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ABSTRACT

Three new hydrazone, based on azo-isonicotinohydrazide derivatives, have been designed,
synthesized and characterized by FT-IR, 1H NMR and 13C NMR spectroscopy. The new
compounds were designed to act as selective molecular sensors for naked-eye detection of
acetate anion. To study the effect of the substituent at certain position in the main structure on the
selectivity of the sensor, the compounds were designed to have −CH3, −H or −NO2 at that position.
Solutions of different anions (F−, H2PO4

−, NO2
−, NO3

−, Cl−, HSO4
−, ΗCO3−) and AcO− were used to

test the selectivity. The results revealed that the compound with electron withdrawing group (NO2)
interacts selectively with acetate producing a significant feasible color change which makes it
considered as selective molecular sensor for naked-eye detection of acetate. The dissociation
constant for AcO− with the new sensor was also determined.
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INTRODUCTION

Anions are widespread species and play
substantial roles in environmental, biological and
ecosystems; therefore, their recognition and
sensing have attracted a considerable attention.1-6

The molecular sensing of anions is one of the most
important topics in supramolecular chemistry 7-10,
the ability of the molecular sensor to form non-
covalent interactions, particularly selective
hydrogen bonding interactions with the analytes is
fundamental and crucial point based on which

molecular sensors are designed.   Molecules  that
containing functional groups such as amide11-14,
urea15-16 and  hydroxyl17 have  been openly used to
sense anions by hydrogen bonding interactions  for

numerous important anionic analytes18, on other
hand, Schiff bases have been utilized to develop

chemosensors with selective sensitivity to anions,
especially ones containing phenolic groups in their
structures are used in one of strategies of designing
sensor for anions due to the ability of the phenolic
–OH group to interact with anions by hydrogen
bonding.19 Among the various anions, acetate has
attracted researcher to develop molecular sensors

to detect it selectively, acetate performs important
roles in organic, environmental and biological
processes such as biocatalysis, antibodies and

other cellular processes.20-22 Furthermore, acetate
is taken into consideration as an indicator of natural
decomposition in marine sediments. 23
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There is a growing interest in the
development of small molecules that used for
colorimetric sensing which allows naked-eye
detection of the analytes without going to any
sophisticated and expensive techniques. (24) Here
we introduce a novel hydrazone based molecular
sensors derived form isonicotinohydrazide for
selective naked-eye detection of acetate.

MATERIALS AND METHODS

All reagents and chemicals were obtained
from commercial suppliers and used without further
purification. Solutions of anions were prepared from
their sodium salts. 1H, 13C NMR spectra were
recorded on a Bruker Avance III spectrometer at
400 MHz using DMSO-d6 with TMS reference. FT-
IR spectra were recorded on Tensor II, Bruker-Optics
FT-IR spectrophotometer. UV–vis spectra were
recorded on a Shimadzu UV-1800 spectrophotometer
with quartz cuvettes (path length = 1 cm) at room
temperature.

Synthesis
Synthesis of the azo compounds (1a–3a)

Compounds 1a-3a were synthesized
according to literature procedure.25 To the solution
of aniline derivative (4 mmol) in water (2 ml),
concentrated hydrochloric acid (8 ml) was added
gently with stirring. The solution was cooled down
to 0-5oC in ice bath and diazotized with solution of
sodium nitrite (0.315 g, 4.5 mmol) in water (3.5 ml), at
this low temperature.

The cold solution of the produced
diazonium salt was added dropwise to a solution
of salicyladehyde (0.479 ml, 4 mmol) in (20 ml) of
water including sodium carbonate (2.92 g, 27.55
mmol) and sodium hydroxide (0.160 g, 4 mmol) at
0-5Co. The reaction mixture was stirred for one hour
in the ice bath, then allowed to warm up gently to
the room temperature. The product was collected
by filtration and washed with ethanol.

