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divalent metal chlorides all had a single crystal form
with the exception of ZnCl,.® These facts simplified
the interpretation of the X-ray powder data. In the
absence of polymorphic forms of the pure components,
the appearance of new lines must be attributed to com-
pound formation between divalent metal chloride and
AlCl;. Table 1 is a list of the systems studied and the
general results as determined by X-ray examination of
the fused product. The color of the fused system was
characteristic of the initial divalent chloride although
much deeper. The X-ray powder patterns definitely
showed compounds formed only after the fusion proc-
ess. For Mg and Co, the pure products were able to
be isolated. In these materials the compound forma-
tion and type were verified by chemical analyses. Ttis
interesting that not all systems formed compounds in
the fused state. Repeated trials over wide composition
ranges were performed for Be, Zn, Ti, Hg, and Pt. In
the first two cases glass formation was encountered and
special recrystallization techniques may be necessary to
obtain compounds. The last three cases always ended
with slurries of the metal chloride in AICl; at elevated
temperatures. The systems which formed compounds
gave uniform solutions at elevated temperatures.

Table II is a list of the powder patterns derived from
the fifteen systems which formed compounds. The
data for the Co, Mg, V, Cr, Mn, and Fe systems re-
vealed that these formed closely related structures or
possibly an isomorphous series. The strongest line
consistently appears at a spacing of 2.83-2.89 A. The
initial pairs of lines are likewise similar in their inten-
sities and spacings. Other recurrent spacings are found
near 3.26, 2.21, 1.87, and 1.69 A. In addition, the ionic
radii’® of these six divalent metals are all 0.77 = 0.12 A.
so that spatial requirements can be readily fulfilled.
The cobalt structure has already been determined? to be
of the 1:2 type. Therefore, it is suggested that the
other five systems have a similar composition, M (AICly)s,
where M is the divalent metal. The powder pattern of
Co(AICL); can be readily indexed from the unit cell
dimensions and intensities reported by Ibers.? The
first entry of Table II gives these results.

Little is known about the composition or structures of
the remaining nine systems of Table II. For CdCly—
AICl; the compound is of the 1:2 type* but not iso-
structural with Co(AlICl),. Considerable changes of
spacings and intensities are noted in the respective
powder patterns. These changes argue against the
indexing of the Cd(AICly), compound from the unit cell
dimensions of the Co(AlCL),. The larger ionic radius of
Cd?+ (0.97 A.) must also influence the structural pack-
ing. The powder pattern for the Cd system is the same
as that previously listed.* All other systems in Table
IT must possess a variety of compositions and structures
when judged from the powder data. Individual phase
diagrams and single crystal data are both needed to
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complete the study. Meaningful conclusions could then
be drawn.
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Previous investigations have shown that some
monovalent metal chlorides react with titanium tetra-
chloride in fused antimony trichloride to give the cor-
responding metal hexachlorotitanates(IV).! Now we
have found that alkali metal bromides react in a similar
manner with titanium tetrabromide in fused antimony
tribromide to form alkali hexabromotitanates(IV).
Only compounds of the type (AH),;TiBrg (where A =
NH;, CiHN, CiH;N) have been described in the litera-
ture.??

Alkali metal bromides (except lithium bromide and
sodium bromide) and titanium tetrabromide are readily
soluble in fused antimony tribromide,* and the alkali
hexabromotitanates formed are only slightly soluble in
the melt. After solidification of the antimony tribro-
mide melt, the excess titanium tetrabromide and the
antimony tribromide can be easily removed with an
organic solvent, which does not dissolve the alkali
hexabromotitanates.  Potassium hexabromotitanate-
(IV), rubidium hexabromotitanate(IV), and cesium
hexabromotitanate(IV) were prepared by this tech-
nique.

Experimental

The experimental procedure was the same as described earlier?
with the following exceptions. Approximately 0.4 g. of alkali
metal bromide was dissolved in about 50 g. of double-distilled
SbBr;, and the reactions were performed at approximately 110°
for periods up to 48 hr. The product salts sometimes contained
small amounts of unreacted alkali metal bromide when shorter
heating periods were used. The reaction products were extracted
in an erlenmeyer flask with distilled, dry CS; by repeated decant-
ing of the organic solvent from the insoluble phase, which settled
at the bottom of the flask.

