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Five, novel pyridazine-based azo chromophores were synthesized by the condensation reaction of 3,
6-bis((aminoethyl)thio)pyridazine with 5-(4-X-phenyl)-azo-salicylaldehyde (X¼NO2, Cl and Et), 5-(2,4-
di-Cl-phenyl)-azo-salicylaldehyde and 5-(3,4-di-Cl-phenyl)-azo-salicylaldehyde. The dyes were charac-
terized by elemental analysis, thermal analyses, IR, UV–vis, NMR and mass spectroscopy. Spectral
characteristics of the dyes were investigated in four organic solvents of differing polarity; thermal studies
indicate that the framework of dyes is stable up to 220 �C. Complexation of the azo dyes with Cu(II) gave
subtle changes in their absorption spectra.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

There is at present a considerable interest in synthesis of pyr-
idazine-containing ligands [1–5]. Pyridazine-based ligands are well
established as potential bridging units in binuclear complexes since
they are capable of spanning two metal ions [6–10]. Usually the 1,2-
diazine moiety in pyridazine-based ligands bridges the two metal
ions thereby placing them in close proximity to one another. The
resulted complexes have a range of interesting properties. For
example, the dinuclear metal complexes of pyridazine-containing
ligands are capable of mediating strong anti-ferromagnetic
exchange between the metal ions and tend to stabilise low oxida-
tion states [11–13]. Moreover, the wide spread applications of
pyridazine derivatives as dyes and antimicrobial agents have
attracted the interest of many investigators [14–17]. These diver-
sified applications are at least in part a consequence of the
numerous approaches that are available for the insertion of specific
functionalities into the pyridazine nucleus. Prior to this work other
groups, most notably Thampson et al. and Brooker et al. reported
the synthesis of various cyclic pyridazine-based ligands and their
mono- and poly-nuclear metal complexes [18–22]. In contrast,
there are relatively few examples of acyclic pyridazine-based Schiff
base ligands that also contain phenol groups [23–27].
: þ98 861 4173406.
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It has been generally accepted that the strong electronic
absorption maximum of azo ligands can be tailored by the pres-
ence of various aromatic moieties [28–30]. This, combined with
the fact that azo groups are relatively robust and chemically
stable, has prompted extensive study of azo-containing Schiff base
ligands as dyes and colorants. In order to improve the spectral
properties of pyridazine-based ligands, we develop a synthetic
route to obtain such ligands containing azo, azomethine, pyr-
idazine and phenol moieties. The choice of these ligands was
motivated by two objectives: (i) to provide new acyclic pyr-
idazine-based azo-containing Schiff base ligands and (ii) to study
the solvatochromic behavior and thermal stability of new
chromophores.

We report here the synthesis and characterization of new
family of acyclic azo-containing Schiff base ligands (Scheme 1). The
ligands were prepared by condensation reaction of previously
prepared diamine (I) [21] with azo-coupled salicylaldehyde
derivatives, 5-(4-x-phenyl) azo-salicylaldehyde (x¼NO2, Cl and
Et), 5-(2,4-di-Cl-phenyl) azo-salicylaldehyde and 5-(3,4-di-Cl-
phenyl) azo-salicylaldehyde. The solvatochromic behaviors and
substituent effects of the potentially polydentate prepared ligands
in various solvents were evaluated. The results indicated that the
electronic spectra of the prepared azo ligands were strongly
dependent on solvents. The thermal properties of the prepared azo
ligands were also examined by thermal gravimetric analysis and
indicated that the framework of the prepared azo dyes is stable up
to 220 �C.
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Scheme 1. Azo-linked pyridazine-based ligands.
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2. Experimental

2.1. Materials

All of the reagents and solvents involved in synthesis were of
analytically grade and used as received without further purifica-
tion. Salicylaldehyde, p-nitroaniline, p-chloroaniline, p-ethylani-
line, 2,4-dichloroaniline and 3,4-dichloroaniline were obtained
from Aldrich and Merck. 3,6-Bis((aminoethyl)thio)pyridazine (PTA)
(I) was prepared as described previously [21].
2.2. Instrumentation

