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Abstract

According to applicability of azo-azomethine compounds in chemical sensors and biological activities, two receptors:
1,2-[1-(3-imino-4-hydroxophenylazobenzene)]-4-nitrobenzene (1) and 1,2-[1-(3-imino-4-hydroxophenylazo-4-ni-
trobenzene)]-4-nitrobenzene (2) are investigated for detection of nickel, cobalt, copper, lead, mercury, zinc and cadmi-
um divalent metal ions by UV-vis spectroscopy. With the addition of all metal ions to the DMSO solution of ligands, the
peaks at 558 and 549 nm increase in intensity with hypsochromic or bathochromic shifts except Zn** ions and 2, while
the peaks at 388 and 391 nm dramatically decrease in intensity. In both cases, the largest shift is observed after addition
of copper ions. In solution, both receptors produce a cation blue shift from 558 and 549 nm to 503 and 497 nm with the
sensible color change of solutions from purple-red to orange. Therefore, both compounds can highly recognize copper
ions in DMSO solution. In the next step, Benesi-Hildebrand plot and Job’s method are used for determination of binding
constant (K,) and stoichiometry of formed complexes, respectively. Also, the investigation of solvent effect in the UV-vis
spectra of ligands shows that the generation of hydrazine and enaminone tautomers increases in highly polar solvents
such as DMF and DMSO. Finally, the antioxidant activity of ligands is studied by DPPH method. The results show that
NO, withdrawing groups in 1,2-[1-(3-imino-4-hydroxophenylazo-4-nitrobenzene)]-4-nitrobenzene probably affect ke-
to—enol equilibrium. As a result, this ligand reduces free radicals to non-reactive species by donating hydrogen.
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1. Introduction

Schiff bases are common organic compounds which
can be easily synthesized. Among Schift base derivatives,
azo dyes are very important. Azo-azomethine compounds
contain both azo and imine units. These compounds are
produced by condensation of an azo dye containing alde-
hyde groups with primary amines.! Schiff bases and azo
dyes have found applications in several fields such as me-
dicinal, pharmaceutical and coordination chemistry. Some
biological activities such as antifungal, antibacterial, anti-
tumor, pesiticidal, antiviral and anti-inflammatory has
been known for Schiff-bases?>”” and azo compounds.®-!!
Because of the excellent donor properties of azo groups
they are extensively used in coordination chemistry.!>-14
Additionally, azomethine compounds can be used as che-
mosensors for metal ions and anions. They bind as ligands

to cations or interact with anions and therefore change
color of the solution or maxima of absorbance band.!>~!#
Copper ions are important in metabolic processes,
but in excess they can cause the imbalance of homeostasis
leading to severe diseases such as Alzheimer’s, Parkinson’s,
Mekne’s, and Wilson'’s diseases.'®?° Also copper ions are
one of the materials that pollute environment and produce
some problems in industry. Cobalt ions are dangerous pol-
lutants. Cobalt can irritate respiratory system and cause
lung diseases.?! Therefore, the development of simple and
selective chemosensors for copper and cobalt ions is nec-
essary.?22 Previously, we reported easy methods for de-
signing low cost sensors based on azo- azomethine ligands
for recognition of copper and cobalt ions.?#? In progress,
here we report synthesis, characterization and optical re-
sponse of one new azo-salicyaldimine based ligand 1
(1,2-[1-(3-imino-4-hydroxophenylazobenzene)]-4-ni-
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trobenzene) for detection of copper, lead, mercury, cobalt,
nickel, cadmium and zinc divalent metal ions by spectro-
photometry technique. Then, the response of azo-azome-
thine groups of compound 1 is compared with compound
2 (1,2-[1-(3-imino-4-hydroxophenylazo-4-nitrobenzene)]
-4-nitrobenzene). Moreover, the antioxidant activity of
both ligands is investigated against DPPH method.

2. Experimental

2. 1. General
1-(3-formyl-4-hydroxophenylazo)-4-nitrobenzene)
and 1-(3-formyl-4- hydroxophenylazobenzene) were pre-
pared according to previous methods.!?® Elemental analy-
ses were performed on ElementarVario ELIIL IR spectra
were recorded on a FT-IR Spectrometer Bruker Tensor 27
in the region 4000-400 cm™! using KBr pellets. Electronic
absorption spectra in the UV-vis region were obtained
with T 60 UV/vis Spectrometer PG Instruments Ltd. NMR
spectra were obtained on Bruker Avance 400 in DMSO
with SiMe, as internal standard at room temperature.

