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In the present status, the LCAO-MO-SCF theornies for compiex inorganic
molecnles try to overtake the rough models arising more or Iess from the first
approach of Wolfsberg and Helmholz'~S. The relatively good results obtained
have repressed for several years any desire for innovation; now it has been real-
ized that these good results were rather the consequence of mutual cancellations
of diflferent errors. It has been shown that small changes in soroe details of the
calculation may lead to worse results”-%. _

Hence more rigorous approaches to molecular orbital problems in inorganic
chemistry®~12 are attempted, and also in this new direction it seems desirable to
retain relative simplicity, avoiding too cumbersome calculations. For this reason,
we have worked out a general method, which we report here, where we avoid the
explicit calenlation of four- and three-center integrals and empirically evaluate the
one-center parts of the matrix elements; in this way, the most difficult calculation
left 1s that of two-center Coulomb integrals, since exchange inteprals may be ap-
proximately expressed by means of such integrals and ernpirical quentities.

Notations and preliminaries

In the LCAQ approximation, we have to consider molecular orbitals ¢; as
jinear combinations of real atomic orbitals yr,, i.e.

Py = z CiaWa-

Referring to molecuiar orbitals, we use the indices k, 1 for the tetally occupied
orbitals, m,n for the partly occupied orbitals, and i, j for orbitals of cither set. By
the indices p, q we indicate atomic orbitals belonging to the molecular orbitals
@y, @1, by t, u those belonging to ¢, @,’< and by a, b, c, d the general ‘atomic
orbitals. : _ _
For all molecular orbitals we define a fractional occupation number f; equal
to half the number of electrons in the orbital @;. Of course £, f; are all equal to 1.

It is usefut to define:

qu(.‘ w2 chpquy Pmo =2 Efmcmlcmu: P:lbr = szC+Pabo =12 E.ficiacib.
kK m i
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and the operators J,, X, j*°, k*® by means of:

1
@il o) =iy = f f P — P, 2) dr, de,
iz
) 1
@1 Kilep = Ky = [ [ oofh)— oo @ as, as;
4
ab + ah ‘l
Qi ¥ad = joa™ = J' J' D) == Y2l2) e A

- 1
e [y = o™ = | [ Y0000 = 02D i,
12

Furthermore, we define the operators J, J°, JT, K¢, K%, KT, L, M, If, I?, I":

J =31 K¢ =YK,
k k
J° =¥ fodn K® =3 K,
JT =J+7° =3 £J; K™ = K°+K°? =} fiK;

Lip = {¢; f-’o o>+ } "P)Jo"Pi
Mp = (| KOl o+ <(p: | 9K 9,

£ =31 M® =3 M,
K k
‘[‘o = z.mem MO = zmem
I = LC+LO = zj;‘[‘i J'VIT = MC+M0 = Z.fth

If G is a general operator, we indicate by G;; the integral {¢; | G| ¢;>, by
7, the integral (i, | G| ¥, and by S, the atomic overlap integral (¥, | ¥ ).
In the following treatment, we often apply the Mulliken type approximation

to a charge distribution ifr,¥n,:

Ya(Da(1) = 38,6 [W (W (1) + P (I e(1)] ¢))
then e.g. for the operator j°° it is:
J™® = 38,5(ae F b ) )

For the operator k* we use instead this analogous approximation:

k™ = $Suu(kn” k™) E)
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Considering the discussion given by Ruedenberg"® for the. case of ¢, and
Y, different only in the reference center, such an approximation can be regarded
ashaving the same nature and [imitations as approximation (1}; the formnal apalogy
between (2) and (3) will be extremely useful to get very simple formulae.

Closed shell

The self-consistent operator for a closed shell is:
F = H+2J°—K"
where H is the kinetic plus core field energy operator, i.e.:
Z
H=T-Y=*
L Ty

with Z; equal to the effective charge of the core of the atom L and r; to the
distance of the electron from it.
Expanding the molecular orbitals as a function of atomic orbitals, we have:

F=H+YY P,G"—+Kk
c 4da

For yr_ 3£ 4, we apply approximations (2) and {3), and defining:

Pccc' = Pccc + Z Pcchcd
d#e

we obtain:

F=H+YP.(F—4Kk

Now we write F in such a way as to distinguish the contributions arising from
different atoms L:

F=T+73) V"
with -

e -2 S PGk

LS c—~L

where by ¢ —+ L we mean that the index ¢ runs over all orbitals ¥, belonging to
the atom 1.

