2032

STUDY OF PROPERTIES OF COMPLEXES OF SNAZOXS

AND NAPHTHYLAZOXINE 6S WITH COPPER(I), ZINCAI)

AND LEAD(II) IONS IN SOLUTION BY NON-LINEAR REGRESSION
OF SPECTROPHOTOMETRIC DATA*

Milan MELOUN and Jan PaNCL**

Analytical Chemistry Department,
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Complexation equilibria of two metallochromic indicators piz. 7-(4-sulpho-1-naphthylazo)-
-8-hydroxyquinoline-5-sulphonic acid (SNAZOXS) and 7-(6-sulpho-2-naphthylazo)-8-hydroxy-
quinoline-5-sulphonic acid (Naphthylazoxine 6S) with copper(Il), zinc(Il), and lead(Il) ions
have been studied by various spectrophotometric methods in 0-1m-NaClO4 medium at 25°C.
Number of the coloured complexes in solution, their stoichiometry, and their overall and condi-
tional stability constants have been determined by computer-assisted non-linear regression
of the curves of continuous variations, the curves of molar ratios, the absorbance-pH curves,
the curves of corresponding solutions, and by regression matrix analysis of the spectra. Besides
the yellow complexes ML and ML, the orange protonated forms MLH and M(LH), have also
been determined.

The previous communications of this series dealt with protonation equilibria of two 7-aryl-
azo derivatives of 8-hydroxyquinoline-5-sulphonic acid SNAZOXS and Naphthylazoxine. 6S
and with the complex formation equilibria of SNAZOXS with copper(Il), nickel(II), and co- °
balt(Il) ions. The both derivatives are used in analytical chemistry as metallochromic indicators
and are position isomers differing in structure of the 7-arylazo group: SNAZOXS is 7-(4-sulpho-
-1-naphthylazo)-8-hydroxyquinoline-5-sulphonic acid (Z), Naphthylazoxine 6S is 7-(6-sulpho-
-2-naphthylazo)-8-hydroxyquinoline-5-sulphonic acid (/7).

The present communication deals with the complex formation equilibria, i.e.
determination of number of complexes, their stoichiometry, and stability constants

of the both indicators with copper(Il), zinc(Il), and lead(Il) ions by computer-
assisted non-linear regression of some absorbance dependences.

Part 111 in the series Complexation Equilibria of Some Azo Derivatives of 8-Hydroxy-
quinoling-5-sulphonic Acid; Part II: This Journal 43, 1027 (1978).

** Present address: J. Heyrovsky Institute of Physical Chemistry and Electrochemistry,
12138 Prague 2.

*
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EXPERIMENTAL

Chemicals and Solutions

Zinc(I1) and lead(I1) nitrates were prepared from p.a. chemicals (Lachema), and their solutions
were standardized by chelatometric titration. The other reagents are described in the previous
communication' =3,

Spectrophotometric Measurements

The spectrophotometric measurements involving spectral records for investigation and evalua-
tion of the equilibrium, records of curves of continuous variations, curves of molar ratios, and
absorbance-pH curves were described in the previous communication®.

For measurements of the curves of corresponding solutions 10 ml solution containing the
metal in buffer was pipetted in one titration flask, and 10 ml pure buffer was pipetted into another
titration flask. Mixture of the coloured ligand, metal and buffer and mixture of pure ligand and
buffer of the same volume were added in the former and the latter flask, respectively, by means
of piston microburettes. The solutions were transported from the respective titration flasks into
the sample and the reference cells by means of a plunger device, whereupon absorbance was
measured, and the whole cycle was repeated. The cells of 50-02, 10-01 and 5-02 mm pathlengths
were used.

Methods of Evaluation of Experimental Data
Methods of the regression matrix analysis of spectra, of continuous variation curves, curves
of molar ratios, and absorbance-pH curves are given in ref.3.

Method of corresponding solutions

The spectrophotometric determination of the stability constants f, of gradual formation of the
mononuclear complexes ML, (=1, ..., N) in solution®'> is based on the formation function n
which is defined by the average ligand number bound in the complexes with respect to overall
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concentration of the cation

N
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The absorbance measurement of the corresponding solutions consists in the following proce-
dure: using constant wavelength, the functional dependences 4’ = f(c{) and 4" = f(c{) are
measured in cells of d” and d” pathlengths, respectively, at constant concentrations ¢y and cyy,
respectively, the latter being chosen to fulfil the relation cyd” = cyd”. Values ¢f and ¢f are
read from the curves A = f(c;) at the same absorbance value to give pairs of corresponding
solutions, wherefrom a and [L] are calculated.

Out of a number of procedures""s for calculation of the stability constants from the functional
relation n = f([L]) the methods of linear extrapolation, elimination method, and numerical
method using a computer were chosen.

The formation function (Eq. (1)) was linearized by Rossotti and Rossotti® for N = 2; modi-
fication of (1) gave Eq. (2)

af{(l = [L1} = B, + BILIQ —m/(1 —n), @

describing a straight line whose slope and intercept determine the stability constants 8, and 8,.
Scatchard” modified Eq. ({) to the form

QL) = /(N —n) [L]) . 3)
Extrapolation of the curve Q(L) = f([L]) for [L]— 0 gives the ratio X,/N and hence also the
stability constant X, = 8, whereas extrapolation for [L]— co gives the value N. Ky. For N=2
it is then
By= 8. K; . ON

The elimination methods are applied for N = 2 in the case of two consecutive equilibria. The
formation function can be written in the form

x.py+y.pp=1, )

TasLe I
Transformation Relations of Equation (5)

Parameter Functional relation n = f([L])
Relation
py 143 x y
1 B 8, (1 —n) [LY/n @—mn [LP/n

I 1/8 BalBy /(1 —m) [LD (n—2) [L)/(1 —n)
m Uy BBy ml(@—mLP)  (a—DI@—n) L)
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where the variables x and y are the functional relations n and [L], and the parameters p, and p,
relate to the constants §; and f,, respectively. Possible transformations are given in Table I.
From a pair of the experimental data # and [L] the pair of the values x and y in Eq. (5) is cal-
culated. Linear dependence p,(p,), , between p; and p, is constructed by drawing straight line
through the points (1/x; 0) and (0; 1/y). If p, and p, are constants, then all the straight lines
intersect in one point (p,, p,).

Romary, Donelly and Andrews® published a program for calculation of consecutive stability
constants of the complexes ML, from the formation function n = f(—log L) which was used
in the present work. The program solves a system of independent simultaneous equations

N
n+ Y (@—n[L]".§,=0, 6)
n=1

where S, = K, . K, ... K,,. The consecutive stability constants K, are then determined by solu-
tion of N equations with # unknowns (n = N) by the matrix method of gradual elimination.

Computations

The computations were carried out on computers ODRA 1013 (8 kwords), Hewlett Packard
2116 (16 k) and EC 1040, Robotron (500 k). The programs were in autocode Most F 13 and
in Fortran for the former and the two later computers, respectively.

RESULTS AND DISCUSSION

Description of Absorption Spectra of the Equilibria Studied

Character of absorbance curves of the yellow products formed from SNAZOXS
and Naphthylazoxine 6S with copper(Il), zinc(1l), and lead(II) ions in aqueous
media was studied within the wavelength interval 400 to 650 nm. The absorbance
curves are very similar in character, and, therefore, the equilibria of the both indica-
tors with the mentioned ions will be discussed together. For individual combinations
of the metal with the ligand it is possible to outline three cases of different experi-
mental conditions giving spectral curves of different character.

