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The complex equilibria of copper with 4-(2-pyridylazo)resorcinol and 4-(2-thiazolylazo)resorcinol 
were studied spectrophotometrically using graphical analysis and numerical treatment of the 
absorbance data by the PRCEK or SPEKTFOT program on a Tesla 200 computer. Of the two 
reagents, 4-(2-pyridylazo)resorcinol forms more stable complexes, including the 1 : 2 complexes, 
with a greater bathochromic shift of Amax with respect to the reagent. Especially the CuL~ ­
complex of 4-(2-pyridylazo)resorcinol with Ii = 7·9. 104 at 500 nm permits sensitive spectro­
photometric determination of copper. Procedures for the spectrophotometric determination 
of copper in weakly alkaline media were evaluated. 

4-(2-Pyridylazo)resorcinol (PAR) and 4-(2-thiazolylazo)resorcinol (TAR) are anaiytically im­
portant heterocyclic azodyes. The reactions with Cu2 + are among the most typical reactions 
of these azodyes. While complex equilibria have frequently been studied l

- 9 , the results were 
frequently ambiguous or incomplete. The presence of a hydroxyl group in the para position 
relative to the azo-group in these reagents (PAR, pKa2 = 5'6; TAR, pKa 2 = 6'4) broadens the 
potential number of possible complexes through formation of complexes of the type MLnHz and 
ML

II
, differing markedly in the molar absorption coefficient values. The reaction with PAR 

is the basis of a method for the spectrophotometric determination of Cu2 + in aqueous media 
at pH 7·1 in the presence of sodium citrate and a small amount of H 2 0 2 (ref. I 0), and also in al­
loys of iron, molybdenum and nickel at pH 1·5-2·5 in the presence of 3% H 20 2 (refY). PAR 
is an indicator for the chelometric determination of Cu2 + at pH 3-8 (refs. I 2 ,44) and in the 
Cu2 + -EDTA-PAR combination as an indicator in the precipitation titration of Mooi - , 
woi - and soi - by lead (II) nitrate l3 

-15 . TAR has been recommended for the spectro­
photometric determination of Cu2 + at pH 2'7- 3'4 in 30% v/v ethanolS and as an indicator in 
the chelometric determination of Cu2 + at pH 3-8 (ref. 9). 

This work deals with a detailed spectrophotometric study of the complex equi­
libria of PAR and TAR with Cu2 + in various media; ambiguities were clarified and 
information on the reaction mechanisms of these important reagents with copper 
was supplemented. Optimum conditions for sensitive spectrophotometric determina­
tion of copper with PAR and TAR in alkaline media were found. 
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Determination of Copper 1503 

EXPERIMENTAL AND RESULTS 

Chemicals and Solutions 

4-(2-Pyridylazo)resorcinol (Lachema, Czechoslovakia), was purified twice by concentrating a sa tur­
ated methanol solution. The content of the active component, 91' 5% monosodium san, was found 
spectrophotometrically by titration with a cupric nitrate solution on the basis of the formation 
of the 1 : 1 complex at pH 3'60 and 6-46 in the presence of 0'025M formate or pyridine buffer 
in solution with final PAR concentration of cL = 3·5. 10 - 5M at 530 nm in 10 mm cuvettes . 
The sodium content was found by conversion to sodium sulphate. The uniformity of the dye 
was controlled by thin-layer chromatography on Silufol R plates impregnated with EDTA 
solution in benzene- acetone (9 : 2) and benzene- methanol (9 : I) systems (ref. I 6) . The stock 
PAR solutions were prepared by dissolving a weighed amount of the reagent in water with ad­
dition of 0·2 ml of c. IM-NaOH per litre of solution and were used for 48 h. 

4-(2-Thiazolylazo)resorcinol (Pure Chemicals Research Institute, Lachema, Brno) was re­
crystallized from ethanol; the content of active component (99'8%) was found by spectrophoto­
metric titration with cupric nitrate under conditions for formation of the 1 : 1 chelate at pH 5'8 
in the presence of 0'02M acetate buffer, cL = 3·7 . 10 - 5 M, in 20% vjv ethanol at 540 nm in 10 mm 
cuvettes. The uniformity of the reagent was controlled by thin-layer chromatography on siiicagei 
G (reL I 7). The stock solutions in 50% v Iv ethanol were stable. 

The stock solutions of cupric nitrate p.a. were standardized chelometrically . The solution 
of potassium nitrate for adjusting the ionic strength to a value of I = I or 0·1 was prepared 
from the recrystallized p.a. salt . The acidity of the solutions was adjusted with nitric acid 
or sodium hydroxide; tetraborate buffer with a final concentration of O'OIM and pH 9·8 was 
employed for determination of Cu2+ with PAR. Pyridine buffer at a concentration of 0 '05M 
and pH 5·6 was employed for the determination with TAR. Cetylpyridinium bromide and cetyl­
trimethylammonium bromide (Lachema) were purified by precipitating a saturated ethanolic 
solution with ether and were used as 0'25% aqueous solutions with addition of 9 ' 9~{; vlv ethanol. 
Polyvinyl alcohol (Mowiol 50/88, GRF) was used as a 0'2% aqueous solution. Ethanol, refined, 
purest 95%, denatured with 5% methanol, was distilled before use. Dimethylformamide was 
distilled under decreased pressure; acetone p .a. was distilled with addition of KMn04 to remove 
reducing agents. 

Instruments 

A SF-4A (USSR) spectrophotometer with 10 mm glass cuvettes was used . An apparatus for 
continuous measurements described by Havel18 and a PHK-I pH meter (Czechoslovakia) with 
Radiometer G 202B glass and saturated calomel electrodes were also employed. The pH of the 
individually and continuously measured unbuffered solutions at pH > 4 was measured in a nitro­
gen atmosphere. The pH values determined in solutions containing 30% or 50% vlv ethanol 
or 10% v jv acetone were not corrected. 

