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REFINE CALCULATION OF THE COORDINATION COMPOUNDS-CH;LiX
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(Collage uf Chemustry mid Chevsiced Engineering, Notjog Lapersity, Naxjig 210093 )

* For a serial carbenold, CH.LiX, thermodynamics and Eyring transition state theory (TST) with Wigner correction
are used to compute their thermodynamic functions, equilibrium constants, rate constants and A factors, from 100K o
1700K. From these results, the stabilities of the isomers vary with'tempera.ture » [Wo somers may Ccoexist at some temper-
awre, which is'contrary to the conclusion that made only besed on electronic structure energy.
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1 Introduetioli

A kind of organcmetallic intermediates with the general formula RR'CMX (M = metal. X = halo-
gen) have been widely used in organic systheses!':?], 1In spite of the practical importance of car-
benoids, little is experimentally known about their structure stabilities and even their existence. So z
number of carbenoids and Telated sysiemns have now been examined by calculationst™ S, the simplest
model, CH,LiX (X =F, Ci), a good starting point for understanding their nature, was thoroughly v
studied with many caleulation methodst?-51, But all the calculations only care about electronic structure
energy . which is just one point to judge stability. So a refine calculation of the practical functions
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about dynamics and thermodynamics is necessary, then we can understand the structure of CH:LiX
more scientifically.

Many methods about electronic siructure energy had been done for the system. CH:LiX. By com-
paring . structure 1 and structure 6 (Fig. 1) seem the most stable among their isomers if only through
electronic structure energy, so Pople’! and Qiu-*! made their conclusions like above. But as David-
sont" and Jul’l have pointed out. it is unsuitable to judge the reaction’s direction only by electronic
structure energy , the judging factor in thermodynamics is free energy (163, which not only is related
to electronic structure energy but also changes with temperature. And at low temperatures, the rate of
structure conversion may be so little that we can’t make a conclusion which structure will be expected
to be observed. So refined calculations are necessary. The purpose of present work is to test the results
of the gquantum calculation at different experimental temperatures, it will be useful to understand the

mechanism af CH:LiX.
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2 Computational methods

The general statistical thermodynamics is used to calculate the thermodynamic functions and equi-

librium constant, and Eyring transition state theory (TST) with Wigner correction is used to calculate
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the A factors and rate constants. The geometric parameters and frequenciss were taken from [4.5]

and they were tested with Hartree-Fock (HF) theory at 6-316°

and transition states.

plished by self-compiled program.

basis set for all equilibrium structures

All computations of the thermodynamic and dynamic quaniities were accom-

3 Resulis and discussion

Table 1 Frequenchea®™ with 8-31G " cm
1 2 3 4 5 6 7 ] 9 1o
3287 3306 3304 3306 3550 3325 3318 3170 3318 3140 .
3226 3230 2976 3229 3345 3267 3241 3092 3240 2978
1583 155% 1525 1558 1502 1568 1556 1565 1558 1510
1304 1023 1287 976 1167 1205 783 1228 801 1056
1214 741 123% 764 B52 1051 583 1094 614 811
775 410 800 441 681 668 124 581 426 590
588 285 543 3939 4939 447 252 562 410 220
481 a5 405 15% 4179 3 60 230 132 130
450 a1 3ar 101 109 1) 283 55 224 $5i 32N
% 1.5 are taken from (4], 6-10 are calculated with Gaussian-92
Table 2 Thermodynamic and Dynamic Resuliy for the Conversion I to J
{to S Tk a8/ (kd/mol) 4@7 (e fmal) A8/ (J/mol = K) Ink kfs—1 A
100 —69. 8 —11. 5 —11.5 B82.6 3. 9E9- 4. 2ZE12
500 —75 5 —87.3 —36. 4 13.8 8. 3E11 2. 9E12
2tol S00 —78.0 —41. 8 —d40 1 5.6 1. 4E12 2.9E12
1300 —78.2 —25. 8 —41.3 2.4 1.8E12 2. 8E12
1700 —79.8 —4.% —4l. 7 [ N3] 2.0E12 2.8E12
100 —104. 5 —104. 4 —1.1 125. 6 1.3 4. 5E12
500 —105.3 —103. ¢ ~=4. 5 24. B 2. 0E10 1. 1E13
Sl 900 —105.6 —101.1 —50 13.5 3. 2E11 1. 3E13
1300 —105.9 —89.0 —53 8.2 3. 9E11 1. 4E13
1700 —108.1 —96.8 —B.5 6.9 1.8E12 1.4E13

"3.9E9=3.BX10°

According to all the data listed in table 2, the difference of free energy (.J4() is negative and the

equilibrium constant is bigger than 1 at any given temperature, which meané structure 1 is the most sta-

ble geometry of CH,LiF. At low temperatures, the structure 1 is almost the only siabie geometry , but

when temperature rises, AG reduces sharply and at 1700K, existence of structure 2 can’t be neglected ,

where the ratio of structure 1 1o 2 is approximately 1. 8 to 1. Structure 3 is minimal even at very high

temperatures, because it has a big difference of elecitonic siructure energy (A£) with siructure 1. The

other system, CH;LiCl, as listed in tabie 4. has the same trend as CH:LiF. Structure & is stable at low

temperatures but when the 1emperature reaches a high level (above 12D0K), 10 becomes a positive

