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Complexes with compositions NiL + , N iL 2 , N i L H 2 + and N i L 2 H + (log = 7-595, Amax 

609 nm, £m a x 16260; log /?12 = 15-815, Amax 625 nm, en i a x 33320) are formed in Ni(II) solutions 
containing 2-(2-thiazolylazo)-4-methoxyphenol (TAMP) and 30% vol. ethanol, under various 
experimental conditions. Combination of graphical data analysis with numerical treatment of 
absorbance curves using the P R C E K and L E T A G R O P SPEFO programs has proven very effective 
for the determination of the complex characteristics. The results obtained using the three methods 
are in very good agreement. As a potential basis for the spectrophotometric determination of 
nickel with TAMP, only the M L 2 complex can be considered (Amax 625, e m a x 33 320), which is 
formed in solutions containing excess ligand, c L / c M > 15, at p H ^ 6-5. 

In the large group of heterocyclic azo-dyes based on thiazole, 2-(2-thiazolylazo)-4-methoxy-
phenol (abbreviated below as T A M P ) and its derivatives have proven advantageous as very 
sensitive metallochromic indicators in chelometric titrations and as suitable reagents for the 
spectrophotometric determination of many metal i o n s 1 - 1 4 . The formation of coloured chelates 
is accompanied by large colour contrasts (AA = — A^ax) typical for N-heterocyclic azo-dyes 
substituted in the /^-position with respect to the phenolic hydroxyl. The acid-base properties of 
T A M P were studied several times in various mixed media and in water; data on its optical and 
acid-base properties in various media are summarized in a paper by Kuban and Have l 1 4 . 

In the present paper, complexation equilibria of nickel(Il) ions with TAMP are 
studied spectrophotometrically in a medium of 30% ethanol. The results of the graphi-
cal and graphical-logarithmic analysis of the absorbance curves using slope-intercept 
transformations1 5 - 1 8 were compared with the results of the data treatment by the 
linear least squares method using the PRCEK type programs19 '20 and with the 
results obtained by a universal minimizing program, LETAGROP SPEFO21 ,22 , 

* Part II in the series Some 2-(2-Thiazolylazo)-4-methoxyphenol (TAMP) Complex 
Equilibria; Part I: Acta Chem. Scand. 27, 528 (1973). 
** Present address: Department of Analytical Chemistry, J. E. Purkyne University, 611 37 
Brno. 

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 40] [1975] 



Ni(Tl) Metal Chelates with 2-(2-Thiazolylazo)-4-methoxyphenol 605 

which has been used during interpretation of data for the TAMP acid-base equi-
libria14. Calculation of distribution diagrams according to the HALTAFALL pro-
g r a m 2 3 - 2 5 from the final equilibrium constant values enabled accurate assessment 
of the distribution of individual complexes under various experimental conditions. 

E X P E R I M E N T A L 

Chemicals and solutions. 2-(2-Thiazolylazo)-4-methoxyphenol (TAMP) was prepared by Svo-
boda and Bendova26. The commercial substance was recrystallized twice from hot ethanol and 
dried over P 2 0 5 in a dessicator. The content of the dye active component was determined by 
elemental analysis for C, H and N and from the content of the sulphate ash. The substance purity 
was tested by thin-layer chromatography on the MN-Kieselgel G silica from the firm, Macheray-
Nagel27 . A TAMP stock solution (cR = 5 . 1 0 - 4 — 5 . 10"3m) was prepared by dissolving the 
crystalline substance in 2-5 ml dimethylformamide and 2-5 ml lM-NaOH or 1m -NH 4 0H at 
laboratory temperature and diluting to the required amount with water or ethanol. The resulting 
D M F concentration in the stock solution was always less than 1% v/v and in the measured solu-
tions varied within 0-1 — 0-2% v/v. A nickel(II) ion standard solution was prepared from recrystal-
lized Ni(N0 3 ) 2 p.a., by dissolving it in 0-1m-HN03; it was standardized gravimetrically or by 
EDTA titration with murexide indicator. The stock solutions were diluted with 0-1m-HN03. 
The ionic strength of the solutions was maintained constant at a value of 1 = 0-10 with twice 
recrystallized K N 0 3 or with a mixture of H N 0 3 , K N 0 3 and NaOH. All other chemicals and 
solvents were commercial p.a. products, purified by recrystallization, distillation etc. The ethanol 
used contained 5% v/v methanol. 

Instruments. Absorption spectra of solutions were measured on the Unicam SP 700 recording 
spectrophotometer at a temperature of 20°C. The solution acidity was measured with the PHM-4d 
pH-meter (Radiometer, Copenhagen) with a precision of ±0-02 pH unit, using the G 202 B 
glass and K 401 saturated calomel electrodes. The pH values in the mixed medium were not 
corrected and the symbol pH was used for them. Other spectrophotometric measurements were 
performed with the SFD-2 single-beam spectrophotometer in 5 — 20 mm cuvettes, at a constant 

Fig. 1 
Scheme of the Titration Vessel (a) and the Modified Photometer Cuvette (b) 

R Solution, N 2 stream of inert gas> K2 stopcock, 8 burettes, T thermometer, G glass electrode, 
K calomel electrode, t inlet and outlet of tempering water of the U 10 ultrathermostat, K photo-
meter cuvette, 0 window in the cuvette holder, PB safety trap, KZ spherical ground-glass joint, 
Z cuvette ground-glass joint. 

Collect ion Czechoslov. Chem. Commun. [Vol. 40] [1975] 



606 Kuban, Sommer, Havel : 

temperature of t = 25-00 ± 0-05°C in a nitrogen atmosphere, using a special apparatus; the 
procedures employed are described with individual experimental dependences. 

The instrument for spectrophotometric measurements in a nitrogen atmosphere and in a closed 
cycle. A 200 ml double-mantle thermostatted cell (Fig. \a) was used as a titration vessel. The 
solution temperature was maintained constant with the U 10 ultrathermostat (Medizinische 
Gerate, GDR). The ambient temperature was also maintained constant at t = 25 0 ± 0 1 °C. 

The titration vessel was connected with the photometer cuvette through thick-walled capillaries, 
interconnected by two ball ground-glass joints, so that the system was sufficiently mobile during 
manipulations with the cuvette holder of the SFD-2 spectrophotometer (USSR). 

A cuvette with a larger front area and a ground-glass joint, which is a part of the SP 525 
Autocell Accessory (Unicam, England), was closed with a ground-glass stopper with two glass 
capillaries (Fig. lb). One of the capillaries was connected to the titration vessel through a thick-
walled capillary with a ball ground-glass joint and the other was connected, using a four-way 
stopcock, either to a nitrogen cylinder or with the atmosphere. A block scheme of the apparatus 2 8 

is shown in Fig. 2. 
The preparation of solutions with various parameters (pH, cM , cL or xL) was carried out in 

the titration vessel by titration with solutions with various values of the given parameter. After 
establishment of equilibrium in the vessel, the pH of solution was measured and the solution was 
transported f rom the titration vessel into the photometer cuvette by overpressure of the inert gas. 
The cuvette was rinsed several times with the solution f rom the titration vessel, the absorbance 
values were measured after balancing the levels in the two parts of the apparatus and the solution 
was transferred back into the vessel by the inert gas overpressure. The solution acidity was mea-
sured again. The value of the variable parameter was changed again by adding solutions from 
burettes and the whole procedure was repeated with a new solution. 

