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A. INTRODUCTION 

Cotton’ demonstrated that when an optically active ligand was attached to a transi- 
tion metal ion, the characteristic absorptions of the metal ion became circularly dichroic. 
Werner’s classic work* showed that even without dissymetric ligands, complexes of 
Co(II1) could be produced which, when themselves dissymetric, exhibited optical activity. 
The complexes of the type tris(e;hylene diamine)cobalt (III) have engaged particular 
attention, because of the relation of the optical isomerism to the two possibilities for 
orientation of the chelating chains, to give respectively right- or left-hand diiedral helices 
when viewed along the threefold axis’. The interest in this was obviously related to the- 
ories on optical activity such as that of Kuhn4, which involved spiral motion of electrons. 

ln the absence of ligands showing absorption bands in the same region (e.g., iodide, 
the acetylacetonate group, etc.), the absorption spectra in the visible and near-ultraviolet 
of Co(III) complexes are remarkably similar. The principal feature is two partly resolved 
broad bands (with others being found at shorter wavelength). With the advent of the 

* On leave from Argonne National Laboratory, Argonne, Illinois; support from U.S. Atomic Energy 
Commission gratefully acknowledged. 
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crystal field interpretation of ionic spectra, these two bands have been characterized as 
due to transitions (in 0, symmetry) from the ‘A lg ground state of a spin-paired d6 con- 
figuration to ‘Tlg and ’ Tzg upper states, respectively. Under reduced symmetry (of most 
interest to us, when one or more ligands are optically active, or the complex itself is dis- 
symmetric), the T states split to two or three states of lower degeneracy, and circular 
dichroic spectra of some complexity may result. The absorption spectra may be little af- 
fected. 

Similar phenomena have been observed with other d6 ions that form kinetically inert 
complexes, and with d3 systems like Cr(III), but further discussion will be limited to the 
Co(III) complexes_ These embody the largest mass of data and variety of species, and 
analysis of them can lead to conclusions which may, as appropriate, be extended to other 
systems on which fewer independent data are available. 

B. THE TRIS(ETHYLENEDIAbfINE)COBALT(III) SYSTEM 

The type-species for the conventional analysis is (i-)-[Co(en),] 3+. Being dextrorotatory 
in the region of the sodium D line, as indicated, it has been labelled the d or D form. 
Crystal structure analysis5 has shown the arrangement of the ethylenediamine units to 
correspond to the left-handed helix, and so it is designated6 A by some authors. The first 
absorption band, Tl&Oh), should be split in the D3 symmetry to A2 + E. No clear indication 
of such splitting is generally seen in the absorption spectrum, but the CD spectrum shows a 
major positive component, with its maximum at lower energy than the absorption maxi- 
mum, and a minor negative dichroism near the high-energy limit of the absorption peak. 
This is generally interpreted ‘F9 as a strong positive E component, with a weaker negative 
A, component that has its maximum at slightly higher energy. Concentrating attention on 
this peak in the absorption spectrum, the correlation has been strongly advocated8a9 that a 
positive sign of the major CD component of the Tlg (Oh) band means A orientation of 
the chelate ring in all complexes. “Absolute configurations ” have been assigned to a large 
number of Co(II1) chelates essentially on this basis. (The same argument has, in fact, been 
extended to other d6 systems lo-l5 _) 

Because of interest in the question of “absolute configuration”, attention has generally 
been centered on the first absorption band and its circular dichroism. The circular di- 
chroism of the second band is often, though not universally, considerably weaker than 
that of the first band. An explanation for this in terms of the magnetic moment represen- 
tation of the “parent” Tig(Oh) level given some time ago by Moffitt7 is generally repeated. 
However, since in any relevant case the “parent” level is split to states of lower symmetry, 
it is the conformity of these to the selection rules which is significant. It is, for example, 
the E-representation nature of the daughter state which is determinative, not what its 
higher-degeneracy parent representation might have been. 

In any event, in terms of the ligand field splitting of the upper states, Tlg(Oh) and 
‘7;=(Oh) should give the same number of derived components and dimensionality of 
representations under similar low\ symmetries. The differences to be expected reflect the 
selection rules for optical activity. These require that the direct product of the irreducible 
representations of the ground state and the excited state span the representation of the mag- 
netic dipole vector operator in addition to that of the electric dipole operator wh,ich the 
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absorption indicates. With the ‘A rg ground state of the Co(IIL) complexes, the states into 
which Tlg(Oh) splits all satisfy this requirement.. .~22g(U~z) may, in contrast, give some 
components which fail the test, e.g. as when an ‘A r component is derived in 0s symmetry. 
Because there is no a priori symmetry reason why the splitting effects of a lower-symmetry 
field on the TX&Oh) and Tzg(Oh) shculd otherwise differ, discrepancies between the find- 
ings in the two peaks call for interpretation. 

