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Some 2-(2-Thiazolylazo)-4-methoxyphenol (TAMP)
Complex Equilibria. I. Acid-base Properties of TAMP
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The dissociation constant of 2-(2-thiazolylazo)-4-methoxyphenol
(TAMP) in 0.1 M KNO,; at 25.0°C in aqueous solution, as well as in
various mixed solvents was determined by means of spectrophotom-
etry. The data were treated by graphical methods as well as by a
computer using the general minimizing program LETAGROP-
SPEFO. A simple program for evaluation of dissociation constants
from spectrophotometric data has also been developed and compared
with LETAGROP. The protonation constant of TAMP in water and
30 9 ethanol has also been determined.

TAMP and some other dyes of the same group were prepared by Kawase !
in 1962. He also studied its complexes with some divalent ions 23 as well
as Co(III).* Later Chromy and Viestal > used TAMP for complexometric deter-
mination of Sn(II) in organic compounds. Chromy and Sommer 8 studied TAMP
as a complexometric indicator for the determination of some di- and tri-valent
metal ions and they worked out several methods for their determination.

Sommer, Sepel, and Ivanov 7 showed that TAMP was a very sensitive spectro-
photometric reagent for the determination of uranyl ion and deduced composi-
tion and some other properties of the complex UO,R* (R =TAMP). Recently
Kai & used TAMP for the spectrophotometric and complexometric determina-
tion of mercury(II) in solution and found two complexes with molar ratios
M:Requal to1:1and 1:2. More recently, Chromy and Sommer %10 studied
complexes of Cu(II) with TAMP, and some of its derivatives in aqueous solu-
tion.

* The experimental work and the graphical treatment of the data were carried out by V. K.
in Brno, the computer adjustment by J. H. in Stockholm. Permanent address: the same as for
V. K.
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In order to evaluate the complex formation between TAMP and various
metal ions it is necessary to know its acid-base properties in the solvents
studied. For that reason we have determined the dissociation constant of
TAMP in water as well as several mixed solvents with water as one component.

The solvents studied were: H,O, 30 9, CH,OH, 30 9%, DMF, 10, 20, 40,
and 50 9%, C,H,OH. The experimental data have been treated with several
calculation methods and the results of the calculations compared.

In order to check that the protonation equilibrium of TAMP does not in-
terfere with the complex formation of metal ions down to pH=1, e.g. the com-
plex equilibria with Ni(II),%” some experiments have been performed at high
acidities in H,O and 30 %, C,H;OH. The data for the protonation of TAMP
and the data for the evaluation of the dissociation constant of TAMP in 20 9,
and 40 9, ethanol were treated by graphical methods only.

EXPERIMENTAL

Reagents and solutions. TAMP was prepared by Svoboda and Bendovd ** (Institute
of Pure Chemicals, Lachema, Brno) in a form of bright, darkgreen crystals, sparingly
soluble in water but very soluble in dimethylformamide (DMF) and alcohols, giving yel-
low-orange solutions. It was recrystallized twice from hot ethanol, dried and 99.31 9%
of the dye was found by elemental analysis of C, H, N in this preparation.

The purity of TAMP was further checked by thin layer chromatography on silica gel
(MN-Kieselgel G) using the following mixtures as eluents: 1, 20 ml benzene+ 5 ml
CHCI; + 9 ml diethylether + 0.3 ml conc. acetic acid; 2, 33 ml CCl, 4+ 18 ml diethylether + 3
ml conc. acetic acid; 3, 35 ml benzene + 4 ml CHCl; + 4 ml conc. acetic acid. In all cases
one spot was found;* i.e. the dye was chromatographically pure.

A stock solution of TAMP (cg=5x% 10~*—1x 107 M) was prepared by dissolving the
dye in 2.5 ml DMF and 2.5 ml 1 M NaOH and dilution with water up to the mark so
that the DMF concentration was not larger than 1 9, (v/v) in the stock solution and 0.1
(or 0.2 %) (v/v) in the others. Traces of heavy metal ions were masked by adding a solution
of EDTA.

pH Control. The pH in the solutions used was adjusted by mixing in a nitrogen at-
mosphere the acid solution of the reagent (pH=1.1) with an alkaline solution
(pH=11-12) containing the same concentration of TAMP. The equipment used per-
mitted continuous measurements of spectrophotometric curves.?s*2 More details about
this technique can be found elsewhere.®® The pH meter (Radiometer, Type S-1001) was
calibrated by phosphate (pH = 6.48 at 25°C), phthalate (NBI, pH = 4.01 at 25°C) and tetra-
borate (NBI, pH=19.18 at 25°C) buffer solutions. The pH values in mixed solvents were
not corrected and we use the symbol pH in all cases.

