one-step one-step  two-step one-step two-step
reactant -262.166 -0.112 v -0.112 - 264,151 - 264,151
TS1 -262.351 0.029 -0.129 -264.010 -264.019
E,1* 485,758 369.84 327,874 369,842 343.612
IM — —_ -0.052 — - 264,105
TS2 — - 0.020 e -264.105
L 2* — e 188,855 o 236.069
product -262,143 -0.120 -0.470 -264.162 -264.507

# E, (potential barriers) in kJemol-!, the others in atomic units
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Table 3 Geometries of TS1, IM and TS2 for the two-step reaction
(bond lengths in angstroms, angies in degrees)

TS1 IM AT TS2
T AM1 HF/3-21G AM1 HF/3-21G AM1 HF/3-21G
Cc,—C, 1.534 1.596 1.456 1.445 1.596 1.727
C,—0, 1.236 1.211 1.206 1.182 1.239 1.208
C,—0, 1.290 1.269 1.372 1.362 1.245 1.224
Cc,-0 2.304 2.294 1.489 1.549 2.366 2,289
0,—H, 1.648 1.561 2.679 2.684 2.543 2.544
H,—C, 1.339 1.250 1,117 1.081 1.471 1,424
C,—C, 1.387 1,387 1,488 1,502 1,389 1,347
C,-C,-C, 111,730 111,054 122,058 121,364 118,484 113,632
0,-C,-C, 122,949 118,697 163.206 155,569 112,493 111.182
0,-C,-C, 109,051 105.860 63.494 66.904 113,541 108,356
H;-C,-C, 91.045 88,027 111,425 110,438 55,242 53,152
0,-C,-C,-0, 180.253 181,272 181,463 181,235 181,382 181,433
H,- C,-C,—Ha -136.272 — 134,670 174,175 174,842 -102.430 -100.360
C,-C,-C,-0, 146.641 154,280 - 80.423 ~-179.280 162.055 160,330
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THEORETICAL STUDY OF PYROLYSIS MECHANISMS
OF ACRYLIC ACID IN THE GAS PHASE

Fang Weihai Fang Decai Liu Ruozhuang*
(Department of Chemistry, Beijing Normal University, Beijing 100875)

ABSTRACT

The decarboxylation reaction of acrylic acid in ground state has been investigated
by using self-consistent—field molecular orbital method(Semi-empirical AM1 and
HF/3-21G ab initio methods), Our calculation showed that in addition to one-step
process from reactant to product which has been reported by Ruelle, there is another
reaction path which is a two—step reaction and the latter will be least competitive with
the one step process. The rate constants of both the two reaction paths are very small,
which is consistent with the experimental fact (at ca, 500°C acrylic acid breaks down
to the extent of ca, 25%) , Furthermore, our investigation indicated that the
intermediate is rather stable, therefore it can be expected that tais substance might

be observed, This needs to be confirmed by experiment,

Keywords; Acrylic acid, Pyrolysis mechanism, Self-consistent-field molecular
orbital method
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