Let us consider now the diagonal matrix element F,,, with ¢, belonging e.g.
to the atom I: '

Fo=T.+V.'+ Y .
Lvil
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Since for ¥, = ¥,, Jas = kaa', We can write:
1

r

T;n'l'v;al =da = ‘Tan—zl('z’n %)"r

1

+*Pnac’jaaaa + z P:cc’(jaacc_i' kancc
e+ 1

c *Fa

The one-center part y, can be easily evaluated if the single empirical one-
centre integrals as function of the charge configuration are known, otherwise it
can be regarded as the ionization energy of an electron in ¥, for an atomic valence
state which has (I +P,,€/2) electrons in ¢, and P, electrons in its other orbitals
¥.; and therefore it can be empirically evaluated as such ionization energy from
atomic energy levels'*. Unfortunately, it is very difficuit, on the grounds of the
spectroscopic data alone, to account guantitatively for the loss of degeneracy of
the atomic orbitals taking place on passing from the atomic to the molecular state;
it is however likely that the error due to the equal distribution of electrons among
a set of atomic (nf) orbitals, which are no longer degenerate in the molecular state
is not very large: this was proved by explicit calculations carried out using em-
pirical values for the single one-center integrals. Therefore we evaluate y, as the
ionization energy for a valence state with degenerate (n/) orbitals* >,

Let us consider now the off-diagonat element K., with e.g. i, belonging to
the atom 1 and ¥, to the atom 2. Referring the eigen-function ¥, to an atomic
valence state with P, electrons in the corresponding orbital and P, .S in ali
other orbitals /., we separate F'2 into two parts:

. Pyt
V:= VP42 (1 - M';’ )(j""—-ik""}
with

.z o 3 ]
V2 - rz 4 2(Pbbc _I)(th__i_ kbb} + Zz PccCUCE_i'k .,-)
2 o -

e b

hence:

Fa = <w,ir+v2'twb>+<w.[2(1— f!;m) =1k e + £ Vb
L+2

Considering in eigenstate the energy x', of an electron in ¥, in an atomic valence
state with P, electrons in v, and P electrons in all other orbitals i, we can
write {T+ VW, = x's¥»; applying then approximations (1) and (3) to the remain-
ing terms, we have:
P,
Fop = Sup2’n+15., (1 —~ 2 ) R W) TS L LZ Fau+ ) @)

2 2

Analogously to (4"), we bhave:
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P:IQC’ . = 4
Fou = Satat 1S (1 = T3 ) G +iu)+48 T OAF+ 4D @)

Since F is a hermitian operator, then F,, = F,,, and the best expression of the
off-diagonal element will be given by the average of (4°) and (4"):

Fnb = Fb:x = i'Sab(x’a'l'Z‘b)"'
-

P P, . i
+3S. [(1 - )(j,:"+jb.:"’)+ (1 - = ) +J.,;")]+

+ 38, (Faat + Vop' + Voo + Vop ) + 150 Vo~ + V™)

L+1,12

Q)

In this expression, ¥', and ¥’, are one-center terms which can be empirically
evaluated, as already discussed; j,,** and j,,°° are integrals which can he empiric-
ally determined as (J,—4,) and (I, — 4,)*%; 1, orf i,."® is a two-center Coulomb
integral; V,.X (L# 1) and V, .k (L # 2) are multi-center terms we bave already
evaluated for the respective diagonal element. Finally V,,* and V> may be easily
evaluated semi-empirically by subtracting the corresponding kinetic energy inte-
grals from the quantities y, and yx, already evaluated:

Vanl = Y, T
Vbb2 = tn— T

Moreover it should be pointed out that the evaluation of such symmetric kinetic
integrals is very simple.

Another possible approximation for the off-diagonal element could be the
following: let us write the operator Fas T+ V, then:

Fap = Tp+Vas
Applying approximations (1) aad (3) to V,,, we have:
Fop = Tp+1S0(Via+ Vir)
Since F,, = T,,+ V., and similarly for F,,, we have:
Vaa = Fou—T,,
Veb = Fop— Top
then:
Fapo = Top—3S0(Toa + Top) + 1Sps(Far + Fip) )

As it can be seen {rom (5), if a formally analogous approximation to (2}
could be applied to the term 7}, as well, this kind of approximation would also
apply to the whole element F,,. The first two terms on the right-hand side of (5)
take into account this impossibility, The difference between (4) and (5) consists in
the extension of the approximations (1) and (3) to the whole terms V,,! and V,,2.