Ionic strength. Constant ionic strength I=0.10 was maintained during these studies
by addition of potassium nitrate (twice recrystallized) or prepared from a mixture of
nitric acid and sodium hydroxide.

All other chemicals and solvents were commercial products of p.a. purity and purified
by recrystallization, distillation etc., before use.

Instruments. All spectrophotometric measurements were made at constant temperature
(25.00 + 0.05°C) on the one beam spectrophotometer SFD-2. Absorption spectra were
registered on a UNICAM SP 700 recording spectrophotometer at room temperature.
The pH values of the solutions used were measured with a Radiometer PHM-4d pH
meter with a precision of +0.02 pH unit using glass G 202B and saturated calomel K
401 electrodes (Radiometer).

RESULTS

Table la gives a survey of the titrations in the solvents used. Table 1b
gives the experimental data for one typical titration in water together with the
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Table 1a. Survey of experiments. t=25°C, I=0.1 M (KNO,).
Set Solvent Cr Cepra pH-range
No. M M
1 H,0 5.00 x 1078 0 6.26 —10.30
2 H,O 5.00 x 1075 2x%x 10~ 6.05—11.63
3 H,0 1.00 x 10~* 4x10* 6.20—9.98
4 H,0 2.00 x 10~ 6x 10 6.09—-10.04
5 30 9, DMF 5.00x 10 2x107* 6.20—10.34
6 30 9, CH,0H 5.00x 107 2% 104 6.20—10.15
7 10 95 C,H,OH 5.00 x 1078 2% 1074 6.29 —9.87
8 50 95 C,H,OH 5.00x 1078 2% 104 7.08—11.03
94 H,0 4.50x 1078 0 0-1.8
104 H,0 4.50 x 107 0 0.15—1.51
114 30 9, C,H,OH 4.50x 1078 0 0.03—-1.92
124 30 9% C,H,OH 4.50x 10 0 0.14—-1.66
13 20 9% C,H,OH 5.00 x 107 2.00x 10~ 5.12—-11.50
14 40 9%, C,H,OH 5.00 x 10~ 2.00 x 10~ 5.20—-12.00

4 The ionic strength not constant but varied around 0.1 M.

Table 1b. Experimental data (pH; Ac.p) for the dissociation of TAMP in water. For all

points deviations 44 =10%A4y.—4

are given, using the dissociation constants

)
and molar absorptivities determine(‘itx %y LETAGROP-SPEFO (see Tables 2 and 3).

I=0.10 M KNOy; t=25°C. Set No. 1.