2. 2. Synthesis of Ligands

2.2. 1. 1, 2-[1-(3-imino-4-hydroxophenylazobenze
ne)]-4-nitrobenzene (1)

1-(3-formyl-4-hydroxophenylazobenzene) (1.84
mmol, 0.416 g) in ethanol (30 mL) was added drop wise
over one hour to an ethanol solution (15 mL) of 4-ni-
tro-1,2-diaminobenzene (0.920 mmol, 0.141 g), the color
of solution changed quickly and brown precipitation ap-
peared. After refluxing for 4h, the mixture was filtrated.
The residue solid was washed with ethanol, recrystallized
in CH,Cl,/C,H;OH and dried (red-brown powder). Yield
(0.314 g, 60%). IR (KBr, cm™!) 3363 (OH group), 1617
(-C=N- imine), 1519 and 1489 (-N=N- cis and trans),
1343 and 1313 (NO, group), 1273 (CO phenolic), 1150,
1106, 858, 747, 688, 643. 'H NMR (400 MHz, DMSO-dy):
12.60 (s, 2H, OH), 9.09 (s, 1H, ArH), 8.56 (s, 2H, ~-HC=N-),
8.41 (d, 4H, J = 8.69 Hz, ArH), 8.01-8.05 (m, 6H, ArH ),
7.96 (d, 4H, J = 9.01 Hz, ArH), 7.20 (d, 1H, J = 8.90 Hz,
ArH), 6.82 (d, 1H, J = 8.90 Hz, ArH), 6.76 (s, 2H, ArH),

Elem. Anal. Calcd for C;,H,3;0,N-: C, 67.48; H, 4.04; N,
17.22. Found: C, 67.27; H, 3.91; N, 17.40.

2. 2. 2. 1,2-[1-(3-imino-4-hydroxophenylazo-4-
nitrobenzene)]-4-nitrobenzene (2)

This ligand was prepared from condensation reac-
tion between 1-(3-formyl-4-hydroxophenylazo-4-ni-
trobenzene) and 4-nitro-1,2-diaminobenzene in ethanol
according to literature.?” Yield (0.394 g, 65%). IR (KBr,
cm™!) 3364 (OH group), 1609 (-C=N- imine), 1520 and
1489 (-N=N- cis and trans), 1342 (NO, group), 1286 (CO
phenolic), 1147, 1105, 1102, 857, 747, 688. 'H NMR (400
MHz, DMSO-d,): 12.60 (s, 2H, OH), 9.09 (s, 1H, ArH),
8.54 (s, 2H, -HC=N-), 8.41 (d, 4H, ] = 8.05 Hz, ArH), 8.03
(d, 6H, J = 8.06 Hz, ArH ), 7.95 (d, 2H, J = 9.1 Hz, ArH),
7.21(d, 1H, J = 9.2 Hz, ArH), 6.81 (d, 1H, J = 9.2 Hz, ArH),
6.76 (s, 2H, ArH), Elem. Anal. Calcd for C;,H,;O4Ny: C,
58.27; H, 3.19; N, 19.12. Found: C, 58.82; H, 2.91; N, 19.32.

2. 3. Measurement of Radical Scavenging

Activity

The ability of compounds 1 and 2 was investigated
for removing free radicals by DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) using the method of litrature.?® The solutions
of 1 or 2 in DMSO with concentrations of 10 to 60pg/mL
were added to a methanol solution of DPPH (0.1 mM).
The mixtures were shaken seriously. Then the absorption
of solutions was measured at A = 517 nm after 10 minutes.
Finally, the percentage of radical scavenging was deter-
mined by the following equation: (A is the absorbance of
free DPPH and Ag is the absorbance of DPPH after reac-
tion with 1 or 2.)

RSA%= 100 (Ac - Ag)/Ac (1)

3. Results and Discussion

3. 1. Synthesis and Characterization

Receptors 1 and 2 were synthesized from the con-
densation reaction of 1-(3-formyl-4-hydroxophenyla-
zobenzene) or 1-(3-formyl-4-hydroxophenylazo-4-ni-

X=H (1) and NO, (2)

Scheme 1: Structures of azo-azomethine receptors

Shaghaghi and Dehghan: Optical Response of Two Azo Ligands Containing ...

671



672

Acta Chim. Slov. 2018, 65, 670-678

trobenzene) with 1,2-diamino-4-nitrobenzen benzene in
ethanol and characterized by standard methods.

