
lable at ScienceDirect

Journal of Molecular Structure 1149 (2017) 499e509
Contents lists avai
Journal of Molecular Structure

journal homepage: ht tp: / /www.elsevier .com/locate/molstruc
8-Hydroxyquinoline based push-pull azo dye: Novel colorimetric
chemosensor for anion detection
€Omer Arslan a, Burcu Aydıner a, Ergin Yalçın a, Banu Babür a, Nurgül Sefero�glu b,
Zeynel Sefero�glu a, *

a Gazi University, Department of Chemistry, 06500, Ankara, Turkey
b Gazi University, Advanced Technology Department, Inst. Sci. &Technol., Ankara, Turkey
a r t i c l e i n f o

Article history:
Received 5 March 2017
Received in revised form
31 July 2017
Accepted 1 August 2017
Available online 4 August 2017

Keywords:
8-HydroxyQuinoline
Azo dye
Chemosensor
Anion sensor
Molecular recognition
DFT
TD-DFT
* Corresponding author.
E-mail address: znseferoglu@gazi.edu.tr (Z. Sefero

http://dx.doi.org/10.1016/j.molstruc.2017.08.001
0022-2860/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t

A novel colorimetric chemosensor based on push-pull dye (8HQA) was synthesized and characterized by
using IR, 1H/13C NMR and HRMS for the purpose of recognition of anions and cations in DMSO. The
absorption maxima of the chemosensor were determined in different solvents. The selectivity and
sensitivity of 8HQA to anions were determined with spectrophotometric and 1H NMR titration tech-
niques. The selectivity of 8HQA for studied anions (CN�, F�, Cl�, I�, AcO�, HSO4

� and H2PO4
�) was

determined in DMSO. There is no selectivity between competing anions such as CN�, F� AcO� and H2PO4
�

at the stoichiometric ratio of 1:1 in UV-vis titrations experiments however, it was observed different
color changes upon addition of CN�, F�, AcO� and H2PO4

� to the DMSO solution. In addition, the che-
mosensor showed no colorimetric response for the following anions; Cl�, I� and HSO4

� in DMSO. The
colorimetric sensing ability of 8HQA was studied in the presence of chloride salts of different cations
such as Ca2þ, Mg2þ, Cu2þ, Co2þ, Sn2þ, Ni2þ, Cd2þ and Hg2þ. Upon the addition of 4 equiv of each of the
cations showed bathochromic shifts except for Ca2þand Cu2þ. Interestingly, no selectivity was observed
in interaction with metal cations. In addition, the molecular and electronic structures of 8HQA, as well as
the molecular complexes of 8HQA, formed with the anions, were obtained theoretically and confirmed
by DFT and TD-DFT calculations.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, sensing and recognition of anions, cations and
biomolecules have become a highly hot topic of interest to scientist
whose research studies on supramolecular and organic chemistry
[1e25]. The anions like F�, Cl�, I�, AcO�, and H2PO4

� are quite sig-
nificant in human health [26e28]. In addition, metals and their ions
especially toxic metals such as Hg2þ, Cd2þ and Pb2þ play an
important role in many biological and environmental processes.
Therefore, determination of anions and cations in real sample is
quite important with simpler, faster and cheaper methods than
conventional techniques. Till now, the determination of anions and
cations can be achieved by several analytical methods using spec-
troscopic techniques. However, simpler methods for practical ap-
plications of detection of any analyte of interest are desirable.
Colorimetric and fluorimetric chemosensors can be alternative
�glu).
techniques instead of the traditional analytical methods for deter-
mination of anions and cations in real sample. Therefore, the
development of chromogenic chemosensors for anions and cations
recognition has become an attractive research field and synthesis of
new additional chemosensor is still required. Recently, we reported
syntheses and spectroscopic properties of 8-hydroxyquinoline
based carbocyclic and heterocyclic azo dyes [29e31]. Here, we
developed a 8-hydroxyquinoline based push-pull azo dye as che-
mosensor containing dicyanovinylene as an electron acceptor
group at the 4-position of phenyldiazenyl moiety, and the OH group
in the quinoline heterocyclic moiety acts as a H-bond donor site.
The structure of the chemosensor (8HQA)was characterized by FT-
IR, 1H NMR, 13C NMR and HRMS techniques. The effect of solvents
with different polarities on the UV-vis absorption spectra of 8HQA
were investigated. In addition, the anion recognition properties of
the receptor of 8HQA towards the anions CN�, F�, Cl�, I�, AcO�,
HSO4