rH 4 44 A 44 A 44 A 44 A 44 A 44

A=1500 A=1525 A=540 A=1560 A=1580 A=610
6.26 0.276 —4 0.153 -1 0.097 +1 0.067 —2 0.040 +5 0.027 +7
6.40 0.277 —4 0.160 —3 0.103 +1 0.070 —3 0.048 +3 0.033 +5
6.53 0.278 —4 0.167 —4 0.113 -2 0.075 +2 0.066 +3 0.040 +3
6.63 0.278 —4 0.170 —2 0.121 -2 0.085 0 0.066 +1 0.047 +1
6.73 0.279 -3 0.177 -2 0.131 -3 0.096 —1 0.078 —1 0.055 —1
6.87 0.279 —1 0.190 —3 0.147 -3 0.115 +2 0.095 —2 0.065 0
6.96 0.285 —1 0.200 -3 0.160 —3 0.132 —1 0.111 —4 0.075 ~1
7.03 0.286 O 0.207 —2 0.170 —2 0.145 +1 0.121 -2 0.084 —3
7.14 0.290 +1 0.222 -1 0.193 -4 0.169 0 0.147 -7 0.099 —4
7.23 0.295 O 0.237 +1 0.210 -2 0.191 0 0.165 —4 0.113 -5
7.35 0.297 4 0.267 +1 0.240 -2 0.224 +1 0.195 —3 0.131 -3
7.42 0.301 4 0.272 1 0.258 —2 0245 0 0.218 —6 0.146 —5
7.51 0.306 6 0292 1 0285 0 0.277 3 0.246 —6 0.163 —4
7.60 0.315 2 0.3156 —1 0.313 -2 0.305 2 0.274 —4 0.180 —2
7.70 0.318 6 0331 8 0347 5 0.340 4 0.306 —1 0.203 -3
7.79 0.323 7 0.358 4 0377 [5 0372 1 0337 1 0.221 —1
7.90 0.330 8 0382 9 0415 7 0.415 -2 0372 6 0.245 O
8.01 0340 6 0412 6 0451 b 0459 0 0409 5 0.268 2
8.10 0.349 2 0.430 9 0.4803 10 0488 6 0440 5 0.290 —2
8.23 0.358 1 0462 &5 0517, 7 0.531 —3 0.480 4 0.314 —1
8.35 0.362 4 0483 7 0.541 6 0.571 -2 0.512 3 0.336 —3
8.44 0.366 b 0.501 4 0.560} 7 0.590 —1 0.529 7 0345 1
8.51 0.370 3 0.510 5 0.578 3 0.610 —1 0.549 1 0.357 —1
8.63 0.376 1 0529 1 0.6004 1 0.630 0 0570 2 0.370 —1
8.73 0.380 O 0540 1 0610 5 0.651 —1 0581 5 0.378 0
8.82 0.385 —3 0.550 —1 0.629 —4 0.663 —2 0.598 —1 0.385 0
8.94 0.387 -3 0.558 —1 0.635 2 0.672 0 0.601 -1 0.394 —1
9.12 0.390 —3 0.570 —3 0.652 —2 0.690 3 0.621 2 0.398 4
9.23 0.391 -3 0.575 —3 0.658 —2 0.702 4 0.630 —1 0.404 2
9.38 0.395 -5 0.585 —8 0.672 —9 0.710 7 0.640 —4 0.408 2
9.53 0.396 —4 0.590 —9 0.675 —8 0.712 —1  0.650 —9 0.410 2
9.81 0.400 -5 0.597 —9 0.688 —12 0.7256 —4 0.653 -5 0413 3
10.30 0422 1 0.603 3 0.692 34 0.738 —2 0.660 21 0419 0
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difference in absorbance 44=10° (4., —A4,,,) obtained by LETAGROP
using the dissociation constants and molar absorptivities given in Tables 2
and 3.

The full experimental material covering the dissociation of TAMP in the
solvents water, 30 9%, DMF, 30 9, methanol, 10, 20, 40, and 50 9, ethanol as
well as the protonation of TAMP in water and 30 9, ethanol can be obtained
upon request.

Treatment of data

Within the last decades many numerical and graphical methods have been
employed for the determination of equilibrium constants from spectrophoto-
metric data.l'-17 Although the graphical methods are easy to use and give good
results as long as the number of parameters to be determined does not exceed
three they have the disadvantage of being laborious and time consuming.
This can be remedied by letting a computer calculate the normalized functions
to be used.t!

It is difficult, however, to get good estimates for the standard deviations
of equilibrium constants and molar extinction coefficients of the complexes
under study.

Several computer programs have been developed for the evaluation of
spectrophotometric data,?*~? employing least-squares methods. All these
methods suffer from being developed for surprisingly simple special cases such
as the formation of a complex AB from A and B.2° An attempt of a method
generally applicable to the formation of mononuclear as well as polynuclear
species, even with several ligands, is the program LETAGROP 35,45,48 developed
by Sillén and coworkers and applied to many different kinds of equilibria.42-4
Recently a version called LETAGROP-SPEFO was developed for the treat-
ment of spectrophotometric data.?5,26 A good survey can be found in the
literature.18,19,28,36,37

In the following the results from graphical as well as the computer programs
LETAGROP-SPEFO and PRCEK, the latter one developed by the present
writers,3* are given.

