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Assignments of Optically Active Absorption Bands in the Tris-

(ethylenediamine)chromuum(III) Chromophore Obtained from

Single Crystal Circular Dichroism Spectra

HANS PETER JENSEN

Chemistry Department A, Building 207, Technical University of Denmark. DK-2800 Lyngby. Denmark

Crystal circular dichroism spectra of (— )p-{ Cr(en), ]-
Cl32H,0 and [(+)p-Cr{en);-(+)p-Rh(en);]Clg.
6H,0O in the ligand field region are analyzed in
order to provide information about the rotatory
strengths of the two trigonal components (*E and
*A,) under the *T, ;«*4,,, octahedral parent transi-
tion. The trigonal splitting is found to be 150 cm ™!
with the transition to the E excited level at the
highest energy. The rotatory strengths of the (+ )p-
[Cr(en);]** chromophore are found to be 3.2 x
107 4% and — 1.6 x 10~ *° (cgs units) for the transition
to the E and the A excited level. respectively.

Circular dichroism (CD) spectra of trigonal com-
plexes of cobalt(IIl) and chromium(III) have at-
tracted much attention over the years, and different
explanations for the relatively small rotatory
strength under the spin-allowed T« A octahedral
parent transitions have been proposed.' ~¢ Various
experiments’ " !! and calculations,'?”!% however.
provide good evidence that the visible solution CD
spectra of [Co(l,2-diamine);]** and [Cr(1,2-di-
amine);]®* chromophores in general can be
regarded as due to residual wing absorptions,
originating from extensive cancellation of the
rotatory strengths of the two trigonal components,
because of a small trigonal splitting.!* i

This assignment was verified experimentally for
the [Co(en);]** chromophore in single crystals
through phase modulation spectroscopy (PMS).
which technique makes it possible to overcome the
prohibitive complications of coexisting linear and
circular anisotropies.'®

As far as the corresponding chromium(III) com-
plex is concerned. there are indications that the
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trigonal splitting (6) of the T« A parent transition
is of the same order of magnitude as in [Co(en);]**
(~100 cm™'). However, the transition to the A
excited level is expected at a lower energy than the
transition to the E level,!® while the opposite is true
at least for [Co(en), _,(tn),]>* chromophores.! ¢!’

It was found., when single crystals of (—)p-
[Cr(en);]C15.2H,O were investigated by PMS,
that indeed the transition to the E excited level
occurs at higher energy than the transition to the
A excited level.!® However. due to the crystal struc-
ture of the compound,'® exhibiting two crystal-
lographically independent cations in the monoclinic
unit cell (Fig. 1), transitions of specific polarisation
directions with respect to the crystallographic axes
are to a major extent averaged when the total
structure is considered (cf. Tables 1 and 3 of Ref. 18).
This means, when PMS is performed on (—),-
[Cr(en);]C15.2H,0O with the probing light beam
propagated along the crystallographic b axis in
order to fulfil the restrictions of the method,'®
that we obtain spectra displaying 71 %, of the
rotatory strength connected with transition to the
E excited level and 58 9; of the rotatory strength
connected with transition to the A4 excited level
(¢f. Table 3 of Ref. 18). Thus we cannot in the case
of (—)p-[Cr(en);]C13.2H,O expect to obtain solid
state CD spectra very much different from those
obtained in solution.2? If. however, another salt of
the [Cr(en);]** chromophore were available for
PMS, the two sets of data could be combined to
give more precise the positions and the intensities
of the unperturbed trigonal CD bands. Such a
determination has been carried out in this paper
by using [(+)p-Cr(en);-(+)p-Rh(en);]Cls.6H,O
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Fig. 1. Orientation of the two independent molecules
in the crystallographic unit cell of (—)p-[Cr en;]-
C1,2H,0.

which salt crystallizes in the trigonal space group
P321.%!

EXPERIMENTAL

Crystals of the active racemate [(+)p-Cr(en);-
(+)p-Rh(en);]Cls.6H,O were obtained from Dr.
Whuler at Université Pierre et Marie Curie in Paris.
The crystals were elongated plates with (010)
dominating. The experimental procedure as far as
PMS and evaluation of the obtained spectra are
concerned was the same as described earlier.!®2?
The following abbreviations are used throughout
this paper: en=12-ethanediamine, pn=1.2-pro-
panediamine. tn = 1,3-propanediamine.

