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Synopsis. The association constant K, determined
by CD measurement is much smaller than that by UV mea-
surement for the A-[Co(en);]*+-S,0,2~ system in water,
whereas the two kinds of measurements yield almost the same
K, values for the 4-[Co(l-chxn);]3+-S,04%~ system. These
results are discussed in relation to possible interaction modes
involved.

Absorption (AB) and circular dichroism (CD) spectra
of metal-amine complex cations like [Co(en)s]3*+ are
changed in shape and/or magnitude upon addition of
polarizable oxoanions such as PO,%-, $5,0;%, SeO,4%-,
and SO,2-1» These changes have been utilized to
investigate outer-sphere interactions of these complexes
with added anions in solution.®* Norden® was the
first to demonstrate that CD change (in the visible
region) gives an appreciably smaller association constant
K, than AB change (in the UV region) for the [Co-
(en)s)3t—(R,R)-tartrate?~ system in water. Taura® has
recently presented the same trend in K, values of
[Co(en)g]3+ with (R,S)-tartrate?~ ion. The anomalous
trend pointed out anew by Yamatera” remains still
unsolved. In the present study, association constants
of two chiral complexes, 4-[Co(en)z]3+ and A-[Co(l-
chxn),]3+  (l-chxn=(1R,2R)-1,2-cyclohexanediamine),
with S;0,% ion were determined by CD and AB
measurements under identical conditions, and were
compared with each other.

Experimental

Materials. A-[Co(en);]®t and A4-[Co(l-chxn),]3+ pre-
pared as chloride salts® were identified by their AB and CD
spectra. Optically active [Co(Hbg);]** and [Co(tri),]}3+
(Hbg=biguanide and tri=tribenzo[b,f,i][l, 5, 9]triazacyclo-
dodecine) were also prepared according to the procedures
described in the literature.®'® All the other chemicals used
were of reagent grade.

Measurements. AB and CD changes of aqueous solu-
tions of the chiral complexes (2.0x 10-2 mol/dm?®) were
recorded at 2540.1 °C on Shimadzu UV-200 and JASCO
J-40CS spectrometers, as a function of the concentration of
Na,S$,0; (2.50x 102 to 2.75x 10~2 mol/dm?). Ionic strength
I was adjusted with NaCl and not with NaClO, because of low
solubility of [Co(l-chxn)3](ClO,);. Freshly prepared sample
solutions were subjected to spectral measurements which were
carried out at 460, 315, or 300 nm. No spectral changes
with standing time over 1 h were detected, and interference
due to Cl- ion added was found negligible at each wavelength.
A standard analysis®! of the data thus obtained gave the
association constant K.

Results and Discussion

Figure 1 shows AB and CD spectra of A4-[Co(l-
chxn);]* in aqueous solutions with and without
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Fig. 1. AB (upper curves) and CD (lower curves) spectra
of aqueous A-[Co(l-chxn);]3+ (2.0% 10~2 mol/dm?) in
the absence (solid curves) and presence (dotted curves)
of Na,S,0; (2.5 10~2 mol/dm3).

Na,S,0;. In addition to the usual changes in the AB
(UV region) and CD (visible region) spectra, an
appreciable CD change is observed in the UV region,
which is also attributed to ion association with S,0,%~
ion.?) Essentially the same spectral changes are found
in the 4-[Co(en)s]3+ system. Thus, we attempted to
determine the association constant K, by utilizing these
CD changes in the UV region as well as the usual
spectral changes.

TaBLE 1. AssOCIATION CONSTANTs K, wrra S,0,%-
10N AT I=0.1 (NaCl) IN WATER AT 25 °C

Ka 4-[Co(en),]** (4/nm) A-[Co(l-chxn)y]** (2/nm)

Kyy  59.0+0.5  (300) 70.44+0.3 (315)
59.6+0.7  (300) 70.0+0.5 (315)
Kepewy 43.740.4  (460) 69.0+0.4 (460)
44.540.7  (460) 69.140.5 (460)
Kepwyy 51.54+0.4  (300) 61.6+0.5 (315)
51.1+£0.5  (300) 62.940.4  (315)

In Table 1 are given the K, values obtained by the
two independent measurements, where Kyy, Kopcvy,
and Kopyv, refer to the association constants derived
from the AB (UV region), CD (visible region), and CD
(UV region) measurements, respectively. The most
strinking finding in Table 1 is that K¢p v, is appreciably
smaller than Kyy for the [Co(en)s]3* system as already
observed with (R,R)-tartrate®~ % and (R,S)-tartrate?-,®
while the two values are the same within our experi-
mental errors for the [Co(l-chxn),]3* system.