1. Graphical treatment of data. The principles of the graphical methods we
have been using for some time may be found elsewhere.l5-1? For the sake of
brevity we shall give only the final equations. The transformations are derived
from the equation for the equilibrium constant and mass balance equations,
combined with the equation for total absorbancy of the solution (validity of
Lambert-Beer’s law is assumed, of course). After simple rearrangement and
elimination of unknowns one obtains for the equilibrium (A) the following
transformations:

RH, < RH, 7+ gH* (A)
€1 &
A = g0y + (eg0y —A)HK, = 4y, + F,K, (1)
A = exep — (A —ey0x) K, H ) = 4y - F,K (2)
x4 = 1]e;—(cgey— ANHT 1946, K, = ¢, —Q,[H* ] (3)
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04 = 1/ey + (4 — 0ge)) [H PA 161K, = 2,71 + Q,[H* (4)

where A is absorbancy, ¢, the total reagent concentration, ¢, and ¢, are molar
absorption coefficients, K, is the equilibrium constant of the reaction (A),
and the other symbols are self-explanatory. K, is the dissociation constant of
TAMP and K, the dissociation constant of its protonated form.

By plotting A=f(F, or F,) or cy/A=1£(@,[H"]¢ or Q,[H*}) straight
lines are obtained for the right ¢ value. The number of protons liberated in the
reaction (A) may thus be evaluated by inserting various values for ¢. The values
for the molar absorptivities and the equilibrium constant can then be obtained
from the intercept (e; and &,) and from the slope (K). More precise values of
K, and ¢ could be evaluated by using ‘‘the graphical logarithmic analysis”.
The corresponding equation can be derived from any of eqns. (1)—(4) in the
form (5)

1 gA b1r =log K, + qpH (5)

&20g -4
The slope of the plot log [(4 — Am)/(A A)]=1(pH) gives the value of ¢,
and the value of pH for which log [(4 01)/(A02—A )] is equal to zero deter-

mines the value of pK/q, where pK = —log K,

An example of graphical analysis of this type may be found in Figs. 1 and
2. From Figs. 1a and 1b for the protonation of TAMP in H,O it can be seen,
when applying equation (3) (Fig. 1a) that a linear relationship is obtained for
g=1. This value is then proved by applying equation (5) as can be seen from
the unique slope of the line in Fig. 1b. Similarly, the dissociation constant of
TAMP can be found graphically as illustrated in Fig. 2.

The procedure described and illustrated above, was applied separately
to each wavelength and from the series of pK, values mean values were
calculated, which are listed in Tables 2 and 6.

Deviations from the mean pK values were evaluated using eqn. (6)4°

a(pK>=[N S (pK - pK)] (6)

n=1

where pK is the mean value calculated from pK values obtained from curves
for individual wavelength n, N is the number of wavelengths used. For better
comparison with standard deviations computed by PRCEK (c¢f. below) and
LETAGROP-SPEFO, the values 3¢(pK) have been listed, as well.

II. Treatment of the data by linear least-squares method (program PRCEK).
In just the same way, as by means of the graphical method discussed in this
paper, the “best’ lines of transformations (1) and (2) could be found objectively
using the linear least-squares method with help of a digital computer. Applying
proper formulae one can evaluate standard deviations for molar absorptivities
as well as for equilibrium constants. The values of ¢; or ¢, show a slight inter-
dependence. Thus, one has to use repeatedly eqns. (1) and (2), until the values
of the intercept gycy, or ¢,¢, and the slopes are not altered significantly or, better,
the changes are within certain limits. We did stop the calculations, if two con-
secutive values differed less than 0.1 rel. percent. By the use of a computer
this can be achieved very easily. For the final lines obtained, the standard

Acta Chem. Scand. 27 (1973) No. 2



TAMP COMPLEX EQUILIBRIA 533

o 1 2 aqmY

Fig. 1. Graphical analysis of the protonation of TAMP in H,0. a. 10* ¢z /4 plotted against
Q,[H*] for two different wavelengths and cg=4.50x 10~ M. According to eqn. (3)
straight lines correspond to ¢=1 and the value ¢, used (¢ of RH form in this case) was
equal to 800 and 1800. Open symbols correspond to 560 nm, filled symbols to 540 nm.
b. log [(A—4,)/(A,,—A)] plotted against pH for the same wavelengths as in Fig. la.
According to eqn. (5) the extrapolation to (4 —A4)/(4,—4)=0 gives —log K,, which
should be independent of wavelength. The d#ference at the two wavelengths used in-
dicates a slight systematic error, smaller than the experimental uncertainty.