Results and Discussion

The salts Ko, TiBrg, Rb,TiBrg, and Cs,TiBrs were pre-
pared by using fused SbBr; as the solvent. Amnal
Caled. for K,TiBre: K, 12.91; Ti, 7.92; Br, 79.17.
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Found: K, 12.6; Ti, 7.8; Br, 78.9. Caled. for Rby-
TiBrg: Rb, 24.48; Ti, 6.86; Br, 68.66. Found:
Rb, 24.2; Ti, 6.8; Br, 68.3. Caled. for Cs;TiBrg: Cs,
33.51; Ti, 6.04; Br, 60.45. Found: Cs, 33.1; Ti, 5.9;
Br, 60.2. All compounds obtained were dark wine-red.
The rubidium salt was darker than the potassium and
cesium salts.

The alkali hexabromotitanates appear to be stable in
dry air. However, they are rapidly decomposed when
exposed to the atmosphere in the laboratory (~60%,
relative humidity). The alkali hexabromotitanates are
considerably more hygroscopic than the corresponding
hexachlorotitanates. The hygroscopicity decreases
from the potassium to the cesium salt.

In preliminary X-ray studies it was found that the
potassium, rubidium, and cesium hexabromotitanates
are isomorphous with potassium hexachloroplatinate.
The lattice constants of the potassium, rubidium, and
cesium hexabromotitanates were found to be apy =
10.35, 10.46, and 10.66 A., respectively.

The formation of the alkali hexabromotitanates in
fused antimony tribromide and the formation of the
monovalent metal hexachlorotitanates in fused antimony
trichloride! are based on a similar acid-base reaction.
Another type of acid-base reduction in fused antimony
tribromide was described by Jander and Weis.®
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Although the chemistry of the higher fluorides of
vanadium has been extensively investigated®? and cer-
tain physical properties have been determined,34
little structural information has yet been obtained.
The structure of vanadium pentafluoride is of some con-
siderable interest since the liquid is thought to be as-
sociated® by fluorine bridge bonds, while the normal
vapor density>® suggests that the pentacoordinate
monomer is present in the gas phase. Moreover, the
geometry of this monomer, either trigonal bipyramidal
or perhaps square pyramidal, is itself of great interest.
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INFRARED SPECTRA OF VANADIUM FLUORIDES
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Figure 1.

Since there are no nonbonding, valence-shell electron
pairs in vanadium pentafluoride, the trigonal bipyrami-
dal structure is reasonably expected, but this has not
yvet been established for this or any other transition
metal fluoride. As one approach, we have now in-
vestigated the infrared spectrum of vanadium penta-
fluoride, and also of the tetra- and trifluorides.

Experimental

The preparations of vanadium pentafluoride and tetrafluoride
have been described previously,b? as well as the techniques in-
volved in their manipulation., Vanadium trifluoride was obtained
by the thermal decomposition of the tetrafluoride.,? The infrared
spectra were measured on Perkin-Elmer Model 21 infrared re-
cording spectrometers, fitted with NaCl optics for the 650-4000
cm. ! region and cesium bromide optics for 200-650 cm. 1.
Spectra of the pentafluoride were taken using two different gas
cells. The first was a 9-cm. long stainless steel cell fitted with
polyethylene windows 0.5-mm. thick and held in place by stain-
less steel compression rings. With this cell, the 200-1000 cm. ™!
region could be observed, since polyethylene has only two weak
absorption bands at 720 and 730 cm.~!. The other was a 10-cm.
glass cell fitted with potassium bromide plates which previously
had been coated with a thin film of paraffin wax to prevent at-
tack by the pentafluoride. These windows were transparent
from 350 to 4000 cm.™!, except for the sharp paraffin absorption
bands at approximately 2900, 1400, 730, and 720 cm.™! which
were weak because of the thinness of the wax film and hence did
not obscure a large region of the spectrum.

Both cells were attached to glass fingers into which the penta-
fluoride was distilled. The pressure of pentafluoride vapor
within the cell could be controlled by cooling the finger to various
temperatures. Spectra were measured on two different samples
in each cell over the entire accessible range for each cell, with no
appreciable differences being observed.



