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ABBTRACT

Orthogonality conditions for M. O's are showed to imply an unique
choice in calculating the energy levels of cyanide complexes using a

two level problem corrected by a perturbation due 1o the third

relevant level,
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It is usually assumed in iron-group cyanides that the m and m*
levels play an essential role as far the electronic structure is

concerned, via the so called "back-donation' effect 1@

In an energy scale; the metal tZg levels lie between the m
level and the higher level 7* of the ligand, but the overlap
metal ligand level w* is larger than the overlap metal-ligand T
level 2. Usually oﬁe constructs bonding orbitals with functions
assoclated with maximum overlap, but in some cases energy
considerations should also be taken into account, in order to
satisfy stability conditions. The purpose of this note 1is to
discuss how these stability conditions are connected to the
orthogonality requirement of the M. O's. We call Xy X, the
orthogonal functions describing the my m* levels respectively,
and ¥ the t,, wave function of the metal lon. An independent
linear combination of these functions read (normalization

factors omitted).
U =xy +oq b
Yp = P+ oKyt (1)
Yz =%ty ¥

It is assumed that the Mo’O's'satisfy the Schrodinger equation
with & simplified Hartree-Fock hamiltonian h and that they
are mutually orthogonal. In the following we adopt a pertur=
bation approach to calculate the coefficlents o and the ener
gles, In the sense that one solves initially a two level pro-
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blem, the effect of the remaining level being introduced as a

correction.

We adopt first the assumption that the overlap criterion 1is
the suitable one; this corresponds to put S; =< (PIXJ_) =0 and
to solve the two level problem defined by:

b =%
b, = prog @)
@3 =762 +oe, @

It is noted that (2) is deduced from (1) by imposing the ortho-
gonality conditions between the M. O's and the assumption Sl= 0.
This corresponds, physically to ascribe to the w* level an es-
sential role in the bonding of the molecule. The solution of
(2) are the well known resultss

) <plnlx,> -5, €4

o, =
> €3 = Eqr*
<K |h|¥> = 8, €
o(_é:-. (3)
Ed_, E-n'*
E, = e

m
!

m
2 = Ed""‘% [Ev* - Ed:.]

83 = Enx +a2 En* - 8:1]
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where €4y €y E_ 4y are given respectively by <go|hlp>,(761|hl*1>

and (xalhlx2>, and 1t 1s assumed that €, >&3 D&, as suggested
by previous calculations 2,

It remains the question of the relative order of the snergles

€1. Using the results(%) it can be shown that EZ<61<E3 only if

Eq =€
2> z (4)

eﬂw* - Ed
the other possibility implying that {:‘1(62(63-

We now show that the first possibility is not in fact allowed
because 1t assumes that the overlap S,, 1s rigorously zero. In
fact let's introduce a small overlap S,; this corresponds to
introduce the following corrections in the functlions §1.

1"1 =@yt
(7 ==<I>2 o, Xy (5)
¥s = %

The orthogonallty requirements imply that one should havet

Eq “Ex

cc‘;‘<
6-"'* ‘Ed

and this is in complete disagreement with the assumption (4)
‘showing that the situation €,< €< E3 is highly unstable.

. The second possibility, €,< 82<€3, although consistent with
the orthogonality condition is also not physically satisTactorys.
Ih order :-Go:'.-sinowms»“we start from (8) and caleulate the correg

tlons o4 and ¢, within our perturbation  scheme. One
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finds:

<"Plhlxl> = El sl
ocl = -
€, - &

1 <%y lnld> = €5 8
OLZ =
; €2 “Eu

perto -
g1~ =&y ¥AE,

erto o
gg = 82 + AEa ()

2 )

1 [<xllh!{92> =€, 31]2

= emnp

Né EZ = E"

Z&gé

vhere N, 1s the normalization constant of $.

The effect of the small m admixture is then to introduce a
bonding contribution to the El level 0&81 <0) and an antibond=-
ing contribution (A€,> 0) to the €, levels The antibonding
contribution to the ¥, orbital produces a decrease of the 10Dq
parameter (if we assume as in 1 that the 8; states are
qualitatively similar to these of an "ionic" complex). But
this i3 in contradition to the experimental results, which
show an increase respect to the "ioniec" complexes. These
results show that in spite of a larger overlap, energy consider

ations favour the choice of the 7 level in order to construct
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the M. O's. If we adept this cholce, equation (2) is replaced
by:
?1 =Xy +y 1/
$, =P+ %y (7
8 =%,

The solution of this two level problem together with the cor-
rection due to the 7c2 function reproduces results quoted l,
showing that the scheme adopted by Shulman and Sugano 4s the
only one compatible with stability and the properties of the

iron=-group cyanides.
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