The ion (+)-[Co(en)s] ‘+ in the solid state shows symmetry D, , as anticipated, with con- 
figuration A-kkk (ref. 5). The first-band circular dichroism in aqueous solution has teen 
described above; the second band has a small symmetric positive CD which lies completely 
below the energy of the band maximum, and in the upper energy half of the band there is 
no circular dichroism reported9 _ By the shorthand to be adopted in this paper, this will be 
designated a EL,--S] [+,O] CD pattern*. In D3, the splittings are E+A, and E+A1 respec- 
tively, for the two peaks. A r --f E should be optically active, Al + A 1 shouid not. AU com- 
ponents of the first peak, as mentioned above, should be active. There would appear, 
therefore, to be a perfect match between theory and observation, as to number and energy 
order of components between the two peaks, and the symmetry relations. 

The ion (+)-[Co(+pn),] 3+ has the same arrangementI of the ethylenediamine skeleton 
as does (+)-[Coens] , 3+ but the methy gr p 1 ou s reduce the symmetry to C3, so both bands 
should show MO optically active components. The circular dichroism, however, seems1’*‘4~*7 
to be virtually identical to that of the tris(ethylenediamine) compound of D3 symmetry. 
Some tris-diamines which contain both pn and en, or +pn and -pn, seem to have very sim- 
ilar dichroisms l3 *I4 ‘r ‘, though the actual symmetries are C, and Cr , which would require 
three components in each band. 

Consider now another complex with D3 symmetry like that of [Coen3] 3t, namely, 
(-)s46-[Co(ox)s ] 3-. The CD pattern’* is IL,--S] [+,-,+I, with three clear components in 
the second peak, which would be appropriate to Cs or Cr symmetry, but not D3 _ The 
amino acid complexes with the analogous structure and symmetry (C3) as the tris@ropyl- 
enediaminej complex, which are designated as facial, cis, or &[Co(aa),] by the various 

authors, also show the [L,-S] [+,--,+I CD formula or its sign inverse in many cases (alanine, 
aspartic acid, leucine, proline). The tris-glycine compound shows [Y-S)] [+,--I, which 

* The two brackets wiB be used to represent first and second peaks, respectively_ [L,-S] means 
large positive CD, small negative CD, in the order of increasing energy. The L,S designations will be 
restricted to the fist peak. Some asymmetric bands of single sign, with shapes significan:ly different 
from that of the corresponding absorption band, imply the existence of a smaller component which is 
completely masked because of the smaB splitting from and low intensity relative to the larger one; 
they may be indicated by [L(4)], [(S)--L] , etc. A component the implication for whose existence 
is more questionable will be given with a question mark, as [L(-S?)] . 

In the second peak, where CD component intensities are generaBy comparable to each other and 
components are clearly resolved, only the signs of components will be indicated in the order in which 
they appear, e.g. [+,-I. A symmetrical positive CD the full width of the seccnd band will be indicated 
as In+] inasmuch as the number of components cannot be definitely ascertained. If one component 
is of a size distinctively greater than the other(s) in the band, it will appear with a double sign in pa- 
rentheses, e.g., ](*),-I or [+,-.(++)], etc. When intensity differences are indefinite in the first band, 
the [+-I designations will also be used, with [+] or [-] being used when no clear indication for a 
second component is seen. 

Coord. Chem. Rev., 7 (1972) 331-- 343 
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is compatible with the C’s symmetry, but the spectrum is different from the appearance 
of the tris(propylenediamine) complex pattern. 

Without going into more detail at this point, there seems adequate reason to reexamine 
the currently popular approach to the CD of these complexes, and the “absolute config- 
urations” deduced from them without crystallographic or other confirmation. One may 
go further and attempt an analysis of the implications in the procedures used, but this 
will be deferred to a later point and another context. 

The spectroscopic parameters which come into consideration are (a) derived compo- 
nents; (b) order of levels; (c) signs and intensities of CD components. Contributing to 
these are not only the obvious structural symmetries of the environment, but a number of 
more subtle factors which have generally been disregarded in the concentration on the 
field symmetry and the dihedral orientation of chelate rings, and which may be lumped 
under the rubric “bonding effects”. These may easily be imagined to play a role in deter- 
mining ordering of levels, signs of dichroic components and their intensities, and perhaps 
even in determining effective field symmetries. In the following, an attempt will be made 
to sort from the literature (summarized in Table 1) clues to the operation of some of these 
bonding effects. 