The structure of all synthesized compounds was confirmed by
1H and 13C{1H} NMR spectra, recorded on a Bruker AV 300 MHz
spectrometer. FTIR spectra were recorded as pressed KBr discs,
using Unicom Galaxy Series FTIR 5000 spectrophotometer in the
region of 400–4000 cm�1. Melting points of all newly prepared
compounds were determined on Electrothermal 9200 apparatus.
Mass spectra of azo dyes were obtained on Shimadzu QP5050A
spectrometer. Thermal analyses were performed on a Perkin–Elmer
Thermogravimetric Analyzer TG/DTA 6300 instrument. C, H, N, and
S analyses were performed on a Vario EL III elemental analyzer.
Electronic spectral measurements were carried out using Perkin–
Elmer Lamda double beam spectrophotometer in the range 200–
900 nm. Cyclic voltammetry was performed using an Autolab
model PGSTAT 20 potentiostat/galvanostat. A glassy carbon disk
(1.8 mm diameter) and Pt wire was used as working and counter
electrode, respectively.
2.3. Synthesis

2.3.1. General procedure for the synthesis of azo-coupled precursors
1a–5a

Azo-coupled salicylaldehyde precursors, 1a–5a, were prepared
according to the well-known literature procedure [31,32]. Salicy-
laldehyde (10 mmol) was dissolved in water (20 ml) containing
10 mmol of sodium hydroxide and 40 mmol of sodium carbonate
during the period of 30 min at 0 �C. The resulting solution was
added slowly to a solution of diazonium chloride (10 mmol) in
water at 0–5 �C. The reaction mixture was stirred for 1 h at 0 �C and
then allowed to warm slowly to room temperature. The product
was collected by filtration and washed with 100 ml of NaCl solution
(10%) under vacuum. The obtained solid was dried under vacuum at
80 �C overnight.

2.3.1.1. 1-(3-Formyl-4-hydroxyphenylazo)-4-nitrobenzene (1a). Yield:
93.7%, m.p.¼184–186 �C. 1H NMR (CDCl3, ppm): d 7.18 (d, 1H,
J¼ 8.96 Hz), 8.24 (dd, 1H, J¼ 8.96 Hz, J¼ 2.35 Hz), 8.31 (d, 1H,
J¼ 2.35 Hz), 8.04 (d, 2H, J¼ 8.94 Hz), 8.42 (d, 2H, J¼ 8.94 Hz), 10.08
(s, 1H), 11.49 (s, 1H). IR (KBr, cm�1); 1657(CHO), 1605(C]C),
1524(N]N), 1478(phenol ring), 1460(NO2), 1320(NO2), 1283(C–O),
1103, 852 and 767.

2.3.1.2. 1-(3-Formyl-4-hydroxyphenylazo)-4-chlorobenzene (2a).
Yield: 31.7%, m.p.¼199 �C. 1H NMR (d6-DMSO, ppm): d 7.20 (d, 1H,
J¼ 8.83 Hz), 8.09 (d, 1H, J¼ 8.83 Hz), 7.64 (d, 2H, J¼ 7.23 Hz), 7.88
(d, 2H, J¼ 7.23 Hz), 8.19 (s, 1H), 10.37 (s, 1H), 11.56 (br, 1H). IR (KBr,
cm�1); 1668(CHO), 1618(C]C), 1572(N]N), 1477(phenol ring),
1285(C–O), 1155, 1089, 833 and 725.
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2.3.1.3. 1-(3-Formyl-4-hydroxyphenylazo)-2,4-dichlorobenzene
(3a). Yield: 88.13%, m.p.¼120 �C. 1H NMR (d6-DMSO, ppm): d 7.29
(d, 1H, J¼ 8.84 Hz), 8.09 (dd, 1H, J¼ 8.84 Hz, J¼ 2.16 Hz), 7.55 (d, 1H,
J¼ 8.76 Hz), 7.68 (d, 1H, J¼ 8.76 Hz), 7.89 (br, s, 1H), 8.19 (br, s, 1H),
10.37 (s, 1H), 11.88 (br, 1H). IR (KBr, cm�1); 1669(CHO), 1620(C]C),
1577(N]N), 1483(phenol ring), 1285(C–O), 1148, 1055, 837 and
768.

