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Introduction

In a previous paper 7/ an equation relating the overall
stability constants of the metal complexes for a given metal-ligand
system was derived. On 9 metal hal_ogenide systems it was dempr}-
strated that the formation function » | as defined by Bjerrum
for each system could be constructed by using a set of stability
constants correlated according to Eq. (13) of Ref. /’/_ - This practi-
cally does not differ from the formation function # | set up when
using the values of the stability constants reported by the authors
of the corresponding papers. In order to see if the same relation
is applifable to experimental data from which the complexity
function 7/ is set up we directed our attantion to data obtained
by the polarographic method as one of the most extensively used for
the determination of the consequtive stability constants of metal
complexes.

In the present paper the validity of the relation connecting
the overall stability constants is demonstrated on four metal-inoyga-
nic ligand systems: cadmium thiocyanate 74/, lead thiocyanate/*
cadmium iodide /% and rhedium chloride /77. It was assumed that
these systemns satisfied the requirements encountered in Ref.
e.g., 1) the concentration of the complex forming metal # " is
sufficiently low so the formation of polynuclear complexes could
be neglected. ii) the metal #™* does not participatein side reactions
neither with the ligand L™of the inertelectrolyte nor with o4 ~groups.
iii) the ionic strength of the solution is sufficiently low, so the
formation of ion-pairs (outer sphere -zomplexes) between the
negatively charged metal complexes and the C* -ions coming from
the dissociation of the CL and CL ‘electrolytes, could be neglected.
iv) the activity coefficients of all species are considered constant, so



concentration terms could be used instead of activities inall
equations expressing the equilibria in solution.

Calculation of the Overall Stability Constants

According to the DeFord and Hume’s method 78/

F=antilog 0,435 2E_[(E)) )5 ~(E7,)c1+ 102 35 1. W
RT Jc

Here the signs are the same as those In Ref. /“/, which became

conventional. The right-hand side of Eq. (1) includes experimentally

measurable quantities. On the other hand the complexity function

F  is defined as .

Fale L)+ BALY 4. 4B, L) 4en + Byl) ) @

where (L) is the ligand concentration, n is the number of ligands;
0sns N, N is the coordination number of the complex forming
metal M , B, is the overall stability constant of the complex ML, .
From the experimental data the complexity function F, whlch is
a pelynomial in () is set up. The coefficients of the latter are the
required 8, . Graphical extrapolation reduces the polynomial (2) to.
N equations from which the corresponding S8, are obtained.

If the mathematica! model of the complex formation process
advanced in Ref./#/is valid, for the stability constants of the metal
complexes formed by the reaction: ¥ +nL =ML, , Eq. (13) of Ref./?/
will be true -

4, .8"
Bo=A- 2. )

‘Then, the complexity function could be expressed by the following
equation

N gn .
Feled X o0 (L)% @

where 4 and s are constants, The values of the constants A and @
could be obtained by solving the following two equations:
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where F’ and F”" are the values of the experimental F function at
ligand concentrations (L°) and (L"), respectively.

When n<5 the values of A and @ are obtained as real roots
of Egs. (5) and (6) by conventional methods. When n >3 ap
approximate solution could be gotten.

The validity of the set of constants, calculated by the authors
of the corresponding papers and by the present method is tested by
substitutinn of these values into Eq. (2). The values of F,.e cor-
responding to a given valueof (L) are thencalculated and compared
with the appropriate value Fe,,. The quantities AF =I/FcyfFcaseFoxp100
are also calculated for each data point. As a measure of the overall
goodness of fit the quantity

S=const -3 =1 L T, ((F J(F i)t const m
is used /9/ , where (F__); is the experimental value of F in the
it data point, (F.ae )i 18 the calculated vaiueof F in the - fh
data point, #; =I/(0.)} , (s )? is the variance of F in the
¢th data point, X Is the number of degree of freedom of the system.
We could not estimate (a,,-),’ from experimental considerations,
s¢ we have applied Eq. (7) as an estimate for the overall goodness
of flts, assuming as others did 710/ that the following relation is
hotd

2

)y o (8)

2
(og),; =const-(Fup
It is evident that smaller the value of the S -factor better the
corresponding fit.