'
|
¢

1 I N ] H—

H 1 i
70 75 8075 8075 80 85 pH

Fig. 2. Graphical determination of the dissociation constant of TAMP in water employing
eqn. (5) for wavelength 560 nm. The values for ¢, and ¢, were obtained by graphical
extrapolation using eqns. (3) and (4).
Curve 1: cg =5.00 x 10~° M, ¢, =1000, &= 14 520. Curve 2: cg = 1.00 x 10™* M, ¢, =810,
&,=15 350. Curve 3: cg =2.00 x 10~* M, ¢, =810, g,=15 350. The lines have been plotted
separately for the sake of clarity.
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534 KUBAN AND HAVEL

deviations of molar absorptivities and equilibrium constants were always
calculated.

We have written a small Algol program called PRCEK % (DWARF in
English) to achieve this. It contains some safeguards to avoid possible erratic
behaviour. In the program one has to find some starting values for molar
absorptivity coefficients, ¢, in eqn. (1) and ¢, in eqn. (2). We have taken the
values found in a previous graphical analysis but they could be inferred from
the graphs A =f(pH), as well.

It is shown elsewhere,3 that even starting with a quite poor estimate
(several times higher or lower) the proper ¢ values are quickly found after a
few successive cycles. The experimental points near the absorbancy value
Agy=¢€,05 or Ags=g,0; usually cause trouble due to the fact, that even small
experimental errors in absorbancy cause a large scatter of the functions F,
or F,. Therefore in the program the points for which the difference |4 — ¢,cy|
or [A— ec,| was less than 10 (sometimes we have used even 20) 9, of the
| — & ¢g value, were discarded and the ‘“best’’ lines were calculated from the
rest of the experimental data.

The process was repeated for each wavelength and for the final values of
K, and o(K), the average numbers were taken. Finally, the error-square sum

U= Z Z(Acalc_“lexp)2 (7)
Ny N3

was calculated. N, is the number of points at each wavelength, N is the num-
ber of wavelengths and A4, is the value of absorbancy, calculated from eqn.

(8)

calc

Ao = (&[H*)0 + £,K)eg ((H* J¢ + )1 (8)

Tables 2 and 3 give some values obtained in this way

II1. Treatment of the data by the program LETAGROP- SPEFO The values
of K found graphically for different media were used as starting values for the
LETAGROP refinement.

The program searches for the “‘best’ set of unknown parameters (equilib-
rium constants) K,, K,,...K,, (in our case N=1 or 2 only) and another series
of parameters &, &,,...ey-molar absorptivities of individual species for
individual wavelengths. Such a “best”” set is defined as the one which gives
the minimum value to the error square sum as defined above in eqn. (7).

One can choose by using a value of val (1 or 2) the error square sum to
be minimized either on U=3(4,.—4,,)* (absolute errors, val=1), or
U=2[(Acqe— Aexp)/Aexpl® (velative errors, val=2). We have used val=1 in
all calculations; in this way the experimental points have been given the same
weight as with PRCEK, ¢.e. all points have the same weight.

In Table 2 the resulting values of log K + 3o(log K) are given, where g(log K)
is defined by

K +0(K)
a(log K) = } log 7= E—o(K)"

Acta Chem. Scand. 27 (1973) No. 2
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Table 2. Dissociation constants of TAMP determined by graphical method, PRCEK and LETAGROP-SPEFO
programs. (I=0.10 M KNO;; ¢=25°C. The experimental conditions for each set are given in Table la).