Table 1I gives description of the absorption spectra of the coloured spzcies present
in solutions with various concentration ratios gy = cy/c. and various pH values
exhibiting distinct isosbestic points for the mentioned equilibria of SNAZOXS
and Naphthylazoxine 6S. :

a) The value qy varied, ¢, and pH constant. In the equilibrium of copper(l})
ions with SNAZOXS and Naphthylazoxine 6S increasing gy value causes the ab-
sorption band of the protonated form of the ligand to disappear and a new band
to appear in the range of shorter wavelengths with the absorption maximum at 443 nm
(SNAZOXS-Cu’*) and 420 nm (Naphthylazoxine 6S-Cu?*). Set of the absorption
spectra for the equilibrium of Naphthylazoxine 6S with Cu?* ions, the ratio gy being
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varied (Fig. 1), exhibits a sharp isosbestic point at 483 nm; in the case of the equi-
librium of SNAZOXS with Cu?* ions the isosbestic point is less sharp at 497 nm.
For each of the both indicators only one equilibrium of complex formation is possible.

In the equilibrium of zinc(Il) ions with the both indicators the increasing gy
value causes an absorption band to be formed in region of shorter wavelengths;
in the equilibrium of Naphthylazoxine 6S this band is distinctly split into two bands
with A, at 440 and 467 nm, their intensity depending on the ratio gy. In the equi-
librium SNAZOXS-Zn?* the splitting of absorption band is not observed and the
respective set of absorption spectra shows a sharp isosbestic point at 487 nm indicating
formation of a single complex, whereas the equilibrium Naphthylazoxine 6S-Zn2*

shows two isosbestic points.

In the equilibrium of lead(II) ions with the both indicators precipitate was formed
with larger excess of Pb2* jons, so that the absorption spectra could be measured
for gy 0 to 10 (SNAZOXS-Pb?*) and 0 to 5 (Naphthylazoxine 6S-Pb**). Increasing
gum causes the absorption band of the ligand to disappear and a new absorption band
to appear in the range of shorter wavelengths. For both SNAZOXS and Naphthylazo-
xine 6S the isosbestic points are not sharp with Pb**, which indicates formation

of more than one complex.

12
A
o= S
5
04 [
400

FiG. 1

I 1
500 nm 600

Absorption Spectra of Solutions of Naphthylazoxine 6S and Copper(II) Ions for Various

Ratios gy = cy/cp

10, 2.0'1; 3 025, 405 510; 6 25,7 50; 8 10; 9 100. (¢, 60. 107 %m; pH 2:02; 7 0-1

(NaClO,); d 10-01 mm; 25°C).
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Properties of Complexes of SNAZOXS and Naphthylazoxine 6S 2039

b) The pH value varied, qy > 1, ¢, and cy constant. In equilibrium of Naphthyl-
azoxine 6S with copper(lI) ions at gy = 50 the wavelengths of absorption maxima
of the coloured species correspond to those obtained for varrying gy ratio at constant
pH (Fig. 2). In equilibria of the both indicators it is possible to observe two close
isosbestic points at some gy ratios. At higher pH values the isosbestic point always
has a lower wavelength than that at lower pH. If Cu?* jon is present in excess
(gm > 1), then the isosbestic points are shifted to shorter wavelengths as compared
with the cases of excess ligand (g = 0-5).

With decreasing pH value of the solution absorption maxima of the reaction
products of Zn? ions with the both indicators are shifted from lower to higher
wavelengths, and the absorption band of the equilibrium Naphthylazoxine 6S-Zn?*
is split into further two bands (Fig. 3). However, position of both the absorption
maxima and isosbestic points does not change with changing excess of Zn2"* ions.
For both the indicators within pH 1 to 3 the intensity of absorption band of the
ligand H,L.~ exceeds considerably that of H,L ™ in solutions of the pure ligand of the
same concentration and that of the solutions containing excess of the ligand. Posi-
tion of this absorption band which reaches its maximum intensity at pH 2-5 and 2-2

T T T
12 — N
8
A
)
08-/4% B =
3
1
O4L - —
| | ] | 1 1
400 450 nm 550 400 450 nm 550
F1G6. 2 Fi1G. 3

Absorption Spectra of Naphthylazoxine 6S
and Copper(II) lons for Various pH Values

11-19; 21-38; 31-58; 4 1-75; 51:93; 6 2:26;
7 255, 8 3-29. (¢, 6:0.1075M; ¢y 3-07.
1107 3m; gy = 50; 1 0-1 (NaClO,); d 10-01
mm; 25°C).

Absorption Spectra of Naphthylazoxine 6S
and Zinc(1l) Ions for Various pH Values
11-14; 2 1-35; 3 1-95; 4 2:41; 5 2.78; 6 3-05;
7 3:30; 8 3-63; 9 3:89; 10 4-10; 11 4-44;
12 651 (¢,6:0.107°M; ¢y 1-5.107 2n;
gy = 250; I 0-1 (NaClOy); d 1001 mm;
25°C).
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for the equilibria of Naphthylazoxine 6S and SNAZOXS, respectively, almost
does not change. At pH < 2-5 and 22, respectively, intensity of this band again
decreases. In the wavelength region below 450 nm at pH 1 to 3 it is possible to fol-
low the absorbance decrease of the studied solutions in comparison with absorbance
of solution of pure ligand of the same concentration.

Tn equilibria with Pb?* jons the absorption spectra could not be followed with
any greater excess of Pb** jons, because at pH below 45 solutions of the both
indicators become turbid with excess lead(II) ions, and a precipitate is formed.

c) The pH value varied, qy < 1, ¢, and cy constant. The absorption curves
(Fig. 4) show (in the region of absorption of the complexes) different values of wave-
lengths of absorption maxima than in the cases of the presence of excess Cu?* ion
in the solution. However, wavelengths of these maxima are (with decreasing pH)
shifted to the values approaching those of absorption maxima of the reaction products
in solutions containing excess of Cu* ions (qy » 1). Similar dependences can be
observed when comparing the isosbestic points, too.

In the equilibria of the both indicators with Zn?* ions at pH 2-5 to 3-5 and acid—
~base transition of the free ligand form H,L~ to the form HL?" can be observed.
Further increase of pH causes the absorption band of the ligand HL?~ to disappear
and a new absorption band of the complex being formed to appear in the spectral

121 . e

FiG. 4
Absorption Spectra of Naphthylazoxine 6S and Copper(1I) Ions for Various pH Values 7 1-35;
2 1-70; 3 2:02; 4 2:29; 5 2:56; 6 2:79; 7 3:05; 8 3-34; 9 3-81. (¢ 60. 107 5y; cp 307 1075y,
gy = 0'5; 10:1 (NaClO,); 4 10-01 mm; 25°C).
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Properties of Complexes of SNAZOXS and Naphthylazoxine 6S 2041

region of shorter wavelengths (Fig. 5). In accordance therewith are the isosbestic
points exhibited by the equilibria of the both indicators in the pH region 4 to 5-7.

In the equilibria with lead(11) ions at pH below 4 deprotonation of the form H,L~
to the form HL2™ makes itself felt with increaing pH, and at pH 4 the absorption
band of the formed ligand form HL?"~ disappears, a new absorption band of the
complex appearing in the region of shorter wavelengths. In reaction of SNAZOXS
with Pb?* jons a single complex is probably formed, because the spectrum shows
sharp isosbestic point at 472 nm. No such point exists with Naphthylazoxine 6S,
which indicates a more complicated equilibrium than that with SNAZOXS.

