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Calculations of the z-electronic structures and spectra of a series of hMogenovinylboranes 
are presented. The Pariser-Parr-Pople method (L.C.A.O.-M.O.-S.C.F.) is used throughout 
and the agreement with experiment is good. The significance of the results with regard to the 
chemistry of the compounds is indicated. 

z-Elektronen-Struktur und Spektren einer Reihe von Halogenvinylboranen werdeu mit 
der LCA0-M0-SCF-Methode yon Pariser, Parr und Pople berechnet. Die t~bereinstimmung 
mit experimentellen Daten ist gut. Die Bedeutung der Resultate ffir die Chemie dieser Ver- 
bindungen wird aufgezeigt. 

Les calculations des niveaux d'6nergie 61eetroniques z et les spectres d'une s6rie de halogeno- 
vinylboranes sont presentds. La m6thode de Pariser-Parr-Pople (L.C.A.O.-M.O.-S.C.F.) est 
utilis6e partout et l'agr6ment avee l'exp6riment est bon. L'importanee des r6sultats dans la 
chimie des eompos~s est indiqu6e. 

I t  is now genera l ly  accepted  t h a t  deloeal isa t ion of  electrons from a t t a c h e d  
groups having  orbi ta ls  of ~ - s y m m e t r y  to  a boron a tom m a y  occur and a previous  
communica t ion  [1] conta ined  calculat ions of the  ~-eleet ronie  s t ruc tures  of  two 
v inylboranes  b y  the  free-electron method .  To s impl i fy  the  analysis  in these eases 
a non-b ranched  chain only was considered,  and  i t  was assumed t h a t  subs t i tuen t s  
on the  boron a tom did  not  pe r tu rb  the  7~-system. This pape r  presents  the  resul ts  
of calculat ions b y  the  more versat i le  Pa r i se r -Pa r r -Pop le  L.C.A.O.-NI.O.-S.C.F.  
technique  [16, 17] on a series of  compounds  of  general  formula  (CH 2 = C H x ) B X s -  z. 
The subs t i tuen t  X is F,  C1, Dr or H and  x -- 1, 2, 3. 

1. Method of Calculation 

a) Groundstate 
The molecular  orbi ta ls ,  ~vi, are expressed as l inear  combina t ions  of  a tomic  

orbi tals ,  q),, in the  usual  manne r :  

The energies, ~i, are the  roots  of the  secular  equa t ion  

t Y ~  -- eS,~,, [ = 0 (2) 

where F~, is the  e lement  of the  self-consistent  t tami l tm~ian  m a t r i x  referr ing to  
a toms  # and p and is given b y  [17] 
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Fv~ = H,,, - ½ P , ,  <fir [ N I#v) .  (4) 

H, , ,  H~,~, P,t,, P**~ are the diagonal and off-diagonal elements of the core Hamil- 
tonian matr ix  H and the spinless density matr ix  P respectively. The integrals, 
( # #  [ N I##} and (/*v [ • ]ttu} (generally abbreviated to 7,s, 7,~), have a corre- 
sponding function in the electron repulsion matr ix  G. 

The values of  Hss and Ho~ required were taken from the appropriate valence 
state ionisation potential  da ta  and the MULLrK~N-WoLFsB~RG-H~LMHOLTZ 
approximat ion  [13, 21], 

g,,, = K S~ (Z,, + L ) -  (5) 

The start ing matr ix  P was generated by  solving the Hfickel problem for the 
molecule and the diagonal elements of G (7~,~,) obtained by  the method of J~rLG [11] 
except for boron which contributes no electrons to the x-system. For  this a tom an 
alternative approach due to KauFMa~ [5] was employed. When two electrons are 
contr ibuted to the z system by  an a tom the energy of  one of  these depends on 
its a t t racNon to the nucleus and the repulsion of  the other electron i. e. 