Set Medium —log K% —logK, Ux10® —log K, Ux 102 o(4)x 10 Alog Kb
No. Graph. PRCEK LETAGROP
1 H,0 7.83+0.03 7.830+0.010 9.954 7.8154+0.007 3.240 +4.12 +0.015
2 H,0 7.834+0.03 7.827+40.0156 5.3956 7.836+0.009 2.880 3.91 —0.009
3 H,0 7.844+0.03 7.855+0.013 5.140 7.861+0.010  2.090 4.11 —0.006
4 H,0 7.83+0.03 7.8594+0.019 13,838 7.858+0.012 7.019 9.14 +0.001
Mean value 7.834+0.03 7.846+ 0.016 - 7.85240.010 - — -
All data together - - - 7.858+0.009 2.619 7.93 -
5 30 9%, DMF 8.38+0.02 8.382+0.014 10.564 8.38640.006 2.376 4 3.26 —0.004
6 30 9%, CH,O0H 8.164+0.03 8.1564 0.011 6.435 8.15940.006 2.107 3.07 ~0.003
7 10 9% C,HOH 7.92+0.04 7.923+0.012 3.298 7.92240.009  2.467 4.46 +0.001
8 50 9% C,H,OH 8.92+0.03 8.921+0.022 11.389 8.925+0.016 8.576 8.49 ~0.004

4 Values resulting as a mean from the values calculated for each wavelength using eqn. (5).
b 4 log K,= —log K, (PRCEK)+log K, (LETAGROP).

Table 3. Molar absorptivities of R~ and RH forms of TAMP determined from the horizontal parts of 4 =f(pH)

curves, by graphical method, and by PRCEK and LETAGROP-SPEFO programs.

Set A &,= Ayijcg?® Graphical method # PRCEK LETAGROP-SPEFO
No. (nm) &(R") X & &1 &t o(e,) eyt a(e) &t o(e,) &t o(e)
1 500 8 010 5 400 7960 5 450 7 980+ 20 5485+ 19 7890+ 21 5370+ 24
5256 12 040 3 060 11 950 2 950 11 850 24 2670 23 11 830 27 2840 28
540 13 800 1740 13 700 1720 13 650 36 1855 43 13630 29 1680 30
6560 14 600 1140 14 400 940 14 020 35 920 33 14 510 28 900 29
580 13 100 800 13 150 710 13030 32 700 44 13110 30 620 31
610 8 300 540 8 330 440 8250 26 350 38 8430 26 510 27
2 440 2 680 7 000 2 700 7120 2690 21 7230 43 2660 15 7190 16
470 4120 7 460 4 200 7 550 4190 11 7560 21 4160 14 7500 14
510 9780 4 600 9 720 4 650 9650 25 4640 27 9 600 26 4 560 26
540 14 000 1 880 13 870 1770 13720 44 1830 45 13740 31 1780 32
560 14 880 1 040 14 520 1 000 14 640 58 910 25 14 690 32 930 32
580 12 800 700 12 700 620 13 160 50 620 41 13230 31 640 31
610 8 460 360 8 350 390 8410 21 450 28 8630 31 570 31

% Standard deviations have not been estimated for molar absorptivities found from horizontal parts of
4=f(pH) curves and by graphical methods.

Moreover, a(4) the standard deviation in A4 is given. Molar absorptivities ¢,
together with their standard deviations + o(g;) are given in Table 3 for one
typical run in water.

The possible existence of the complex R(RH)”. By LETAGROP one can
very easily try to introduce a new species and see whether this addition can
significantly improve the fit or not. It is made possible in a quite elegant way 35
by a “species selector’’ in the program.

Acta Chem. Scand. 27 (1973) No. 2
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Table 4. Values of error square sum U, logarithms of constants K, and K,, (assuming species R~ and
R(RH)™, respectively).

Set 103U g(Ad)x 103 pK; 13x U o(4)x 108 pK, PK,,
No. assuming only reaction (A) assuming reaction (A) and (B)
1 3.240 +4.12 7.816+ 0.007 0.930 +2.25 7.98(max 17.76) 4,28+ 0.20
2 2.880 3.91 7.836+ 0.009 2.258 3.54 7.88+4 0.06 4.724 0.21
3 2.090 4.11 7.861+0.010 - — 7.784+ 0.20 rejected
4 7.019 9.14 7.858+ 0.012 - — 7.88+ 0.06 rejected
26.193% 7.93 7.868+ 0.009 — - 7.874+0.02 rejected
5 2.376 3.26 8.386+ 0.006 2.336 3.30 8.39+0.01 6.18+ 0.17
6 2,107 3.07 8.159+ 0.006 - — 8.19+0.03 rejected
7 2.467 4.46 7.922 + 0.009 2.098 4.22 7.924 0.02 4.89(max 4.67)
8 8.576 8.49 8.925+ 0.016 - — - K < 0; rejected

4 All data together,

The new species added is accepted, if U, is significantly lower than the
previous one and if the constant for the new complex is coming out with a
standard deviation ¢(K), for which the condition K> F4x o(K) is fulfilled.
F 4 is the value for Sigfak in the program. We have used Fg=1.5, i.e. the con-
fidence level 93 9%,.