The F function expressed by Eg. (4) has an advantage in
comparison to Eq. (2) and the extrapolation procedure that once



A and @ constants are determined,all stability constants could be
obtained simultaneously with higher accuracy for the higher comple-
xes than it is done by the extrapolation procedure.

Results and Discussion

Only systems for which the F function is a polynomial of
higher order than 2 in (L) have been selected for analysis, because
if 1<2 in Eq. (2) always two constants A and a regpectively could
be found to satisfy thisrelation. Butwe do not consider this as a suf-
ficient justification that the mathematical model advanced in the
previous paper 1/ s wvalid for a glven metal ligand system.

Cadmium Thiocyanate System

This system had beea studied by D.N.Hume, D.D.DeFord and
G.C.B.Cave 4/, The experimental data had been obtained at constant
temperature of 30% 0.i°C and a constant ionic strength of 2, kept
by using potassium nitrate as aninertelectrolyte. The authors of the
above rmentioned paper have reported the following values of the
stabili‘y constants: B ,= 11+ 0.5; B,= 561 2; Br 6+ 5and Bs=80+ 10.
We have applied to this system the mathematical analysis described
in the previous part of this paper. The values of the experimental
F function at each ligand concentration were taken from Table I of
Ref./4/ where they are denoted as Fy . Using Egs. (5) and (6) the
following values for the constants were obtained: A = 3.48and a= 4.2
respectively. According to Eq. (3) the stability constants of the
successive cadmium thiocyanate complexes are as follow: 8; =14.6;
B~ 30.7; Bs= 43.0 and S4= 45.1. The fit of the calculated F function
was compared with that of the F functioncalculated by using Eq. (2)
with the values of £, obtained by the authors of Ref.”¥/ and the
results are presentedin Tablel. The S -factordefined as a measure
of the goodness of the fit was calculated for both F.,;. functions
using Eq. (7) and the following values are obtained: S Res./s/ =
=5.3x10"° and S This work = 4.0x10~? respectively. In Fig. 1 the
mole fractions of the cadmium thiocyanate complexes as a function
of the ligand concentration of the solution are shown. Our results
are presented as a solid line apnd those cailculated on the bhasis of
the 8, values taken from Ref./#/ as a dashed line.



Lead Thiocyanate System

This system had been studied by W.G.Leonard, E.G.Smith ..ad
D.N.Hume/5/ at a constant temperature of 25 * 0.i°C and ionic
strength of 2 maintained by using ¥aCi0, as an inert electrolyte.
The authors of that paper have reported the following values for the
stability constants: §; = 3.5; B2=17.5; B; > 0and B, = Trespective-
ly. These figures indicate that the complexity of the system is very
weak. In this case, as it was pointed out by tLe authors of Ref.’%/ |
the experimental errors are high. The additional accumuiation of
errors in the course of the successive extrapolation procedure
applied make the values of 8, obtained with smaller degree of
confidence. Probably, this is the reason why the method is not
sensitive to the presence of the intermediate c?ryplex Pb(CNS)3 .Here
again the F.,,taken from Table I of Ref. 5 was analyzed in the
same manner as described above and the following values were
obtained for the constants: A= 0.87 and a = 3.447. The stability
constants calculated by using Eq. (3)are: 87 = 3.0; 82=5.2;85 = 5.9
and 8,= 5.1. The fits done by the authors of Ref. /5/ and by us are
compared and the results are presented in Tablell. The § -factors
caleulated by using Eq. (7)are: Sger/s/ = 2.1x10~2 and Sp,.,0 w30
=1.5x102 respectively. The mole fractions of lead thiocyanate
complexes as a function of the ligand concentration in the solution
are shown in Fig. 2, where the solid line is used for the mole
fractions calculated by using the set of stabllity constants obtained
by the present method and the dashed line is used for the mole
fractions calculated by ),lslng the set of stability constants reported
by the authors of Ref. 75/,