Methods of Studying Complex Equilibria 

The absorbance curves of solutions with an excess of some component or equimolar solutions 
in dependence on the pH for both reagents were evaluated graphically directly and by logarithmic 
analysis using the earlier derived slope-intercept transformations of the equilibrium constant 
of the assumed complex for conditions with predominance of a single equilibriuml9

. The trans-
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1504 Hrdlil!ka. LangovR : 

TABLE I 

Summary of the Transformations EmployedG 

Conditions Equilibrium/Transformation 

A = ~j-ICl + [H] (tjCl - A) /K. 

log [(A - tjCl)/(ej_ I cL - A)l = pH - pK. 

log [6.A/(e l cl - A)] = 2 pH + log cM + log·p 

cN = cL A = tlCM - [H] [6.A(t l -£L3)/*Pll /2 

log [6.A /(elcl - Al2] = 2 pH -log (£1 - £L3) + 10g"P 

log [6.A / (t I CM - 6.A)] = 2 pH + log cl + log·p 

Cl ;:;: CM cM/6.A = 1/(£1 - AL/Cl) + [H] Z /(Cl - A/el) £I"P 

log {6.A(1 - AL/£ Icl) Z / [CM(£I - Al/cl) - 6.A / (cL - A/tl)l} = 

= pH + log *P 

Cl ~ cM cM/6.A = l/t l + [H] Z/*pelcL 

log [6.AZ / (£1 cM - 6.A)] = pH + log cL + log *P 

CM;;:;; cL cL/A = l/t2 + (A -£Icl) [H]/A Kkat£2 

log [CA - tlcl ) (£2cL - A)] = pH + log Kkal 

cl ~ cM cM/6.A = l /e 2 + (6.A -£ICM) [H] /6.A Kkajt2 

cM/6.A = 1/£1 - (£2 CM - 6.A) K ka tl6.A[H] £1 

log [(6.A - EI cM) /(e2 cM - 6.A)] = pH + log Kkal 

Eq . 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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TABLE I 

(Continued) 

Conditions Equilibrium/Transformation 

CL ~ CM cM /t:.A = l /e! + (t:.A - e2cM) ct K /t:.A[H]qZse l 

cM / t:.A = l /e2 + (t:.A - e I CM) [H]q ZS / t:.A Ke2ci.. 

log [(t:.A - elcM) ZS/(e2cM - t:.A) = q pH + slog cL + log·p 

1505 

Eq . 

(19) 

(20) 

(21) 

II Symbols employed: Z = 1 + [HJlKal in equilibria (10)-(13), Z = I + Ka2 /[H] in equilibria 
(19)-(21); t:.A = A - AL , differences in the overall absorbance and the absorbance of the reagent 
alone-under the given conditions. 

formations employed are listed in Table I. These dependences were treated numerically in parallel 
by the PRCEK T200 program (refs 20,21), which performs linear regression of the linear trans­
formations. 

The SPEFO 8 minimization program (refs22 - 24) was employed for interpretation of over­
lapping equilibria in Cu2 + solutions containing excess PAR. The broadened version of the 
SPEKTFOT 4 program (ref.25 ) permits determination of stability constants and molar absorption 
coefficients for up to 4 complexes simultaneously from the overall possible number of 8 complex 
species in a mixture. Absorption data were treated by the SPEFO 8 program for various assumed 
mixtures of complexes. The following criteria were employed to differentiate the most probable 
of the tested models with the valid values of the constants and molar absorption coefficients: 

a) The lit of the calculated and experimental curves, characterized by the values of the mini­
mal sum of the squares of the deviations (U) or standard deviations of the absorbance a(A) 

(ref.26): 

n 

U = I Wi(Acxp - AcalcY , (22) 
i=l 

where Wi are the statistical weights, equal to unity for all points, 

u(A) = [U/(n - N)Jl /2 (23) 

n is the number of experiments and N is the number of determined unknown parameters. 

b) The values of the standard deviations a(Ki) of the complex parameters and their applica­
tion under condition (24) determining the probability of existence of a complex 

(24) 

where F = 3 for significance level IX = 0'9987, which is also satisfactory for data with a possible 
systematic error and in a narrower concentration interval, while high precision data in brcader 
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1506 Hrdlitka, Langova : 

TABLE II 

Acid- Base and Absorption Characteristics of PAR 

Form 
).max Emax ' 10-4 

pK: nm mmol - 1 cm2 

LHj 400 1-60 3' 19 ± O'Olb; 3'lOb; 2'91 e 

LH2 385 1-41 5·58 ± O'Olb; 5'39b
; 6·52 ± 0'04 c 

6' 12 ± 0'03d; 5·41 ± 0·01 e; 5·49 ± 0'01 e 

LH- 415 2·73 11·80 ± 0'02b
; 1I ' 8I b; 12' 51 e 

L2- 485 2'40 

a Values with the given standard deviation were found using the PRCEK T200 program (except 
for the 5'49 ± 0·01 value, found by the SPEFO 8 program), the rest by graphical analysis. All 
the values are the average of values for 2 to 8 wavelengths; b aqueous solutions, II; c 30% vjv 
ethanol, 10' 1; d 50% v jv ethanol, 10' 1; e 10% v /v acetone, 10·1. 

~--. 

A 

----L- I L 
400 450 550 

FIG. 1 

The Absorption Spectra of PAR Solutions 
with Excess Cu2+ in Aqueous Media, 
cL = 2·22. 10- sM, cM/ cL = 25 for Curves 
1-18, CM/cL = 2·5 for Curve 19 

pH: Curve 1: 0'16; 2 0'50; 30'74; 40'80; 
50'85; 6 1'13; 7 1'50; 82'54; 93'19; 103'50; 
114'41 ; 124'73; 134'88; 145' 10; 155'42; 
165-44; 175' 80; 186'14; 198'74. 

~' "o~ 3 

1 

I 

I 

t --; 

i 
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I 

L-L-
~~ 

__ l . ___ -L_. j 
450 nm 550 

FIG. 2 

The Absorption Spectra of Solutions of Cu2 + 
with Excess PAR in 10% v/v Acetone 

E = (A-D'9A L)/cM for curve 1, E = 

= (A-D'8A L) /cM for curve 2 and 3, E = 

= A /cL for curve 4 . 
Curve 1 cM = 4'77 . 1O - 6M, cL /cM = 10, 

pH 3' 19; 2 cM = 7'97. 10 - 6M, cL / cM = 10, 
pH 6'83; 3 cM = 5·56. 1O - 6M, cL / cM = 10, 
pH 10'50; 4 cL = 1'99 . 10- SM, cM /cL = 
= 5'0, pH 6' 10. 
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Determination of Copper 1507 

concentration ranges could also be treated at a lower significance level, e.g. F = I for IX = 0·84 
(ref. 27 ). 

Further agreement of the Pi and Gi values for the individual complexes with corresponding 
values found under conditions for a single complex (e.g. at excess metal, from the horizontal 
branches, etc.) were studied for various models. For the optimum model found by the SPEFO 8 
program, the agreement of the Pi and Gj parameters was finally controlled for various conditions 

(cL /cM' ..l). 
The distribution curves for the complexes in the Cu 2 + - PAR system were calculated by the 

HALTAFALL program28 in the broadened HALTAFALL-SPEFO version (refs29 ,30). The 
spectrophotometric calibration curves for determination of Cu2 + with PAR and TAR were 
evaluated by linear regression using the ST AT program (ref. 31 ). 

The calculations were carried out on a Tesla 200 computer in the computer laboratory of the 
Technical Institute in Brno. 