The parameters can be varied by arbitrary steps in measuring individual spectrophotometric 
dependences, using some of the procedures described later. 

Graphical Interpretation of the Data 

The graphical and graphical-logarithmic analysis of the curves of absorbance 
dependences on the component concentrations and on the solution acidity have 
already been described1 4 - 1 8 . Here, only the resulting forms of the relations for A, cM/A 
or cjA are given, along with the logarithmic transformations of the equations for 
the equilibrium or conditional stability constants of the assumed complexation 

FIG. 2 
Block Scheme of the Apparatus for Spectrophoto-
metric Measurements in a Nitrogen Atmosphere 

TL Inert gas cylinder, P column with the BTS catalyst 
and a set of traps containing NaOH, H 2 S 0 4 and the 
medium used, U 10 the U 10 ultrathermostat, K2 
and K4 two- and four-way stopcock, respectively, 
TB titration vessel, EM electromagnetic stirrer, K photo-
meter cuvette. 
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equilibrium in solutions with excess ligand or excess metal ion or for equimolar 
solutions. Appropriate equations for the general equilibrium 

m M + n LHX <f± MmLnHnx_q + q H , (A) 

Kmqn = [MmLnHBX_q] [H]q /[M]m [LH]n 

and for some particular cases and concentration ratios are given in Table I. 

Table I 
The Equations for the Direct and Logarithmic Graphical Analysis of the Absorbance Curves 
and the Equations for the P R C E K II Program 

Y; Functions G, 
tions 1 1 1 

c M < cL A - Aou Sj cL + (e2cL - n A)n c%K/h« . A01 + F,K 

A - Aom e2cL + (£lcl - A) h*l{e2ch - nA)n~1 . A02 + 
.c5iT(e2-iw1)l-n +G{K~1 

log (A - A01)/(A02 - A)n logX + qpH+ m log c M - (n - 1) 
log (e 2 — k ^ ) 

cL < c M A - Aol £ icm + (e2cM - mA)m . A01 + F{K . (e2 -
A - AOL e2cM + 0IcM - A) h<i/(e2cM - A02 + 

— m/l)m-1 cZK(E2 - wej)1""1 + G{K~X 

log (A - A0l)/(A02- A)m logX+ q p H + « l o g c L - (m- 1) 
log ( e 2 — i m x ) 

etCL+(c2cL-nA)2n . A0l + F{K 
. (e2 - m,)20"1 Kjh* 
£2cL + [('4 ~ £lcl) • A02 + 

. (e2 - m i ) 2 0 - 1 h^ lK] 1 ' " + G { K - X 

log (A - A01)/(A02 - A)2n log K + q pH - (2/z - 1) 
log (e2 — net) 

CM — cL° A ^OM + (CL - « A^/Ae)n . A01 + F{K 

. (cM - m AA/Ae)m Kjh< 
mA — («cM — mcL) ex s2cL — AAhq/(cL — n AA/Ae)a . A02 + 

. (cM - m AA/Ae)™'1 K + G{K~1 

log (AA/Ae)/(cL - n AA/Ae)n . 
. (cM - m AA/Ae)m log K+q pH 

0 AA = A - c M e M - CLEx; Ae = e2 - ne1 - msu; A01 = StcL or e ^ ; A02 = e2cL or e2cM. 
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608 Kubdn, Sommer, Havel: 

Assuming that a single complexation equilibrium is established in solution, the 
dependences A = /(F;) or A = /(Gj), or the corresponding dependences cM/̂ 4 or 
cjA, are linear only for correct values of the molar reaction coefficients, m, q and n in 
general equilibrium (A). The parameters of a straight line thus determine the reaction 
mechanism, the complex stoichiometry, the molar absorption coefficient (the intercept 
on the y-axis) and the equilibrium or conditional stability constant (the slope of the 
straight line). The equilibrium constant of the reaction, Kmqn, and the reaction me-
chanism were also verified using related plots of log F = /(pH), log F = /(log cM) 
or log F = /(log cL), as the intercept value (log K) and the slope (q) of the depen-
dence. 

A0l and A02, as the absorbances calculated directly from the two horizontal parts 
of the absorbance vs acidity or absorbance vs component concentration curves were 
used as initial values for calculation. If some of the horizontal parts were not experi-
mentally accessible, the A0l or A02 value was assessed by successive approxi-
mations. More accurate values of absorbances A0l or A02 were then obtained 
by graphical extrapolation of not entirely linear parts of the dependences and the 
thus-obtained values were used as initial values of the two quantities in another 
computing cycle; the process was repeated until the required degree of agreement 
between two successive values if A0l or A02 was achieved. 

The successive approximation method was also used for examining equilibria in 
solutions with a small excess concentration of one component, when the values to be 
determined, Aoi, or the corresponding values of g;, also appear in the expressions for 
Fi or G;. The above equations also hold for transition between two complexes, if the 
free concentration of the minor component can be neglected; if correction factors 
for ligand dissociation or cation hydrolysis are introduced, the equations are also 
valid for examining complexation equilibria with simultaneous dissociation of the 
ligand or hydrolysis of the cation in the studied acidity range16. 

If an extensive set of absorbance-pH curves are analyzed at a constant concentra-
tion of one component and varying concentration of the other in excess, then for the 
pH0i values, corresponding to the same particular absorbance values AL on the 
individual curves (corresponding solutions), the relation between pH0i and the log-
ar i thms of the variable concentration of the excess component is given by 

For solutions with variable concentration of the minor component, the following 
relations hold 

pH0i = - (m/q) • log (cM) + const. , 

pHoi = ~(n/q) . log (cL) + const. 

C) 

w 

pHoi = (m - l)/.j. log (cM) + const., 

pHoi = (n - 1 )jq . log (t'ij + const. M 
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Similar equations can be derived for corresponding solutions with a series of curves 
of the absorbance vs the concentration of one component at a constant pH. If the 
excess concentration of the major component is small only a correction factor 
for the concentration bound in the complex is introduced. 

The slope of the linear dependence of pH0 i = / ( log cM) or pH0 i = / ( log c L ) 
estimates independently determines the ratio of the bound component and the number 
of protons being liberated, so that, when coefficient q is known, ambiguous situations 
can be avoided or the presence of a higher complex can be verified. 

