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On the basis of a tetragonal (D,,) model, the procedures for calculating the vibronically induced transition
moment have been described, and a correlation in the band intensity between two nondegenerate transition com-

ponents (A, and B,) has been shown.

absorption spectra of the frans-[CrCIF(NH,;),]+ and #rans-[CrF,(NH;),]* complexes.

The correlation has then been applied to understanding the characteristic

Furthermore, an effect

upon the band intensity caused by the configuration interactions among the E states has been proposed in order

to explain the characteristic spectra of the trans-[Co(C,0,),(py),]~ and trans-[Co(COs),(py),]~ complexes.

This

treatment has been applied also to the spectra of cobalt(III) complexes with C,, symmetry.

It is well known that the absorption spectra of trans
complexes of the [MX,(NHj,),]+ type (M=Co and Cr;
X=Cl and Br) exhibit marked splittings in the first
absorption bands, this fact being well understood on
the basis of the ligand-field theory.)) Recently, it has
been reported that the absorption spectra of a few
chromium(III) complexes, such as trans-[Cr(OH)y
(NH,) ]+, trans-[CrF(OH)(NH,),]* and trans-[CrFy-
(NHj),]+, show marked splittings in the second absorp-
tion bands, while the first bands are at the same time
poorly or clearly split, the assignments of the bands
being made on the basis of the angular overlap model.?
Similar splittings in the second absorption bands have
been reported with the frans complexes of the [Co-
(O0),(py)al~ type (OO represents GOg*~ or Cy0,%7),
and the assignment of the split bands has been at-
tempted by means of the angular overlap model.®
These interesting aspects of the behavior of the split-
tings suggest that there is a certain correlation among
the intensities of the split bands.

Early works on the band intensities of the ligand-
field transitions were carried out by several workerst—$)
with respect to cubic complexes. Griffith?) first applied
the so-called tensor method to the calculation of the
intensity, and then several workers!®—12) used the method
for the parameterization of the band intensity with
respect to complexes of rare earth elements.

There have also been a few investigations of the
band intensity with respect to complexes with symmetry
lower than the cubic. Dubicki and Day!® measured
the temperature dependence of the intensity of the ‘E,
(*T,, parentage) band for trans-[CrX,(en),]ClO, (X=
Br or Cl) and found that the ‘E, band borrows its
intensity from the charge-transfer (CT) bands by means
of the vibronic mechanism. In their treatment, how-
ever, only the admixtures of the excited ligand-field
states with the ligand-to-metal CT states were taken
into consideration.

The purpose of the present work was to find the
correlation of the band intensities in a tetragonal
cobalt(III) or a chromium(III) complex by applying
the treatment of Dubicki and Day, with some modifica-
tions. That is, all kinds of admixtures of the ligand-
field states with the CT states were considered in our
treatment. In the first part of this paper, the mathe-
matic formulation of the relative intensities of the

ligand-field transitions will be described according to
a model distorted weakly from a regular octahedron,
and then the resultant formula will be proved by means
of the spectral data of a few chromium(III) complexes.
In the later part, the effect due to configuration interac-
tions among the E states upon the band intensity will
be discussed in connection with the spectral data for
several cobalt(III) complexes.

Experimental

The trans-[CoCl,(NH,;),]Cl, [CoCl(NH,);]Cl,, [CoBr-
(NHj;)5]Br, and [Cr(NH;)e](ClO,),; complexes were synthe-
sized by the usual methods, while the trans-[Co(CN),(NH,),]-
Cl complex was prepared according to the literature.¥)
The measurements of the absorption spectra in an aqueous
solution were carried out with a Hitachi 323 recording
spectrophotometer at room temperature. However, the
spectrum of #rans-[CoCly(NH,),JCl was measured in a
DMF solution. The absorption spectral data of the #rans-
[CrFy(NHy),]*, trans-[CrCIF(NH,),]* and [CoCl(CN);]3-
complexes were cited from the literature.?1® The curve
analysis® of the absorption spectra was carried out at the
Data Processing Center, Kanazawa University.