COMPLEX EQUILIBRIA OF Cu2+ WITH 4-(2-PYRIDYLAZO)RESORCINOL 

Acid-Base Properties of PAR 

The dissociation constants of PAR in aqueous medium! 1·0 (KN0 3) and 10% vjv 
acetone, ! 0·1 (KN0 3 ) at 25°C (constant for the LH2 form also in 30% vjv and 
50% vjv ethanol) were found by graphical and numerical analysis of absorbance 
pH curves and are given in Table II together with the )' max and e values for the indi­
vidual forms of PAR (comparison with the literature data can be found in ref.32.). 

Absorption Curves of the Cu2+ -PAR chelate in Aqueous Solutions 

A series of absorption curves for solutions with excess Cu 2 + at various pH values 
indicating successive formation of the CuLH + and CuL complexes and curves 
for solutions with excess PAR at the pH optimum for the individual chelates (in­
cluding CuL~ -) are given in Figs 1 and 2 and the characteristic maximum values 

in Table X. 

Method of Continuous Variations 

Job curves in aqueous solutions with Co = CM + CL = 1·01 . 1O - 4M at pH 1·23 
and A 510- 550 nm indicate the presence of only the 1 : 1 complex. At pH 3·3 the 
branch for excess ligand has an S-deformation; at pH 9·8 the maximum of the curve 
is clearly shifted to the ratio CL : CM = 1·5. In 30% vjv ethanol at pH 9·6 and in 50% vjv 
ethanol ,at pH ll· 5 and ), 500 - 525 nm , the variation curves have a maximum 
at a ratio of CL : CM = 1·3 and the right-hand branch is bent out as a result of partial 
formation of a higher complex . In 10% vjv acetone with Co = 7·94. 10- 5M at pH 3·2 
and 6·7 the variation curves indicate the formation of only the 1 : 1 complex; at 
pH 10·5 the maximum is shifted to ratios of cL : CM = 1·2 to 1·5 for various A in the 

range 500 - 525 nm. 
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1508 Hrdli<'!ka, Langovli : 

Graphical and Numerical Analysis of the Absorbance-pH Curves 

In aqueous media, the pH curve of an equimolar solution (cL = CM = 5·05 . 10- 5 M), 

that for solutions with excess Cu2 + (cL = 5·05. to-SM, CM/CL = 25, 50 and 100) 
at 490- 530 nm and for solutions with excess ligand (CM = 3·57 . 10- sM, CL/CM = 20), 
A 540-550nm (Fig. 3, curves 1-5) indicate the formation of the CuLH+ complex 
in the pH range 0-3: 

-'---, ------11 
~>-:,).... 

pH 

FIG. 

The Absorbance-pH Curves of Cu z + Solu­
tions with PAR 

Curves 1-9 and 13: aqueous solutions, 
11, curves 10-12 and 14: 10% v/v acetone, 
I 0'1; A. 540 nm for curve 5, otherwise 
510 nm . Curve 1 cL = cM = 5·05. 10- SM; 
2 cL = 5'05.10 - SM, CM/CL = 25; 3 cL = 
= 5·05 . 10- SM, cM/cL = 50; 4 cL = 5·05 . 
. 10- SM, cM /cL = 100; 5 cM = 3·57. 10-SM, 
cL/cM = 20; 6 cL = cM = 2,22 . 10- SM; 7-9 
cL = 2,22 . 10- sM, cM/cL = 25, 50 and 100; 
10-12 cM = 8 ·98.1O- 6 M, cL/cM = 7'17, 
9'92 and 13,5; 13 cL = 2·22. 10- SM, cM = 0; 
14 cL = cM = 5·05. 10-SM. 

(A) 

FIG . 4 

Graphical Analysis of Absorbance-pH Curves 
of Cu2 + with PAR 

). 540 nm for curve 5, otherwise 510 nm; 
curves 1-5: equilibrium (A) , Yl = (cM/A) . 

· 105, 6-9: equilibrium (B), Yz = (cL /A). 

· lOS. Curve 1 cL = cM = 5·05. lO- SM, 
x = [H)(6.A j A)1/2 . 20; 2 cL = 5·05. 10-SM, 
cM/CL = 25, x = (llA(H)z /A). 20; 3 cL = 

= 5·05 . 10 - SM, cM /cL = 50, x = (6.A(H)2j 
fA). 20; 4 cL = 5·05 . 10-SM, cM/cL = 100, 
x = (llA[H)2 /A . 40); 5 cM = 3' 57.10- SM, 
cL/CM = 20, x = [H)2 . 50; 6 cL = cM = 
= 2'22.10- SM,X = {(A - 81CLHH)/A} . 2 . 
.107

; 7 cL = 2·22. 10- SM, cM/cL = 25, 
X={(A-81CL)[H) /A}.106; 8 cL=2·22 . 
. IO - SM, cM /cL = 50, x = {(A-elCL)' 
· [H)/A} . 2. 106

; 9 cL = 2·22. 10- SM, cM /cL 
= 100, X= {(A-e1xLHH) /A} .106. 

Collection Czechoslov. Chern. Commun. [Vol. 45] [1980] 



~ 
~ 
gO 

I 
~ 
~ 
~ 
f;> 
3 

~ 
~ 

TABLE III 

Molar Absorption Coefficients Values for the CuLH +, CuL and CuL~ - Chelates with PAR Found by Graphical Analysis and by the PRCEK 
T200 Program 

A, nm 
cM/cL

c 

CuLH+ a 

510 520 

16368± 14 17131 ± 26 
16274 18278 ± 215 
17610 ± 227c 

CuLa 

- ---- .•. -.---.------~~.-

510 520 

38189 ± 595 35055 ± 581 
36469 

CUL~-b 
CL / CM

d --------
500 510 

7-17 79455 ± 103773570 ± 193 
79 176/ 72 993 

734971 

16369 ± 25 16954 ± 18 38867 ± 96 35500 ± 61 992 80092 ± 287 73193 ± 116 
17563 ± 146" 77 8401 

~ 25 
16513 75472 
16745 ± 193" 72 049' 

50 16365 ± 6 17234 ± 32 39349 ± 83 36515 ± 189 13-5 77 657 ± 669 71747 ± 442 
16267 17430 ± 54' 38981 78 953' 72 727 
16905 ± 55e 72 7171 

100 16252 ± 24 17033 ± 27 39474 ± 223 35775 ± 156 
16270 17564 ± 121 e 38063 
17032 ± 172e 

a Aqueous solutions, b 10% v/v acetone, C cL = 2-22 _ 10- SM, d c M = 8-98 _ 10 - 6 M , e from data from the pH region 3-5- 6-0, remaining values 
for the CuLH + chelate from the region pH 0-3, 1 from the horizontal branch of the pH curve as (A - AL) /cM -

~ 
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Curves with CL = 2·22 . 1O - 5M, CM/CL = 1,25, 50 and 100, A 490-530 nm (Fig. 3, 
curves 6-9) indicate di ssoci ation of the chelate in the pH range 4-6: 

(B) 

The values of the molar absorption coefficient and equilibrium con~tant of the Cu LH + 
chelate found graphically (Fig. 4) and by the PRCEK T 200 program using trans­
formation s (1-9) and the values for the CuL chel ate found using transformations 
(14) and (15) are listed in Tables III and IV. 

