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配位化合物c．／~x的修正计算 
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(南京大学化学化I学院，南京 210093) 

XCq：--~ JlE位化合物 CH~LIX(X=F，e1)，根据统计热力学和舍 W~pler校正的 EyTin$过渡态 

理论(TST)，计算了热力学函数、平衡常数、建率常数 阿仑 尼乌斯指前因子 A(100—1700K)。从这些 

结果来看，不同构型的稳定性是随实验温度变化的．两种构型可能在某一温度共存。这一结果是不 

同于仅通过电子结扮能所作出的推断的。 
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’ For a serial carben~ l，CH2LGX，thermodyrmmics and
．
Eyring 珊 idon$‘a忙 theory(T )with W igncr correction 

Rre used t。compute their thermodynamic functions，equilibrium conutents，rate co nstat~ts and A factors，from J 00K r0 

l 700K．Prom these results，the stabilities oftheisomersvarywithtemperature，twoisomersmay coexist at etemper 

a[ur~，which is co ntrary tO the conclttsio~ that made only besed on electronic structure energy． 

Ke， 础 ： lithium 舶。同岫-non co盯Ipa删 髓柚。岫删I吼tc functton 咖 bI 

A kind of otganometalllc jn+ermedlates wjm the general forrnula RR CMX(M ：meta1．X= halo_ 

ten) have been wide used in organic systhesesL‘’ ． In spite 0f the practical importance of car— 

benoids，Jittle is experimentally known about their structure stabilities and eve11 meir existence．So a 

numbe~r of carbenoids and related systen~ have nOW been examined by calculatibnsC ，日1e simD1憾t 

mode1．CH=I,iX(X=F，ci)，a good starting point for understanding their nature，WaS th~rouBhty 

studied  wjm  many calculation methods̈ ‘ ．But all the calculations Only ca re abo ut electronic structure 

energy，which is jum 011C point to judge stability．So a refine calcu1atior~of the practical functions 
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about dynamics and thermodyna mics is necessary． then we can understand the structure of CH~LiX 

m ore scientifically． 

M any methods about elec tronic structure energy had bee／)done for the system ，CH~LiX．By COm— 

paring，structure 1 and s~ructure 6(Fig．1)Seem the most s~ble among their isomers if only througl1 

electronic structure energy．so Pople E ]and Qiu： made their conclusions like abo ve．But as David- 

son[“ and Ju[_l have pointed out，it is unsuitable to Judge the reaction s direction only by electronic 

structure energy，the judging factor in thermod ynamics is free energy (jG)，which not only is related 

to electronic structure energy but also changes with tem perature． And at low tem pe ratures．the rate of 

structure conver~on 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 quantum calculation at different experimental temperatures-it will be useful to understand the 

mechanism 0f C卜{2LiX ． 
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Fis．1 HF／6—31G’optimized geo|T’e”ies of CH：LiX (x— F．c】) 

l-5 a tokenfrom [43，6-10 aretakefrom[5] 

The general statislical theTmod ynamics is used to r．ellculate the thermodynam ic functions  an d equi- 

librium constant，and Eyeing transition state theory(TST)with Wigner correction is used to calculate 
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the A factors and rate constaJ+]te．The geometric parameters and frequencies were taken from [4，5] 

and they were tested with Hartree—Fock(HF)theory at 6-31G basis set for alJ equilibrium structuTes 

an d transition stars． All computations of the thermodynamic and dynamic quan tities were accom— 

plished by self-eompiled program ． 

Table l b'requenel~ with l一|IG c抽 

l-5 aretakenfrom [妇，6_l0aremJculat~1withGauulaa一92 

Table 2 modyl岫 k·-_d D】mamk R酋Ⅱl坤h tIIe Cmtvee~on Jto J 

3．9E9 3．9X l 

According to all the data listed in table 2，the difference of free e
．
nergy (J )is negative an d the 

equi抽rium constant is h er than l at any giyen temperature，whjch means structure l is me most Sta— 

blegaometry of CH~LiF·Attow temperatures，血t structurelis aimom 血e曲 ly able gtometry，but 

when tempe rature rises， Greduces sharply and at1700K， 【 ncc of structure 2咖  t be neglected． 

where the ratio of structure l Io 2 is approximately 1．8 10 1．Structure 3 is minimal eveo at very high 

temperatures，because it has a big difference of electronic structure energy(d )with structure 1．nIe 

other system ，CH：LiCl，as listed in table 4，has the sSJrle trend as CH2U F|Structure ‘is stable at low 

ternperamres but when the temperature reaches a hj出 level(above 1200K)， beconaes a positive 

numl0~r at equili-brium constant is smaller than 1，so the structure 7 will be more stable than sti'ucture 

e．、Abo like structure 3，structure 8 Pan be tiegJected even at a hjgh temperature- 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


第2期 彭建波等：配位化合物CH~LiX的修正计算 ·l99· 

L0 J T／K J ／(kJ／too1) G／(kJ／too1) 』 ，(u／m■) t／s一 A 

The most stable geometry varies with temperature·The electronic structure eneergy (E)．：he pro- 

duction of quantum calculation，is not related to tem pe rature． But in chemistry，a real scientific Judg 

ing factor 0f the direction of a reac~on is free energy (G )，which concerns not on eLectronic stru~一 

ture energy，but also entropy (S)and temperature(T)．So when temperature rises．the AE may be 

no longer the only dominant factor．As listed in table 3，the translational entropy (St)is with the 

me results among three structures at a given temperature，while the rohational entropy (St and the 

vibrational entropy (Sv)are different．1~eause St is a function of formula weight(M )．pressure 

(P)and temperature(T)．three isomers have the saIne formula weight．thus sl has the same resu ． 
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sr js decided by rotational inertia(I)，different geometries have different I．so three structares have 

different Sr． Sv is decided by frequencies，ag listed in table 1．the frequencies of~hree structures are 

different． So different struclure$will ha ve different entropies． BecaIlse d8 isn t equal to zero，thouIgh 

Utile．m e product of A8 and T will reach the s日m e level as d at a enough high temperature．th en j 

will not be the only dom inaat factor．The two systems，CH：L and CH2LiCI．conform to this ru]e． 

The J of reaCtion 7 to B is small enough，so its direction can convert at a high temperature． 

Seen from dynam i~ ．a quick equilibrium for structure conversiton is necessary． Reactions 2 to 

l， to 6 and t to 8 have large reaction rate constants(Table 2)．which can be considered the equilib— 

rium reaches in a moment． But the rate constant of reaction 3 to l is so sm all at low tem perature 

(100K)that though the AG is very large for 3 to l，struoture l may be not the dom inated structure． 

1n T丑ble 2 and Table 4．the A factors of the reactions cha nge little wim temperature．so the above re— 

actions follow the Arrhenius rate law． 

To simple carbenoids．CH：LⅨ (X=F。a)，the structure with the 1owest electrontc structure en 

ergy ( )isn I always the most stable structure，i￡AE is less than 50 kJ-tool一 ，another structure 

may be mor e stablein B|l~xperLmenlaltemperature．m  reaction rate constant of 3to lis very small 

when 【he tempe rature is less than 100K，so the two structures。l and 3 may coexist．A of these re— 

suits are different with the pre~ious conclusions[。·“． 

W e thank ．E． R． Davidson for his valuable advice whUe G． Z．Ju visited in his laboratory． 
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