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The Angular Overlap Model in the Assignment of Molecular Geometries.
The Case of Bis(Aspartato)cobalt(IIT) Complexes
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A routine AOM analysis on the geometric isomers
of bis{aspartatoJcobalt complexes is performed.
Contrary to assignments made on the basis of CD and
NMR the AOM trearment gives the correct molecular
geometries which agree with crystal structure results.

Introduction

The coordination of trifunctional amino acids to
transition metal ions is often accompanied by
interesting stereochemical problems. A particularly
well characterized example is provided by the bis(L-
aspartato)cobalt(III) complexes. The aspartate ligand,
“O0C-CH(NH,)-CH,-COO™, yields three bis-type
isomers, which may be represented given in Figure 1.
Here aspartate is represented as O;—N-Og, the amino
group being a and § to the two carboxylates.

The preparation of the three isomers was reported
in 1971 [1] and an assignment made on the basis of
circular dichroism and absorption spectra. The trans-
N isomer was easily identified, while the other two
isomers, being quite similar, posed a greater problem.
The assignment was made primarily on the basis that
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the frans-O, structure would be expected to be less
symmetric than the frans-Og (this has a two fold
axis on the edge indicated in Figure 1), and should
therefore be associated with the more intense CD
spectrum. An analysis of NMR spectra of the three
isomers appeared to confirm this original assign-
ment [2].

This assignment was first questioned in the litera-
ture in 1973 by Legg and Neal [3], who compared
CD spectra with the spectrum of [Co(EDDS)]™,
ethylenediaminedisuccinate being a hexadentate
ligand comparable to two aspartates. The EDDS
ligand coordinates stereospecifically, and the absolute
configuration of [Co(EDDS)]™ had been confirmed
by Xray crystallography. The CD comparison
pointed towards an assignment of trans-O, and
trans-Qg isomers opposite to that originally offered
by Douglas and co-workers.

In 1975 another refutation of the initial assign-
ments appeared, based on an ingenious argument
involving successive replacement of aspartate by dia-
minobutyrate in each of the three isomers of [Co-
(asp),]” [4]. A comparison of CD spectra leads to
an unambiguous assignment of all isomers, since a dif-
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Figure 1. Possible geometric isomers of bis(aspartato) metal complexes.
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ferent congeneric isomer is unique (and thus easily
identified) for each of the three complexes [Co-
(asp),]~, [Co(asp)(dba)], and [Co(dba),]".

Finally, in 1975 the crystal structure of the trans-
Op isomer was determined, with the result that the
assignment opposite to that of Douglas and co-
workers was confirmed [5].

Ligand field theory is applied routinely to com-
plexes with trigonal, tetragonal, or higher symmetry,
but it is often felt that a ligand field analysis of low
symmetry complexes is fruitless. Thus in many cases,
as with the aspartato complexes discussed here,
reliance is placed on CD intensities and, where pos-
sible, on NMR fitting procedures [2, 5, 6]. The dif-
ficulties rest in the non-additivity of ligand field
theory as it is usually applied (non-additive because
the parameters refer to a whole molecule with a
particular symmetry). In an additive theory (para-
meters represent interactions between central ion and
particular ligands) such as the Angular Overlap Model
(AOM) [8, 9], however, the parameters of the model
are intended to be transferrable among related com-
plexes [10], and are thus well-suited to problems of
molecular structure.

In this paper the original spectroscopic data are
interpreted on the basis of the AOM following the
lines applied previously to problems of geometric
isomer identification [11], with results agreeing with
CD and NMR assignments. Since the AOM has now
begun filtering into undergraduate textbooks [12,
13], it seems appropriate to take up this point again
and demonstrate its usefulness in this respect. The
aspartato complexes represent the first case where
simple AOM predictions disagree with other routine
methods, and it is therefore of some importance to
understand the basis behind the AOM arguments.

Angular Overlap Model Analysis

Only the first (lowest energy) band exhibited
splittings, and the analysis was carried out on this
band. In the AOM, the transition energies in ortho-
axial Co(III) complexes are given by (we assume
ortohoaxia]jty, even though angles are certainly not
90 ; smaller deviations will not affect the results
significantly)

AE ={dy2_y2 |V |dy2_y2) — (dyy 1V Idyy) — C,
obtaining all components by permuting the (x,y,z)
coordinates. In terms of the angular overlap para-

meters, e, and e, these matrix elements are (neglect-
ing off-diagonal terms to higher excited cubic states):

{dyz_y2 |Vldx2_y’) = %(egx * eUY)

Ay IVIdgy) = (€ + €my)
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Here ey, for example, is the sum of the e, para-
meters for the two ligands on the x axis. The e,
and e, parameters represent the extent to which a
ligand raises the energy of the metal d orbitals
through sigma and pi interactions, respectively, and
are related to the usual octahedral ligand field para-
meter 10 Dq or A, by

AL = 3eo-L ——4e7rL

For our purpose, A;, would apply to a (possibly
imaginary) complex MLs.

Application of the above equations to the aspar-
tate complexes leads to the following results for the
three isomers:

trans-NH,: AE(B;) =%Ao, + %Aoﬁ -C

AE'(B;,B3) =%Ao, t+%Ao,

+ YAy, — C
trans-O:  AE'(B,) =%Ang, + %80~ C
AE"(B,,Bs) =Y%Ayy, +%Aog
Ao, —C
trans-0:  AE'(B;) =Y%ANn, t %Ao, — C

AE(By, B;) = Ay, + %Ag,
+ g, C

The + and — notation refers to the higher and lower
energy maxima, assuming (vide infra) that Any, >
Age > AOB' B., B, and B; are the excited state
designations in Dy, symmetry (the most general case
for orthoaxial complexes in the AOM), and C is the
usual Racah parameter.