� and H2PO4
� were studied experimentally by colorimetric

response, UV-Vis, and 1H NMR spectroscopic titration methods. The
nature of the interactions between 8HQA and the anions were
investigated by the quantummechanical calculations at the level of

mailto:znseferoglu@gazi.edu.tr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2017.08.001&domain=pdf
www.sciencedirect.com/science/journal/00222860
http://www.elsevier.com/locate/molstruc
http://dx.doi.org/10.1016/j.molstruc.2017.08.001
http://dx.doi.org/10.1016/j.molstruc.2017.08.001
http://dx.doi.org/10.1016/j.molstruc.2017.08.001


€O. Arslan et al. / Journal of Molecular Structure 1149 (2017) 499e509500
density functional theory (DFT and TD-DFT). In addition, the in-
teractions between 8HQA and the cations (Ca2þ, Mg2þ, Cu2þ, Co2þ,
Sn2þ, Ni2þ, Cd2þ and Hg2þ) were also investigated by UV-Vis and
naked-eye. Based on our study, we were surprised to find that no
significant selectivity was observed towards cations.

2. Experimental

2.1. Materials and instrumentation

The chemicals used in the syntheses of all compounds were
obtained from Sigma-Aldrich Chemical Company (USA) and were
used without further purification. All solvents used were of
analytical grade. The solvents were dried according to standard
procedures. All reactions were magnetically stirred and monitored
by thin layer chromatography (TLC), using Merck silica gel (60
F254) plates (0.25 mm) and visualized under Ultraviolet light (UV).
FT-IR (ATR) spectra were recorded on Perkin-Elmer Spectrum 100
FT-IR spectrophotometer (n, are in cm�1). NMR spectra were
recorded on a Bruker Avance 300 Ultra-Shield in DMSO-d6.
Chemical shifts are expressed in d units (ppm). UltravioleteVisible
(UV-vis) absorption spectra were recorded on Shimadzu Corpora-
tion, Kyoto Japan UV-1800 240V spectrophotometer (Gazi Univer-
sity Department of Chemistry, Turkey). Mass spectra were recorded
on Waters-LCT-Premier-XE-LTOF (TOF-MS) instruments; in m/z
(rel. %) (Gazi University Laboratories, Department Pharmacological
Sciences). Chemical shifts are expressed in d units (ppm) with tet-
ramethylsilane (TMS) as the internal reference. Coupling constant
(J) is given in hertz (Hz). Signals are abbreviated as follows: singlet,
s; doublet, d; triplet, t, multiplet, m. The melting points were
measured on Electrothermal IA9200 apparatus and uncorrected.
Thermal analyses were performed with a Shimadzu DTG-60H
system, up to 600 �C (10 �C min�1) under a dynamic nitrogen at-
mosphere (15 mL min�1). Typically, aliquots of a freshly prepared
standard solutions of the alkylammonium salt of the anions (CN�,
F�, Cl�, I�, AcO�, HSO4

� and H2PO4
�) and of chloride salt of cations

(Ca2þ, Mg2þ, Cu2þ, Co2þ, Sn2þ, Ni2þ, Cd2þ and Hg2þ) were added,
and their various UV-vis spectra were recorded. 1H NMR titrations
for anions were carried out in DMSO-d6 solution.

2.2. Synthetic procedures

2-(1-(4-aminophenyl)ethylidene)malononitrile (1) was syn-
thesized by using literature method [32].