3.1. 1. FT-IR and 'H NMR Spectra

In the IR spectra of ligands, imine stretching vibration
appears at 1617 cm™! for 1 and 1609 cm™! for 2. The NO,
symmetric and asymmetric stretching vibrations occur as
sharp and strong bands at 1313 cm™! and 1343 cm™!. More-
over, the vibrations of (-N=N-) groups as cis and trans
forms are present at 1519 cm™! and 1489 cm™! respectively.

The structure of 1 and 2 are fully characterized by 'H
NMR spectroscopy. The formation of imine group is estab-
lished by the appearance of the signal at 8.56 ppm in 1 and
8.54 ppm in 2, depending on the substituent attached to
the imine nitrogen atom. The OH proton signals appear as
one singlet at 12.64 in 1 and 12.61 ppm in 2. The aromatic
proton signals appear in the range of 6.76-9.09 ppm
(Scheme 1 and Table 1).

Table 1: 'THNMR chemical shifts of ligands 1 and 2

An antioxidant acts via two mechanisms: one of
them depends on the benzyl hydrogen atom and other
follows the route of keto-enol form.?” As shown in Fig.
1, compound 2 reveals high antioxidant activity against
DPPH method (78% for 60 pug/mL), while compound 1
display low activity (less than 13% for 20 pg/mL). It
seems that the possible mechanism for both com-
pounds is the keto-enol route (Scheme 3). Several fac-
tors such as structure, temperature and solvent can af-
fect the keto-enol equilibrium. The structure factors
involve steric bulk, conjugation, electron-withdrawing/
donating groups and resonance.’® The structure of
both compounds is similar (the only difference be-
tween two structures is the existence of NO, groups at
the para position of azo units in 2) (Scheme 1). These
NO, withdrawing groups in compound 2 probably af-
fect keto-enol equilibrium. As a result, ligand 2 reduces
free radicals to non-reactive species by donating hy-
drogen.

Chemical shifts, 8  Assignments ¢ J(Hz) Chemical shifts, Assignments ¢ J (Hz)
TMS (ppm) 86 TMS (ppm)

Compound 1 Compound 2
12.64 [s, 2H] (9, 15) 12.61 [s, 2H] (9, 15)
9.10 [s, 1H] (13) 9.09 [s, 1H] (13)
8.56 [s, 2H] (10, 14) 8.54 [s, 2H] (10, 14)
8.42 [d, 4H] (3, 4, 21, 22) 8.69 8.41 [d, 4H] (3, 4, 21, 22) 8.05
8.01-8.05 [m, 6H] (2, 5,7, 17, 20, 23) 8.03 [d, 6H] (2,5,7,17,20,23)  8.06
7.96 [d, 4H] (1, 8, 16, 19) 9.01 7.95 [d, 2H] ( 8, 16) 9.01
7.20 [d, 1H] (12) 8.90 7.21 [d, 1H] (12) 9.20
6.82 [d, 1H] (11) 8.90 6.81 [d, 1H] (11) 9.20
6.76 [s, 2H] (6, 18) 6.76 [s, 2H] (6,18)

3. 2. Antioxidant Activity

The antioxidant activity of compounds 1 and 2 is in-
vestigated by DPPH radical scavenging method. In this
method, radical DPPH reduces to its non-radical form in
the presence of hydrogen-donating material that named
antioxidant (Scheme 2).

N—N'4§i>—1\lopL R—H —— »
OoN

DPPH
Purple, 519 nm

R—H represents antioxidant

3. 3. UV-vis Spectroscopy Experiments
3. 3. 1. UV-vis Spectra of Ligands
Figs. 2 and 3 show the UV-vis spectra of receptors 1

and 2 in DMSO solution. Both compounds show one
strong absorption band at A = 278 nm corresponding to

e S

DPPH-H
Colorless

Scheme 2: DPPH radical and its stable form (DPPH= 1,1-diphenyl-2-picrylhydrazyl)
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Scheme 3. Suggested mechanism for 1,2-[1-(3-imino-4-hydroxophenylazo-4-nitrobenzene)]-4-nitrobenzene as antioxidant
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Fig. 1. Effects of 1,2-[1-(3-imino-4-hydroxophenylazo-4-nitroben-
zene)]-4-nitrobenzene (a) and 1,2-[1-(3-imino-4-hydroxophenyla-
zobenzene)]-4-nitrobenzene (b) against DPPH after 10 min