The same transformations as in the graphical and graphical logarithmic analysis 
of the absorbance-pH curves were also used for the interpretation of curves of the 
absorbance dependence on variable component concentration at a constant concen-
tration of the other component and constant pH, where the presence of higher com-
plexes, MLn or MmL, was verified independently. In this case the pH value appeared 
among the constant quantities and the concentration of one component was the 
variable. 

Similarly as during the graphical analysis of absorbance curves, the basic equations 
for the overall solution absorbance, the overall component concentrations and the 
equilibrium or conditional reaction constant can be rearranged to obtain equa-
tions of straight lines, which have the following form for complex MmLnHn x_q , 
equilibrium (A) and for the absorbance dependences on the metal or ligand concen-
tration 

If the accurate component concentrations are not known, the cM or c L values can be 
replaced by the volumes of the solution added, yM or v L , respectively (refs16 '29 '30). 
The dependence is again linear if correct stoichiometric indexes m or n are intro-
duced. 

The above simple relations were used only for the determination of complex 
stoichiometry (the m and n values), while the molar absorption coefficients and equi-
librium constants were not evaluated from their slope and intercept, because of poor 
precision (i.e. the two constant expressions in equations (5) and (6) include, in addi-
tion to quantities which are really constant, such as the concentration of one com-
ponent, pH, £;, e t c . , also higher terms of a binomial series16). 

The method of continuous variat ions3 1 - 3 3 was used under selected experimental 
conditions for the verification of the complex stoichiometry. In solutions of a constant 
ionic strength and in the absence of buffers, short absorbance-pH curves were mea-
sured for given mole fraction values, x L — c L j ( c L -+- cM), at several wavelengths and 
the absorbance values for a given pH were obtained by interpolation17,18. The thus-

cM
m = const. AA 1 + const. , (5) 

c L
 n = const. A.4 1 + const. (6) 
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610 Kuban, Sommer, Havel: 

-obtained absorbances were then corrected for the actual absorbance of the ligand 
and dependences Y = A — AL = f(xL) were plotted. 

Numerical Data Analysis Using the Linear Least Squares Method (the PRCEK 
type program) 

During data handling by PRCEK type programs, the basic complex parameters, 
molar absorption coefficients, equilibrium constants and stoichiometry are deter-
mined analogously to the procedure followed during the graphical and graphical-
-logarithmic analysis of absorbance curves1 9 '2 0 , 2 8 . However, the parameters are 
determined objectively by the least squares method with repeated successive approxi-
mations. 

As the first assessment of absorbances A01 and A02 or of and s2, the values 
of the horizontal parts of the experimental absorbance-pH curves, A = / (pH) or 
of the concentration dependence curves, A = /(cc o m p) were used. The molar 
absorption coefficient values of the free metal ion and of individual ligand acid-base 
species and the related dissociation constants were taken from the results of separate 
measurements and substituted into the expressions for Fi and G{ terms in the cor-
responding slope-intercept transformation relations. On the basis of these initial 
absorbance assessments and known values of ef, "better" values of absorbances 
A0l and A02 and of the equilibrium constant were successively determined and were 
then used in the following computation cycle as starting values for the calculation 
of terms F{ and G{. The computation was repeated until the required agreement or 
precision between two successive values of absorbances A0l and A02 was achieved 
(the tolerance employed was A A fS 0002 absorbance unit) or until the required num-
ber of approximations was reached (NI = 6). 

After fulfilling these conditions, theoretical absorbances AtdiXc for individual points 
of the absorbance-pH curve, the sum of the squares of the deviations and the standard 
deviations of the molar absorption coefficients and the equilibrium constants were 
calculated from the "best" values of the two particles A0l and A02, and of the reaction 
equilibrium constant. Using these absorbance values, the number of protons liberated 
during complexation or the number of coordinated particles of a given component 
were determined by logarithmic analysis, employing equations in the form, 
log F = / ( p H ) or log F = / ( log cM or cL). 

These operations were carried out for each of the selected wavelengths separately 
and the resulting values of the reaction equilibrium constant and its logarithm were 
calculated, together with the appropriate standard deviations, as the average of the 
values for individual wavelengths. 

For selecting the best combination of molar coefficients m, n and q in general 
equilibrium A, the correlation coefficient rxy and the sum of the squares of devia-
tions U were used as criteria both in direct and logarithmic analysis. In this case the 
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computation was always performed in a single cycle, usually only for the absorption 
maximum wavelength of the complex studied, and the tested combinations of molar 
reaction coefficients m, n and q were consecutively fed from the input medium. The 
combination of coefficients yielding the highest value of the correlation coefficient, 
rxy, and the lowest sum of the squares of deviations U was then considered the most 
correct and further computation was performed with this combination. 

Experimental absorbance values close to the limiting A0l or A02 values usually cause 
non-linearity of A = f{F^) or A = f(Gplots, since minute experimental errors in 
absorbances lead to large deviations in the i7; and G{ values. Therefore, 10 — 20% 
of the points, for which it holds that — ^401| or \A02 — A\ 0 1 — 0-2 |A 0 2 — 
— A0 j|, were excluded from the program. Similarly, 20% of the points in both limiting 
regions in the logarithmic analysis were also omitted, so that the results were always 
obtained from c. 80% or 60% of the experimental values. 

Data Interpretation Using the LETAGROP SPEFO Program 

The absorbance-pH curves, A = / (pH), and absorbance-concentration curves, 
A — f(cM, cL), were also handled using a general minimization program, LETAGROP 
SPEFO2 1 '2 2 using the IBM 360/70 computer. 

The program looks for the best combination of equilibrium constants Kx, 
K n and molar absorption coefficients e l9 e2, ..., eN for wavelengths X2, • • a n d 
for a given set of complexes in solution under given experimental conditions, yielding 
the minimum sum of the squares of the deviations of experimentally measured ab-
sorbances Aexp from the theoretical Acalc values, calculated from the equilibrium 
constants and molar absorption coefficients, using the general formula A = £ gmqn . 
• ̂ mqn[M]m [LHx]n [H]~q . The sum of the squares of deviations U is then defined by 

NP NL 

^ = 1 I Ka le - Aexpf , (7) 1 1 

where NP and NL are the total number of points and of wavelengths, respectively. 
The computer automatically monitors the effect of individual newly considered com-
plexes on the agreement of the experimental and theoretical absorbances (the sum 
of deviations) and the new complex is accepted as actually existing, or a complex 
accepted earlier is retained, only when the following condition is met for its equi-
librium constant, and the appropriate standard deviation, 

K ^ F a . o ( K , 

where Fa is a rejection factor. Its value can be chosen as required; in the present paper 
Fa 1-5 has been chosen, corresponding to 93-3% probability. 
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612 Kuban, Sommer, Havel: 

In contrast to common practice during graphical data handling or during use of 
P R C E K type programs, for which the experimental conditions are chosen so that 
a single complex predominates in the solution (a large excess of one component , 
suitable acidity conditions, etc.), with the L E T A G R O P SPEFO program it is advan-
tageous to select the experimental conditions so that the percentages of data are simi-
lar for all assumed complexes. This can be achieved either by selection of broad con-
centration and acidity intervals or by using data for solutions with small concen-
tration excesses of the components. 

