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In 1936 Job! studied spectrophotometrically the nickel(1I)-
bromide complex formation in concentrated hydrogen bro-
mide solutions and found values for 8, = 107> 2 mol~2 and
for K,K, =~ 107*#% 12 mol~? under the assumption that NiBr,
and NiBr,>~ were the only complexes. It is noteworthy
that Job in his calculations applied semi-thermodynamic
stability constants in which the bromide concentrations are
substituted by y.[Br]. Retajczyk and Hune? studied spec-
trophotometrically the complex formation in 8.5-11.7 M
LiBr solutions and estimated the semi-thermodynamic sta-
bility constant K, to have the value 107*% | mol~!. Other
authors®>® have studied the complex formation at high ionic
strength held constant with sodium perchlorate and ob-
tained uncertain values for the first stability constant. This
method using bromide—perchlorate mixtures works well if
the stability constants are not too small (K, > 11 mol™?),
but fails in the case of very weak complex formation. This
has been discussed recently.’

In this paper the first stability constant is estimated in
LiBr solutions by analysis of the absorption spectra of
solutions which only contain two species. The semi-thermo-
dynamic mass action law with y5[Br~] substituted for the
bromide ion concentration was used. K, was calculated to
be 1072, which is somewhat smaller than the value found
for the corresponding constant (1071#?) in the Ni(II)-LiCl
system.® The red shift of the main absofption band on
uptake of the first bromide ion was found to be 17 nm,
which may be compared to the shift of 16 nm in the chloride
system.? It is estimated from the red shifts of the measured
spectra that a yellow dibromonickel(II) complex is dom-
inating in 10-11 M LiBr.

Experimental

The chemicals used were of analytical grade. The nearly
saturated stock solution of LiBr was analysed by Volhard
titration. The small Ni(IT) concentration was prepared
from a stock solution of NiCl,. Nickel chloride was used
instead of NiBr, without any influence on the precision of

Acta Chemica Scandinavica 44 (1990) 401-403

the measurements. The absorption spectra were measured
with a Cary 118 spectrophotometer thermostatted to 25 °C.

Measurements

The spectra of the Ni(II)-LiBr solutions measured in
the second visible band between 460 and 360 nm are shown
in Fig. 1. The absorption curves up to 7.66 M LiBr (so-
lutions I-V) closely resemble those of mixtures of only two
species and are used to calculate the activity-corrected first
stability constant K,. Three solutions a, b and c with &
increasing in the same order are necessary for this purpose.
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Fig. 1. € vs. A absorption spectra of Ni(ll)}-LiBr solutions in the
second band at 25°C. The shadowed area indicates the
uncertainty in the spectrum of the monobromonickel(ll) complex.
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The required ligand salt activities a, and the measured
molar absorbances are correlated by the following equa-
tion.®

(@s). — (a.)y + [(a2)u(as). — (a.).(a)]K, _ €&~ &
(at)c - (ai)a + [(at)b(at)c - (at)a(at)b]Kl Ec - 8al

The LiBr activities (¢, = y$[Br~]) in the studied solutions
as shown in Table 1 are calculated from the isopiestic meas-
urements of Robinson and Stokes.’ The results of the cal-
culations of K, by use of the solutions I, III, IV and V are
shown in Table 2. The ratios (g, — €,) / (g, — &,) of the molar
absorbance differences shown in the table are average val-
ues estimated at 5 nm intervals in the wavelength range
from 395 to 435 nm. The calculated values of the stability
constant are shown in the last column of Table 2. Using the
average value K, = 0.0043 = 0.0007 1 mol!, the ligand
numbers in solutions II, III and IV are calculated to be 77 =
0.03, 0.14 and 0.22, respectively. The spectrum of the
monobromo complex (g,) in Fig. 1 is calculated by use of
the absorption spectrum of solution IV with 7z = 0.22 (the
upper curve with open circles) as well as by use of solution
V with 7 calculated to be 0.48 (the lower curve for g, with
crosses). The data for the maximum of the monobromo
spectrum €, = 10 at 411 nm are compared in Table 3 with
the corresponding data for the studied equilibrium so-
lutions. The red shift of A, from the hexa-aqua ion to the
monobromo complex is found to be 17 nm. It is a common
rule'” that the shift of the absorption band is almost the
same for each step in a normal complex system. It is there-

Table 1. Activity of LiBr on molar basis in the studied Ni(ll)-
bromide solutions.®