Methods of Calculation

Matrix  Elements. The ligand-field transition
between even-parity states is induced through odd-
parity vibrations. The dipole-moment matrix element
for the A’—B’ transition is given by®
(A[P|D)(D|H,|B)

Ez—Ep,

(BIP|CH(CIH,|A)

A'|P|B) =33
D

(1

2T E,—Ee

Fig. 1. Coordinate system in a Dy, model.
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where the first term expresses the part caused by the
admixtures of the D odd-parity states with the B excited-
ligand-field states, and the second term, the part caused
by the admixtures of the C odd-parity states with the
A ground state. The H, symbol denotes the vibra-
tional Hamiltonian in a tetragonal complex. By adopt-
ing the coordinate system as in Fig. 1, H, is written
as follows:1%)

H,(Ei(a) = (w5+xs—2%)(8/0x) (Vs + Ve)/2,
H(E{(b)) = (xa+x,—2%0)(0/0x) (V2 +V2)/2, 2
H(E3(c)) = (x1+x3—2x0) (8/0x) (V1 + V3)/2,

H;(Ayu(a) = (21t 2ot 25+ 2,—42),

X (0/0z) (Vi + Vot Va+ Vi) /4,

H, (Azu(b)) = (25+26—220)(0/02) (Vs + V) /2,

H,(Byu) = (21+23—2,—2,)(9/02) (Vi + V3 — Vp— Va4,
where V,(j=1-—6) represents the ligand-field potential
at the jth position, and where x; and z, denote the
nuclear displacements.

In a model of octahedron with weak tetragonal

distortion, the excited-ligand-field states in a Co(III)
complex are usually approximated by®)

Bz @) = {(02) (0*—2%)},

IEZ(B)> = {(»2)(s®)}, (3)
[Azg) = {(x9) (x* =%},

IBagd = {(xr)(2%)}.

In the above determinants, each state is represented
by a d-orbital component of the t,, “hole” (yz or xy)
and a d-orbital component of the cccupied e, orbital
(»*—2z% &% x2—»? or 2z2). Thus, the wave function
for Eg(a) is:

+ - + o~ o+ -
{02) (P =22} = {| -+ (02) (O®—2%) (2x) (2%) () (xp) |

() G2) e Y T

On the other hand, there are two CT states which can
be used as the odd-parity states; one is that of the
ligand-to-metal charge transfer (LMCT), and the other,
the metal-to-ligand charge transfer (MLCT). The CT
states obtained by the use of the symmetry ligand
orbitals listed in Table 1 are given in Table 2.

Our attention was given to the matrix elements in
(1) in order to determine the CT states which contribute
greatly to the intensities of the ligand-field transition

TaBLE 1. SYMMETRY LIGAND ORBITALS IN THE
D, POINT GROUP
Symmetry Orbitals

. 0= (o140 VT
0s=(03+0.)[12

E, o= (xa‘f‘xs)h/z
5= (s+26) V2

E Te=(x+x)1"2

" Ty =(Nn+2)VZ
Asy or= (051061 2
Ay Ty = (21 2yt 25+ 24) /2

=
E

ny=(z1— 23+ z5—2,)/2
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TABLE 2. ODD-PARITY CHARGE-TRANSFER STATES IN
THE TETRAGONAL Co(I1I) compLEX

Represen- 1 yor MLCT
{(a.) W2 ~20)}  {(z%) (o)}
{(0a) (5%} {(x2)(o3)}
ey (@O} () m)
® {(me) (#%) } {(zx) (m7) }
{(m) (=28} {(zx)(my)}
{(ma) (+2)} {(x9) (ms)}
{(7) (2%} {(»2) (65)} +{(zx)(04)}1/2

H{2) (0) } +{(z2) (m) }1/2
H{O2) (mp) } +{(22) () }1/2
H{(2)(a5)} —{(2%)(9.)}1/2
H{(r2) (7)) = {(2%) (&) }/2
H{(2) (75) } —{(2%) (ma) }1/2