The absorbance-pH curves for aqueous solutions of Cu2+ with excess PAR 
(pH> 3) were not evaluated because of formation of a colloid turbidity in the region 
pH 4-6'5, which could not be elimina ted by addition of detergents (0 '8% polyvinyl­
alcohol , 0'01 % cetyltrimethylammonium bromide or 0 '025% cetylpyr idinium bro­
mide). The turbidity is not formed above pH 6·5 and the absorbance increases to a con­
stant value in the range pH 9'5-11. In Cu 2 + solutions with excess PAR in 10% v/v 
dimethylformamide, 50% v/v methanol , 30% and 50% v/v ethanol or 10% v/v ace­
tone, turbidity is not formed in weakly acid media. 

The absorbance-pH curves of solutions of Cu2 + with excess PAR (CM = 8·98 . 
. 1O- 6M, CL/CM = 7'17, 9·92 and 13-5) in 10% v/v acetone, which yielded the most 
reproducible results , indicate transformation of the CuLH+ complex (with a flat 
part in the pH ~6'5 region) into the final complex CuL~- (Fig. 3, curves 10-12). 
In the region pH 4 - 6, transformations (16) - (17) are I inear for di ssociation of the 

TABLE IV 

Values of the Equilibrium and Deprotonation Constants of the CuLH+ - PAR Chelate Found 
by Graphical Analysis and Using the PRCEK T200 Program 

25 
50 

100 
1/20 

log *pb 

1·84 ± 0'01; 1' 82; 1' 90d 

1'76 ± 0'01; 1'75 
1'75 ± 0'01; 1'76 
1·74 ± 0'01; 1'75 
1·74 ± 0'01; 1·63 

-5'00 ± 0'02; -4·86 
-4'96 ± 0'01; -4'94 
-5'04 ± 0'01; -5'00 
-5,08 ± 0'01 ; -5·04 

a CL = 2.22. 10- 5 M for CM / CL = 1 to 100 and cM = 3·57. 10- 5 M for ratio 1/20, values with the 
given standard deviations found by logarithmic analysis using the PRCEK T 200 program, other 
values by graphical logarithmic analysis; b * P = [CuLHl [Hf /[Cul [LHr 1, average of values 
for 3 wavelengths; C KkB , = [CuLH1 /[CuLl [Hl, average of values for 4 wavelengths; d 10% v/v 
acetone, 10'1, otherwise water, 11'0, 25°C. 
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Determination of Copper 1511 

CuLH+ chelate (B) and the slope of logarithmic transformation (18) is unity. The 
values of the molar absorption coefficient for the CuL chelate is, however, too high 
(e = 5,23.104 at 510 nm) compared with the value found for this chelate in solutions 
with excess metal (e = 3'90.104

). Transformations (19) and (20) for other equi­
libria 

(C) 

(D) 

TABLE V 

Results of Minimization of pH Curves for Cu2 + with Excess PAR in the Range pH 3'3-7·0 
Using the SPEFO 8 Program 

Complexes cL /cM 
a A, nm a(A)b Anomalous values 

CuLH, CuL 7·17 500 5'24 eCuL = 5.21 .104c 

520 4·69 £CuL = 4·68. 1044 

I3-5 500 4'66 eCuL = 5.26. J04c 
520 2·60 ECuL = 4·73. 1044 

CuLH,CuL2 H 7·17 500 5·90 eCuLH = 2·47. 104• 
520 5·38 eCuLH = 2'45 . 104

/ 

13-5 500 7' 39 eCuLH = 3'25 . 104• 
520 14'5 £CuLli = 2'05 . 104/ 

CuLH, Cu(LH)z 13-5 500 5'31 Cu(LHh at pH 7 
improbableg 

CuLH, CuL, Cu(LH)2 13-5 520 33, ) log p~ = 8'55 h 

CuLH, CuL, CuL2 7·17 520 9·38 eCuL = 4·58 . 1044 

eCuL , = 9·29. 104i 

CuLH,CuL,CuL2H 7'17 500 4'96 
520 4·86 

CuLH, CuL, Cu(LHh, CuL2 13-5 520 44·9 log p~ = 9'05 h 

a CM = 8·98. 10 - 6M, 10% v/v acetone, 10'1, initial values as in Table VI; b number of experiments 
11= 15-17; c £cuL (500nm) .-3'70.104 (water, cM/cL = 25; pH= 6'14); 4 £CuL (520nm) = 3'57 . 
. 104, analysis of pH curves of aqueous solutions with cM /cL = 100, 50, 25, 1 in the range pH 4-6; 
e £CuL (500 nm) = 1'53 . 104 (water, cM/CL = 25, pH = 2'5); / £CuLH (520 nm) = 1'71.104, 
analysis of pH curves of aqueous solutions with cM /cL = 100, 50, 25, 1 in the range pH 0-3; 
Q in the range pH 7·0-10'3 for equilibrium Cu(LHh = Cuq- + 2 H+ found a(A) = 15'9; 
h log p~(C~2+ + L2 - = CuL) = 17'29, by analysis of pH curves with ~M/cL = 100,50,25,1, 
pH 4-6; 'eCuL2 (500 nm) = 7·85 . 104 and £CUL2 (520 nm) = 6·27 . 10 , from the horizontal 
branch of the pH curve with excess PAR in 10% v Iv acetone at pH 10. 
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1512 Hrdli~ka, Langova : 

(E) 

(F) 

were not linear and logarithmic analysis (21) yielded a number of dissociated protons 
q = 1·4. In a further interval, pH 7·5-9·3, transformations (19) and (20) for equi­
libria (G) and (H) 

(G) 

(H) 

confirmed the anomalous value e = 5·23. 104 (510 nm) for the chelate from the 
previous branches and yielded the value e = 7.27.104 (510 nm) for the CuL; - chelate; 
logarithmic analysis (21) confirmed dissociation of a single proton. However, equi­
libria (G) and (H) could not be differentiated. Similar results were also obtained 
for 50% v/v ethanol. 