Coordin. Chem. Rev., 2 (1957) 15-28
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For this reason we believe that formula (4) is better; furthermore in formula (5)
there is the additional analytical task of the evaluation of T,,.

Open shell

Let us now consider those open-shell cases with only one open shell outside
the closed shell. These can be treated as pseudo-eigenvalue problems by means of

the Roothaan operator'?:
F=H42JT—KT-20J°+ BK® 4 20T — SMT

1— 1-b
with ¢ =——=  and B =

1_fm 1_'fm

where a and b are characteristic constants for the specific case and f,, is the frac-
tional occupation number equal for ali orbitals ¢,, belonging to the only open shell
present; i.e. f, is equal here to the number of electrons in the open shell divided
by the number of the available open-shell spin-orbitals. I et us consider the dia-
gonal element E,,, with {r, belonging e.g. to the atom 1:

F,

o = Ho+20, " K, T—2aS,.°+ BK, % +22L,. — BM.,.T

For convenience, we consider separately three contributions to this expression.
The first part:

Fr“ = Ha:"'uaar_'KaaT

is formally analogous to the diagonal element of the closed shell, with the only
difference that the sum is to be extended over the open shell orbitals as well; then:

F'n = Hna + E Pc:r(jncc'_'% ka:cc

with:
Pccr' = PCCT + Z PchS:d

d¥*c
The second part is:
F' = —24J,%+BK,.°
Expanding the molecular orbitals as function of atomic orbitals, we obtain:

""(23 me z ): cm:cmujnm"ﬁ E fm ‘E E cmtcmuknm) =
- -'(G! ‘Z Z Ptuojuw_B ; Z ‘Pmo'i‘ kum)

Fﬂll
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Defining an operator B*® = aj*®—18k"", we have:
F”an = = ZZP“.O n‘u
t u
Applying approximations (2) and (3) to the terms with t 3 u and defining:
P “a' = P “o + E P :uosuz
u#t

we have:

F”ua = z P“ 'Baan
1

Let us consider the third part:

sza = hLazrwﬁMsnr =
= 2“(?)‘}(% [ Li )~ B fi¥a l Mii¥a)) =

= 2a[;fi(<¢’i [ T <l @> +<@ LD < 1 1% @:)] —
— BIY.fiKei | K® | ) ¥ 1 0> +<0i 1 YD <Y ] Kl =
=AY filoi | T =3BK 1D Yl 0>

Expanding the molecular orbitals as function of atomic orbitals, we have:
Flly =4 Zi:ﬁ g ciok¥e | ad®— 38K | > ; CialW¥s | Ya?
Being:
(Pt ad®—3KC [ §,) = g‘,fm E.:' E..:' Coilrmalea”
we obtain after rearrangement:
Fi = £ Su X P’ L L Pu’Ba®
We now apply approximations (2} and (3) to the terms with t % u, and ob.tain:
F'y =350 Y P’ TP Ba"
Using the same approximations for the terms with ¢ # a and defining:

P, = P, +1 2. PL"S.

cea

we get:
qu = (Z SndPndr,) z Puo.Bn“ + '} z Sn.d z Sﬂpcdr Z PHO'B:: (6)
d 1 d cFa t

Coordin. Chem. Rev., 2 (1967) 1528
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Summing the three terms F,,, F",,, £™;,, we have, apart from the last term on the
right-hand side of (6):

an = Han+ 2 Pccr’ -“cc - _} ka:lm: - ZP::‘ B.-mu +(z S.adPadT.) z P!to'Ba.:lu
< t d 4

Since P_.% is vanishing if . does not belong to the open sheil this formula can be
rewritien in the following way:

Fa:t = Ha.'n + z PccT'-(ja:cc '_"5' k:mcc) — z Pcco,Bnuct + (dE SadPadT') E Pcco'Bﬂcc
N

For s belonging to the atom I, we have a one-center part y,, which, if we
do not know the single empirical one-center integrals as function of the charge
configuration, may be empirically evaluated, in the case « = £, under the limita-
tions already discussed. The ionization energy of an electron in y, for an atomic
valence state which has (1 +n,(a)/2) electrons in ¥, and o (a) electrons in all other
orbitals ¥ ; with n {a) (c including a) given by:

nc(a) = Pccr'+ EPWO‘(Z SadPadT"_l)
da

Furthermore n(a) alse stands for the whole multiplying factor in (7) of the
two-center terms (j,,°° —1k,,").