In Table 2 are summarized the K, values of A-
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TABLE 2. ASSOCIATION CONSTANTS K, OF
A-[Co(en);]3t WITH SOME ANIONS AT
I=0.1 (NaClO,) v WATER AT 25 °C

Anions K, Ref.
(R,R)-Tartrate?- Kyy 2642 5,14
22.540.4 6
Kepew 1643 5
13.640.2 6,11b
(R,S)-Tartrate?- Kyy 60.740.7 6
Kopewy 39.640.5 6,11b
80,2 Kyy® 4942 14
KGD(V) 30.3:t0.4 a)
a) H. Yoneda et al., unpublished work. b)) Kyy=7042

for the A-[Co(d-pn);]3+-SO,2~ system at I=0.1 (Ref. 14).

[Co(en),]*>+ with some anions reported by earlier
workers. It seems a general observation that Kepcy, is
smaller than Kyy as far as [Co(en),]3t is concerned.
Here, we assume that the CD change in the visible
region is due to the asymmetry around the coordinated
N atoms, which is newly generated through the
hydrogen-bonding of the N-H protons with added
oxoanions along the C; axis of the complex.12:4b,12)
This assumption is supported indirectly by the fact that
[Co(Hbg)s]3+ and [Co(tri),]3+, either having no N-H
proton directed parallel to their C; axis, do not suffer
any CD change in the visible region upon addition of
some oxoanions.” If the above assumption is valid, it
follows that the Kcpcvy value reflects predominantly the
magnitude of ion-pair formation with anions along the
G, axis.

The Kyv value, on the other hand, contains all the
contributions from the association modes which give
rise to the interionic charge transfer (CT) band(s) in
the UV region. Since the above-mentioned association
mode along the C, axis contributes to the CT band,'®
the AB change (UV region) is expected to detect
association modes not only along the C; axis but also
along other directions, Kyy thus being greater than
Kopeyy for the [Co(en);]3+ system.

If the same interpretation is applied to the [Co(/-
chxn);]3t system, the K, values given in Table 1
suggest that this complex interacts with S,0,%- ion
along the C; axis only. In fact, the association modes
other than that along the C; axis are sterically prohibited
for this complex owing to the bulky chxn ligands.
However, since [Co(l-chxn),]3+ adopts a rigid lel,
conformation with three N-H protons oriented favorably
for hydrogen-bonding along the C; axis, greater Kopcvy
and Kyy values are expected for this complex than for
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conformationally less rigid [Co(en)g]3t. This expecta-
tion is actually fulfilled as seen in Table 1. Similarly,
a greater Kyy value with SO,2- ion has been reported#
for A-[Co(d-pn),]3+ with a lel; conformation than for
A-[Co(en)4]3+. Finally, let us discuss the Kepcyv, values
obtained for the first time in the present study. Mason
et al.¥ proposed for some time that the CD change
in the first d-d transition results from the electronic
interaction with the interionic CT band, which exhibits
an accompanying CD change upon addition of oxoan-
ions (Fig. 1). If their proposal is valid, the CD change
in the visible region should be proportional to that
in the CT region. In other words, the Kgpwv, value
is expected to be equal to the K¢pevy value. Contrary
to this expectation, Kepeyvy is in the middle of Kyy
and Kepevy for the[Co(en)y]3+ system, whereas it is
slightly smaller than Kyy or Kopcv, for the [Co(l-chxn),]3+
system. As a result, the significance of these Kepcuvy
values is not clear at present. Wavelength dependence
of the K, values might give some insight into these
problems.
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