[Azu) i{(n,)(?ﬁ)}
{(me) (=%}
{(e7)(#=0%)}

[Bou) {{(ﬂfr) (=0}
{(mg) (2}

TaABLE 3. VIBRONIC SELECTION RULES IN TETRAGONAL
Co(III) anp Cr(III) coMPLEXES

Admixture Admixturcd
Transition P w1tl;t Z:ceclted w1thSt gtr:un
H, D H, G
A —1A, E, E, E, E, E,
Co 1A,,—'B,, E, E, E, E, E,
A2\1 E\l A‘2ll Eu Eu
lA]g—>lEg ] E Azu E, A2“ Azu
v B Eg Byu By
41Blg"_)4A~2g Eu Eu Eu Eu Eu
Cr B,,—*B,, E, E, E, E, E,
Asy Ey B E, E,
Big—Eg E {AM E, By Au
B Ey A,y By

bands; the Wigner-Eckart theorem!? was useful in
finding the non-vanishing matrix elements (the vibronic
selection rule used in the calculation is given in Table 3).
Among the non-vanishing matrix elements thus found,
the elements such as {y2—z2|I'|n,), {H2—2z2|T|oa)
and {xp|I'|n«) (I" represents H, and P) were con-
sidered to have small values because of the poor overlap
integrals of the metal orbitals with the ligand orbitals.
Furthermore, when the ligand-field potentials in a H,
lay outside the positions of the ligand orbitals used, the
matrix elements associated with the H_ were considered
to be quite small because of the three-centered integral.
Since the numerators in (1) were expressed by prod-
ucts of the matrix elements of the P and those of the
H,, the contribution from a product to the induced
dipole moment was regarded to be negligible, at least
when either of the two matrix elements was extra-
ordinarily small.

Using the curled determinants, the states in a Cr(111I)
complex were easily correlated with the corresponding
states in a Co(IIl) complex. The correlation table
thus obtained is listed in Table 4. The states belonging
to the A and B representations in the Coo(IIT) complex
correspond in turn to the states belonging to the B
and A representations in the Cr(III) complex, while
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TABLE 4. CORRELATION TABLE OF REPRESENTATIONS
IN TETRAGONAL Co(III) anp Cr(III) comMPLEXES

Oy, Co(III) D, Co(1II) D,y Cr(III)
Complex Complex Complex
B ceeererrinennnnns E,(t;,%,)
v
Tig(tag’eg) < A [T ng(;?jgz:g)
) e B e Eq (tse%,)
—
Togltygleg) < B:g .................. A, . (ijgzg )
A (tog) e Ay e By (tog?)
E E,(CT)
Ve u u
Tul@) < A B (CT)
e B e, E,(CT)
/
Tou(CGT) < B:u .................. A:u(CT)

the states belonging to the E representation are common
to both metal complexes.

Fenske® has stated that the LM(t,,)CT transitions
make no contribution to the intensities of the ligand-
field transition bands. On this basis, the CT states
listed in Table 2 were used for a Cr(III) complex only
by exchanging A for B (or B for A). The intensity
calculation for Cr(III) complexes was performed in
the same way as that for Co(III) complexes.

Relative Intensities. Admixture with LMCT: In
the case of Co(III) complexes, the matrix elements of
the A;,—'A,, transition were found to be the same
as those of the *A; ,—!B,,_ transition, although the coef-
ficients differed from one another (see Table 5). On
the basis of this result, in the case of a complex with
only a o-donating ligand such as NH; in the xy plane,
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the ratio of the oscillator strengths'® of the 1A,, transi-
tion, f(A,), to that of the 1B,, transition, f(B,), was
expressed by
S(Ag) E(A,) (E(CT) —E(B,) )2 4)
JS(By) E(B,) E(CT)—E(A,) /)
In this equation, E(A,), E(B,), and E(CT) denote
energy corresponding to each transition, and £ is a
coefficient, found to be 3 in this case. Hereinafter,
the mechanism associated with L(¢)MCT (or ML(0)
CT) will be called the L(0¢)-vibronic mechanism.

