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Introduction 

Although an extensive literature is available 

about the nature of absorption bands of me-

tallic complexes and as to the relations among 

the wave-lengths of their absorption maxima, 

investigations on the effects of substitution of 

ligands on the intensity of absorption have 

seldom been carried out.(1) (2) One of the 

present authors has reported that the magnitude 
of extinction coefficients of a "specific absor-

ption band " is approximately proportional to 
the number of the ligands concerned in the 

complex.(3) Mathieu(4) has found that extinc-

tion coefficients for an absorption band of a 

cobaltic complex increase as molecules of 

ammonia are substituted by heavier ligands

such as ethylenediamine and propylenediamine, 
the effect being attributed mainly to the change 
of mass. Sueda(5) attempted to express inten-
sities of absorption bands of several complexes 
by the addition of component absorptions, each 
of which was assigned over the regions of an 
absorption band for a pair of respective ligands 
in trans-positions. 

The present paper deals with the effect of 
substitution of ligands on the maximal extinc-
tion coefficients of coordination compounds. 

Hyperchromic Series of Ligands 

If one ligand in a complex is substituted 
for by another, the absorption bands of the 
complex are subjected to a hypsochromic or 
bathochromic effect respectively according as 
the immigrant ligand precedes or stands 
behind the emigrant in the spectrochemical(1) R. Tsuchida and M. Kobayashi, J. Chem. Soc. Japan, 

59. 591 (1938). 

(2) R. Tsuchida and H. Kuroya, ibid., 59, 1142 (1938)-
(3) R. Tsuchida and M. Kobayashi, This Bulletin, 13, 

476 (1938). 
(4) J. P. Mathieu, Bull. Soc. Chim. Prance, 3, 463 (1936).

(5) H. Sueda, J. Chem. Soc. Japan, 57, 406, 542 (1936); 
ibid., 59, 47 (1938).
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series.(6) At the same time the bands suffer 

a hyperchromic or hypochromic change ac-

cording to the nature of the ligands concerned. 

Thus NO2, is more hyperchromic than NH3 

and the latter in its turn is hyperchromic to 

H2O, as is shown in Table 1.

Table 1 

Comparison of Hyperchromic Effects of 

Ligands for the First Absorption Band 

NO3 and NH3

The extinction coefficients of nitroammine 
complexes increase with the number of NO2-
ions in coordination. 

Further examples of substitution are shown 
in Table 2, in which oxalate ion (ox) is the 
most hyperchromic and NH3 the most hypo-
chromic, ethylenediamine (en) being interme-
diate. 

Table 2 

Comparison of Hyperchromic Effects of Ligands 
for the First and the Second Absorption Bands 

en and NH3

From the above considerations, it is expected 
that there should be a series concerning the 
hyperchromic effects of ligands. On the basis 
of experimental data with pentammine cobaltic 
complexes (Table 3) was obtained the following 
series as the descending order of the hyper-

chromic effect of ligands on the first absorption 

band (7) :

Table 3 

Hyperchromic Series with Pentammine 

Complexes for the First 

Absorption Band

It is seen that the above series hold also for 
the tetrammine series (Table 4), and for com-
plexes containing only one kind of ligand 
(Table 5). 

Table 4 

Hyperchromic Series with Cobaltic 
Tetrammine Complexes

Table 5 

Hyperchromic Series with Cobaltic 
Hexa-coordinated Complexes

(6) R. Tauchida, T. Chem. Soc. Japan, 59, 586, 731, 819 
(1938). (7) R. Tsuchida, This Bulletin, 13, 388, 436 (1938),,etc.
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The above series, which has been deduced 
for simpler cases,. would be considered to hold 
for more general cases unless mutual relations 
among ligands are highly complicated. The 
series holds also for chromic complexes, so far 
without the slightest alteration, though exper-
imental data are less numerous (Table 6 and 
7) in comparison with cobaltic complexes. 

Table 6 

Comparison of Hyperchromic Effects of 
Ligands for Chromic Complexes 

NOS and NH3

Table 7 

Hyperchromic Series with Chromic Complexes

Relation between νmax and εmax

It is of interest to compare the hyperchromic 

and the spectrochemical series. 

