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and Hickford,!® might also contain rhenium chloride
species in oxidation states of less than 34. Accord-
ingly we prepared these derivatives according to the
method of Fergusson and Hickford!® and recorded
their electronic and/or vibrational spectra.  For all
three products their infrared spectra (4000-400 cm—1!),
recorded as Nujol mulls, revealed bands characteristic
of the 2,2’ 2''-terpyridinium cation!* and 2,2/,2"'-
terpyridyl.

The mull electronic specta of the solids prepared by
the method which were described as affording Re;Cle-
(terpy)iss and ResClo(terpy):t® did not show a low-
energy absorption band near 8000 cm~! and resembled
closely the spectra of the reduced species isolated from
the rhenium(II1) chloride-2,2'-bipyridyl systems.
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For the d? chromium system, crystal field theory pre-
dicts in O, symmetry three low-energy spin-forbidden
transitions, 2E <« 4A,, 2T < 4A,, and the 2T, < %A, all
described in orbital notation as t,®> — t,® transitions.
However, the small radiative probability of these tran-
sitions frequently precludes observing them in solution
absorption spectra. Use of dilute single-crystal sam-
ples to obtain better resolution and increased absorbance
is limited by the availability of transparent isomorphous
host lattice materials. Polymer solvent media may
provide a suitable compromise between liquid solution
and solid solution determination of spin-forbidden tran-
sitions.

Reported below are the energies of these transitions
in five tris chromium(III) complexes: diethyldithio-
phosphate, dtp; dimethyldithiocarbamate, dmtc; di-
ethyl dithiocarbamate, detc; methyl xanthate, mxan;
and ethyl xanthate, exan. The 2T, < %A, transition
has not been previously located for these complexes.
An explanation of the extra band in the region of the
Ty band for Cr(dtp); is given. The emission spectra
for the complexes are also reported, clarifying some
earlier results.
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Experimental Section

Synthesis.—The sulfur chelates were synthesized by literature
methods.!™® Purity was determined by melting point, thin
layer chromatography, and C-H analysis. Compounds were
stored at 0° after purification and repurified just before use.

Glassy solvents used were EPA [ether—isopentane-ethanol
(6:5:2)] and EPA-CHCl; (2:1). Polymer samples were
made by dissolving the complexes in partially polmerized methyl
methacrylate syrup. Further polymerization was done ther-
mally (75° until firm and then 100° for 2 days). The samples
were stored under vacuum until use.

The Cr(dmtc); and Cr(exan); crystals diluted into the corre-
sponding indium host chelate were grown from reagent grade
acetone. The Cr(dtp);-In({dtp); crystals were obtained as
flakes from 959, ethanol.

Results and Discussion

The absorption spectra of Cr(mxan); and Cr(exan);
in polymer and crystalline hosts contain resolved weak
bands at 18.1 and 18.4 kK and shoulders at 13.0 and
13.9 kK superimposed upon the 4T, <~ %A, transition.
The lowest energy transition is assigned as the ?E <«
*A, transition consistent with the emission spectrum.
The shoulder at 13.9 kK is tentatively assigned as the
2T, <= %A, transition. On the basis of their sharpness,
intensity, and the Sugano—Tanabe diagram, the two
narrow resolved bands at 18.1 and 18.4 kK are assigned
as the trigonally split components (2E and 2A,) of the
¥T, state.

The emission from these complexes (Table I) is nar-

TaBLE I
77°K EmissioNn MaxiMa (kK) aANp LIFETIMES (uSEC)

—=——Crystal——— ———Polymer®———

Compound 2 T H T

Cr(dmtc); 11.9 10® 12.5 128
Cr(detc); 11.9 34° 12.5 120
Cr(maxn)s 12.5 50¢ 12.7 360
Cr(exan)s 12.8 46¢ 12.7 350

2 Unchanged in glassy solution.
tration to 0.19, Cr3*+-In(dmtc)s.
tion to 0.19, Crd*-In(exan)s.

b Independent of concen-
¢ Independent of concentra-

row (51, = 0.410 kK) and overlaps with the *E <
1A, absorption band and therefore is assigned as a ?E <
4A, phosphorescence.* The emission decay curve is ex-
ponential and gives a lifetime (Table I) consistent with
this assignment.

The 83°K absorption spectrum for the Cr(dmtc)s
dilute crystal and polymer samples indicates weak spin-
forbidden absorption bands at 12.7, 13.0, 14.0, 18.3, and
18.6 kK. In glassy solution the bandsat 12.7, 13.0, and
14.0 were not observed. By analogy to the xanthates
the bands at 12,7 and 14.0 kK are assigned as the ’E «—
‘A, and ®T; < *A, transitions, respectively. In like
manner the transitions observed at 18.3 and 18.6 kK
are assigned as the trigonally split components of the
2Ty <= 1A, transiton.

