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It has been known for many years that ion-pairs can
be classified into several classes with different structures
and properties; partial ion-association constants for
each class of ion-pairs have been reported only in rare
cases.) Classifying the ion-pair [Co(NH,)e]**I~ into
two classes, contact ion-pairs and separated ion-pairs (those
separated by one or more solvent molecules), we give
partial ion-association constants for each class of ion-
pairs.

The spectrophotometric study was made at 25.0=%
0.1°C on aqueous systems of a constant ionic strength
of 0.062 containing [Co(NH,),](C10,),, KI, and Na-
C10,. An absorption band which appears near 37 kK
on the addition of iodide to an aqueous solution of
hexamminecobalt(III) perchlorate is known to be due
to the [Co(NH,)¢]3*I- ion-pair.?) Except for the iodide
ion (hydrated) and the metal complex ion, no other
species absorb light in the wave number range of inter-
est (30—45 kK). The absorbance, D, of the solution
can thus be expressed as:

D = gy[M]+¢&,[A]+ey..s[M- - Al 4y, [M-A] (1)

where ¢ symbolizes the molar extinction coefficient and
where M, A, M:-A, and M-A represent the metal
complex ion, the anion (iodide ion), the separated ion-
pair, and the contact ion-pair respectively. Equation
(1) can be modified to give:

D = (ey.acom —&a)[M-A] (2)

with AD=D—eycy—esca, if the following assumptions
are made: (i) em-.a=én-+¢es, and (i) ey.o=éy.acn
~+éey.  The symbol ¢ denotes the analytical concentra-
tion of each species, and ey.xcn Is the molar extinc-
tion coefficient of the iodide-to-complex charge transfer
absorption in the contact ion-pair. Assumption (i) is
equivalent to defining the separated ion-pair as the
class of ion-pairs that were not spectrophotometrically
distinguished from the bulk of ions in the experiment.
According to assumption (ii), iodide-to-complex charge
transfer absorption occurs in the contact ion-pair in
place of iodide-to-solvent charge transfer absorption,
whereas the absorption due to transitions in the metal
complex remains unaffected.

The values for 4D were obtained by comparing the
absorbance at each wave number of a solution contain-
ing the complex and iodide ions with those of two solu-
tions containing each ion separately. Figure 1 shows
three series of results obtained with different concent-

1) M. Eigen, Discuss. Faraday Soc., 24, 25 (1957); T. R. Griffiths
and C. R. Symons, Mol. Phys., 3, 90 (1960); G. Atkinson and S. K.
Kor, J. Phys. Chem., 69, 128 (1965), 71, 673 (1967).

2) M. Linhard, Z. Electrochem., 50, 224 (1944); M. G. Evans
and G. H. Nancollas, Trans. Faraday Soc., 49, 363 (1953) ; T. Kubota,
Nippon Kagaku Zasshi, 75, 552 (1954); N. Tanaka, Y. Kobayashi,
and M. Kamada, This Bulletin, 40, 2839 (1967).

1971)
O~0O
+01 -o/o/o . OOOOOD
A—4 ‘MAAAA §)
o umumns%
t o —
) 35 @ S 5
< (KK) "2 o 4"
-01f o\
(o
o
) \3
—02} 3 \
Fig. 1. AD for [Co(NHj)e] (ClO,)s-KI-NaClO, solutions of

ca=0.002m; cn=0.002m([]),

ionic strength of 0.062.
0.006M(A) and 0.010M(Q)

rations of the complex ion, but with the same iodide
concentration. An isosbestic point exists at »=40.7%
0.1 kK and 4D=0. Here, ey..cn Is equal to &,
which was measured to be 1600+ 150. This observa-
tion implies that the above-mentioned assumptions are
a good approximation.

Assuming different values of [M-A] and using the
observed £, values, we calculated ey..cy for each
wave number and drew hypothetical absorption curves.
Only certain values of [M:A] within a narrow range
gave absorption curves of a reasonable shape. Thus, we
obtained 2300300 for the ¢y.a«c;) value at 37.3 kK,
where the charge transfer band has its maximum, and
1150= 150 at 32.3 kK, where measurements were made
for the determination of the ion-association constants,
as will be described below.

We define the partial ion-association constants for the
separated and contact ion-pairs as well as the total ion-
association constant as follows:

— [M_él K - _[M-A]
v = [MI[A]” Ko = IMOTA]
_ [M..A]+[M-A] _ X
K= Kooy + Koo = =NAAT = (ca—m)(ea—s)

where x is the total molar concentration of ion-pairs.
Combining these equations with Eq. (1), one has:

ey K(cy+cp—x) 1

4D Keoni(€u.aom — €a) Keoni(€x.accm —&4)
Plots of the observable quantity on the left-hand side
vs. ¢cu~+cs—x (where x is a small correction to be con-
sidered in successive approximations) will give the total
ion-association constant, K, as (slope)/(intercept). Ac-
tually, from spectrophotometric measurements at 32.3
kK on aqueous [Co(NH,),] I1;-KI systems of a constant
ionic strength of 0.06, we obtained 9.0%0.6 for K and
2.41 x10-* for the intercept, 1/{Kcon. (&m.atcm — €a)}-
The latter, in combination with the ey.am value
given above, leads to the values of the partial ion-as-
sociation constants: 3.6+0.5 for K., and, accord-
ingly, 5.4%+0.8 for K.