Hz ,  = I -- y,:,~, 

e. g. for chlorine H , ,  = - 23.40 eV. The two-centre repulsion integrals, 7e,, were 
calculated from the corresponding yz,  and y~, by  MATaGa and Nxsm~IOWO'S pro- 
cedure [12], 

14.397 
7~,; a + r~,. (6) 

and a refinement of  this [15], 

where 

t4.397 
~ ' - -  f a  2+r~v ' (7) 

=+[..397 ..397 ] 
L Y,~- + ~,  j .  (8) 

Overlap integrals were generally calculated from established master  formulae [16] ; 
however, for cases where bromine was involved (non-integral Slater effective 

Table i 

/ (ev)  ~//z/z (eV) 

C --11.16 9.76 
B -- 1.06 5.97 
F --18.07 14.83 
C1 --13.36 10.04 
Br --12.08 9.40 

quantum number) the overlaps were obtained by interpolation from BRowl~'s 
tables [4]. The appropriate valence state ionisation potentials were taken mainly 
from reference [10] and are listed in Table i, to gether with the one-centre repul- 
sion integrals. 
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b) Excited states 
The singlet and triplet states resulting from the excitation of an electron from 

a dosed shell ground state may  be written as linear combinations of all the excited 
configurations, 

l~Tgr; = E E  Ci (l-->~) l~01"->k (9) 

k 
The summations I and k range over occupied and unoccupied orbitMs respectively. 
The energies of the final states and the state mixing coefficients are obtained by 
diagonalising a configuration interaction matr ix  with elements 

(~v~+~l~f [l~op~)=d~l(3~(e~--s~)+ 2 ( i k l j l>- - / i j ] k l  } (11) 

("w~+~ I ~ [ ~w-~;)  = ~ ~; (~ - ~ )  - <ij  I ~> (12) 
where 

( i j  ] ~t> = E E c~, c;~,, ej,, e;. 7;,.. 

The intensity of ~bsorption of radiation on excitation to one of the above 
states as measured by its oscillator strength may  be computed from 

/ .  -= 4 . 7 0 3  • ~0~. ~ I f ~ 0  er  ~ .  dv  I ~ . ( i 3 )  

e) Geometry 
Although the geometry of none of these boranes is known, it is reasonable to 

assume that  trivinylboron is planar and has the swastika configuration (Fig. I a). 
All the monovinyl compounds belong to the point group Cs whereas the divinyl- 
boranes have three possible geonmtrical isomers. Previous calculations on divinyl- 
boranes [8] by the Hfickel method have assumed the swastika configuration. In  the 

C~.~ i ~ 
C2 C ~ _ _  /Cl 
] gin-- ~k/~3------c~ % .c2--C~ 

/ B ~  /C, --B-- ~B / OZl 

b6 
a b e d 
g~ Czv Cs Cs 

'Yeagu//' 'S~,as///~a' 
Fig. 1. Geometry of vinylborones 

present work calculations were carried out on both forms t (b) and i (c) to ascer- 
tain if it were possible to make a definite assignment of geometry. The boron- 
halogen bond distances were taken from [18] ; the B-C bond was assumed to have 
length 1.55 A and the C-C bond 1.35 • [1]. 

The electronic states of the molecules with symmetry  C2v belong to either 
A 1 or B 1 representations of the group, but on lowering the symmetry  to Cs this 
distinction is eliminated and all transform us A'.  Because of the absence of 
degeneracy each one electron excitation gives rise to a separate state and under 
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both symmetries all the transitions from the totally symmetric ground state are 
space allowed and are polarized in the x or y directions (y = C~ axis). The swastika 
form of trivinylboron has Cab symmetry and its states are either A'  or E'. The 
0 -~ 0 transitions to the former are forbidden but strongly allowed to the latter 
and are polarized in the xy plane. Excitations from the filled orbitals to any of the 
first three empty levels give rise to three A'  and three E '  states. The energies of all 
six were calculated. 

d) n -~ ~* transitions 
For halogenoboranes transitions of the n =~ z* type (1U, 3U) stemming from 

the in-plane non-bonding p-orbitals on the halogen are possible. These are for- 
bidden by the local symmetry of the B - X  bond and, moreover, should occur at 
rather higher energies than the lower excited ~ states because of the high ionisa- 
tion potentials of halogen atoms. The energies of the two transitions from the non- 
bonding level to the first two ~ states in the halogenodivinylboranes were calcu- 
lated. When two halogens are attached to boron there arc two possible transitions 
to the lowest empty a orbital. Their energies are not identical since the environ- 
ment of each halogen differs in the compound. Both these energies were calculated. 
In carrying this out the halogen one-centre two-electron integrals (nn l aa} were 
obtained from [22] 

<nn I ~ } F  = 0.8922 <~7~ I ~ } F  
a n d  

(nn [ ~7c}cl = 0.8832 (ac~c ! ~z~}cl . 

