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Infrared Spectra of Cs;CoCls
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The infrared spectra, transmittance, and polarized reflectance of Cs;CoCls are reported. The group
theoretical analysis was executed and a vibrational assignment proposed on the basis of Dy, symmetry.

Factor group and site effects are discussed.

Introduction

A number of studies have been carried
out on complex salts of the form Ry(MX,),
where R = univalent organic cation, M =
bivalent first row transition metal, and X =
halogen, with the aim of determining the
structural dependence of the complex anion
MX%, i.e., its distortion from a regular tet-
rahedral configuration, in its dependence
on the nature of different organic cation en-
vironments. The availability of the com-
pound Cs;CoCls, tricesium tetrachloroco-
baltate II chioride, containing a CoCI3~
core in an inorganic cation environment, in-
duced us to record its infrared spectra, the
transmittance and polarized reflectance, for
polycrystalline and single crystal samples,
and to analyze the spectra using the factor
group analysis.

Reynolds et al. (3) determined the crystal
structure of Cs;CoCls to be tetragonal, 14/
mem, with unit cell dimensions a = 9.231 A
and ¢ = 14.553 A. The two separate types
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of Cs* ions, a C1~ anion, and a CoCl}™ an-
ion, are arranged in a layer-like structure of
alternating 2Cs* and C1~ layers and Cs*
and CoCl;™ layers (4). The CoCl, units are
tetrahedrally distorted with Cl-Co—Cl bond
angles of 106.1° and 111.2° while maintain-
ing a constant Co~Cl bond length of 2.252
A. This type of deviation from strict tetra-
hedral symmetry is similar to that in Cs;
CoCl, (5). In Cs;CoCls, the tetrahedra of
CoCl}™ ions are arranged about the 001
plane and interact in the a (b) direction (4).

Experimental

Crystals of Cs;CoCls were grown by
slow evaporation of aqueous solutions us-
ing distilled water and stock reagents sup-
plied by J. T. Baker (CoCl, - 6H;0) and the
British Drug Houses (CsCl) of stated purity
299.9%. Crushed smaller crystals were
used as the polycrystalline sample and
larger single crystals in the form of a regular
tetragonal prism, ~3 mm long and 2 mm?
cross section, were used as the single crys-
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tal sample. All samples were confirmed by
X-ray diffraction.

The infrared transmittance spectra were
recorded with a Perkin—-Elmer 180 double
beam spectrophotometer on polycrystalline
samples in Nujol mull between polyethyl-
ene windows. Reflectance spectra of single
crystals were recorded with AgBr polarizer
on the reflectance accesory. The far infra-
red region, 40-350 cm~!, was investigated.

Factor Group Analysis

Cs;CoCls crystallizes in a tetragonal
system with space group I4/mcm (D4) con-
taining four formula units within the unit
cell (3). The primitive cell has two CoCl3~
units of D,, symmetry. Using standard cor-
relation mapping procedures (6) the corre-
lation of the internal modes for the CoCl,
units of Cs;CoCls from the free CoCI3™ ion
group to the factor group with the site ef-
fects is given in Table I.

The total number of normal modes for
the two formula units of Cs;CoCls in the
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Bravais cell is 54 which includes 18 internal
vibrations of CoCLE~ ions (Table 1), 12 ex-
ternal modes of CoCl;™ ions, viz., As,, By,
2F,, Ay, By, and 2E,, along with 18 exter-
nal or lattice modes for six Cs* ions, viz.,
A[g, 2A2g, Blg, Bzg, 2Eg, ZAz,,, Bllu and 3Eu,
and 6 external or lattice modes for two Cl~
ions, viz., A, By, and 2E,. Of these, 15
modes are infrared active, i.e., 64,, and
9E,.

Results and Discussion

The recorded infrared transmittance
spectrum for polycrystalline and the reflec-
tance spectra for single crystal samples of
Cs3CoCls are shown in Figs. 1 and 2, re-
spectively; the vibrational frequencies are
tabulated in Table II with their assign-
ments. The reported infrared spectra can be
divided into two main regions, viz., 250-
350 and 40-160 cm™!.

The strong broad band centered near 310
cm~! in Fig. 1 is interpreted as resulting
from two overlapping absorptions at 309

TABLE I
Free ion Site Crystal
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Fic. 1. Infrared transmittance spectrum of

Cs3CoCls.

and 316 cm~!. This interpretation is sup-
ported by the two discernible peaks at 312
and 316 cm™! in the unpolarized spectrum,
A,, mode, and at 310 and 314 cm~! in the
90° polarized spectrum FE, mode, Fig. 2.
These group factor splittings along with the
weak splittings, ~4 cm™!, are assigned to
the v3( F,) mode of the two CoCl3™ ions re-
siding in the primitive unit cell. The number
of weak absorptions present in the single
crystal spectra, but absent in the polycrys-
tailine spectrum, raises the question as to
the nature of these modes in the single crys-
tal, these features may have been elimi-
nated by grinding the material to form the
polycrystalline state.

The transmittance and reflectance fre-
quencies in the range 120-135 cm™! are as-
signed to the factor group splitting of the
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Fi1G. 2. Infrared reflectance spectra, polarized and
unpolarized, of CsiCoCls.
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TABLE II

INFRARED VIBRATIONAL FREQUENCIES AND
ASSIGNMENTS oF Cs3CoCls

Frequencies Reflec-
of free Transmittance tance
CoCl}™ ion frequency frequency
(cm™!) (cm™) (cm™) Assignment
vy, 7 (A) Symmetric
stretching
v,, 82 (E) Symmetric
bending
vy, 297 (Fy) 309 310, 312 Asymmetric
316 314, 316 stretching
vs, 130 (F) 120, 123 121, 123 Asymmetric
127, 134 131, 135 bending
1 1;?? 50 117 Combinations
94, 87, 78, 68 91, 80 External and
100, 56, 48, 45 75, 62 and lattice

modes

asymmetric bending »4(F,) mode. Similar
splitting of the v4(F,) mode had been re-
ported for CoCl3~ at 118 and 136 cm™! (1).
In addition to the predicted factor group
splitting for the two CoCl™ units, a further
possible separation of the transverse and
the longitudinal optic modes, i.e., Ay,
Asz1, E,, E,; on the basis of dipolar cou-
pling factors, is attributed to the vibrational
doublets (7, 8).

The remaining observed peaks in the re-
gion 45-100 ¢cm™! are attributed to the ex-
ternal and lattice modes of CoCli~, Cs*,
and ClI~ species. In general, the rotational
modes are expected to appear at higher fre-
quencies with higher intensities relative to
the translational modes. Furthermore, the
external mode frequencies are expected to
decrease in the sequence CI- > Cs* >
CoCl}™ on the basis of the mass factor
alone.

The peaks at 106, 112 and 150 cm™, re-
corded in the transmittance spectrum but
not observed in the single crystal spectra,
are tentatively assigned to a combination of
external modes, viz., A, + E,,.

In summary, we observed all the internal
modes predicted by factor group analysis
for CoCl3™ in Cs;CoCls along with a multi-
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plet structure arising from internal optic
modes. Also recorded were many of the ex-
ternal modes for CoCl3, Cs*, and CI-.
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