2.3.1.4. 1-(3-Formyl-4-hydroxyphenylazo)-3,4-dichlorobenzene
(4a). Yield: 72.88%, m.p.¼167 �C. 1H NMR (d6-DMSO, ppm): d 7.21
(d, 1H, J¼ 8.87 Hz), 8.10 (dd, 1H, J¼ 8.87 Hz, J¼ 2.42 Hz), 7.86 (s,
2H), 8.06 (br, s, 1H), 8.20 (d, 1H, J¼ 2.42 Hz), 10.37 (s, 1H), 11.69 (br,
1H). IR (KBr, cm�1); 1670(CHO), 1607(C]C), 1572(N]N),
1481(phenol ring), 1285(C–O),1163, 1030, 844 and 764.

2.3.1.5. 1-(3-Formyl-4-hydroxyphenylazo)-4-ethylbenzene (5a).
Yield: 63%, m.p.¼ 98–100 �C. 1H NMR (d6-DMSO, ppm): d 1.22
(t, 3H, J¼ 6.97 Hz), 2.69 (q, 2H, J¼ 6.97 Hz), 7.18 (d, 1H, J¼ 8.82 Hz),
8.08 (d, 1H, J¼ 8.82 Hz), 7.41 (d, 2H, J¼ 7.90 Hz), 7.79 (d, 2H,
J¼ 7.90 Hz), 8.16 (s, 1H), 10.37 (s, 1H), 11.54 (br, 1H). IR (KBr, cm�1);
1653(CHO), 1604(C]C), 1578(N]N), 1479(phenol ring), 1277(C–O),
1140, 842 and 758.

2.3.2. General procedure for the synthesis of dyes 1b–5b
A solution of 3,6-bis((aminoethyl)thio)pyridazine (PTA)

(1 mmol) in absolute EtOH (10 ml) was added to a stirring solution
of 1a–5a (2 mmol) in absolute EtOH during a period of 30 min at
50 �C. The solution was heated in water bath for 2 h at 80 �C with
stirring, then cooled and let to stand at ambient temperature. The
resulted product was collected by filtration, washed successively
with diethyl ether and dried in air.

2.3.2.1. 3,6-Bis(2-[2-sulfanyl-ethylimino)-methyl]-4-(4-nitro-phenyl-
azo)-phenol pyridazine, C2H5OH (1b). Yield: 68.5%, m.p.¼ 226–
230 �C. 1H NMR (d6-DMSO, ppm): d 3.63 (t, 4H, J¼Hz), 3.95 (t, 4H,
J¼Hz), 6.78 (d, 2H, J¼ 9.30 Hz), 7.9 (br, d, 6H), 8.33 (d, 4H, J¼ 8.63),
7.52 (s, 2H), 8.04 (s, 2H), 8.66 (s, 2H), 13.92 (br, 2H). IR (KBr, cm�1);
1638(C]N), 1612(C]C), 1576(N]N), 1493(phenol ring),
1481(NO2), 1385, 1362(NO2), 1275(C–O), 1152, 1086 and 837.
[M]þ¼ 737 molecular ion peak; 692 [M]þ�NO2; 78 [M] peak of Ph–
H; 63 [M�1] peak of S2. Anal. Calcd. for C36H34N10O7S2: C, 55.23; N,
17.89; H, 4.38; S, 8.19. Found: C, 55.6; N, 18.1; H, 4.6; S, 8.4%.

