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INTRODUCTION 

Although the existence of chelate rings and the general features of the 
structure of metal chelates have been established by chemical methods of 
investigation, our knowledge of chelation was greatly strengthened by the 
confirmation of the correctness of their structures by x-ray crystal analysis. 
X-ray crystal analysis introduced a metrical element into the understanding 
of coordination by revealing the lengths and angles of chemical bonds and 
other structural details that could not be ascertained by other physical 
and chemical methods. 

Normal x-ray methods do not tell us whether the optically active com­
plex has a particular configuration or one related to this as its mirror image. 
In other words, it is not possible to assign the absolute stereochemical 
configurations to enantiomorphically related pairs of the complexes. How­
ever, if an x-ray wavelength a little shorter than the absorption edge of the 
heavy atom in the crystal is used, the anomalaus phase shift on scattering 
by the heavy atom has the effect of advancing the wave from it relative to 
the waves from the rest of the atoms. This will give rise to a slight but 
discernible change in intensities of pairs of reflections, which are normally 
equal in intensity because of the requirement of the space group. Bijvoet1 

first pointed out that this effect can be used to determine the absolute con­
figuration of the molecules. The intensities can be calculated by assuming 
a particular enantiomorphic configuration for the complex and the result 
can be compared with the observation. If the intensity relations are the 
reverse of those observed, then the inverted configuration represents the 
correct absolute stereochemical configuration. No other physical method 
is, at present, capable of determining the absolute configuration unam­
biguously. 

The knowledge of the absolute configuration of optically active complex 
ions will not only deepen our understanding of the mechanism of the inter­
action by which the rotatorypower and its close associate, circular dichroism, 
are exerted, but also enable us to rationalize various chemical phenomena 
involving stereospecific effects. 

ROTATIONAL ISOMERISM IN COORDINATED LIGANDS 
(FIVE-MEMBERED CHELATE RINGS) 

The first topic is the rotational isomerism possible in coordinated ligands 
such as ethylenediamine. lt is well known that if chelation can take place to 
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form five-membered rings, the stability of the compounds is greatly en­
hanced. Ethylenediamine is the simplest and the most important of chelating 
bases and these complexes have played an important part in the development 
ofthe coordination theory. 

The suggestion that the five-membered chelate rings formed by ethy­
lenediamine need not be planar appeared first in a paper on platinum 
complexes by Rosenblatt and Schleede2 as early as 1933. In 1939, Kobayashi3 
studied the optical activity of ( + )n-[Co(en)s]Br3 and also suggested that 
the chelate ring was puckered. This was indeed verified by an x-ray study 
of[Cu(en)z]2+ by Scouloudi4, and then oftrans-[CoCl2(en)2]+ by Nakahara, 
Saito and Kuroya5. The existence ofpuckering in chelate rings has also been 
established by structural analyses of a number of other meta! chelates. 

Since there are two possible enantiomorphic 'gauche' conformations for 
ethylenediamine molecules, two conformations of coordinated ethylene­
diamine rings are possible as shown in Figure 1. These are mirror images of 
each other and are called the 8 and A forms according to the nomenclature 
proposed at the Meeting of the Nomenclature Commission on Inorganic 
Chemistry ofiUPAC (held at Beckenried, Switzerland, 1966). 

Figure 1. Two possible conformations of cobalt-ethylenediamine ring. 

In the trans-dihalogenobis(ethylenediamine)cobalt(rn) ion, the following 
three arrangements of two cobalt-ethylenediamine rings can occur: (88), 
(t\t\), (8t\). (88) and (t\t\) are mirror images and have the samerelative 
potential energy. The relative potential energies of ( 88) and ( 8t\) must, 
however, be different. This energy difference has been calculated by Corey 
and Bailar6 who found that the ( 88) configuration is more stable by about 
1 kcaljmole. 

The crystal structures of the two isotype crystals of trans-dihalogenobis­
( ethylenediamine)cobalt(m) halidehydrogen halide dihydrate, [CoX2( en)2]­
X.HX.2H20(X = Cl5, Br7) have been determined. The complex ionwas 
fo\und, however, tobe centrosymmetric and to have the ( 8t\) conformation 
as illustrated in Figure 2. In this case the (8t\) form must be favoured by 
specific intermolecular forces in the crystalline state. 

