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According to the contemporary theory of
step equilibria of complexes in solution, we

have
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In a previous report!], one of the authors
considered that there similarity between
the adsorption and the complex formation in
solution, the solute and the adsorbent being
similar to the ligand and the metal ion respec-
tively. Thus in the Freundlich adsorption
isotherm, e.g.,

x/m = k(C)?, (3)

C corresponds to (L), x is the amount of
adsorbed solute, which is proportional to the
total concentration of complexed ligands, i.e.,
C.— (L), and 2 is proportional to C,, so that

CL_'

is

n =

or

n=k(L)?,
nY — j“ dln (L) — % (LY. (4)

The above relationships were verified by plot-
ting log 7 vs. log(L) or log log Y vs. log(L)
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and satisfactory straight lines were obtained
for a number of complex systems as follows:

TI* and SCN~ complex system:

log Y = 0.758( L), 7 = 1.57(L )",
Pb** and SCN~ complex system:

log Y = 1.66(L)%%*2, 7 = 3.17(L)"*%2,

Later, we and Pai Ming-chang found®
some other complex systems to have fitted
the  Langmuir better  than
Freundlich’s, e.g.,

equation

Cd**—pyridine system:

22.3(L)
1+ 6.63(L)°

Y = [1 + 6.14(L) >,

7=

UOFT-CH,CICOO™ system:

25.0(L) |
1+ 8.42(L)°

Zs*t-F~ system:

6.21 X 105(L) .
1+ 1.067 X 10°(L) ’

Pb**-NOj system:
Y = [1 + 0.608(L)T".

7=

7=

In the present report, we have further
generalized the expressions to those similar to
Sips’ adsorption isotherm!® so that they can
be fitted to the experimental curves of the
most complex systems:
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5= Na(L)?* a(L)? = x?,
14 a(L)?’ :
«(L) blogY _ x P _p
log Y = %log [1+ «(L)%]. (5) N " N ’
These expressions include the Langmuir iso- so that (5) reduces to
therm (when &= 1) and the Freundlich b
isotherm (when 2(L)?«1) as two special 6= 14 b X = log(1 + ). (6)

cases.

In order to determine the constants
N, a, b in (5) from the experimental data,
we putl®

If the experimental curve is Y = f(L), then
we find the relations between X and x, taking.
b as a parameter (Table 1).

Table 1

X as a Function of x

b=1.2 b=1.0 b=0.8 b=0.6
X
1+ xb X 1+ xb X 1+ xb X 1+ xt X

102 1.00398 | 0.001730 1.01000 | 0.004321 1.02512 | 0.010774 1.06310 0.026573
101 1.06310 0.026573 1.10000 0.041393 1.15849 0.063892 1.25119 0.097323

1 2.00000 | 0.301030 2.00000 | 0.301030 2.00000 | 0.301030 2.00000 0.301030
10 16.489 1.22657 11.0000 1.04139 7.3096 0.863894 4.9811 0.69733
102 252.19 2.40173 101.000 2.00432 40.811 1.61078 16.849 1.22657
103 3982.1 3.60011 1001.00 3,00043 252.19 2.40173 64.096 1.80683

Plot X = f(x) for different values of &
on a transparent paper (standard curves in
Fig. 1) and fit it with the experimental
log Y = f(L) curve. If the standard curve
with parameter b fits the experimental one
best, and the origin of the standard curve is
at L, and log Y, then

b=1b, a=(L)™,

If the available experimental data are
7 =f(L), then we plot the standard curves
6 = f(x), and the constants N, 2, b may be
determined by a similar process.

N = b logY,.

Figure 2 is the experimental logyY wvs.
(L) curve for the Bit**-Cl~ system!®), which
fits the standard curve for b = 0.7 best, with
the origin at L, = 0.15, logY, = 10.5, so
that

b=10.7, a=(0.15)""" = 377,

N = 0.7 X 10.5 = 7.35,

logY = 10.510g [1 + 3.77(L)%"].

Figure 3 is the experimental # vs. (L)
curve for the UOF -Ac™ system!®), which fits
the standard 6 vs. x curve for & = 1.3 best,
the

with origin at L, = 7.8 X 10 and
7, = 3.0, so that
b=13, a=(7.8X 10723 = 550,

N = 3.0,
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Fig. 1. Standard curves.
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logY as a function of (L) for the
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7 as a function of (L) for the
UOf+-Ac~ system.
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In order to study the scope of applica-
bility of the proposed method we have
analysed more than one hundred complex
systems of different types, and found that
there are two types of complex equilibria.
The first type consists of those of chelate
systems which are very stable, and the sepa-
ration between the successive stability con-
stants is very sharp and distinct. To these
systems the theory of successive step forma-
tion applies very well. Complexes of the
second type are those of monodentate ligands,
especially of inorganic ligands, which are not
very stable and the successive formation of the
complexes is vague and indistinct. For these
systems the adsorption theory applies better.

REFERENCES

[1] Hsu, Kwang-hsien 1961 Acta Chim. Sinica, 27,
93.

[2] Li, Lo-ming, Pai, Ming-chang, & Hsu, Kwang-
hsien 1963 Kexue Torgbao, No. 1, p. 55.

[3] Sips, R. 1948 ]. Chem. Phys., 16, 490.

[4] Sillén, L. G. 1956 Acta Chem. Scand., 10,
186; Rossotti, F. J. C. & Rossotti, H. 1961
Determination of Stability Constants, pp. 87, 94,
393, 360.

[51 Ahrland, S. & Grenthe, L
Scand., 11, 1111.

[6] Ahrland, S. 1951 Actea Chem. Scand., 5, 199.

1957 Acta Chem.