RESULTS

From an earlier investigation of the solid state CD
of (=)p-[Cr(en);]Cl5.2H,0 we know the envelope
of the sum of 71 9; rotatory strength of E symmetry
and 58 9 rotatory strength of 4 symmetry. This sum
multiplied with 1/0.71 is given as (E+0.84) for the
(+)p-[Cr(en);]C1;.2H,O enantiomer in Fig. 2.

The crystal CD spectrum of the active racemate
measured with the probing light beam propagated
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Fig. 2. Component CD spectra of the (+)y-
[Cr(en);]** chromophore in the *T, ,«*4,, octa-
hedral parent transition region. , E+084;
..., A40SE; ——, E; ———, A; x, E+A.

perpendicular to the crystallographic ¢ axis is also
given in Fig. 2. This spectrum represents a sum of
rotatory strengths which may be symbolized as
(A+0.5E).*¢

Now it is of course possible to determine both
the E and the A4 contribution by simple arithmetics.
This is done in Table 1 and the result is shown in
Fig. 2, together with the original spectra and the
average (A + E), i.e. the random CD spectrum. The
latter is given for comparison with the actual
solution CD spectrum of the (+),-[Cr(en),]3*
chromophore.?® The pure 4 component obtained
from the two experimental data sets has a rather
unusual shape, indicating some uncertainty in the
determination. If this uncertainty. however, origi-
nates in the very different band widths of the two
experimental CD spectra, the inaccuracy should be
biggest at the edges of the two component spectra.

DISCUSSION

Considering Fig. 2 and Table 1. it is quite obvious
that the solution (random) CD spectrum in the
ligand field range of the [Cr(en);]** chromophore
may be regarded as residual wing absorption
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Table 1. Determination of the trigonal components
under the *T, ,«*4,, octahedral parent transition
in the (+)p-[Cr(en);]** chromophore.

nm E+084 A+05E E A E+A
50 0 —0.06 008 —01 —002
510 0 014 018 —023 —005
500 0 —0.19 025 —031 —006
490 0 -020 027 -033 —006
485 0.09 -017 037 —035 002
480 0.6 -0.15 046 —038 008
475 029 —010 061 —040 021
470 0.5 —002 094 —049 045
465 083 0 137 —068  0.69
460 1.10 0.04 178 —085 093
455 146 0.10 230 —105 125
452 1.50 0.13 232 —103 129
450 141 0.17 213 —090 123
445 120 0.22 171 —063 108
440 079 0.26 097 —022 075
435 0.55 030 052 004 056
430 031 0.28 014 021 033
425 0.7 026 —005 028 023
420 011 018 —006 021 0.5
415 007 012 —003 013 010
410 0 0 0 0 0

arising from extensive cancellation of the rotatory
strengths of transitions to the trigonal components
of the *T,,<*A4,, octahedral parent transition.
Secondly, it is possible to estimate the trigonal
splitting to ~150 cm ™! with the transition to the
A excited level at a lower energy than the transition
to the E excited level. It is also noteworthy that the
rotatory strengths of the two isolated trigonal
transitions have the following values: R(E)=3.2 x
107*° (cgs units) and R(4)=—1.6x10"%° (cgs
units). These numbers have been evaluated ac-
cording to the formula:?3

R = 245x 10'39(sl—ed)max%
v

The experimental values for R(E) and R(A) given
above are in agreement with those calculated by
Evans et al.!3 in the sense that R(E) and R(A) of the
[Cr(en);]** chromophore are definitely smaller
than the corresponding values for the [Co(en);]**
chromophore. However, the experimental values
of the present paper are somewhat smaller than the
calculations (R(E)=13.5x1074° (cgs) and R(4)=
—12.4x 10740 (cgs)).!3 It was also in the case of
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the [Co(en);]** chromophore found through PMS
that the experimental rotatory strengths for the two
trigonal components !¢ were somewhat smaller than
the calculated values,!® which could indicate that
the method of Evans et al. is prone to overestimate
rotatory strengths.

Another reason for the discrepancy could be that
(+)p-[(Cr(en);]C15.2H,0 in the crystal structure
is not in a pure tris lel conformation (Fig. 1) as in
the active racemate. However, from calculations '?
as well as from experiments® we know that con-
formational contributions to the rotatory strength
are an order of magnitude less than configurational
contributions at least in the case of [Cofen); ]** and
[Co(pn);]** chromophores.
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