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In an ethanol—water medium (^(ethanol) = 40 vol. %) at /(NaC104) = 
= 0.25 mol dm - 3 the system Bi(III)—2-(2'-thiazolylazo)-4,6-dimethyl-
phenol forms the complex species Bi(OH)R (log/?,,, = 10.96 ± 0.09) and 
Bi(OH)2R (logA2l = 8.58 ±0.13), and the system Hg(II)—2-(4',5'-di-
methyl-2'-thiazolylazo)-4,6-dimethylphenol forms the complexes HgR 
(logßm = 10.95 ± 0.05) and Hg(OH)R (logß,, = 8.07 ± 0.02). 

В водно-спиртовой среде (^(этанола) = 40объ. %) при 7(NaC104) = 
= 0,25 моль дм ~3 система Bi(III) с 2-(2'-тиазолилазо)-4,6-диметил-
фенолом образует комплексные соединения Bi(OH)R (log/?,,, = 
= 10,96 ±0,09) и Bi(OH)2R (log ßl2l =8,58 ±0,13), а система Hg(II) 
с 2-(4,,5,-диметил-2,-тиазолилазо)-4,6-диметилфенолом образует ком
плексы HgR (log Дei = Ю,95 ± 0,05) и Hg(OH)R (log А,, = 8,07 ± 0,02). 

Even though heteroazo phenols have been widely used as analytical reagents 
[1, 2] for many metal ions in most cases little attention has been paid to their 
complexation equilibria in solution. 

In this paper the complexation behaviour of 2-(2'-thiazolylazo)-4,6-
-dimethylphenol (TADMP) and 2-(4,,5/-dimethyl-2,-thiazolylazo)-4,6-
-dimethylphenol (DMTADMP) [3] with Bi(III) and Hg(II), respectively, has 
been studied. Graphical and numerical analysis of the absorbance—pH depen
dences [4—6] enabled the establishment of the complex species in solution and 
the calculation of their stability constants. 

Experimental 

Anal, grade Merck reagents (Darmstadt, GFR) and doubly distilled water were used 
throughout with no further purification. 

Standard 10"2M solutions of Bi(C104)3 and of Hg(C104)2 were prepared from the 
corresponding nitrates by perchloric acid treatment, and standardized complexometri-
cally. 

Stock 10"3 M solutions of TADMP (HR) and DMTADMP (HR) were prepared and 
purified (> 9 %, thin-layer chromatography and high resolution mass spectrometry) as 
described previously [3], in absolute ethanol. 
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A 2.5M-NaC104 solution was used to maintain constant the ionic strength of the 
solutions /(NaC104) = 0.25 mol dm -3 . Experiments were carried out at 25 + 0.5°C. 

The absorbance of the solutions was measured using Beckman 25 (Fullerton, CA, 
USA) and Hitachi Perkin—Elmer 200 (Tokyo, Japan) recording spectrophotometers 
provided with 1 cm path length quartz cells. 

A Radiometer PHM64 digital pH-meter (Copenhagen, Denmark) provided with a 
glass-calomel GK-2401-C combination electrode was used for pH measurements. Cal
ibration of the electrode system in the ethanol—water medium (Methanol) = 40 vol. %) 
used was carried out at 25 ± 0.5 °C according to Bates et al. [7]. 

Calculations were performed using a Digital VAS/VMX 11/780 (V.4.0) computer 
(Maynard, MA, USA). The experimental data were analyzed by applying the LETA-
GROP-SPEFO program [6]. In this treatment composition and approximate equilibrium 
constant are given to the program which searches for the best set of constants and 
complexes which minimizes the error square sum, U(A), defined as 

и(А) = ^(АЫс-Асхр)
2 

Л'р 

where Acxp represents the experimental absorbances and АЫс the corresponding values 
calculated by the computer assuming a certain set of complex species and constants. Np 

is the number of experimental A—pH points given to the program. The program can be 
fed with a maximum of 110 experimental points. 

In the first step calculations were performed using the species models and stability 
constants ascertained by graphical analysis. Nevertheless, in the second step, other 
combinations of complexes were tried searching for new species which could improve the 
fit to the experimental data. For each model of species tried, the program calculates both 
U(A) and cr(A), the mean standard deviation, defined as 

o{A) = (U/Npy
2 

The best model is the one which gives the lowest values for both U{A) and c{A). 
For each species model tested the computer output gives the values of U(A), cr(A), 

log ßpqr ± 3cr(log/?y7(yf) and £(A) ± Зсг(£(А)), a being the mean standard deviation. The 
stability constants as calculated using relative equilibrium concentrations are dimension-
less. 