C. THE cis-[Coen,AB] SYSTEMS 

The class of cis-[Coen2AB] compounds carries considerable potential for useful study. 
When neither A nor B is optically active, dichroism must come from the arrangement of 
the en ligands, which must in turn match the arrangements in one of the two isomers of 
[Coen,] . 3+ When A = B or when AB is a symmetric chelate group other than en, the 
symmetry is Ca; otherwise it is Cr. With A = B, (+)-EC oen2(NH&] ‘+ is [L,-S] [n+] , and 
the CD looks very much like that of many of the trisdiamines. The same relationships in 
the fast peak, but varied second-peak patterns, are found for (NH3)(CN), with [-L,S] [-,-I ; 
WNNW, L-S1 [+,+I ; @WH~0), l&-S] [-,+I ; and (NO,),, also [L,-Sl [-,+I . 
The apparent level ordering in the first peak is reversed in (haloacetate)a, [-S,L] [n-l ; 
(N&Z, [-S,Ll [n-l ; and (Cl),, [-S,LI [+,-I. The following group, in which the distinc- 
tion between S and L becomes difficult, may be considered an intermediate phase: 
(CN)(OH), with [+,-I [(++), +] ; (CN)(Br), [+,-I [+,-,+?I ; and (CN)(I), with I+,-1 [--.+,?I - 
Possibly most provocative is the group with L and S of the same sign, viz. (CN)2 with 

]L,SI I+,-_,@I ; (?JHs)(Cl), C-L,-S] [(---_),-I ; (NHsXBr), C-J+-Sl K--),--l ; ami 
(NHs)(H,O), [-L,-S] [(--),-I. (NH3)(CNS), which looks like [-] [-,O?] , could be a 
member of the same group, in which the two components are not resolved. Chemical anal- 
ogy suggests this, but this is not a unique formulation of the CD trace. 

In addition to these variations in the peak patterns, all of these complexes should, from 
symmetry considerations, have three components in each band, whereas, with a few sec- 
ond-band exceptions, reliable indications of only two components can be seen. No obvious 
harmony can be seen between, for example, signs of the second-band components and 
particular ligands, but there are some clear hints of chemical relationships. Thus, if the 
first-peak variations for the (NH3)(X) group are put in an increasing order of effect (call 
it sign of S), one could write the X groups in the series NHa, CN, HzO, Cl, Br, while the 
(CNXX) series, aligned crudely for another effect (relative intensity, or degree of split of 
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TABLE 1 

Circular dichroism spectra of Cobalt(H) complexes 

Complex CD formula Ref. 

W-Ko(enhl * 

WLCo(+Pn)31 
3+ 

GHCo(pn)31 3t 

(+Hco(-ms 1 3+ 

a(+)-[Co(+pnMenIl 
(+)-[Co(-pn)Z(en)] ,“: 

a(+)-[Co(+pn)z (-pn)] 3+ 

aW-[Co(+pn)(en)2] 

(+)-ECo(-pn)(en)z I ,“: 