DPPH radical scavenging %

Ha
b
40 60

Cocentration (ug/ml)

the m>m* transition of aromatic rings, one broad absorp-
tion band at A = 388 nm for 1 and 391 nm for 2 attributable
to the m->m* transition of azo groups and n->7n* or n>n*
transition of imine groups®! and the strong and broad ab-
sorption band at A = 558 nm for 1 and 549 nm for 2 corre-
sponding to the n >7* transition of (-N=N) units.*

0:9 Free ligand

0.8

0.7
0.6 Pb2*

N2+ 24 2+
05 Cu

0.4
0.3 N s X\ &

Absorbance
1
\
\
+>
/
o
3
e

0.2

0.1 N

0

250 300 350 400 450 500 550 600 650 700 750
Mnm)

Fig. 2. UV-vis spectra of ligand 1 (0.02 mM) before and after add-
ing a 0.02 mM concentration of various metal acetates in a DMSO
solution

The UV-vis absorption spectra of azo Schiff-base lig-
ands 1 and 2 in CH,Cl,, CHCl;, CH;0H and C,H;O0H
show main band at 364-382 nm which can be assigned to
n->m* transition of azo groups. However, in DMSO and
DMEF solution, the first band that located at 388-391 nm,
similar to other solvents, is because of m->m* transition of
azo groups, while the second one which appeared at 549-
558 nm can be assigned to an intramolecular charge trans-
fer n>m* transition of azo-aromatic chromophore (Fig.
4).3334 In general, the absorption bands of 1 and 2 at 364~
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Fig. 3. UV-vis spectra of ligand 2 (0.01 mM) before and after add-
ing a 0.01 mM concentration of various metal acetates in a DMSO
solution.

391 nm show bathochromic shift with polarity change of
solvents.>>3¢ Also, the solvatochromism that exhibited by
azo ligands may be to the effect of proton transfer or dipole
moment changes in various solvents (in DMSO and DMF
an additional absorption maximum is observed at 549-
558 nm. This absorption is attributed to the existence of
tautomeric form on highly polar solvents).”-3

a) |
09 FH — Ethanol
08 | — DMSO
Methanol
0.7 F
o 5 — Chloroform
o 06 H
a2 I\ —— Dichloromethan
€05
e DMF
204 [ N2
03 F
02 n
0.1 f
0 L L
250 350 450 550 650 750
A (nm)
b) !
09 1 — DMSO
08 — Ethanol
07 — Methanol
— Chloroform
» 06 F )
E —— DMF
£ 05 ¢ — Dichloromrthan
S %
-:E 04
03
02
0.1
0 ) L =
250 350 450 550 650 750

A (hm)

Fig. 4: UV-vis spectra of azo Schift-bases 1 (a) and 2 (b) in various
solvents (~10* M)

3. 3. 2. Cation Binding Studies

The optical response of 1 (2 x 107> mol L) for Cu?,
Cd?*, Co?*, Zn?*, Ni?*, Pb?*and Hg?* as their acetate salts
(2 x 107> mol L1) in DMSO is studied. As shown in Fig. 2,
the broad bond at 558 nm rises in intensity after addition
of Pb%*, Zn**, Hg** and Cd?* ions to the DMSO solution of
1 with a bathochromic shift (+29 nm). The intensity of the
band at 558 nm increases as fellow: Pb**> Zn?*> Hg?* >
Cd?*. Upon the addition of Cu?* and Co** ions to 1 the
peak at 558 nm increases in intensity and shits to shorter
wavelengths. The largest hypsochromic shift is seen after
addition of copper ions (-55 nm) with the sensible color
change of solution to orange. The peak at 388 nm shrinks
in intensity with the addition of all studied cations. As
shown in Fig. 2, no significant change is observed in the
UV-vis spectrum of 1 after adding nickel ions.

The recognition ability of 2 (2 x 10~ mol L!) for
Cu?*, Cd**, Co**, Zn?*, Ni?*, Pb**and Hg?* as acetate salts
(2 x 10 mol L™!) in DMSO is shown in Fig. 3. Upon addi-
tion of Pb%*, Cd?** and Hg?* ions to 2, the peak at 549 nm
increases in intensity with a bathochromic shift (almost
+20 nm). Addition of Cu?*, Co?**and Ni’?" ions to the
DMSO solution of 2 exhibits significant increase in peak
intensity at 549 nm with a hypsochromic shift. Similarity
to 1, the largest blue shift is obtained after addition of Cu?*
ions (-52 nm). As expected, addition of all metal ions to 2
shows decrease in peak intensity at 391 nm. It is notable
that no significant change is observed in the UV-vis spec-
tra of 2 after addition of Zn?* ions.