Calculation of Distribution Diagrams Using the HALTAFALL Program 

The distribution curves of the individual species in solution were calculated for 
some selected experimental conditions f rom the known values of the equilibrium 
constants and the complex s to i ch iome t ry 2 3 - 2 5 , in dependence on the acidity and the 
component concentration ratios. The H A L T A F A L L program was employed and 
was translated into the Slang algoritmic language for the Minsk 22 computer 2 5 , 
since its Algol2 3 or F o r t r a n 2 4 versions could not be directly applied. 

RESULTS 

Acid-Base Properties of the Ligand 

In aqueous media and in mixed solutions containing ethanol, methanol or dimethyl-
formamide, the orange-red cationic ligand form, LH2 (Aniax = 495 — 520 nm, emax ~ 

400 500 i.nm 600 

FIG. 3 

Spectra of Ni(II)-TAMP Solutions in 30% Ethanol 
c M = 100 c L = 4-952. 10" 3M, 7=0-10 , t 25-00°C, d 10 mm. Curve, pH: 1 1-12, 2 1-41, 

3 1-78, 4 2-05, 5 2-20, 6 2-36, 7 2-60, 8 2-76, 9 2-90, 10 3-10, 11 3-22, 12 3-62. 
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~ 10—11 . 103) predominates in strongly acid media at p H < 0, the orange-yellow 
molecular form, LH (Amax = 465 — 475 nm, emax ~ 7 —10 . 103), at pH = 1 — 8 and, 
finally, the blue-purple anionic form, L~(/lmax = 560 — 570 nm, emax ~ 15 — 17 . 103), 
at pH > 9. The T A M P dissociation constants for L H 2 / L H and LH/L~ transfers 
have been determined for various mixed media and water; here only the values for 
30% ethanol are given (pK a l = 0-12 ± 0-05, pK a 2 = 8-328 + 0-017), obtained f rom 
the ligand absorbance vs p H curves. Detailed information and the values for other 
media have already been published1 4 . 

Complexation Equilibria of Ni(II) with T A M P 

Spectra. The spectra of the Ni(l l) reaction product with T A M P were measured 
in a medium containing 30% vol. ethanol in a p H interval f rom 1 to 8, for several 
cM/cL concentration ratios. In solutions with excess Ni2 + , the absorption maximum 
of the ligand molecular form (470 nm) disappears in dependence on the acidity and 
a double band appears for the chelate with a maximum of xmax = 609 + 3 nm. 
The other absorption band of the ligand molecular form, LH, with maximum 
at 370 nm, is perceptibly split into two absorption bands with maxima at 356 and 
383 nm (Fig. 3). 

Two sharp isosbestic points at 332 and 518 nm indicate the simple transition of 
the ligand molecular form, LH, into the blue T A M P chelate with nickel in the studied 
p H range. The spectra exhibit a similar dependence on the concentration excess of 
Ni2 + at a constant solution pH. 

TABLE I I 

The Optical Characteristics of the Complex Species in the Ni ( I I ) -TAMP System 
c M = . cL, t = 25 00°C, 1= 0-10, 30%ethanol. 

CMICL> P H a 1 0 ~ 3 i 
cm 

'max 1 - 1 
1 0 ~ 3 v 

cm 
max 2 - 1 ^"inax 1» n m ^max2> n m 10~ 3 

cm . V , nm 

100c 28-1 26-1 16-4 15-5 356 383 611 650 30-1 19-3 332 518 
10c 28-1 26-1 16-5 15-5 356 383 609 650 30-1 19-3 332 519 
lb 27-5 26-0 16-4 15-5 364 385 609 647 30-2 19-2 330 523 
i/4b 

— — 16-0 15-5 — — 625 650 — 19-2 — 520 
1/ 10b 

— — 160 15-5 — — 625 650 — 19-3 — 518 

3-55° 27-6 26-0 16-4 15-5 365 385 607 650 30-2 19-3 330 518 
4-50° 27-9 26-1 16-4 15-5 359 385 607 650 30-2 19-2 330 520 

0 The spectra in dependence on the excess metal ion concentration at a constant solution acidity; 
b cM = 2-476 . 10 - 5 M; C CL = 4-952 . 10"5M. 
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614 Kubdn, Sommer, Have l : 

With a decreasing excess metal concentration, the splitting of the two absorption 
bands becomes less pronounced and finally completely disappears (equimolar solu-
tions). In solutions with excess ligand, the long-wavelength absorption band shifts to 
625 nm and its long-wavelength side is perceptibly distorted. The other chelate bands 
are overlapped by the ligand absorption. 

The optical characteristics of the blue Ni(ll) chelate with TAMP are surveyed for 
various experimental conditions in Table II. 

The Absorbance-pYL Curves 

All the measurements were performed using the special apparatus28 described 
above. Each A = / ( p H ) dependence for various concentration excesses was obtained 
from two or three independent measurements, the number of points in the region 
of equilibrium establishment always being greater than 20. 

FIG. 4 

The Absorbance-pH Curves of Ni(II) 
Solutions with T A M P for Various Excess 
Concentrations of Ni(II) 

cL = 4-952 . 1 0 - 5 M TAMP, / = 010 , 
610 nm, for the other conditions see Fig. 3. 
Curve, c M /c L : 1 250, 2 100, 3 50, 4 25, 
5 10, 6 5. 

FIG. 5 

The Absorbance-pH Curves of Ni(II) 
Solutions with T A M P for Excess Ligand 
Concentrations 

cM = 2-476 . 10"5M, 610 nm, for the 
other conditions see Fig. 3. Curve, cL /cM : 
1 1, 2 2, 3 5, 4 10, 5 20. 
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The solution in the titration vessel, with concentrations cM, cL, I and 30% ethanol 
and with p H 1 — 3, was ti trated with hydroxide solutions (cOH = 2M, 005M and 
0-005M-NaOH) using three burettes. The concentrations of all solution components 
were maintained constant by adding equal volumes of a N i 2 + with T A M P solution 
with twice the component concentrations (2cM, 2cL, 60% ethanol) and with p H about 

TABLE I I I 

The Elucidation of the Most Probable Mechanism of the TAMP Reaction with Ni(Il) 
610 nm, / = 0-10, t = 25 00°C, 30% vol. C 2 H 5 O H . 

mqn r x y U r * y mqn r xy U r xy 
graph, anal. log. anal. graph, anal. log. anal. 