For bromine the proportionality constant was given the value 0.9. The corre- 
sponding exchange integrals Qzn ]zn}x were set equal to 

½ [Qz~z ] ~re}x -- (,nn ] 7~7~}x] . 

e) a-polarisation 
At present there is no general method available to take into account the effect 

of a polarization in such molecules. Classically the halogens are considered to 
withdraw a electron density from the boron atom and we have attempted to take 
this into account (calculation 3) for the halides by approximating the distribution 
of a electrons by [20] 

2 • Zh~L 
nh~i. = (t3) 

~llal. + " ~boron 

where nhal. is the number of (~ electrons in the neighbourhood of the halogen and 
Zh,l., Zboron are the valence state electronegativities of the halogen and boron 
respectively [9]. The a distribution is assumed to be unaffected by the ~ electrons. 
Eq. (13) allows a new Slater Z* to be obtained for each atom whence the a valence 
state ionisation potentials or electron affinities (i.e. the diagonal elements of the 
core Hamiltonian matrix) can be calculated using the relation 

I (or E) = A-Z *~ + B-Z* -}- C (14) 

A, B and C are evaluated by comparison of a series of isoelectronic species in the 
same valence state. The one-centre repulsion integrals may then be scaled in 
direct proportion to Z*. 

25* 
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/) Programme ]or solntion o/molecular self-consistent/ield problems 
The programme was written in Algoi 60 for the University of Newcastle English Electric 

KDF 9 computer. The eigenvalues and eigenvectors of the Fock matrices are found by the 
Wilkinson-Householder method [18]. The density matrix is then constructed from the eigen- 
vector sets, and together with the core matrix and repulsion matrix is used to form a new Fock 
matrix. The iteration proceeds until a density matrix self-consistent to 5 decimal places is 
obtained; about i0 iterations arc generally required to satisfy this criterion. For the excited 
states the interconfigurational matrix elements are calculated from (t~[) and (12) and the configu- 
ration interaction matrix so constructed is diagonalised. The programme considers a prescribed 
set of single electron excitations and all configuration interaction between them. The oscillator 
strengths of the states are automatically calculated taking into account configuration inter- 
action in the excited state. Finally if required the n -~ ~* transition energies are calculated 
using a similar technique to that employed for the a electronic states. For a molecule con- 
taining six ~ orbitals [e.g. (C2H3). ~ BC1] the time taken for the whole calculation is ~ 3 rain. 

2. Results 

Tab.  2 to  6 list the  resul ts  ob ta ined  for the  series of  compounds  studied.  The 
osci l lator  s t rengths  of  the  t r ip le t  s ta tes  are zero because of  spin or thogonal i ty .  

3. Discussion 

a) Spectra 

Expe r imen ta l  u l t ra -v io le t  spect ra l  d a t a  re la t ing to  the  v iny lborancs  is ve ry  
much lacking, no doub t  due in pa r t  to  the  difficu]tics in p repa ra t ion  and handl ing  
of  these react ive  compounds.  GOOD and  RITTEI~ [8] examined  the  spec t ra  of  
t r i v iny lbo ron  and eh lorodiv inylborane  and r epor t ed  intense bands  a t  234 m~z and 
222 m ~  respect ively.  A more de ta i led  analysis  of  these spectra* in the  way  indi-  
ca ted  previous ly  [1] y ie lded  the  peak  posi t ions and in tensi t ies  shown in Tab.  7. 