From the given results of study of absorption spectra it can be concluded that the
both indicators form, with copper(1I) ions, two complexes. In acid medium( pH < 2)
containing excess Cu?* jons complexes with absorption maxima at 420 nm (Naph-
thylazoxine 6S-Cu®*) and 443 nm (SNAZOXS-Cu?*) are formed. In solutions
with excess ligand (gy < 1)at pH > 3 formation of a further complex with absorption
maximum at 430 nm (Naphthylazoxine 6S-Cu?*) and 460 nm (SNAZOXS-Cu?*)
can be observed.

For equilibria of Zn?* ions with the both indicators it follows that at pH > 5
the complex with absorption maximum within the wavelengths 456 to 460 nm and
430 to 440 nm predominates for SNAZOXS-Zn?* and Naphthylazoxine 6S-Zn?*,

12+ .

1 1 =S
400 500 nm 600

Fi16. 5
Absorption Spectra of Naphthylazoxine 6S and Zinc(II) Ions for Various pH Values 1 2-50;
2327; 3367 4404 5429; 6456 7 509; 8 572; 9 657. (¢, 6:0. 107 %m; cpy 30107 5ng;
ay = 0-5; I 0:1 (NaClOy); d 10-01 mm; 25°C).
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2042 Meloun, Pancl :

respectively. With decreasing pH value it is possible to observe a shift of wavelength
of the absorption maximum of reaction product of SNAZOXS with Zn?* ions
to higher values and intensity increase of the absorption band with the absorbance
maximum within 467 to 470 nm for Naphthylazoxine 6S-Zn?*, due obviously to for-
mation of another complex with different composition. This conclusion is also sup-
ported by two isosbestic points at pH 4-68 in the absorption spectra of Naphthylazo-
xine 6S with zinc(I1) ions at 495 and 464 nm for gy > 2-5 and gy < 1, respectively.
At pH < 3-5 the both indicators show similar behaviour, viz. with excess ligand
(gm < 1) acid-base transition of the free ligand form H,L™ to the form HL?~ is
observed, wheres in solutions containing excess Zn®* ions (g > 10) intensity of
the absorption bands of the form H,L~ is considerably greater than that of pure
indicator of the same concentration. This fact indicates that in solutions containing
excess Zn2* ions a reaction product is formed which is transformed into another
species at higher pH values. Complexity of the equilibria of Zn?* ions with
SNAZOXS and Naphthylazoxine 6S is also suggested by different wavelengths
of isosbestic points of the spectra measured under different conditions.

For the equilibria of SNAZOXS with lead(1I) ions it can be concluded that in solu-
tions containing small excess of ligand the complex formed has the absorption
maximum at 460 nm. This maximum is shifted to shorter wavelengths with increasing
ratio qy. Since isosbestic point of the spectra measured under the conditions type (a)
is unsharp, too, formation of a further complex species can be presumed at gy > 1.
In reactions of Naphthylazoxine 6S with Pb2* ions the presence of more than one
complex species can be anticipated even in solutions containing small excess of the
ligand. o

Analysis of Curves of Continuous Variations

The evaluated curves of continuous variations are the corrected Job’s curves. The
ligand concentration was the same in the sample and reference cells, buffer with the
metal and pure buffer being added in the former and the latter, respectively. The
most probable stoichiometry of the formed complex species was assessed both from
graphs of curves of continuous variations directly and by non-linear regression
with the program JOBCON (ref.?) with the aim of determination of the stoichio-
metry and stability constant of the formed complex.

Reproducibility check of the measured curves and their evaluation by the program
JOBCON are given in Table 1II. From the values given excellent agreement of the
determined parameters can be seen (i.e. absorbance A, conditioned stability con-
stants B, and relative standard deviations of repeated measurements).

From position and shape of the Job’s curves of the equilibrium of Naphthylazoxine
6S with copper(I1) ions at different pH values it follows that the stoichiometry M : L =

Collection Czechoslov. Chem. Commun. [Vol. 44] [19761



Properties of Complexes of SNAZOXS and Naphthylazoxine 6S 2043

= 1 :1 predominates at low pH values, being transformed into 1 :2 stoichiometry
at pH above 4-0.

Curves of continuous variations of equilibria of the both indicators with zinc(II)
ions indicate formation of the complex M : L = 1:1 at pH about 4. At pH 5:35
a shift of the maximum to lower x, values can be observed, which is probably due
to formation of the complex M:L = 1:2.

Tasre 111

Search for Stoichiometric Coefficients m, n and Value of the Conditioned Stability Constant
Brn of the Most Probable Complex M L, by Non-Linear Regression of Curves of Continuous
Variations for Equilibrium Naphthylazoxine 6S-Cu?* Ions Using the Hewlett-Packard Com-
puter 2116 and the Program JOBCON. (4) Reproducibility of the Measurement, (B) pH De-
pendence

Experimental conditions: ¢ 2:5. 107 5m; pH 5-35; 555 nm; d 50-02 mm; acetate buffer, 7 01
(KNO,), 25°C.

Rel. standard

C Tested rati A 1 "
urve 35': :’: 1o max XM, max Y max 08 Bann deviation
%
A
1 1:1 0-809 0-500 0-502 521 39-09
1:2 0-529 0-333 0-841 11-87 16-28
2 1:1 0-809 0-500 0-496 5-19 39:20
1:2 0-528 0-333 0-833 11-81 16:51
3 1:1 0-808 0-500 0-495 519 39-40
1:2 0-529 0333 0-826 11:75 17-11
The most probable complex 1:2, log f{, = 11-81
B
pH
312 1:1 1-499 0-500 0-378 4-89 40-81
1:2 0-955 0-333 0646 10-72 13-31
394 1:1 0911 0-500 0-495 5-19 36-87
1:2 0-583 0-333 0-872 1218 10-64
535 1:1 0-809 0-500 0-496 519 39-20
1:2 0-528 0-333 0-833 11-81 16-51
675 1:1 0-681 0500 0532 5-29 40-55
1:2 0-447 0-333 0-882 1229 1376
970 1:1 0-427 0-500 0-431 503 32:64
1:2 0276 0-333 0-748 11-23 1523

The most probable complex 1 : 2, log f], = 11-81 at 5-35,

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979]
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The presence of two complexes ML and ML, in solutions of the both indicators
with Zn2* ions is shown in the Job’s curves in Fig. 6. At the wavelength 496 nm the
maximum of the curve approaches the value xy = 0-33, which indicates the com-
plex ML,. At other wavelengths the maxima of the curves of continuous variations
are shifted to higher values xyy &~ 0-5. The same conclusions about the complexes
ML and ML,, as those made for the equilibrium SNAZOXS-Zn?*, can be made
from the Job’s curves measured at various wavelengths at pH 5-35 for the equi-
librium Naphthylazoxine 6S-Zn** (Table IV).

For the equilibria of lead(II) ions it was impossible to follow the pH dependence
of position of the maximum and shape of the Job’s curves, because at pH 4-5 the
whole curves could not be measured. At pH below 4-5 the solutions become gradually
turbid with increasing molar fraction xy, and at xy > 0-5 precipitate is formed.
From the shape of the Job’s curves for various wavelengths at pH 5-35 or from their
evaluation (Table V) it can be concluded that the complexes ML and ML, are present
simultaneously. In solutions of SNAZOXS-Pb2* at pH > 5 the complex ML,
predominates, whereas in the solutions of Naphthylazoxine 6S-Pb?* the complex ML
is predominant under the same experimental conditions. If the overall concentration
¢ is increased by about two orders of magnitude, the maxima of the curves are
shifted from the value xy = 0-5 (ML complex) to lower values xy = 0-33 (ML2
complex).