c M / c L = 100 C M / C L = 5 0 

111 •99 447 •4 445 . 10" 2 •99 936 111 •99 743 •4 932 . I O - 1 •99 978 
112 •16 615 •1 952 . 10 1 •27 049 112 •04 960 •7 518 . 103 •18 560 
121 •53 596 •9 541 . 105 •80 860 121 •68 300 •7 892 . 104 •88 599 
211 •99 447 •4 445 . 10" 2 •99 936 211 •99 743 •5 202 . 1 0 " 1 •99 978 
122 •52 061 •4 376 . 10° •20 438 122 •92 096 •6 403 . 103 •34 806 
212 •16 607 •5 043 . 103 •27 084 212 •04 960 •1 228 . 104 •18 650 
221 •53 596 •2 986 . 105 •80 860 221 •68 300 •1 918 . 105 •88 599 
222 •52 061 •5 430 . 103 •27 084 222 •92 096 •1 414 . 104 •34 806 

10 1 
111 •99 760 •1 258 . 10" 2 •99 867 111 •59 414 •6 650 . 10° •57 370 
112 •21 768 •8 261 . 103 •21 617 112 •69 624 •2 083 . 101 •99 493 
121 •50 205 •9 912 . 106 •62 729 122 •99 264 •9 255 . i o - 1 •99 763 
211 •99 760 •1 319 . 10" 2 •99 867 211 •52 923 •7 057 . 102 •85 733 
122 •54 850 •1 562 , 1 0 7 •29 917 121 •97 325 •3 434 . 108 •91 146 
221 •50 205 •1 725 . 107 •62 729 221 •62 778 •1 435 . 106 •79 949 
212 •21 768 •9 108 . 103 •21 617 212 •29 575 •2 227 . 101 •51 954 
222 •54 850 •3 285 . 107 •29 917 222 •68 329 •3 122 . 104 •70 981 

0 1 0 0 5 
111 •95 537 •1 621 . 101 •97 599 111 •98 805 •1 518 . 101 •99 783 
112 •78 149 •2 974 . 101 •88 829 112 •72 593 •2 653 . 101 •78 912 
121 •67 163 •9 291 . 102 •98 489 121 •65 439 •1 007 . 103 •76 893 
211 •88 933 •3 177 10° •93 863 
122 •99 289 •1 155 101 •99 711 122 •99 398 •3 279 . 101 •99 514 
212 •50 032 •1 081 101 •70 884 212 •52 385 •1 286 . 101 •74 396 
221 •67 375 •6 754 10° •98 741 
222 •86 744 •5 006 102 •98 326 222 •98 898 •9 377 . 101 •85 155 
133 •90 756 •6 847 104 •28 591 133 •80 292 •1 112 . 106 •83 288 
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616 Kuban, Sommer, Havel: 

3—4. The overall consumption of the hydroxide and thus also of the other solution 
did not exceed 2 — 5 ml, with an initial titrand volume of v0 = 75 ml. 

The blue Ni(ll) chelate with TAMP is formed at pH ~ 1 — 2 in solutions with excess 
metal ion or ligand, while in equimolar solutions it is formed only at pH ~ 4. The 
shape of the A = / ( p H ) curves clearly indicates a single complexation equilibrium 
in all cases (the curves are symmetrical and shift to more acidic regions with increasing 
excesses of the given component). 

At pH > 6-5, the ligand absorption plays a role in equimolar solutions and in 
solutions with excess ligand (the anionic form with a maximum at 565 nm and emax ~ 
~ 16 000) and completely prevents precise measurement of absorbance in this acidity 
region under these concentration conditions (Figs 4, 5). 

Graphical Interpretation 

Graphical interpretation of the absorbance-pH curves was performed under com-
plex formation conditions, when the ligand exists in the solution practically only in 
its molecular form, LH, with minute concentrations of the cationic form, LH2, 
at lower pH values14. According to the general complexation equilibrium, 

m M + n LHX ^ M m L n H n x _ q + q H (A) 

reaction schemes characterized by molar reaction coefficients m, q and n equal to 
111, 122, 112, 211, 222 and 212 can be considered most probable; in some special 
cases, equilibria of the 121,242 and 221 type can also be assumed, with simultaneous 
ligand dissociation 

LH2
+ ^ LH + H . (B) 

Graphical representation of the slope-intercept transformations, A — f(Fj) or 
A = / (Gj) , is depicted in Fig. 6 for the first six combinations of the m, q and n coeffi-
cients, for a hundred-fold excess of nickel(II) ions (CM = 100 cL = 4-952 . 10"3M) 
and for the chelate absorption maximum wavelength, Amax 610 nm. It is evident that 
only the dependences for m, q and n values of 111 or 211 are linear. Analogous con-
clusions hold for other Ni(II) concentration excesses (cM/cL = 250, 100, 50, 25, 10 
and 5) and for all the measured wavelengths (560, 580, 610, 630, 650 and 670 nm). 

The A = f{F;) dependence for m = n — q = 1, for a wavelength of 610 nm and 
for various Ni(ll) concentration excesses cM/cL = 5 — 250, is shown in Fig. 7. The 
straight line intercept and slope values change only slightly within the variation of 
the concentration ratios and . of the wavelength. The number of protons liberated 
during metal bonding (coefficient q), q = 1, was further verified under the above 
concentration ratios by the results of the graphical logarithmic analysis of the 
log F = / ( p H ) dependences (the average q values found is 0-99), see Fig. 8. 
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FIG. 6 

Direct Graphical Analysis of the Absorbance-pH Curves for a Hundred-fold Ni(II) Concentra-
tion Excess and for the Individual Assumed Mechanisms 

cM = 100 cL = 4-952 . 10~3M, 610 nm, for the other conditions see Fig. 3. Curve-values of 
coefficients mqn -Fraxis module: 1 112 2 . 102, 2 211 102, 3 122 4 . 105, 4 121 102, 5 221 102, 
6 111 102, 7 222 103. The order of reactions: M + 2 LH = ML 2 H + H, 2 M + LH = M 2 L + H, 
M + 2 LH = ML2 + 2 H, M + LH2 = ML + 2 H, 2 M + LH 2 = M 2L + 2 H, M + L H = 
= ML + H, 2 M + 2 LH = M 2 L 2 + 2 H. For the definition of F{ see Table I. 

FIG. 7 

Direct Graphical Analysis of the Absorbance-pH Curves for Various Ni(II) Concentration 
Excesses and the Reaction Mechanism, M + LH = ML + H 

cL = 4-952 . 10"5M, 610 nm, for the other conditions see Figs 3 and 4. Curve, cM/cL: 1 5, 
2 10, 3 50, 4 25, 5 250, 6 100. 

