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The electronic spectra of trans-[ CoClz(NHs)4]Cl and its analogues measured in the solid state at 113 K show
four ligand field bands assignable to the Ia(Eg«!Ay;), Ib(1Age—1A1g), ITa(Bgge—'A1,), and IIb(*E"—1Ay,)

transitions in D4 approximation.

The ligand field parameters obtained from the observed data are;

e4(N)=7400—8000 cm™?, e4(Cl)=4500—5400 cm~?, e,(Cl)=300—830 cm~!, and the Racah’s parameter C esti-

mated with the assumption of C=4B is ca. 2000 cm™1.

A nearly linear relationship is obtained between the

e,(Cl) and ¢;(Cl) values; the stronger the coordination of Cl~ to Co(III), the stronger the 7 interaction of Cl~

with Co(III).

The splitting of the first d-d band (*T1z¢1A1,(On))
of octahedral Co(IIl) (d®) complexes has often been
observed in the spectra of solutions when the symme-
try of the complexes becomes lower. However, no
clear splitting has been reported on the second d-d
band (YT2«1A1(On)) except for trans-[Co(COs or
C204)2(pyridine)2]~ in aqueous solutions.) In the
previous paper,? we found a new band around 26000
cm-1in the spectra of trans-[CoCla(N48)]X (X=Cl04-,
BF4~; N48=1,4,7,10-tetraazacyclopentadecane) in the
solid state at 113 K, which was not observed in the
spectra both in the solid state and in solution at room
temperature. The band is supposed to be a split
component of the second d-d band as judged from the
position and intensity. To examine whether other
trans-[CoCloN4]T-type complexes show such a band,
we have measured a number of complexes of this type
in the solid state at 303 and 113 K and in methanol
solutions at 293 and 193 K. Amine ligands used in
this study are NHjs, ethylenediamine(en), trimethyl-
enediamine(tn), 3,6-diazaoctane-1,8-diamine(trien),
1,4,8,11-tetraazacyclotetradecane(cyclam), 1,4,7,10-
tetraazacyclotridecane(N46), -tetradecane(N47), and
-hexadecane(IN49).

Experimental

Measurements. Electronic spectra were recorded on a
HITACHI U-3400 spectrophotometer. Spectra of solid
samples were measured by a Nujol mull method described
previously,? and those of methanol solutions were done
with a quartz cell (1 cm). Measurements at low tempera-
tures were carried out with a stream of cold nitrogen, and the
temperature was monitored by a Cu-constantan thermocou-
ple. The volume of methanol solutions at 193 K was
corrected by a factor of 0.893.3 Gaussian curve fitting
analyses of absorption spectra were performed with the
modified LGNS program.4

Materials. trans-[CoCla(en)z]BFy, trans-[CoClz(tn)2]ClOs,
and trans-[CoClz(N46)|BFs were prepared by the addtion of
LiBF; or LiCl1O4 to methanol solutions of the corresponding
chloride salts.5-" Other complexes were prepared as
reported previously.48-10

Results and Discussion

Figure 1 compares the spectra of trans-
[CoCly(NHz3)4]Cl, ¢rans-[CoCla(en):]BFs, and trans-
[CoClz(tn)2]ClO4 measured in the solid state at 113 and
303 K. Table 1 lists the data. Most of the other
complexes show four bands in the d-d transition
region at 113 K, while the bands in the region of 20000
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Fig. 1. Electronic spectra in the solid state at 303 K
(—) and 113 K (----): (a) trans-[CoClz(NHz)4]Cl;
(b) trans-[CoClz(en)2]BFs; (c) trans-[CoCly(tn)s]-
ClOs.
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Table 1. Spectral Data of trans-[CoClz(L)]X in the Solid State
T 7/103 cm~1
Complex

K Ia b Ila IIb

1. trans-[CoClz(NHs)4]Cl 303 15.8 ca. 21.0 — -
113 16.0 21.3 24.2 26.7

2. trans-[CoClz(en)2]BF4 303 16.2 ca. 21.8 ca. 24.4 —
113 16.5 ca. 22.1 24.9 27.2

