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Circular Dichroism and Stereochemistry of Tetranuclear Cobalt(II1l)

Complexes of Hexol Type. II.D

Hexakis(ethylenediamine)-hexa-

p-hydroxo-tetracobalt(Ill) Ion, [Co{(OH):Co(en)2}3]6*
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The theoretically possible eight optical isomers of hexakis(ethylenediamine)-hexa-u-hydroxo-tetracobalt(I11I)
ion, [Co{(OH),Co(en)y};]%, were separated by column chromatography, absorption and circular dichroism
spectra being measured in the visible and ultraviolet region in 0.01 mol dm—23 HCI and 0.15 mol dm™2 Na,SeO,

solutions.

Absolute configurations were determined by means of circular dichroism spectra and the characteriza-

tion of mononuclear cobalt(III) ions produced by decomposition of the tetranuclear isomers in an acid solution.
The additivity of the two main circular dichroism contributions due to the chiral CoOg and CoN,O, chromophores
is discussed, and the configurational chirality of CoO4 chromophore is expressed by summing up the contributions
from three pairs of CoN,O, chromophores as in the so-called ring-pairing method.

Hexakis(ethylenediamine)- hexa - ¢ - hydroxo - tetraco-
balt(III) complex salt was prepared by Werner for
the first time.? For this tetranuclear hexol-type complex
there are eight possible optically active isomers which
then compose four racemic isomers. The structures of
two of the four racemic isomers have been found by
X-ray analysis of the salts of A(444)/4(444) and
A(AA4)[A(AAA) isomers.>~%) However, little success
has been made concerning the optical resolution of this
complex ion.»” Kern and Wentworth reported that
four of the eight possible optical isomers of [Co{(OH),-
Co(en)y};]%t are formed in solution, only two of them
(a couple of enantiomers) being obtained in pure
fractions.®)? They could not assign the configurations
of the isomers. The present paper deals with successful
separation of all the eight isomers and assignments of
their configurations.  Discussion is given on their
circular dichroism (CD) spectra including CD change
by ion-pairing with some oxoanions as compared with
the spectra of the corresponding dodecaammine
complex.b

Experimental

Preparation and Separation of the Isomers of [Co{(OH),Co-
(en)y}s]ot. The complex was prepared by a modification
of the method of Werner.? To 14.5g of Co(NO;),.-6H,O
in 15 cm?® of water was slowly added 30 cm?® of a 109, solution
of ethylenediamine with stirring. The mixture was stirred
vigorously by blowing compressed air on the surface for about
one hour at room temperature, the remaining solid being
filtered off and washed with a small amount of water. The
filtratc and washings were poured into a column (5x 120
cm) of strong-acid exchanger (SP Sephadex C-25, Nat form).
After a broad pink-red band had been swept out with 0.1 M
(1 M=1 mol dm~?) sodium d-tartrate solution, the adsorbed
band was eluted with 0.3 M sodium d-tartrate solution. During
the course of elution the column was cooled by flushing cold
water of 5°C. Eight brown bands eluted were numbered
-1, £-2, ---, and £-8 in the order of elution. At this stage, it
was confirmed by measurements ot CD spectra that each pair
of isomers f-1 and {-2, f-3 and. (-4, {-5 and -6, and -7 and {-8
represents a couple of enantiomers. Each eluate was concen-
trated in a vacuum rotatory evaporator at 20 °C, when
necessary, and then a saturated aqueous sodium tetraphenyl-
borate solution was added to the eluate to precipitate the