When propylenediamine is introduced in place of ethylenediamine, the 
stereochemistry is further complicated, since the Iigand molecule itself is 
optically active. From an x-ray examination of trans-dichlorobis(d,l-propy­
lenediamine)* cobalt(m)chloride hydrochloride dihydrate, [CoCb(d,l-pn)2] 

*The symbols d and l attached to organic molecules are used to denote ( +) and (-) for 
the Na D line, respectively. The symbols D and L are used to denote the absolute configura­
tions of optically active organic molecules. 
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Cl.HCI.2H208, it was revealed that the general features of the crystal 
structure resemble those of the ethylenediamine analogue and the complex 
ion is again centrosymmetric and assumes the (8.:\) form, but if optically 

Cl (Br) 

c 

Figure 2. A perspective drawing of the complex ion [CoXz(en)z]+, (X= Cl, Br) 

active propylenediamine is used, the complex ion is clearly no Ionger 
centrosymmetric. It will be readily seen that there are six possible stereo­
isomers ofthe trans-[CoX2(l~pn)2] ion. First there are two possible directions 
of each C-CHs bond with respect to the chelate ring. The C-CHs bond 
can lie approximately parallel to the 'plane' of the five membered chelate 
ring, or it can stand approximately perpendicular to the plane of the chelate 
ring. These forms are called 'equatorial' and 'axial' respectively. Secondly, 
there are two possible positions of the methyl groups with respect to the 
co halt atom, viz. 

lf we denote these two forms as cis and trans referring to the positions of the 
methyl groups, the six possible isomers may be represented as follows: 

cis (ax,ax), cis (ax,eq), cis (eq,eq), 

trans ( ax,ax), trans ( ax,eq), trans ( eq,eq). 

These six forms are distinguishable from each other by ordinary x-ray 
methods without recourse to anomalaus scattering effects. In fact, the 
trans-[CoCb(l-pn)2]+ ion has been shown9 to have the trans (eq,eq) form, 
which is illustrated in Figure 3. 
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Figure 3 also represents the absolute configuration of trans-dichlorobis­
(1-propylenediamine)cobalt(nr) ion. The complex ion has an approximate 
twofold axis of symmetry through the central cobalt atom. Accordingly, the 
most stable form present in the solid state corresponds to the ( ".".) form with 
respect to the conformation ofthe chelate ring. 

Cl 

Figure 3. A perspective drawing of the complex ion (- )n-[CoC12(l-pn)2]+ 

The absolute configuration of l-propylenediamine molecule is represented 
by the formula: 

H--C-NH2 

CHa 

This is in agreement with the result determined chemically with reference 
to n(- )-alaninelO, u. It is to be noted here that when a molecule of 
l-propylenediamine is coordinated to a metal atom to form a chelate ring 
with its C-CH3 bond in the equatorial position, the conformation of the 
chelate ring necessarily becomes ".. 

When three bidentate ligands are coordinated octahedrally to a central 
metal atom, two optically active isomers can occur. In Figure 4, the isomers 
are viewed along a threefold axis of the octahedron. We call these isomers 
.LI and A. t This isomerism has been proved for a nurober of com­
pounds. The first investigation by x-ray diffraction was that of the tris­
(oxalato)chromate(ru) ion performed by Niekerk and Schoening12• In 
this case oxalate groups are planar, but if the metal-chelate rings are not 
planar, the situation becomes more complicated. One of the best examples 
is provided again by ethylenediamine. If we denote the two enantiomorphic 
tAccording to the new proposals of the IUPAC Commission on the Nomenclature of 
Inorganic Chemisty (August 1968), the use of LI and Aare opposite to those reported here. 

