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Two new compounds from the formazan series, viz. 1,3-diphenyl-5-(1H-tetrazol-2-yl){formazan
and 1,3-diphenyl-5-(2H-1,2,4-triazol-3-yl)formazan, were prepared, and the dissociation constants
and molar absorptivities of all of their acid-base species were determined spectrophotometrically
employing the SPEKTFOT computer program.

Heterocyclic azo derivatives are among organic reagents that have found wide application
in analytical chemistry as metallochromic indicators® or as reagents for photometric and extrac-
tion-photometric determinations of various elements!*2, To such reagents belong also hetero-
-substituted formazans.

Among works dealing with the synthesis, structure, complexing properties, and analytical
applications of formazans with heterocyclic substituents, there dominate the studies of two
research groups: the Japanese group® ~? is involved with the study of 1-hetaryl-3,5-diphenyl-
formazans (hetaryl = thiazolyl, benzthiazolyl, selenazolyl, oxazoly), pyridyi, nitropyridyl, erc.)
as reagents suitable for the determination of Ni, Cu, Co, Zn, Cd, the Soviet group“” 1% geals
with 1-benzazolyl- and 1,5-dibenzimidazolylformazans as reagents suited for photometric
determinations of Cu, Ag, Ni, Zn, Pb, Hg, Cd, TI.

The present work is concerned with the study of the acid—base properties of two
hetarylformazans, viz. 1,3-diphenyl-5-(1H-tetrazol-2-yl)formazan (I) and 1,3-di-
phenyl-5-(2H-1,2,4-triazol-3-yl)formazan (I1).
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EXPERIMENTAL

Chemicals and Solutions

The spectrophotometric measurements and the electrode calibrations were carried out using
reagent grade chemicals (Lachema, Brno, and Merck, Darmstadt). The solutions were prepared
with distilled water, deionized by passing it over an ion exchanger column (Seibold, Vienna);
its conductivity after the deionization was 3-3 . 107% S cm™!. Ethanol was redistilled on a column
with a variable reflux ratio, and its purity was checked spectrophotometricaily'5,

Apparatus

The spectrophotometric measurements were performed on VSU 2, Spekol, and Specord UV VIS
instruments (all Zeiss, Jena).

The hydrogen ion concentrations were measured on an OP-205 pH-meter (Radelkis. Budapest)
fitted with a Metrohm A 20 glass electrode and a calomel reference electrode with saturated
sodium chloride solution. The glass electrode was calibrated by potentiometric titration of an
HCIO, solution with an NaOH solution in 40%; wt. ethanol. An E 436 Potentiograph (Metrohm,
Herisau) equipped with an automatic recorder was employed for the titration. The titration
data obtained were processed by the KALIBR programm, and the calibration was checked
prior to each measurement by employing phthalate buffer (0-05M hydrogenphthalate solution
in 409, ethanol) with a known hydrogen ion concentration.

Preparation of 1,3-Diphenyl-5-(1H-tetrazol-2-yl)formazan (TEPF)

The preparation of TEPF proceeds in two steps! ”: diazotization of 5-aminotetrazole. and coupling
of the formed diazonium salt with benzaldehyde phenylhydrazone, obtained by condensation
of benzaldehyde with phenylhydrazinels.

To a solution of 2:58 g (30 mmol) of 5-aminotetrazole, prepared according t0'?, in 20 ml
of 20%, NaOH is added 1-75 g (26 mmol) of NaNO, dissolved in 20 ml of water containing 30 g
of crushed ice. The mixture is cooled to 0°C and poured slowly into a constantly stirced mixture
of 16 ml of concentrated HCI with 100 g of ice. The system is allowed to stand at 0°C for 20 min,
and 20 g of CH;COONa.3 H, O is added.

5-85 g (30 mmo}) of benzaldehyde phenylhydrazone is dissolved in 800 m! of ethanol and cooled
to 0°C. To the stirred solution is added the solution of the diazonium salt. The red solution
formed is allowed to stand for 12 k in cold, then filtered, and the filtrate is diluted with 400 ml
of water. The TEPF separated is collected and dried on air. Yield 3-2 g of TEPF (36%).

The product is purified by dissolution in a small volume of ethanol and subsequent precipita-
tion with water.

TEPF is a red crystalline powder, m.p. 154°C, well soluble in ethanol and sparingly soluble
in water.

The purity of the product was checked by elemental analysis, thin layer chromatography,
and titration with a copper (I1) salt. For C; 4NgH, (292-3) calculated: 57-52%; C, 4- 147, H, 38:32%(
N; found: 57-69% C, 4-06%; H, 38-63% N.