(-)D-[Co(bgH)d * 

(+)ds-[Co(en)#H&] 3+ 

(+)-&-[Co(en)$&] 
+ 

cis*-[Co(en)(NH&*C121;] 
* 

&*-[Co(-pn)(NH&*Q*]+ 

(-)-cis-[Co(en)z(N&]+ 

cis- [Co(en)2 (halac)2 ] + 

(~~is-[Co(en)2(NO2)21 
+ 

(+Ws-[Co(enhWW 
+ 

(--ID-[CO(enh(NH&l] 2.~ 

(-)D-[Coc=n)2w~3~Brl 
2+ 

(-)D-[Co(en)2(NH3)(H20)1 
3+ 

(-)D-[Co(en)2(NH3)(CNS)l Z+ 
cis-[Co(en)2(NH-$(CN)] Z+ 

cis-{Co(en)2(CN)(NOz)]+ 

cii-!Co(en)z(CN)(OH)]+ 

cis-[Co(en)2(CN)(H20)] Z+ 

cis-(Co(en)2(CN)I]+ 

cis- [Co<en)#N)Br]+ 

cis-[Co(en)2(CO3)1+ 

cis- [Co(en)(NH&KO~)l’ 
(-)-ci.s-[Co(en)2(ox)]+ 
(+)-cis-[Co(-pn)z(ox)]+ 

(-)-cis-(Co(-pn)2(ox)]+ 

(-)Dds-[Co(en)2(phen)] 3+ 

(-)-czk-[Co(en)&l)]+ 

(-)-cis-[Co(en)@lH)] *+ 

(++)D~is-[Co(en)2(gly)l 2+ 

(+)ssa_cis-[Co(en)2(pic)l* 
(+)-cis-[Co(en)@r)] 2+ 

(+)D_cis-[Co(en)2(L_meth)] * 

Gwrd_ Chem. Rev.. 7 (1972) 331-343 

IL--s1 I+,01 l-3 

[L-S] [+,0?] 293 

[(S?)-L] I+,01 2,4,5 

WI [-.-I 394 

IL,-Sl b-1 $4.6 

[Ll [+,+I or [+,+P?l 3,4.6 

[L,-Sl [n+(?)l 336 

[L,-Sl [n+] or [+,O?] 3,436 

[L(?)I [+,+I or [+,*,o?l 396 

[-,+I D-J 7 

IL,-Sl In+1 8-9 

[--s&l t-+.--1 9 

t-w1 10 

[--w-l [(--),+I 10 

[-S,Ll In-1 9 

[-S,LI In-1 11 

[L-S] [-,+I 9 

[L,Sl [+,-,w)l 9 

[-r-,-S1 [(--),-I 12 

I-L,-Sl [(--).-I 12 

[-L,--Sl [(---h-l 12 

I-L1 [- Of?)] > 12 

[--L,Sl [--,-I 13 

&-Sl [+.*I 13 

[+,-I [(*>,+I 13 

IL,--Sl [-.+I 13 

[+.-I [-,+,-(?)I 13 

I+,-1 [+,-,+(?)I 13 

[L(-WI [+,--,+I 9 

ILC-S>l I+,--,+] 10 

[-US)1 [-,+?.-I 3 

PX-WI I+,-,+1 9 

[-LG?)] i-.-l 9 

1-l I+] ,I4 

r--;t,Ll [n-T1 15 

[-L] [n-?] 15 

ru-31 [+,+I 16; 17 

IL(-%I [+;+I 17 

[U--s?)1 i-,+1 18 

IL-S1 I+.-,+I 17 
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TABLE I- CONTINUED 

Complex CD formula Ref. 

(-_)D-cis-[Co(en)2(L-meth)] z+ 
(+)Diis- [co(en)2(L-tieo)] *+ 

<-)Dds- [co(en)2(L_threo)] z+ 
t-)54slCo(eni2(Dleuc)1 2+ 
(-)D-[Coten)2(L-pro)1 a- 

t+k4dCo(en)2U--Oala)l 2+ 

t-)~&j-tcd‘&(L-cP~la)l li 
t?+wz~Y)31 

a_tcotf$Y)31 

&tca--ala)31 

if-[Co(L-ala)31 

a’-[Co(D-ala),] 

a-[Co(L-ah)31 

a’-[Co(L-ala)31 

S[Co(L-Ieuc)3] 

B’-[Co(L-ieuc)3] 

a-[Co(L-leuc)3] 

a’-[Co(L-Ieuc)s] 

S[WL-w31 

p’-[Co(Lval)3~ 

a-[Co(L-val)3] 

d-:Co(L-val)3] 

P-ICo(L-Prol~31 

B’-[Co(L-prolj3)] 

d-[Co(L~Prol)3] 

&[CO(L-hydroxylprol)3] 

S[Co(L-=P)3] 3- 

8’-[Co(L-asp131 3- 

dCo(L-asp)3]* 

a’-[Co(L-aaq)3] * 

cr[Co(L-glut)3] * 

B[CO(L_ghs)3] 3- 

(+)ssstrans I~-[co~Y)2(oJol- 

(+)54&ms /N/-[co(k&)2(ox)]- 

<-)s~mns /N)-[Co(L-ala‘),(o 

(-~rc0(0x)31* 

(-k464Cdox)2h)l 

(+h64Co(ox)2(en)l- 

(+HCo(?x)2(-pn)l- 

(-&ACo(maO2(en)l- 

i--US)1 [-,-I 17 

IL-S1 I+,+1 17 

[-US)1 t-c-1 17 

I--LSI I--(+)-l 16 

[-US)1 I-,-! 17 

L-S1 [+(-)+I 16 

[--L(S)1 [+,+I 16 

W-S)1 [+,-I 19 

JU-WI [(?)n-I 19 

L-S1 [+,-,+I 19,20 

I-LCS>l I--,+,-1 19,20 

tu-a1 I+,-,-+1 19 

[S,-Sl [n-1 19-21 

l--L1 In+1 19-21 

[+,-I I+>-,+1 20 

l--L1 L-.0-+),-! 20 

[L,-S] [n-l 20 

I-J-1 In+1 20 

IL-W [f-l 22 

I-L] i-,-k! 22 

[-.-I In+1 22 

t-e-+),-l [n-l 22 

[L-S1 c+,+1 20 

I+,(++),-1 [+,*I 23 

I-WI [-,+,-I 20 

I -L,-Sl [n+] 20 

i+,w. 41 i+,+l 23 

t L--S1 I+,-,+1 24 

IW-j-1 [-.-,--I 24 

v-(-S)1 In+1 M 

I-L: In-1 24 

I-,+,(--)1 [--,-I 21 

IL--s1 [n-l 21 

[-S-L] [n+] 25 

[-s,-L] tn+1 2.5 

K&L1 b-1 25 

[L,-sl [+,-,+I 26 

[LA [+,-,+I 3.26 

I-L-S1 r-*+,-1 27 

[LSI {+,-,+,I 3 

t+,-,+i [+,-,(*)I 27 
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TABLE 1 - CONTINUED 

Complex CD formula Ref. 