FiG. 6
Curves of Continuous Variations for Equi-
- librium of SNAZOXS with Zinc(Il) Ions
Measured for Various Wavelengths (nm)
1540; 2 524; 3 560; 4 510; 5 580; 6 496.
(¢ 50.10"%m; pH 535 acetate buffer;
101 (KNO3); d 502 mm; 25°C).

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979}
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TABLE IV

Search for Stoichiometric Coefficients m, n and Value of the Conditioned Stability Constant
Bran of the Most Probable Complex M L, by Non-Linear Regression of Curves of Continuous
Variations for Equilibria of SNAZOXS and Naphthylazoxine 6S with Zinc(II) Ions Depending
on Wavelength (Hewlett-Packard 2116; Program JOBCON)

Experimental conditions: pH 5-35; acetate buffer, 7 0-1 (KNO3), 25°C; SNAZOXS+Zn?*:
c50. 10_“M, d 5:02 mm; Naphthylazoxine 6S +Zn%*: ¢ 1-0. IO‘AM, d19-95 mm.

Rel. standard

Wavelength Tested. ratio A ax XM, max Y max log Brn deviation
nm m:.n o,
%
SNAZOXS + Zn?*
496 1:1 0-563 0-500 0-550 4-04 16:23
1:2 0603 0-333 0522 7-63 3612
510 1:1 1-319 0-500 0-539 4-00 1397
1:2 1-275 0-333 0-575 7-83 3595
524 1:1 2:099 0-500 0-441 375 14-03
1:2 1-895 0-333 0-521 7-63 38-08
540 1:1 1-889 0-500 0-544 4-02 11-47
1:2 2:031 0-333 0-521 7-63 8330
560 1:1 1-780 0-500 0-527 397 1691
1:2 1-608 0-333 0-594 7-90 3194
580 1:1 0-869 0-500 0-499 3-90 23-08
1:2 0-726 0333 0-596 791 2643
The most probable complex 1: 1, log 85, = 3:95
Naphthylazoxine 6S + Zn?*

490 1 1-675 0-500 0-570 4-79 36'52
12 1-106 0-333 0775 10-19 12:63
500 1:1 1-899 0-500 0-578 4-81 28-92
1:2 1-292 0333 0794 10-31 17-85
530 1:1 1783 0-500 0-591 4-85 19-88
1:2 1-440 0-333 0-677 9-66 2676
540 1:1 1-775 0-500 0-595 4-86 23-88
1:2 1-398 0-333 0-710 9-82 2578
560 1:1 0-897 0-500 0-567 478 29-54
1:2 0-602 0-333 0-798 10-34 19-46

The most probable complex 1: 2, log f§, = 10-06.
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TasLE V
Search for Stoichiometric Coefficients m, n and Value of the Conditioned Stability Constant
Bin of the Most Probable Complex M L, by Non-Linear Regression of Curves of Continuous
Variations for Equilibria of SNAZOXS and Naphthylazoxine 6S with Lead(II) Ions Depending
on Wavelength (Hewlett—Packard 2116; Program JOBCON)

Experimental conditions: pH 5:35; acetate buffer, I 0-1 (KNO;), 25°C; SNAZOXS + pPb2*:
¢50.10" *M, 4 502 mm; Naphthylazoxine 6S +Pb?*: ¢ 2:0. 10™ *m, 40-07 mm.

Wavelength Tested ratio A ax XM, max Y max log Bl Rel. standard

nm men devzation
%
SNAZOXS + Pb2*
480 1:1 0-706 0-500 0-372 3-58 54-26
1:2 0-490 0:333 0487 7'51 16-48
496 01 1:560 0-500 0432 373 37-10
1:2 1-018 0-333 0643 8-10 11-19
510 1:1 2:079 0-500 0-465 381 3174
1:2 1-339 0-333 0-724 8-49 1320
540 1:1 2220 0-500 0-469 3-82 2534
12 1-560 0-333 0-676 825 21-81
560 1:1 1-752 0-500 0-517 395 29-82
1:2 1-199 0-333 0-764 8:72 20-81
The most probable complex 1:2, log 81, = 821 .~
Naphthylazoxine 6S + Pb?*

470 1:1 0-640 0-500 0-637 4-68 2617
12 0-518 0-333 0717 9-25 24-68
480 1:1 0-872 0500 0628 4-66 2221
1:2 0-707 0-333 0-726 9-:30 26-95
490 01 1-050 0-500 0-656 474 1774
1:2 0-941 0-333 0-694 9-13 31-73
500 1:1 1-145 0-500 0-649 472 14-20
1:2 1-116 0-333 0-637 8:88 34-64
530 1:1 0973 0-500 0-700 4-89 419
1:2 1-248 0-333 0-520 8:42 43-19
560 1:1 0598 0-500 0-169 4-63 19-32
- 1:2 0-512 0-333 0-681 9-07 28-70

The most probable complex 1 : 1, log 81, = 4-72.
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Analysis of Curves of Molar Ratios

Preliminary graphical analysis of the curves of molar ratios measured for the reactions
of copper(II) ions with the both indicators showed that within pH 4'5 to 55 the ML,
complex is formed predominantly (Fig. 7). In the wavelength regions about 600 nm
and below 540 nm the upper parts of oblique sections of the curves show bendings.
At pH < 45 greater deformations of the curves are observed due probably to
gradual formation of the complexes ML and ML,.

In the equilibria of the both indicators with Zn2* and Pb** ions the stoichiometry
could not be determined by graphical analysis due to considerable rounding-off
of the curves of molar ratios. These curves were evaluated by non-linear regression
using the program MRMCH-LETAG (ref.'°). Besides the tested stoichiometric
ratio m : n = 1:2 we also determined the conditioned stability constant f3,, of the
considered complex, negative decadic logarithm of the ligand concentration factor
(—log fL), and extrapolated absorbance of the formed complex (Am). Close agree-
ment of the experimental points with the calculated regression curve (following from
alternation of signs of the residuals and from their low values which were mostly
of the same magnitude as the standard deviation of absorbance for the used spectro-
photometer) supports reliability of the determined parameters.

The described method was used for evaluation of only a limited number of the
curves, as it is seen in Table VI. From the not very close agreement of the experi-
mental points with the calculated curves in some cases it can be concluded that the

08

Fi1G. 7
Curves of Molar Ratios for Equilibrium
of SNAZOXS with Copper(Il) Ions Mea-
sured for Various Wavelengths (nm)

1.560; 2 570; 3 580; 4 590; 5 600. (¢ 2°0.
L107%M; ey 2078107 3M; ¥, 400 mi;
PH 5:18; 10-1 (NaClOy,); d10-01 mm; 25°C).
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TABLE VI

Determination of Indicator Content and Values of the Conditioned Stability Constant of Com-
plex ML, from SNAZOXS or Naphthylazoxine 6S and Cu? *, Zn2* or Pb%* Jons by Non-Linear
Regression of Curves of Molar Ratios Measured at Various Wavelengths (ODRA 1013 Com-
puter; Program MRMCH-LETAG) (Experimental conditions: acetate buffer, I 01 (KNO;);

d 10-01 mm; 25°C).