The band splittings are then:

Senm, = %(28xm, — Ao, — Aop)
Sir0g = Y(Anm, + Aog— 280,)
Swop = H(An, * Aoy — 20,)

Some spectral data for the aspartate complexes are
listed in Table I.

In order to apply the AOM equations we need
estimates of the relative values of Ayn,, Ao, and
Ag,. There is no difficulty in placing the amino
group at 21 kK + C or above, at a position consider-
ably above the carboxylates. This in itself is enough
to identify Isomer 1 as the trans-NH, complex, from
the typical trans-CoN,O, characteristics — large split-
ting, with the high energy component dominant.



Bis(Aspartatojcobalt(IlI) 79
TABLE I. First Band Spectral Data (absorption maxima, in kK) for [Co(asp);]” Complexes [1].

Isomer Dominant Peak Shoulder Splitting
(oxder of elution)

1 19.53 15.87 3.66

2 19.23 16.7 2.5

3 17.24 20.0 2.8

TABLE 1I. Spectral Data for Co(III) Complexes with Amine- and Carboxylate-containing Ligands from Aqueous Solution Absorp-
tion spectra, in kK, with A Values from Angular Overlap Model Calculations.?

Complex Dominant Peak Shoulder Ang,—C a0, C Aoﬁ—C Ref.
fac-[Colgly)s] 19.3 }
21.3 17. 15
mer-[Co(gly)s ] 18.3 ~20.4 1 3 [15]
trans-[Co(c-ala),0x] ™~ 18.94 16.7
trans-[Co(8-ala),0x]” 18.83 16.0 21.2 16.8 15.4 [16]
[Co(ox)3] >~ 16.6
fac-[Co(B-ala); ] 19.0
22. . ,
mer-[Co(B-ala)3] 20.5 17.6 0 16.0 [15.17]
[Co(mal)3]*~ 16.4 (16.4) (18]

23la = alanine, ox = oxalate, gly = glycine, mal = malonate.

In Table II are presented some spectral data which
allow comparison of A values for a- and f-carboxy-
lates in similar complexes. These were also obtained
with the aid of the AOM as described above, neglect-
ing off-diagonal elements. It would appear from
these, especially from the [Co(ala),0x]” complexes,
where both a- and S-alanine were available, that Ag
> Ag,. The difference is large enough that we can
attach some reliability to the result in spite of
fluctuations in the ubiquitous C, and in spite of the
other approximations inherent in this approach.
The data from the tris(amino acid) complexes is less
reliable, since the meridional isomers are expected to
exhibit three bands, whereas only two were observed.
It was assumed that the middle peak (which would
correspond to the peak position for the facial isomer)
was not observed.

With the inequality

Anm, >> Ao, > Aoy
we obtain for the splittings

SenH, > Strog > Siro,,

From absorption spectra data, this leads to the assign-
ment of Isomer 2 to the #ans-O, complex and Iso-
mer 3 to the trans-Og.

Some further inequalities can be derived, concern-
ing the higher and lower energy peaks (assuming no
variation in C)

AE4.0,> AEqnn, ~ AEpo,
and
AEgo, > AEyop > AEqym,

The observed order of higher energy peaks supports
the above assignment, while the lower energy peaks
do not. Still the assignment opposite to that of
Douglas, et al. [1], is clearly favored (two of the low
energy peaks were shoulders, making that compari-
son less reliable).

As an ancillary point, the relative splittings of Iso-
mers 2 and 3, which served to distinguish trans-O,
from trans-Og, may have actually contributed to the
earlier misassignment of these two isomers. The CD
curve for Isomer 3 exhibited a particularly large Ae,
at least in the lowest energy component of the low
energy band, and this curve was assigned to the trans-
O, isomer, for the reason that this isomer deviates
more from an arrangement which would produce
something like a plane of symmetry (through the
Ogrings) than the trans-Og does.

The large Ae may, however, arise simply from the
larger splitting of the first band in the trans-Og
isomer. The two components of the band have oppo-
site signs in both cases, and given appropriate true
widths, an increase in peak separation by 30% can
easily produce an increase in apparent peak heights
by a factor of two or more, creating the illusion that
Isomer 3 possesses greater asymmetry.
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Values for the ligand field parameters can be
derived for the aspartato complexes. We use the
dominant spectral peak for each isomer to derive:

ANH, —C =238kK

Ao,—C =159kK
Agy—C =147kK
Conclusions

It should be emphasized that the AOM analysis
has been made in the most routine way. No spectral
deconvolution has been attempted in order to lend
accuracy to the splittings, and in particular the
assumption of orthoaxiality was maintained even
though the bite angles in chelate complexes are
certainly less than 90 . Changes in bite angles do
affect energies [14] although relative energies are not
likely to be drastically affected if the ligands are not
very strongly w-bonding or m-antibonding. Bite angles
can be included in the calculations in closed form [9,
14], but with a large loss in simplicity, since e, and
e, values for each ligand must be considered separa-
tely.

For routine methods of structure determination
for low symmetry geometric isomers, one has CD
intensities, NMR, and AOM analysis of absorption
spectra as the most obvious tools. CD intensities are
not all that well understood, and NMR analysis,
which is actually not so routine, is dependent on the
estimated initial parameters fed into the program.
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AOM analysis, although certainly not perfect, has
proven itself superior and, in most cases, should be
the first and most obvious tool to use.
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