(-htj-[c0(0~~201 z- . PI [+,-,+I 26 

337 

[Co(NH&(L-leuc)] * 

[CG(NH3)4@-QpaW 12+ 
tc0ww4u--(Pala)1 7+ 

[CO(NH~)~(LXS~)] = 

ICo(NHd4barc)l 
2-F 

cis-[Co(NHj)4(L-alaH),] * 

[Co(NH&(L-alaH)] * 

cii-[Co(NH&(HzO)(L-alaH)] * 

CZ-~-[CO(NHJ)~@YH) (LdaH)] 3+ 

cis-[Co(NH&&lyH(L-alaH)] * 

ck-[Co(NH3)&alaH)(L-alaH)] * 

cis-[Co(NH3)4(sarH) (L-alaH)] 3+ 

cis-[CO(NH~~(L-~IO~H)~] 3+ 

[Co(NH~ML-@~H)13+ 
(+)-mm-(Co(kpn)~NH3)213* 

[Co(l_pn)WH341 3+ 

trans-[Co(i-chn)2(NH3)21 * 

fmn.s-[COO-pn)@J 

irans-[Co(bpn)(NH&C12]+ 

tram- iCo(l-pn)(NH&.*CI, ] + 
zrans-[Co(l-pn)2Br2]+ 

~~~~*-[Co(l-pn)(NH3)2Br2*]+ 

trans-[Co(l-pn)2(NCS)2]+ 

zrans- [Co@pn)dNO&J 

~u~s-[Cog-pn)(NH3)2*(SO~2]- 

*an:- [Co(khn)&l2]+ 

ham-[CoOchn)2F& 

Pans-[Co(l&n)2Br2]+ 

@ms~~Co&chn)&IH3)Cl] “’ ! 

tmns-]Coilct?n)2(NO2)2]+ . 
tram-[Co(N&H3pn)$&]+ 1 

I. 

Coord. Chn. Rev.. 7 (1972) 331-343 

[?+I [II--]?b 
[?+I [n--]?b 
[-L(S?)] [+.(--),..?I 

[-,+.(--)I WI 
[+.-,(*)I In+1 
I-w4 In+1 
IS.--Ll b-1 
I+.-,(*) 1 WI 
[-,+,-I b-1 
IS.-4 tn+1 
[-S&l WI 
is,-J-1 In+1 
very weak[+,-] 

[+,-I I+1 
[-,+.(++)I 1-l 
i-,+A++)1 t-1 . 
L-S1 WI 
v-t-WI in+1 
&(-WI [n+l 
L-S1 In+1 
very weak [ -1 

I-S,Ll [-31 
t-s,Ll l-,01 
[ -S,L] [-*i,O? J 

[(--SW1 In-1 
or I(-S?)Ll [(--),-I 
t(-wLl b-1 

[-r&S1 I’,-1 
[(-S)L] [n-] . 

I(-SKI IO?1 
[L,-Sl [-._] 
I-L,$i I---l 
iL(-S)l [----I 
[(-S?)Ll in-] 

((-%Ll P-l 
[(-S)L] [n-?] f 

il.,-S] [nil 
or [ -,(++)I + 
[-L,S] [n+] ? - 

tu-91 b-l 
. 

26 

26 

28 _- 

29 ’ 

29 

30 

30 

16 

16 

30 

?8,31 

29,32 

29. T 
32 

29 

29 

32 

32 

32 

32 

29 

3,33 

33 

34 

33,36 

3.35 

33 

10 

33,36 

33 

33 

35 

33 

35,34 

34 

31 .I 

34 

;: 
34 . . . 
37 
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TABLE i - CONTINUED 

Complex CD formula Ref. 

(-)D-nans, trans-[do(CHaen)2Cl2]+ 
trans-[Co{-N_CH~en)&l~]? 

trans-[Co(-N.CHJen)a(NO,),]+ 

(-_)sss[Co(EDTA)l- 
(+)54s[Co(EDTA)Cl] 2- ., 
(-_)s46-[Co(EDTA)C1] 3- 

(+hs[Co.@DTA)Brl 
z- : 

(-)~~K[C~(EDTA)~NOZ)] * 
(+)s.&CoCEDTA)WO,)l Z- 

(-)s4s[Co(YOH)Brl- 

(+)s.&Co(YOH)NOz)l- : 
(-),,[Co(MEDTA)Cl]- 

cis-[CO(IDA)~]- : 

(-)sw[Co(1,3PDTA)l- - - 

(--_)+16<co@DTp)]- 
(+)-mans-[Co(EDDA)(CO$]- 

(also oxalate, malonate, ethylenediamine and 

L-akminate) 

bans-[Co(EDDA)(DMen)If. 

tram- [Co(EDDA)(Men)]’ 

trans-[Co(DMEDDA)(sn)]+ 

irans-[Co(DEEDDA)(en)]+ 

frans[.)-[Co(ata)(L-ala)]- 
(also serine, valine, proline) 

cis(Nj-[Co(ata)(L-ala)]- 
(also serine and valine) 

trans(IVj-[Co(L-alada)(gly);- : ! 
rrans(IV)-[Co(L-alada)(L-ala)]- 

Pans(N)-[Co(D-alada)(L-ala)]- 

frans, cis, cis- [Co(L-NH$X&H&HCOoH)71 B 

(+)54scis,cis,cis- [Co(D,L-diaminopropiato)]+ 

[Lwwl [+,(--)I 

I-?,+] [n-l 

[-L,Sl [-,+I 

IL,-Sl I+,+1 

KG-L1 I+.(--)1 
[-S,L1 I-,(++)1 
K+W-Ll [+,(--)I 

[+._,-I [+,(--)I 

I-,+,+*1 [-,(++)I 

1+1 [-.(++)I 
[-.,+(+)I [-.(++)i 

I+1 [-,(++)I 

[+;-I i(+)(+)I 

[+.-I [(+)(+)I 

R--L1 [+,(++)I 
[L,-S] in+] 

IL,-Sl In+1 

F-i-S1 [n+l 
[+(+?)I [+,(%(--)I 

: IL,Sl [+,-I 

[-,+,(-->I b+l 

t-.+1 in-] 

IL,-%-?)I @+I 
[-,+,(--)I In+1 

[(--).+,(---)I tn+l 
L-l : [+,-,+I [n+] 

L-2: [L,-S] [-,+I 
L-3: [-,+I [+,0] 

[-LSI @+I 

371 

12 
12: . 
27,38 - 

39 

40 
39 

39 

40 

40. 

40 

40 

38 

38 

38 
41 i 

42 : 
42 

42 .I 

42 * 1.1 _ 
43,44 

43 . 

44 

44 

44 

45 

45 

a (+)Co(+pn)... and (-X0(-pn)... 
b Interfering absorption bands. 

Symbols used: en = ethylenediamine; pn = propylenediamine; bgH = biguanide; ha&.= haloacetate; 
gly = glycine; ala = alanme;Jeuc = leucine; val = valine; pro1 = proline. asp = aspartate; ox = oxalate; 
phen = phenanthsoline; sal = salicylate; pit = picrolonate; sar = sarcosinate; meth = m&ion&e; threo = 
threonine; Qala = phenylalanine; glut = glutamate; mai = malonate; aca = acetylacetone; aa = amino 
acid; hist = histidme; chn = 1,2cydohexyl d&mine; EDTA = ethylenediamine tetraacetic kid; YOH = 