4
Wavelength pH cp. 191 log Bj5 + o Average
nm mol |
SNAZOXS + Cu?*
Various® 540 1177
Naphthylazoxine 6S + Cu?*
565 462 1-0 12:50 4 0-46
565 4-62 1-5 13-04 4- 0-01 12:09
550 4:62 2:0 11-:32 4- 0-06
560 462 20 1149 4 001
SNAZOXS + Zn2*
555 518 15 979 4- 0-01
570 5-18 2:0 9-89% 9-83
575 518 2:0 9:79 &+ 001
590 518 2:0 9-86°
Naphthylazoxine 6S + Zn?t
560 518 15 11-03 4 0-03 -
565 5-00 20 11-31° 11-02
565 518 20 10-64 4 0-01
565 518 20 11-10 £ 0-00
SNAZOXS + Pb2*
575 518 05 10-02°
575 518 50 858 4+ 004 9-37
560 5-18 20 978 4 0-00
580 518 20 9-11°
Naphthylazoxine 68 + Pb2+
550 518 15 8-89°
550 518 17 9-02 4 0-06 918
550 518 17 9-18 + 0-08
550 518 1-7 961 & 0-11

¢ The standard deviation was not determined by the used program;
the previous communication of this series.

® the results taken from

Collection Czechoslov, Chem. Commun. [Vol. 44] [1979]
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presumption concerning the chemical model was not fulfilled, i.e. that the equi-
librium has a stepwise character, and besides the complex ML,, also the complex
ML (which has similar colour) is present. Therefore, the assessments of the condi-
tional stability constants must be accepted with reserve.

Analysis of Curves of the Corresponding Solutions

The formation function # = f(pL) for the equilibrium of SNAZOXS and Naphthyl-
azoxine 6S with copper(IT), zinc(II), and lead(Il) ions was calculated from curves
of the dependence of absorbance on the varying ligand concentration added to the
solution of the metal ion the concentration of which was constant throughout the
measurement of the whole curve. The curves were measured at pH 5-35 when only
one form of the ligand (LH2™) is present in the solution.

Course of the curve n = f(pL) for all the studied equilibria corresponds to con-
secutive formation of the mononuclear complex ML, via the complex ML. Graphical
and numerical methods (using computer) were used for treatment of the formation
functions n = f(pL) to obtain the conditional stability constants of the mononuclear
complexes (B} and B3) for the equilibria of SNAZOXS and Naphthylazoxine 6S
with copper(1I1), zinc(II), and lead(1I) ions at various wavelengths (Tables VII to IX).

From the values log §] and log 85 a very good agrezment is obvious between the
results of the numerical method and the values found graphically for the equi-
librium of SNAZOXS with Cu®* ions and that of Naphthylazoxine 6S with Cu?*
and Zn?* ions. For the equilibria of SNAZOXS with Zn?* ions and those of
Naphthylazoxine 6S with Pb?* ions the mutual agreement between the results _
of individual graphical procedures is worse. Some graphical procedures did not allow
at all to evaluate the formation curve r = f(pL) of these equilibria, even though
numerical method gave reliable results of log §; and log f35.

Agreement- between the conditional stability constants determined by various
techniques of evaluation of the formation function is influenced by stability of the
formed complexes and, consequently, by choice of applicable regions of the overall
concentrations ¢, and ¢y and ratio cy/fcy with respect to high absorption of the free
form of ligand. The complexes of SNAZOXS and Naphthylazoxine 6S with copper(II)
ions are sufficiently stable and dissociate little at low metal concentrations ¢y =~
~ 107 °M. Hence, it is possible to choose the ratios cyfcy > 2, which increases the
differences ¢; — ¢{ and ¢y — cy and enables a more precise determination of »
and [L],. : :

For the equilibria of the both indicators with zinc(II) and lead(1I) ions it is only
possible to choose the ratio cy/cy = 2 in the concentration range 1-2. 10™*M < ¢y <
< 2:5.107*M. For the stronger complexes of zinc(II) ions with the both indicators
these experimental conditions are sufficient, but in the case of weaker complexes

Collection Czechostov..Chem. Commun. [Vol. 44] [1978]



2051

Properties of Complexes of SNAZOXS and Naphthylazoxine 6S

£8:6 3:04 8L6 v8v €86 L8Y 86 984 $86 98 096 SLy 786 98-p 09¢
bs-6 9Sv £r-6 Ly $6-6 LSy LS6 12514 956 8s-v 88-8 ey LS6 14514 ovs
v-6 Ly-¢ LE-6 (ad4 9v-6 344 6 (U4 Sv-6 (34 £0-6 [4%4 -6 8¢y 0g¢s
¥9-6 £9-% LS-6 sy 99-6 1354 L9-6 1354 L9-6 9S-v 91-6 vey 196 -09-v PIs
£8-6 8- 6L-6 8% €86 484 ¥8-6 6LY 786 68-% 09-6 LY $86 18-y 00§
§0-01 s S0-01 tl-s S0-01 tl-s 60-01 SI-6 80-01 1283 86-6 £0-S L0-0] 8i- 06
te-0l 8¢S se-ol ov-§ g0l s b0l S €01 Iy-s v-01 Pe-$ 1€-01 ws 08y
q
SI-6 $9-v 116 19 (483 wy £0-6 v 616 89-% 08$
£r-6 6 LE6 S8-v w6 £6-§ , €76 (484 o6 10-§ 09¢
08-6 Y49 0L-6 1749 086 £s €6 (89 8L-6 £TS 08-6 8-S oFS
£6-6 LE-S 166 6¢-¢ 186 8¢-S 266 8¢ $6-6 w-s 124y
6L6 9T-¢ £9-6 0¢-§ 86 [A%Y $T6 62-S 186 87§ 186 60§ 01§
68 LEY 96-8 op-¥ 00-6 (304 $6-8 8y $6-8 ob-v ¥6-6 ob-t 96t
¥V

‘g8or gsor Tgsor lgBo; Tgsor lgsor igsor lg8or IgBor lgSor IgSor lg8op IgBor g S0

II ‘wiojsuer) I "wiojsuel) 1 "wliojsuery

) bz @) 'ba wu
- T e e :—mco—y)m\(’
Spoyjaw uoijeuUIWI[S uone[odenxs Jeaul]

spoyjaw Jeasyderny
“ww 0007 P (Ww 00§ 2 W, _0I " §T-1 o
017§z Wo i, juz + g9 surxozeidyiydeN g ‘Ww 00-01 P WW 00§ 2 W, _0[ sz o M, 01 5z Wo 1, ,uz + SXOZVNS ¥
D052+ t1oyng 3120V {(FONDD 1-07 ‘s€-6 Hd (1d)j = # suopoun,{ uonewo,{ oy woij
SYSJUS[OABA SNOLIBA 10J STO] (J])oUIZ YIm §9 2urx0zejAqIydeN pue SXOZVNS jo sexadwo) jo '¢ pue lg sjuejsuo) Ajijiqels jo uonen[eay
IIIA T8V L

poyow ueawr
[eauWINN

[Vol, 44] [1979}

Collection Czechoslov.-Chem.: Commun.