It was of some interest to test the formation of a species R(RH)™. In series
1 and 2, i.e. for cg=5x 103 M the species was accepted (see Table 4), U_..
decreased, as well as o(d4). It was also accepted for 10 9%, v/v ethanol with a
similar K, value (log K,,= —4.5) and also in 30 9%, v/v DMF, but rejected
in 50 9, ethanol and 30 9, methanol (see Table 4).

To be quite certain about the existence of this complex the absorbance — pH
curves also for two higher ¢y values (1x 10~* and 2x10* M TAMP) were
measured, where one could expect more of this ‘“dimer”’. In calculations on
these data the species was not accepted and then rejected when treating series
2, 3, and 4 altogether.

A probable explanation of R(RH)™ being accepted in some series is the
complex formation of TAMP with some metal impurities in the ionic medium
in spite of the presence of EDTA in most of the cases. And really, the best
“improvement’’ in the U value after adding species R(RH)™ was observed for
H,0, Cyprs =0 but no improvement was obtained for series with higher EDTA
concentrations. We can therefore imagine, that the acceptance of the hypo-
thetical reaction (B) with the equilibrium constant K, (cf. Table 4)

R~ + RH = R(RH) (B)

is rather due to complex formation of TAMP with metal impurities, Me'"

such as
Me** 4+ 2 RH & MeR(RH)*™ 4+ H* (©)

or Me** + R~ + RH & MeR(RH)¢*V* (D)
Acta Chem. Scand. 27 (1973) No. 2
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The formation of mixed species containing EDTA cannot be excluded, of
course. This interfering reaction was hindered by higher EDTA concentrations
in the case of series 3 and 4, so that R(RH)™ species was not accepted. The
same can be true for the other media as well, thus we can eventually conclude
that no “dimer” R(RH)™ is formed during the experimental conditions used in
this paper.

CONCLUSIONS

Three optically different species of TAMP exist in aqueous as well as in
mixed solvents depending on the pH value. The first orangered species RH,*
with absorption maximum 495— 520 mn predominates down to pH=1, the
second form RH is yellow with maximum 465 — 475 nm, predominating in the
pH range 1~ 7 and the violet-blue form R™ (4, = 560 — 570 nm) predominates
above pH =17. There are two isosbestic points on the absorption curves—one
of them indicates deprotonation of RH," and the second the deprotonation
of RH to yield R~ (see Table 6).

Absorption curves of the reagent measured in the pH region 0—11 and in
concentrated sulphuric and perchloric acids were found to be in good agreement
with Chromy and Sommer.® The values of 1., which have been found for the
species RH,*, RH, and R~ in different media are given in Table 5.

All methods for the determination of dissociation constants, described
above, were applied only to the dissociation of TAMP (K,) in all aqueous as
well as in mixed solvents (except 20 and 40 9, ethanol) because these data were
obtained with an accuracy good enough to justify use of computer methods.

The dissociation constant of the protonated form of TAMP (K,) was
determined for aqueous solutions and for 30 9, v/v ethanol by the graphical
method by extrapolation of log {(4—4,/(4y,—4)}=1f(pH) plots for

Table 5. Summary of optical data of TAMP.

Form Solvent pH region A, (nm) &t Amax (nm)  Ref,
This paper Lit.