desired product. The precipitate was collected by filtration
and washed with cold water and then air-dried. The precipi-
tate was dissolved in cold ethanol. The solution was filtered,
and a cold ethanol solution of calcium nitrate was added to
the filtrate. A voluminous pale-brown nitrate immediately
precipitated was filtered off and washed with ethanol several
times and then dried in the air. The product was dissolved
in a small amount of water, and powdered sodium nitrate was
added to the solution which was kept in a refrigerator
overnight. Fine brown needle crystals which appeared were
collected by filtration and recrystallized from a small amount
of water by adding powdered sodium nitrate, and then dried
in a vacuum desiccator over calcium chloride. Found for
isomer £-3: C, 13.01; H, 5.35; N, 22.129,. Calcd for [Co-
{(OH);Co(en),}3](NO;)¢- 3H,O= Cj3H;N;30,,Co,4- 3H,0:C,
12.82; H, 5.38; N, 22.429,. Found for isomer f-4: C, 12.96;
H, 5.38; N, 22.26%,. Calcd for C;,H;,N,;30,,Co,-3H,;0: C,
12.82; H, 5.38; N, 22.429%,. Found for isomer f-5: C, 12.91;
H, 5.10; N, 22.72%,. Calcd for C;3H;;N;50,,Co4-1.5H,0:
C, 13.13; H, 5.24; N, 22.97%. Found for isomer {-6: C,
12.96; H, 5.32; N, 22.36%,. Calcd for C,;H;4N;30,,Co,-
3H,0O: G, 12.82; H, 5.38; N, 22.42%,. Found for isomer
£-7: G, 12.49; H, 5.34; N, 22.039%,. Calcd for C,,H;,N,30,,Co,
3.5H,0: C, 12.72; H, 5.42; N, 22.24%,. Found for isomer
£-8: G, 12.76; H, 5.09; N, 22.949%,. Calcd for C,;H;,0,,Co,-
1.5H,0-0.5NaNO;: C, 12.64; H, 5.04; N, 22.73%,. Isomers
f-1 and f-2 were not obtained as solid salt because of low yields,
and partial overlapping of the chromatographic bands of f-1
and £-2 with those of the / and 4 isomers, respectively, of a
by-product complex, [Co(en);]3+.

Measurements. The visible and ultraviolet absorption
spectra were measured with a Shimadzu UV-200 spectro-
photometer. The CD spectra were recorded with a JASCO
MOE-1 spectropolarimeter. Measurements were carried out
at room temperature in 0.01 M HCI, 0.15 M Na,SeQj, and
aqueous solutions.

Results ‘and Discussion

Characterization of Isomers. The absorption and
CD data of eight isomers are summarized in Table 1.
It is evident that the isomer f-1 is enantiomeric to the
isomer -2, as is £-3 to -4, {-5 to f-6, and {-7 to £-8. The
CD curves of isomers {-1, {-3, {-5, and -7, all of which
have a positive CD band at about 16400 cm~!, are
shown in Fig. 1. Isomers f-1 and f-2 were not obtained
as solid salt, their CD values being estimated on the
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basis of the concentration calculated from the absorb-
ance at 620 nm assuming the molar absorption coefficient
£g20==113 mol-! dm?3 cm~1; the absorption intensities of
all the other isomers were almost equal to this value
(Fig. 1 and Table 1). The absorption and CD spectra
remained unchanged in 0.3 M sodium d-tartrate
(eluting solution) at room temperature for about 24 h,
being the same in 0.01 M HCI and in H,O, in which
the complex, except for isomer f-7, is considerably
stable to mutarotation. Isomers f-3 and -5 are con-
siderably stable against mutarotation also in 0.15 M
Na,SeO, in a sharp contrast to the case of the dodeca-
ammine complex, [Co{(OH),Co(NH,),};]®t, which
undergoes mutarotation in 0.17 M Na,SeO; and in
H,O0.9 Isomers f-7 undergoes mutarotation in 0.15 M
Nay,SeO3; and in H,O, but it is considerably stable
against mutarotation in 0.01 M HCI. Judging from
the chromatographic band strech and the degree of

TasLE 1.
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coloration on the column, the yields of isomers are in
the order £-3 (f-4) >f-5 (f-6) >f-7 (£-8)>f-1 (f-2). The
isomers reported by Kern and Wentworth® and
Mason and Wood'® correspond to the present isomers
f-5 and -6.