In both cases, the changing in the UV-vis Spectra
can be explained that: there is likely a fine balance between
enol and keton forms of ligands in DMSO solution and the
complexion of ligands with metal ions probably affect it. In
additional, decreasing of n->m* transition of imine groups
in intensity shows nitrogen atoms of imine units coordi-
nate to the metal ion center.?>*!

Absorbance

A (nm)

Fig. 5. Changes in the UV-vis spectra of 1 (0.020 mM) upon titra-
tion by Cu(CH;COO), in a DMSO solution, where the concentra-
tion of Cu(CH;COO), varies from 0.004-0.14 mM. Insets: above:
Absorption at selected wavelength versus equivalents of cation
added, down; Benesi-Hildebrand plot of the receptor with Cu?*
ion.
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Fig. 6. Changes in the UV-vis spectra of 1 upon titration by
Co(CH;C0O0), in a DMSO solution, where the concentration of
Co(CH;COO0), varies from 0.004-0.2 mM. Insets: above: Absorp-
tion at selected wavelength versus equivalents of cation added,
down; Benesi-Hildebrand plot of the receptor with Co?* ion.

2. 3. 3. Titrations with UV-vis Spectroscopy

Upon gradual addition of Cu?* ions to DMSO solu-
tion of 1, the absorption at 558 nm gradually increases in
intensity with hypsochromic shift to 503 nm and the peak
at 388 nm strongly decreases in intensity (Fig. 5). Similarity
to 1, with the progressive addition of Cu?* ions to 2, the
peak at 549 nm shifts to 497 nm and increases in intensity,
while the peak at 391 nm dramatically decreases and finally
disappears (Fig. 7). In both case, the color solution change
from purple-red to orange after addition of copper ions.

0.7 0- 9 eq of Cu** i
.

Absorbance

\ 0 5000 100000 150000 200000
02 e

0.9

0.8

0.7

0.6

0.5

Absorbance

04

03

02

0.1

0

250 300 350 400 450 500 550 600 650 700 750
AMnm)

Fig. 8. Changes in the UV-vis spectra of 2 (0.020 mM) upon titra-
tion by Co(CH3COO), in a DMSO solution, where the concentra-
tion of Co(CH;COO), varies from 0.004-0.18 mM. Inset: Benesi—
Hildebrand plot of the receptor with Co?* ion.

ally increases in intensity while the peak at 391 nm de-
creases in intensity (Fig. 8).

The Job’s plot results show a 1:1 binding stoichiome-
try for 1 and 2 with Cu?*. (the proposed structure of 1 and
2 with Cu?* is shown in Scheme 4) while the 2:1 binding
stoichiometry for 1 and 2 with Co?* is determined by Job’s
plot experiments (Fig. 9).

In the next step, 1:1 association constants of 1 and 2
with Cu?* are determined on the Benesi-Hildebrand
plots*? at \ = 503 and 497 nm, respectively (Figs. 5 and 7).
Correspondingly, assuming a 2:1 (1 or 2: cobalt ion) com-
plex, the binding constants (K,) are also calculated using
the Benesi-Hildebrand method (Figs. 6 and 8). The result-
ing values are summarized in Tables 3 and 4. As shown, the
ability of both receptors for recognition of Cu?* metal ion
is similar while the tendency of 1 for detection of Co** ion
is higher than 2.

Table 2: UV-vis spectra data upon titration of compound 1 with
cations in DMSO

250 300 350 400 450 550 600 650 700 750

500
A(nm)

Fig. 7. Changes in the UV-vis spectra of 2 (0.020 mM) upon titra-
tion by Cu(CH;COO), in a DMSO solution, where the concentra-
tion of Cu(CH;COO), varies from 0.004-0.18 mM. Insets: above:
absorption at selected wavelength versus equivalents of cation add-
ed, down; Benesi-Hildebrand plot of the receptor with Cu?* ion.