N-hydroxyethylethylenedi&ninetriacetate; MEDTA = N-methyl(ethylenede~~~-optic acid; 
1,3PDTA = l,Zpropanediamine-~~~~‘,-tetr;lacetid acid; IDA = iminodiacetite; EDTP = ethylene- 

., 
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diamIneJV,NNN’-tetpropionic acid; EDDA = ethylene diamhte-N,N’-diacetic acid; DMEDDA = hr>‘- 
diamine-N.N,N’N’-te‘trapropionic acid; EDDA = ethylenediamine-N,N-diacetic acid; DMEDDA = N,N’- 
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L and S) would give I, Br, OH, HaO, NOa, NHs, wilih some degree of correlation in the 
ordering in the two series. 

One could tentatively bring some of these points together in the following way: the 
presence, in general, of only two components in the second-band CD for the [Coen,AB] 
complexes could be ascribed to a pseudo&s symmetry, based upon the cis position of the 
two ethylenediamine ligands, positioned as they would have been in [Coen,] 3+. They 
would, in general, lack the dihedral symmetry of the O3 model. The question of the sign 
of individual CD components would have to be linked to some characteristic of the ligands. 
The influence of ligands on the apparent level ordering, in the absence of significant 
symmetry difference, is another item which makes clear the chemical influences. 

We are essentially suggesting that the factors of electron distribution in the bonds to 
the metal ion itself are actually the significant ones, and that the dihedral and helical ef- 
fect visualized from solid three-dim:nsional models of ligand metal ion systems (with the 

implications therein as to effects of the fields of bonds which connect the nuclei in the 
chelating chain, rather than the bonds to the metal ion) is misleading. Thus, the close re- 
semblance of the [Coens] 3+ CD pattern to that -of (i-)-[Co(+pn)3] 3+ and the varioz 

[Coen,_,(pn),] 3+ as well as to [Coen2(NH3),] 3+ should be largely ascribable to binding 
amino nitrogen, while poorly related to the symmetry which ranges from D3 through C, 
and C, to Cr. 

D. THE OXALATO COBALT(IIi) SYSTEMS 

Clearer indication of the operation of these factors is seen if one goes to the tris-ox- 
alate, [COG] 3-, O3 in symmetry like the [Coen,] 3+ complex_ The CD pattern is 
[L,-SJ [+,-,+I, and by the terms of our hypothesis the difference results from the binding 
of carboxyl groups in a chelate rather than amino groups. The three CD components 
would be appropriate to Ca or Cl symmetry, rather than the actualD3 form. One possible 
interpretation of this is that when carboxyl is bound in this complex, the symmetry of the 
excited state is lower than that of the ground state (e.g., C2 rather than 03), whereas when 
amino groups are bound, the sy.mmetry of the excited state is not less than that of the 
ground state. 

Substitution of one carboxyl by an amino group, as in (-)s46-[Co(ox)2gly] 2; does not 
diminish the effect, as the CD pattern is [?,+I [+,-,+I. Even (+)-[Co(ox)2en]-and 
[Co(ox),(-pn)]- both show the CD pattern, [L,S] I+,-,+], with the two dicarboxylic 
chelating ligands determining the effective symmetry. The phenomenon is not limited to 
oxalate, since (-)546-[Co(mal)zen]- has a [+,-,+I [+,-,+I pattern. 

As has already been remarked, the &t&amino acid complexes with alanine, leucine, 
aspartic acid, and probably prohne, show a [L,-S] [+,-,+I pattern, though the CD of the 
tris-glycine compound, as reported, is [L(S)] [+,--I and the CD of the valine complex is 
[L,-S] [+,-I. This composition, with three carboxyls and three amino groups, therefore 
seems to be close enough to a changing point to be sensitive to additional weak factors. The 
u-tris-amino acid complexes, in which one of the groups has been turned around so that 
the three nitrogens (or the carboxyls) are equatorially arranged; rather than at the comers 