24 



STRUCTURES AND CONFIGURATIONS OF COBALT(III) COMPLEXES 

Figure 4. Two possible isomers of an octahedral tris(bidentate) complex. 

conformations of the metal-ethylenediamine rings as 8 and ;\, and represent 
the two possible configurations of the chelate ring around the metal atom as 
LJ and A, then there are eight possible configurations for an octahedral tris 
ethylenediamine complex, viz. · 

1

{J(888), 

A(;\;\;\). 
2

{J(88;\), 

A(;\;\8), 

r Ll(8;\;\), 

3t A( Allll), 
4

{LI(;\;\;\), 

A(888). 

Without considering anomalaus dispersion, x-ray methods can identify the 
forms 1-4, but the two enantiomorphic forms in each pair cannot be 
identified., unless the absorption edge technique is used. In 
crystals of [Co(en)a]Cla.3H20, the complex ion was found to possess a 
threefold axis of symmetry, requiring the complex ion to be either 1 or 4. 
The difference between structures 1 and 4 can be stated as follows: In 
form 1 the direction of the central C-C bond in an ethylenediamine mole­
cule is approximately parallel to the threefold axis of the complex ion, while 
it is largely slanted obliquely in form 4. Corey and Bailar6 Iabelied these 
two isomers as the 'lel' and 'ob' forms, respectively. They are shown in 
Figure 513. 

Figure 5. The 'lel' and 'ob' forms of the complex ion [Co(en)a]3+. 
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The result of x-ray analysis showed that the tris(ethylenediamine)­
cobalt(m) ion has the 'lel' form. This agrees with the result of calculation 
that the 'lel' form is more stable by about 2 kcaljmole than the 'ob' form. 
This was confirmed also for other complexes shown below: 

( + )n- and (-)n-[Co(en)3] 2Cl6.NaC1.6H2014 

( + )n-[Co(en)3]Bra.H2Ql5 

( + )n-[Co(en)3]Cl3.H20l6 

Saito et al. 17 have determined the absolute configuration ofthe complex ion 
by using the double salt listed above, and then Nakatsul5 confirmed the 
result by using ( + )n-tris( ethylenediamine)c'obalt(m) bromide monohydrate. 
Complete three dimensional analysis of ( + )n-tris(ethylenediamine)cobalt 
(m) chloride monohydrate has been finished recentlyl6. In these studies the 
shape and size of the tris(ethylenediamine)cobalt(m) ion was completely 
established, and it was concluded that the ion has D3 symmetry within the 
limits ofthe experiments. The shape and size ofthe cobalt-ethylenediamine 
ring are summarized as follows: 

Co-N = 1·991 ± 0·009A LCoNC = 108·71 o ± 0·70° 

N-C = 1·494 ± 0·015A LNCC = 105·36° ± 0·86° 

C-C = 1·567 ± 0·015 A LNCoN = 85·45° ± 0·39° 

These studies of [Co( en)a]3+ ions show that the displacement ofthe nitrogen 
atoms from the octahedral position is insignificant or very small. The upper 
face of the octahedron, formed by the three nitrogen atoms, is rotated 
approximately 5° from the position required as a perfect octahedron. The 
L NCoN is 85·5° on the average. 

Here, a few words will be added about the thermal vibration ofthe chelate 
ring in crystals öf ( + )n-[Co ( en)3] Clg.H20. The anisotropic thermal para­
meters ofthe atoms ofthe chelate rings were transformed to obtain the axes 
ofthe ellipsoids ofvibration. Figure 6shows the results obtained for the chelate 

N 

N 

Figure 6. View of the ellipsoids ofthermal vibration. 
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ring which lies on a twofold axis. The vibrations are represented dia­
grammatically. The axes of the ellipsoids are proportional to the mean 
square amplitude. The anisotropy of vibration of the atoms is consider­
able. The vibrations ofthe central cobalt atom and the two nitrogen atoms 
have the smaller amplitude, those of the cobalt atoms being nearly iso­
tropic. The two carbon atoms appear to oscillate perpendicularly to the 
C-C bond with greater amplitude. These features of the anisotropic 
vibrations of the atoms seem to suggest the existence of a puckering motion 
of the chelate ring in solution. The mean amplitude of vibration is about 
0·3 A. However, in the other ring which is not on the twofold axis, the 
vibrations of the carbon atoms are smaller. This is due to the presence of 
a chloride ion at 3·62 A from each carbon atom. On the other band, the 
corresponding C-Cl distances found for the chelate ring on the twofold 
axis are 3·86 A, long enough to allow such vibrations of the carbon atoms. 
In fact, Mason et al. measured the circular dichroism spectra of [Co(en)a]3+ 
ions in solution and suggested that different conformations of [Co(en)a]3+ 
coexist in solution18. This was supported by the thermodynamic data 
o btained by Dwyer et a[19. 