Configuration of CoOg Chromophore. The hexakis-
(ethylenediamine)-hexa-p-hydroxo-tetracobalt(II1) ion,
[Co{(OH),Co(en),};]1%+, is regarded as being composed
of a Co(OH)g and three Co(OH),(en), chromophores.
In the following discussion the former chromophore is
abbreviated to CoOg, and the latter to CoN,O,. The
CoOg4 chromophore has a configurational chirality, 4 or
A, due to the tris-chelate type arrangement of three
Co(OH),Co four-membered rings. Each CoN,O,
chromophore also has a configurational chirality, 4 or
4, due to the tris-chelate type arrangement of two
ethylenediamine chelate rings and a Co(OH),Co four-
membered ring. Thus eight isomers are possible in

THE aBsorpTION AND CD paTA OF [Co{(OH),Co(en),};]¢+ v 0.01 M HCl UNLESS OTHERWISE STATED

Wave numbers are given in 10® cm-! unit and log ¢ or Ae values (in parentheses) mol-? dm3 cm-1.

Absorption CD Absorption CD
Bomer " lioge) Oor  (Ae) Tomer ;" iog ) Tox.  (Ae)
14.77 (— 2.99) 14.56 (— 2.52)
[ 16.12 16.64 (4 18.1) 16.13 (2.05) 16.37 (+ 17.3)
20.31 20.41 (— 31.8) 20.37 (2.50) 20.16 (— 21.9)
f-1 } 26.25 (+ 1.57) -5 25.71 (++ 1.30)
32.36 30.96 (— 8.41) 32.36 (3.74) 31.60 (— 10.9)
38.96 (+ 10.3) 40.73 (— 33.7)
49.02 45.77 (+114 ) 49.14 (4.73) 45.35 (4103 )
14.73 (+ 2.95) 14.64 (— 2.61)
16.14 16.61 (— 18.2) 16.18 (2.01) 16.39 (+ 13.5)
20.29 20.37 (+ 32.0) 20.28 (2.52) 20.16 (— 21.5)
-2 ¢ 26.16 (— 1.58) f-5% 125,77 (+ 2.38)
32.36 30.96 (+ 8.43) 31.95 (3.74) 31.20 (— 7.01)
38.76 (— 10.2) 35.78 (4 0.18)
48.90 45.87 (—110 ) 40.49 (— 19.6)
) 14.53 (— 2.31) 14.56 (+ 2.58)
16.13 (2.04) 16.31 (+ 18.4) 16.16 (2.05) 16.39 (— 16.8)
20.33 (2.56) 20.16 (— 28.9) 20.33 (2.51) 20.18 (4 22.4)
£3 25.84 (+ 1.23) f-6 25.71 (— 1.41)
32.36 (3.77) 31.45 (— 7.16) 32.36 (3.75) 31.65 (4 10.5)
37.04 (+ 3.55) 40.82 (+ 33.6)
40.32 (— 8.26) 49.02 (4.74) 45.25 (— 98.7)
48.78 (4.76) 45.15 (+139 ) 14.64 (— 2.37)
14.63 (— 2.46) 16.16 (2.05) 16.53 (+ 17.2 )
16.26 (1.99) 16.37 (4 15.2) 20.28 (2.54) 20.28 (— 19.6)
20.20 (2.59) 20.16 (— 30.1) -7 25.87 (4 1.41)
-3 25.97 (+ 2.72) 32.36 (3.77) 31.70 (— 12.4)
31.95 (3.76) 30.86 (— 3.57) 41.15 (— 49.1)
37.60 (4 6.05) 49.02 (4.75) 46.19 ( 4-85.9)
39.92 (— 1.11) 14.66 (- 2.34)
14.52 (4 2.28) 16.16 (2.05) 16.53 (— 17.1)
16.13 (2.05) 16.31 (— 19.0) 20.33 (2.54) 20.33 (4 19.4)
20.33 (2.56) 20.14 (+ 29.3) -8 25.87 (— 1.44)
4 25.77 (— 1.30) 32.36 (3.77) 31.65 (+ 12.0)
32.36 (3.77) 31.35 (+ 7.25) 40.98 (+ 48.6 )
37.04 (— 3.62) 48.90 (4.75) 46.08 (— 88.0)
40.40 (+ 8.31)
49.02 (4.75) 45.25 (—135 )