2.3. The synthesis of (E)-2-(1-(4-((8-hydroxyquinolin-5-yl)
diazenyl)phenyl)ethylidene)malononitrile (8HQA)

2 mmol 2-(1-(4-aminophenyl)ethylidene)malononitrile (1) was
dissolved in hot glacial acetic acid-propionic acid mixture (2:1,
9.0 mL) and was rapidly cooled in an ice/salt bath to �5 �C. The
liquor was then added in portions during 30 min to a cold solution
of nitrosyl sulphuric acid (prepared from sodium nitrite (0.15 g) and
Scheme 1. Synthesis of (E)-2-(1-(4-((8-hydroxyquinolin-5
concentrated sulphuric acid (3 mL at 50 �C)). The mixture was
stirred for an additional 2 h at 0 �C. Excess nitrous acid was
consumed by the addition of urea. The resulting diazonium salt was
cooled in salt/ice mixture. After diazotization was complete the
diazo liquid was slowly added to vigorously stirred solution of 8-
hydroxyquinoline (2 mmol) in potassium hydroxide (2 mmol in
4 mL methanol and 2 mL and water). The solution was stirred at
0e5 �C for 2 h. After 2 h, the pH of the reaction mixture was
maintained at 4e6 by the addition of saturated sodium carbonate
solution. The mixture was stirred for one hour at room tempera-
ture. After that, the resulting solid was filtered, washed with cold
water and dried. Recrystallization from ethanol gave dark brown
solid. Yield 50%; mp 232 �C; FT-IR (ATR) y/cm-l 3249 (N-H), 2960 (C-
H), 2218 (C^N), 1732 (C]O); 1HNMR (DMSO-d6, 300 MHz) d 9.37
(d, J¼ 8.56 Hz, 1H), d 9.00 (d, 2.60 Hz 1H), d 8.14 (d, J¼ 8.53 Hz, 2H),
d 8.06 (d, J ¼ 8.59 Hz, 1H), d 7.92 (d, J ¼ 8.53 Hz, 2H), d 7.80 (m,
J ¼ 8.52 Hz, 1H), d 7.26 (d, J ¼ 8.56 Hz, 1H), d 2.71 (s, 3H) ppm; 13C
NMR (DMSO-d6, 75 MHz) d 176.5, 159.1, 154.7, 149.6, 139.2, 138.3,
138, 132.4, 129.7, 129.3, 128.6, 128.3, 123.9, 123.1, 115.9, 113.8, 113.7,
112.3, 84.3, 24.7 ppm; HRMS (ESI, CH3CN) (C20H14N5O) found.
340.1200, calc.340.1198.

2.4. Computational methods

All calculations were carried out using the Gaussian09 program
package [33]. The molecule geometry was optimized at HF/631 g
with the rotations C8-C10-C13-C15 torsion angles by 20� intervals
in the range of 0-360� to find themost possible conformation. Then,
this conformation was taken as a starting geometry and re-
optimized using B3LYP/631 þ g(d,p) [34,35] in gas phase and
different solvents. It is confirmed that no imaginary vibrational
frequencies at the optimized geometries to indicate true minima of
the potential energy surface. The absorption spectra of the mole-
cule and its deprotonated forms were calculated by using the time-
dependent density functional method (TD-DFT) and using self-
consistent reaction field (SCRF) method, based on the polarizable
continuum model (PCM) [36,37].

3. Results and discussion

3.1. Synthesis and characterization

The synthesis of 8HQAwas performed by stepwise procedure as
illustrated in Scheme 1.1 was synthesized using Microwave Irradi-
ation Method (MWI) with excellent yield. In addition, 8HQA was
prepared by coupling 8-hydroxyquinoline with diazotized 1 in
nitrosyl sulphuric acid. The structure of 8HQAwas confirmed by FT-
IR, 1H NMR, 13C NMR and HRMS techniques. The spectral data were
consistent with the proposed structure (Supplementary data,
Figs. S1eS4). The prepared dye may show two possible tautomeric
forms, namely azo form A and hydrazone B as shown in Scheme 2.
After deprotonation of two tautomeric forms, it may be stable as
common anion mesomeric structure C (Scheme 2). In some
-yl)diazenyl)phenyl)ethylidene)malononitrile (8HQA).



