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TABLE 6: Optimized Ring Distances of 1-Lithio—2—chlorodifluoro-
Cyclopropene

C1-C2 1.29 A
C1-C3 1.54
C2-C3 1.45

a z-electron donor, he suggested that electron density
should be fed into the lowest unoccupicd molecular orbital
of the ring and showed that this should lead to lengthening
of all of the ring C-C bonds. As is seen Table 6, rather
dramatic changes occur in the ring distances when one of
chlorine atom is replaced by lithium. In 1-lithio-2—chloro-
difluorocyclopropene, lithium is a z—electron acceptor, and
the removal of electrons from the ring causes a lengthening
- of the bond adjacent to lithium and shortening of opposite
bond. As a result of these considerations, it was concluded
that the computed geometries were in accord with the
rationalization of Hoffmann’s suggestion.
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Calculation of the Dipole Moments for Transition Metal Complexes
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A new approach in calculating the dipole moments for transition metal complexes has been proposed and the calculated
results are tabulated with the experimental values. The calculated dipole moments arc applied to the theoretical predictic-
tion or confirmation of the geometric structure for the transition metal complexes.

1. Introduction

For a few decades, a great deal of interest has been
focussed on the measurement of the dipole moments of
transition metal complexes in inert solvent solutions.! On
the basis of the measured dipole moments, their geometric
structures in liquid solutions have been predicted.

Only a few theoretical calculations of the dipole moments
for transition metal complexes? have been performed,
adopting the vector model of Wilcox and Gilmann? and a
semiempirical method.4

A model for theoretical calculation of the dipole
moments for transition metal complexes is developed in
this work and the calculated results are listed with the
experimental values. The calculated dipole moments were
applied to the theoretical prediction or confirmation of

the geometri structure for the transition metal complexes
involved in the dipole moments calculation.

The required dipole moment matrix elements and overlap
integrals were evaluated using the general translation
method?®.

2. The Theoretical Model For Calculation of the Dipole
Moments for Transition Metal Complexes

Since the octahedral, tetrahedral and square planar com-
plexes which are formed by bonding with n equal ligands
belong to 0y, Ty and Dy; point groups (n=6 or 4), they
should not have permanent dipole moments.® When three
or two ligands in octahedral and tetrahedral or square planar
complexes are replaced to form cis complexes by the
ligands of different nature, their group theoretical nature
is also changed, and these complexes belong to one
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of the group theoretical point groups with lower
symmetry. We assumed however that the cubic and tetragonal
symmetries are still maintained for octahedral or tetrahedral
and square planar complexes, unless substitution of a few
ligands to the different type ligands causes a large distortion
from cubic and tetragonal symmetries to one of lower
symmetries. Therefore we adopted the approximated
molecular orbitals of octahedral, tetrahedral and square
planar complexes which are modified by adding C
coefficients to the single basis set orbital for the substituted
ligands.

For example, a;, molecular orbital of ligand was modified
as follows:

1
V6
when third, fourth and sixth ligands are replaced. Here it
is also necessary to indicate that we adopted the notation
of the O point group because the octahedral complex has
lost the centre of symmetry. In the modified ligand orbital,
C is a parameter which is used to differentiate the extent
of contributions of different ligands to the ligand orbital.
We may define the parameter C on a theoretical basis.

Definition of C Coefficient. Following the CNDOQ/2

formalism, the basic equation for the Fock matrix can be
written as’

a;—

2pr+2p,2+C2p 2+ C2p,A+2p,5+C2p.% (1)

Fu= =g U+ A) + [(Pas—z0) = 5 (P~ Dlraa

+ 2. (Paa—zp)ras @
BxA
Fou=Ban=Bas"Su— 5 Py 3)

where ——%(lﬂ—%-Aﬂ) is the fundamental electronegativity

for the atomic orbital g, closely related to the scale
introduced by Mulliken and
P;szzzl;cyicpi (4)
ras=[[5006.2) (- )88, )
T2
Bap=<gy —%VZ_VA“VB|¢;:> (6)

here ¢, ison 4 and ¢, is on B.