2.3.2.2. 3,6-Bis(2-[2-sulfanyl-ethylimino)-methyl]-4-(4-chloro-phe-
nylazo)-phenol pyridazine (2b). Yield: 49%, m.p.¼ 227–230 �C. 1H
NMR (d6-DMSO, ppm): d 3.63 (t, 4H, J¼ 5.77 Hz), 3.95 (t, 4H,
J¼ 5.77 Hz), 6.89 (br, d, 2H, J¼ 9.05 Hz), 7.89 (dd, 2H, J¼ 9.05 Hz,
J¼ 2.17 Hz), 7.58 (d, 4H, J¼ 8.55 Hz), 7.79 (d, 4H, J¼ 8.55 Hz), 7.51
(s, 2H), 8.01 (s, 2H), 8.69 (s, 2H), 14.00 (br, 2H). IR (KBr, cm�1);
1643(C]N), 1614(C]C), 1588(N]N), 1510(phenol ring), 1389,
1285(C–O), 1145, 1103 and 856. [M]þ¼ 714 molecular ion peak;
139 [M]þ� pyridazine(S–CH2CH2–NCH–Ph(OH))2; 78 [M] peak
of Ph–H; 63 [M�1] peak of S2. Anal. Calcd. for C34H28Cl2N8O2S2:
C, 57.06; N, 15.66; H, 3.94; S, 8.96. Found: C, 56.7; N, 14.9; H, 4.3;
S, 8.6%.

2.3.2.3. 3,6-Bis(2-[2-sulfanyl-ethylimino)-methyl]-4-(2,4-dichloro-
phenylazo)-phenol pyridazine C2H5OH (3b). Yield: 68.7%,
m.p.¼105 �C. 1H NMR (d6-DMSO, ppm): d 3.62 (t, 4H, J¼ 5.76 Hz),
3.94 (t, 4H, J¼ 5.76 Hz), 6.82 (br, d, 2H, J¼ 9.23 Hz), 7.88 (dd, 2H,
J¼ 9.23 Hz, J¼ 2.38 Hz), 8.00(d, 2H, J¼ 2.38 Hz), 7.61 (d, 2H,
J¼ 8.72 Hz), 7.49 (dd, 2H, J¼ 8.72 Hz, J¼ 1.98 Hz), 7.80 (d, 2H,
J¼ 1.98 Hz), 7.53 (s, 2H), 8.67 (s, 2H), 14.03 (br, 2H). IR (KBr, cm�1);
1638(C]N), 1614(C]C), 1577(N]N), 1402, 1373, 1285(C–O), 1147,
1099 and 835. [M]þ¼ 784 molecular ion peak is not observed,
but [M�2]¼ 782 (Cl-35 isotopes); 145 [M]þ�Pyridazine
(S–CH2CH2–NCH–Ph(OH)–N2)2; 78 [M] peak of Ph–H; 63 [M�1]
peak of S2. Anal. Calcd. for C36H32Cl4N8O3S2: C, 52.05; N, 13.49; H,
3.88; S, 7.72. Found: C, 51.6; N, 13.9; H, 3.5; S, 8.2%.

2.3.2.4. 3,6-Bis(2-[2-sulfanyl-ethylimino)-methyl]-4-(3,4-dichloro-
phenylazo)-phenol pyridazine H2O (4b). Yield: 71.42%, m.p.¼ 218–
220 �C. 1H NMR (d6-DMSO, ppm): d 3.63 (t, 4H, J¼ 5.94 Hz), 3.94 (t,
4H, J¼ 5.94 Hz), 6.83 (d, 2H, J¼ 9.20 Hz), 7.52 (s, 2H), 7.76–8.06 (m,
10H), 8.64 (s, 2H), 14.03 (br, 2H). IR (KBr, cm�1); 1636(C]N),
1606(C]C), 1579(N]N), 1491(phenol ring), 1386, 1288(C–O), 1146
and 826. [M]þ¼ 784 molecular ion peak; 145 [M]þ� Pyridazine(S–
CH2CH2–NCH–Ph(OH)–N2)2; 78 [M] peak of Ph–H; 63 [M�1] peak
of S2. Anal. Calcd. for C34H28Cl4N8O3S2: C, 50.88; N, 13.96; H, 3.52; S,
7.98. Found: C, 51.0; N, 13.6; H, 3.8; S, 7.8%.