The carbon atoms in the ring are arranged symmetrically 0·34 A above 
and below the plane determined by the cobalt and nitrogen atoms. Unlike 
the symmetrical gauehe form observed in the cobalt-ethylenediamine 
complexes, Brown and Lingafelter20 found that the ethylenediamine ring 
in the copper complex, [Cu(en)2] (SCN)2 has an unsymmetrical gauehe 
form. One carbon atom is 0·16 A and the other carbon atom is -0·53 A 
from the plane of copper and two nitrogen atoms. The same kind of asym­
metry has been observed on other copper(n) complexes4, 21, 22. 

Figure 7. A drawing ofthe complex ion ( + )n-[Co(en)a]3+. 

The absolute configuration of ( + )n[Co(en)a]3+ is shown in Figure 717. 
It can be represented as .d(ööö). In the usual manner this can be written 
as: 
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It is well known that the rotatory dispersion curve as weil as the sign of the 
Cotton effect are diagnostic of configurations of molecules, but it is not 
possible from these data to assign empirically to either the L1 or A structure. 
Some form of absolute standard is necessary, and this absolute standard 
has, indeed been provided by the x-ray work. 

The configuration ofa number ofcobalt(n1) complexes could be correlated 
through optical rotatory dispersion ( o.r.d.) and circular dichroism 
(c.d.) spectra to the L1 and A [Co(en) 3]3+. 

Early workers concluded that an optically active Iigand favoured the 
formation of one isomer to the complete exclusion of the other. However, 
these claims for absolute stereospecificity were later disproved by many 
other workers. 

Finally, in 1959, Dwyer and his collaborators23 succeeded in isolating 
( + )n and (-)n-[Co(l-pn)a]Ia. The crystal structure of the more stable 
laevo-rotatory form of tris(l-propylenediamine)cobalt(ni) bromide has been 
determined24, Figure 8 is a drawing ofthe complex ion (-)n-[Co(l-pn)a]3+ 

Figure 8. A drawing of the complex ion (- )n-[Co(l-pn)a]3 +. 

It has a threefold axis through the central cobalt atom as required by the 
space group. The three chelate rings are therefore completely identical. 
The three methyl groups are attached in facial positions. The central C-C 
bond is nearly parallel to the threefold axis, and the complex ion takes the 
'lel' form. The parameters ofthe five membered chelate ring are very similar 
to those of the cobalt-ethylenediamine ring. Methyl substitution on the 
chelate rings does not seem to disturb the overall features of the rings. Each 
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C-CHa bonds lie in an equatorial position relative to the plane of the 
five-membered ring, in agreement with the prediction of Corey and Bailar 
based on the conformational analysis of the chelate ring6. The absolute 
configuration of the complex ion (-)n-[Co(l-pn)a]3+ can be denoted as 
A(.\.\.\). If three methyl groups of (-)n[Co(l-pn)a]3+ are replaced by 
hydrogen atoms, the absolute configuration of the complex ion (-)n­
[Co(en)a]3+ is obtained. Smimoff25 found that the o.r.d. curves of these 
complex ions correspond weil to each other. From this fact it has been de­
duced that these two ions possess the same absolute configuration. The 
present investigation has revealed that this is actually the case. Thus the 
conventional method of correlating the absolute configurations with the 
o.r.d. curves has been proved for the firsttimetobe useful and reliable in the 
field ofmetal complexes. 

We have also prepared single crystals of (-)n-[Co(d-pn)a] [Co(CN) 6]. 