Pople and Beveridge however proposed that initial estimate
of the LCAO coefficients may be obtained by a Hickel
type theory using matrix elements

F=—3(1,+4,) @

FY=5%3S 1 (8)

Since SCF or CNDO calculations for transition metal
complexes may not be easy at this stage, it secems to be
reasonable that the parameter C is approximately defined by

_ Electronegativity of 2p, atomic orbital of 4

" Electronegativity of 2p, atomic orbital of B ©)
Further approximately
__ Electronegativity of atom A (10)

" Electronegativity of atom B

to differentiate the extent of contribution of 2p, atomic
orbitals of 4 and B atoms for the formation of the ¢ bonding
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ligand orbital.

Assumptions. In order to calculated theoretically the
dipole moments for transition metal complexes, it is
convenient to split the dipole moment into the nuclear part
and the electronic part of the dipole moment®

L=+ iy an
where
1= eSS N CuCu<dlr|g> (12)
ﬂN:e%:”KRK (13)

For most transition metal complexes, the ligands or a
group of atoms (nuclear charge) are arranged symmetrically
around the central metal ion, though a small distortion
would be expected because the cis sites are occupied by
different atoms. Therefore

(1) From symmetry arguments the nuclear part of the
dipole moment is assumed to be completely cancelled.

(2) The atoms (co-ordination unit) that bond directly
with the metal ions and are located at the end of the ligands
are assumed to be the dominant contribution to the dipole
moments of the transition metal complexes. Therefore the
approximate molecular orbitals which are formed by a linear
combination of the valence basis sets of the transition metal
ion and the modified linear combinations of the single basis
set orbital (np,) for ligand atoms are used to calculate
the dipole moments for transition metal complexes.

(3) The mixing coefficient Cj; of the valence orbitals
for the central metal ion with the appropriate ligand orbitals
is assumed to be the same for all ¢ bonding molecular
orbitals.

The Co-Ordinate Transformation. The co—ordinate
systems adopted for calculation of the dipole moments for
octahedral, square planar and tetrahedral complexes are
represented in Figure 1.

Since the coordinate system of the metal ion is different
from those of the ligands as shown in Figure 1, the coordinate
systems for ligands were transformed into that of the central
metal ion to calculate the dipole moments for transition
metal complexes, using the following coordinate transforma-
tion scheme.

For tetrahedral complexes, the co-ordinate transformation

TABLE 1: The Co-Ordinate Transformation Scheme of Ligands
into the Co-Ordinate System of the Central Metal Ion

1-M 2-M 3-M  4->M 5-M 6—-M
22552 225y2 2% z2op?  z2az2 g2,g2
P X272 x2oz2 xPosx?  x2ox? xiop?
Y2osz? Piox?  yiopl plog? pRoyt y2 a2

TABLE 2: Tht Polar and Azimuthal Angles of the Ligands

Ligand Apex 0 é
1 (G 1, 1 54.73° 45°
2 (-1, 1, -1 125.27° 225°
3 (1, -1, -1 125.27° 135°
4 (-1, -1, 1) 54,73° 315°
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Figure 1. (a) The co-ordinate system for octahedral complex.

(b) The co—ordinate system for square planar complex. (c)
The co-ordinate system for tetrahedral complex.

scheme is more complicated than that for the octahedral
complexes.

The four ligands located at the apices of the tetrahedron
in Figure 1(c) can be described by the polar and azimuthal
angles listed in Table 2,

The co-ordinate system of ligand 1 is related to that of
the central metal ion by the following Euler angle?
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Substituting the Euler angles into the Euler transformation
matrix leads to the transformation matrix for ligand 1.