Upon successive addition of Co?* to 1, a hypsochro-
mic shift is observed from 558 to 525 nm. The peak at 525
nm rises with the gradual addition of cobalt ions to 1. The
peak at 388 nm dramatically decreases in intensity and
disappears after extra addition of Co?* ions (Fig. 6). Final-
ly, upon incremental addition of Co?* to 2, n->n* transition
shifts from 549 nm to 537 nm. The peak at 537 nm gradu-

Ligand Ligand, Complex, Hypsochromic K,

+ cation A nax A nax shift, A\, (M)
(nm) (nm) (nm)

Ligand-Cu?* 558 503 -55 4.085 x 10*

Ligand-Co** 558 525 -33 2.309 x 10*

Table 3: UV-vis spectra data upon titration of compound 2 with
cations in DMSO

Ligand Ligand, Complex, Hypsochromic K,

+ cation A nax A nax shift, A\, (M)
(nm) (nm) (nm)

Ligand-Cu?* 549 497 -52 1.143 x 10°

Ligand-Co** 549 537 -12 1.067 x 10°
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Fig. 9. Job plots for ligand 1 with Cu?* (a) and Co?*(b) and ligand 2 with Cu?* (c) and Co?* (d), where the absorptions are plotted against the mole
fractions of ligands at an invariant total concentration of 2 x 10 > M in DMSO.

O,N

H H
—N N—
W )
N O/ \O N/
V4
X N

X=H (1) and NO, (2)

Scheme 4. Suggested structure for ligands with Cu?*

4. Conclusion al ions by spectrophotometry technique. In the next step,

At first new azo-azomethin derivative 1 was synthe- the results of cation recognition by 1,2-[1-(3-imino-4-hy-
sized and characterized with some standard methods. Then droxophenylazobenzene)]-4-nitrobenzene (1) was com-
the optical response of azo units of the synthesized com- pared with 1,2-[1-(3-imino-4-hydroxophenylazo-4-ni-
pound was investigated for detection of some divalent met- trobenzene)]-4-nitrobenzene (2) (the only difference of
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between two structures is the existence of nitro groups at
the para positions of azo units in 2). Study revealed the
ability of both receptors for recognition of Cu?* metal ion
to be similar while the tendency of 1 for detection of Co**
ion is higher than 2 (the binding constant of 1 with copper
and cobalt ions is larger than 2). Also, the investigation of
solvent effect in the UV-vis spectra shows that the genera-
tion of hydrazine and enaminone tautomers increase in
highly polar solvents such as DMF and DMSO. Moreover,
the investigation of antioxidant activity of ligands with
DPPH method indicates NO, withdrawing groups in com-
pound 2 probably affect keto—enol equilibrium. As a result,
ligand 2 strongly reduced free radicals to non-reactive spe-
cies while compound 1 showed low activity.

5. Appendix

FT-IR and 'H NMR spectra of compounds 1 and 2
are available in Appendix.
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Povzetek

Glede na uporabo azo-azometinov v kemijskih senzorjih in zaradi njihove bioloske aktivnosti smo raziskovali dva re-
ceptorja, 1,2-[1-(3-imino-4-hidroksofenilazobenzen)]-4-nitrobenzen (1) in 1,2-[1-(3-imino-4-hidroksofenilazo-4-ni-
trobenzen)]-4-nitrobenzen (2) za detekcijo nikljevih, kobaltovih, bakrovih, svinéevih, Zivosrebrovih, cinkovih in kad-
mijevih dvovalentnih ionov z UV-vis spektroskopijo. Z dodatkom kovinskih ionov v raztopino ligandov v DMSO se
vrhovom pri 558 in 549 nm poveda intenziteta s hipokromnim ali batokromnim premikom, razen v primeru Zn?* iona
in 2, medtem ko se vrhovom pri 388 in 391 nm znatno zmanjsa intenziteta. V obeh primerih se po dodatku bakrovih
ionov pojavi najvedji premik. V raztopinah oba receptorja povzrocita premik vrhov pri 558 in 549 nm na 503 in 497 nm
z zaznavno barvno spremembo raztopin od vijoli¢no-rdece do oranzne barve. Obe spojini zelo dobro zaznavata bak-
rove ione v raztopini DMSO. V naslednjem koraku smo uporabili Benesi-Hildebrandove diagrame in Jobovo metodo
za dolo¢anje konstant stabilnosti (K,) in stehiometrije nastalih kompleksov. Prou¢evanje vpliva topil na UV-vis spektre
ligandov kaze, da je pri polarnih topilih, kot sta DMF in DMSO, ve¢ji delez hidrazinskega in enaminonskega tautom-
era. Nadalje smo dolo¢ili antioksidativno aktivnost ligandov z metodo DPPH. Rezultati kazejo, da NO, elektronakcep-
torske skupine na 1,2-[1-(3-imino-4-hidroksofenilazo-4-nitrobenzen)]-4-nitrobenzenu verjetno vplivajo na keto-enol
ravnoteZje. Rezultat tega je, da ligand pretvori proste radikale v nereaktivne zvrsti z doniranjem vodika.
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