Results and discussion 

T A D M P and D M T A D M P and Bi(III) and Hg(II), respectively, cause green
ish colourations, Amax = 605 nm and 625 nm, respectively, in solutions with 
pH > 3 (Fig. 1). 

The absorbance—pH curves (Fig. 2) carried out at A = 605 nm for several 
c(Bi)/c(TADMP) ratios show that complexation begins at pH < 0.5 and sta
bilizes at pH > 2.5 in reagent excess solution. The shape of the curves seems to 
indicate the presence of several complex species in solution. 
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Fig. J. Absorption spectra for the systems: 
Bi(III)—TADMP ( ), pH = 2.5, c(R) = 
= 4 x 10-5moldm-\ c(Bi)/c(R): 20(7), 1 ( Д 
reagent alone (5); and Hg(II)—DMTADMP 
( ), pH = 2.99, c(R) = 2 x l(T 5moldm- 3, 
c(Hg)/c(R): 50 (4), 25 (5), 0.2 (6), reagent alone 
(7). 40 vol. % ethanol—water, /(NaC104) = 

= 0.25 mol dm - 3 . 

650 a/n 

For the Hg(II)—DMTADMP system the absorbance—pH curves (Fig. 3) 
indicate that complexation begins at pH < 0.5 and stabilizes for pH > 2.6, and 
the shape of the curves also seems to indicate the presence of several complexes 
in solution. 

The stoichiometry of the complex species as determined by the continuous 
variations and mole ratio methods (Fig. 4) shows the formation of only 
c(M)/c(R) = 1 : 1 complex species in both systems. 
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Fig. 2. Absorbance—pH curves for the 
system Bi(III)—TADMP, 40 vol. % etha
nol—water, /(NaC104) = 0.25 mol dm"3, 
Amax = 605nm,c(R) = 4 x 10-5moldm-\ 

c(Bi)/c(R): 20(7), 1 (2), 0.08 (5). 
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Fig. 3. Absorbance—pH curves for 
the system ' Hg (II) —DMTADMP, 
40 vol. % ethanol—water, 7(NaC104) = 
= 0.25 mol dm"3, Л№ах = 625пт, c(R) = 
= 2 x 10-5moldm-\ c(Hg)/c(R): 25 (/), 

20 (2), 10 (5), 0.2 (4). 
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Fig. 4. Stoichiometry of the systems: Bi(III)—TADMP, pH = 1.7: continuous variations: 
c(Bi) + c(R) = 8 x 10~5moldm~3 (7); mole ratio: c(R) = const. = 4 x 10"5moldm"3 (2); mole 
ratio: c(Bi) = const. = 4 x 10_5moldm"3 (3); and Hg(II)—DMTADMP, pH = 2.9: continuous 
variations: <r(Hg) 4- c(R) = 2 x 10~5moldm~3 (4)\ mole ratio: c(Hg) = const. = 1 x 

x 10~5moldm"3 (5); mole ratio: c(K) = const. = 1 x 10"5moldm~3 (6). 
r = c(R)/(c(R) + c(M)), m = c(M)/c(R), n = c(R)/c(M). 

For the calculation of the stability constants of the complex species involved 
in each system the method of graphical analysis of the absorbance—pH depen
dences of Sommer et al. [4, 5] was used firstly, from which the existence of species 
BiR (log/?101 =9.83) and Bi(OH)R (logД,, = 8.73) in the system Bi(III)— 
TADMP, and of species HgR (log/?10, = 11.06) in the system Hg(II)— 
DMTADMP was established, from points in the ranges 1.0 < pH < 2.5 and 
1.5 < pH < 3.0, respectively, in each absorbance—pH curve. 

The experimental data were analyzed next by applying the LETAGROP-
-SPEFO program. For each system 110 experimental points coming from the 
respective absorbance—pH dependences (Figs. 2 and 3) in the ranges 
0.5 < pH < 3.0 for the Bi(III)—TADMP system and 0.5 < pH < 3.5 for the 
Hg(II)—DMTADMP, were fed to the program as well as the corresponding 
c(M) and c(R) values for each set of points coming from each absorbance—pH 
dependence. 

