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Crystal circular dichroism spectra of (+)p-
[Co tn;]Br; and (+)p-[Co en,tn]Br; have been
measured and interpreted to give information of
rotatory strengths and relative energy positions of
the trigonal components of the T', ;< 4, octahedral
transitions at the metal ion centre. It is generally
found, for the series of complexes [Co en; _,tn, ]**,
that the transition to the E excited level occurs at
lower energy than the transition to the A, excited
level. Furthermore the estimated rotatory strengths
are in accordance with the interpretation of the
solution circular dichroism spectra as arising from
extensive cancellation between the respective com-
ponents of the two trigonal transitions.

Tris(diamine)cobalt(III) complexes have been in-
tensively studied in this laboratory, particularly
complexes with mixed ethylenediamine —tri-
methylenediamine coordination spheres ([Co
eny_,tn,]3%).

Tris(1,3-propanediamine)cobalt(I1l) ([Co tn;]**)
was originally resolved by Woldbye through frac-
tional crystallization with (+ )p-nitrocamphor, the
(—)p-enantiomer of the complex forming the less
soluble diastereoisomer.!'? For various reasons the
(= )p-[Co tn3]** and the (+)p-[Co en3]** chromo-
phores were thought to have the same absolute
configuration (A) although the ligand field Cotton
effects were of opposite sign.>~ > The configurations
were finally confirmed by X-ray structural analysis.®

The complexes with mixed coordination spheres
were isolated in this laboratory by a paper-chro-
matographic method and resolved in the form of
their bromides by means of (+ )p-nitrocamphor.”-#
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The less soluble (+ )p-camphornitronates yield the
(+ )p-bromides of the two “mixed” complexes, and
it was thus expected from the “solubility criterion”
that (+)p-[Co en,tn]*>* and (+)p-[Co tn,en]**
should have the same absolute configuration as
(—)p-[Co tn;]>* and (+)p-[Co eny]**, i.e. A. This
configuration was verified for the (+ )p-[Co en,tn**
chromophore by an X-ray determination.®

Recently our knowledge of the title complexes
has been extended through determination of cumula-
tive stability constants and it seems appropriate to
suggest an intrinsic stability difference between
five- and six-membered diamine chelate rings
reasonably independent of the number of chelate
rings.'®'! This was also demonstrated through
infrared spectra, as those of the “mixed” complexes
are additive in the spectra of [Co en;]** and
[Co tn,]3*.1213

Finally it should be mentioned that [Co tn;]3*,
among others, has been investigated by conforma-
tional analysis based on energy minimization.!*~1¢

One of the peculiar features of tris(diamine)-
cobalt(III) complexes is the chirality and the optical
activity of the compounds, and normally they
exhibit two circular dichroism bands of opposite
sign in the absorption region around 21.000 cm™!.
These bands are considered to correspond to
transitions to the E(D;) and A,(D;) excited levels
of T, ,(0,) parentage in a D, environment.

The assignment has been the subject of much
discussion in the literature and the two separate
transitions have only recently been possible to
identify by means of phase modulation spectros-
copy.!” Thus it seems clear that the “random”
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circular dichroism in the ligand field region of tris-
(diamine)cobalt(Il1) complexes is, as originally
proposed by McCaffery and Mason,'® residual
wing absorptions resulting from extensive cancella-
tion of the rotatory strength under the two first D,
spin allowed absorption bands.

There are, however, still details in the ligand
field transitions of tris(diamine)cobalt(IIl) com-
plexes which need further investigation. This is,
e.g., the general question of relative position on an
energy scale of the E and A, excited levels, and the
question concerning magnitude in general of rota-
tory strengths under the 4,4, and E«<A4,
transitions. These points will be elucidated below
through crystal circular dichroism spectra of
(+)p-[Co en,tn]Br; and (+)p-[Co tn3]Br;.

EXPERIMENTAL

Crystals of (+)p-[Co tny]Bry; and (+)p-
[Co en,tn]Br, were grown by slow evaporation of
aqueous solutions at room temperature.

Suitable crystals for the intended spectroscopic
investigations were selected and mounted on micro-
scope slides, and their thickness determined from
absorption spectra. In order to obtain dichroism
spectra the crystals were centered in the light
beam of a microscope built into a phase modulation

spectrophotometer as described elsewhere.'®'2° The
signals obtained were processed and analyzed as in
earlier papers in this series.!”1°723

PREDICTIONS

From crystal structure data we may calculate
the angular orientation of the molecular units with
with respect to the crystallographic axes. Such
data are given for [Co tn,]Br, in Table 1 and for
[Co en,tn]Bry in Table 2.

With the indicated choice of coordinate system
the following expressions for the rotatory strengths
are valid: (¢/. Ref. 17)

3
R, (cr) = iR(E)
R.der) = Ry(cr) = 3 (R(4;)+ | R(E)

the factor ;— being due to the fixed orientation of

the chromophores in the crystalline state.
Consulting Table 1 it is seen that in case we

measure circular dichroism of (+)p-[Co tn;]Br;

with light propagating along the crystallographic b

Table 1. Squares of inter-planar cosines in (+)p-[Co tn;]Br;. Monoclinic crystals (P2,),° entrance face
(010). The molecular coordinate system is defined as in Ref. 17, i.e. z along C;, x and y along mutual

perpendicular C, axes.