2-Hydroxy-5-(phenyldiazenyl)benzaldehyde (1a)
Yield = 55%. mp = 128-129 °C, FT-IR (KBr,

cm-1): ν 3208 (OH), 1668 (C=O), 1574 (N=N); 1621
(C=C Aromatic). 1H NMR (400 MHz, DMSO-d6) δ
11.66 (s, 1H, OH), 10.41 (s, 1H, CHO), 8.21 (s, 1H,
H-Aromatic), 8.13 (d, J = 8.8 Hz, 1H, H-Aromatic),
7.90 (d, J = 7.2 Hz, 2H, H-Aromatic), 7.60 (dt, J =

12.3, 6.8 Hz, 3H, H-Aromatic), 7.23 (d, J = 8.9 Hz,
1H, H-Aromatic) 13C NMR (100 MHz, DMSO-d6) δ
191.0, 164.3, 152.4, 145.1, 131.6, 130.1, 129.9,
124.3, 123.1, 122.8, 119.1.

2-Hydroxy-5-(p-tolyldiazenyl)benzaldehyde (2a):
Yield = 68%. mp = 153-154°C, FT-IR (KBr,

cm-1): ν 3189 (OH), 1660 (C=O), 1570 (N=N); 1618
(C=C Aromatic) 1H NMR (400 MHz, DMSO-d6) δ
11.62 (s, 1H, OH), 10.40 (s, 1H, CHO), 8.18 (s, 1H,
H-Aromatic), 8.10 (d, J = 8.9 Hz, 1H, H-Aromatic),
7.81 (d, J = 8.2 Hz, 2H, H-Aromatic), 7.42 (d, J = 8.2
Hz, 2H, H-Aromatic), 7.21 (d, J = 8.9 Hz, 1H, H-
Aromatic), 2.43 (s, 3H, CH3). 

13C NMR (100 MHz,
DMSO-d6) δ 191.1, 164.1, 150.4, 145.1, 141.7,
130.4, 130.1, 124.1, 123.1, 122.8, 119.1, 21.5.

2-Hydroxy-5-[(4-nitrophenyl) diazenyl] benzaldehyde
(3a)

Yield = 62%. mp = 206-208°C, FT-IR (KBr,
cm-1): ν 3114(OH), 2225 (Ca≡N), 1662 (C=O), 1573
(N=N); 1619 C=C Aromatic) 1H NMR (400 MHz,
DMSO-d6) δ 11.83 (s, 1H, OH), 10.41 (s, 1H, CHO),
8.45 (d, J = 7.4 Hz, 2H, H-Aromatic), 8.27 (s, 1H, H-
Aromatic), 8.18 (d, J = 2.2 Hz, 1H, H-Aromatic), 8.08
(d, J = 7.8 Hz, 2H, H-Aromatic), 7.27 (d, J = 8.9 Hz,
1H, H-Aromatic).13C NMR (100 MHz, DMSO-d6) δ
190.7, 164.7, 154.5, 145.2, 134.3, 130.5, 125.0,
123.5, 123.2, 119.1, 119.0, 113.3.

Synthesis of azo-Isonicotinohydrazide derivatives
(1b–3b)

In 50 ml round bottomed flask charged
with magnetic bar and equipped with condenser,
isonicotinic hydrazide (0.549 g, 4 mmol) and
appropriate compound (1a-3a; 4 mmol) were mixed
and dissolved in a mixture of CHCl3: Ethanol (5:15),
four drops of concentrated sulfuric acid were then
added. The reaction mixture was stirred under reflux
conditions for 4 hours. The mixture was cooled down
to room temperature, then, the formed precipitate
were collected by filtration and washed with ethanol
and chloforom, respectively.26

N’-(2-Hydroxy-5-[(phenyldiazenyl) benzylidene]
isonicotinohydrazide (1b)

Yield = 92%. mp = 299-300 °C, FT-IR (KBr,
cm-1): ν 3175 (OH & NH), 1655 (C=O), 1604 (C=N),
1544 (N=N); 1468 (C-N amide), 1H NMR (400 MHz,
DMSO-d6) δ 12.42 (s, 1H, NH), 11.68 (s, 1H, OH),
8.85 (d, J = 5.6 Hz, 3H, CH and H-Aromatic), 8.34
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(d, J = 2.5 Hz, 1H, H-Aromatic), 8.00 −7.87 (5H, H-
Aromatic), 7.67−7.52 (m, 3H, H-Aromatic), 7.18 (d, J
= 8.8 Hz, 1H, H-Aromatic). 13C NMR (100 MHz,
DMSO-d6) δ 162.0, 160.6, 152.5, 150.9, 147.4,
145.6, 140.5, 131.4, 129.9, 126.8, 123.3, 122.8,
122.0, 120.4, 117.8.