1 1 v 6
- V6 V6 3 | |™M™
1 _ 1, _
SEECH Bl S ey 7 U4
11
Z1 | new 3 V3 V3| 1% Jod

Using the polar and azimuthal angles listed in Table 2,
the transformation matrix for other ligands were also derived

A 1 ve
2 / V6 ve 3 ||
1 1
i“]yz =1 TV V3 0 Y2 135
K _1 1 1
22 fnew! V3 V3 V3 1% o
1 _ 1 4§
/"3 Ve Ve T3\ /™
'_ 1 1,
iy = Va2 V2 3 (l6)
\_L__k_L
2 new| TVI Y V] 170
/ [ 1 v6
X. —— == e X
! [ V6 VY6 3 !
\_ L1,
Tnl= Ty V2 Vi a7
!

“1 Jold

Using the above two transformation schemes the dipole
moments for octahedral, square planar and tetrahedral
complexes were calculated.

3. Calculation of the Dipole Moments for Transition
Metal Complexes by the Approximate Molecular Orbital
Method

There are two ways of obtaining the molecular orbitals
for transition metal complexes. One is to combine the
valence basis sets of the central metal ion into the hybrid
orbitals localized to the specific directions, and again to
combine the hybrid orbitals with the single basis set of ligand
atoms into the valence bond orbitals for transition metal
complexes. This approach has been developed by Pauling!®
and has been applied to transition metal complexes by
Kimball.l! The other is to combine the valence basis sets
of ligands into ligand orbital sets using the group theoretical
method and then to combine the ligand orbitals with the
valence basis sets of the central metal ion into the approximate
molecular orbitals for transition metal complexes.% 12

First we shall use the approximate molecular orbital
approach for «calculation of the dipole moments for
transition metal complexes.

Octahedral Complexes. The octahedral [Co(III)O;N,113
type and [MIDCIL,O,N, type complexes were chosen
as examples to calculate the dipole moments (M(IT)=Ni(II)
or Co(I)). As indicated in the introduction, these complexes
are assumed to belong to O point group which is a subgroup
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TABLE 3(a): Orbital Transformation Scheme for Octahedral [Co(IID)O3N;] type Complexes

Representation M(III) orbitals Ligand orbitals {/",(})]
@ 4s -j——g“(2P=l+2p,2+C2pz3+C2p24+2pz5+C2p,6)
e 3d,. 7%(229=5+202p=6—2pz1—C2p,3—2p,2—C2p,4)
3d,eye —A-@p—2p24C2p2~C2pY)
1
' 4p, —(2p.!1—C2p.®
4p, L-@pa-coph
4p= %(szs_czpzs)

Electronegativity of N atom
Electronegativity of O atom

where C=

TABLE 3(b): Orbital Transformation Scheme for Octahedral MIDCI:N,O;] Type Complex

Representation M(II) orbitals I';(M) Ligand orbitals I'; (I)
" 4s —7 €2+ CI2HC oI+ A+ 5+ CIp.9)
. 3d,0.z (€21~ C3p2+C 2~ 2
3de ﬁ(zzp,5+2capzﬁ—0'2pzl—C3p,2—C'zp,3—2pz4)
ap. % C'2p.1—C"2p3)
" 4p, —j—?—(capz—zpf)
4p, —L_(c3ps-2.5

V2

Electronegativity of N atom

C—= Electronegativity offCl atom c
Electronegativity of O atom’

of 0, point group. The orbital transformation scheme for
the octahedral [Co(ITD) O3Ng] and [M(IDCLO,N,] type
complexes are listed in Table 3.