The emission maximum for Cr(dmtc); and Cr(detc);
(Table I) shows a small Stokes shift, but the lifetime
(Table I) is 10-15 times greater than usually observed
for the Cr(III) fluorescence (*T; — %A;).® Further the
emission half-width (0.80 kK) is much too narrow for
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the emission to be classified as a fluorescence.® On the
basis of the half-width and lifetime, the emission is
classified as a phosphorescence, ?E — *A,. The Stokes
shift is attributed to a significant perturbation of the
’E state by the close-lying T, state. The observation
of only one emission maximum for the dithiocarbamates
contrasts the two maxima reported by Cancellieri and
coworkers.* Measurements on Cr(dmtc);, described
below, suggest that the 11.0-kK maximum (#:,, = 2.0
kK) observed by these workers is due to an impurity.
An undiluted powder purified only by recrystallization
gave a broad emission (7:,, = 2.0 kK) in the solid state
centered at 10.5 kK but only the narrower emission
(71, = 0.80 kK) in the EPA-CHCI; glass. After this
powder was vacuum sublimed, only the narrower emis-
sion was obtained from the solid. A brown residue that
was insoluble in organic and inorganic solvents remained
in the apparatus. Infrared scans of this powder before
and after sublimation were identical as were the melting
points and thin layer plates (silica gel). The C, H, and
N analyses did indicate that the presublimed powder
was higher in per cent C and H but lower in per cent N
than the theoretical values.

The 83°K absorption spectrum of Cr(dtp)s; shows
weak bands at 13.1, 13.7, and 17.4 kK in polymer and
crystal. In addition two peaks are observed at 19.2
and 18.6 kK. Jgrgensen' has assigned the 18.6-kK
peak as a spin-forbidden transition, while others have
suggested that both peaks are compomnents of the *T,
state.” The bands at 13.1 and 13.7 kK are assigned as
the 2E < %A, and *T; < %A, transitions, respectively.
Cancellieri* observed weak absorption bands for this
complex in hydrocarbon solvents at 11.1 and 11.8 kK
and assigned them to the *E <« 4A, transition. We also
observed these bands in hydrocarbon solvents but only
when no solvent reference was used. These bands,
which are not observed in CCl,, can be assigned as
fourth-order C-H stretch vibrations in the solvent.
The weak band at 174 kK is, by analogy to the
xanthate and dithiocarbamate complexes, one of the two
transitions to the trigonally split ?T; state. The other
component may be the band at 18.6 kK on the peak of
the 4T < *A; absorption band.

Emission at 83°K from Cr(dtp)s could not be de-
tected using photomultiplier detection or photographic
detection with a Spex 1800 spectrograph.

Glassy solution emission intensities observed for these
chelates at 77°K are generally weak, suggesting very
low quantum yields. No chemical evidence for any
irreversible photolysis in glassy solution was detected
under these excitation conditions, although some de-
composition was observed for solid material allowed to
stand for periods of weeks. Steady irradiation of the
Cr(exan); and Cr(mxan); complexes in EPA and poly-
mer glasses at any temperature greater than 77°K
produced an exponential decrease in the emission in-
tensity with time. After 6-8 min of irradiation an
equilibrium intensity was reached. This decrease in
intensity was independent of excitation wavelength
from 250 to 620 nm. The initial intensity could be re-
covered by allowing the sample to remain in the dark.
The decrease in intensity was not observed when the

(6) G. B. Porter and H. L. Schlafer, Z. Phys. Chem. (Frankfuri am
Main), 87, 109 (1063).

(7) J. R. Wasson, S. J. Wasson, G. M. Woltermann, Inorg. Chew., 9, 1576
(1970).
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sample was in direct contact with liquid nitrogen (77°K).
Since the emission intensity and lifetime of these
two complexes is temperature dependent,® experiments
were performed to eliminate the possibility that excita-
tion radiation warmed the sample. First, a copper~
constantan therinocouple was placed directly into the
irradiated portion of the sample. No temperature
change was detected during irradiation. Finally, a
sample of Cr(aca); in EPA was irradiated under the
same conditions and the emission monitored. The emis-
sion intensity of this complex is temperature depen-
dent.®* No decrease in intensity with exposure time
was observed for Cr(aca);. The fact that the emission
intensity decrease is observed in polymer as wellas EPA
climinates a solvent-complex interaction. This phe-
nomenon cannot be explained at present.
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Although the ¥Fe Méssbauer effect in Fe(CO); and
its derivatives has been the subject of many investiga-
tions over the past 8 years!™ and although the mono-
and disubstituted (Ce¢H;);P compounds have been
studied,?—? Mossbauer spectra of the analogous (CsHj)s-
As and (Ce¢Hs;)sSh derivatives have not been reported.
As the Mosshauer effect can be observed with 1215b,%¢
the latter compounds can be studied by a double M6ss-
bauer experiment, a technique which has given
interesting results for compounds containing Fe-Sn
bonds.’:''*  We report here the "Fe Mdssbauer spectra
of the series (CeHs)sMFe(CO), and ((CeH;)s M) Fe(CO)s,
where M is P, As, or Sb, and the '*Sb spectra of the
two antimony derivatives.
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