If a # B, in the muiti-center part, the exchange terms arising from F” and
F'" have to be multiplied by a factor f/¢. With regard to the one-center part, we
should have to know the single empirical one-center integrals for its evaluation,
or at least the exchange ones for adding to the preceding y, the remaining (f—a)
part of the exchange terms arising from F” and F'”, unless the approximation (1)
is applied to this part (that is nullifying it), since it represents only a minor con-
tribution to F”,, and F'”,,.

The last term on the right-hand side of (6) actually contains one-cemter
integrals whose effect cannot be included into any empirical evaluation of valence
state ionization energies: probably however this term can be neglected without
any serious error, both because it is presumably rather small and because it should
be approximately constant for all matrix elements.

With regard to the off-diagonal element F,, with e.g. ¥, belonging to the
atom ! and ¥, to the atom 2, we notice that it is impossible to apply Mulliken
type approximations to the terms LT and M T of the operator, so that a formally
analogous treatment to that used for the closed shell case cannot be developed.
Let us consider instead, separately, the terms (F’,,+F”",,) and F’",,. We start
with F'¥:

F'y = 2“Lan "3MabT =2 ;fi((% ] ﬂo“‘l‘ﬁxo fed {@: | YO+
+ (o ) V. | J®—31BK? | 0,>)
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Following an analogous treatment to that of F’”,;, and neglecting again a term of
the same nature of the last term on the right-hand side of (6), we have:

anh = i’(z Sthde') Z Ptto'Bbh“'}' '}(E dePar.lT’) Z -Pﬂo'B.un (B)
a4 t d t
Bringing in now the limitation @ = B, we define:
n.*(b) = $P..a ) 5.4Pus’ and n@a) = $P. %2 ), SpuPuy”
a d
and considering that P,2’ = 0 if , does not belong to the open shell, we rewrite
{8) in the following way:
“as = 2, 00 (o’ — T Ko™ + Y 8@ (G5 — 4 ko)
Retaining the limitation a« = B, we note from (7) that (F',,+ F",,) may be ex-
pressed as the off-diagonal element of an operator:
L] —_ H + Zn:-t(jcc__i_ kcc)
with
nc‘t = P ccr'“a-P cco'

This operator is anzlogous that used for the closed shell with the only difference
of n_** replacing P, . ; then, referring the eigen-functions i, and ¥, to an atomic
valence state with P, .7’ electrons in all its orbitals y_, we can write nearly analo-
gously to (4):

F=b+F”nh = ah‘ =

, R TR
+S.6(X s 1 b} T S0 |:(E — Py + b2 ) i Py +
o
+ (1_Pu.ar + 32 )( ‘na“ +jbbu)):| +
+38.,(Via" + Vi + Vaa” + Voo ) + 354 LA, (Vaa + Vo~ (%)
where
VL L + z --(Jcc kcc )

r =
It can be easily seen that (9) is fully analogous to (4) {with only P..“* replaced by
P, if n,**, n,**, n.** were eqnal to P,,"", Py,,", P.;"'. In (9) ¥, and x', can be
empirically evaluated, as already discussed, respectively as the ionization energy of
an electron in y, and ¥, for an atomic valence state which has P_.T’ electrons in
all its orbitals .. Adding F’",, and F,.*, and collecting together the interaction
terms referring to the same orbitals i, we have:

Coordin. Chem. Rev., 2 {196T) 1528
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Fp = 38,0 s+ 2w+
+35u [(1 —PuT +

(1 —P,7 )(_1,, +ine ]+

+3S.(Vo " + Vbbl VT V2 1S, V" + V™ (10)
L#1,2

‘

) U +.|bbbb) +

where

K:L- = _ZL‘(';’e Z D‘G(E) (jeetc""i' keac

P=y
with
4 L g
ne) =n" + 0@ e Lo
S&b
z L .2} 2n=*(e) -
nJey=n,"" + if L#1,2

Sab
and with r_ = i, or .