As is shown in Table 5, two L(z)MCT participated
in each transition through the vibronic mechanism
(hereinafter called the L(z)-vibronic mechanism);
for instance, with regard to the A,, transition, the
x2|P|mey and {y?—2z2|P|n:) dipole moments ap-
peared in the summation of the first term in (1). From
the differences in the normalization constants of the
(y*—2z%) and (x?) orbitals, it can easily be shown that

(P=2|P|ns) = 1/ 32| P|me). ®)

On this basis, if the denominators in (1) were replaced
by a mean value of the L(z)MCT transition energies,
the oscillator strengths in this L(x)-vibronic mechanism
were evaluated by adding the two products of the
matrix elements; consequently, the same equation as
(4) was obtained, with the coefficient of 3/5. Similar
equations were also derived between the f(E.(a)) of
the 'E (a) and the f(E,(b)) of the 1E,(b) transitions
in both the L(¢)- and L(n)-vibronic mechanisms.
Admixture with MLCT: As is shown in Table 5,
the matrix elements of the T, parentage bands dif-

=k

TABLE 5. NON-VANISHING MATRIX ELEMENTS
(B|H,(EI)|D(EI)XD(E) |PED)|A

Ae—Age

A—Bye

D : LMCT (=176 /2)<{xy|Hy [me )| P |7 )
(V' 2/2) | Hy | me ) * =2 |P|me)
V2= Hy | 0p) 05 |P|xy)

1V 22— Hy |1y ){my | P|2p)

{ (=V6/2)<wy|Hy| 0.)¢+*|P| 0.)

D : MLCT {

(V212K | Hy| 0. X2 P oo
(V' 2/2) ey | Hy e )< | P 7e )
(V6/2)<wy | Hy|me ) »*—2*|P ;)
V' 2(2* | Hy| 05)C0p |P|xp)

V' 2{2*|Hy|m, {my |P|x3)

CB(EZ) [Hy(E7) [D(Agn) )(D(Agu) [ P(Agy) | AD

Ay—E;(a)

Ayg—Eq(b)

D : LMCT (V'6/2){pz|H,|m; {2 |P|7;)

{ (1V'6/2)<yz|Hy|07)<2*|P| o)
(V' 2/2){rz|Hy |n )X = 0*|P| )

D : MLCT {

1V 2{0* =2 |Hy| 05){<05|P|yz) +{0|P|2x)}
1V 2{0* =22 | Hy | m){<ms | P 92) + (e | P| 26D }

(V'2/2)<yz|Hy| 01 )X2*|P| o)

(V' 2/2){rz|Hy |7 ){(2*|P|7; )

—(V6/2) oz |Hy|m )< —0* P )

(/v 2)<#[Hy| 0p){C05|P|yz) +{04|P|zx)}
(V' 2) < | Hy [7s){<mp | P | 92) + (e | P 2x) }

CB(EZ) | Hy (Ag,Byu) | D(ED) <D (ED) [P(ED) [A)

A—E (a)

Aj—E;(b)

D : LMGCT (V'6/2)<rz|He|mp)<»*|P| 1)

{ (V'6/2)z|Hy| 05 *|P|os)

(V'2]2){pz|Hy|ms){2*—*|P|ms)
V2R -2t H,|0;){a;|P|yz)

D : MLCT i V222 | ], |y ) {ny | P yz)
V2R =22 | ], |n )<n | P oz

(V' 212){z|Hy| 055 *|P| o)
(V'2/2)<pz|Hy |ng){»*|P|7s)
—(V'6/2)yz|Hy|np){z* = |P|ms)
VIR 0,30 ||z
V2R | He | m ) <{ny |P oz
V2R Hy [n ) {ne | P yz)

[

) (BEZD) |PE]) | C(Byy) ){C(Byy) |Hy(Byy) |A) is included in this case.
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fered from those of the 1T,, parentage bands, though
every coefficient was equal to V2 in both parentages.
However, we could also show similar relations to (5)
between the matrix elements in the transitions to the
nondegenerate states (and between those in the transi-
tions to the degenerate states). The same equations
as (4) could be derived in both the L(¢)- and L(x)-
vibronic mechanisms, where the £ values were equal
to 3.