~) 7~ - 7~* transitions. For  bo th  these compounds  the  lowest  energy singlets 
p red ic ted  are s t rongly  al lowed and should therefore  correspond to the  lowest 
energy intense bands  in the  exper imenta l  spectra .  Thus for (C2Ha)2BC1 the  observed 
band  centred a t  5.572 eV is assigned to  the  ~A~ -~ 1B~ t rans i t ion  and t h a t  a t  
5.983 eV to the  first 1A 1 -~ 1A 1. 

S imi la r ly  for t r i v iny lbo ron  the  low energy t r ans i t ion  from the ground  s ta te  to 
the  ~E' s ta te  involves two degenera te  exci ta t ions  from the  m u t u a l l y  or thogona[  
components  of the  e" orb i ta l  (Fig. 2). This leads to  a doubled  in tens i ty ,  hence the  
band  at  234 m ~  m a y  be sa t i s fac tor i ly  assigned to  1A' -~ ~E'. Trans i t ions  to  the  
~A' s ta tes  are formal ly  forb idden since the  t r ans i t ion  dens i ty  is symmet r i c  to  
reflection in the  xy plane bu t  the  z axis is not.  Such a p romot ion  m a y  be achieved 
i f  the  upper  s ta te  is coupled with  an in-plane  degenerate  (E') v ibra t ion .  Those in 
which the  carbon boron skele ton are involved  will couple most  s t rongly  with  
exci ted  ~ states.  There  are four of  these normal  modes  in t r iv iny]boron.  Thus, iu 
this  ease, the  0÷0  t r ans i t ion  is forb idden and  a band  appear ing  gains i ts  i n t ens i ty  
b y  vibronic  coupling and  borrowing f rom the neighbouring al lowed 1A' -~ 1E' 
t r ans i t ion  to  which i t  is energet ica l ly  close. Hence the  in t ens i ty  of  the  l a t t e r  should 
be concomi tan t ly  reduced.  The weak band  seen at  215 m ~  ( / =  0.04) seems to be 
of  this  t ype  and  i ts  peak  corresponds to  the  F rank -Condon  t rans i t ion .  Vibra t iona l  
s t ruc ture  on the  ma in  band  in th is  case can arise from coupling with  t o t a l l y  
symmet r i c  v ibra t ions  (of which there  are five). The v ib ra t iona l  spec t rum of 

* We are indebted to Prof. D. M. RITTER for making copies of his spectra available to us. 
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trivinylboron below 400 cm -1 has not been investigated but, by comparison with 
BC13, skeletal deformation modes should appear in this region. Such a low fre- 

Jl I] II II 

v2 

qnency A'  mode may  give rise to "hot"  bands in the U.V. spectrum and could 
readily be tested experimentally. 

The narrowness of the bands in the spectra of both (C2Ha)aB and (C2H3)2BC1 
suggests that  the nuclear configuration remains essentially the same on excitation 
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of one electron to the lowest empty orbital although as this has a node between 
each pair of carbon atoms shght rotation of the terminal CH 2 groups may well 
occur. The overall effect expected is simply a decrease in the C-C bond stretching 
force constant, and hence the 0 -+ 0 and the vertical (Frank-Condon) transitions 
should be very close or identical in energy. 

In  the light of the above the agreement between the observed and calculated 
positions of the bands in (C2Ha)2BC1 and (C2H3)aB is good, particularly when the 
'refined' form of the MATAGA approximation [Eq. (7)] for repulsion integrals is 
employed and the allowance for a electron polarisation is made. The latter 

Table 7. Spectra of vinylboranes 

Symmetry ~1 XB 1 1A 1 Mystery band b 
I E / E ] E / 

eV 5.572 5.983 5.099 
Obs. 7.02~ 5.31~ 1.0 

m~ 222.0 207.2 243.0 
(C2Ha)2BC1 

eV 5.585 5.842 
Calcd.~ 0.551 0.370 - -  - -  

m~ 221.9 212.2 

Symmetry 1E' 1A' l~ystery band b 
E / / 

eV 5.308 
Obs. 0.329 0.032 

mtz 233.5 
(C2H3)3B 

eV 
Calcd.~ 

m~ 

5.374 
1 A00 

230.6 

E / E 

5.765 4.702 
0.040 

215.0 264.0 

6.030 
0 

205.6 

values chosen for best overall agreement 
b the  symmetry  of this  is unknown (see later) 
o the  f values observed are relative to the oscillator s t rength of the weakest band. 