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 40] [1975] 



618 Kuban, Sommer, Havel: 

Minute deviations f rom linearity of the log F = / ( p H ) dependence in acidic media, 
pH < 1-5 — 2-0, and the resulting change in the slope may be caused by the simultane-
ous equilibrium 

Ni + HL ^ NiLH or Ni + LH 2 ^ NiLH + H (C), (D) 

in addition to the principal equilibrium 

Ni + HL ^ NiL + H . (E) 

The non-linearity of the dependence with lower metal concentration excesses and high 
pH values (curves 4 — 6, Fig. 8) can analogously be explained by a simultaneous side 
complexation equilibrium of the type 

NiL + LH % NiL2 + H . (F) 

The direct graphical analysis of the absorbance-pH curves for solutions with cM/cL ^ 
^ 10 (without considering corrections for the complex-bound metal) does not dif-
ferentiate formation of polynuclear complexes when the same number of protons is 
dissociated on complexation. Therefore the pH 0 i = / ( l og cM) dependence was plotted 
for corresponding solutions; this dependence indicates that the presence of polynu-
clear complexes, M m L n with m > 1, can be excluded, since the slope, mjq, is ap-
proximately unity for the whole given concentration range and for pH values f rom 
1-5 to 6-0 (Fig. 9). 

F I G . 8 
Graphical-logarithmic Analysis of the Ab-
sorbance-pH Curves for Various Ni(II) 
Concentration Excesses 

For the reaction conditions see Figs 3 
and 4. Curve, cM /cL : 1 250, 2 100, 3 50, 
4 25, 5 10, 6 5. 
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In equimolar solutions and in solutions with excess ligand, a mixture of two com-
plexes is formed. The absorbance values on the horizontal parts of the absorbance-pH 
curves are roughly twice as high as those for the identical analytical concentrations 
of the minor component indicating that some higher complex is formed, MmLn 

with n > 1. For this reason, in addition to the above equilibria, equilibria between 
two complexes were also considered during the graphical data interpetation, 

neglecting the complex-bound metal and ligand concentrations and introducing a cor-
rection for the absorption of the ligand, AA = A — AL. Several approximations 
were required in order to determine the molar absorption coefficients of the two par-
ticles in solution. 

Only the dependence for mqn values equal 112 is linear. The results of the 
graphical-logarithmic analysis lead to the same conclusions. 

Interpretation Using the PRCEK Program 

The absorbance-pH curves were interpeted by the linear least squares method 
using relations for the slope-intercept transformations, A = f ( F A = / (Gj) and 
log F = f (pH), analogous to those given in Table I. 

The most probable reaction mechanism for the complex formation was selected 
only for 610 nm and concentration ratios of cM/cL = 100, 50, 10, 1 and 0-1, under 
assumptions identical to those made for graphical data interpretation. All the above 

ML + LH ^ ML 2H (<0 

5 

The p H o i = / ( l o g c M ) Plot fo r Corres-
ponding Solutions in the N i ( I I ) - T A M P 
Systems and the Condit ions Specified for 
Fig. 8 

Curve, A: 1 0-650, 2 0-500, 3 log F= 0, 
4 0-400, 5 0-250. 

FIG. 9 

2-5 30 3-5 
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mqn coefficient combinations were considered. On the basis of the criterion chosen 
(i.e. the correlation coefficient value and the sum of the squares of the deviations, 
rxy and U, respectively), the conclusions drawn from the graphical curve interpetation 
were confirmed; it can be concluded that the ML complex is formed in solutions with 
higher metal ion concentration excesses, since the lowest sum of the squares of the 
deviations (U ~ 10~3) and correlation coefficient values closest to unity (rxy ~ 0-98) 
were found for coefficient mqn values of 111 and 211 (Table III). 

Curves A = / ( p H ) were calculated for the given reaction mechanism for the for-
mation of complex ML (reaction E), for all metal ion concentration excesses, cM/cL ^ 
^ 5 and for all measured wavelengths. The results of the direct and logarithmic ana-
lysis of the absorbance-pH curves, obtained by the PRCEK program after the requi-
red number of iterations, are given in Table IV for various concentration excesses 
and wavelengths. 

Good agreement among the results is evident in the concentration interval, cM = 
= 5 . 10~4 - 1-25 . 10-2M. For cM = 2-476 . 1(T4M and a five-fold excess of Ni(II) 
the deviations are somewhat higher, indicating that some other complexation equi-
librium takes place. 

In addition, equilibria (F) and (G) were again considered for equimolar solutions 
and solutions with excess ligand. With equimolar solutions, the correlation coefficient 
values and the sums of the squares of the deviations never reached the values (rxy > 
> 0-99, U < 10"2) required to verify linearity of the A = / ( F j ) and A = f(G;) 
dependences. The best agreement was achieved for mqn = 122, i.e. complex ML2 . 
Analogous conclusions can be drawn for solutions with excess ligand, cL/cM = 10. 

On the basis of these results, all the absorbance-pH curves with cJcM ratios of 1, 
2, 5, 10 and 20 and for wavelengths of 560, 570, 580, 600, 630, 650 and 670 nm were 
then treated for mqn = 122 with the full number of iterations. Some results are given 
in Table IV. The results again confirm the existence of a mixture of complexes NiL + 

and NiL2 in equimolar solutions and in solutions with a small ligand excess, while 
complex NiL2 is preferentially formed in solutions with higher ligand concentration 
excesses, cL/cM ^ 10. 

Data Interpretation Using the LETAGROP SPEFO Program 

On the basis of the composition of the complexes determined by the graphical 
methods, the assumed complexes were described by the general formula (Ni)m ( — H)q . 
. (LH)n with the corresponding equilibrium constant, Xm q n = [(M)m ( — H)q (LH)n] . 
. [H]q [ M ] _ m [LH]" n . 

In order to decrease the consumption of computer time during treating data (c. 2000 
experimental points), the whole set of the experimental values was separated into 
two independent parts on the basis of the above results: 
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a) solutions with metal ion concentration excess, cM /cL ^ 5 
b) equimolar solutions and solutions with ligand excess. 

As the input values of the molar absorption coefficients for various wavelengths and 
of the complex equilibrium constants, those obtained by graphical analysis were used. 
The same was followed with the corresponding values for the metal and the ligand 
alone. 

Complexes NiL (111), NiL2 (121), NiLH (101) and NiL2H (112) in the presence 
of various acidobasic ligand forms, LH2 ( — 011), LH (001) and L~ (Oil), were 
gradually considered. The values in parentheses are the mqn coefficients in the 
formula, ( N i ) m ( - H ) q (LH)n. 

After separate treatment of the above two parts of the whole data set (series 1 — 5 
and 6 — 9), the whole set was solved together using the results of series 5 and 9 as the 
input values for the complex equilibrium constants and their molar absorption 
coefficients. Some of the results obtained are given in Tables V and VI. 