3H20 which contain the less stable form of the complex ion and determined 
its crystal structure completely26. The cubic crystals are ionic and consist 
of octahedral hexacyanocobaltate(n1) ions and the complex cations. They 
are packed in much the same way as the ions in sodium chloride. Figure 9 is 
a drawing of (-)n-tris(d-propylenediamine)cobalt(ni) ion viewed along its 
threefold axis. The complex ion has a threefold axis because of the require­
ment of the space group. Thus the three methyl groups are again attached 

Figure 9. A drawing of the complex ion (-)n-[Co(d-pn)a)3+, 

in the facial positions. The five-membered chelate rings resemble those found 
in other related complexes. The C-CHa bonds are in equatorial positions, 
but the central C-C bond in the chelate ring is slanted obliquely by about 
60° from the threefold axis. Thus the complex ion takes the 'ob' form. All 
the C-C and C-N bond lengths and angles are normal. Comparing this 
fact with that obtained for the more stable 'lel' form, we can easily realize 
that the 'lel' form is favoured mainly because of the less severe non-bonded 
hydrogen interactions. 
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The absolute configuration of (-)n-[Co(d-pn)3]3+ can be represented as 
A(SSS). In Table 1 the relationships ofthese Stereoisomers to n(-)-alanine 
is shown. 

Symmetry 
Position of 

CHagroups 

Table 1 

n(-)-alanine 
t 

l-pn 

/ "''X 
(-)n-[Co(l-pn)a]3+ ( + )n-[Co(l-pn)a]3+ 
A( ;\;\;\) ..:1 ( ;\;\;\) 

more stable less stable 
isomer isomer 
'lel' 'ob' 

Ca Ca 

fac fac 

The 'ob' conformation ofmetal-ethylenediamine ring is frequently found 
in various cis-isomers of dihalogeno-bis( ethylenediamine)cobalt(m) and 
nickel(u) complexes27, 28. 

SIX-MEMBERED CHELATE RINGS 
Next six-membered chelate rings will be discussed. As pointed out by 

Bailar and Work29 it is an interesting fact that the presence of tri­
methylenediamine in place of ethylenediamine produces changes which 
seem to depend upon strains in the complex molecule rather than upon the 
strength of the cobalt-nitrogen bond. While the cis-isomer of dichloro­
bis(ethylenediamine)cobalt(nr) chloride is obtained readily and is com­
parable in stability to the trans form, the cis form of the trimethylene­
diamine analogue is extremely difficult to prepare. The salts of tris(tri­
methylenediamine)cobalt(nr) are purple red, which is in cantrast to the 
orange red colour oftris(ethylenediamine cobalt(m) bromide. This change in 
colour is evidently inherent in the structure of the complex ions in the 
crystal, for it is not evident in solution but it reappears upon recrystalliza­
tion. This complex ion contains a six-membered chelate ring. Even simple 
molecular models show at once that three boat forms cannot be accom­
modated to form an octahedral complex and that three chair forms can be 
accommodated subject to severe non-bonded hydrogen interactions between 
rings. Thus Woldbye30 proposed that the chelate rings would assume a 
twist conformation analogaus to the twist form of the flexible cyclohexane 
conformation. 

The crystal structure of (-)n-tris(trimethylenediamine)cobalt(m) bro­
mide has been determined31. The crystals are ionic and consist of the com­
plex ions, bromide ions and molecules of water of crystallization. The 
crystals were kindly supplied by Dr. Woldbye of the Technical University 
of Denmark. A drawing of the ( -)n-tris(trimethylenediamine)cobalt(nr) 
ion is shown in Figure 10. The complex ion has approximately a threefold 
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axis through the central cobalt atom. The three six-membered chelate rings 
are nearly but not exactly identical and take chair forms. The six-mem­
bered ring seems to be more flexible than the five-membered ring. Its 
conformation may be easily affected by the specific intermolecular forces 
in the crystal. The chelate ring is rather flattened out due to non-bonded 
hydrogen interaction. Bond angles L CoNC are much larger than the 
normal tetrahedral angle, the average value being 117·4 °. The average 

c 

c 

Figure 10. A drawing of the complex ion (- )n-[Co(tn)a]3+. 