N’-(2-Hydroxy-5-[p-tolyldiazenyl) benzylidene]
isonicotinohydrazide (2b)

Yield = 93%, mp = 271-272°C, FT-IR (KBr,
cm-1): ν 3171 (OH & NH), 1652 (C=O), 1601 (C=N),
1546 (N=N); 1460 (C-N amide), 1580 (C=C
Aromatic), 1H NMR (400 MHz, DMSO-d6) δ 12.17 (s,
1H, NH), 11.71 (s, 1H, OH), 8.85 (m, 3H, CH and H-
Aromatic), 8.30 (d, J = 2.5 Hz, 1H, H-Aromatic), 7.95−
7.90 (m, 3H, H-Aromatic), 7.83 (d, J = 8.0 Hz, 2H, H-
Aromatic), 7.42 (d, J = 8.0 Hz, 2H, H-Aromatic), 7.17
(d, J = 8.8 Hz, 1H, H-Aromatic), 2.44 (s, 3H, CH3).
13C NMR (100 MHz, DMSO-d6) δ 162.0, 160.5, 157.5,
150.9, 150.6, 147.5, 145.6, 141.5, 140.5, 130.4, 126.7,
122.8, 122.0, 120.3, 117.8, 21.5.

N’-(2-Hydroxy-5-[(4-nitrophenyl) diazenyl)
benzylidene]isonicotinohydrazide (3b):

Yield = 92%, mp = 310-311 OC, FT-IR (KBr,
cm-1): ν 3201 (OH & NH), 1651 (C=O), 1604 (C=N),
1521 (N=N); 1146 (C-O), 1549 (C=C Aromatic), 1458
and 1340 (NO2). 

1H NMR (400 MHz, DMSO-d6) δ
12.44 (s, 1H, NH), 11.89 (s, 1H, OH), 8.85 (m, 3H,
CH and H-Aromatic), 8.52−8.38 (m, 3H, H-Aromatic),
8.15−8.07 (m, 2H, H-Aromatic), 8.02 (d, J = 8.8 Hz,
1H, H-Aromatic), 7.94−7.85 (m, 2H, H-Aromatic),
7.21 (d, J = 8.8 Hz, 1H, H-Aromatic). 13C NMR (101
MHz, DMSO-d6) δ 162.0, 161.8, 155.9, 150.9, 148.5,
147.0, 145.7, 140.5, 127.5, 125.5, 1240, 123.7,
122.0, 120.7, 118.0.

Spectrophotometric studies
For the spectrophotometric studies,

1.35*10−5 M solutions of the compounds 1-3 and
1.35*10−5 M solutions of sodium salts of the anions
(F”, H2PO4

−, NO2
−, NO3

−, Cl−, HSO4
− HCO3- and

AcO−) in (9:1, DMSO:H2O) were prepared and
freshly used at room temperature.

To determine the dissociation constant, the
absorption data were fitted to the equation (1).

–log [A−] =log βA− + log[(Amax − A)/(A − Amin)] … …  (1)

Where log [A−] is the logarithm molar anion
concentration at a certain point, log βA” is the
dissociation constant, Amax is the maximum

absorbance at the selected wavelength, Amin is the
minimum absorbance at the same wavelength and
A is the observed absorbance at that specific
wavelength. Plotting log [(Amax −A)/(A − Amin)] versus
the log [A−], the log βA− was derived from the slope
of the resulting plot.27-28

RESULTS AND DISCUSSION

The new compounds 1b–3b were
designed to have binding site that capable of doing
hydrogen bonding with the acetate. The signaling
unit of the molecule is designed as azo moiety with
different substituents; electron donating group
(–CH3), electron with drawing group (–NO2) and
neutral –H at the para position to  the −N=N– linkage,
this is expected to cause different effects on the
electronic properties of the chromophore and allow
to study and proof the mechanism of interaction and
the selectivity of molecular sensor toward acetate.
The three new compounds 1b–3b were
synthesized by two steps synthetic pathway, first
three azo aldehydes 1a–3a were prepared, the
reason for choosing these compounds (1a–3a) is
beside the desired electronic properties of them as
azo compounds (good signaling units); they have
aldehyde group which is easily condensed with the
free amino group of the isonicotinic hydrazide via
Schiff base chemistry producing part of the molecule
(binding site) can interact with the acetate through
the hydrogen bonding where it has free
–OH, –NH groups in a configuration that allow the
molecule to interact selectively with acetate to form
a stable complex with observable  color change.