In a chromatographic treatment of TEPF in ethanolic solution on silica gel (Silufol UV 254,
Kavalier) using n-heptane as efuting agent, most of the substance remained on the start, while
a slight yetlow spot travelled with the solvent (R 0-175).

Spectrophotometric titration (4 590 nm) of a copper(1I) salt solution with a solution of TEPF
in 40% wt. ethanol, performed in the presence of acetate buffer (pH 5-9), showed that the product
contained 99-1% TEPF.
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Preparation of 1,3-Diphenyl-5-(2H-1,2,4-triazol-3-yl)formazan (TRPF)

This reagent is prepared by coupling of 1,2,4-triazole diazonium salt with benzaldehyde phenyl-
hydrazone; 5-amino-1,2,4-triazole (Spolana, Neratovice) was used for the preparation of the
former substance.

10 g (50 mmol) of benzaldehyde phenylhydrazone is dissolved in a hot mixture of 800 ml
of ethanol and 30 mi of pyridine. After cooling, 5 g of CH;COONa.3 H,O is added.

4-2 g (50 mmol) of 3-amino-1,2,4-triazole is dissolved in a system of 20 ml of a water—ethanol
mixture (3 : 1) and 10 ml of concentrated HCl and cooled down to —5°C, and a solution of 4 g
(60 mmol) of NaNO, in 10 m! of water of the same temperature is added. The diazonium salt
formed is added to the cooled solution of benzaldehyde phenylhydrazone, and the mixture
is stirred for another 30 min. The dark-red solution formed is allowed to stand in cold for 12 h.
The first precipitate is collected, and to the filtrate is added the same volume of water, The preci-
pitate separated is filtered out after 24 hours’ standing. Yield 2 g of TRPF (13-8%).

The product is dissolved in 100 ml of hot 50% vol. ethanol, the hot solution is filtered, and the
filtrate is diluted with water in the ratio 1: 1. The precipitate formed is allowed to stand for
several hours and collected.

TRPF is a red crystalline powder, m.p. 109°C, well soluble in ethanol and insoluble in water.

For Cy5H;H;; (291-3) calculated: 61-84%; C, 4-50% H, 33-66% N; found: 62-27%; C, 4-61% H,
32:34%, N.

Similarly as in the preceding case, in the chromatography of an ethanolic solution of TRPF
on silica gel the majority of the substance remained on the start, a yellow spot followed the sol-
vent (R 0-175).

Spectrophotometric titration of a copper(1l) salt with a solution of the reagent in 40%; ethanol
(% 620 nm; pH 5-4) showed that the product contained 8767, TRPF.
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Absorption curves of TEPF in 409 wt. Absorption curves of TRPF in 40% wt.
ethanol, ¢; = 6:11.10 > mol1™!, I'= 01, ethanol, ¢, =392m 107> moll™!, 101,
/= 1cm; pH: 1204, 2602, 312:04 /= 1cm; pH 1 IM-HCIO,, 2 2:08, 3 6-46,
411-62
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RESULTS

Absorption Spectra

The absorption curves of TEPF and TRPF in solutions in 40% wt. ethanol were
studied in the range pH 2 to 13. The A = f() dependences at constant pH are
shown in Figs 1 and 2. The pH values were chosen so that always one of the acid-base
species predominated. The data characterizing the spectral features of the various
species are given in Table 1.

Dissociation Constants

For a study of the protonation equilibria of the reagents, suitable wavelengths were
picked out based on the shape of their absorption curves for different pH values.
At these wavelengths, the dependences of the absorbances on pH were determined
and the dissociation constants of the reagents were calculated by employing the
SPEKTFOT program?®. The requisite initial parameter estimates for the processing
were obtained by graphical and logarithmic analysis of the 4 = f(pH) curves
at the wavelengths chosen. The results of the data processing are presented in Ta-
bles 11-1V, the & = f(1) dependence in the range of 400—600 nm for the various
acid-base species are shown in Figs 3 and 4; this wavelength range was chosen with
regard to the complexing equilibria of the reagents in question.

TaBLE I
Parameters of the absorption spectra of the reagents in 40% wt. ethanol at 20°C, 1 0-1

Species pH Ainax Eraax

nm Tmol™ ! em™!

