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Abstract. Two novel N4-suberene substituted thiosemicarbazone chemosensors (SATSC 1 and SATSC 2)
designed and synthesised for the colorimetric and optical response towards anions were studied. Dimethylsulphoxide solution of SATSC 1-2 show bands in 350-400 nm region that are tuned for major p interactions
in the heterocyclic system. Among the various anions only ﬂuoride, acetate and cyanide exhibit good sensing
responses. From the UV spectrum analysis, the emergence of a new red-shifted band with the colour change
of solutions from yellow to dark yellow or orange due to the deprotonation is witnessed. Here, two processes
occur mainly i.e., in the ﬁrst step comes with the formation of a stable complex and a second step in which the
sensor is deprotonated by the anions. These non-ﬂuorescent sensors display ﬂuorescent enhancement after
binding with the F-/AcO-/CN- ions. The ﬂuorescent studies which are in good agreement with the observed
changes in that of UV experiments. The stoichiometric ratio was calculated for all the receptors with anions
and found it as in a 1:1 ratio. The sensor SATSC 2 shows a better binding afﬁnity towards ﬂuoride anion than
SATSC 1. The binding mechanism and H-donating ability of the receptors are evaluated based on the
observed ﬂuorescence enhancement and 1H NMR titrations experiments with the ﬂuoride. Constructed Logic
gate behaviour over the reversibility experiments of the sensors SATSC 2 with the addition of ﬂuoride and
calcium ion.
Keywords. Thiosemicarbazone; Chemosensors; Deprotonation; Fluorescence enhancement;
titration; Reversibility.

1. Introduction
An optical or ﬂuorescent chemosensor is a powerful
probe for the detection of biologically and environmentally conspicuous cations/anions. Despite, sensitivity, as well as selectivity, is the key parameter for
a reliable chemosensor. The design and synthesis of
biologically and environmentally selective chemosensors for multiple ions have a signiﬁcant role in
research because of their higher demand in in vitro
and in vivo studies.1,2 The attractive target to the
development of sensor design with diverse applications in the ﬁeld of biological, medical and technological has major role inﬁeld research.3 The
recognition of such bioactive molecules is a breakthrough in the current research ﬁeld, and at the same
time, it is very challenging to develop sensors as
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signalling unit. Anions are recognised mainly by
electrostatic or hydrogen bonding interaction as p
delocalisation via NH deprotonation.4–6 Large numbers of sensors have been reported for ﬂuoride ions
since they are highly sensitive attributable to the
highest charge density and small size. Fluoride ions
may lead to diseases such as dental and skeletal
ﬂuorosis, non-skeletal manifestations viz., neurological and muscular manifestation, etc.7 Fluoride ions
can also present in the air, water, soil and in a
living system.8 The cyanide (CN-) is the essential
thing in gold mining, made in synthetic ﬁbre and
resin, etc. Cyanide ion detection also acceptable due
to their higher toxicity which is a commonly
encountered contaminant in soil and water.9,10
Acetate anion has some vital role in the biological
ﬁeld.11–14
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Thiosemicarbazones are the class of heterocyclic
compounds seeking progressive applications to cancer treatments, anti-oxidant, antitumor studies and
many diseases. It has been getting considerable relevance in the ﬁeld of biomedical research. Obviously,
the thiosemicarbazone moiety receiving much
attention and interest from the colorimetric or ﬂuorescent chemosensors in the research ﬁeld.
Thiosemicarbazones is a tridentate ligand which
provides N-N-S donor sites towards target guest by
suitable coordination. Several thiosemicarbazone
based chemosensors have been reported as H-donors
which can act as Lewis acid.15 Hence designing a
receptor with a property of anion or cation recognition is a challenging attempt for a researcher.
Mostly all this kind of receptors reported via a
mechanism of H-bonding or NH –deprotonation or
charge pairing or Lewis acid-base interactions which
are attributed by the complexation with the recognized anions as recognition strategy.16–19 The
receptors when interacting with suitable anions cause
a new peak in the absorption spectra with a red
shift, which is the exact proof of host-guest interaction. This can also be easily recognized by the
naked-eye detection technique in which the occurrence of colour changes in receptor solution. Herein,
we designed and synthesised two new dibenzosuberene substituted thiosemicarbazone derivative
receptors and studied their anion recognition behaviour. The 5H-dibenzo [a,d] cycloheptene (dibenzosuberenyl) can interact easily with metal ions due to
its rigid, ﬂexible-tub shaped structure.20 Also, this
substructure establishes important pharmacological
aspects. Recently our research group reported
dibenzosuberene appended aroyl thio/selenourea
ligands and its Ru/Pd metal complexes with great
biological activity.21–23 The present work describes a
novel research study on the chemosensing aspect
towards some nucleophilic anions through optical
responses. The sensing processes were initially
conﬁrmed through naked-eye detection.
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2. Experimental
2.1 General information
All the chemicals were obtained from commercial
sources and used without further puriﬁcation. All the
anions such as AcO-, CN-, F-, Br-, OH-, I-, Cl-,
H2PO4- and HSO4- (tetra butyl ammonium as a
counter cation) were prepared in DMSO solvent. FTIR spectra were recorded in the range of
4000-400cm-1 (KBr pellets) on Perkin Elmer Frontier
FT-IR/FIR spectrometer. The 1H and 13C NMR spectra were obtained from Bruker 400 MHz spectrometer
using TMS as standard. Elemental analysis of two
receptors were carried out in Elementar Vario EL III
CHNS. UV-Visible spectra were recorded in the range
of 800-250 nm using analytikjena SPECORD S 600 in
DMSO solution. Emission spectra were measured on
Jasco FP 8300 spectrophotometer using DMSO as
solvent.
2.2 Synthesis of SATSC 1 and SATSC 2
The chemosensors were synthesised according to the
reported procedure.24–25 A solution of N-(5H-dibenzo
[a, d] annulene-5yl) hydrazinecarbothiamide (0.207 g;
0.01 mol) in warm ethanol (5 mL), was slowly added
to a solution of ketones [Isatine (0.01 mol, 0.147 g)/
Propargyl Isatine (0.01 mol, 0.185 g)] in ethanol (5
mL), 1ml glacial acetic acid was added, the reaction
mixture was reﬂuxed for 15 h. The product was ﬁltered
and washed with cold ethanol and dried (Scheme 1).
[(Z)-N-(5H-dibenzo[a,d][7] annulen-5-yl)-2-(2oxoindolin-3-ylidene) hydrazine carbothioamide]
SATSC 1 (Yellow powder). Yield: 85%. M.p: 154 °C.
Elemental Analysis (%) Cal: C.70.22, H.4.42;
N.13.65; S.7.81. Found: C.69.70, H 4.26, N.13.12, and
S. 8.12. FTIR (cm-1): 3228 N-H; 1680 C=O; 1495
C=N; 1157 C=S.
1
H NMR (500 MHz, CDCl3): d 12.40 (s, 1H, NH),
8.82 (d, J = 8.9 Hz,1H, NH), 8.48 (s, 1H, Ar), 8.00 (s,

