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The weak chloro complex formation in nickel(II)
chloride solutions has been studied by several
authors. Moore and Kraus,' using anion ex-
change found no evidence for anion complexes
even in 12 M HCI, but other authors>* have
shown the existence of both mono- and dichloro
complexes in rather concentrated hydrochloric
acid solutions. Other workers®® have made de-
terminations of the 1st stability constant at con-
stant ionic strength and obtained values of K
varying from 0.1 to 0.6 | mol™', whereas Halloff
and Vannerberg!® determined B, = KK, to be
0.13 I> mol~? in 4 M Na(Cl, ClO,), and found no
evidence for NiCl*. More trustworthy results are
obtained from the spectrophotometric measure-
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G 1 Fig. 2. ,\ absorption spectra of Ni(ll)—LiCl solutions
(2nd visible band) at 25°C.

1

0 -
440
580 .

6%
a2 -  ments of Paatero and Hummelstedt.! These au-

928 thors corrected their data to zero ionic strength
07 making simplifying assumptions about the activ-
ity coefficients and estimated K;~0.05 1 mol™
and f,~0.8x107* 12 mol 2.

In this work the stability constants in concen-
trated HCI and LiCl solutions have been deter-
mined by analysis of the absorption spectra. The
necessary activity corrections of the concentra-
460 440 420 400 380 350 nm  tion constants were obtained by substituting the
Fig. 1. €, absorption spectra of Ni(ll)—HC! solutions  chloride concentration with ag- = y¢ [Cl7]
(2nd visible band) at 25°C. where y{© are the mean activity coefficients of the
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Table 1. Calculated chloride activities in the NiCl,,
HCI solutions at 25°C.

No.  Cnic, Chual log Yhici- Yhici ag-
1 0.0586 0.006 040
2 0.0586 4.40 0.40 2,51 11.04
3 0.0586 5,80 0.635 4315 2503
4 0.0586 6.96 0845 7.00 487

5 0.0586 8.12 1.08 97.4

6 0.0586 9.28 1.28 176

7 00586  10.67 154 369

Table 2. Calculated chloride activities in the NiCl,,
LiCl solutions at 25°C.

No. Cnic, Cuct Cua log i Yl  acr-
1 00586 0 0.006 0.10
2 00586 294 005 0.0 126 377
3 00586 454 006 035 224 03
4 00586 612 006 065 447 276
5 00586 1246 004 162 417 521

complex-forming electrolytes converted to a mo-
lar basis. This approximation is found to work
well in the case of small stability constants where
the constant ionic strength principle fails com-
pletely.'> Using this approximation, K is deter-
mined to be about 0.01 1 mol™! in HCI, and K,
about 0.015 1 mol ™! in LiCl solutions. B, could not
be determined directly but was tentatively esti-
mated to be (0.3-0.8)x107* I* mol 2,

The measurements were made in concentrated
HCl and LiCl solutions, monitoring the 2nd vis-
ible absorption band, and the spectra of the stud-
ied solutions are shown in Figs. 1 and 2. The
absorption curves up to 6-7 M chloride concen-
trations (solutions 1-4) in both Figs. 1 and 2
correspond approximately to those of mixtures of
only two species, and are used to calculate the
activity-corrected constant K, using the earlier
derived formula.'>" For three solutions I, II and
IIT with ¢ increasing in the same order, the equa-
tion for determining K; is given by eqn. (1).*

* An apology is due for a misprint in the formula for
determining K, in Ref. 12.
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From the spectra in the hydrochloric acid so-
lutions, K, is calculated to be 0.0089 with g, —
&y/e, — €, = 0.40 £ 0.015, and to be 0.0092 with g,
— &,/g, — g, = 0.51 £ 0.015. From the spectra in
the LiCl solutions, K, is calculated to be 0.010
with g,~¢/g,~¢, = 0.57 + 0.01, and to be 0.025
with g,~¢,/e,~¢, = 0.78 + 0.01. Under consid-
eration of the great uncertainty in the calcula-
tions, K, in the HCI solutions from these results
may be taken to be 0.010 = 0.005 I mol™’, and to
be 0.015 + 0.005 1 mol™! in the LiCl solutions.
The chloride activities used in the calculations are
shown in Tables 1 and 2. They are converted to a
molar basis from the values of YT given by Rob-
inson and Stokes.™

Discussion. The spectrum of the monochloro
complex (g,) is shown in Fig. 2, and is computed
from the composition of soln. 4 with Cj ¢, =
6.12 M. The fraction of the monochloro complex,
a,, is 0.292 calculated with K, = 0.015 1 mol™},
and @ = 0.359 if K, tentatively is taken to be
0.005 1 mol~". For soln. 6 with Cyq, = 9.28 M the
ligand number is calculated to be 1.00 with K, =
0.01 1 mol™! and K, tentatively taken to be 0.003 1
mol~'. This solution consequently closely repro-
duces the average spectrum of the monochloro
complex. The bond breadth of this spectrum is,
as could be expected, somewhat larger than that
calculated for €; on the basis of the measurements
on LiCl solutions. However, it will be noticed
that €,,, and A, have nearly the same values as
those computed for ¢, in Fig. 2.

The red shift of the spectrum of the hexaaqua
ion (with A, at 392.5 nm) to that of the mono-
chloro complex (with A, at 408-410 nm) is about
16.5 nm. A shift of the same magnitude from the
monochloro complex is found for soln. 5 in 12.46
M LiCl, with A, at 425 nm. It can therefore be
concluded that the spectrum of soln. 5 must
closely represent the average spectrum of the
dichloro complex. The ligand number in this so-
lution with ag- = 521 is calculated to be 2.12
when it is tentatively assumed that K, = 1/3 K|
and K; = 1/9 K.

The spectra discussed were all measured for
the 2nd visible absorption band. The spectra of
three solutions measured for the 1st visible band

(acr)m — g + {(ac-)ilac-)m — (ac-)kac-) i} Kq h
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Fig. 3. £, absorption spectra of Ni(ll)—chloride

solutions (1st visible band) at 25°C. 1. Gy, =
0.0586, 2. Gy = 9.28, 3. Cyjc; = 12.46 M.

are shown in Fig. 3, namely those of the hexa-
aqua ion, of soln. 6 in Fig. 1 with i = 1.00, and of
soln. 5 in Fig. 2.

Experimental. The chemicals used were of analyt-
ical grade. Stock solutions of NiCl,- 6 H,O p.a..
were analysed by electrolysis. The stock solutions
of 37 % HCI and nearly saturated LiCl were ana-
lysed by acid—base and Volhard titrations. The
absorption spectra were measured with a Cary
118 spectrophotometer thermostatted to 25 °C.
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