2.3.2.5. 3,6-Bis(2-[2-sulfanyl-ethylimino)-methyl]-4-(4-ethyl-phe-
nylazo)-phenol pyridazine (5b). Yield; 72.7%, m.p.¼185–186 �C. 1H
NMR (d6-DMSO, ppm): d 1.21 (t, 6H, J¼ 7.41 Hz), 2.67 (q, 4H,
J¼ 7.41 Hz), 3.63 (t, 4H, J¼ 5.56 Hz), 3.95 (t, 4H, J¼ 5.56 Hz), 6.92
(d, 2H, J¼ 9.00 Hz), 7.89 (d, 2H, J¼ 9.00 Hz), 7.37 (d, 4H, J¼ 8.00),
7.73 (d, 4H, J¼ 8.00), 7.52 (s, 2H), 8.00 (s, 2H), 8.70 (s, 2H), 14.05
(br, 2H). IR (KBr, cm�1); 1636(C]N), 1604(C]C), 1575(N]N),
1489(phenol ring), 1389, 1283(C–O), 1148 and 845. [M]þ¼ 702
molecular ion peak is not observed, but 436 [M]þ–N2–Ph–CH2CH3;
252 [M]þ� Pyridazine(S–CH2CH2–)2; 105 [M] peak of Ph–CH2CH3;
78 [M] peak of Ph–H; 63 [M�1] peak of S2. Anal. Calcd. for
C38H38N8O2S2: C, 64.93; N, 15.94; H, 5.45; S, 9.12. Found: C, 64.6; N,
15.8; H, 5.3; S, 9.4%.

3. Result and discussion

The condensation reaction of 3,6-bis((aminoethyl)thio)pyr-
idazine (PTA) with azo-coupled salicylaldehyde precursors (1a–5a)
in ethanol, gave good yield of new dyes containing azo, azome-
thine, pyridazine and phenol moieties (1b–5b). All prepared
compounds are air stable solids, intensely colored (in the solid state
they appear deep red to brown in color), soluble in DMF, THF and
DMSO and had elemental analyses consistent with the formula-
tions given in Section 2.

3.1. IR spectra of the compounds

In order to clarify the mode of bonding, the IR spectra of azo-
coupled salicylaldehyde precursors (1a–5a) and pyridazine-based
azo dyes (1b–5b) were studied and assigned based on a careful
comparison of the latter with the former. A strong band observed in
the spectra of 1a–5a in the region of 1657–1670 cm�1 can be
assigned to the y(C]O) group [31]. The total absence of y(C]O)
absorption in the IR spectra of 1b–5b together with the appearance
of new y(C]N) absorption in the range of 1636–1643 cm�1 clearly
indicated that a new Schiff base ligand had formed in each case. The
IR spectra of 1a–5a and 1b–5b show strong band at 1275–
1290 cm�1 assigned to the C–O stretching mode.

3.2. 1H NMR spectra

1H NMR and 13C{1H} NMR results, obtained for all prepared
compounds at ambient temperature in d6-DMSO and/or CDCl3, are
presented in Section 2. The slightly broad signal at dH 13.90–
14.05 ppm in the 1H NMR spectra of 1b–5b is assigned to the OH
protons, as was confirmed by deuterium exchange when D2O was
added to d6-DMSO solution. The CH]N protons of 1b–5b exhibit
a singlet resonance at dH 8.64–8.70 ppm. The 1H NMR spectra of
1b–5b, show a singlet resonance in the region dH 7.51–7.53 ppm
assigned to the pyridazine ring protons.



Fig. 1. Absorption spectra of 1b in various organic solvents.
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3.3. The electronic absorption spectra of 1b–5b in organic solvents
of different polarity

The electronic spectra of the pyridazine-based azo dyes were
measured in four organic solvents, DMSO, DMF, THF and CH2Cl2, at
room temperature. The wavelengths of maximum absorbance and
molar extinction coefficients are reported in Table 1.

The UV–vis absorption spectra of the azo-coupled salicylalde-
hyde precursors (1a–5a) display mainly two bands arising from the
p / p* transitions in the backbone. The first band located at 264–
275 nm can be assigned to the moderate energy transition of the
aromatic ring while the second band at 310–345 nm is due to low
energy transition [33].