of one cf the trigonal faces, are apparently variable, in that cu-[Co(gl~)~] seems to be 

[Y--S)1 [n-l , th e a anine compound, [L,-S] [n-l, the asparagine compound, [I-(--S)] [n+] , 1 
while the tris-valine and tris-proline both are [-L,-S] [n+], and the glutamate apparently 
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[-,+,(--)I [-,-I. The three-component splitting prominent in the second band of the 
@ forms seems deftitely lost, though there are suggestions of it in some first bands, and 
there is considerable variety in correlations between the bands. 

With two amino acid groups arranged so that their carboxyl groups are cis, and their 
amino groups Pans, as in (+)sd6 -frans-(N)-[Co(gly),ox]-, the CD formula is [-S,-L] [nil , 
and that of the corresponding L-alanine compound is the same. Thus, four carboxyls 
arranged equatorially fail to give the same sort of effect as three carboxyls arranged fa- 
cially or cis to each other. Interestingly, the [I-.(-S?)] [+,-,+I pattern is given by 
(+)-c&[Co(-pn)a(ox)]+ and (probably) (+)-[Coen,(ox)]‘. Not only does (+)-[Coen,(COs)]’ 
show the [I-(-S?)] [+,--,+I, but even cis-[Coen(NH,),(CO,)] is [L(4)] [+,-,+I, though 
one of the en groups has, in effect, undergone scission. Finally, there is the clear indication 
that many, if not all, of the [Co(NH& (amino acid)] ‘+ complexes show three compo- 
nents in the first band, as [-,+(--)I [II-] for the L-amino acids. In this case the asym- 
metry structurally depends on the amino acid itself, but in the context of the influence 
of chemical bonding the source of the asymmetry may be irrelevant. 

E. THE trans-BIS(3IAMINO)COBALT(III) SYSTEhlS 

Optical activity of h-ans-bisdiamines depends on optical activity of the diamine, as 
above, and here we see an interesting continuation of the relations: Trans-[Co( I-pn)* (NHs), ] 3+ 
and &arts-[Co(l-chn),(NH&] 3+ show the related formulae for the CD: [-S,L] [-,O?] 
and [-S,L] [-,+,O?] . In [Co(l-pn)(NHs)4] ‘+ with only one active group, the CD is still 
[-S,L] [-,O] . For the trans-[Co(l-diam)zX1]+, where diam = pn or chn and X = F, Cl, Br, 
respectively, the uniform CD response describableas [(-S?)L] [n--1 is seen, the first-peak 
CD being rather symmetrical but possibly displaced to higher energy from the absorption 
peak. Again, scission of a diamine chain, as in bzns- [Co(l-pn)(NH3)2Clz*] * and tmts- 

[Co(l-pn)(NH,),*Br,*] , does not change the CD pattern, whereas trons-[C~(-pn)(NH~)~Cl~]+ 
shows [-L,S] [+,-I . Replacement of the halide in fra,ls-[Co(l-pn)2(NCS)2]’ gives 
[L,-S] [-?I and 22-~22s-[C0(1-chn),(N02)2]+ seems to be [-L,S] [i-l . Tram-[Co(l-pn)- 
(NH3)2*(S03)2]- with [Y-S)] for the first peak differs in sign from its chloro analog, 
while rrans- [Co( i-chn)@Hs)Ci] ‘+ with [L,-S] [+] (or [-,(++)I?) differs from either the 
bis-arnmine or the his-chloride. 

F. SUMMARY AND CONCLUSIONS 

Summarizing, we have demonstrated from gross experimental evidence that the qua& 
tative details of the CD patterns that characterize the first two absorption peaks of dis- 
symmetric Co(II1) complexes are dependent on the chemical nature of the groups bound, 
as well as their distribution over the coordination positions. This is true for “physical” or 
“sy2nmetry” features such as the number of components exhibited in a given peak, as 
well as for the sign of a given dichroism component. We have cited cases in which replace- 
ment of one set of monodentate ligands by another, without change of molecular sym- 

metry group, results in interchange of energy ordering of the apparent L and S components 

l rigan& w!kh are trans are followed by *. 

Coord. Chern. Rev.. 7 (1972) 331-343 



342 L.I. KATZIN, I. ELIEZER 

in the CD of the first absorption peak. Cases can be pointed to in which the two compo- 