TEPF (45, 410 nm)

H,L <25 360 15000
HL™ 6—13 465 13 000
12" >13 475 14 000

TRPF (45, 395 and 420 nm)

H,L <2 370 12 000
HL™ 3—6 440 8400
L2 >10 480 14 000
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DISCUSSION

Preparation of the Reagents

The reagents are fairly easy to prepare if the requisite tetrazole and triazole amino
derivatives are available. The two compounds, TEPF and TRPF, are formed on coup-
ling of the diazonium salts of the corresponding heterocyclic amino derivatives
with benzaldehyde phenylhydrazone. The diazotization takes place in aqueous solu-
tion acidified with hydrochloric acid, the coupling, in an aqueous—ethanolic solution
in the presence of sodium acetate.

As the results of the chromatographic treatment indicate, the two reagents contain
an impurity which in the conditions applied (n-heptane) travels, while the reagents
remain on the start. We suggest that this impurity is triphenylformazan (TPF);
this assumption has been verified by a chromatographic treatment of TPF in the same
conditions: in mixtures of TPF with the reagents, the travelling component exhibited
the same Ry value as the impurity in the preparations.

The possibility that TPF may form during the synthesis of heteryldiphenyllorma-
zans accomplished by coupling arylhydrazone with hetaryldiazonium salt has been
pointed out in the paper?!. The reaction pathway is probably such that azolyphenyl-

!
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Curves of the ¢ = f(A) dependences for the Curves of the ¢ = f(4) dependences for the
various acid-base species of TEPF. Species: various acid-base species of TRPF. Species:
1 H,L, 2HL, 3L 1HL, 2L
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TasLE 1T
Dissociation constants of the reagents in 40% wt. ethanol at 20°C, 1 0-1

R Reagent concentration
Equilibrium pK, mol 1~ 2

TEPF (data from measurements at 7 wavelengths)

430 4 013 2:08.107°

H+
HL™ =L%?" + HY 11574038 312.1073

TRPF (data from measurements at 9 wavelengths)

H,L == HL™ H* ~2

221.1073

HL™ = L?” + H" 808+ 018 2:85.107%

TasLe 111

Molar absorptivities of the various acid-base species of TEPF in 40% wt. ethanol at 20°C, 10-1

Species - —  ——

440 450 460 470 480
H,L 3670 3 640 2750 2040 1580
HL™ 10 800 10 920 11290 11170 10 550
12- 10 200 12 040 12230 12160 11 500
TaBLE IV

Species - ——-—-—
540

440 460 430 500 510

HL™ 8520 7 600 5 8§00

L2 10920 13 570 14 260 13310 11770 8 5€¢0
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Absorptivity, 1 mol ™! cm”, at the wavelength, nm

Absorptivity, ] mol ™' cm™?, at the wavelength, nm

490 500

1330 1110
9 740 9930
11000 10 850

Molar absorptivities of the various acid-base species of TRPF in 409 wt. ethanol at 20°C, 1 0'1

560 580 600

4 160 3250 2740 2090 1 500 730

4670 2560 1390
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formazan is first formed, which in acid solution is not very stable, decomposing
to yield benzenediazonium chloride, and the latter then takes part in the coupling
with the unreacted benzaldehyde phenylhydrazone.

Acid-Base and Spectral Properties of the Reagents

The reagents in aqueous-ethanolic solutions act as dibasic acids; the dissociation
reactions (e.g., of TEPF) can be represented by the scheme

N—N —N —N
" H R ‘UJ (‘,‘ NH N—R Ii\‘l (‘!‘ ‘ﬁ N—R
N C—NH - b S— — — —
A SN e W T
N = N R CrNg N
‘ +H" [ +H* (1
Pk R Pk, R
(H,L) (HL") (L)
R = C¢Hy
ScHEME 1

The basicity of the heterocyclic nitrogen of the tetrazolyl derivative in position 1
exceeds that of the nitrogen of the triazolyl derivative in position 2; this is consistent
with the higher basicity of tetrazole itself as compared with triazole itself (pKyy
for tetratole 4-9, for triazole 2-3).

Based on the overall protonation constants pertaining to the protonation of the
heterocyclic nitrogen and of the formazan chain nitrogen, the trend of the proper-
ties of other analogous heteroformazans can be predicted. The protonation constant
(log Pu = PK, + pK;) increases in the hetaryl series triazolyl (log By = 9'5) <
< benzthiazolyl (10-2, ref.?) < thiazolyl (126, ref.®) < tetrazolyl (15:9) < pyridy!
(17-2, ref.?). The stability of complexes of these heteryl derivatives with metal ions
can be expected to increase in the same order.
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