The valence basis sets of the metal ions were combined with
the appropriate ligand orbitals having the same transforma-
tion property into the approximate molecular orbitals,

¢ MO)Y=N,; {Cp (M) +(1 —~Cy®V2 (D}
GAMO)=N *{(1—CyH2T'(M)—Cpl (D)} (18)

where N; is the normalization constant given by

Ni={Ca2+(1 = CrA<T DT> +2C (1~ Cpe?)' /2
LT(M) | TAD>Y 12
Ni¥={Ca2+ (1 —=Cy AT DT >—2Cu(1—Ca’)’?
T(M)|I(h>)172 (19)
and Cj is the mixing coefficient of the valence orbitals for
the central metal ion with the appropriate ligand orbitals.
We chose the mixing coefficient as Cy; = 0.75. This value

corresponds to orbital reduction factor K=0.74 if we define
the orbital reduction factor as

2
K:I——(’X—”—(H—CZ)NZ 20)

following the Ballhausen formalism.?
The general formulae of the dipole moment matrix elements
for the above molecular orbitals are

L$:(MO)|r|$;(MO)>=N? [2Cp(1 —CuH?

= Electronegativity of O atom

EAM) | T D>+ (U= Co AT D | r| T (> (21)
LHMO) | r|¢TMOY> =N {—2C4(1 - CpH172<
LM r|TA(D>+Ca T (D | I'(H>} (22)

First we evaluated the dipole moment matrix elements for
the octahedral [Co(ITDN;O;] and [M(IT)CI,N,O;] type
complexes applying the coordinate transformation scheme
for the octahedral complex to the general formulas of the
dipole moment matrix elements given by equation (21)-(22),
and then calculated their dipole moments. The calculated
dipole moments are listed in Table 4.

As shown in Table 4, the calculated dipole moment for
the cis octahedral complex is bigger than for the trans
complex and also falls in the range of the experimental
values. The calculated results in Table 4 suggest that the cis
configuration for the octahedral [Co(III)N4O4] type com.
plexes is more favorable than the trans structure. In
Table 4(b), the calculated dipole moments of [M(II) CL,N,0,]
type complexes for different C values are listed. This result
indicates that the calculated values of the dipole moments
are heavily dependent on the C value chosen, but the dipole
moments calculated using both C values fall in the range
of the experimental values.

Square Planar and Tetrahedral Complexes. The square
planar, tetrahedral [MI)=N,0,L" [M(IN,S,]** and
[PAIDN,X,17 type complexes were chosen for the cal-
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TABLE 4(a): The Calculated Dipole Moments for the cis and frans [Co(II[)-N;O;] Type Complex.

R R’ Expl
Type C Cu [Co(111)-0] [Co(IIT)-N Hz s “ Values
cis 0.8571 0. 50 1.89 1.91 2.964 2.168 4.264 3.70-6.27°
trans 0.8571 0. 50 1.89 1.91 (o] 2.163 2.163
X R I X R u
8 ng=n-" 1\ H CH; 4.99 H n-CsHyy 4.78
| cottiy H CH; 4.69 H CgHp 3.70
j H »n-C3H; 4.59 3-Cl n-CsH; 6.27
3 H »n-CH, 4.83 5-Cl n-C3H; 4.98
TABLE 4(b): The Calculated Dipole Moments for Octahedral [MADCI;N2O,] Type Complexes (Debye)
Complexes M@ID-O0  M{NCl - Expl.

p ey (i C 75 s )7 Values
[Co(11)CIzN,Q5] 1.82 2.15 0.8571 2.134 1.655 2.701 1.60-2.707
[Co(11)CIzN;0,] 1.82 2.15 0.8762 1.623 1.256 2.058
[Ni(11)CI;N204] 1.88 2.14 0.8571 1.983 1.401 2.428 1.18-2.04%
[Ni(11)CI;Nz04) 1.88 215 0.8762 1.786 1.158 2.128

¢ bis—[3—(3'-Fluoroanilion)-I-phenyl-2-hydroxy propanato] cobalt (IT) (2.09), bis—{3~(4'-fluoroanilion)~1-phenyl-2-hydroxy propanato] cobalt
(1D (1.60), bis-{3(2’,6'-dichloroanilino}-I-phenyl-2-hydroxy propanato] Cobalt(Il) (2.70). * bis{3-(2’,6’-Dichloroanilino)-1-phenyl-2-
hydroxypro panato] Nickel (11) (2.04), bis-{3-(2’~chloro—4',6'-dibromoanilino)-1-phenyl-2-hydroxy propnatolnickel (II) (1.71), bis-
[3-(2’,4’6-tribromoanilino)-1-phenyl-2-hydroxypropanatolnickel (IT) (1.18).