Cadmium Iodide System

Cadmium iodide system had been studied by Y.I.Turyan and
G.F.Serova /6/ at temperature of 25 * 0.3°C and ionic strength of
0.1 kept by using potassium nitrate as an inert electrolyte. The
values of the stability constants reported by the authors are:
Br = 250; B,= 4500 and Bs= 45000. As a result of the mathematifﬁl
analysis applied to the Foxp function taken from Table II of Ref.
we have found that a better fit to the F,, is achieved if a poly-
nomial of four order in (L) 1is used with tﬁe following values of the
constants: 8;= 209; B,= 2700;8; = 24000 and B4 = 160000, which



satisfy the relation (3) where A= 7.4land 2= 27.0. The comparison
of the fit F.,;.. SO obtained and that when using the values of the
stability constants reported by the authors of Ref. 6/ is presented
in Table III. The S -factors calculated on the basis of Eq. (7) are:
Srer./s! = 3.2x10~1 and Stpis woi 3. 4x10~2 respectively. The mole
fractions of the corresponding complexes as a function of the ligand
concentration in the solution are given in Fig. 3, where the solid
line is used for our results and the dashed line for the mole
fractions calculated using the )'alues of the stability constants
reported by the authors of Ref. /s Asis seen in Fig. 3 irrespective
of the fact that a high value for the stability constant of Cdl2™ is
obtained by us, its concentration is practically negligible to ligand
concentration of 5.36x10™°M i.e. to the data point before the last one,
In the last data point this complex is about 189, of the total concentra-
tion of cadmium (central group) in the solution.

Rhodium (III) - Chloride System

This system had been studied by D.Cozzi and F. Pantam/ 7

Hydrochloric acid had been used as an electrolyte supplying the
solution with Cr- ions. Tke concentrationof H* ionshadbeen kept
constant equal to unity by adding HCi0, to the solution as an inert
electrolyte. The authors of the above-mentioned paper reported the
following values of the stability constants of the rhodium chloride
complexes: B, = 2. ax102 ; ﬂz = 3.5%10Y ; Bi= 8.3x10° ;B=
= 1.2x107 ; B.= 5.6x10° and 7 = 2.7x10% respectively. The mathe-
matical analysis as described above was appliedon the F.,, function
taken from Table V of Ref./”/ . It revealed that a polynomial of the
fifth order in (L) with the following constants: B;= 4.20x107 ;
Ba= 2. 41x10* ; B; = 9.26x10 % B, = 2.66x10" and B;= 6.12x108 ,
which satisfy Eq. (3), where A= 3.65and a= 115, fits the data better
than the polynomial of sixtl} order in (L) with the constants reported
by the authors of Ref. The comparison of the calculated
F functions is presented in Table IV. The estimate of the goodness
of both fits is done by calculating the S -factors using Eq. (7). They
are found to be as follows: SRer/7/ = 6.5X10~2 and Sppis work =
= 9.7x10~3 respectively. The mole fractions of the rhodium chloride
complexes as a function of the ligand concentration in the solution
are shown in Fig. 4, where our results are presented as a solid line
and those obtained when using, the values of the stability constants
reported by Cozzi and Pantani/’ as a dashed line.



In a conclusion it may be said, that the proposed mathematical
mode! 7’ could be consider as a sufficiently good approximation
of the complex formation process takingplace inall for metal-ligand
systems analyzed. This conclusion is supported first by the fact that
an inspection on the S -facters indicates better fits in all cases
when the 8, wvalues obtained in this work 1re used and second by
the fact that the number of constants is fewer. From the mathemati-
cal point of view, when some fenomenon is equally well described,
let us say, by two matheinatical models, that one which explains the
experimental data with the fewest number of parameters is the best
model.
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C of the 1 and ty
for the system
Hume ot al. This work

(¢3)] Porn Pogic (a7 Pealc a?