As seen in Table 1 the best fit for the system Bi(III)—TADMP is obtained 
with the model including species Bi(OH)R and Bi(OH)2R simultaneously. The 
model including the species BiR and Bi(OH)R deduced by graphical analysis 
does not fit the experimental results. Table 2 shows that for the system Hg(II) 
—DMTADMP the best fit is obtained for the model including species HgR and 
Hg(OH)R simultaneously. In any case the fit is not improved by introducing 
other species such as higher hydroxylated complexes (M(OH)„R, n > 2), 
protonated (MH„R, n > 2) and/or polynuclear (Mm(OH)„Rr, m > 2, n > 2, 
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Table 1 

Results of the numerical treatment of the data for the different models of species tested 
for the system Bi(III)—TADMP* 

Species 

BiR 
Bi(OH)R 
BiR 
BiHR 
BiR 
Bi(OH)2R2 

BiR 
Bi(OH)R 
Bi(OH)R2 

BiR 
Bi(OH)R 
Bi(OH)2R 
Bi(OH)R 
Bi(OH)2R 

U(A)** 

0.55 

0.28 

0.37 

0.15 

0.23 

0.0027 

o(A)** 

0.09 

0.06 

0.07 

•0.05 

0.05 

0.008 

logjfi^: 

10.89 
11.04 
10.91 
20.83 
11.79 
11.83 
11.49 
8.68 
8.98 

11.67 

5.72 
10.96 
8.58 

±3a(log/V) 

± 
max 

± 
max 
max 
max 

± 
± 

max 
max 
— 

max 

± 
± 

0.18 
15.4 
0.26 

23.19 
12.06 
12.61 
0.22 
0.22 

15.42 
11.99 

6.18 
0.09 
0.13 

- £(605) ± Ъо{е)*** 

— 
— 
— 
— 
— 
— 

7200 ± 1400 
9800 ± 200 

— 
— 
— 
— 

6143 ± 60 
1186 ± 76 

* Np = 110 experimental points, experimental conditions as in Fig. 2. 
** Absorbance unities, 
•••dn^cm-'mor'. 

Table 2 

Results of the numerical treatment of the data for the different models of species tested 
for the system Hg(II)—DMTADMP* 

Species 

HgHR2 

HgR 
HgHR 
HgHR2 

HgR2 

HgR2 

HgR 
Hg(OH)R 
HgR 
Hg(OH)R 

U(A)** 

0.23 
0.12 

0.0018 

0.0091 

0.0025 

o(A)** 

0.04 
0.036 

0.014 

0.009 

0.006 

\ogßpqr±3oi\ogßpqr) 

12.07 ± 
11.07 ± 
24.40 ± 
12.51 ± 
11.31 ± 
8.05 max 

10.79 max 
9.39 max 

10.95 ± 
8.07 ± 

0.23 
0.09 
0.23 
0.17 
0.08 

12.44 
11.13 
9.21 
0.05 
0.02 

e(625) ± 3(7(6)*** 

— 
10000 ± 100 

— 
-

9600 ± 250 
— 

6800 ± 35 
8100 + 211 

10817+ 44 
4274 ± 108 

* Np= 110 experimental points, experimental conditions as in Fig. 3. 
** Absorbance unities. 
***dm3cm-1mol-1. 

г > 2) complexes. The values calculated for the corresponding stability con
stants as well as the respective molar absorption coefficients as calculated by the 
program, are included in Tables 1 and 2. 
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Fig. 5. Distribution diagram for the system 
Bi(III)—TADMP: c(Bi) = 25c(R) = 
= 8 x 10-4 mol dm" 3 (7, 2); c(Bi) = 
= 0.08c(R) = 1.6 x 10"5 mol dm" 3 

(/', 2'); c(Bi) = c(R) = 4 x 
x 10-5moldm-3 (7", 2"); Bi(OH)R 

(7, ľ, 7"), Bi(OH)2R (2, 2', 2"). 

/% 

60 

30 

0 

1 

-

i 

1 ^ 

2/f / 
1 2" 

//jf\ 

1 ^ 

-

-

-

1 pH 

Fig. 6. Distribution diagram for the system 
Hg(II)—DMTADMP: c(Hg) = 25c(R) = 
= 2 x 10-4moldm-3 (7, 2); c(Hg) = 
= 0.2c(R)= 1 x 10-3moldm-3 (ľ, 2'); 
c(Hg) = c(R) = 4 x 10-5moldm-3 (7", 
2"); HgR (7, ľ, 7"), Hg(OH)R (2, 2', 2"). 

The distribution diagram of species (Figs. 5 and 6) as established using the 
HALTAFALL program [8] shows how species Bi(OH)R predominates at 
pH < 2.5 and species Bi(OH)2R predominates in solutions at pH > 3. For the 
system Hg(II)—DMTADMP species Hg(OH)R predominates at pH > 3. 
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