a) In 0.15 M Na,SeO,.
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Fig. 1. Absorption (AB) and CD curves of isomer f-1
_____ )y £3 (—), £5 (===), and £7 (++-+) of [Co-

{(OH),Co(en),};]¢* in 0.01 M HCI.

total: A(444), A(44A4), A(A4AA), A(44A), A(AA4A),
A(A4A44), A(444), and A(AA44); the chirality symbols in
parentheses denote the configurations of CoN,O,
chromophores. The eight isomers are classified into
four geometrical isomers, since each of them finds its
enantiomer in themselves.

Since the first and second d-d transition bands of
[Co(H,0)e]3+ are located at 16500 and 24700 cm—1,
respectively,® and those of c¢is-[Co(en),(H,0),]3+ at

1520 % W ®m 40 a5 50
/103 cm—?
Fig. 2. Absorption (AB) and CD curves of isomer -7

of [Co{(OH),Co(en),};]** (—) and A-[Co{(OH),-
Co(NH,),}5]*+ (++++) in 0.01 M HCL
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20200 and 27700 cm~1,” the absorption bands of
[Co{(OH),Co(en),};]%* at ca. 16100 and 20300 cm—!
are assigned to the first d-d transition bands of CoOyq
and CoN,O, chromophores, respectively. The second
d-d transition bands of both chromophores seem to be
masked by an intense band at 32360 cm~?, which is
due to the charge transfer transition from the oxygen
atom of the OH bridge groups to the central metal,
pz(O)—eg(Co). The assignments are in line with
those for those of similar hexa-g-hydroxo-tetracobalt-
(ITI) type ions.1»8:1%11) For all four geometrical isomers,
the band positions and intensities are almost equal for
the CoOg4 chromophore region, but not for the CoN,O,
chromophore region (Fig. 1 and Table 1).

Similarly the intensities of the longer or shorter
wavelength CD peak of CoOg chromophore are almost
cqual for isomers £-1, {-3, £-5, and {-7: Aggi=—2.3—
—3.0 and +17.1—+418.4 mol-! dm? cm1, respectively.
The CD intensity of CoN,O, chromophore band at
about 20300 cm=1 varies widely: Agg=—18.7—
—33.0 mol-* dm? cm~!. The CD patterns in the d-d
transition region are similar to each other, while those
in the charge transfer transition region differ. From the
close similarity (Fig. 2) between the CD spectra of
isomers f-1, £~3, £-5, and -7 and spectrum of A-[Co-
{(OH),Co(NH,),},]%* previously reported,? it is con-
cluded thatisomers f-1, {-3, -5, and {-7 have A configura-
tion and the remaining isomers {-2, -4, {-6, and f-8 4
configuration.

Configurations of CoN,O, Chromophores. Acid
hydrolysis of one mole of [Co{(OH),Co(en),};]%* ion is
expected to produce one mole of [Co(H,O)¢]% (via
[Co(H,0)6]*") and 3 mol of mononuclear [Co(en),-
(H,0),]3+. While the former ion has no chirality, the
latter has a configurational chirality, 4 or 4, due to
the bis-chelate type structure. The isomers A(444)
or A(444) will produce three 4-[Co(en),(H,0),]%*
ions, A(A4A) or A(AAA) two 4 and one 4, A(4A44) or
A(A4A44) one 4 and two 4, and A(AAA) or A(44A) three
A.