Numerical Analysis of the Absorbance-pH Curves of Cu 2 + in the Presence 

of Excess PAR by the SPEFO 8 Program 

The absorbance-pH curves for solutions of Cu2 + with excess PAR in 10% v /v acetone 
CL/CM = 7·17,9·92 and 13-5, 10·1, A 500 and 520 nm were treated by the SPEFO 8 
minimization program in order to clarify the equilibri~ in the pH 3·3-!0·8 region, 
which could not be solved unambiguously by the slope-intercept transformations. 
The value log f3~H(CU2+ + L2

- + H+ = CuLH+) = 22·81, calculated from the 
relationship f3~H = *f312H/KalKa2Ka3 from the value log *f312H(CU2 + + LHj = 

= CuLH+ + 2 H+) = 1·90 and from the values pKal = 2·91 , pKa2 = 5·49 and 
pK.3 = 12·51 for 10% v/v acetone and I 0·1 was employed as the constant, un­
minimized value in the calculation. The pKa and e values of PAR were also employed 
as initial values from were found for this purpose from the pH-curves of the reagent 
with CL = 1·68. 10- 4 M in 10% v/v acetone in the pH region 3·0-11·5 also using 
the SPEFO 8 program (see notes under Table VI). The e values for the CuLH +, 
CuL and Cuq- chelates and the f31(CUL) value found by graphical analysis or by the 
PRCEK T 200 program were employed as initial estimates of the parameters to be 
minimized. 

First data corresponding to the ascending branch of the pH curve in the range 
pH 3·3 -7·0 for various possible transformations of the CuLH+ complex into 
another complex or mixture of complexes from the series CuL, Cu(LHh, CuL2H­
and CuL; - were treated. The values of constants and molar absorption coefficients 
from this branch in suitable cases (with low a( A) value) were used as initial estimates for 
minimization of the next branch in the region pH 7·0-10·8, corresponding to trans-
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formation of the assumed complexes into the final product CuL~ - . Anomalous values 
of some parameters were found for most of the considered equilibria during minimiza­
tion in the region pH 3'3-7·0, e.g . higher e value for the CuLH+ and CuL chelates 
and a low stability constant value for the CuL chelate compared with the more 
reliable values in solutions with excess Cu2 + in the absence of higher chelates; 
some large standard deviation values for the stability constants were also found, 
although they mostly fulfilled condition (24) for complex acceptance, or large values 
of a(A) were also found. The mixtures considered and the characteristic results 
for the region pH 3·3 -7·0 are listed in Table V. 

TABLE VII 

Absorption Maxima and Dissociation Constants of TAR in 30% v/v Ethanol 

Form 

481 
438 
480 
513 

0'75·' 0·75c . 0·75d
• 0'88e 

6'44/ 6'51·: 6'50/ 6·56d• 6'36e 

10'67~; 10'65c
; 10.54d; 10'68e 

1·0 
0·1 
0·1 

a See ref. 33 ,34; b for comparison with literature see ref. 34 ,; c see ref. 35 ; d see ref. 36 ; e see ref. 37 ; 

J by the PRCEK T200 program from the pH curve for cL = 1·39. 10-4M, average for. 535,540 
and 545 nm. 

TABLE VIII 

Values of the Molar Absorption Coefficients of the CuLH+ and CuL Chelates with TAR Found 
by Graphical Analysis and by the PRCEK T200 Program 

A.,nm CuLHb CuL 

cL/cM· 540 560c 535 540 

6·9 18884 ± 58 19858 ± 120 26637 ± 47 25339 ± 101 
19530 25252 

10·0 20487 ± 377 19373 ± 20 26475 ± 134 24498 ± 131 
18051 25126 

IH 17879 ± 51 19203 ± 206 25132 ± 468 24038 ± 288 
17730 24213 

a CM = 1'48 . 10- 5M for cL/cM = 13'6, otherwise cM = 2·00. 10- 5M; b A.max 510 nm not used 
because of the strong absorbance of excess regent; C practically the same Il value for 550 nm. 
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The model which best conformed to the experimental data involved the mixture 
of complexes CuLH+, CuL and CuL2H- for the region pH 3-3-7-0 and the mixture 
CuL, CuL2H - and Cuq- for the region pH 7-0-10-8_ Using the f3 and B values 
for these complexes obtained from the individual branches, minimization was car­
ried out for the entire pH curve for the mixture CuLH+, CuL, Cu 2LH-, Cuq - , 
yielding low a(A) values and molar absorption coefficients and overall stability 
constant values with small standard deviations and identical for different conditions 
(CL/CM or 2), from which the e values for the CuLH+, CuL and CuL~ - and f31 value 
for the CuL chelate, corresponded well with the values for aqueous solutions with 
excess Cu2 + (reference values do not exist for the other parameters)_ 

In the treatment of the pH curves with CL/C M = 7-17 at 520 nm it was found that the 
hydrolytic equilibria of Cu2+ with constants33 log *f31(CU2+ + H 20 = Cu(OH)+ + 
+ H+) = -8-2; log *f322(2 Cu2+ + H 20 = CU2(OH)~+ + 2 H+) = -10-6 and 
log *f32(CU2+ + 2 H 20 = CU(OH)2 + 2 H+) = -17-5 do not influence to a notice­
able degree the equilibria in solutions of Cu2+ with excess PAR up to pH 10-8_ 
The set of minimization data with optimum fit is given in Table VI. 

Distribution Diagrams in the Cu2+ -PAR System 

The distribution curves for the CuLH +, CuL, CuL2H - and CuLi - complexes 
in 10% v/v acetone with CM = 8-98 _ 1O - 6

M, CL/CM = 7-17 and 13-5 in the pH range 
3- 3 -10-8, calculated by the HALT AF ALL-SPEFO program from the overall 

TABLE IX 
Values of Equilibrium and Deprotonation Constants for the CuLH + TAR Chelate found by Gra­
phical Analysis and Using the PRCEK T200 Program 

6-9 
10-0 
13-6 

log p. b 

1-97 ± 0-07; 1-96 ± 0-01; 2-00 
1-97 ± 0-02; 1-64 ± 0-01; 2-01 
1-80 ± 0-03; 1-67 ± 0-01; 2-06 

4-52 ± 0-01; 4-44 
4-25 ± 0-01; 4-51 
4-36 ± 0-03; 4-39 

Q c
M 

= 2-00 _ 1O- 5M for cL /cM = 6-9 and 10-0, cM = 1-48 _ 1O-5M for cL / cM = 13-6; b P" = 

= [CuLH] [H]/[Cu] [LH z], first of the three values found by direct analysis using the PRCEK 
T200 program, the second by logarithmic analysis using the PRCEK T200 program, third value 
by graphical logarithmic analysis, all value are the average of values for 5 wavelengths; C Kkal = 
= [CuLHl/[CuL] [H], first of the two values found by logarithmic analysis using the PRCEK 
T200 program (values from direct analysis differing by ~0-05 units), second by graphicallogarith­
mic analysis, average of values for 3 wavelengths_ 
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stabi lity constants found by the SPEFO 8 program, log P~H(CU2+ + L2- + H+ = 
= CuLH+) = 22'81, log P;(Cu2+ + L2

- = CuL) = 17'94, log P~H(CU2+ + 2 L2
-

+ H+ = CuL2H-) = 34·22 and log P;(Cu 2 + + 2 L2
- = CuL2 ) = 26'17, pK., = 

= 2'91, pK.2 = 5·49 and pK.3 = 12'51, are given in Fig. 5. This diagram indicates 
that, in the region pH 5'5-7'0, where the flat region on the pH curves for excess 
PAR apparently indicates formation of a single complex, a mixture of the CuL 
and CuL2H- complexes is formed and their relative contents depends markedly 
on the reagent concentration. On the other hand, the distribution curves for the 
CuL~ - complex and especially the initial CuLH + complex differ only slightly for 
various reagent excesses. 