3. trans-[CoCly(tn)2]Cl04 303 15.7 ca. 21.0 — —
113 15.9 21.6 23.9 26.8

4. trans-[CoCly(trien)]C104 303 16.1 ca. 22.8° —
113 16.2 ca. 22.1 23.0 27.1

5. trans-[CoClg(cyclam)]Cl 303 15.9 ca. 23.5° —
113 16.2 ca. 23.8° ca. 27.0

6. trnas-[CoCla(N46)]BF4 303 16.3 23.5% —

113 16.5 23.59 —
7. trans-[CoCla(N47)]C104 (Co)” 303 15.6 ca. 22.19 ca. 26.1
113 15.8 ca. 21.4 22.6 26.7

8. trans-[CoCla(N47)]C104 (C1)? 303 15.8 ca. 21.0 22.6 —
113 16.0 ca. 21.5 23.1 26.9

9. trans-[CoCla(N48)|BF4 (Cs, green)*” 303 15.7 ca. 2.0 ca. 225 —
113 15.9 21.2 22.7 26.2

10. trans-[CoCla(N48)]ClO4 (Cz, brown)*” 303 15.4 ca. 20.5  ca. 220 —
113 15.5 20.5 22.0 25.8

11. trans-[CoCly(N49)]C1O4 303 15.7 20.2 22.4 —
113 15.7 20.5 22.5 25.8

a) C1 and Cq represent the symmetry of geometrical isomers.4
different colors of green and brown.2

b) The complex crystallizes in

¢) Two bands are overlapped.

3411

to 28000 cm~! are less resolved at 303 K. At 113 K all
the bands show a small blue-shift. In the spectra of
chloride salts of these complexes, the highest energy

band in this region is often hidden by an adjacent v =3/2¢o(N) +3/2¢,(Cl) — 2ex(Cl) — C, (1)
strong band which arises probably from association vy =3es(N)—C, )
between the complex and chloride ions in crystals.1V) V1= e4(N) +2¢,(Cl) +16B— C, (3)
The four observed bands can be assigned as the two i =5/2e4(N) + 1/2¢4(Cl) — 2ex(Cl) +-16B — C, (4)

sets of split components, Ia, Ib and IIa, IIb resulting
from the splitting of the lst (1T1,¢-1A1(On)) and the
2nd (1 T2g«1A1,4(Os)) d-d bands, respectively in tetrago-
nal symmetry of the complexes. When the symmetry
of the complexes is approximated to Das, the bands in
Fig. 1 can be assigned to the Ia(lEg'«1Ayy),
Ib(1Agge—1A1,), ITa(Bage—1A1,), and IIb(1E, «1Ay,) tran-

sitions, and their energies represented by the angular
overlap model (AOM) formulation!? are

where B and C represent the Racah’s parameters.
The e(N) parameter was assumed to be zero. With
the assumption of C=4B, the values of parameters
were obtained from the data as given in Table 2. The
values of 7400—8000 cm~! for e¢(N), 4500—5400 cm~—!
for e4(Cl), 300—830 cm~1 for ex(Cl) , and ca. 2000 cm—1

Table 2. Ligand Field Parameters of trans-{CoCla(L)]X Calculated from the Data in Table 1

Complex es(N)/cm=1  e5(Cl)/cm=!  e4(Cl)/cm™1 C/cm™1
1. trans-[CoCla(NHs)4]Cl1 7800 5200 700 2000
2. trans-[CoClz(en)z)|BF4 8000 5400 830 2000
3. trans-[CoClz(tn)2)]C104 7900 5000 700 2000
4. trans-[CoCly(trien)]C1O4 8000 4700 450 1900
7. trans-[CoCla(N47)]C104 (Cg) 7800 4500 380 1900
8. trans-[CoCla(N47)]C1O04 (Cy) 7800 4700 430 2000
9. trans-[CoCla(N48)]BF4 (Cs, green) 7700 4700 450 1800
10. trans-[CoClz(N48)]ClO4 (Cz, brown) 7400 4500 300 1800
11. trans-[CoClz(N49)|BF4 7500 4800 380 1900
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for C(=4B) seem to be appropriate. When the ITa and
IIb bands are assigned as the !ES«1Aj and the
1Bgg«—1A1; transitions, respectively, the eg(Cl) and
ex(Cl) values become exceptionally large. For exam-
ple, the wvalues for trans-[CoCly(NHz3)4]Cl are
es(N)=7700 cm~1, £4,(C1)=6800 cm~1, ez(C1)=2000 cm~1,
and C=1800 cm-1. There seems to be no correlation
between the es(N) and the e5(Cl) values, while a nearly
linear relationship is seen between the e¢o(Cl) and the
ex(Cl) values as shown in Fig. 2. The result indicates
that the stronger the coordination of Cl- to Co(III),
the stronger the repulsive 7 interaction of Cl- with
Co(I1I).