Scheme 1. Schematic representation of the synthesis of Chemosensor SATSC 1 and 2.
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2H, Ar), 7.69 (d, J = 7.5 Hz, 2H, Ar), 7.46 (d, J = 7.1
Hz 3H, Ar), 7.41 (t, J = 7.1 Hz, 2H, Ar), 7.33 (s, 10H,
Ar),6.93 (s,1H, CH).
13
C NMR (126 MHz, CDCl3): d 176.17 (1C C=S),
159.81 (1C, C=O), 141.75 (1C, C=N), 137.22 (1C,
smart), 134.72 (2C,s,Ar), 133.54(1C,s,Ar), 131.51
(2C,s,Ar), 131.06 (1C,s,Ar), 130.18 (1C,s,Ar), 129.77
(2C,s,Ar), 129.12 (2C,s,Ar), 128.49 (1C,s,Ar), 127.82
(1C,s,Ar), 63.92 (dibenzosubernyl carbon).
HRMS (m/z): 433 [M?Na].
[(Z)-N-(5H-dibenzo[a,d][7] annulen-5-yl)-2-(2oxo-1-(prop-1-yn-1-yl) indolin-3-ylidene) hydrazine
carbothioamide] SATSC 2 (Brown powder). Yield:
80%. M.p: 178 °C. Elemental Analysis Cal: C, 72.30;
H, 4.49; N, 12.49; S, 7.15. Found: C.70.10, H.4.35,
N.12.12, and S.7.14. FTIR (KBr, cm-1):3356(N-H),
1593(C=O), 1484(C=N), 1159(C=S).
1
H NMR (500 MHz, CDCl3): d 12.37 (1H,s,NH),
8.83 (d, J = 8.9Hz, 1H, NH), 7.69 (d, J = 7.5, 2H, Ar),
7.46 (d, J = 6.8,4H,Ar), 7.40 (dd, J = 14.5,6.5 Hz
2H,Ar), 7.37-7.31 (m, 10H,Ar), 7.25 (m, 3H, Ar), 7.05
(s,4H,Ar), 7.41 (m, 2H, Ar), 6.93 (s,1H), 5.30 (d,
J = 2.4 Hz, 2H), 1.58 (d, J = 2.3 Hz,1H). 13C NMR
(126 MHz CDCl3) d 176.14 (1C.s,C=S), 156.99
(1C,s,C=O), 153.75 (2C.s, Ar), 149.64 (1C.s,C=N),
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134.31 (2C,s,Ar), 131.87 (1C,s,Ar) 124.77 (2C,s,Ar),
123.23 (2C,s,Ar), 117.96 (1C,s,Ar), 113.66 (1C,s,Ar),
75.87,72.91 (propargyl), 63.88 (1C,s,dibenzsubernyl).
HRMS (m/z): 471 [M?Na] (Figure S2, Supplementary Information).