value of L NCC and L CCC is 112·8°, which is closer to the normal 
tetrahedral angle. The NCoN angle is larger than 90°, the average value 
being 94·5 °. The Co-N distances are normal and are in the range of 
1·999A,_,2·022A. The displacement of the nitrogen atoms from the octa­
hedral position is rather significant and quite irregular. Such a distortion 
of the chelate rings and the displacement of Iigand nitrogen atoms from the 
octahedral positions appear to make the complex less stable than that 
having five-membered rings and give the crystals an unusual pinkish tint. 
Such a chair conformation of the cobalt-trimethylenediamine ring has been 
found in crystals of trans-dichlorobis(trimethylenediamine)cobalt(nr) chlor­
ide hydrochloride dihydrate32. It is to be noted here that the puckered 
conformation of the cobalt-ethylenediamine ring as well as the chair con­
formation ofthe cobalt-trimethylenediamine ring are maintained in various 
complexes with multidentate chelate ligands that contain these amines as 
their fragments. For example, in trans-dichloro(1,4,8, 11-tetraazacyclotetra­
decane)nickel(n)33, the conformations of the five- and six-membered chelate 
rings have the same conformations as those found in [Co(en) 3]3+ and 
[Co(tn)s]3+, respectively. 

The absolute configuration of this complex ion can be represented as LI. 
This configuration is enantiomeric to that assigned on the basis of the sign 
ofthe prominent Cotton effect34. 

In Table 2, the structures of tris(bidentate)cobalt(In) complexes are 
summarized tagether with optical and other data. From the results listed 
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in Table 2, we can summarize the principles determining the configurations 
of the complex ions: 

I. The most stable form of the complex ion occurring in the crystals is 
the one having the highest attainable symmetry, as pointed out by Jaeger35, 
Thus all the tris (bidentate) complexes listed in Table 2 have at least 
approximately threefold symmetry and the three bidentate rings become 
identical with one another. 

2. When a bidentate Iigand like ethylenediamine or a related compound 
coordinates to a metal atom to form a five-membered ring, the chelate ring 
is puckered. Two carbon atoms of the ring are symmetrically or asym­
metrically arranged above and below the plane defined by the metal atom 
and the two Iigand nitrogen atoms. When the bidentate ligands forms a 
six-membered ring, the chelate ring assumes a chair conformation. 

3. When three bidentate ligands coordinate to a metal atom to form 
puckered five-membered rings, the central C-C bond prefers the 'lel' 
conformation to the 'ob' conformation. 

4. The substituent attached to the carbon atom of the chelate ring has 
a tendency to take the equatorial conformation rather than the axial one. 

Table 2. Structural and other data of tris(bidentate )cobalt(III) complexes 

Signs of 
No. Active species Signof Absolute Symmetry Ionger charge Halo-

[cx]n configuration wavelength transfer genotart. 
( X-ray method) c.d. band c.d. band 

in the 
visible 
region 

1 [Co(en)a]3+ + LI (SM) 
'lel' 

Da + - L. sol. 

2 [Co(d-pn)a]a+ + LI (SSS) 
'lel' 

Ca + - L. sol. 

3 [Co( d-pn) aJ3+ - ..1 (SSS) Ca - - --
'ob' 

4 [Co(d-cptn)a]a+ - LI (SM) Da + - L. sol. 
'lel' 

5 [Co( d-chxn)a]3+ - LI (SSS) 
'lel' 

Da + - L. sol. 

6 [Co(tn)a]3+ - LI Ca + -- --

32 



STRUCTURES AND CONFIGURATIONS OF COBALT(III) COMPLEXES 

ABSOLUTE CONFIGURATION AND OPTICAL PROPERTIES 
The last topic concems the optical rotatory dispersion, circular dichroism 

spectra and the absolute configurations of these complex ions. The ultimate 
goal of the study of optical rotatory dispersinn and circular dichroism may 
be stated as follows: (i) To establish the relationship between optical 
rotatory power or its close associate, circular dichroism and the absolute 
stereochemical configuration ofthe complex. (ii) To elucidate the mechanism 
of the interaction between light and the complex by which the rotatory 
power and the circular dichroism are exerted. 