No. CrnigyM Ci™M 75 Yi[Brr]  auo
| 0.0587 0 ~0.5 ~0.06 1

] 0.0587 3.48 1.995 694 0.83

I} 0.0587 5.80 6.03 35.0 0.60

v 0.0587 6.50 8.91 57.9 0.51

\ 0.0391 7.66 19.5 149.3 0.37
vi 0.0391 9.28 70.8 657 0.224
Vil 0.0391 10.44 158.5 1655 0.132
Vil 0.0391 11.14 251 2796 0.100

Table 3. € and \ data for the maxima and values of ligand

numbers (A,) estimated from the red shift (A)) of the absorption

curves.
No. €max )"max A)‘-ma)( ﬁA ﬁ:alc
| 5.15 394 0 0 0
Il 5.25 3945 05 ~0.03 0.029
i 5.6 399 3 ~0.18 0.14
v 5.95 397 5 ~0.29 0.22
\" 7.0 404 10 ~0.58 0.48+0.01
€ 10.2 411 17 1 1
Vi 10.75 415 21 ~1.24 1.2710.11
Vil 13.7 426 32 ~1.88 1.87+0.16
Vit 156.3 433 39 ~2.29 2.17+0.21
aCalculated with K; = 0.0043 | mol~', K, = % K,, K5 = s K;.

Table 2. Estimations of the first stability constant in the Ni(il)-
bromide system by analysis of isosbestic absorption spectra.

Solutions used € — & __INiBr']

€ — & T INEBrly:
I, 1,V 0.650+0.008 0.0051+0.0005
1, IV, V 0.515+£0.012 0.0033+0.0005
1,10, v 0.344+0.010 0.0044+0.0009

Av. 0.0043+0.0007
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The uncertainties in i, are estimated under the assumption
that K, can vary between s K, and ' K,, and K, between % K,
and Y K;.

fore reasonable to assume that AA is roughly proportional
to 71, and the values given for 71, in Table 3 are calculated
under this assumption. The values are seen to agree fairly
well with those 7, in the last column of the table. In order
to calculate A for the solutions V-VIII it is necessary to
make some assumptions about the succeeding stability con-
stants K, and K;. The ri-values in Table 3 are calculated
under the assumption that K, = /s K, and k; = % K,. The
uncertainties in these values are estimated under the as-
sumption that K, can vary between /5 K, and /5 K|, and K,
between % K, and s K.

Discussion

The semi-thermodynamic mass action expression given
by eqn. (1), where a; = [L]y5, has been used in several
papers by the author®!''? to estimate small stability con-
stants in aqueous systems of complexes formed from the
metal ion in the presence of only the complex-forming salt
in high concentration.

Kn = [M Ln]/[M Ln—l] ay (1)

The basis for using this mass action law is discussed in Ref.
7. The binding of a ligand ion in aqueous solution is accom-
panied by displacement of a water molecule. One could
therefore expect that eqn. (2), where ay is the water
activity, would give better approximations of the thermo-
dynamic constants.

K,=[ML,] ay,o/ (M L] a (2

However, one cannot be sure that this always is the case. In
the copper(Il) chloride system'? it has been shown that
calculation of K, in concentrated chloride solutions by use
of eqn. (1) gave nearly the same results as those calculated
with an activity function adjusted to the measurements. For
the robust chromium(III) chloride system' using HPLC



measurements the ratios between the concentrations of
succeeding complexes in equilibrium solutions have been
determined over large ranges of LiCl concentrations. Since
it was found for this chromium system that eqn. (2) gives
decreasing values of K, and K, with an increase in the LiCl
concentration, while the use of eqn. (1) gives increasing
values, so that neither of these treatments is exact.

It is eqn. (1) which is used in the present paper and also
in the previous paper on nickel(IT) chloride.® The value of
K, calculated by use of eqn. (2), which on average is
determined to be 0.0053 1 mol ™!, is not appreciably differ-
ent from that calculated by use of eqn. (1), 0.0043 1 mol 1.
However, the much larger activity correction caused by the
decreasing water activity (cf. Table 1) in the first results in
higher 7i-values, with the consequence that the calculated
spectrum of the monobromo complex is situated at a lower
wavelength (407 nm) and with a lower value for ¢,,, = 8
than the monobromo spectrum calculated by use of eqn.
(1) and situated at 411 nm with ¢,,, = 10, cf. Fig. 1. A
closer discussion of the problems by using semithermo-
dynamic mass-action constants will be made in a forth-
coming paper dealing with complex formation in the chro-
mium(IIT) bromide system.
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