produces a lowering in energy for all the electronic transitions. This results 
principally from an increase in the electron affinity of the boron atom which 
affects directly those one-electron levels containing boron in direct proportion to 
the square of its mixing coefficient. This is in accord with perturbation theory. 

f i )  a --  z~* t rans i t ions .  The weak bands in the spectra of (C2H3)aB and (C2Ha)2BC1 
at 264 m~ ([ = 0.032) and 243 m~ (fret = 1) respectively have not yet been 
discussed. Similar bands appear in the methylvinylboranes and have been found 
difficult to assign [2]. B~u~Y [3] has discussed similar shoulders at longer wave- 
lengths than the first main band in the U.V. spectra of alkylated ethylenes. He 
suggests that  these should be assigned to transitions between the highest C-H 
a-bonding levels and the lowest ~ orbitals. They should be weakly allowed. 

In  the present series of compounds it is reasonable to suppose that  the vinyl 
C-H a-system remains virtually unperturbed from compound to compound. Hence 
its electrons may be regarded as though they were non-bonding and located at a 
fixed position in the absolute energy scale. I f  this is accepted the energy of the 
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- - n  transition under consideration depends only on the location of the first 
empty  s orbital. In  the special cases of the divinylboranes and trivinylboron t, he 
bonding orbital remMns almost unaltered in energy with change of substituent so 
that  the energy gap between the main and subsidiary bands should be approxi- 
mately constant. The actual measured quantities [2] all fall in the region 0.45 - 
0.6 eV. 

0~) Con/iguration o/the Divinylboranes. Both seagull and swastika geometries 
yield very similar band energies and they cannot, be interdistinguished on this 
basis. The intensities, however, are much more revealing. As is not uncommon with 
this type of calculation the agreement between the observed and calculated 
oscillator strengths is mediocre but the relative intensity of the calculated bands 
to each other yields valuable information. 

I t  would be expected that  the change in dipole moment  for the 1A 1 -~ 1A 1 
transition would be less in the seagull than the swastika form because the exten- 
sion of the former is smaller in the y direction. On the other hand the effect would 
be reversed for the 1A 1 - ,  1 B  1 transition. From Tab. 2 the ratio of the oscillator 
strengths of these states is ~-~I : 500 for the seagull but ~--3 : 2 for the swastika form. 
In  the experimental spectrum of chlorodivinylborane the above intensity ratio is 
~ 4 : 3  and it is therefore concluded that  the equilibrium configuration of the ground 
state of the molecule is chiefly the swastika form. The reason for the assumption 
of such a shape is not clear, but it m a y  indicate the s~reoehemistry of the transi- 
tion state in the reaction by which it is produced [Sn(C2Ha) 4 ÷ BC13]. Presumably 
in this state free rotation of the vinyl groups is restricted, otherwise a proportion 
of the more symmetrical  seagull form would be expected in the end product. 

The spectra of vinylboranes other than those discussed above are either 
uninvestigated or incomplete. I t  is reported that  dichlorovinylborane possesses an 
intense band at  207 m~ [7] whilst in the corresponding fluoride ~his band under- 
goes a blue shift and only its long wavelength trailing edge has been noted. No 
intensity data for these compounds nor any spectra for the rest of those in Tab. 2 
and 3 have as yet been published. In  a previous paper [1] the calculated energies of 
the hydrovinylboranes were compared with the observed spectra of the methyl- 
vinylboranes. The interaction of the methyl  group with the rest of the z electron 
system, though small, is not really negligible and a subsequent paper will deal with 
incorporation of its effect. The results for the unknown hydrovinylboranes in 
Tab. 2 and 3 show that  their state energies should be, in general, lower than those 
observed in the corresponding methylvinylboranes. The weak a :+ ~* bands have 
not been reported for the hMogenomonovinylboranes, although they appear in the 
U.V. spectra of C~HaBN% and C~HaBC1Me [2]. I t  is apparent  from Fig. 3 tha t  both 
the filled and unfilled levels of C~HaBII e are shifted on substitution of halogen for 
hydrogen and thus the near equal energy separations of the a -+ z* and ~ -+ ~* 
bands previously discussed need not be observed. I f  these bands do indeed arise 
from a -- ~* excitations, as supposed, then their intensities should presumably be 
approximately proportional to the number of vinyl groups in the molecule. 