X-ray crystal analysis is the. ultimate means of determining the absolute 
configuration of the complex. It provides an absolute standard for the con­
figuration of the complex. The first example is [Co(en)a]3+. The absolute 
configurations of a number of cobalt(ni) complexes have been related 
through o.r.d. curves and c.d. spectra to that of [Co(en) 3]3+ 34, 36-38. 
X-ray crystal analysis also gives information concerning the shape and size 
of the chelate rings and their arrangement about the metal atom. This 
information will certainly give a clue to the construction of theoretical 
models for optical activity. The determination of the absolute configuration 
of these and other complexes may permit a judgement of the appropriate­
ness ofthe types ofmodels proposed for optical activity. 

The optical rotatory dispersinn of the trigonal complex ions listed in 
Table 2 were measured and analysed. Predictions about their absolute 
configurations were made by Corey and Bailar6, Woldbye39 and others34• 
36-38. The circular dichroism of these complex ions have also been measuredL 
It is found that they usually give two circular dichroism bands with opposed 
signs in the visible region and a strong charge transfer band in the near 
ultraviolet region. The former bands in the visible region are ascribed to 
different d-d transitions ofthe ion. 

On the other hand, various quantum mechanical treatments of different 
models of the chromophore with trigonal symmetry were made, notably by 
Liehr40, Karipides and Piper41, Poulet42, Shinada and Sugano43,44, and 
Hamer45• Their results indicated that two transitions responsible for the 
first band in the visible region should acquire optical activities of opposite 
sign and equal intensity. That the two rotatory strengths within the first 
band are of different sign agrees with the experimental results, but it tumed 
out by experiment that they are in factnot equal in magnitude. 

(i) ( + )n-[Co(en) 3]3+ 46, 47: The long wavelength band is split into 
two components of opposite rotatory strength. The Ionger wavelength 
component has positive sign. Mason48, 49 measured the circular 
dichroism of the single crystals of the double salt, of which the 
crystal structure was already knownl4. He assigned the Ionger 
wavelength component to the transition of E symmetry and the 
shorter wavelength component tothat of A2 symmetry. 

(ii) ( + )n-[Co(d-pn)a]3+ 50: The optical rotatory dispersinn curve 
closely resembles that of ( + )n-[Co(en)a]3+. The complex ion gives 
two circular dichroism bands with opposed signs in the visible 
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region. They can be assigned in the same way as those of ( + )n­
[Co(en)a)3+. 

(iii) (-)n-[Co(d-pn)a]3+ 18 : The optical rotatory dispersion curve 
resembles that of (-)n-[Co(en)aJ3+. The E circular dichroism band 
is of negative sign. 

From Table 2, it may be seen that there exists a simple relationship 
between the sign of the Ionger wavelength circular dichroism band 
in the visible region and the absolute configuration of the chelate 
rings about the cobalt atom. The upper three species in Table 2 
show that if the sign is plus the absolute configuration is L1 and if it 
is minus the absolute configuration is A. The sign of the charge 
transfer circular dichroism band near 240mJL is negative for all 
three ofthese complexes, reflecting the ö conformation ofthe chelate 
ring. Later Mason et a[.60 reported that ·both the configurational 
and conformational effects contribute to the c.d. of charge transfer 
bands. 

(iv) (-)n-[Co(d-cptn)a]3+ 51: The salts of tris(d-cyclopentanediamine)­
cobalt(m) are pink, which is in contrast to the orange 
colour of the hexaammine cobalt(m) salts. This pink colour per­
sists even in solution, unlike that of tris(trimethylenediamine) 
cobalt(m) salts. The o.r.d. curve ofthis complex ion has a somewhat 
different shape from that of [Co(en)a]3+; thus the evidence for the 
absolute configuration in this case is ambiguous. The long wave­
length band in the c.d. spectra is split into two components of oppo­
site sign. The sign of the Ionger wavelength band is positive. This 
fact suggests that the absolute configuration is Ll. The crystal struc­
ture analysis of (-)n-tris(d-cyclopentanediamine)cobalt(m) chlor­
ide tetrahydrate is now in progress. The crystals arehexagonal and 
consist of octahedral complex ions, [Co(d-cptn)a]3+, chloride ions 
and water molecules. This is not in agreement with the claim that 
the complex ion is the binuclear complex, [Co2(cptn) 7(H20)2]6+ 52, 