The hyperchromic series:

The spectrochemical series(6),(12):

It appears to be difficult at first sight to 
find any relation between the series, for ligands' 
preceding in one of the series do not always, 
take precedence in the other. For examples, 
NCS- at the head of the hyperchromic series, 
stands in the middle part of the spectro-
chemical series and CrO4-, one of the most 
hyperchromic ligands, is nearly at the tail end 
of the latter series, while NO2- is situated 
among the highest positions in both the series. 

One of the principal factors which determine 
the nature of absorption of a complex is the 
kind of atom coordinated directly to the central 
ion. From this viewpoint the ligands are 
classified into the following groups: viz. (A) 
those coordinated with an atom of inert-gas' 
structure, such as Cl-, NH3, OH2. and their 
derivatives including oxygen-acid anions, (B) 
those coordinated with an atom of incomplete-
shell structure, such as NO2-, and (C) those 
coordinated with an atom having one or more
π-electrons, such as NCS-, CN-, N3-, NC5H5,

NO, CO, etc. Among the similar ligands of 

the group A, there exists a regularity with 

respect to the hyperchromic and the hypsoch-

romic property. For example, in Fig. 1 are

plotted εmax's against νmax's of the first bands

of pentammine-cobaltic complexes containing 

various oxygen-acid anions. It is seen in the 

figure that an approximately linear relation

holds between νmax and εmax.

Fig. 1.-ν versus ε for the first band of

pentammine cobaltic complexes containing 
various oxygen-acid anions, 

[Co(NH3)5X](3-n)+.

Asimilar relation exists between νmax and

εmax of the first band of halogenopentammine

(8) A. Y. Kiss and D. v. Czegledy, Z. Anord. Ch em., 235, 
407 (1938). 

(9) R. Tsnchida and H. Kuroya, This Bulletin, 15, 427 
(1940)-

(10) K. Sone, J. Chem. Soc. .Tapan, 71, 270 (1950). 
(11) A. Mead, Trans. Faraday Soc., 30, 1052 (IM34). 
(12) Y. Shimura, This Bulletin, 25, 49 (1952).'
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Table 8

Fig. 2,-ν versus ε for the first band of

halogeno-pentammine cobaltic complexes, 

[Co(NH3)5X]2+. 

cobaltic complexes, as is shown in Fig. 2(13). 

For similar ligands of the group A, therefore, 

the order in the hyperchromic series is com-

pletely reverse to that in the spectrochemical 
series, showing that the stronger the coordinate

Fig. 3.-ν versus log ε for the first band of

nitroammine cobaltic complexes.

linkage the less the chances of transitions of 

d-electrons.

In Fig,3are plotted log εmax's against the

corresponding νmax's of the first bands of

complexes containing NO2- of the group B. 

It is found that there exists a quite different 

relation from that for the ligands of group A. 

Namely, NO2- stands almost at the head of 

both the hyperchromic and the hypsochromic 

series, making a remarkable contrast to the 

ligands of group A, among which the more 

hyperchromic are the more bathochromic. 

This difference between the groups A and 

B suggests that the modes of coordination of 

the ligands are quite different from each other. 

The incomplete shell of the nitrogen atom in 

NO2- favours the transitions of d-electrons, 

which reinforce the coordinate linkage, resulting 

in the strong absorption and the stable co-

ordination. 

The absorption of complexes containing 

ligands of the group C seems rather complicated. 

The high extinction coefficients of rhodanato-

complexes may be explained as due to the

interaction of the π-electron of the ligand

with d-electrons of the central cation, which 
facilitates transitions of the latter electrons. 
To this category belongs CN-, which is usually 
hypsochromic and hypeochromic. For exam-
ples, the first bands of K3[Fe(CN)6] and 
K3[Cr(CN)6] are fairly strong as is shown in 
Table 8.(14) 

But CN- is sometimes hypsochromic and 
hypochromic, e.g., the first band of K3[Co(CN)6] 
is extremely weak.(14) This fact may be un-
derstood as due to a sort of anti-parallel
bonding between the d-and π-electron, which

suppresses transitions of the d-electron. As 
an evidence for such a bonding, may be cited 
the planar configuration of [Au(dipyridyl) 

(CN)2]- and [Au(phenarthrolin)(CN)2]-, in spite 
of the pseudo-inert-gas structure of the central 
ion. 