The UV–vis absorption spectra of 1b–5b in DMSO and DMF
display mainly three bands and give a red shift with respect to the
same spectra of azo-coupled precursors. The broad band observed
in the range 430–485 nm can be assigned to an n / p* electronic
transition of azo-aromatic chromophore [33,34] and intramolecular
charge transfer interaction involving the whole molecules of the
prepared dyes. The broadness of the intramolecular CT band is quite
common for azo or azomethine dyes having a hydroxyl group in o-
position to the N]N or C]N bond on the aromatic ring [33].

3.3.1. Solvent effects on absorption spectra of 1b–5b
It has been accepted that the electronic transitions of azo-azo-

methine ligands strongly depend on the nature of media [33,35].
For this purpose, the electronic absorption spectra of the prepared
dyes, 1b–5b, were measured in four organic solvents of different
polarity namely DMF, DMSO, THF and CH2Cl2 at a concentration
approximately 10�5 M. The absorption curves of 1b in various
solvents are shown in Fig. 1 (see Supplementary material).

We found that the absorption band at 340–404 nm generally
shows bathochromic shift (positive solvatochromism) as the
polarity of solvent was increased. The influence of solvents for the
prepared dyes increases in the order DMSO>DMF> THF> CH2Cl2.
This observed behavior is accounted as that the prepared azo dyes
in the ground state and in the excitation state indicate different
polarities. The other band at 430–485 nm shows hypsochromic
shift (negative solvatochromism) upon increasing solvent polarity
(Table 1), indicating a reduction in the dipole moment upon elec-
tronic excitation. The observed hypsochromic displacement of the
Table 1
Absorption spectral data of 1b–5b in various organic solvents; lmax/nm
(3/dm mol�1 cm�1).

Compounds DMSO DMF THF CH2Cl2

1b 269 (46000) 271 (49600) 267 (13000) 233 (34000)
404 (36600) 387 (40000) 382 (15000) 273 (34600)
480 (31600) 476 (22600) 477 (3400) 378 (40200)

483 (7400)

2b 270 (65000) 274 (67200) 248 (62000) 250 (65000)
366 (65400) 365 (70800) 287 (44600) 271 (69200)
435 (31800) 436 (28000) 352 (64000) 352 (67600)

442 (9400) 446 (9000)

3b 268 (55600) 270 (53600) 249 (50200) 247 (54000)
373 (51400) 270 (53600) 289 (43400) 270 (56400)
436(23000) 440 (24600) 370 (62000) 366 (62000)

455 (12000) 459 (7400)

4b 266 (52000) 270 (54200) 248 (64200) 243 (53600)
379 (51400) 370 (55400) 289 (52800) 271 (52400)
435 (35600) 438 (24600) 364 (70400) 359 (57800)

448 (14400) 451 (7800)

5b 270 (58400) 269 (44600) 240(36600) 234 (47800)
363 (53600) 342 (52200) 261 (27000) 266 (32600)
435 (21000) 435 (9600) 339 (53000) 338 (53600)

442 (2800) 446 (3400)
lowest energy absorption from CH2Cl2 to DMSO, being more
pronounced for 3b.

3.3.2. Substituent effects on absorption spectra of pyridazine-based
azo dyes in various solvents

Absorption spectra of the new prepared dyes, with various
electron donating or accepting abilities, in DMSO, are shown in
Fig. 2. It can be found that the 340–404 and 430–485 nm bands are
substantially in the order, 1b> 3b> 4b> 2b� 5b. When intro-
ducing the nitro group in the aryl azo component of the dye, 1b,
instead of chloride or ethyl groups, the absorption spectra give
a remarkable blue shift in all organic solvents compared to the
corresponding spectrum of 2b and 5b. This means that 1b has
a more extended conjugation than others.

3.4. Electrochemistry of pyridazine-based azo dyes

On scanning from 1.5 V to �1.5 V, the cyclic voltammogram for
5b (0.5 mmol l�1 in a solution containing 80% DMSO and 20%
aqueous LiClO4) exhibits three reversible reduction waves (Fig. 3).
The first wave is observed at �0.5 V. This reduction process may be
due to the partial reduction of the imine bonds to secondary amines
(and subsequent protonation by phenol) [23]. This process may also
Fig. 2. Effects of substituents on absorption spectra of the prepared compounds 1b–5b
in DMSO.