2.3 Colorimetric analysis
The initial step of analysing the sensing property of
SATSC 1 and SATSC 2 towards different anions in
DMSO solution by naked-eye sensing.
2.4 UV-visible and ﬂuorescence titrations
The UV-Visible and Fluorescence titration experiments were carried out using the stock solutions of
SATSC 1 and 2 (2 9 10-5 mol L-1) in DMSO. Their
sensing potentiality were investigated towards various
anions (1 9 10-3 mol L-1) such as AcO-, CN-, F-,
Br-, OH-, NO3- I-, H2PO4- and HSO4- (tetra butyl
ammonium as a counter cation) in DMSO solvent.

2.5

1

H NMR titration

H NMR titration of SATSC 2 (1 9 10-3 mol L-1)
was conducted with the sequential addition of ﬂuoride
anion in DMSO-d6.

1

3. Results and Discussion
3.1 Colorimetric and UV-Vis spectroscopy

Figure 1. Absorption spectral proﬁle of SATSC 1 and 2
(Inset R1 label as SATSC 1 with various ions.

The colorimetric behaviour of receptors was primarily
investigated. The colour changes occur with the
interaction of various anions (F-, CN-, AcO-, Br-,
OH-, NO3-, I-, HSO4- and H2PO4-) in DMSO solvent identiﬁed. The SATSC 1 and 2 showed visible
colour change towards ﬂuoride and acetate anions
respectively. The sensor SATSC 2 also showed
detectible colour change towards cyanide anion (Figure S3, Supplementary Information). The ions such as
Cl-, Br-, I-, OH-, NO3-, HSO4-, H2PO4- didn’t
show any signiﬁcant changes, implying that there is no
interaction between them. The UV-Visible spectral
experiments were performed in DMSO solvent at
room temperature. Figure 1 represents the optical
responses of the synthesised thiosemicarbazone probes
(2 9 10-5 M in DMSO) with various anions
(1 9 10-3 M in DMSO). The prepared solutions of
sensors showed a clear set of absorption peak at 286
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peaks, as well as an isosbestic points, conﬁrms the
hydrogen-bonded complex with ﬂuoride ion and the
receptors (SATSC 1 and 2). Interestingly the negative
charge generated upon proton release of H? from the
sensors induced an increase in the intensity of the
electrical dipole which cause substantial red shift
band. These reassigned bonds can be conﬁrmed
through 1H NMR analysis. Also the chemosensor
SATSC 1 showed afﬁnity towards AcO- and SATSC
2 exhibited sensing afﬁnity towards AcO- and CNrespectively. Figure S4 (Supplementary Information)
displayed UV-Vis spectral titration proﬁle of SATSC 1
and SATSC 2 with some biologically important
anions.

3.2 Emission spectral response

Figure 2. Absorption spectral study of SATSC 1?F(a) and SATSC 2?F- (b) Inset: Relative intensity of
receptor upon the sequential addition of F- ions to the
sensor solution.

nm (SATSC 1) and 288 nm (SATSC 2) corresponds to
p?p* transitions. Another set of absorption peak were
observed at the region 371 nm (SATSC 1) and 374 nm
(SATSC 2) which assigned to n?p* transitions.26,27
Upon the addition of guest species to the sensors
(SATSC 1 and SATSC 2), momentous change was
observed due to the guest-host interaction owing to the
hydrogen-bonded complex. This complex formation
was clearly recognisable in naked eye sensing experiment, in which the colour change was occurred when
adding few drops of basic ions (Figure S3, Supplementary Information). Absorption spectra displayed a
new absorption peak at the region 462 nm for SATSC
1 and 465 nm for SATSC 2, respectively. Hyperchromism was observed with a small redshift at the
newly formed peaks on the incremental addition of Fanion and concurrent decrease in the absorbance
intensity of the bands centred at 371 nm and 374 nm
for SATSC 1 and 2, respectively. The presence of new