TABLE 2. THE Aeg,g VALUES AFTER DECOMPOSITION BY 6 M
HCI (Ae¢ values are given in mol-* dm? cm~* unit.)

Isomer Atygq Ratio Assignment
f-1 (+1.5)® (+2.0) (A44)
-3 —2.2 —-2.9 (444)
£5 —0.8 —1.1 (444)
-7 +0.7 +0.9 (A44)

a) The original tetranuclear complex was not isolated in
solid salt, but concentration was estimated from the
absorbance at 620 nm.

The Ag values at 488 nm after decomposition in 6 M
HCI solution are given in Table 2. Each isomer was
dissolved in 6 M HCI and warmed on a water bath at
45 °C for two hours with stirring. The CD intensity of
A-[Co(en),(H,0),]%* was reported to be 1.0 mol-?
dm3 cm™! at 486 nm.Y The observed Ag,q, values as a
whole are smaller than the reported value, which can be
attributed to partial racemization, isomerization, and/or
decomposition of the generated [Co(en),(H,0),]3* in
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presence of Co?t ions. From the data in Table 2, the
absolute configurations of isomers f-1, £-3, {-5, and -7
are assigned to A(A444), A(AAA), A(AAA), and A(AA4),
respectively. Thus isomers -2, f-4, -6, and -8 are
assigned to the configurations, A4(444), A4(AAA),
A(A444), and A(AA44), respectively.

The CD spectra of A-[Co{(OH),Co(NH;)};]%t
might be expected to be more similar to those of the
isomers A(AAA) and A(AAA) than to those of A(44A4)
and A(A444). Isomers -5 and {-7 show a similar CD
pattern (—, —, and ) in the charge transfer transition
region, which is similar to that of A-[Co{(OH),Co-
(NH,),»;1%t (Fig. 2). From the order of yields, A(444)
S>A(AAA)>A(AAA)>A(AAA), the stability of isomers
seems to decrease with increase in the number of 4-
configuration for CoN,O, chromophore in the A series
of CoO4 chromophore. A molecular model examination
shows that the A-configuration of CoN,O, chromophore
gives a slight repulsion between a proton of ethylene-
diamine chelate ring and an OH bridge group.

CD Change by Ion-pairing. The absorption peak
of the CoOg4 chromophore of isomers {-3 and {-5 shifted
to higher energy side in 0.15 M Na,SeO4 and then the
intensity decreased, the shift being larger for -3 than
f-5. The peak of CoN,O, chromophore shifted to lower
energy side and the intensity increased. The intensity
change is larger for f-3 than f-5. For the CD spectra,
the longer wavelength extremum of CoOg chromophore
shifted to higher energy side and the intensity increased
for both isomers (Fig. 3 and Table 1). The intensity
of the shorter wave-length CD extremum of CoOg
chromophore decreased for both isomers. The CoN,O,
chromophore CD band (at 20160 cm™ for both isomers)
did not shift, the intensity increasing for f-3 and slightly
decreasing for f-5. The difference in CD curves of 0.01

+20f

+10r

S
log (¢/mol~! dm?® cm™?)

Aefmol! dm? cm-1

- 30} ¥

15 20 25 30 3 40 45 50
/103 cm™*
Fig. 3. Absorption (AB) and CD curves of isomer -3
of [Co{(OH);Co(en);5]°}+ in 0.01 M HCl (——) and
in 0.15 M Na,SeO; (----).
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Fig. 4. The ion-pairing effect curves, {Ae 1, o.15 u Na:5000)
— A€y 0.01 4 HOD > Of isomer £-3 (—) and £5 (-~~)
of [Co{(OH),Co(en);}s]1**, and A-[Co{(OH),Co-
(NH,),}s]% (++++) (in 0.17 M Na,SeQ;).