Comparing the sum of the squares of the deviations, U, and the corresponding 
standard deviations of the absorbance, g(A), the best values were obtained with 
series 5 for solutions with excess Ni(Il) and with series 9 for the other case. In the 
calculation of the whole set, the best agreement was obtained with series 11, assuming 
that complexes ML, MLH, ML2 and ML 2 H exist simultaneously. Therefore two 
more protonated complexes which were not detected by the graphical methods and 

The Curves of the Absorbance Dependence on the Component Concentration, A = / ( c M ) at 
a Constant Solution p H 

Curve: 1 cL = 9-904. 10" 5M, p H 2-10, 2 cL = 4-952 . 10" 5M, pH 3-50, module A = 2, 
3 cL= 4-952 . 10" 5M, p H 4-00, module A = 1, 4 cL = 4-952 . 10" 5M, pH 5-20, module A = 1, 
5cl= 4-952 . 10"5M , pH 5-50, module A = 1. 

FIG. 1 0 
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with the PRCEK program were found in the solution (with the required probability, 
93-3%). Selected values of the molar absorption coefficients for the individual com-
plexes and the ligand acidobasic forms are given in Table VI. 

The Curves of the Absorbance Dependence on the Component Concentration 

The absorbance vs concentration curves were measured (Fig. 10) for the dependence 
on the concentration of excess component at a constant concentration of the other 
component and a constant pH values, A = /(cc o m p J , for several suitably chosen 
pH values in the interval, pH 2 — 6. The measurement was again carried out using the 
above described apparatus, by titrating 25 ml of a solution in the titration vessel with 

TABLE V 

A Survey of the Values of the Sum of the Squares of the Deviations, Umin, and of the Deviations 
of the Absorbance, o{A), for the Individual Computation Cycles, Obtained with the LETAGROP 
SPEFO Program 

N s rnqn" Umia a(A) 103 Conditions 

1 011, 111, 0 - 1 1 2-1438 . 10" -1 17-64 A = / (pH) , cM/cL > 5 
2 011,111, 1-1818 . 10" 1 13-10 A = / (pH) , cM/ch > 5 
3 011, 111, 122 4-4471 . . 10" •2 8-14 A = / (pH) , cM/cL > 5 
4 011, 111, 122,101 3-7613 . . 10" •2 7-46 A = / (pH) , cM/cL ^ 5 
5 011, 111, 122, 101, 3-6249 , . 10" •2 7-35 A = / (pH) , cM/cL 5 

112 

6 011, 111 2-1969 
1 

54-20 A = / ( p H ) , c L / c M ^ 1 
7 011, 111, 122 3-7586 . , 10" 1 22-97 A = / ( p H ) , c L / c M ^ 1 
8 011, 111, 122, 112, 3.2072 . 10" 1 20-90 A = / ( P H ) , C l / C m ^ 1 
9 011, 111, 122, 112, 1-8557 , . 10" 1 14-10 A = / ( P H ) , C l / C m ^ 1 

101 

10 011, 111, 122 2-6195 . 10~ 1 27-32 A = / (pH) , c M /c L ^ 250 
11 011, 111, 122, 112, 7-6919 . 10" 2 23-13 

101 

12 111, 201, 101 9-4017 . 10" 4 4-52 A = / (c M ) . P H < 4 
13 111, 122, 101, 112 3-5658 . 10" 2 7-31 A = / (c M ) , pH > 5 
14 111, 201, 211 1-9621 . 10" 2 16-90 A = / (c M ) , pH < 2 
15 111, 122, 101 1-6716 . 10" 2 19-41 A = / (c M ) , p H < 2 
16 111, 122, 101, 112 1-6104 . 10" 1 14-88 A = / (cL ) , pH > 4 
17 111, 122, 101, 201 6-3233 . 10" 4 4-09 A = /O m > cL)> PH > 1 

° 0 - l l LH2 , Oil L~ , 111 ML, 122 ML2, 101 MLH, 112 M L 2 H , 201 M 2 L H . 
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c o m p o n e n t concen t r a t i ons , c L 0 a n d c M 0 -> 0 o r c L 0 -> 0 a n d c M 0 , wi th so lu t ions of 
c o m p o n e n t s c o n c e n t r a t i o n s c L 1 = cL0 a n d c M 1 > c M 0 o r c L 1 > cL0 a n d c M 1 = c M 0 , 
us ing t w o bure t tes . O n e of t he t i t r an t s has a p H ident ica l with t h a t of the t i t r and , 
the o t h e r h a d a p H 0-5 un i t h igher . T h e la t ter so lu t ion c o m p e n s a t e d poss ib le acidi ty 
c h a n g e s in the m e a s u r e d so lu t ion . T h e c o n c e n t r a t i o n of t he var iable c o m p o n e n t was 

Fig. 11 

The Continuous Variation Curves for Ni(II) 
Solutions with TAMP 

c0 = cL + cM = 9-904 . 10~5m, 610 nm. 
Curve pH ,4-axis module: 1 4-00 a/2, 2 
4-50 a, 3 5-00 b/2, 4 5-50 6, 5 6-00 b, 6 
7-00 b. 

Fig. 12 
The Distribution Diagrams for the Ni(II) System with TAMP in a 30% Ethanol Medium, <5mqn = 
= / (PH) 

The reaction equilibrium constant values are given in Table VIII a) Curves for ligand concen-
tration excess cL = 20 cM = 4-952 . 10"5m, <5mqn = « [M m L n H n x _ q ] / c M . Curve, complex: 1 M, 
2 ML, 3 ML 2 H, 4 MLH, 5 ML2 ; b) Equimolar solutions cM= cL= 2-476 . 10" 5m . cSmqn = 
= « [M m L n H n x _ q ] / c M , 1 LH, 2 ML 2 , 3 ML, 4 ML 2 - <5mqn = [ML2]/C l , J ML2H, 
[MLH] ~ 0; c) One hundred-fold concentration excess of Ni(II), cM = 100 cL, = m[Mm . 
. L n H n x _ q ] / c L , 1 ML, 2 MLH, 3 ML 2 H, 4 ML2 , 5 HL. 
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630 Kuban , Sommer, Have l : 

calculated using the relation 

= Cjo^i + v2)l(v0 + vl + v2) , (9) 
where v 0 , v t and v 2 are the solution volumes in the titration vessel and in the first and 
second burette, respectively, and c{ and c i0 are the resultant concentrations of the 
variable component and in the titration vessel at the beginning of the measurement, 
respectively. 

Graphical analysis of the A = f ( c L ) or A — / (cM) curves (Fig. 10) was carried out 
using the printed-out values of variables F{, G{ or after the first computation cycle 
(the PRCEK program). The curves were further analyzed employing the PRCEK 
program using the equations given in Table I and equations (5) and (6) in one compu-
tation cycle, and finally by the LETAGROP SPEFO program. 

The criteria for various assumed stoichiometric ratios in the complexes (U, a A , 
rxy), calculated according to the PRCEK and LETAGROP SPEFO programs, are 
compared for some of the measured curves in Tables VI and VII. 