TABLE 5(a): Orbital Transformation Scheme for Square Planar
[M(IDN>O;] Type Complexes [MID=Ni(II) or Cu(II)]

M(I) orbitals
I'(

Representation M) Ligand orbitals, I'i(])

TABLE 5(c): Orbital Transformation Scheme for Square Planar
[PbADN,O,] or [PHIDO,S;] Type Complexes

Representation* Pd(II)Pi(&lil)tals Ligand orbitals, I';(l)

“ s and 3d.: %(szl +20.4C2p3+C2Y a S %(2,1 +2p.2+C2p3+C2pfor
by Moy g OpA-2p2HCI-C2Y 4de  -@pAH2D2HCTIIHC'3pH)
¢ 4P J20d=Co0d by 4oy —-QpA—2p2+CIp3— C2pHor
4p, 713—(2912— C2p.t %(szl —2p.2+C"3p3—C'3p,h)
where C=Electronegativity of N/Electronegative of 0. e, 4p, 1/_1_7(2[,!1_ C2p.3) or %(zpzl__ C’3p.3)
TABLE 5(b): Orbital Transformation Scheme for Square Planar e, 4p, 717(2p=2_ C2p.4) or %(Zp,z— C’3p.H

[M(DN;S,] Type Complexes {M(ID)=Ni(I), Co(ID),Cu(II) or Zn (ID]

__ Electronegativity of N atom ,__Electronegativity of S atom

Representation* Pd (1111_)( A(}r)bitals Ligands, I';(l) " “Electronegativity of O atom ° ~ _ Electronegativity of O atom
1 * irreducible representation of Cy, point group.
a 4s and 3d.? T(2p21+2p,2+ C33+C3.9
b 3d,e. e %(2p81_2p22+c3p23_ C3p.4) TABLE 6(2): Orbital Tranzformation Scheme for the Tetrahdral
[MIDO:N;} Type Complexes [M(II) Ni, Cu(Il) or Pb(ID}
e 4p. 5 0pi—C3p9 ,
Representation* M(II)Igr‘t;‘}tals Ligand orbitals, I'(/)
1 & (M)
4p, J—f(Zp,2~C3p,)
1
here € = Electronegativity of S atom a ns —2—(2p,1+2p,2+C2p,3+C2,4)
where & = —Fiectronegativity of O atom 1
t(x) nPs —2—(29:1—2sz+ C2P13 - C2p14)
culation of the dipole moments [M(IT) Ni(1I), Cu(IT), Co(II) tHy) np, —;—(Zp,1+2p,2——C2p,3—C2p,4)
or Zn(I) and X=0 or S] as examples in such a system. The ) . , \ )
orbital transformation schemes for square planar and 1(z) np; —5~(p}—sp2—C2p.3+C2p.Y

tetrahedral complexes are listed in Tables 5 and 6.

As the transformation properties of the central metal ion
and ligand orbitals are known, the valence basis sets of the
metal ion can be combined with the ligand orbitals having
the same transformation properties. The approximate
orbitals gained may be represented, in general, using the

*Irreducible representation of cubic group (T) where #=4 for Ni
1) and Cu(ll) and n=5 for Pd(II).

group theoretical notation by
P(MO)=N;{Cpl" (M) +(1—Cp»)/ 2T (1)}
AT MOY=NH{(1—Cpy®V 2T (M) — Cp I (D)} 24)
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TABLE 6(b): Orbital Transformation Shceme for the Tetrahedral
IM(IDO,S,] Type Complexes [M(ID=Ni(ll), Co(II), Cu(ID), Zn(II)
Zn(Il) or PA(ID)]

