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A STUDY OF THE RAMAN AND BROADLINE
NMR SPECTRA OF (GeFZ)3 GeF4

J. L., Margrave and P, W. Wilson

Dept. of Chemistry, Rice University,
Houston, Texas, U.S.A.

and
H. J. Hurst
Chemical Technology Division

Australian Atomic Energy Research Establishment
Lucas Heights, N,S.W., Australia

INTRODUCTION

The compound (Ger)3 GeF4 has only recently been characterized{
A number of the physical and chemical properties of (GeFZ)3 GeF4 are
now known, including among others, its thermal behaviour and enthalpy
of formation. The Raman spectrum and broadline NMR spectrum have not
been presented and in this report they are described for the first time.
EXPERIMENTAL

(Ger)3 GeF4 was prepared as described previouslyl. Briefly, Ge
was heated to 350°C in the presence of one atmosphere pressure of GeFa.
A white compound formed on the cool parts of the apparatus and this has
been shown to be (Ger)3 GeF4. The compound is hygroscopic and all
manipulations were performed in a dry box.

To obtain the Raman spectrum the compound was packed into a 2 mm

glass tube. The actual spectrum was taken by the Spex Industries

Laboratory service.
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Derivative spectra of the 19F absorption signal at room temperature
were obtained using a JEOL JNM-W-40 broadline spectrometer. Twenty g of
sample was packed into a 15 mm diameter glass tube, and the spectrum was
taken in the normal way.

RESULTS AND DISCUSSION

The Raman spectrum of (Ger)3 is shown in Figure 1.

The assignment of the laser-Raman frequencies of (GeF2)3 GeF4 is

difficult and should be based on an understanding of its crystal structure

and on the observed vibratiomal frequencies of other germanium fluorides.

GeF, is not known nor

Unfortunately the crystal structure of (Ger)3 4

is it presently possible to prepare it in a crystalline form and so
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FIG 1.

Raman Spectrum of (Ger)3 GeF4
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determine its structure. However the crystal structure of the closely
related compound (Ger)4 GeFé has recently been determined.2 The space
group of (GeF2)4 CeF4 is no. 14 : P21/a(Cgh). The structure comprises
a three dimensional covalent lattice of octahedral GeF6 groups and dis-
torted square pyramidal GeF4 groups. These units are held together by
two types of fluorine bridging bonds. The geometry of the GeF4 group is
very similar to that observed in the compound Ger. One of the two types
of linking -Ge-F-Ge-F- chains is common to both (Ger)a Gth and GeFZ.

It is not unreasonable to suggest that the crystal structure of (GeF2)3
GeF4 should be very similar to that of (Ger)4 GeFA. In particular, the
units from which the crystal lattice of(Ger)3 GeFA is built will almost
certainly be very similar to those encountered in (Ger)4 GeFa. An
understanding of the Raman spectrum of (GeF2)3 GeFA can therefore be
partially based on a knowledge of the crystal structure of (GeFZ)A GeF .

It should be noted that a sufficient quantity of (Ger)a GeF, to deter-

mine its Raman spectrum cannot be isolated at the present time.

The vibrational frequencies of the hexafluorogermanate ion, GeF6_,
have been measured using Raman studies of solutionsB, and infra-red
studies of pressed CsI discs and Nujol mulls3. The assignments agree

with those predicted for 0h symmetry.
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While the three fundamental frequencies of gaseous Ger molecules have
been determined,?’’
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and matrix isolated Ger shows sharp peaks in the region of 655 cm-l,
has no such sharp featuresa. The Raman spectrum of

shows only a broad peak centered at 500 cm—l. The

crystalline GeF2

crystalline GeF26

distorted square pyramidal GeF4 unit in this compound and in (GeF2)3

Gth does not have a high degree of symmetry.

The most prominent feature in the Raman spectrum of (GeFZ)3 GeF4
is a strong line at 640 cm_l. Such strong lines are usually associated
with the totally symmetric stretching frequencies of groups with a
centre of inversion., Although the GeF6 groups of 0h symmetry in

(GeF2)4 GeF, occupy sites with the much lower Ci symmetry, the Raman

4

2g will continue to be Raman active, des-

pite any splitting through perturbation, because the inversion centre

active frequencies Alg’ Eg’ T

is preserved, Assuming the GeF6 group occupies a similar site in

(GeF GeF the strong line at 640 cm"l could be associated with the

2)3 4’
A1g symmetric stretch frequency. This corresponds to the strong line at
627 crn-l observed for the hexafluorogermanate ion in solution. Weaker

lines at 290 cm-l and 470 cm—l are in approximate agreement with the

frequencies of T, and Eg symmetry, The broad band at 500 cm-l seen in

2g
the Raman spectrum of crystalline Ger is also presente.

The results of the broadline NMR study were not as clear as the Raman
spectrum study., The spectrum contained a broad and a narrow component,
indicating two types of fluorine atoms., Their relative proportions could
not however be determined because of uncertainties in different modulation
broadening of the two components and in deconvolution of the integrated
signal.

From the above discussion, it is clear that the Raman and broadline

NMR spectra of (GeF GeF4 are consistent with those that might be expec-

2)3

ted from a consideration of the crystalline habit of the molecule. This
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interpretation shows that the spectra are a composite of the contributions
from the GeF6 and GeF4 group within the crystal. From other work it is

reasonable to expect that other members of the family (GeFZ)x GeF4 will
be preparedl’z. Since it is likely that all members of this family will

contain similar groupings in their crystalline habit, the preceding

discussions may well be applicable to all members of the family.
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