RH,* H,0 1b 510, 381 10 420 523, 380 6
30 9% CH,0H 495, 382 372 1
30 9%, DMF 493, 376

RH H,0 1-17 467, 369 7.480 468, 370 6
30 9%, CH,0H 474, 370 8.550 462, 366 1
30 9%, DMF 476, 370 8.750 481, 365 38

R™ H,0 1 559, 369 15 420 561, 370 6
30 9% CH,0H 565, 368 15 6520 562, 366 1
30 95 DMF 571, 370 16 6510
10 9% C,H,O0H 15 840
50 % C,H,0H 17 070

% gru,* given for 510 nm, ggy for 470 nm, g for 560 nm.
b The ionic strength was varied in the range 0.10— 1,20 (HNO,+0.10 M KNO,).
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Table 6. Final values of the protonation constant of TAMP, determined by graphical method
and final values for the dissociation constant as found by LETAGROP-SPEFO. A comparison
with literature data.

A
Isos- —log K
Equilibrium Solvent bestic This paper  25.0°C Lit. Ref.,
point (I=0.10(KNOy)
RH,*=RH+Ht H,0 418 nm  0.00+ 0.04% 0.03+ 0.03 6
30 9% EtOH 0.12+ 0.05%
30 9%, dioxane 0.3 8
RH=R +Ht H,0 493 nm  7.858+ 0.009 8.13+0.02 6
30 9%, CH,OH 8.159+ 0.006
30 9%, DMF 8.386+ 0.006
10 9% EtOH 7.923 1 0.009
20 % EtOH 8.184- 0.03%
30 9% EtOH 8.328+ 0.017 47
40 9% EtOH 8.56+ 0.06%
50 9% EtOH 8.925+ 0.016
20 9% dioxane 8.4 1
20 9, dioxane 8.2 39
30 9% dioxane 7.90 8
50 9, dioxane 9.18 3

4 Determined by means of the graphical method only.

pH<1.0. The values of —log K, obtained are equal to 0.00+0.04
and 0.12 4+ 0.05, respectively. One can see that the protonation of TAMP
becomes important only in rather strongly acidic solutions, ¢.e. below pH=1.

The relevant values of absorption maxima A, , wavelength of isosbestic
points 4., and final values of —log K, and —log K, and molar absorptivities
of all species determined by LETAGROP-SPEFO procedure are listed in Tables
5 and 6.

It deserves to be mentioned that the small amount of DMF used to bring
TAMP into solution in the various solvents has a negligible effect on the pK-
values obtained.

The difference in pK between 0.1 %, DMF solution and that obtained for
pure H,O (calculated from the difference of pK values obtained for H,0 and
30 9, DMF in this paper) is about 0.002 pK which is much less than the ex-
periment uncertainty.

From Tables 2 and 3 where the values of —log K and ¢; are listed one can
see, that individual values determined by different procedures are in good
agreement, irrespective of the different basic principles of the graphical and
least squares method on one hand, and of LETAGROP-SPEFO on the other.

The program PRCEK is useful for the determination of equilibrium con-
stants in cases, where only two absorbing species are present in solution in the
pH interval studied. In more complicated cases, if three absorbing species are
present, the problem can be solved by dividing the investigated pH interval
into regions where only two species absorb. It is the same principle as that one
used in solving simultaneous equilibria by graphical methods.
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AA= Ay o™ Arxp
+0.01
serjes

Fig. 3. The deviations 44 = A4 . — Aexp b 5
the arbitrarily chosen wavelength 560 nm
as a function of pH for various mixed
solvents, determined by PRCEK (open 6
symbols) and LETAGROP-SPEFO (filled

symbols). The conditions for each series are 10°
given in Table la. The data in this figure 7 0 C‘,H?)H
correspond to ~ 1/6 of all the experimental 5

data. : . L

As seen from Table 2 the program PRCEK gives error square sums about
three times as big as LETAGROP. However, the difference in the constants
obtained is so small that results with PRCEK are acceptable. The highest
deviation between the pK value calculated by means of PRCEK and LETA-
GROP-SPEFO was for series 1, ¢.e. 0.015 logarithmic units, but the average
absolute deviation for all the series was 0.005 logarithmic units, which is quite
acceptable (see Table 2).

A comparison of the deviations 44=4_. -4, calculated by both
programs for various mixed solvents is given in Fig. 3 for one of the wave-
lengths. It may be seen that PRCEK gives slightly higher deviations, but for
the present purpose this is not serious.

The final values for the dissociation constants of TAMP are given in Table 6
and are those calculated by LETAGROP-SPEFO, since they are taken as the
“best’’ values obtainable from our experimental data.
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