TABLE X 

Absorption Characteristics of the Chelates of Cu2 + with PAR and TAR 

Chelate 

CuLH+ 520, 420a 

CuL 510d 

CuL2H- 505e 

Cuq- 4951 

CuLH+ 560, 440i 
CuL 510 i 

PAR 

e. 104
, A., nm 

010101-' cm2 

1·71 (520)b; 1·68 (500)C; 1·84 (520)C 

3'90 (510)b; 3·60 (50W; 3·44 (520)c 

6·17 (50W; 5'49 (52W 
7·84 (500)C; 7·91 (500)g; 7·85 (500)h 

6'34 (52W; 6'45 (520)g; 6'27 (520)h 

TAR 

1·95 (560)i; 2'09 (560)k 

3'11 (51O)k 

a 30% v/v ethanol or 10% v/v acetone, cL = 2·22. 10- SM, cM/cL = 25, pH = 2'54; b aqueous 
medium, found by the PRCEK T200 program from pH curves with CM/CL = 100, 50, 25, 1; C 10% 

v/v acetone, found by the SPEFO 8 program from pH curves with cL /cM 7'17, 9·92 and 13'5; 
d 30% v/v ethanol, cL = 2·22. 10- sM, cM/cL = 25, pH = 6'14; e 10% v/v acetone, cM = 7·94 . 
. 10- 6M, cL/cM = 10, pH = 6·83 (mixture of CuL2H- with CuL); f 10% v/v acetone, cM = 
= 5·56. 10- 6M, cL/cM = 10, pH = 10'5; 9 10% v/v acetone, graphical analysis of pH curves 
with cL/cM = 7'17, 9'92 and 13'5; "10% v/v acetone, (A - AL)/cM from the horizontal branch 
of pH curves with cL/cM = 7'17, 9'92 and 13'5; i 30% v/v ethanol and water (ref.8); i 30% v/v 
ethanol, by graphical analysis and by the PRCEK T200 program from pH curves with cL /cM = 

= 6'9,10'0 and 13'6; k aqueous solutions, see ref. 8 . 

Collection Czechoslov. Chern. Cornrnun. [Vol. 45) [1980J 



Determination of Copper 

TABLE XI 

Constants of the Chelates of Cu z + with PAR and TAR 

Constant 

Kkal(CuLH+ = CuL + H+) 

PI(Cu2+ + LZ - = CuL)m 

P'iH(CU2+ + LZ - + H+ = CuLH+) 

P~(Cu2+ + L Z - = CuL) 

P2H(CU2+ + 2 LZ - + H+ = CuLzH -) 

P2H(CU2+ + LZ - + LH-· = CuLzH - jP 

P2(Cu2+ + 2 LZ - = Cuq-) 

·PIIH(CUZ + + LH z = CuLH+ + H+) 

P1H(Cu2+ + LH-. = CuLH+)C 

P1H(CU2+ + LH- = CuLH+)h 

Kkal(CuLH+ = CuL + H+) 

P1(Cu2+ + LZ - = CuL) 

log P (medium) 

PAR 

1·77 (water, II 'O)D 
I · 90 (10% acetone, I O'I)b 

16·72 (water, 11 '0) 
17· 32 (10% acetone, 10·1) 

10-51 (water, 11 '0) 
10- 30 (\ 0% acetone, I 0·1) 

-5'02 (water, II-O)i 

17·29 (water, 11'0) 

22-8 1 (10% acetone, 10-1)" 

17·94 (10% acetone, 10· 1)0 

34·22 (10% acetone, 10-1)0 

28'73 (10% acetone, 10'1) 

26·17 (10% acetone, 10-1)0 

TAR 

1·84 (30% ethanol, 10- I)q 

12-50 

8-28 

-4'36 (30% ethanol, 10-1)' 

14'57 (30% ethanol, 10-1) 

1517 

Reference 

16'55d - 14·ge . 

16-4';' 10-29 • 

-5-3 j · -5- 56 k • 

- 5'5 1' , 

15-44k
; 17' 29 

2' 10' 

II -56'; 8-4" 

-4-24'; -4-34k 

13'55'- J3-19s 

14-19k ' 

a By the PRCEK T200 program from pH curves with cM/CL = 100, 50, 25, 1 and cL/cM = 20 
at pH < 2'5; bby graphical analysis of pH curves with cL = cM = 5·05 . 10-sM at 5lOnm; C P1H = 
= .PIZH/KalKa3 = .PllH /Ka3 , LH-· anion of the reagent with undissociated p-OH group; 
d ref. I , water, spectrophotometrically; e ref.2, water, potentiometrically; 'reL2, 50% v/v dioxan, 
potentiometrically; 9 ref. 5,2-10% v/v dioxan, spectrophotometr.ically; h PtH = ·Pt2H/Kal Ka2 = 
= * P 11 H/ KaZ ' LH - anion with undissociated o-OH group; I by the PRCEK T200 program 
from pH curves with cM /cL = 100, 50, 25, I in the range pH 4-6; j ref.4

, water, spectrophoto­
metrically and potentiometrically; k ref. 7 , 50% v /v dioxan, potentiometrically; I ref_ 6; 50% v /v 
dioxan, potentiometrically; m PI = P1HKatfKaz; "initial value for the SPEFO 8 program cal­
culated as PlH = .PlJH/KalKaZKa3 from the values for 10% v/v acetone and 10-1; 0 by the 
SPEFO 8 program for pH curves with cL /CM = 7'17, 9-92 and J3-5; p P2 H = PzHKaZ; q by the 
PRCEK T200 program from pH curves with cL/cM = 6'9, 10·0 and 13'6; , ref_s, water; s ref_9 ; 

t by the PRCEK T200 program from pH curves with cL/cM = 6'9, 10'0 and 13-6 in the range 

pH 4-5-5. 
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COMPLEX EQUILIBRIA OF Cu2+ WITH 4-(2-THIAZOLYLAZO)RESORCINOL 
ACID-BASE PROPERTIES OF TAR 

The Amax values, dissociation constants and molar absorption coefficients of the indi­
vidual forms of TAR, used in the study of the complex equilibria of Cu 2 + with TAR 
are listed in Table VII. 