Scheme 2. Azo-hydrazone tautomeric and anionic forms of 8HQA.
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previous studies were suggested that 8-hydroxyquinolines and
their heteroaryl/phenylazo derivatives are stable in azo form due to
intramolecular and intermolecular H-bond in solid state [29,30]. In
this study, the infrared spectra of the prepared dye showed weak
band within the range 3249e3180 cm�1 and strong sharp band in
1732 cm�1 corresponding to hydrazone NH and carbonyl C]O. In
addition, 1H NMR spectroscopy can be useful in the determination
of themost stable tautomeric form. The 1HNMR spectra of aromatic
protons of dye 8HQA in the 8-hydroxyquinoline ring appeared at
9.37 (doublet), 9.0 (doublet), 8.14 (doublet), 7.80 (multiplet) and
7.26 (doublet). The OH proton of 8-hydroxyquinoline ring was
observed at around 11.07 ppm in DMSO-d6 as a weak broad peak.
This result suggested that 8HQA exists predominantly in azo form
in DMSO.
Fig. 1. Absorption spectra of 8
3.2. Photophysical properties

Recently, the azo dyes are the most important commercial col-
oring materials [31] and many chemosensors which have been
synthesized including azo chromophore. In this paper, a novel
chromogenic azo dye was designed and synthesized as D-p-A type
push-pull system. It consists 8-hydroxyquinoline moiety as a donor
part, and dicyanovinylene at the 4-position of phenyldiazenyl
moiety as an acceptor part of the synthesized dye. 8-
hydroxyquinoline based azo dyes theoretically may be involved in
azo-hydrazone tautomerism (Scheme 2) in solution phase
depending on solvent polarity.

To investigate the effect of solvent polarity on tautomeric
structure of dye, we used different solvents with various polarities
HQA in various solvents.
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such as DMSO, DMF, methanol, ethanol, CHCl3, and toluene. The
visible absorption spectra of 8HQA showed one absorption
maximum in all solvents used. Effects of solvent polarity on ab-
sorption of 8HQA are shown in Fig. 1. The absorption maxima of the
dye were found to be independent of polarity of the solvents used.
These results showed that the dye is in favor of the predominantly
single tautomeric form (azo) in solvents used.

3.3. UV-vis absorption titrations of chemosensor 8HQA with
various anions

8HQA has two acidic part, one of them is active methyl protons
attaching dicyanovinylene, second one is hydroxyl group attaching
Fig. 2. Spectrophotometric titration of pipe

Fig. 3. Absorption spectra of 8HQ
hydroxyquinoline moiety. However, hydroxyl group has better
deprotonation ability than active methyl protons. Thus, before
investigation of anion sensitivity of chemosensor, effect of basicity
on the absorption maxima of the 8HQA was evaluated and the
result is shown in Fig. 2.

There was a significant change in the spectra of the dye when
equivalent amount of piperidinewas added to its solution in DMSO.
In the first equivalent amount addition of piperidine the main ab-
sorption maxima 418 nm of the chemosensor didn't change
significantly, however a second band was observed in long wave-
length (624 nm). The longest wavelength absorption maximum is
attributed to the anionic form which obtained after deprotonation
of hydroxyl group (eOH) on hydroxyquinoline part. In addition, the
ridine to 8HQA (2 � 10�5 M) in DMSO.

A 1:1 various anion in DMSO.