In the case of the Cr(III) complexes, the resultant
equations were also expressed by (4); however, the A,
subscript (or B,) had to be exchanged with B, (or A,).

Results and Discussion

Nature of the A, and B, Transitions. Only a half
of the calculated matrix elements of the first term in
(1) are listed in Table 5, because the other half can
casily be obtained by considering the symmetry. The
matrix elements concerning the second term in (1)
were obtained by exchanging the P in the first term
with the H,.

From the present model of weak tetragonal distor-
tion, it can be predicted that the intensities of the tran-
sitions to the nondegenerate excited states are inde-
pendent of the ligand on the z axis (X in Fig. 1), since
they are only related with the ligand orbitals on the xy
plane (7, 7y, 64, and op) through the E odd-vibrations
occurring on the plane. This prediction is con-
firmed by the fact that the intensities of the %A,, band
in trans-[CrX,(NH,),]* (X=F- and OH-), whose tetra-
gonal distortions seem to be small, are almost invari-
able, in comparison with the considerable variations
in the intensities of the ‘E (b) bands. Moreover, the
fact that the intensities of the 4A,, (or 4B,,) bands are
nearly equal to one-third of the intensity of the 4T,
(or #Ty,) band in [Cr(NH,)]?+ supports the prediction
from the present model.

The present model is applicable to the problem of
A, and B, transitions in a C,, complex for the following
reason: The wave functions associated with the ligand
orbitals on the xy plane are the same as those in the
D,, complexes. According to the ligand-field theory,'?®
the ligand-field potential in a C,, complex can be
divided into two potentials in D,, symmetry:

Ug,, = UDu.(Azu) + UDn.(Als) .

Shuhei Fujinami, Muraji SuiBata, and Hideo YAMATERA
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The first term can mix the states coming from even-
parity states in D,, with the states coming from odd-
parity states under static conditions, and contributes
only to the intensities of the E bands. On the other
hand, the second term can mix the states coming from
the odd-parity states in D, symmetry under vibronic
conditions. In fact, in #rans-[CrF(OH)(NH,),]* the
above-mentioned prediction holds.

Application to Tetragonal Complexes. As for Co-
(III) complexes, no absorption spectrum has been
reported to exhibit distinct splittings in both the first
and second absorption band regions. However, as
for Cr(III) complexes, it has been reported that the
absorption spectra in trans-[CrF,(NH;), ]+ and trans-
[CrCIF(NH,),]+® show such splittings. Now, let us
apply (4) to these complexes. Note that, in this ap-
plication, the A, and B, subscripts in (4) must be ex-
changed with B, and A, respectively. The E(CT)
values in these complexes are assumed to be ca. 55000
cm~1, while the E(CT) value in [Cr(NH;)e](ClO,),
lies above 52000 cm~1. The f(B,)/f(A,) value in (4)
was calculated from the numerical data listed in Table
6, and found to be 1.36. On the other hand, the ratio
calculated from the observed f(B,) and f(A,) values
was 1.24 for the difluoro complex. As for trans-[ CrClF-
(NH;)4]*, the value calculated from the data of Table 6
was 1.52, and the value calculated from the observed
data was 1.34, the two being roughly equal.

The angular overlap model?® suggested that the
extent of the tetragonal distortion due to M-L o-
bonding is expressed by the difference between two
antibonding energies, V3 /4{{z2|A|2z2)—{(x2—»?]A]|
x2—y%}. In the case of the trans-[M(X),(A),]-type
complex, the difference is rewritten as V'3 (e(X)—
e:(A))/2, where e, denotes the o-antibonding param-
eter. It is known? that the o¢-parameter related
with the Cr-F bonding, ¢(F), is slightly larger than
that of the Cr—NH; bonding, ¢;(N). When these find-
ings are taken into consideration, the tetragonal dis-
tortions in the Cr(III) complexes concerned are re-
garded as very small, and the excited states are suf-
ficiently approximated by Eq. 3. Thus, it seems
reasonable to use our model for the Cr(III) com-
plexes with small distortions.