Representation M(l;?(]?;?itals Ligand orbitals, I';())

a ns —;—(Zp,‘ +2p,2+C3p.2+C3p.Y)
1x) np. @0~ 2p2+C3p—C3p )
tHy) np, %(213:1 +2p.2—C3p3—C3p.h)
t(z) np. —:12—(213:1 —2p2—C3p3+C3pH)

Electronegativity of S atom
Electronegativity of O atom

Co(11), Zn(II) and Cu(ID) n=35 for Pd(ID

where C= and n=4 for

Ni(ID),
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where Cjs is the mixing coefficient chosen as Cy;=0.50
The dipole moments for the square planar and tetrahedral
complexes were calculated using the numerical values of the
dipole moment matrix elements which were evaluated
applying the co-ordinate transformation schemes to the
general formulae of the dipole moment matrix elements for

the square planar and tetrahedral complexes.

<$:(MO)|r|$(MO)>

=N2Q2C (= Cy V2T (M) | r | T(h>
FA=C 2T (D r| T(D>)

LPHMO) | r|g(MO)>=N¥{-2Cy(1 —-Cp)!/?

LT | r| T D> Cp? AT r | T >} (25

TABLE 7(a) The Calculated Dipole Moments for the Tetrahedral an d Square Planar INi(IT)-O,N;] Type Complexes,’3 Choosing Cy=0.350 and

C=0.8771
R[Ni(ID-0] R’[Cu(I)-N] _S_SEMZEET__ Tetrahedral Expl. value AR
1.851 1.922 3122 4415 3.66 4.43-4.23 0.071
1.894 1.990 3.161 4470 3.64 2.68 0.096
1.893 1.950 3.381 4872 3.89 2.44 0.052
1.837 1.920 3.146 445 3.59 2,70 0.083
1.841 1.851 3.284 4.644 3.93 2.04 0.010
1.80 1.90 3.150 4.455 3.39 1.92 0.10
1.83 1.86 3.018 4.268 3.80 1.94 0.03
1.84 1.86 3.246  4.591 3.87 3.33-3.77 0.02
1.80 1.84 3304 4.673 0.04
TABLE 7(b): The Calculated Dipole Moments for [Cu(I[)-N,O.] Type Complexes!®
RICu(ID)-O] R/[Cu(ID-N] Sq;‘l—areﬁ—zﬂﬂ Tetrahedral Expl. value AR
1.878 1.993 2.823 3992 3.55 3.06-4.72 0.115
1.901 1.989 2.869 4,057 3.72 2.34-2.63 0.088
1.92 1.94 3.149  4.453 4.225 2.91 0.02
1.908 1.957 2966 4.194 3.998 3.73 0.049
TABLE 7(c): The Calculated Dipole Moments for Tetrahedral and Square Planar [Pd(IT)O;N;] Type Complexes!’
R R’ _ Square Planar Expl. val AR*
PA(ITI-O PAAD-N s m Tetrahedral C xpl. value
1.94 1.86 3.379 4.779 4.69 0.8771 4.72 0.08
2.00 2.01 3.618 5.117 4.496 0.8771 —0.01
1.99 1.94 4.084 5.776 4.617 0.8771 0.05
2.02 1.99 4.052 5.731 4.565 0.8771 0.03
*AR=R-R’
TABLE 8: The Calculated Dipole Moments for Square Planar and Tetrahedral [MII)N;S,] Type Complexes!®
Complex R R’ Square planar Tetrahedral c Expl. value
Uz L u
[Cu(TDN,S;] 1.91 2.18 3.316 4.689 5.361 0.7948 3.93-6.82
5.225 5.895 0.7948
[Ni(I)N3Ss] 1.90 217 2.240 3.168 4.444 0.8333 3.27-5.11
[Cu(I)N,S,) 1.92 2.19 — — 4.506 0.8333 3.42-5.07
3.42-6.05
[Zn(IT)N:S;] 1.99 227 4,332 6.126 5.941 0.7948 5.93-6.81
3.42-7.83

4.50
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The calculated dipole moments are listed in Tables 7 and 8.