Meloun, Pancl

2052

LL-6 b6-€ LS6 304 Ly-6 9 -6 99+ 98:6 L9v 156 19 09¢
LE6 e ve-6 244 P16 65 816 Ley £b-6 324 126 T 9y 0§
56 1484 66 144 0t-6 E1d4 €6 14414 85-6 Eiad 9t6 1124 00§
SL6 ey 656 09-v 1s6 9% 86 9-¥ 86 9Sv V56 v9-v 06Y

£8-6 SIv IL-6 184 656 09-v 186 19¢ €L6 €P 08y
066 or-v 18-6 95-b £9-6 9 SL6 oL-v 10-01 €LY €86 984 oLy
q
16-8 6L-¢ L8 1434 w8 1454 08¢
656 S9-¥ £5-6 oLy €56 oLy 09§
86 {34 86 0§ 786 L0-S ovs
£9-6 SLy L9-6 L8V L9-6 L8¥ s
€6 ka4 056 L9 vL-6 172 4 ST6 £9-¥ 01¢
(489 8Ty 01-6 L9¥ 05-6 8S-¥ 0L-8 9Ly 00s
9L-8 89-¢ 98-8 88-¢ 98-8 88-¢ 06
4

tg8or  lgBor g0  lgsor Ig30; Igso; Ifs0r g0 IdB0or lg30p Ig8op g 8o

111 “wIiojsuer) 11 ‘wiojsuen) (¢) b3 (2) ‘ba wa
poyw weswt 38us]
[esuamnN Spoylaw uoneuang uonjejoderixs Iesul| oAz
spoylew Tesigdern

“ww go-7 ,p W 00- 2 W,,_07 " T-1 %o
W, _0T -z Wo 1, ,ad + s9 surxozeldyigdeN ‘g WW 00-0f P ‘WA 00-5 P W, _0I " T-I ¥o W, _01° 4T ¥ i, ,ad + SXOZVNS ¥
D057 7 ‘1ogng 21e1e0y ((FOND) 1-07 ‘5¢-5 HA (7d)j = 1 suonounj uonewio oy} woj
SYISUS[AB AN STIOLIBA 10§ STOT (IDPeaT 4 §9 surxoze[AqigdeN pue SXOZVNS jo saxa[dwo) jo I pue ld sjuejsuop A)iqels jo monenieaq
Xlalavy,

Collection Czechoslov. Chem. Commun. [Vol. 44] [1879]



Properties of Complexes of SNAZOXS and Naphthylazoxine 6S

2053

of lead(II) ions they are at the limit of applicability of this experimental technique.
From analysis of the formation function n = f(pL) obtained by the method of the
corresponding solutions for the equilibria of SNAZOXS and Naphthylazoxine 6S

TaBLE X

Evaluation of Absorbance-pH Curves for Equilibrium of SNAZOXS with Copper(II) Ions
by Linear Regression (part B) and by Non-Linear Regression for gy = 100 by the Program
APHM-LETAG using ODRA 1013 Computer (part A4)

¢ 112, 107 5M; 528 nm; 10-1 (KNOjy); 4 50-01 mm, 25°C.

Part 4
Tested Formof Coeff.
complex  ligand mar q compl. 108 ¥, o, A mpy mga Mg3 Mg
ML H,L 110 2 13900+ 152 —0-61 &+ 0-06 0076 0000 0069 —1-94 3-38
MHL H,L 111 1 43900+ 18000 —0-36+ 032 0202 0015 0184 —146 133
ML, H,L 120 4 4090+ 3850 083 086 0440 0-000 0401 —0-43 —1-16
M(HL), H,L 122 2 4140 2990 358+ 060 0-516 0-000 0-471 —0-51—1-09
Part B*
&
Tested Form Coeff.  Noof Tyy (of tzhc log #g,,,  Det.
complex of ligand mnr points q
complex)
qy 100
ML H,L 110 12 0-81814  1-36.10% —0-54
0-98600 —0-70 2
ML, H,L 120 12 058670  2:07.10% 2:86
—0-55324 7-98 2
"ML, H,L 130 12 0-85088  3-33.10% 311
—0-99032 971 1
ML, H,L 140 12 078591  4-34.10% 529
—0-98481 13-58 1
MHL H,L 111 12 024010 118 10* 0-96
0-98586 —0-70 2
M(HL), H,L 122 12 059578  2:08.10% 468
—0-55324 7-98 2

Coliection Czechoslov. Chem. Commun. [Vol. 44] [1979]
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TaBLE X
(Continued)
Tested Form Coeff. No of Fay &2 log» ., Det.
complex of ligand mnr points (of the q
complex)
am 10
ML H,L 110 10 0-99443 1-37. 10* 0-00
0-99953 —0-03 2
ML, H,L 120 10 065140 1-99.10* 2:57
~~0-78290 897 1
ML, H,L 130 10 069660  3-01.10% 3-46
—0-98770 11-10 1
ML, H,L 140 10 064544  3-97.10% 5-37
—0-98376 14-93 1
MHL H,L 111 10 0-48152  1-88.10% 4-16
0-99953 3-04 2
M(HL), H,L 122 10 071700 2:03.10% 4-63
078297 8:97 1

“ The first row of each model is evaluated according to Eq. (/6), the second row according to
Eq. (17). The equations are given in the previous communication® of this series.

with copper(11), zinc(II), and lead(II) ions it follows that, in the region of the existence
of the ligand in the form LH?~, the complex ML, is formed gradually via the com-
plex ML with increasing concentration of the ligand.

Analysis of Absorbance-pH Curves

For the measurements of absorbance-pH curves we selected the wavelengths of the
free ligand form, that of absorption maximum of the formed yellow reaction products,
and those of the distinct isosbestic points. The curves were measured for various
qum values in the interval 0 to 250. In the case of excess concentration of the metal
ion (qu > 1) formation of only one particle in the solution was presumed, and the
A-pH curves were evaluated with the use of linear regressions of the transformation
relations given elsewhere, too'!. In equimolar solutions (qM ~ 1) and in those con-
taining small excess of the ligand (qy < 1) consecutive formation of the complexes
ML and ML, can be presumed, and, therefore, the transformation relations were
not used.

Collection Czechosiov. Chem. .Commun. [Vol. 44] [1979]
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In Table X(B), giving results of linear regression of A-pH curves for gy = 100
and 10, various stoichiometric ratios m : n and various protonation degrees of the
formed complex particle were tested. The correlation coefficient r,, chosen as reli-
ability criterion is here badly conditioned for the tested stoichiometric coefficients
m, n,z, and its use does not seem very reliable. Tables X(A) and XI give results
of evaluation of A—pH curves of SNAZOXS and Naphthylazoxine 6S with copper(II)
ions by non-linear regression using the program APHM-LETAG, where the reliabi-
lity criterion of the datermined parameters is given by agrrement between the expe-
rimental points and the calculated regression curve, by standard deviation of the
absorbance (o(A)), and by magnitude of the residuals. For the equilibrium of
SNAZOXS and Naphthylazoxine 6S with copper(ll) ions under the given conditions
the most probable complex seems to be the complex 1 : 1.

Tasre XI
Evaluation of Absorbance-pH Curves for Equilibrium of Naphthylazoxine 6S with Copper(Il)
Tons in High Excess (ODRA 1013 Computer; Program APHM-LETAG)

¢ 60. 10_5M; 414 nm; 1 0-1 (NaClO,); 4 10-01 mm, 25°C.