In the second step, 1a–3a were used for
the synthesis of the target molecular sensors via
Schiff base chemistry when they condensed with
isonicotinic hydrazide, Scheme 1. The novel
compounds were characterized by FT-IR, 1H NMR
and 13C NMR spectroscopy, all the characteristic
absorption bands and signals were detected.

Having conveniently synthesized the
target compounds 1b–3b, they were subjected to
test their affinity and the selectivity toward different
anions. Solution of each one were mixed with
solutions containing 8 equivalents of the sodium
salts of  F−, H2PO4

−, NO2
−, NO3

−, Cl−, HSO4
−, HCO3−

and AcO− at room temperature. The results showed
that the sensor 3b with electron withdrawing –NO2
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Scheme-1. General synthetic routes for the target receptors

group reacts selectively with AcO− producing a
significant color change when the solution turned
from clear pale yellow to violet as shown in Fig. 1,
while all the others did not show any observable
color change.

The UV-Vis spectra were recorded before
and after addition of the 8 equivalents of the anions
to the solution of 3b, it was found that only the
addition of AcO− causes a significant increment in
the absorption at the visible region with λmax of 535
nm accompanying with decrement of the absorption
at 326 nm the  λmax of 3b. Very slight increments in
the absorption were observed in the visible area of
the spectra up on the addition of the other anions,
however no significant color change where
observed, which confirms the selectivity of the naked-
eye detection of 3b toward the AcO−, Figure. 2.

Fig. 1. Color changes of 3b solutions (1.35*10−−−−−5 M
in 9:1 DMSO:H2O) before and after addition of 8
equivalents of sodium salts of various anions

Fig. 2. UV-Vis Spectra of 3b solutions (1.35*10−−−−−5 M
in 9:1 DMSO:H2O) before and after addition of 8
equivalents of sodium salts of various anions

Scheme-2. The proposed AcO – - 3b binding mode
in solution

The observed color change could be
attributed to the deprotonation of the hydroxyl group
of the sensor 3b up on the addition of acetate or to
the hydrogen bonding between 3b and the AcO− in
the manner shown in Scheme 2, resulting a change
in electronic properties of the chromophore and

producing the violet color. The π delocalization is
enhanced by the hydrogen bonding leading to the
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reduction of energy of the π−π∗ transition which
causes the observed bathochromic shift in company
with CT (charge transfer) interaction between
acetate, −NH, OH   and electron poor −ΝΟ2 group
of 3b.29 This explains why only the sensor 3b which
has electron withdrawing group by resonance
(–NO2) gives positive result in the naked-eye
detection of AcO−, the –NO2 contributes in the
enhancement of π delocalization and stabilize the
resulting complex.

To evaluate the dissociation constant for AcO− with
3b, spectrophotometric titration experiments were
performed by recording the UV-Vis spectra for
solutions containing 3b and AcO− (0−8 equivalents)

using (9:1, DMSO:H2O) as solvent at room
temperature, 8 equivalents were required to reach
the end point and dissociation constant  log βA−of
4.279 was determined for 3b, Figure. 3.

Fig.3. Spectrophotometric titration data: (A) UV-Vis spectra of 3b solutions up on addition of 0 – 8
equivalents of AcO−−−−− in 9:1 DMSO:H2O, (B) −−−−−log [A−−−−−] vs. log [(Amax −−−−− A)/ (A −−−−− Amin)] at 535nm

CONCLUSIONS

In conclusion, we reported a new
molecular sensor for the selective naked-eye
detection of the acetate anion. The sensor 3b,
derived from isonicotinohydrazide with imine
(Schiff base) binding site and azo signaling unit,
interacted with the acetate to produce violet colored

solution due to the formation of stable complex with
a relatively high dissociation constant log βA−.
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