TABLE XII 

Some Characteristics of the Spectrophotometric Calibration Curves for the Determination 
of Cu2 + with PAR, Calculated by the STAT Program 

t ± s/ A C 
SlY 

d 

Conditions" 0 
nm mmol- 1 cm2 

~g/ml 

Water 490 72 130 ± 318 0'234 0·00408 
pH 9·8 495 73230 ± 245 0 ' 196 0·00310 
10-5 500 72 480 ± 326 0-166 0-00417 

510 67370 ± 268 0' 118 0-00364 

Water 490 73000 ± 195 0·266 0·00247 
pH 10·2 495 74400 ± 183 0-224 0-00234 
10-5 500 73510 ± 229 0-193 0-00297 

510 68170 ± 204 0-143 0'00286 

10% v/v acetone 490 71900 ± 160 0-236 0·00203 
pH 10·0 495 72740± 179 0·199 0-00235 
10' 1 500 72 210 ± 127 0-165 0-00154 

510 67700 ± 232 0 '116 0-00322 

30% v/v ethanol 495 74040 ± 326 0-292 0'00246 
pH 10-0 500 73920 ± 476 0-239 0-00324 
10-1 505 72 590 ± 290 0-194 0'00201 

510 65530 ± 463 0·161 0-00335 

"O-OIM Tetraborate buffer, cL = 1-08 _ 10- 4 M; only in 30% v/v ethanol: cL = 1-79 _ 1O - 4 M, 
b the slope of the regression curve and its standard deviation, C absorbance of the blank calculated 
from the regression curve with standard deviation between 0-001-0-002; d standard deviation 
from the relationship: sxyC~g/ml) = [(Aexp - Aca1c )2 / (n - 2)]1 /2 _ 103 ACu/t, n = number of 
experimental points = 21-24_ 
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Absorption Spectra of th e Cu2+ Ch elat e with TAR 

The absorption maxima of the CuLH+ and CuL Chelates with TAR in 30% v/v 
ethanol and the earlier values derived from the series of absorption curves of TAR 
solutions with excess Cu2+ at various pH values arc listed for aqueous medias 
in Table X. 

Method of Continuous Variations 

The variation curves for solutions of Cu z + with TAR in 30% v/v ethanol at pH 3·0 
(co = 9'36 '. lO-SM) and at pH 5·6 (co = 6-4. lO - SM) in the range 535-560 nm 
attain a maximum at a component rat io of 1 : 1. At pH 9·6 (co = 6·4 . \O - ~M), 

the maximum is shifted to a ratio of CL : C M = 1·27 under the influence of partial 
formation of the 1 : 2 complex. 

10.::-----.------.-- - --,- ---,;::===""1 

CuLH' 

o·s 

FIG. 5 

Distribution Curves for the Complexes 
in Cuz + Solutions with Excess PAR in 10,% 
v/v Acetone 

Curves 1-4: cL/cM = 7' 17, cM = 8·98 . 
.10- 6 M, curve 1 IX = [CuLH+l /cM> 2 IX = 
= [CuLl /cM' 3 IX = [CuLzH-l/cM, 4 IX = 
= [CuL~-l/cM' Curves 1'-4': the same 
dependences for cL/cM = 13·5. 

Collection Czechoslov. Chern. Commun. [Vol. 45] [1980) 

FIG. 6 

Absorbance-pH Curves for Cu z + Solutions 
with Excess TAR in 30,% v/v Ethanol, 10'1; 
k Curves 1- 4,540 nm, 5-8, 560 nm 

Curve 1 cM = 2·00. 10- SM, cL/cM = 

= 6'9; 2 cM = 2·00. 10-SM, cL/cM = 10; 
3 cM = 1·48. 10-SM, cL/cM = 13 '6; 4 cL = 
= 2·00. 10-4M, cM = 0; 5 cM = 1·00 . 
. 1O- 5 M, cL/cM = 6'9; 6 cM = 1'00. 10- SM, 
CL /cM = 10; 7 cM = 7·40 . 10- 6M, cL/cM = 

= 13'6; 8 cL = 1·00 . 10-4M, cM = O. 
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Graphical and Numerical Analysis of the Absorbance-pH Curves in Cu2 + 

Solutions with Excess TAR 

Absorbance-pH curves for CM = 2·00. 10- 5M, CL/CM = 6·9 and 10·0 and the curve 
for CM = 1-48. 10- 5M , CL/CM = 13·6 in 30% v/v ethanol in the region 535 - 560 nm 
indicate gradual formation of two complexes (Fig. 6, curves 1 - 3). Graphical analysis 
and numerical treatment of these curves in the pH interval 1·8-2·9 by the PRCEK 
T 200 program using transformations (10) to (13) confirmed the presence of equi­
librium (1): 

(1) 

In the pH region 3'9-5'5, equations (16)-(18) indicated that equilibrium (B) is 
present: 

(B) 

The values of the molar absorption coefficients of the CuLH+ and CuL chelates 
and the constants of equilibria (1) and (B) determined by analysis of the pH curves 
are listed in Tables VIII and IX. 

Absorbance-pH curves with CM = 1·00. 1O- 5
M, CL/CM = 6·9 and 10·0 and curves 

with CM = 7·40. 1O- 6
M and CL/CM = 13·6 (Fig. 6, curves 5-7) display a temporary 

TABLE XIII 

The Effect of Some Ions on the Determination of Cu 2 + wi th PAR 
0'62Itg/ml Cu2+, cL = 1'8. 10- 4

M, pH 10'0 (9 '6. 1O- 3M tetraborate buffer), 30% v/v ethanol, 
10'5 (KN03), A. 500 nm. 

Ion Itg/mla lon/Cu2 +b Ion Itg/mla Ion/Cu2 +b 

Pb2 + 0·071 0·11 AI3+ 13-9 22·3 
Zn2 + 0'009 0·015 Mg2+ 0·29 0·47 
Cd2+ 0·013 0·021 Ca2 + 0·49 30·7 
C02 + 0'028 0·046 Ba2+ 62'2 100 
Ni2+ 0·014 0·022 PO~- 1068 0·012 
Mn2+ 0'023 0·037 SOi- 1094 0·011 
Fe3 + 0·015 0·024 Cl- 2384 0·067 
Bi3+ 1'56 2·52 

a Concentration of cation increasing or concentration of anion decreasing the value AA = A - Ao 
by 2% reI.; b ratio of the masses for cations or final molarity for anions. 
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increase in the absorbance in the region pH 7 -10, apparently as a result of formation 
of the 1 : 2 complex, which, however, was not evaluated because of the small ab­
sorbance changes. 