M HCI and 0.15 M Na,SeO; (Fig. 4) show the ion-
pairing effect of SeO42~ ion on the CD of [Co{(OH),Co-
(en),};]%*. The curves have six extrema at ca. 14200,
16000, 19800, 22400, 24500, and 28000 cm—* in the d-d
transition region. The CD spectra of A-[Co(en),]3+ with
D symmetry show strong ion-pairing effect!?-14) in the
region of the first d-d absorption band when an oxoanion
species such as PO, or SeO,%  is added to form the
so-called Mason type ion-pair,'3-1?) the CD intensity
of E, component of the first d-d transition decreasing
and that of 4, component increasing. Thus the first
positive and next negative extrema, at 14200 and ca.
16000 cm™1, correspond to the increment of the negative
A, component and the decrement of the positive E,
component, respectively, of the first d-d transition of
CoOg¢ chromophore.

In [Co{(OH),Co(en),}4]%+, hydrogen bond formation
occurs between SeO3%~ and the OH bridge groups as
for the corresponding dodecaammine complex.) The
hydrogen bond formation may occur between the
oxoanion and the coordinated —-NH, groups of ethylene-
diamine of CoN,O, chromophores. Thus chiral oxygen
and nitrogen centers are stereospecifically produced
by the ion-pair formation. The axial disposition of
OH groups in the tetranuclear complex of 4 configura-
tion of CoOg4 chromophore constrains an (R) chirality
for the ‘“‘asymmetric” oxygen atoms,” and the axial
hydrogen bonding of the NH, groups in A(444)
configuration constrains an (S) chirality for the
“asymmetric’”’ nitrogen atoms. The ion-pairing effect
curves in Fig. 4 are regarded as having their origin in
the vicinal effect of chiral oxygen and/or nitrogen
centers stereospecifically produced by the ion-pair
formation. A molecular model consideration shows that
in the isomer A(4A44) a set of three OH groups is
available each on the upper face and below the down-
ward face (two A sites, 2 X 3 (R) oxygens) and six sets
of one OH group and two amino groups (six B sites,
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Fig. 5. The possible hydrogen bond formation site for
the isomer A(A444) with a selenite ion, A site (top)
and B site (bottom), viewed normal to the C, axis of
CoOg chromophore.

61 (R) oxygens and 6 X2 (S) nitrogens) for hydrogen
bond formation (Fig. 5). In the isomer A(4A4A), two
A sites with 2 X 3 (R) oxygens and only four B sites with
4x1 (R) oxygens and 4X2 () nitrogens are available
for hydrogen bonding. As shown in Fig. 4, the ion-
pairing effect curve of isomers f-3, A(444), shows a
similar CD pattern to that of A-[Co{(OH),Co-
(NH,)4}5]%* which has the origin of the effect only in
the asymmetric oxygens, which show a negative ex-
tremum at ca. 19800 cm~!. Thus the ion-pair formation
in the present A(44A4) complex occurs between SeO,2-
and one or two A sites rather than B sites. The ion-
pairing effect curve of isomer -5, A(444), shows a
positive extremum at 19400 cm=! (Fig. 4). The B sites
may play a role in this case of ion-pair formation.

Additivity of CD Contributions. If the observed
CD curve of [Co{(OH),Co(en),};]¢* can be simply
divided into the contributions of CoO4 and CoN,O,
chiralities as has been established for configurational
and vicinal chiralities of many other mononuclear
cobalt(IIT) complexes,'® the following relations are
expected to hold:

A(A44) = 4 + 3(4)

A(dA4) = A+ 2(4) + (4) = A+ (4)

A(dAA) = A+ (4) +2(d) = A~ (A)

A(d44) = A+ 3(d) = A — 3(A)
where 4 (or 4) and (4) (or (4)) are CD contributions
of CoOq4 and CoN,O, chiralities, respectively, and 4=
—4 and (4)=—(4). The individual 4 and (4) can be
derived from the observed CD curves from the following
relations:

(1)

A= [A(AAA)+ A(444)1/2,
A= [A(dAA)+ A(44 4)]/2,
(4) = [A(A4A44)— A(444)1/6, and

CD and Stereochemistry of [Co{(OH),Co(en),},]¢+
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(A) = [A(444)— A(d4 A)])2.
However, the calculation (Fig. 6) shows that the
separation of 4 and (A4) (or (4)) contributions are very
unsatisfactry and that Eq. 1 in this simple form is
inadequate for evaluating the CD contributions.