Fig. 4. Color changes of 8HQA (1 � 10�4 M in DMSO) before and after the addition of 10 equiv of F�, H2PO4
�, CN� and AcO� (1 � 10�2 M in DMSO) ions, respectively. (For

interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. Changes in the absorption spectrum of 8HQA (2 � 10�5 M) in DMSO upon addition of anions in chloride salts form 4 equiv of various cations.
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absorption band of this dye shifted hypsochromically and a new
one dominant absorption band appeared with the increasing
addition of equivalent amount piperidine. These data indicate that
during the addition of the first equivalent amount of piperidine,
more acidic proton (eOH) was deprotonated. With the more
equivalent amount of the piperidine added, active methyl proton
was then deprotonated. After determination of acidic properties of
8HQA, the anion binding and the sensing ability of chemosensor
against F�, Cl�, I�, AcO�, CN�, H2PO4

� and HSO4
� anions with tet-

rabutylammonium (TBA) as the counter cation was performed in
DMSO using spectrophotometric titration technique. In order to
avoid anion-solvent interactions, we chose DMSO as aprotic, polar
and water miscible solvent for anion titrations. The anion titrations
were performed with different molar equiv of TBA salts of the an-
ions. Fig. 3 shows the changes in the absorption spectrum of 8HQA
(2 � 10�5 M) in DMSO in the absence and presence of studied
anions at room temperature. Upon addition of one equiv of F�,
AcO�, CN� and H2PO4

� the main band of dye 8HQA, which was
observed at 418 nm, decreased gradually and new absorption band
was appeared and observed at 622 nm (Supplementary data,
Figs. S5eS8). In addition, the absorption band of this dye shifted
hypsochromically and a new one dominant absorption band
appeared with the increasing addition of equivalent amount of F�,
AcO�, CN� and H2PO4

�. It indicated that the dye interacts with F� by
hydrogen bonding at solution phase and then deprotonated during
the addition of fluoride. This result shows that an equilibrium be-
tween neutral (8HQA) and deprotonated (8HQA¡) has been formed
which can be attributed to the hydroxyquinoline moiety (Scheme
2). In this deprotonated form, the negative charge on the hydrox-
yquinoline oxygen is completely delocalized from negatively
charged oxygen on hydroxyquinoline part to dicyanovinylene
group and the new absorption maximumwas observed at 622 nm.
The observed bathochromic shift is 204 nm.

The optical response on interaction with F� can be explained by
the fact that ICT process occurred between the negative charged
hydroxyquinoline oxygen and the electron withdrawing dicyano-
vinylene part, with the formation deprotonated form via hydrogen
bonded complex between the F� and the chemosensor. The same
spectral responses were observed towards AcO�, CN� and H2PO4

�

ions (Fig. 3). However, other anions, such as Cl�, I� and HSO4
� did

not cause any significant changes in the absorption maximum of
8HQA in DMSO (Supplementary data, Figs. S9eS11). Also, the
interaction of 8HQA with F�, AcO�, CN� and H2PO4

� can be distin-
guished by the naked eye. The addition of F� and AcO� resulted in a
yellow-to-purple color change, whereas a yellow-to-pink and a
yellow-to-green color changes were observed in the case of CN�

and H2PO4
�, respectively (Fig. 4). No significant color changes were

observed by the naked eye upon the addition of other ions (Cl�, I�

and HSO4
�). This result indicates that 8HQA in DMSO could be used

as a highly selective colorimetric sensor for CN� and H2PO4
� anions

in DMSO over other competing anions such as F� and AcO�.
8-Hydroxyquinoline and its derivatives are one of the most

important derivatives of quinoline moiety because of its chelator
properties for important metal ions. Therefore, we evaluated
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chemosensor 8HQA affinity towards some metal ions. The colori-
metric sensing ability of 8HQA was studied in the presence of
chloride salts of different cations such as Ca2þ, Mg2þ, Cu2þ, Co2þ,
Sn2þ, Ni2þ, Cd2þ and Hg2þ (Figs. 5 and 6). Upon the addition of 4
equiv of each of the cations showed bathochromic shifts except for
Ca2þ and Cu2þ. Interestingly, no selectivity was observed in inter-
action with metal cations.