Complex equilibria in CUB solutions with excess TAR in 30% v/v ethanol are 
in agreement with the results for aqueous solutions, both equimolar and with an ex­
cess of CUB, published earlierB

, and are listed together in Table XI. 

TABLE XIV 

Some Characteristics of the Spectrophotometric Method for the Determination of Cu 2 + with 
TAR Calculated by the STAT Program 

e ± Sc 
A ° Sxy 

nm mmol- 1 cm2 0 Ilg/ml 

520 26950 ± 190 0·359 0·0138 
525 27110 ± 226 0·270 0·0163 
530 26370 ± 148 0'194 0'0109 
535 25440 ± 127 0·131 0·0097 
540 24330 ± 133 0'049 0'0105 

a Standard deviation of the blank in the range 0'001-0'003; number of experimental points 
n = 24. 

TABLE XV 

The Effect of Some Ions on the Determination of Cu2 + with TAR 
0'811lg CuB /ml, CL = 1·60. 10- 4 M, pH 5·60 (0'05M pyridine buffer), 30% v/v ethanol, 

10'1,530 nm. 

Ion Ilg/mlo Ion/Ci2+b Ion Ilg/mlo Ion/Cu2 +b 

Pb2 + 0'055 0·068 A13 + 2'15 2·66 
Zn2 + 0·019 0·023 Ca2 + 221 272 
Cd2 + 0'105 0'130 Sr2 + 553 684 
Co2 + 0'007 0'009 pol- 8251 0'086 
NiB 0'008 0·010 sol- 19020 0·198 
Mn2+ 2·06 2'54 Cl- 34050 0·960 
Bi3 + 0·077 0·095 

a Concentration of cation increasing or anion decreasing the complex absorbance by 2% reI. 
b ratio of weights of cations, final molarity of anions. 
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PAR and TAR form only 1 : 1 chelates (CuLH +, CuL) in solutions with excess 
Cu2 + and equimolar solutions because of the tridentate character of the ligand 
and the coordination number of 4 of the CuH ion . In solutions with excess reagent 
PAR exhibits a marked tendency to form 1 : 2 chelates. At pH > 3·3 in 10% v/v 
acetone, numerical analysis of the absorbance data employing the SPEFO 8 minimiza­
tion program revealed the presence of the CuL2H- complex as a component of over­
lapping equilibria: 
pH 3,3-7,0: 

CuLH+ = CuL + H+ (B) 

CuL + LH2 = CuL2H- + H+ or CuLH+ + LH- = CuL2H- + H+ (J), (D) 

pH 7·0-10·0 

CuL + LH- = CuL~- + H+ . 

(H) 

(G) 

Recently, the complex [Cu(LH)L] [(C6 Hs)4X] where X = As, P (ref.38) was isolated 
in the solid state. Complexes of the ML2H type were also found potentiometrically 
in PAR solutions containing MnH, ZnH, NiH and CoH ions in 50% v/v dioxan; 
these complexes were also found by numerical analysis of spectrophotometric data 
in the PAR-ZnH system (ref.39). 

In solutions with excess reagent at pH 9·8 PAR quantitatively forms a single 
chelate, CuL~-. In the CuH -TAR system a complex of the ML2H- type was not 
found and the CuL~ - complex is formed only partially at pH > 7 and cannot be 
exploited analytically. A summary of the molar absorption coefficients and constants 
of the chelates of PAR and TAR is given in Tables X and XI. The tendency to form 
the 1 : 2 copper chelates does not depend in a simple manner on the type of hetero­
cyclic nucleus, but depends also on the character of the phenolic compound of the 
ligand. For example, some thiazole derivatives, such as 2-(2-thiazolylazo)-4-methyl­
phenol4o, 2-(2-thiazolylazo )-4-methoxyphenoI41 and 2-(2-thiazolylazo )-1-naphthoI42, 
in contrast to TAR, readily form a complex with aM: L ratio of 1 : 2 with CuH 

in solutions with excess reagent from pH '" 6; 2-(2-pyridylazo )-1-naphthol-4-sul­
phonic acid43 forms the 1 : 2 complex in weakly acid media with excess reagent, while 
1-(2-pyridylazo)-2-naphthol does not form this complex under these conditions. 

Of the two studied reagents, PAR seems to be preferable from the point of view 
of its sensitivity and of the absorption of the reagent alone for the spectrophoto­
metric determination of CuH ; the CuL~- chelate is formed with £cuL22- = 7'9.104 

and £CUL22 - /£PAR = 45 at 500 nm and pH 10, compared with TAR, whose CuL chelate 
at pH 5·6 ha& £CuL = 3·1 . 104 and £cuL/£TAR = 26 at 510 nm. 
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Spectrophotometric Determination ofCu2+ with 4-(2-Pyridylazo)resorcinol 

The CuL~- chelate (e = 7.9.104 at 500 nm) is suitable for the determination of cop­
per in aqueous solutions, in 30% vjv ethanol or in 10% vjv acetone; a final reagent 
concentration of CL = 1·08. 1O- 4M is employed at pH 9,8-10,2 in the presence 
of O'OIM tetraborate buffer (ammoniacal buffer with a final concentration of >8 . 
. 1O- 3M decreases the solution absorbance). The ionic strength up to a value of 10·7 
(KN03) does not affect the results. The absorbance of the solution is measured 
5 minutes after mixing at 500 nm in 10 mm cuvettes. The characteristics of the calibra­
tion curves for the determination of Cu2+ with PAR in the range 0·09-0·62 ~g 
Cu2 + jml at pH 10 in various media, evaluated by computer, are listed in Table XII. 
Most heavy metals interfere in the determination of copper; the limiting concentra­
tions of some ions for the determination of 0·62 ~g Cu 2 + Iml are given in Table XIII. 

Spectrophotometric Determination of Cu 2 + with 4-(2-Thiazolylazo)resorcinol 

The determination of Cu2+ with TAR is based on the CuL complex (Ama. 510 nm. 
e = 3·1 . 104

) in 30% vjv ethanol medium with CL = 1·6. 1O- 4 M at pH 5·6. The pH 
sh.ould be adjusted with pyridine buffer, which, in concentration up to 0'16M does not 
affect the absorbance of the solutions. The ionic strength also does not affect the 
results in the region I < 0·7 (KN03). Because of the high blank absorbance in the 
region of absorbance of the CuL complex, determination at 530 nm is preferable. 
The characteristics of the calibration curve for the determination of Cu2 + with TAR 
in the range 0·16 -1,29 ~g Cu 2 + jml is given in Table XIV and XV. The limiting con­
centration of some ions for the determination of 0'81 ~gjml Cu2+ are given in 
Table XV. 

We wish to thank Professor L. Sommer of this institute for many useful discussions and for 
the interest which he devoted to this work. We would also like to thank Dr J. Havel of this institute 
fol' advice on the numerical treatment of the experimental data on the computer. 
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