Naturally ¥,,** and V,,** still have to be semi-empirically evaluated adding
and subtracting T,, and T3, in order to have:

V = Xa_T.ta
Vbbz = x"p =T

where y7, and y”, can be empirically evaluated, respectively as the ionization
epergy of an electron in ¥, and ¥, for an stomic valence state which has (I +
n',(a)/2) and (1+n',(b)/2} electrons in i, and i, and n’_(a) and n’(b) electrons
in ali other orbitals ..

The remaining terms V. * with L % I and ¥V, with L % 2 are linear
combinations of the Coulomb and exchange integrals already met in the diagonal
element but with romewhat different coefficients.

The formula (10) is again rigorously valid for « = §, otherwise analogous
remarks to those already discussed for the diagonal element kold.

The two-center exchange integrals, which appear in the above formulae are
certainly much smaller than the corresponding Coulomb integrals, and neglecting
them could not be a very bad approximation. However, by applying the approxim-
ation (1), they could be calculated in terms of empirical quantities and of two-
center Coulomb integrals:

kubb = *Sn‘bz(zjnbb +juu+jbbbb)
where j,.*® and j,,** may be empiricaily evaluated, as seen in the previous sections.
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Twa-center Coulomb integrals

The use of the master formulae resulting from the general treatment devel-
oped in the previous sections implies indeed as its essential reqmrement the
knowledge of two-center Coulomb integrals. 2

Exact calculation of such Coulomb integrals is actually feulble although
usually at the cost of a very large calculation efort, which increases rapidly with
increasing principal quantum numbers of the involved AQ’s. On tke other hand,
LCAO-MO-S5CF methods for complex inorganic molecules almost necessarily
imply some other approximations (e.g. also the uncertainties inherert to the popu-
lation analysis), which lower the accuracy of the final results, so that extreme
accuracy in the calculation of the two-center Coulomb integrals hecomes super-
fluous. We therefore worked out a method for the simplified evaluation of two-
center Coulomb integrals for any principal gqnantum number, a method which
probably does not lower the overall accuracy, and requires no more calculating
effort than is needed for nuclear attraction integrals. This method is based upon.
replacement of one of two interacting charge distributions through an appropriate
distribution of point charges; referring for instance to orbitals with nodeless
radial parts, we adopt the following charge systems for the different types of charge
distribution:

s : fourteen charges — i e on the vertices of a tetrakishexahedron.

pP: two charges —% e along the axis of the orbital.

d (except d,.): four charges — % e on the two appropriate axes at right angles.
d,%: two charges —0.30755 e on the z axis plus four charges —0.09623 e on the x
and y axes.

All these fractional charges are supposed to lie at the same appropriate
distance from the nucleus. This distance is a critical parameter of the problem:
the mean orbital radius or the radius of maximum density can be a physically
plausible choice for it.

This pointcharge approximation will be better the narrower is the *bell”
in the radial distribution curve, f.e. the less expanded is the orbital charge distribu-
tion; then, between the two interacting charge distributions, it will be more con-
venient to replace the less expanded one through point charges. This nule may
have exceptions only when the distribution with the more expanded *hell” is of .
s-type, since we can make unse of a better point-charge model for this charge
distribution, because of the finer fractionation of the overall charge of the electron.

When dealing with orbitals with radial nodes, we will adopt as many sets of
point charges of the above described symmetry as are the *“*bells™ in the radial
distribution curve, taking care that each set comprises the fraction of the electronic
charge lying under the corresponding “bell”. In this case, the point-charge ap-
proximation will be particularly good, because the single [“bells” are narrower
and the replacement of the point charges at the points of maximum density is safer.

Coordin. Chem. Rev., 2 (1967) 15-28
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Generally speaking, we can say that the method will become less accurate
with increasing overlap of the two charge distributions, that is with decreasing
the interatomic distance and furthermore with increasing the principal quantum
numbers.

Some improvements are possible in the method. Every integral j,,°°, treated
according to our approximation, contains the term

y die

H Rib
where g, is a charge belonging to the system of point charges replacing the con-
tinuous charge distribution ¢, and Ry, is the distance of g,, from the reference
center of ,. 1t is then evident that this term is our point-charge approximation
of the integral [, (1)1/r,-¢(1) d1;, where r,, is the variable distance of the
electron 1 from the reference center of y,; this integral may be calculated exactly,
and, as a matter of fact, is of the same type already considered in our model, So
the replacement of

4in

i Rip
by the exact value may lead to significant improvements.