b) Energy levels oJ the compound8 
Figs. 2 and 3 illustrate the self-consistent ground state sets of eigenvMues of all 

the compounds. These are taken from calculation 2 in each case. The effect of 
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substituting for a hydrogen on boron an atom capable of contributing to the 
system is well seen. 

In  divinylboranes, if  the ~ orbital which the substituent provides is of lower 
energy than the occupied bonding orbitals (e.g. ForC1) then it raises the energy of 

(Ca Ha)z BN (Cgbla) a BF (17aHs)a BCI (Czbla)a BBr (Call3)3 8 
+~ea (o.~e) +s.ee (ace) +l.e, (ace) +1lee (ae~) +,.ee a" ¢o.e~) 

-a z -  (aooo)-°.°* (aoe) +a°e I N (aO;) + a O Z  (a°eJ-aee ~" (o) 

-2.1e (azo) 

- 1~1  (o.oo/,) -s23z I (o.ol) - l ;a~  (o.o2~ -1~1z _ (aoooe7 ,, 
-sam3 faea) -1~z1 l (O.ld -lZ~5 (o.lol -/3.52-qz2~ (~0oo~)-1233--e(0.:70) -1~.~ a" (0.26)(0) 

-1~5n ~ (o.3+) 

I 1( I 1l I g I g I 17- 

- s n ~ 3  1 (o.~+) 

a b e d e 

Fig. 2. Energies (I) and (boron mixing coefficients II) for divinylboranes 

these levels in proportion to the boron mixing coefficient. Hence halogen substitu- 
tion increases the energy of the lowest empty  and penultimate filled orbitals more 
than  the alternate set. This is because the substituent affects only the orbitals 
which contain a large contribution from boron. The result is a hypsochromic 
shift in the spectrum. The perturbation is less simple in trivinylboron since the 

Cg ~43 BH 2 C~ Ha B F~ C,2 f43 B C[~ Ca H3 B Bra 

+1.1s - -  (oz3)  + /.~z - -  (o.z3) +1.51 (o.zl) 
+ o ~  (o.#/) 

-1.7o ¢o:8) -o.99 ~ ¢o.6o) -o.~8 ~ (oss) -062  (o~ )  

-12.1o ~ood 

-15.15 (o.~o) 
I 1l" I f f  I g 

f g 

-19.5~ - -  (030 
a b c d 

Fig. 3. Energies (I) and (boron mixing coefficients II) for monovinylboranes 

introduction of the vinyl group raises the symmetry  to C3~ and so the incoming 
group mixes its orbitals with all the others under the C 3 rotation and concomit- 
antly degeneracy is introduced. This means tha t  the energies of all the orbitals 
are modified by  vinyl substitution. The overall effect is that  the two new vinyl 
orbitals and a pair of a 2 orbitals originating from the divinylboron chain form 
into two degenerate e" pairs. Furthermore, of these pairs, the energy of the filled 
level is raised whilst tha t  of the first empty  orbital (which may  be identified with 
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the non-bonding level in the isoelectronic odd alternant hydrocarbon ion) is 
lowered. The aggregate effect readily interprets the bathochromie shift of the 
first main band of trivinylboron with respect to the divinylboranes. 

Because of Cs symmetry,  all the molecular orbitals of monovinylborane 
(Fig. 3 a) are raised in energy by substitution at boron. Over the series F, C1, Br 
the effect of the halogen becomes progressively greater on both filled and empty  
orbitals as it approaches them more closely in energy. The second order energy 
difference, however, decreases differentially for the lowest pair of levels, being least 
for the filled one. The one-electron scheme thus reveals how the prediction of 
almost identical spectra for C~It3BC1 ~ and C~I-IsBF 2 arise and how the peaks in 
C~H~BH 2 and C2H3BBr 2 should be bathoehromieally shifted with respect to them. 

e) Electron densities and bond orders 

The electron densities on each atom and the bond orders between adjacent 
atoms for the series are listed in Tab. 5. All are taken from calculation 2. Those in 
Tab. 6 are from calculation 3. 