Fig. 3. Cyclic voltammogram for 5�10�5 M of 5b in a solution containing 80% DMSO
and 20% aqueous LiClO4.

Table 2
Thermal analyses data for 1b–5b.

Compound,
M.F. (M. Wt.)

Dissociation
stages

Temperature
range in
TG (�C)

Weight loss,
found
(calculated) (%)

Decomposition
assignment

1b, C36H34N10O7S2

(782.8)
Stage I 80–230 5.46 (5.87) The loss of

1 C2H5OH
Stage II 240–290 22.70 (22.80) The loss of

2NO2þ C6H4

Stage III 300–530 17.98 (18.01) The loss of
C6H5N2

2b, C34H28Cl2N8O2S2

(715.7)
Stage I 245–285 26.10 (26.58) The loss of

C5H6N2O2S2

Stage II 300–530 18.89 (19.62) The loss of
C7H5N

3b, C36H32N8O3Cl4S2

(830.6)
Stage I 110–130 5.61(5.53) The loss of

1 mol C2H5OH
Stage II 225–290 28.15(27.70) The loss of

C5H5N4O2S2

Stage III 300–530 21.20(21.03) The loss of
C7H7N2

4b, C34H28N8O3Cl4S2

(802.6)
Stage I 100–230 1.95(2.20) The loss of

1 mol H2O
Stage II 240–290 27.61(27.81) The loss of

C5H6N4O2S2

Stage III 300–530 21.65 (21.03) The loss of
C7H7N2

5b, C38H38N8O2S2

(702.9)
Stage I 235–275 25.72(25.10) The loss of

C4H4N2O2S2

Stage II 280–530 20.40(20.30) The loss of
C8H9N

H. Khanmohammadi, M. Darvishpour / Dyes and Pigments 81 (2009) 167–173 171
be associated with the reduction of the azo bonds, however, it
should be noted that the possibility that some or all of these
processes may instead be based on the pyridazine ring cannot be
ruled out [36]. The second and third waves were observed at�0.8 V
and �1.1 V, respectively.

Unfortunately, the other azo dyes (1b–4b) were too insoluble in
DMSO for standard electrochemistry study.

3.5. Changes in absorption spectra of 1b–5b under complexation
with copper(II) ion

The effect of addition of copper(II) ions to DMSO solution of the
prepared pyridazine-based azo dyes were studied. At each addition
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Fig. 4. Changes observed in UV–vis absorption spectra of 1b, (a) and 4b, (b) in DMSO,
on progressive addition of Cu(II) ion. Numbers indicate a change in absorption with
increases in the concentration of Cu(II) (mol l�1); from down to up 0, 1.32�10�5,
2.64�10�5, 3.96� 10�5, 5.28� 10�5, 6.6� 10�5, 7.92�10�5, 10.52�10�5,
11.88� 10�5, 13.2�10�5.
10 ml of Cu(ClO4)2 solution, prepared in DMSO at the concentration
of 3.3�10�3 M, was poured into the 2.5 ml DMSO solution of ca.
7�10�5 M azo dye. After each addition, changes in absorbances of
compound were monitored. The absorption peak of dyes at 430–
485 nm undergoes a red shift in position till 50 ml of Cu(II) solution
is added, after which no further change occurs. The red shift from
430–485 nm to 445–493 nm indicated that Cu(II) ion is mainly
complexed with the non-bonding electron pair of the oxygen atom
belonging to the hydroxyl group. Also, small red shift in the position
of absorption peak at 340–404 nm (p / p* transitions) is due to
the complexation of copper(II) ion with imine or azo groups (Fig. 4).

