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Introduction 

In our original repot-t’ of the pentachlorov anadate(lV) 
ion. present in the compound [PCI,][VCI,]. wc sug- 
gcsted that it may ha\,c C,, (i.e. distorted ttigonal 
bipyi-amidal) symnietry’. based upon a \ ibrational anal\~- 
sis and by analogy with other d’ ~y’rtem~. A recent 
critical t-e\ ievv of five coordinate complexes confirms 
our suggestion that d’ (and d") complcxeh of ato- 
cheiometrv ML, would be expected to have stt.uctut es 
based upon the trigonal bipyramid. We also atatcd that 
we were unable to assign a stereochemistry for the ion 
purely on the basi5 of it\ electronic spectrum, ah argu- 

men& could be made for both C,, (i.e. xquar-e pyramidal) 
or c I\ structures (N.B., both of these modcl~ predict 
three dt+d bands). Recently, Ruwll and Smith.’ using 
OUI- spectral data, hnv,e published an intcrprctatiun ot 
the electronic spectrum of [VCIJ hmxi t~pw ;III angw 

lar overlap model. They report the data is best intct- 
preted in terms of C,, symmetry, and argue an analogy 

with the d4 ion, [MnCl,]2-.4.5 
The aim of this work is to support our original claim 

that the electronic spectrum of [VCIJ is a pool- cri- 
terion for establishing its structure. A cry&l field intet- 
pretation of the spectrum will be shown to favour C,, 
symmetry. Although the crystal field model is undoubt- 
edly open to criticism, it has been extenaively used to 
interpret the electronic spectra of five coordinate com- 
plexes,610 and haa been more widely applied than the 
angular overlap model.“~‘* 

Results and Discussion 

Electronic Properties of [PC/,][P’C/,] 
As reported previously, the three dt+d tramitions for 

[VCIJ occur at 

v, = 6.2 kK 
I’> = 8.1 kK 
1' .1 = 16.0 kK 

Although the complex gives no e.s.r. spectrum at room 
temperature. 21 signal is obtained at -196” C at g = 1.84. 
Thix may be taken to indicate two ground state en- 
ergy levels split by approximately thermal energy (ca. 
300 cm-‘). 

Griffith‘s” notation will be employed, unless other- 
wise stated. The potential at a point (r, 0, @) due to a 
single lipand on the z-axis is given’” by 

x 
\‘,\ zz 2 >I 

I,=<, i ho rvZh,>(@, @) 

Fol ;I s_xt of ligands i. at the point5 (Ri. Oi, @J, the poten- 
tial at (r, 8. @) is givsen” by 

v, = I< /Yk, I?Z, (0. ‘p) 

\vllcle. 

V. the total potcntinl due to the ligand field, is given by 
V = V, + V,. For the square pyramid (C,,) with 0 
defined ah in Fig. 1, 

V, = YOOA + ~~~~~~~~~~~ + y40Ar4Z4,, 
V, = 4,/,,,r + 2JJ,<, E(3cos20-1)r2Z20+‘/2~40E(35co~40 

-30cos’O+3)r-4Z4, +(\%/2)y4,E(sin40)r4Z,,‘. 
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Figure 1. Square pyramrd (C,,) 
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Figure 2. Distorted trigonal bipyramid (C,,) 

For the distorted trigonal bipyramid (C,,), with Cp 
defined as in Fig. 2, 

V, = 2yooA + 2y,,Ar2Z2, + 2y,oAr4Z,,, 
V, = 3yooE-3/2yzoEr2Z2, + ‘/*ti( 1 + 2c0s2@)y2,Er2 

Z ’ + 9/8y40Er4’Z,,-‘14G( 1 + 2COS2@)y4,Er4 
Z:zc + ‘/,V75(1 + 2cos4@)y4,Er4Z44C. 

The Potential Energy Matrix 
For C,, symmetry, the potential energy matrix is 

diagonal over the manifold of real d orbitals. The diago- 
nal elements may be evaluated for a point charge model. 
using the formular3 

z 
Y ko = - Rk+' 

where z is the charge on the ligand. 
Ignoring all terms in yoo (these raise all orbitals 

equally in energy), the energies of the d-orbitals in the 
field of C,, symmetry‘are given by 