Tested Form of Coeff.

complex  ligand mar Ecompl. log % qc o(A) Mg,y M2 Mgy Mgy
gy 250
ML H,L 110 2 176904 10 —1-63 4+ 006 0-096 0000 0-089 —0-62 —0-61
MHL H,L 111 1 18990 + 1070 0-14 4- 0-14 0-242  0-000 0-222 —1-44 1-01
ML, H,L 120 4 127604 4520 —0-574 093 0-701  0:000 0-545 —1-01 043
M(HL), H,L 122 2 12830+ 3520 3-00 4+ 061 0-848 0-000 0-780 —1-10 0-61
gy 50
ML H,L 110 2 16500 + 20 —0-77 4020 0029 0000 0-026 —1-61 1-89
MHL H,L 111 1 28820+ 7230 013 4020 0141 0003 0-128 —1-32 0:66
ML, H,L 120 4 77204 5220 027 + 0-78 0-430  0-000 0-392 —0-80 —0-14
M(HL), H,L 122 2 78204 4440 3-60 4 0-60 0-506  0-000 0-462 —0-93 0-03
gm 10
ML H,;L 110 2 171904+ 70 —0-56+ 0:06 0-059 0-004 0-055 —0-04 —1-48
MHL H,L 111 1 225304 2140 094 4 0-11 0072  0-000 0-065 —0-84 —0-64
ML, H,L 120 4 124043060 —1634 0-56 0458 —0-012 0:334  0-47 —1-08
M(HL), H,L 122 2 8460+ 4740 3-63 4+ 066 0593  0-000 0-482 —0-28 —0-97
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The wavelengths of the isosbestic points of acid-base transition of the ligand
H,L~ to the form HL?~ were chosen to eliminate influence of dissociation of the
ligand itself on shape of the A-pH curve at various ratios of the metal and the ligand.

For the equilibrium of Naphthylazoxine 6S and SNAZOXS with Zn?* ions there
appears formation of a further complex for gy » 1, because course of the A-pH
curve in the region of the ligand itself is somewhat anomalous (Fig. 8). Theé results
are given in Table XII, i.e. the most likely are the complexes ML and MLH.

Analogous conclusions were also made for the equilibrium of the both indicators
with lead(II) ions. In these cases higher concentrations of Pb?* jons could not be
used, because at pH < 4-5 precipitate is formed. The results are given in Table XIII
showing also the most likely complexes ML and MLH.

TasLe XII
Evaluation of Absorbance-pH Curve for Equilibrium of SNAZOXS with Zinc(II) Ions in High.
Excess by Graphical (direct and logarithmical) Analysis and Non-Linear Regression Using
APHM-LETAG Program

¢ 80. 107 5y; gy = 100; 430 nm; 1 0-1 (NaClO,), 4 10-01 mm; 25°C.

Logarithmical

Graphical analysis Direct, Eq. (16)*
pl ysi i q. (16) Eq. (17)°
Tested form of coeff.
complex  ligand mnr SHxL compt. 108 %mnc 108 %y, det. ¢
ML HL 110 3410 12 960 0
MHL H,L 11 6! —0-75 —0-73 099
Non-linear regression — program APHM-LETAG
Tested ~form of  coeff.
complex  ligand mor q €compl. log e o(A) mp, mg, mp3 My,
ML H,L 110 2 120704+ 50 —3-66 4 0:07 0:107 0000 0095 0-53 —0:76
ML HL 110
MHL H,L 111 1 129604+ 20 —0-74 £ 001 0010 0-000 0-009 1-42 1-40
ML, H,L 120 4 15140 £ 530 —5344 090 0:663 0-000 0-585 —0-06 —0-97
ML, HL 120

M(HL), H,L 122 2 888042720 —047 £ 067 0639 0000 0-564 —0-31 —0-83

% The equations are given in the previous communication® of this series.
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Analysis of Spectra

Analysis of the spectral curve of SNAZOXS and Naphthylazoxine 6S with copper(II),
zinc(II), and lead(II) ions was carried out by regression matrix analysis using the
program FA608 + EY608. Number of the coloured particles (n.) in solution is
equal to the rank of the absorbance matrix for that value of resulting residual error
which is numerically closest to the absorbance error s, of the used spectrophotometer.
Within determination of the chemical model, i.e number of the complex species,
their stoichiometric coefficients and reaction scheme, the equilibrium constants #p,,
of the reaction and curves of molar absorption coefficients of all coloured species
in the solution are determined, too. The measure of agreement between the cal-
culated spectra and the experimental points which is assessed from the value of stan-

TasLe XIII

Evaluation of Absorbance-pH Curve for Equilibrium of Naphthylazoxine 6S with Zinc(II) Ions
in High Excess by Graphical (direct and logarithmical) Analysis and Non-Linear Regression
Using APHM-LETAG Program

c 60. 10"5M; gy = 100; 414 nm; 7 0-1 (NaClO,); 4 10-01 mm; 25°C.

Graphical analysis Direct, Eq. (16)* Loézl,-lzl[l;n)'llcal
Tested form of coeff.
complex  ligand ronr EH,L Ccompl, 108 Hpn, 108y, det.g
ML HL 110
MHL H,L 11 6000 15500 —099  —I1-22 1-01
2

Non-linear regression — program APHM-LETAG

Tested formof  coeff.

lo, a(A) m m, m m
complex ligand mor 7 Ecompl. 8 ¥mnr (A) mg,y mg, mgs Mgy
ML H,L 110 2 146204+ 10 —4594+0-12 0-196 0-005 0-123  0-03 —1-39
ML HL 110 L
MHL H,L 111 .l 15510 + 50 ~0194 001 0-009 0-000 0-008 129 1-02
ML, H,L 120 4 135704 2850 —8.22 4 0-82 0-485 0:000 0-429 —0-13 —1-30
ML, HL 120 2210 —0-10 4 062 0-602 0-000 0-531 —0-08--1-32
M(HL), H,L 122 2 13340% * -

% The equations are given in the previous communication® of this series.
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dard deviation of absorbance (6(A)) is a criterion as to whether the tested chemical mo-
del complies with the experimental data. Determination of the chemical model is the
more reliable the closer is the standard deviation of absorbance (o(A)) after carrying
out the regression analysis to the resulting residual error s, determined by factor
analysis.

From the results of regression matrix analysis of the spectra of SNAZOXS and
Naphthylazoxine 6S with copper(I1) ions (Table X1V) it follows that at high excess
of Cu?* jons {gy > 100) and at low pH values (pH region below 2) the protonated
complexes of the most probable composition CuLH are formed predominantly and
are transformed into the complex CuL with decreasing ratio gy and with increasing
pH. The complex CuL is then converted to the complex CuL, on further decreasing
of the ratio gy and increasing of pH.

Tables XV and XVI give the results of analysis of spectra of SNAZOXS and
Naphthylazoxine 6S with zinc(ll) and lead(lI) ions. With high excess of the metal
ions formation of the non-protonated complex ML by reaction of the metal ion with
the ligand form H,L™ is impossible. Probably reaction of this form lead to the
complexes MHL and M(HL,) whereas the compleies ML and ML, are formed by
reaction of the ligand form HL?~. With excess of the ligand (gp < 1) the complexes
with the ratio M : L = 1:2 are formed predominantly.

The absorbance standard deviation is decreased during testing of the chemical
model, if protonation equilibrium of the ligand is considered besides the complex

10, T -

o7

- T FiG. 8
. Absorbance-pH Curves for Equilibrium
Naphthylazoxine 6S-Zn?* Measured at
Various Ratios gy = cy /e
10; 20125 305; 41:0; 510:0; 6 100-0;
7 250:0. (¢ 60. IO_SM; 414nom; I 01
(NaClO,); d 10-01 mm; 25°C).