3.4. 1H NMR titrations study

The nature of interaction between 8HQA and different anions
(F�, Cl�, I�, HSO4

�, CN�, AcO� and H2PO4
�, 1.0� 10�2 M) were probed

with 1H NMR in DMSO-d6. F�, AcO�, H2PO4
� and CN� showed sig-

nificant and interesting spectral changes however, other anions
such as Cl�, I� and HSO4

� anions are showed no spectral changes
(Fig. 7). The significant shift of the signals of 8HQA is observed upon
addition of AcO� from 0 to 6 equiv, F� from 0 to 7 equiv and H2PO4

�

from 0 to 6 equiv.
Fig. 7. Partial 1H NMR (300 MHz) spectra obtained via titrations of 8HQA (1 � 10�2 M

Fig. 6. Color changes of 8HQA (1 � 10�4 M in DMSO) before and after the addition of 4 equi
colour in this figure legend, the reader is referred to the web version of this article.)
With deprotonation of OH, Ha protons shift to upper field from
7.26 to 6.24, 6.35 and 6.38, respectively. The signal for OH proton at
11.07 ppm began to shift toward downfield each the addition of F�,
which is attributed to the strong hydrogen bonding interaction
between OH and F�, FHF� (J ¼ 120 Hz) peak was located at
16.39 ppm after addition of 7 equiv. of F� which indicates complete
deprotonation of OH (Fig. 8). On the other hand, the chemical shift
changes by AcO� and H2PO4

� anions are similar to addition F� but
OH signals are not observed after the addition of 1 equiv of AcO�

and H2PO4
� anion in the titration. Also after the addition of these

anions, methyl signal was disappeared at 2.71 and two new signals
appeared at about 4.2 and 4.0 ppm. These new signals show
deprotonation of methyl hydrogen and formation of methylene.
These results indicate that the di-deprotonation process of com-
pound from both OH and CH3 hydrogens.

Interestingly, upon addition of CN� showed similar Ha shift
from 7.76 to 6.30 ppm while methyl signal shifted to upper field
from 2.71 to 1.59 ppm and no new signal was observed about
in DMSO) with different amounts of studied anions solution (1 M) in DMSO-d6.

v of cations (1 � 10�2 M in DMSO), respectively. (For interpretation of the references to



Scheme 3. Proposed mechanisms on anions-chemosensor interactions.

Fig. 8. Partial 1H NMR (300 MHz) spectra obtained via titrations of 8HQA (1 � 10�2 M in DMSO) with different amounts of TBAF solution (1 M) in DMSO-d6.
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4 ppm which are quite different from those of addition F�, AcO�

and H2PO4
�. This result can only be explained by the mono-

deprotonation mechanism of OH hydrogen (Scheme 3) (Fig. 9).
As a result of deprotonation, the electron distribution in the
conjugated system is changed and it causes increased the electron
density on the methyl group. For this reason, the methyl signal is
shifted to the upper field. Both mono- and di-deprotonation
process show that only the deprotonation of the OH caused
distinct upper field shifts compared with the free sensor due to an
overall change of the electron distribution while the deprotona-
tion of methyl hydrogen had no noticeable effect at chemical
shifts.
3.5. Theoretical calculations

The ground state optimization of 8HQA and its two possible
tautomeric forms (azo and hydrazone) were optimized in gas phase
and different solvents. In Table 1, the relative stability obtained
from the sum of electronic and thermal energies (Et) and sum of
electronic and thermal free energies (G) are given in Table 1. Ac-
cording to the obtained values, the dye existed as its azo tautomeric
form, with the relative energy values DEt ¼ 10.81 kcal/mol and
DG ¼ 10.50 kcal/mol. In addition, for this dye, the azo form is also
preferable in different solvents in consistent with the experimental
results.



Fig. 9. Partial 1H NMR (300 MHz) spectra obtained via titrations of 8HQA (1 � 10�2 M in DMSO) with different amounts of TBACN solution (1 M) in DMSO-d6.

Table 1
Relative stability obtained from the sum of electronic and thermal energies (Et) and sum of electronic and thermal free energies (G) for the azo and hydrazon tautomers of
8HQA in gas phase and different solvent.