in % in %
0.I 2,65 2.67 0,75 2,81 6.04
Q.2 557 5.58 0,18 5.56 - 0,18
0.3 9.44 9.99 583 9.67 2.44
Q.4 15.00 16.28 8.53 15,66 4.40
0.5 26.4 25.0 - 5,30 .17 - 8,33
0.7 53.8 526 | - 2.23 SIAI | - AT2
1.0 I23.6 134.0 8.41 134.4 8,74
I.5 447 468 0, 465 - 0,43
2.0 1274 1255 - 1.4 1219 - 4,32




Table It
Comparison of the experimental and calcuinted complexity

tor the lead yanate system

Leonerd et sl. This work
() ’oxp Pc:nlc L4 !calc ¥
' in % in %
0.1 I.38 I.42 2.90 I.36 ~ I.45
0.2 I.41 2,01 42,55 I1.86 31.91
0.3 2.81 2,78 =~ I.07 2,57 ~ Bs54
0.4 3452 3.78 T.32 3.54 0.57
Q.5 4.60 5406 10.00 4,86 5.65
Q.6 Te00~ 6,TI - 4,14 6,61 - 957
0.8 I2.2 I1.5 - 5.74 I1.B - 3.28
0.9 15.6 I4.8 - 5.I3 I5.6 0.00
I.0 19.0 19.0 0.00 20.2 6,31
I.I 22,6 24,2 7.08 25.9 I4.60
I.3 36.9 38.2 3.52 4I.2 II,65
1.4 49.9 47.5 - 4.81 5I.2 2.60
I.7 92 a7 - 5.43 93 I.02
I.e 108 105 - 2.78 IIT 2.78
1.9 I4I 126 - I0.64 132 -6 "3
2.0 165 150 ~ 9.09 157 - 4.64



Comparison of the experimenta) and calculated complexity

Table 111

funciions for the cadmium lodide system

Turyan & Serava This work

(L) 'Cﬂ 'unle aP l°‘1° AP_

) in % in %
1.2421073 1.50 1.32 |- 12.00 1.25 - 16.67
47731073 2.19 2,30 5,02 2,02 - 1.76
1.00x10"2 3.54 3.99 12,71 3.30 - 6.8
1.29x1072 4,55 5,06 | II.21 4,09 - 10,II
2.75x1072 7.35 12,22 66,26 9.13 24,22
5.36x10"2 21.0 3403 63.33| 244 16,19
I.OQ!IO-I 9I.2 1I6.0 27.19 as,.o - 3,51



Table IV
Comparison of the experimental and calculated complexity

for the [113] syatem

Cossl & Pantani This work
45} L L TN a? L T a?
M in® in %
0.01 9.25 8.31 - 10.16 | 8.87 - 4.1
0,02 3.81x10% 3.I0010% | - 18.64 3. 21z10t |- 1417
0,04 2,46x10° | 2.102102 |« 74.63 | 2,46x10? 0.00
0,06 1.00x10% 3.27x10° | - 7.30 | z.13010° 13.00
0.08 3.24x10®  [3.070107 |- 5.25 | 37610 | 16,05
0.I 9.35:10°  |8.28170° |- I1.44 | 9.99210° 6.84
0.2 2.52x10°  |2.24210° |« ITII | 2.47x10° | - I.98
0.4 6.62x10% | 7.21x10° 8.91 | 7.0rx1of 5.89
0.6 4902107 | 5.79x107 18.16 | 5.122707 449
0.8 2.24210% | 2.60270° 16,07 | 2.12516® | - 5,36
1.0 6.45x10% |8, 43270 30,70 | 6.40m1® | - 0.70
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Fig. 1. Distribution of complex species in the cadmium thiocyanate
system.
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Fig. 2. Distribution of complex species in the lead thiocyanate system.
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P eglt)

Fig. 3. Distribution of complex species in cadmium iodide system.
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Fig. 4. Distribution of complex species in the rhodium chloride
system.