04
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TabLe XIV

Search for the Most Probable Chemical Model, i.e. Number and Stoichiometry of the Complex
Species Existing in Solution, by Regression Matrix Analysis of Spectral Curves for Equilibria
of Naphthylazoxine 6S with Copper(II) Ions Using EC 1040 Computer and FA608 4 EY608
Program

¢ 6:0.107%m; I 1-0 (NaClO,); 25°C.

o PH o T e W osta
Cul CuL; H,L 0022 —1-53 + 006
CuHL CuHL; H,L 0004 039 -+ 0-01
250 1116—306 0004 1 CuL, CuL,; H,L 0-031 —0724 006 99
) CuL(HL) CuL(HL); H,L 0019  1:00 + 0:04
Cu(HL), Cu(HL)y; H,L 0005 280 - 0-01
CuL CuL; H,L 0-013 —0-83 + 0-02
50 1119—2:36  0-006 1 CuHL CuHL; H,L 0006 095+ 000 99
@ Cu(HL), Cu(HL);; H,L 0006 3324 002
CulL CuL; H,L 0008 —0.52 4 0-02
10 1-45—2:48 0005 1 CuHL CuHL; H,L 0005 154+ 000 81
@ Cul(HL) CuL(HL); H,L 0008  1-71 4+ 0-02
Cu(HL); Cu(HL),; H,L 0004  3:63 & 001
0-0
0-05 CuL CuL; H,L 0-004 —0-16 + 0-01
01 2:02 0005 1 CuHL CuHL; H,L 0004 1864 001 250
0-25 1)) CuL, Cul,; H,L 0-008 —0-20 + 0-01
0-5; 1 Cu(HL), Cu(HL);; H,L 0008  3-84 + 0-01
255
10; 100
00
0-05 Cul Cul; HL 0-071 —0-64 4 0:01
01 H,L
0-25 CuHL CuHL; HL 0122 1115 4 0-05
05 1-84—3-81 0008 2 H,L 500
10 @) Cul, CuL,; HL 0-027 —0-16 + 0-03
25 H,L
50 Cu(HL), Cu(HL),;; HL 0039  3-85 4 0:01
10-0 H,L
100-0
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TABLE XV

Survey of the Determined Conditioned (8;,,) and Overall (8,,,) Stability Constants of Complexes
of SNAZOXS with Copper(IX), Zinc(Il) and Lead(I}) Ions (z 25°C)

log B
Constant Medium pH Method”
cu?*t  zn2*t Pb2*

By 10-1 2:30 431 A4
(KNOj, acetate buffer) 3-95 A
535 549 497 4-63 B
545 4-97 436 C
Bz 101 11-09 8:21 A
(KNOj, acetate buffer) 535 11-25 945 9-31 B
11-27 954 9-31 C
518 11-65 9-83 9-37 D
10-01
(KNOj, urotropine buffer) 519 10'55 10-31 D
ref.}2
Biio 101 621 E
9-86 F
(NaClO,, HCIO,) 9-81 6-21 G
9-90 614 7-24 H
100 695 ref.'?
Biiy 101 217 E,G
(NaClO,, HCIO,) 505 2:10 320 H
Bizo 101 1999 1391 1463 H
(NaClO,, HCIO,) 188 ref.!?
Bizz 101 975 583 655 H

(NaClo,, HCIO,)

¢ A the non-linear regression of curves of continuous variations (JOBCON program); B the cor~
responding solutions, the formation functions n = f(pL) were evaluated by graphical methods;
C the corresponding solutions, the formation functions n = f(pL) were evaluated by numericall
method; D non-linear regression of curves of molar ratios (MRMCH-LETAG program); E graphi--
cal evaluation of the absorbance-pH curves; F linear regression of the absorbance-pH curve s; G
non-linear regression of the absorbance-pH curves (APHM-LETAG program); H analysis of the:
absorption spectra (regression matrix analysis, FA608 and EY608 program).
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formation equilibrium in the calculation or if a greater number of complex com-
pounds are tested side by side.

TaBLE XVI

Survey of the Determined Conditioned (B,,) and Overall (8,,,,) Stability Constants of Com-
plexes of Naphthylazoxine 6S with Copper(II), Zinc (II) and Lead(II) Ions

log
Constant Medium pH e ———— Method®
Cu2+ Zn2+ Pb2+
B 101 4-86 472 A
(KNO;, acetate buffer) 5-35 565 4-80 453 B
572 4-83 4-05 C
B2 (101 11-59 10-28 921 A
KNO,;, acetate buffer) 5-35 11-56 976 9:55 B
11-61 9-81 969 c
10-01 4-62 12:09
(KNOj, urotropine buffer) 5-0—5-8 11-02 D
5:18 9-18
519 10-69 9-83 D
ref.!?
Biio 101 6-28 E
(NaClOg4, HCIO,) 977 6-19 G
10-38 5-87 H
10-4 72 ref.!?
By 101 2:06 E
(NaClOg4, HCIO,) 1:97 G
503 1-65 H
Bi20 101 2091 1385 H
(NaClO,, HCIO,)
19-4 ref.!3
B2z 101 995 542 H
(NaClO,4, HCIO,)
@ See Table XV.
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CONCLUSIONS

The metallochromic indicators SNAZOXS and Naphthylazoxine 6S form yellow
complexes with copper(Il), zinc(Il) and lead(1l) ions, their stoichiometry being
M:L=1:1and1:2.

The reaction with Cu®* ion at pH < 2 gives the complex CuL as the dominant
product. Great excess of Cu* jons (qy > 10) also leads to the protonated complexes
in this pH region, the formation of CuHL complex being admittable.

Red colouration becomes more intensive and deeper in solutions of SNAZOXS
and Naphthylazoxine 6S at pH < 3 in the presence of a larger excess of zinc(II)
ions, whereas the presence of lead(II) ions causes red precipitate to be formed.
These phenomena can be explained by formation of the reaction products in which
central metal ion is bound to nitrogen atom of azo group, in contrast to the yellow
complex particles in which the metal ion is bound to the nitrogen heteroatom of qui-
noline ring.

In the solutions containing excess of the metal ions (gy > 5) formation of the
complexes ML or possibly also that of the protonated complexes MLH can be fol-
lowed. With excess of the ligand the complexes of stoichiometric ratio M : L = 1:2
are formed besides those of ratio 1: 1. For copper(ll) ions at pH > 5 the complex
CuL, completely predominates. In this pH region zinc(II) and lead(Il) ions were
proved to form the complexes ML and ML, side by side, the protonated forms of these
complexes MLH and M(LH), being not excluded either.

Structure of the discussed complexes can be described by the formulas given in the
previous communication?.

Tables XV and XVI give average values of the conditional stability constants
Bra along with the overall concentration stability comstants B, = [M,LH,]:
:([M]™[L]"[H]") calculated from the values of the respective dissociation constants
of the ligand and from equilibrium constants %, = [M,L.H][H]Y(M]™.
.[H;L]"), g being equal to (nj — r), which were determined by regression matrix
analysis of the absorption spectra and evaluation of the absorbance-pH curves.
For comparison the Tables also give values of the stability constants taken from
literature!2-!3,

The methods of continuous variations, molar ratios, and absorbance-pH curves
used for evaluation of correct values of formation constants are limited by the
presumption of sufficiently separated complex-formation equilibria when only one
complex particle exists in the analyzed solution. This presumption was not suffi-
ciently fulfilled specially for the reactions with zinc(II) and lead(I1) ions, and quanti-
tative evaluation of the data by these methods gives the stability constants having
only limited values.

The values of the conditioned stability constants obtained by the method of the
corresponding solutions can be affected by inaccessibility of the » values above 17
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at

the wavelengths studied due to high absorption of light radiation by the free

ligand form HL?".
The most reliable values of the stability constants are obtained by the method

of

analysis of absorption spectra, where the regression matrix analysis determines

the species existing in the solution side by side and evaluates their formation con-

sta

SV®NAULEWN =

2.

nts serving for calculation of the overall concentration stability constants.
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