L4
number at equilibrium constant is smalier than 1, so the siructure T will be more stable than structure

6. " Algo like structure 3, structure 8 can be neglected even at a high temperature.
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Table 3 Entropies of Different Structures Jimol « K
! 100K 500K 500K 1300K 1700K
| St 131.0 165. 5§ 1777 185.3 190. 8
Sw 0.18 3.6 48. 7 68.90 B5. 1
Sr 74.9 84.9 102.3 106. 9 110.2
5 2071 284.1 3087 361.1 386. 6
R st 132.0 165. 5 177.7 185.3 l90.5
Sv 15.5 53.9 892.7 114. 0 132.0
Sr .0 91,1 98. 4 103. 4 106. 0
S 218. 6 320, 5 368.9 402. 4 41283
3 St 132. ¢ 165.5 177.7 185. 3 184, 9
Sv 0. 58 27.4 53.1 73.3 80, 2
Sr T5.6 95.7 103. 0 107. & 110.9
5 208, 2 28E. 6 333.8 366, 4 392.0
4 St 132. 0 165.5 172.7 185, 3 190. 9
Sv 1.4 353 5% 1 77.3 98, G
Sr 80. 7 100, 8 108. 1 112.7 116. 4
5 216. 1 301.5 344. 9 375.3 399.0
5 St 132. ¢ 165.5 177.7 185. 3 190. 9
Sw .1 20.8 43. 0 A, 5 3.9
Sr 74. 5 4. 6 101.9 106. 5 109. 8
s 208. 7 280. 8 3226 352.4 375.7
S1; uenslational Sv; vibraugnal Sr, rowational
Table 4 Thermodynamic and Dynamic Resulfa for the Conversion { 10 J

tw TiK AH kS /mold A/ kI imal) 487 (k] /mal) Ink ksl A
FTahb 100 —326.5 —35. 2 —13-8 42.3 4. 5E14 2.7E12
500 —41.0 —z4.2 —33.6 5.8 9. 4E11 1.9E12
50q —43. 0 —10.0 —36.6 1.3 1. 3E12 1.9E12
1300 —44. D 4.8 —37. 5§ —0. 44 1. 4E12 1.9E12
1700 —44. 5 19.9 —37.9 —1.4 1. 5E1Z 1. BE12
b 100 —125. 9 -~ 125.7 —2.4 151. 2 1. 4E1Q 1.0E13
500 —126.5 - 123.7 —5 6 29. 8 5.4E12 4. DE13
aDa - 126. 6 —12].4 —5. 48 16. 2 1. 413 1. 9E13
13ha —126.9 —114. 1 —6. 0 11.0 2. GE13 3. 2E13%
1700 —-127.1 —116.7 —6.1 4.3 2.6E13 5.4E13

The most stable geometry varies with temperature. The electranic structure eneergy (E), the pto-

duction of quantum calculation, is nat related to temperature. But in chemistry, a real scientific judg-

ing factor of the direction of a reaction is free energy (G), which concerns nat only electronic strye-

ture energy . but alsa entropy (S) and temperatute (T). So when temperatute rises, the 1£ may be

na longef the only dominant facior. As listed in table 3, the translational entrepy (St) is with the

same results among three structures at a given temperature . while the rotational entropy (Sr) and the

vibrational enttopy (Sv) are different. Because St is a function of formula weight (M7, pressure

(P) and temperatute (T), three isomers have the same formula weight, rhus St has the same resubts.
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Sr is decided by rotational inertia (1), different geometries have different L. so three structures have
different Sr. Sv is decided by frequencies, as listed in table 1. the frequencies of three structures are '
different. So different structures will have different entropies. Because 18 isn't equal to zero, though
little . the product of 45 and T will reach the same level as .A¥ at a enough high temperature, then J1&
will not be the only dominant factor. The two systems, CH:LiF and CH,LiCl. conform to this rule.
The 1K of reaction 7 to 8 is small enough, so its direction can cohvert at a high 1emperature,
Seen from dynamics, a guick equilibrium for siructure conversiton is necessary. Reactions 2 to .
I. 7 to & and 8 to § have large reaction rate constants (Table 2), which can be considered the equilib-
cium reaches in a moment. But the rate consiant of reaction 3 to 1 is so small at low temperature
(100K} that though the 4G is very large for 3 to I, structure I may be not the dominated structure.
In Table 2 and Table 4, the A factors of the reactions change little with temperature, 50 the above re-

actions follow the Arrhenius rate law,
4 Conclusion

To simple carbengids, CHLiX(X=F, C1). the structure \Ivith the lowest electronic structufe en-
ergy (&) isn't always the most stable struciure, if A& is less than 50 kJ - mol™!, another structure
may be more stable in an experimental temperature. The reaction rate constant of 3 to 1 is very small
when the temperature is less than 100K, so the two structures, 1 and 3 may coexist. All of these re-
sults are different with the previous conclusions®*1.

We thank Dr, E. R. Davidson for his valuable advice while G. Z. Ju visited in his laboratory.
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