The results show that only the mononuclear complex, ML, is formed in solutions 
with excess metal ion [ A = /(cM)). The results for the A = f ( c L ) curves do not lead 
to unambiguous conclusions, since complex ML predominates over small concen-
trations of complex ML2 at lower pH values, while at higher pH values complex 
ML2 predominates. The handling of the curves with the help of the LETAGROP 
SPEFO program leads to the same results as the interpretation of the absorbance-pH 
curves and the obtained values of the molar absorption coefficients and the equilib-
rium constants are practically identical. The small disproportions in values at extreme 

TABLE V I I 

The Molar Absorption Coefficient and the Equilibrium Constant Values, Obtained with the 
P R C E K II Program for the. Curves of the Absorbance Dependence on the Component Con-
centrations 610 nm 

Direct analysis Logarithmic 
Conditions, p H c

Const. — log AT analysis 
rxy s2 —log As lope 

A = / ( c M ) , 3-50 9-904 . 10" 5 M •9892 13 530 ± 5 046 0-7149 ± 0 0059 0-6792 1-010 
A = f(cM), 4-00 4-952 . 10" 5 M •9775 11 106 ± 4 922 0-6177 dz 0-0165 0-7982 1-367 
A = / ( c M ) , 5-20 4-952 . 10" 5 M •9557 14 539 ± 4 399 0-5745 ± 0-0074 0-6834 1*301 
A = / ( c M ) , 5-50 4-952 . 10" 5 M •8796 16 049 ± 833 0-5678 ± 0-0133 0-8965 1-388 
A = / ( c L ) , 5-20 2-476 . 10" 5 M •9427 35 254 ± 4 343 0-8893 ± 0-0209 0-8642 2-261 
A = / (C l ) ,5 -75 2-476 . 10" 5 M •9504 26 673 ± 949 0-8623 ± 0-0153 0-8438 1-661 
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Ni(II) Metal Chelates with 2-(2-Thiazolylazo)-4-methoxyphenol 631 

TABLE VIII 
Summarizing Values of the Molar Absorption Coefficient and Equilibrium Constant in the 
Ni(II)-TAMP System (30% Ethanol Medium) 

Method 
Value 

direct graphical P R C E K I I LETAGROP SPEFO 

ML 

K 0-187 0-183 ± 0-004 0-182 ± 0-003 
- l o g Ka 0696 0-735 0-730 ± 0-073 0-739 ± 0-024 
- l o g Kb 0-705 0-733 ± 0-025 
l o g p u 7-6 7-60 ± 0-05 7-595 ± 0-02 
e 5 6 0 11 240 11 450 11 390 ± 31 11 605 ± 47 
e 5 8 0 14 070 14 355 . 14 240 ± 51 14 275 ± 51 
e 6 1 0 16 490 15 975 16 370 ± 54 16 260 ± 50 
£ 6 3 0 14 665 14 945 14 890 ± 74 14 500 ± 53 
e 6 5 0 13 770 13 340 13 465 + 52 13 270 ± 38 
e 6 7 0 9 760 9 480 9 620 ± 25 9 230 i 42 

ML 2 

K 0-13 0-130 ± 0-030 0-128 ± 0-004 
- l o g Ka 0-84 0-850 ± 0-062 0-839 ± 0-028 
-\ogKb 0-85 0-882 ± 0-053 
log fil2 15-81 15-805 + 0-05 15-815 ± 0-03 
£ 5 6 0 19 280 20 220 21 030 ± 278 22 265 ± 59 
£ 5 8 0 26 050 26 605 26 955 ± 447 27 500 ± 53 
e 6 1 0 33 725 32 300 32 370 ± 588 33 320 ± 43 
fi630 31 905 31 000 30 635 ± 520 31 990 ± 42 
e 6 5 0 29 980 27 955 27 760 ± 491 28 675 ± 37 
e 6 7 0 28 600 24 265 24 310 ± 382 23 300 ± 41 

MLHC 

K 4-8 ± 0-5 
log K 0-65 ± 0-35 

M L 2 H c 

Kc (3-3 ± 0-5) . : 
log K 2-5 ± 1-3 

a Direct graphical analysis, b logarithmic-graphical analysis, c the molar absorption coefficient 
values are not given because of their low importance. The values in Table VI are only orientative. 
Pmn = ^mqn/^an2 
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acidity conditions are probably caused by the low concentrations of the individual 
complexes; this also leads to poor precision of the determination of characteristic 
quantities for the complexes. 

Analysis of the Continuous Variation Curves 

The continuous variation curves, Y = f(xL), were obtained as follows: short absor-
bance-pH curves, A = / (pH), were measured for individual values of the mole 
fraction, xL — CJCQ = cL/(cL + cM), in an analogous manner to that employed with 
the absorbance-pH curves, and the absorbances for the given pH values were ob-
tained by graphical interpolation. The absorbances were corrected for the absorbances 
of the components alone and the expression Y = A — A0L — A0M = f(xL) was 
plotted. 

The continuous variation curves also confirm the existence of a mixture of com-
plexes with molar ratios M : L — 1 : 1 and 1 : 2 at lower pH values and of a complex 
with M : L = 1 : 2 at pH's above 5. The non-symmetry of curves for xL > 0-5 (see 
curves 3 and 5 in Fig. 11) indicates the presence of two complexes in the solution. 

Distribution Diagrams for the Existence of the Complexes 

On the basis of the calculated equilibrium constants of the complexes (Table VIII), 
the distribution existence diagrams, t>mqn = / (pH), for complexes MLH, MLLH, 
ML2 and ML and the acid-base species of the ligand, LH, were calculated for three 
different concentration ratios, cMjcL = 100, cM = cL and cJcM = 10, using the 
Minsk 22 computer and the HALTAFALL program (Fig. 12). 

It is clear from the distribution diagram why it was impossible to obtain adequate 
results for solutions with small concentration excesses of one component or equimolar 
solutions, using the graphical interpretation of the absorbance curves. Here, in addi-
tion to small concentrations of complexes MLH and ML2H, complexes ML and ML2 

coexist in the entire pH range. For example, 20% of complex ML and 78% complex 
MLZ co-exist at pH 6 — 7. 

At pH 3 — 4, complex ML is dominantly formed and complex ML2 predomi-
nates at pH > 4-8 only. The poorer agreement of the results for solutions with excess 
ligand can be explained analogously. Complex ML predominates at pH = 2-0 
to 3-3 and only at pH > 3-5 is the concentration of ML2 higher; in solutions with 
excess nickel(ll) ion, the concentration of complex ML is only negligibly affected 
by the concentrations of the other complexes in the entire pH range and hence the 
interpretation gives excellent results. 

Similarly, the poor precision of results for characteristic parameters coming from 
the LETAGROP SPEFO program for complex ML in solutions with excess ligand, 
or for complex ML2 in solutions with excess metal ion and for the two remaining 
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Ni(II) Metal Chelates with 2-(2-Thiazolylazo)-4-methoxyphenoI 633 

complexes under any conditions can be explained: similarly the concentrations of the 
particular complexes are then small, leading to large errors in the determination of 
the molar absorption coefficients and the equilibrium constants. 
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