The Effect of Configuration Interactions. In a previ-
ous paper, the band intensity in irans-[Co(CyOy),-

TABLE 6. ABSORPTION SPECTRAL DATA* OF Cr(III) compLExEs (5 in 10%cm™1)

Pmax €max JFx107 Assignment
trans-[CrFy(NHg) ]+ P 18.6(17.8) 13.8( 8.8) (0.98) E,(a)
20.3(20.5) 14.9(14.7) (2.62) B,,
25.0(24.4) 10.9( 8.5) (1.12) E;(b)
27.9(27.9) 11.1(10.8) (2.10) Ay
trans-[CrCIF (NH;) ]+ P 17.8(17.7) 21.3(20.9) (2.19) E(a)
20.2(20.7) 16.7(14.6) (2.69) B,
24.3(24.3) 16.8(15.4) (1.96) E(b)
26.5(27.1) 17.2(12.8) (2.01) A,
[Cr(NH,)¢]3+ 21.0 47.9 Thg
29.4 39.8 T
a) Analyzed values in parentheses. b) Ref. 2.
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TABLE 7. ABSORPTION SPECTRAL DATA OF Co(III)
COMPLEXES (7 in 102 cm1)

€max J X107 Assignment

ﬁmax
trans-[Co(CN),(NHy),]* 20.3 15.4 1.81 Ay

24.0 66.3 12.2 E,(a)

31.4 67.6 14.9 (By, E.(b))
trans-[Co(Cl)y(NH,),J*  15.9 42.7 5.11 Eg(a)

20.7 21.8 3.96 A,

26.3 44.6 11.8  (By, E,(b))
[CoCI(NH,),]2+ 18.5 34.9 4.21 E(a)

20.6 32.2 6.09 A,

27.7 49.1 9.34 (B,, E(b))
[CoBr (NH,), |+ 18.0 44.4 5.64 E(a)

20.5 35.4 6.50 A,
trans-[Co(COy),(py)o]=» 18.3 89.1 12.0 Eg(a), (Ag)

23.4 35.5 5.58 B,

26.5 57.5 6.51 Eg(b)
trans-|Co(C,0,),(py)s]~® 18.4 57.5 8.25 Eg(a), (Ayy)

24.1 17.8 2.11 B,

26.7 61.7 10.0 Eg(b)
[CoCI(CN)s ] 1 25.5 200 E(a)

32.2 97 A,
[Co(NH,),]*+ 21.0 47.9 Tig

29.4 39.8 Tae
[Co(CN),J*- 32.1 240 T

38.5 178 Tye
[Co(C,0,),]*~ 16.6 148 Tie

23.6 200 Tog

a) Ref. 3. b) Ref. 15.

(pys)]- was treated by considering only the L(o)-
vibronic mechanism under a weak tetragonal distor-
tion, and the intensity of the 'A,, band, which was
not observed in the absorption spectrum, was estimated.
The value reported there, ém=19, now seems to
somewhat large in the light of the maximum (gmx=
57.5) of the observed band (the spectral data are sum-
marized in Table 7). If the L(z)MCT contributes to
the 1A,, band intensity, the &m.x value may be eval-
uated as a smaller one. However, in the case of #rans-
[Co(C30,).(py)2]~> such a contribution seems to be
negligible because the z-ligand orbitals of the O donors
on the xy plane are utilized for ¢-hybridizations. Thus,
we re-evaluated that value by considering the configu-
ration interactions among the E states.

When the distortion becomes large, the one-electron
wave functions, y*—z2, x%, z2—x?%, and %, which have
been used in the E states must be altered by the fol-
lowing respective functions:2%)

Sba(x) = a¢(y2_22) — b (x%),
In(x) = b (02 —2%) + ad(x%),

0u(9) = —ag(Z2—a*) — by (H?), (6)
P() = —bPp(22—=*) + ad(H?),
where a® + b = 1.