/'\ 1+4
A
o\ {+2
/ \
I\ \
Ay ' e 410
N
I S
‘\ / {-2
J
TE +20F -4 T
B 8
k: e
; T
E H
4 4
15 20 25 30
0/10° cm—1
Fig. 6. Inadequacy of Eq. 1 is shown by the cal-
culated curves of (A): [A(AAA)— A(AA4)]/6 ( )

and [A(4A4A4)—A(A444)]/2 (——-) (upper curves); and
of A: [A(AAA)+ A(A48))j2 (—) and [A(A44)+
A(444)]/2 (---); and observed curve of A in the
dodecaammine complex (+---) (lower curves).

As shown by X-ray analysis of the racemic salts of
A(A44)]A(AA44)%® and A(AAA)[A(AAA)Y isomers, the
four isomers of A series A(AAA), A(AAA), A(AAA),
and A(A444) have different dispositions of three CoN,O,
chromophores. The model of the isomer A(444) is
rather flat, the pseudo C; axes of tris-chelate type
CoN,O, chromophores being parallel (p) to the C;
axis of the CoOg one; the structure of A(444) isomer
is thus written as A(pspsps4). The model of the isomer
A(AA4) is not flat but tall, the pseudo C, axes of CoN,O,
chromophores being oblique (q) to the C; axis of the
CoO4 one. The structure of A(AAA) isomer is thus
written as A(qaq4q4). The remaining two isomers
A(AA4) and A(AAA) have a mixed Istructure, A(psp4sq4)
and A(paqaqa), respectively. Kojima et al.1® showed
that the CD spectra of the mixed complexes [Co(en),-
(tn),(tmd),]3* can be expressed by summing up the
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contributions from three pairs of chelate rings, as has
been made in the so-called ring-pairing method?? (tn=
trimethylenediamine  and  tmd=tetramethylenedi-
amine). By this treatment, Eq. 1 can be rewritten as
follows:

A(AA44) = A(949494) = 34qq + 3(A)
A(AAA) = A(paqsar) = 24y + Ay + (4)
A(d4A) = A(papaqs) = App + 2qu = (4)
A(444) = A(pspapa) = 34y, — 3(A)

where 4, etc. denote the CD contribution of a ring-pair
of two p-oriented CoN,O, chromophores efc.

(2)

+4
1 T
X :
: 3
% J
o _
£ H
A A
- 8|
15 20 2 30
0/10% ecm—1
Fig. 7. Calculated curves of Ay, (——), Apq (=),
Ay, (== ), and A,, (s+e+er ), and observed curve of

Al-.ECO(’l‘COﬁH‘;) (en)y]t (--+-++) (the right ordinate).

Equation 2 can be solved by assuming that the CD
contribution (A4) is equal to the observed CD of 4-
[Co(TeOgH,) (en),]*.2) The results are shown in Fig. 7.
For the dodecaammine complex the CD contribution
A is expressed by 34,, which denotes CD contributions
of three ring-pairs of two CoN,O, chromophores of
tetraammine type. The calculated CD contributions
of four kinds of ring-pairs A,,, Ayq, Aqq> and A,, differ
from each other in the region of the first d-d absorption
band of CoN,O, chromophore. The absolute value of
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CD intensities in this region is in the order A, >4,,>
Apq>4,,.  The Ayq contribution can be calculated in
two ways from Eq. 2, one from the third formula of the
equation (Fig. 7) and the other from the second formula.
The results do not differ much, showing the adequacy
of Eq. 2.
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