As shown in Tables 7 and 8, the calculated dipole
moments for the tetrahedral and square planar complexes
fall in the range of the experimental values. Comparing the
calculated values of the dipole moments with the experimental
values we may predict the geometric structure of the
transition metal complexes. We found that the results are
in agreement with the experimental structures. For example,
the calculated dipole moments for the square planar
[Ni(IDO,;N,] type complexes are closer to the experimental
values than those of the tetrahedral complexes. This results
predict that [Ni(IDO,N,] type complexes have the square
planar structure in inert solvent solutions.  This prediction

is in agreement with the experimental structure of McCarty
and Martell.’5

4. Calculation of the Dipole Moments for Transition
Metal Complexes by the Valence Bond Method

In order to calculate the dipole moments for transition
metal complexes by the valence bond method, it is also
necessary to assume that (1) the nuclear part of the dipole
moment is completely cancelled because the central metal
ion is symmetrically surrounded by ligand, and (2) the
atoms that bond directly with the metal ions and are located
at the end of the ligands contribute greatly to the dipole
moments of the transition metal complexes. Since the hybrid
orbitals localized at the specific directions are all equal, the
mixing coefficient is automatically equalized.

The octahedrallM(IT1)0,S;])!8 type complexes were chosen
for calculation of the dipole moments by the valence bond
method [M(II) = V(III), Cr(III), Mn(II), Fe(ITI), Co(III),
Ru(1II), Rh(II) or Os(IID)]. Since the representation which

is formed by six ¢ orbitals on the central metal ion reduces
tol‘:)

Pa:Al + E—I— Tl (16)
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the valence orbitals of the central metal ions which correspond
to the irreducible representations 4, £ and 7, may be
combined into six hybrid orbitals which orient toward the
apices of octahedron.

hl — 1S e

1
—(n—1Dd, 2+ —
x/6 1/2 P=" V2 (n=1yd.

(n—l)dx _y

hz—%ns + any v_(n—ld) 2————(n—1)dx iy
1 1
hy=—=NS ——=ND, — f(n—])d L (n—])d1 L2
T Ve V6 V12
1 1
hy=—==nSs ———=np, ——1(n 1d. 2———(n—])d, .
V6 V2 V12
hs= Vl_ns + ‘/l%np, ‘/?(n 1)d.:
hg=—ns —— ~1yd,e Q1
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where n=4 for V(IIT), Cr(II), Nn(1II), Fe(TI) and Co(III},
n=>5 for Ru(IIT), Rh(III) and n=6 for O(III). Combining
these hybrid orbitals with the single basis set of ligands gives
the valence bond orbitals for octahedral complexes.
61=N{Cphy+(1—Cy?'2C3p,}
¢o=N1{C s+ (1—C Y 2C3p.}
G3=N2{Crhy+(1—C ' 22p,}
4= N {Carhy+(1—C D 22p,}
65=N1{Cprhs+(1—Cy®»'2C3p,}
Gs=N2{Cphs+(1—Cy®'22p,}
where N; and N, are normalization constants represented
by

Ny= (Cu? 201 = Ca W€ [ s |3p.>

Ee ;139> <= 1) 3p.>
+(1—CM2)C2} -1/2
Np= {Ca?+2C (1 —CpAH/?