The spectra of a series of trans-[CoClz(N4x)](BF4 or
Cl0y4) (x=6—9) are shown in Fig. 3. In the spectra of
the N46 and N47 complexes both at 113 and 303 K,
only two and three bands are detected, respectively.
From a comparison of the four spectra with one
another, however, it can be concluded that the Ib and
ITa bands of the N46 and N47 complexes overlap each
other, and the IIb band of the former complex is
hidden by a charge-transfer band. In this series of
complexes, with a decrease in the size of chelate rings
the e4s(N) value increases, while the e¢,(Cl) one does not
change or decreases (Table 2). Since the energy of the
Ib band depends only on the ¢,(N) (Eq. 2), and that of
the IIa band on both the e5(N) and e4(Cl) (Eq. 3), the
increase in energy of the Ib band occurred with the
decrease in size of chelate rings should be much larger
than that of the IIa band. Consequently, the energy
difference between the Ib and IIa bands becomes small
with the decreasing size of chelate rings, and they
overlap in the N46 and N47 complexes, although the
latter complex shows a small shoulder due to the Ib
band in the spectrum at 103 K.

The spectra of the en, tn, cyclam, and N47 com-
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Fig. 2. Plots of e; (Cl) vs. e, (Cl). The least-squares
line is e; (C1)=0.56 e, (Cl) —2200, correlation coeffi-
cient: 0.95.
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plexes in methanol solutions were measured to com-
pare with those in the solid state. Except for the N47
complex, all the complexes show no clear IIb band
both at 193 and 293 K. The N47 complex exhibits the

Absorbance (Arbitrary Unit)
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Fig. 3. Electronic spectra in the solid state at 303 K
(—) and 113 K (----): (a) trans-[CoCla(N46)]BF4;

(b) trans-[CoCl2(N47)]ClO4 (Cz); trans-[CoClz(N48)]-
BF4 (Cg, green); (d) trans-[CoClz(N49)|BF4.
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Fig. 4. Electronic spectra of trans-[CoCly(N47)]Cl
(C2) at 293 K (—) and 193 K (----) in methanol.
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Table 3. Ligand Field Bands of trans-[CoClz(N47)]Cl (Cz) in Methanol Solution Obtained
by Gaussian Curve Fitting Analysis (#/10% cm™?)

T Ia Ib

Ila IIb

K 7max(log €) Half width

Tmax(l0g €) Half width

Tmax(log €) Half width  Tmax(log ¢) Half width

293 15.9(1.80)  2.51
193 16.0(1.81)  2.35

21.2(2.10)  3.05
21.5(2.18)  2.77

23.5(2.08)  3.67
23.6(2.16)  3.12

26.8(1.94)  4.46
26.8(1.99)  3.05

IIb band around 27000 cm-!. The broad band
around 22000 cm~! will be a overlapping one of the Ib
and IIa components (Fig. 4). In the previous paper,¥
we assigned this broad band as the Ib band, and the IIb
band as the unsplitting Il band. The positions of the
Ia, Ib, Ila, and IIb bands of trans-[CoCly(N47)]Cl in
methanol solution were obtained by the Gaussian
curve fitting analysis (Table 3). At 193 K, the band
positions remain almost unchanged, but the band
widths are reduced fairly largely.
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