(v) ( -)n-[Co(d-chxn) 3]3+ 53, 54 : Although this complex ion is laevo­
rotatory at Na D line, its o.r.d. curve and c.d. spectra resemble those 
of ( + )n-[Co( en) aJ3+ so closely that one can safely assign to it the Ll 
configuration. The crystal structure analysis of (-)n-tris( d-cyclo­
hexanediamine)cobalt(nr) chloride tetrahydrate is now in progress. 

(vi) (-)n-[Co(tn)a]3+: The o.r.d. curve and c.d. spectra of (-)n­
[Co(tn)3]3+ have been measured by Woldbye55, 39. The same 
relationship as that found for tris-bidentate complexes with five­
membered chelate ring, holds for [Co(tn)a]3+ between the sign of 
the Ionger wavelength c.d. band in the visible region and the abso­
lute configuration. The rotatory strength of [Co(tn)a]3+ was found 
to be smaller than that of [Co ( en) aJ3+ by a factor of ten. This ring 
size effect seems natural in view of Moffitt's56 model for the tris­
(bidentate) complexes, in which he ascribed the optical activity 
to the crowding of sixtants in space by the carbon chains of the 
ligands, this crowding becoming greater the shorter the chain. This 
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difference in rotatory strength may also be attributable to the 
difference in the conformation of the chelate ring. In the cobalt­
ethylenediamine ring the two carbon atoms are arranged sym­
metrically above and below the plane formed by the central metal 
atom and the two nitrogen atoms, while in the cobalt-trimethylene­
diamine ring the three methylene groups are located on one side of 
the plane ofthe cobalt and the two nitrogen atoms and each chelate 
ring has approximately a mirror symmetry. 

The results obtained for these trigonal complexes may permit a judge­
ment of the appropriateness of the two types of models proposed for 
optical activity. Liehr40 uses a molecular orbital model in which the 
coordinated nitrogen atoms are located on the regular octahedral axes. In 
this treatment the numerical values ofthe rotatory strength are determined 
by the absolute configuration of the complex and depend upon the 
numerical value of the 'angle of cant' between the axes of the overlapping 
orbitals from the central and Iigand atoms but are independent of the sign 
ofthis angle. In Piperand Karipides41 treatment the sign ofrotatory strength 
is independent of the absolute configuration of the chelate ring around the 
metal ion and is determined instead by the displacement of the coordinated 
atoms from the apices ofthe regular actahedron. 

Besides these tris( diamine)cobalt(m) complexes, the absolute configura­
tions of (a-aminoacidato)cobalt(m) complexes, 1,2,6( + )-[Co(L-ala) 3] 57 

and ( + )n-[Co(L-glut) ( en)2] 58, were determined. The empirical rule 
relating the sign of the Ionger wavelength c.d. band in the visible region and 
the absolute configuration was found to hold in both cases. Kuroya et a[.27 

determined the absolute configuration of ( + )ncis-dicyanobis(ethylene­
diamine)cobalt(m) ion and showed that it can be represented as L1 (1\1\). 
Perhaps this is the first example of the determination of the absolute con­
figuration of a digonal complex. Templeton59 determined the absolute 
configuration of Ferrichrome A and found that the three hydroxamate 
rings around the iron atom are arranged like a left-handed propell er: 
absolute configuration Ll. 

The complexes for which the absolute configurations were determined by 
means of x-rays are still small in number. However, they were perhaps 
enough to show that the knowledge of absolute stereochemical configura­
tion is of a great help not only in improving our understanding of the 
mechanism of interactions between light and the optically active complex, 
but also in understanding rationally various aspects of the stereospecific 
behaviour of optically active complexes. The study of the absolute 
configuration of inorganic complexes is still in its infancy. Obviously, more 
data are necessary and I am sure that the structural study of optically 
active complexes offers a wide variety ofinteresting problems. 
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