nents in fact have the same sign following such a change, rather than the general opposition 
in sign. 

The signs of components in the CD for the second absorption peak may be altered, with 
alteration of the chemical nature of the ligand. The chemical influences may make the ap- 
parent components into which the T&Oh) transition is split conform in some cases to 
expectation for symmetries higher than the actual, and, in others, to lower symmetries_ 
The reaction of the CD to chemical differences, as distinct from purely configurational 
ones, is not unique to Co(III). Thus, in 1: 1 chelate complexes of Ni(I1) with L-alanine, 
and with L-lactic acid, respectively, the difference between amino nitrogen and hydrox- 
ylic oxygen results in a difference in sign of CD ,:omponents lg _ With Co(II), whose spectrum 
is simpler, the difference is more striking2o 

A reasonable extension of the logic of these cor~e:ati~ns izads to criticism of the prac- 
tice, for Co(II1) and related complexes, of asdgr&rg the “abs3;ute configuration” of a dis- 
symmetric complex from the sign of the major CD componem ‘%I the first peak. This, as 
was pointed out above, is based, in the first instance, on considering the apparent align- 
ment of internuciear o bonds in the ligand ring to be the determinative factor. Other than 
that the distribution of the nuclei should somehow determine a vectorial field, it has never 
been clear how this was supposed to operate. The chemical relations in the data, which we 
have pointed out, would seem to cast suspicion even on this axiom. 

In addition, it is generally assumed that the major CD component in the first band 
matches the E-representation component derived from the Tlg(O,), and the lesser com- 
ponent corresponds to the A-representation member. A compelling basis for this identi- 
fication seems lacking. Moreover, as we have pointed out, there are cases where the sign 
of this component is different between complexes in which monodentate ligands have 
been changed without altering the chelating ligands which determine the “absolute con- 
figuration”. There is the further technical point of certain carboxyiic acid chelates in 
which the first peak CD shows the pattern [-,+,(--)I, for example. The implication is 
that the first two components result from the splitting of an E state into two one-dimen- 
sional components, which largely cancel each other, leaving the original A2 component as 
the most intense. Such a pattern could easily be mistaken for [S,-L] in our standard 
designation, and any conclusion as to “absolute configuration”, whether correct or wrong, 
comes from false premises as to the data. Even with correct interpretation of the CD, one 
does not know the sign for the parent E state, nor whether the assumed correlation may 
be extended to situations in which this is split. This has a bearing on the systems with C2 
and Cr symmetries, where three components would be expected and only two show. The 
major one may be an unresolved pair of the same sign; did both members come from the 
parent E state, or is one the A2 component of the parent state? 

These several considerations seem sufficient to cast a large shadow on the common 
procedure, and the conclusions drawn from it, urdess they are supported by crystallo- 
graphic structure determinations. There are pitifully few examples in this category. In the 
meantime, it would seem worthwhile to plan for further investigations bearing elucidation 
of the chemical relations in mind. There also seems room for real study of the factor 
which determine the sign of CD components in the spectra of these complexes, and fur- 
ther for defining the bonding relations which determine the apparently differing symme- 
tries of excited states for different transitions in the same spectrum. 
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