The position of CN- in the hyperchromic 
series, therefore, varies according to the nature 
of the central ion in such a way that it is 
hypochromic or hyperchromic according as 
the central ion has the same number of

(13) Experimental data are taken from the work by 
M. Linhard and M. Weigel, Z. Anorg. Chem., 266, 4 (1951).

(14) H. Kuroya and R. Tanchtda, r.. Chem. Soc. rapan, 
61. 597 (1940).
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d-electrons as the number of the ligands or 
not. 

The Hyperchromic Effects of Ligands 
in Geometrical Isomers 

It has been recognized by investigations on 
chemical behaviour and absorption spectra of 
complexes that there is greater interaction 
between negative ligands coordinated in trans-

positions to each other than between those in 
cis-positions. Thus Shibatat(15) has explained 
the third absorption bands of nitroammine 
cobaltic complexes by his trans-dinitro-hypo-
thesis. And extending the Shibata hypothesis, 
one of the present authors(16) explained the 
third bands of many other complexes as due 
to a pair or pairs of negative ligands in 
trans-positions to each other. Basolo(17) report-
ed that complexes with a pair of negative 
ligands in cis-positions also showed the third 
bands, which, however, were always located 
in regions of shorter wave-lengths than those 
of the trans-isomers. Recently, Shimura(12) 
has found on investigating wave-lengths of 
absorption maxima of the first bands of 

geometrical isomers that a pair of ligands in 
trans-positions has a greater effect on the 
first band than a pair in cis-positions, whether 

it is bathochromic or hypsochromic. The 
trans-effect has been recognized also on reac-
tions of complex compounds. Thus Chern-

yaev(18) reported that ligands trans to negative 
groups are more mobile than those opposite 
to neutral groups, and the idea of the trans-
effect has been extended in explanation of 

Table 9 

Comparison between cis- and trans-Isomers

reactions of coordination compounds.(19) All 
these results imply that there should be a 
larger pairing interaction between ligands , 
especially anions, in trans-positions than be-
tween those in eis-positions. Experimental 
results with tetrammine cobaltic complexes 
are shown in Table 9. 

From the experimental data the following 
rule may be induced: of geometrical isomers 
of a hexa-coordinated complex containing 
ligands of two kinds, in which a pair of ligands 
of one kind has larger hyperchromic and 
trans-pairing effects than the remaining four 
of the other kind, the trans-isomer has larger 
E,uaX than the cis-isomer. 

Thus, since NO2 stands much higher in the 
hyperchromic series than en or NH3, the trans -
isomers of dinitro-complexes have larger extinc-
tion coefficients than the corresponding cis-
isomers. The same is true for dirhodanato- and 
disulpbono-complexes, which contain respec-
tively NCS- and SO3-, the most hyperchromic 
ligands. On the contrary, in regard to 

geometrical isomers of tetrammine-cobaltic 
complexes which coordinate H2O or Cl-, the 
least hyperchromic ligands, the trans-isomers 
have smaller extinction coefficients than the 
corresponding cis-isomers. 

Summary 

The relation between the kind of ligands 
and extinction coefficients of the first absorption 
bands of cobaltic complexes has been discussed. 
The order of ligands as to the magnitude of 
the effect which they exert on extinction 
coefficients of the first bands has been determined 
empirically, thus

For pentammine cobaltic complexes with the 

sixth ligands, each of which is coordinated 

with an oxygen atom, a linear relation has

been found to hold between νmax's and εmax's

of the first bands. For complexes of the type

[CoA4X2], the traps-isomer has larger εmax if

X has more hyperchromic and trans-pairing 
effects than A. This investigation was supported 
by a grant from the Ministry of Education. 
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