Et (a.u) DEt (kcal/mol) G (a.u) DG (kcal/mol)

Gas azo �1118.61908 0.00 �1118.69516 0.00
hid �1118.60185 10.81 �1118.67843 10.50

Chloroform azo �1118.63180 0.00 �1118.70773 0.00
hid �1118.62376 5.05 �1118.69957 5.12

DMSO azo �1118.63709 0.00 �1118.71340 0.00
hid �1118.63375 2.10 �1118.70928 2.58

DMF azo �1118.63692 0.00 �1118.71331 0.00
hid �1118.63341 2.20 �1118.70895 2.74

Ethanol azo �1118.63650 0.00 �1118.71305 0.00
hid �1118.63260 2.45 �1118.70818 3.06

Ethylacetate azo �1118.63293 0.00 �1118.70890 0.00
hid �1118.62584 4.45 �1118.70185 4.42

Methanol azo �1118.63680 0.00 �1118.71325 0.00
hid �1118.63318 2.27 �1118.70873 2.84

Toluene azo �1118.62739 0.00 �1118.70371 0.00
hid �1118.61579 7.28 �1118.69166 7.56

Aceticacid azo �1118.63311 0.00 �1118.70908 0.00
hid �1118.62618 4.35 �1118.70226 4.28

Acetonitrile azo �1118.63688 0.00 �1118.71329 0.00
hid �1118.63334 2.22 �1118.70888 2.77
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In order to obtain a further information about the mechanism of
the colorimetric chemosensor 8HQA (azo form) in the presence of
F�, CN�, AcO� and H2PO4

�, the DFT and TD-DFT calculations were
done for 8HQA and its mono and di-deprotonated forms (8HQA¡

and 8HQA2¡). The ground state geometries and selected geomet-
rical parameters are illustrated in Fig. 10 and Table 2, respectively.
As seen from the table, significant differences in the bond distances
are seen after both deprotonations. The biggest decrease is
observed in C30eO37 bond distance from 1.343 Å to 1.255 Å (for
8HQA¡) and in C13eC14 from 1.507 Å to 1.359 Å (for 8HQA2¡)
while the biggest increase is seen in C30eC28 bond distance with
0.059 Å for mono-deprotonation (8HQA¡) and in C13eC15 bond
distance with 0.080 Å after di-deprotonation (8HQA2¡). On the
other hand, when we examine the dihedral angles given in Table 2,
we obtained that the dicyanovinilene part is not coplanar with the
rest of the molecule after and before deprotonations. But, the
C8eC10eC13eC15 and C8eC10eC13eC14 dihedral angles changed
from 142.7� to 153.2� and �36.6� to �25.3� after occurring 8HQA¡,
that show that the planarity increase for 8HQA¡. According to this,
an increase in ICT from hydroxyquinoline to the dicyanovinilene
part and as a result, a bathochromic shift in absorption spectra are
expected. On the other hand, when 8HQA¡ and 8HQA2¡ are
compared, it is seen that C8eC10eC13eC15 and C8eC10eC13eC14
dihedral angles change from 153.2� and �25.3� to 134.8�

and �46.5� for 8HQA¡ and 8HQA2¡, respectively. As a result of
8HQA2¡ being less planar than 8HQA¡, the decreasing in ICT from
hydroxyquinoline to the dicyanovinilene part and the hyp-
sochromic shift occur.



Fig. 10. The ground state geometries obtained B3LYP/631 þ g(d,p) a) 8HQA, b) 8HQA¡ and c) 8HQA2¡.

Table 2
The selected geometrical parameters 8HQA, 8HQA¡ and 8HQA2¡.