3.6. Thermal properties

In order to give more insight into the structure of 1b–5b, the
thermal studies of the compounds have been carried out using
thermogravimetry (DTA–TG) techniques. The thermogravimetric
studies have been made in the temperature range 50–550 �C in air.
The TG–DTA results (Table 2) indicate that the framework of the
prepared azo dyes is stable up to 220 �C (see Supplementary
material). Above 230 �C, the TG curves of the prepared compounds
show a major loss of weight where the corresponding DTA curves
show an exothermic peak. The exothermic peak indicates decom-
position of the azo dyes backbone. The comparison of Td (decom-
position temperature) showed that the thermal stability of the azo
dyes increases in the order 5b> 3b> 2b> 1b> 4b (Table 3). Above
300 �C, the TG curves of 1b–5b show continuous significant weight
loss up to 550 �C.
Table 3
Decomposition temperature of 1b–5b.

Compounds Td
a Compounds Td

a

1b 258.62 4b 257.67
2b 263.31 5b 265.96
3b 265.08

a Data obtained from TGA.



Fig. 5. TGA–DTA analyses curves of 3b.
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The TG curve for 1b, refers to three stages of mass loses within
the temperature range 50–550 �C. The first stage at 80–230 �C with
a mass loss of 5.46% (calcd. 5.87%) corresponds to the loss of 1 mol
ethanol molecule. The second stage at 240–290 �C with a mass loss
of 22.70% (calcd. 22.80%) corresponds to the loss of C6H4 and NO2

groups. The third stage of decomposition at the temperature range
300–550 �C is roughly assigned to the loss of remaining part of the
organic ligand. The TG curve for 2b, refers to two stages of mass
loses within the temperature range 50–550 �C. The first stage at
245–285 �C with a mass loss of 26.10% (calcd. 26.58%) corresponds
to the loss of C5H6N2O2S2. The second stage of decomposition at the
temperature range 300–550 �C, with a mass loss of 18.89% (calcd.
19.62%), corresponds to the loss of C7H5N. Also, 5b shows similar
degradation behavior and gives major decomposition in the
temperature range of 235–275 �C and 280–550 �C, with weight loss
of 25.75% and 20.40%, respectively. The first stage corresponds to
the loss of C4H4N2O2S2 (calcd. 25.10%) and the second stage of
decomposition corresponds to the loss of C8H9N (calcd. 20.30%).

The DTA and TG curves showed that the 3b exhibit an endo-
thermic peak at about 120 �C and loss about 5.59% of its weight at
110–130 �C (Fig. 5), which corresponds to loss of one ethanol
molecule (calcd. for C2H5OH, 5.53%). The second stage at 225–
290 �C with a mass loss of 28.15% (calcd. 27.70%) corresponds to the
loss of C5H5N4O2S2. The third stage of decomposition at the
temperature range 300–550 �C, with a mass loss of 21.20% (calcd.
21.03%), corresponds to the loss of C7H7N2.

TG curve shows that the 4b loses about 1.95%, 27.61% and 21.65%
of its weight at 100–230, 240–290 and 300–550 �C, respectively. In
the first stage, water molecule of lattice was released (calcd. 2.20%).
The second and third stages indicate the loss of parts of the organic
ligand, C5H6N4O2S2 and C7H7N2, respectively (calcd. 27.81% and
21.03%).

4. Conclusion

In the present work a series of new pyridazine-based azo
chromophores were obtained by the condensation reaction of 3,6-
bis((aminoethyl)thio)pyridazine with azo-coupled salicylaldehyde
derivatives. The solvatochromic behaviors and substituent effects of
the prepared compounds in various solvents were evaluated. The
results indicated that the UV–vis spectra of these compounds were
dependent on solvents polarity.
The all prepared compounds are stable up to 220 �C. The order
of thermal stability found is 5b> 3b> 2b> 1b> 4b. This fact
should be related with the structure of the ligands and indicate the
4-nitro and 4-ethyl containing compounds are stable than others.
According to the thermal stability of the prepared pyridazine-based
azo compounds we can conclude that these compounds are suit-
able for use as recording dyes.

The TG/DTA and absorption spectra data of the prepared azo
dyes (1b–5b) can be obtained free of charge via http://www.araku.
ac.ir/~h_khanmohammadi/Supportinginformation-DYPI-D-08-
0034.pdf.
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