Moreover it is to be remarked that all the integrals j,,*® contain, as the main
contribution, the point-charge approximation of the integrals j,,..*®, where iy, is
a s-type orbital with the same radial part of y,. The last integral may be evaluated
following its own optimization rules, for instance by approximating the ¥ .,
distribution with point charges even if this is the more expanded one.

Although a direct comparison with exactly calculated values has only been
made for some cases involving principal quantum number 2 and 3, we have
worked out a fairly realistic criterion through which we extend the limits of validity
of the method and the conditions for optimization to higher principal quantam
numbers.

We have considered all the previously discussed aspects of our approxima-
tion, checking the limits of validity and ascertaining in detail the optimal pro-
cedures and, in contrast with the first impression of the model, we have arrived at
the conclusion that this model leads to an accuracy of 19 in most cases of practical
interest, i.e. for valence orhitals and for interatomic distances near to or larger
than the usual bond distances; a more ample and detailed exposition of the method
is reported elsewhere!$,

Conclusipe remarks

The treatment outlined.-in the preseat paper resuits in-a LCAQ-MO-SCF
method which is quite complete and yet does not imply greater analytical difficulties
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than the calculation of two-center Coulomb integrals for the matrix elements of
both the closed and open shell; rather, by the approximation worked out for the
two-center Counlomb integrals, the greatest difficulty is eflectively the calculation
of nuclear attraction type integrals. We have pointed out the approximations used
to get this result, that is the points which could possibly be improved. The explicit
knowledge of one-center Coulomb and exchange integrals would enable us to take
into account some minor terms neglected in the matrix elements of the open
shell, to avoid the approximation of the equal distribution of the overall electronic
charge among a (nf} atomic orbital set,actually differently occupied in the molecutar
state, when we evaluate the atomic valence state ionization energies. Eventually
we could treat more rigorously the case: a 7= f.

Moreover, the approximation (1), often used in our formulae, is notoriously
unsatisfactory for large distances and orbitals of different type. Qccasionally better
approximations'® could be inserted in our treatment in place of (1); such replace-
ment would be particularly simplc at those points concerning some terms (¥,,")
of the off-diagonal elements, i.e. just at those points where the reduction of multi-
center to two-center integrals is more important for the final result. For the dia-
gonal elements, where such replacement would be less immediate, the accuracy of
this reduction is less important because such elements consist mainly of interac-
tions of (§* —3k*°) type. Approximation (3) has not got wider limitations than (1);
furthermore, it acts on terms which are much smaller than those upon which
approximation (1) is used. For instance, the vanishing of the k,,*° type terms, with
i, and |, belonging to the same atom, always paraliels the even more arbitrary
vanishing of the corresponding terms j,,° following from the approximation (1).
Moreover, the use of approximations (1) and (3) in the one-center parts (x5, X'a» x"s
results in a commonly accepted procedure, i.e. in considering only the Coulomb
and exchange interactions with the symmetrical charge distributions corresponding
to the different orbitals present in the atom. The possible adoption of other ap-
proximations instead of (1) should be copveniently paralleled by an analogous
substitution of (3), in order to maintain a formally analogous approximation for
Jjuu® and k,,°%; it could in fact also appear justified to some extent that the same
type of decomposition is considered in the approximation of both the Coulomb
and exchange interaction of W, and V..

Another possible source of error, to be discussed in future developments of
this method, comes out because we include some terms arising from the use of
approximations (2) and (3) in the empirically evaluated one-center parts: actually
the type of correlation appropriate to these terms should be investigated as a
feature of the probiem of the evaluation of the integrals which are approximated
by (2} and (3).

Some preliminary calculations have shown that the inclusion of two-center
Coulomb interactions into the matrix elements strongly affects their values, lead-
ing sometimes to physically not very plausible values; e.g. for anionic coordination

Coordin. Chem. Rey., 2 (1967) 15-28
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compounds, all matrix elements turn to be unduly high and some even positive.
Such instability is however fictitious; indeed the complete treatment will necessanly
require explicit consideration of the electrostatic field arising from solvent molec-
ules placed jn the second coordination sphere, in order to bring the matrix elements
to physically more acceptable values. Stabilization by soivation effects is very im-
portant and cannot be disregarded. Insertion of solvation effects into the treat-
ment presented in the preceding sections will offer-no new computational difficuity.

Calculations on some inorganic complex molecules, using the general criteria
outlined in this paper, are now in progress in our laboratory.
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