{%<ns 2pz> +%2—<np.r I 2pz>

TABLE 9: The Calculated Dipole Moments for Octahedral [M(IT1)O;S3] Type Complexes (Cy=0.7071, C=0.7671)

Complex M(IID)-0 M(IID-S VB (D) MO p(D)* Expl. values
[Fe(IT1)O4Ss] facial 1.90 2.19 3,401 4,434 2.46-7.00
[Fe(IT1)O,S5] meridional 1.90 2.19 1,936 2.56 3.52-7.00
[Mn(I)OsS;] facial 1.90 2.19 3,144 4,503
[Mn(IIT)O5S3] meridional 1.90 2.19 1,815 2.60
[Cr(II1)O4Ss] facial 1.91 2.20 2,668 4,339 3.93-7.07
[Cr(I11)O4S;] meridional 1.91 2.20 1,540 2,506
[V(IINO4S,} facial 1.95 2.24 2,490 4,479
[V(IIDO4S3] meridional 1.95 2.24 1,437 2,657
[CI(TIN)O;S;] facial 1.89 2.18 3,549 4,533 3.29-7.36
[Co(IIN)O5S;3) meridional 1.89 2.18 2,049 2,617 2.88-7.14

6.54-8.57
[Ru(INO;S] facial 1.98 227 4,099 4,201 4.55-6.91
[Ru(IINO;S;] meridional 1.98 2.27 3,347 3,430
[Rh(TIN)O;S4] facial 1.98 227 3,182 4,495 6.52-8.14
[Rh(IINO;Ss] meridional 1.98 2.27 2,598 3,670 4.13-7.19
[Os(II1)04%] facial 1.99 2.28 3,335 4,274
[Os(TIN)O3Ss] meridional 1.99 2.28 2,723 3,490

*The dipole moments calculated by the approximate molecular orbital method.
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+2\/%<(n~—l)d,2[2pz>]—i—(I—CMZ}"”z (29)

where C= Electronegat%V{ty of sulphur atom =0.7671
Electronegativity of oxygen atom

Applying the co-ordinate transformation scheme for
octahedral complexes to the valence bond orbitals, the

dipole moment matrix elements for the
[M(IIT}O,S3] type complexes were derived.

octahedral

<1l x| 9> =N2{Cp 2 <ty x| 1>+ 2C (1= C 22
C<h|x|3p,>+CH1—Cpy?*<3p.|x|3p. >}
L2y o> =N2{Cp 2l |y | b > +2C (1 - Cp?)V/?
C<ty|y|3py>+1—Cy®<3p,|»13p,>}
<3| x| @y >= — NP2 {Cp2<hg| x| hs> +2C (1 — 3 A2
<lhslx|2p,>+(1—Cpy®H<2p. | x]2p, >}
<l ¥ ¢ >=—NZ{Cp2<hy| y|h > +2C (1 —Cp A2
<¢slz [ s> =N {CM2<”5 |z hs>+2C(1— CMZ)I/2
C <hs|z]3p, >+ C*(1 — CpH<3p.]z|3p.>}
gl zldo>=—N2{C 2 <lhgl z| hg>+2C (1 — C P2
<hg|z|2p. >+ (1 —CaH)<2p;12]2p, >} (30)

The calculated dipole moments using the dipole moment
matrix elements of equation (30) are listed in Table 9.

As shown in Table 9, the calculated dipole moments for
the facial (M(II1)O5S,) type complexes are bigger and closer
than those of the meridional complexes to the experimental
values. Such results suggest that (M(II[)O;S;) type com-
plexes have the meridional
solutions.

The dipole moment calculation by the valence bond
method does not assume the value of the mixing coefficient,
Cjy, for the hybrid orbitals with the single basis set orbital
for the ligands to be equal which is different from the
approximate molecular orbital method. The calculation of
the dipole moment by the valence bond method is much
easier than wusing the approximate molecular orbital
method because the six dipole moment matrix elements for

the valence bond molecular orbitals for octahedral complexes
need to be calculated.

structure in inert solvent

The numerical values of the dipole moments calculated
by the valence bond method are smaller than those of the
approximate molecular orbital method.

As shown in Table 9, the calculated values of the dipole
mements for octahedral complexes also fall in the range of
the experimental values. Hence we can use the dipole moment
calculation by the valence bond method to predict the
geometrical structures of transition metal complexes in
inert solvent solutions.
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