When an cxpression for the f(A,)/f(B,) ratio in a
Co(III) complex was derived from these new wave
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Fig. 2. Relationships between the coeflicients £ and a?;
ea(X) > Cs (A)’ I ea(X) <ea (A)-

functions of the E states, the expression was found to
be the same as (4), although the £ value varied as a
function of the @ coefficient. The change is illustrated
in Fig. 2. When the L(¢)-vibronic mechanism
participates and the ¢/(X) is larger than the e,(A), the
k value decreases rapidly from 3 to 1.5 in the initial
section of the 42 value. On the other hand, in the
case of ;(X)<es(A), the change of £ with @? is quite
different.

It is reasonable to consider that e,(py) is larger
than ¢(O) in #rans-[Co(Cy0,)s(py)s]~; if a sufficiently
strong distortion is considered, the &ms value of the
1A,, band is evaluated to be 10 for the bis(oxalato)
complex. When the same calculations are carried out
with a related dicarbonato complex, the results give
&max=16. These values are much smaller than the ob-
served &max values in the first absorption-band region
(emax=257.5 for the bis(oxalato) complex and &mx=89.1
for the dicarbonato complex). It is also possible to
find an effect of the same kind in the polarized
crystal spectra of irans-K,[Co(CN)(mal),(OH,)]-
H,0;2Y two split bands have been observed in the
second absorption-band region, while only one band
assignable to E(a) has been observed in the first ab-
sorption-band region. This phenomenon can now be
understood by considering the intensity of the A, band,
which is too weak, compared with that of the B, band.

Whether or not a band splitting can be observed
depends upon both the magnitude of the intensities
and the extent of the energy separation of the split
bands, but the latter is not discussed in this paper.
The formula (4) derived in this paper is useful in
evaluating the intensity of an unobservable band from
the observed intensity of the other band. Thus, let
us discuss the behavior of band intensities in cobalt-
(ITII) complexes in terms of the tetragonal distortion.
Three cases—Case a, ¢(X)>es(A); Case b, &(X)=
es(A), and Case c, ¢/(X)<e;(A)—will be considered.
In Case a, the intensity of the 'A,, band observed
at the longest wavelength is quite small in com-
parison with that of the !B,, band, because the
calculated value of the energy part in (4) becomes
small as a result of the large separation bhetween the
1A,, and !B,, bands, and because £ also has a small
value. This kind of complex will often exhibit marked
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splittings in the !T,, bands. In Case b, the A, -
band intensity is anticipated to be comparable to the
1By -band intensity because of the large £ value (A=
3). In this case, band splittings will be observed
only in a complex with ligands showing a strong
a-bonding or m-antibonding contribution. No typical
example of this is found in Co(III) complexes, but
the spectrum of trans-[Co(CN),(NH;),]+ probably is
such a case, for the intensity of the !A,, band is
almost one-third of the intensity of the T;, band
in [Co(NH,)e]3t. This probability is supported by
the fact that the =-bonding contribution of the
CN- ligand has been found through the infrared
spectral?® and the absorption spectral studies.??) In
Case c, the f(A,)/[f (B,) ratio becomes larger than unity,
except for an extremely distorted complex, because
the energy part in (4) takes a large value as a result
of the small separation of the 'A,, and !B,, bands,
and because £ also takes a large value. In this case,
it will be easier to observe band splitting in the T~
band region rather than in the 'T,,-band region. This
seems to correspond to the large intensities of the
1A, bands in [CoX(NH,);]?* (X=CIl~ and Br~) and
[CoCI(CN);]3~. When the distortion becomes extreme-
ly large, the f(A,)/f(B,) ratio takes a value of roughly
unity on account of the small value of k. An exam-
ple is seen in the spectrum of trans-[CoCly,(NH,),]*;
the broad band in the T, ,-band region suggests that
the 1B, -band intensity is comparable to the A, -band
intensity.
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