Considerable x-electron density is contributed by the halogens to the boron 
atom in the divinylboranes. By contrast the vinyl group supplies little despite the 
lower valence state ionisation potentials of its carbon atoms. A comparison of the 
figures for trivinylboron and fiuorodivinylborane shows this clearly, and suggests 
that  an investigation of the efficacy of the former as an electron acceptor in 
donor-acceptor complex formation may  be rewarding. Over the series of halo- 
genated compounds the greatest density is contributed by bromine which has the 
lowest core Coulomb integral. When little density is transferred by the halogen to 
boron (e.g. F) there is a greater accumulation of the s~ charge on the carbon atoms 
linked to boron and also a greater B-C bond order, t tence it might be expected 
that  a second halogen substituent would exaggerate the first effect and this is 
indeed the case. The charges on both carbon atoms are increased differentially in 
C2I-IaBX 2. The overall effect of the electronegative atom is to transfer electron 
density via the boron atom to the vinyl group. A substituent ' inert '  to the 
system (e.g. I-I) shows this effect at its greatest having both the lowest boron 
electron density and the highest differential charges on the carbon atoms. At the 
other extreme the transfer of electron density to boron by bromine in C2H3BBr~ 
actually reverses the order of the charges on the two carbons. The C=C bond 
orders stay sensibly constant over the series but the change in B - X  (or even 
B-C) bond order may  be large enough to be detected by  vibrational spectroscopy. 

d) Reorganisation Energies 
Possibly the chief tgctor influencing the thermodynamics of donor-accept.or 

complex formation by  boron compounds is the energy required to reorganise the 
acceptor molecule from the planar to the hypothetical pyramidal configuration. 
This quanti ty is part ly made up of the ~ deloealisation energy of the molecule in 
question which may  be obtained directly from the present calculations. Thus it 
may be calculated from POrLE'S equation [•7]: 

1 E~(SCF) = ~ Z,~ Z,, R~,~ ÷ ~ ~ Pt,,' (H,,, ÷ Ff,,,). 
pt~u pv 
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The initial electronic energies are subtracted from the above quantity. For the 
carbon skeleton this is the self-consistent energy of an isolated vinyl group whilst 
for a halogen atom the relevant quanti ty is (2 I - 7~/~)' With this definition we 
obtained the vertical reorganisation energy of the bonds to boron, i.e. no account 
is taken of the energy changes resulting from increments in the bond lengths on 
reorganisation. A fuller discussion of these features in relation to the problem will 
be published at a later date. The vertical reorganisation energies are given in Tab. 8 
and are taken from those calculations in which allowance was made for ~-polarisation 

Table 8. Reorganisation energies 

1%.E. (eV) 

X = F C1 Br H C2H a 

C2H3BX2 
(C~H3) 2 BX 

3.775 3.765 3.600 0.335 0.995 
2.335 2.428 2.372 0.665 0.995 

of the boron-halogen bonds. The highest energies are calculated for compounds 
containing two halogen atoms. These decrease when vinyl groups are substituted 
reaching a minimum at (C2Ha)3B. Thus despite the fact that  the B-C bond order 
is higher in trivinylboron than in any halogeno derivative the compound has a 
lower ~ energy. For the hydrovinylboranes the ~ energy increases regularly to a 
maximum at  trivinylboron. 

I t  has previously been established that  the order of reorganisatioa energies in 
the trihalides is BF 3 > BC1 a > BBr 3 [6]. This also holds for the series C2ItsBX 2 
but not for (C~I-Ia)2BX. However, the compression energy of the ~ bonds may  well 
affect the above ordering of the energies and we consider that  no final conclusion 
may  yet be drawn. On the above basis it is clear tha t  trivinylboron should be 
a stronger aceeptor than any trihalide. A similar result has been established experi- 
mental ly for triphenylboron in the gas phase [9]. 
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