8HQA 8HQA-Hþ 8HQA-2Hþ

Bond lengths
C30eO37 1.343 1.255 1.264
C30eC26 1.431 1.488 1.484
C30eC28 1.388 1.447 1.439
C25eC28 1.401 1.371 1.379
C26eN39 1.360 1.356 1.359
C23eN1 1.401 1.354 1.373
N1eN2 1.265 1.300 1.284
N2eC3 1.413 1.388 1.409
C3eC4 1.403 1.416 1.408
C4eC6 1.391 1.384 1.393
C10eC13 1.475 1.454 1.493
C13eC14 1.507 1.508 1.359
C13eC15 1.374 1.391 1.471
C15eC16 1.435 1.429 1.405
C15eC17 1.436 1.430 1.405
Bond angles
C37eC30eC28 121.2 121.7 122.1
C23eN1eN2 115.9 117.7 117.8
N1eN2eC3 115.0 114.2 114.7
N2eC3eC4 115.7 116.4 116.2
C10eC13eC15 122.7 123.7 117.7
C14eC13eC15 119.8 118.2 122.9
Dihedrals
C24eC23eN1eN2 177.3 �179.4 178.9
C23eN1eN2eC3 179.1 �179.4 179.4
N1eN2eC3eC4 174.9 �178.9 176.8
C8eC10eC13eC15 142.7 153.2 134.8
C8eC10eC13eC14 �36.6 �25.3 �46.5
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In TD-DFT calculations, the absorption spectra of 8HQA, 8HQA¡

and 8HQA2¡ were obtained in DMSO in parallel to the experi-
mental part. For 8HQA, the main absorption band occurred at
445 nm with the oscillator strength f ¼ 0.9709, and 600 nm with
f ¼ 1.5225 and 482 nm with f ¼ 0.9927 for 8HQA, 8HQA¡ and
8HQA2¡, respectively. This trend observed in our calculation re-
sults, in which the bathochromic shift when mono-deprotonation
via eOH and the hypsochromic shift after di-deprotonation via
eCH3 with respect to mono-deprotonation are in consistent with
experimental results. These bands were due to the transition from
the highest occupied molecular orbital (HOMO) to the lowest un-
occupied molecular orbital (LUMO) for 8HQA and 8HQA¡ and from
HOMO-1 to the LUMO for 8HQA2¡ (Fig. 11).

3.6. Thermal analysis

The thermal stability of the dye 8HQA has a fundamental
character which decides its suitability for application as a probe,
dyeing of textile fibers and electro-optical (EO) devices. The ther-
mogravimetric studies have been conducted at 30e500 �C under
nitrogen gas at a heating rate of 10 �C min�1. TGA result indicated
that the dye 8HQA is stable up to 220 �C (decomposed 12%) as
shown in Fig. 10. TGA revealed the onset decomposition tempera-
ture (Td) 218 �C of 8HQAwhose thermogravimetric curve showed a
major loss in weight (Supplementary data, Fig. S12). The dye in
particular showed good thermal stabilities up to 218 �C, which is
high enough for industrial applications field when it is used as a
chemosensor or an optic dye.

4. Conclusions

In this study a novel azo dye was synthesized as D-p-A type
push-pull system. The visible absorption spectra of 8HQA showed
one absorption maximum in all solvents used. The solvent effect on
absorption maxima showed that the absorption maxima of the dye



Fig. 11. Frontier molecular orbitals a) 8HQA, b) 8HQA¡ and c) 8HQA2¡.
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were found to be independent of polarity of the solvents used and
did not have a correlation with the polarity of the solvents. This
results showed that the dye was stable a single tautomeric form
(azo) in all solvent used. The anion binding and the sensing ability
of a novel push-pull chemosensor (8HQA) against F�, Cl�, I�, AcO�,
CN�, H2PO4

� and HSO4
� anions. The chemsensor show a highly se-

lective colorimetric sensor for CN� and H2PO4
� anions in DMSO over

other competing anions such as F� and AcO�. The interaction of
8HQAwith F�, AcO�, CN� and H2PO4

� can be easily distinguished by
the naked eye. However, F� and AcO� gave same colorimetric
response thus, 8HQA may be used as chromogenic colorimetric
chemosensor for discrimination of only F�, CN� and H2PO4

�. In
addition, the two different deprotonationmechanisms between the
F�, AcO�, CN� and H2PO4

� anions and chemosensor were clearly
confirmed by NMR spectroscopy.
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