E X22-12 = 2Ds + 6Dt 

EXZQ2 = -2Ds + Dt + 5(sin40)Dq 

E = -2Ds + Dt - 5(sin‘W)Dq 

E;; = E,, = Ds - 4Dt 

where 

cos‘W-30cos20 + 

For a d’ system, the possible electronic transitions 
are represented in Fig. 3, their magnitudes being given by 

hv, = -3Ds + 5Dt-5(sin40)Dq 

hv, = Ds + 1ODt 

hv, = -3Ds + 5Dt + 5(sin40)Dq 
h(vj-vr) = 10Dq(sin40) 

However, for C,, symmetry, the potential energy 
matrix is not diagonal over the manifold of real d or- 

Figure 3. Energy level diagram for square pyramidal (C,,) d’ 
complexes. 

bitals; there is an interaction between the two orbitals 
belonging to the a, representation, resulting in a 2 x 2 
secular determinant. Calculation has shown that this 
interaction is very small (i.e. less than the experimental 
error involved in measuring electronic spectra), and it 
has therefore been neglected. The energies of the d- 
orbitals in the field of C,, symmetry are now given by 

E Rr>mr> = 2Ds + 6Dt 
En’+’ = -2Ds + Dt + 5/4(1 + 2cos4Q)Dq 

E XY = -2Ds + Dt - 5/4( 1 + 2cos4@)Dq 

E, =Ds-4Dtt6 

EXZ = Ds-4Dt-6 

where 

Du =&(l + 2cos2@) 

6 = $1 + 2cos2@)Dq-Du = -4/,(1 + 2cos2@)Dq 

For a d’ system, the possible electronic transitions 
are represented in Fig. 4, their magnitudes being given by 

hv, = -3Ds + 5Dt-‘/,(l + 2cos4Q)Dq + 6 

hv, = -3Ds + 5Dt + ‘14(1 + 2cos4Q)Dq + 6 

hv, =Ds+lODt+6 
h(vZ-vr) = s/2(1 + 2cos4Q)Dq 

It should be noted that the definition of Dt for the square 
pyramid (C,,) is of a different form from that for a 
tetragonally distorted octahedron (C,,), as defined by 
Piper and Carlin.14 The present definition is more 
general. 
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Figure 4. Energy level diagram for distorted trigonal bipyra- 
mid al (C,,) d’ complexes. 

Interpretation of the Electronic Spectrum of [VCl,]- 
Dq for [VCl,]*- is known to be 1540 cm-1.15,16 It 

will be assumed that this is also the value for [VCl,]-, 
as very little difference in metal-ligand distance is 
anticipated.3 The parameters calculated from the ob- 
served magnitudes of Ye, vZ and vg are given in 
Table I, for both C,, and C,, symmetry. 

If the molecule had C,, symmetry, then it would be 
expected that 0 would be between 95” and 105”.* The 
calculated value of 0 corresponds to a physically unreal- 
istic situation (N. B. If it were assumed that E(B,) > 
E(A,), then 0 is even larger). If the molecule had C,, 
symmetry, then it would be expected that @ would be 
between 115” and 125’.‘Thus, the calculated value of 
@ is within the acceptable range. Also, the e.s.r. spectrum 
was consistent with a value of [E(B,)-E(B,)] of about 
200 cm-l. Finally, Table II shows that the calculated 
values of Ds and Dt are comparable with those for 
complexes of known structures. Thus, interpretation 
upon a crystal field model undoubtedly favours a C,, 
structure. 

In summary, it is believed that this interpretation is 
as valid as the interpretation based upon the angular 
overlap model,3 and thus it is felt inadvisable to predict 
the structure of [VCl,]- purely on the basis of its 
electronic spectrum. Only a full X-ray determination 

TABLE I. Calculated Parameters for [VCl,]- 

C 4va C Z” 

Ds, cm-’ -2014 271 
Dt, cm-’ 1011 1553 

0 116” 40’ _ 

@ _ 116”lO 
6, cm-’ _ 200 

a Calculated assuming E(A,) > E(B,). 

TABLE II. Spectral Parameters for Trigonal Bipyramidal 

Complexes. 

Ds, cm-’ Dt, cm-’ Ref. 

VCWh% -100 1260 6 
VBr,(Mc,S), 150 1285 6 
[vch- 271 1553 
TiCl,(NMe,), 414 1469 7 
VCI,(NMe,), 440 1450 7 
VBr,(NMe& 520 1340 7 
TiBr,(NMe,), 557 1354 7 

will finally prove its structure. However, a polarized 
crystal spectrum or a magnetic circular dichroism study 
would yield information about the symmetry of the 
excited state, which would distinguish between the two 
possible geometries. 
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