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The vibrational frequencies of the isotopic WOCl4 molecules
have been caleulated. Their correlations, the isotopic shifts
and splittings, respectively, have been presented and the
results compared with those of VOCIs.

The isotopic shifts and splittings appearing in vibrational spectra
are of great importance in the interpretation of high resolution spectra
and the spectra of the matrix-isolated species. It is also an invaluable
aid in the determination of an acceptable force-constant matrix for
polyatomic molecules. Isotopic effects in the vibrational spectra of
VOClgt, 2 led to the calculations of the similar WOCl4 molecule, intending
to accomplish a theoretical estimation of the magnitude of the shifts
and splittings of WOCly and to determine whether these effects are
observable in vibrational spectra.

The occurrence of two natural chlorine isotopes results in 6 isotopic
WOCl; molecules. Together with their point groups and symmetry
operations they are listed in Table 1.

In our calculations we have adopted the structural parameters
of Spiridonov et al.?, the symmetry co-ordinates of Brunvoll and Cyvin?
and the force constant matrix of Brockner et al.b,

W035CL; and WO37Cly belong to the point group Cay. The irreducible
representations for the molecular vibrations are®

Tyio (Cav) =3 A1 +2B1 + B2 + 3 E.
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In the other cases the symmetry has been lowered by the intro-
duction of different chlorine isotopes, and it is therefore no longer
permissible to use the same block structure of the F and G matrices
as for the molecules with Cyy-symmetry. The appropriate correlations®
are shown in Table 2.

Referring to this correlation table it is easy to write down the
irreducible representations of the remaining isomers: For frans-

Table 1. Point Groups and Symmetry Operations of the Isotopic WOCl,

Molecules

Molecule Point group Symmetry operations

WO35Cl, Cuv E; 2Cy4; Co; 20y; 2064

WO035C1587Cl COsv E; oy

trans-WO35Cl337Cly Cov E; Co; 26y

cis-WO35C1237Clp Csd E; o4

WO35C137Cl; Cgv E; oy

WO3B7Cl, Cay B;204;Cs5 20v; 204

Table 2. Correlation Diagram of the Point Groups Cygy — Cay — Cs

C4v CZV CSV Csf1
Ay Ay A’ A’
Ay As A A
B; Ay A’ A7
B Ag A” A’
E B: 4+ B» A’ A7 A" A

WO35Cls37Cly (Cay) oy is the only remaining symmetry plane from
the Cyy-point group. Its representation is therefore:

T'vin (Cov) = 5 Ay + As + B1 + Ba.

The same symmetry plane oy has been retained in the case of
WO35C1337Cl and WO3SCBCl3 and their representations are

Py (G¥) =8 A" + 4 A",

In the case of the isomer ¢is-WO35CL;37Cl, the o4 plane is retained
and the irreducible representation is therefore:

Puip (C8) =TA +5A".
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Each of the degenerate symmetry co-ordinates of the Ciy model
can be used as a basis for a block diagonal secular equation for the
Cay or G5V model. A gymmetry analysis of the co-ordinates belonging
to the degenerate species E of the C4y point group shows that a direct
transfer of the co-ordinates to the C¢d point group is not allowed because
they do not belong to either the A’ or the A" species. This separation
into the two species is accomplished by taking the sum and the dif-
ference of two degenerate co-ordinates, the sum belonging to the A’
species and the difference to the A” species.

Table 4. Calculated Vibrational Frequencies (em™1) of the Isotopic VOCls
Molecules and their Correlations and Assignments

VO 35013 VO 3501,37C1 VO 350157C1, VO 37Cl,

vi 1037.5 (A1) 1037.5 (A") 1037.5 (A) 1037.5 (A1)
i 505.0 (A”) 503.1 (A')

va 505.0 (E) 2010 (4" G058 (a7 498.8 (E)

va 410.7 (Aq) 407.4 (A" 404.2 (A%) 401.1 (Ay)
) 247.0 (A”) 246.4 (A"

v5 247.0 (E) 256 (A 2453 (A7 245.3 (E)

vg 163.5 (A1) 162.7 (A") 161.9 (A’ 161.1 (Ay)
. 128.0 (A') 127.0 (A%)

" 128.5 (E) {127.0 A PP (A,)} 125.4 (E)

The numbering of the frequencies follows that of the Czy model.

By rearranging the co-ordinates of the WOCly molecule with Cyy
symmetry according to the scheme outlined above and rearranging
the blocks of the F matrix correspondingly a secular equation may
be set up and solved for each of the isomers. Using this approach we
have abandoned the method of standard symmetry co-ordinates and
gained the advantage of transferring the blocks of the force constant
matrix® directly to the molecules with lower symmetry.

The calculated frequencies of the isotopic WOCI, species are sum-
marized in Table 3 and for sake of comparison the vibrational frequencies
of the isotopic VOCl3 molecules? are listed in Table 4.

Comparing our WOCI, results (Table 3) with those of the isotopic
VOCl; molecules? (Table 4) there is the same order and magnitude of
the isotopic effects:

The most prominent shift in the spectrum of the WOCly molecule
will be found for the symmetric W—Cl- stretching frequencies vy
(WO35Cly : 407.6 cnl; 'WO37Cly: 397.0 cm~1). A relatively large
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isotopic shift has been determined for the asymmetric stretching
frequencies v4 (9 em—1), but this fundamental appears as a weak and
broad band? # making a resolution into the different frequencies
impossible. Also the other frequencies show minor shifts and splittings
respectively (except vi) and according to the intensities of the funda-
mentals and the statistical distribution of the isotopic species it will
be expected that an experimental detection is very difficult or impossible.

For the crystalline WOCI4%-1* consisting of an infinite oxygen bridged
chain isotopic effects may also be expected particularly for the sym-
metric W—Cl-stretching frequency, because the WCly part can be
regarded as a separate unit.
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