Crystallographic Molecular planes

planes (R(E) (R(A,)+IR(E)) % E Yo Az
xy Xz yz

ab 0.167 0.003 0.830 58 83

be 0.010 0.571 0419 51 99

ac 0.802 0.045 0.153 90 20

Table 2. Squares of inter-planar cosines in (+)p-[Co en,tn]Br,. Orthorhombic crystals (P2,2,2,),°
entrance face (010). The molecular coordinate system is defined as indicated in Table 1.

Crystallographic Molecular planes

planes (R(E)) (R(A;)+3R(E)) % E o Az
Xy Xz yz

ab 0.944 0.044 0.012 97 6

ac 0.004 0.458 0.538 50 100

bc 0.052 0.498 0.450 53 95
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axis, the spectrum should reflect 90 %; of the total
rotatory strength from the transition to the E
excited level and 20 % of the total rotatory strength
from the transition to the A4, excited level.

Similarly it is seen from Table 2 that determina-
tion of circular dichroism from (+)p-[Co en,tn]Brs,
light propagating along the b crystallographic axis,
should give a spectrum reflecting 50 ¥; E and 100 %
A, rotatory strength, which by the way is the same
as the expected ratio in a measurement on 2(+ )p-
[Co en;]Cl;.NaClL6H,0, light propagating per-
pendicular to the ¢ crystallographic axis in the
hexagonal crystal.!”

DISCUSSION

Generally it is assumed that the energy of the
Ay« A, transition is higher than that of E«<A4,
in tris(1,2-diamine)cobalt(IIT) complexes.?* ~ 2 With
tris(1,3-diamine)cobalt(III) complexes, however, the
situation is not quite so clear. This problem is related
to the old question of why the chromophores
[Co en;]** and [Co tn;]**, of the same absolute
configuration, have virtually mirror-image Cotton
effects.? >

Earlier there seemed to be a tendency to believe
that the energy relationship between the two transi-
tions was the same for both 1,2- and 1,3-diamine
complexes,”~3-2* but lately Judkins and Royer have
suggested the opposite relationship,?” ie. AE(E)
> AE(A,), a suggestion which has been followed by
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Fig. 1. Crystal circular dichroism in the ac plane
of (4+)p-[Co tny]Brs. Thickness of the crystal:
0.025 mm.
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Mason and Seal in their recent calculations of
rotatory strengths using a dynamic-coupling ligand-
polarization model.?®

Considering Fig. 1, which is the single crystal
circular dichroism of (+ )p-[Co tn;]Br; light prop-
agating along the crystallographic b axis, we
know from Table 1 that we should expect to collect
90 %, of the rotatory strength connected with transi-
tion to the E excited level and only 20 %, of that
connected with transition to the A4, excited level.
As we experimentally observe (Fig. 1) a negative
peak with maximum at 499 nm, ie. above the
absorption maximum at 488 nm, it is demonstrated
that in [Co tn;]**, as in [Co en;]**, and thus also
in the “mixed” complexes, the relative position of
the two trigonal transitions is the same, i.e.
AE(A,)> AE(E).

Using the formulas given in Ref. 17 we may
calculate the rotatory strength of the E« A,
transition in (+)p-[Co tny]** on basis of the
measured crystal circular dichroism. Thus we have,
disregarding that the spectrum also reflects 20 %
A, rotatory strength:

-004-2 . dm®
09-00025-3-332 " molem

Aty o(max) =

This value should be compared with a maximum
molar circular dichroism in solution of appr. —0.1
at 525 nm,>*>7 and thus we have support for the
assumption that the solution circular dichroism
results from extensive cancellation of rotatory
strength from two trigonal components. The ex-
perimental rotatory strength R(E) may from the
molar circular dichroism and Fig. 1 be estimated
to —10.5 x 10~ *°(cgsu), a value which is numerically
in agreement with the one found by Judkins and
Royer,?” and that calculated by Mason and Seal
for the chloride.?®

We may now turn our attention to the crystal
circular dichroism of (+)p-[Co en,tn]Br,, light
propagating along the crystallographic b axis (Fig.
2). The spectrum reflects mainly the rotatory
strength of the transition to the E excited level,
since the peak is positive and positioned on the
low energy site of the absorption maximum. There
is also a small negative peak with maximum around
425 nm. As we from Table 2 expect the crystal
circular dichroism of the ac plane to reflect 100 9;
of the rotatory strength connected with the A4,
transition, but only 50 % of that connected to the
E transition, there seems at first glance to be a
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Fig. 2. Crystal circular dichroism in the ac plane
of (+)p-[Co en,tn]Br,. Thickness of the crystal:
0.035 mm.

contradiction between the prediction and the ex-
periment. It should, however, be remembered that
the visible solution circular dichroism of (+)y-
[Co en,tn]**, reflecting R(E)+ R(A,),'7-18:25-28
shows no negative peak at all.® This means ob-
viously that R(E)>R(A4,), an inequality which as
a matter of fact is also taken into account in the
calculations by Mason and Seal.?®

From Fig. 2 we may calculate the molar circular
dichroism and the rotatory strength connected with
the E transition, disregarding the smaller, but
existing, A, contribution to the experimental spec-
trum:

dm?3

0.06 x 2
Abn(max) = ) “'molcm

T 0.5x0.0035x3x4.06

This value should be compared with a value for
Ag,,(max) in solution of appr. 1.2

From the molar circular dichroism and Fig. 2 we
estimate R(E) to 20x 1074° (cgsu), which is a
reasonable value as it falls in the interval between
R(E) for [Co en;]** of ~50x107%° and for
[Co tn;]** of ~10x 1074028
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