The ﬂuorescence titration spectra of the synthesised
sensors (2 9 10-5 M) in DMSO solvent with recognised anions were collected in identical conditions as
used in UV-Visible titration. The displayed ‘‘turn on’’
and enhanced ﬂuorescent behaviour were observed
upon the sequential addition of F-/AcO-/CN(25 lM per each addition) ions respectively, to the less
ﬂuorescent sensors (SATSC 1 and 2). Initially, the
emission maxima of SATSC 1 and 2 were observed at
269 and 569 nm respectively at kmax = 418 nm
(Figure 3). On the subsequent addition of ﬂuoride/acetate/cyanide anions to the sensor solution, the emission intensity increases with the increase in the
concentration of ﬂuoride/acetate/cyanide ions respectively. The resultant ﬂuorescent enhancement
observed in the spectral proﬁle of both the sensors
with the anions (F-/AcO-/CN-), (Figure S5, Supplementary Information) by which it tunes the electronic and physical properties of sensor. These
multiple events of recognising multiple anions are
generally associated with Charge Transfer (CT) and
Photo induced Electron Transfer (PET) from anions to
the sensor molecule which further modiﬁes the
receptor moiety. Moreover, due to this outcome, the
diminishment in the conformational stability or ﬂexibility also leads to the ﬂuorescent responses to take
place either enhancement or quenching. The designed
study appeared ﬂuorescence enhancement is due to the
presence of strong intramolecular H-bonding (NH——F-/AcO-) which occurs within the sensor
moiety and the anions.28–30 This extended conjugation
and delocalization of lone pair electron in the imine
moiety that stabilizes the excited state more than the
ground state.31–32
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Figure 3. Fluorescence emission proﬁle and relative ﬂuorescent intensity of SATSC 1 (a) and SATSC 2 (b) (2 9 10-5
mol L-1) in DMSO solvent with the sequential addition of ﬂuoride ion at k max = 418 nm.
Table 1. Displayed the LOD and Binding constant of the
sensors SATSC 1 and 2.
Sensor
SATSC 1
SATSC 2

Ion

LOD

FAcOFAcOCN-

6.4 9 10-10
1.04 9 10-9
2.04 9 10-9
5.19 9 10-9
1.86 9 10-9

K (M-1)
0.49
1.05
1.25
0.22
0.37

9
9
9
9
9

104
104
104
104
104

3.3 Detection Limit and Binding constant
Furthermore, the Limit of Detection (LOD) and the
binding constant (K) of sensors with the formed

complexes were calculated by the emission spectral
changes. The LOD can be derived using the formula 3
s/slope and the Binding constant (K) calculated from
Benesi-Hildebrand equation.33 From the plot (see
Figure S6, Supplementary Information) of 1/ (F-F0) vs
1/[C] the sensor SATSC 1 towards acetate ion showed
a better binding ability than same towards ﬂuoride
(Table 1). Similarly, SATSC 2 showed the highest
association constant towards ﬂuoride than acetate or
cyanide anions. The relative ﬂuorescent changes at
418 nm were also obtained from F/F0 Vs the concentration of ions (Figure S7, Supplementary Information). Continuous Variation method is used to
detect the binding stoichiometric ratio of sensors with
recognised anions with the aid of Job’s plot (Figure S8, Supplementary Information).
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H NMR titration studies

The F- ion introduction modiﬁed the 1H NMR spectrum
of SATSC 2 well and recorded the spectral changes of the
sensor using DMSO- d6 as the solvent. The disappearance of signals corresponds to two –NH protons (12.44
and 11.24 ppm) in the sensor SATSC 2 by the single
addition (2 lL) of F- ion to the receptor solution sharply
outlined and conﬁrmed well through the H-bonding,
followed by complex formation. Upon the second
equivalent addition of F-, no/negligible changes were
observed in the downﬁeld part of the spectrum but some
aromatic signals become broadens and less intense. The
aromatic proton at 7.69 ppm caused a deshielding effect
leading to the progressive downﬁeld effect, appeared at
7.77 ppm in the spectrum. The proton signal corresponds
to –CH-NH at 6.65 ppm which shifted to deshielded, can
also inﬂuence this proton, becomes broadens with
reduced intensity and reappeared at 8.33 ppm with single
proton. (See Figure S8, Supplementary Information). The
SATSC 2 ? F- binding and complex formation can be
inferred from the 1H NMR titration results (Figure S9
Supplementary Information).

3.5 Theoretical investigation
To understand the structural property of these receptors,
TD-DFT calculations has been carried out using Gaussian 09W. The geometry of optimization of the receptor
SATSC 1 and 2 for ground state were run using hybrid
exchange-correlation function B3LYP/6-31G (d, p) basis
set34 (See Figure S11, Supplementary Information).
When the conjugation increases, the HOMO-LUMO
energy gap will decrease and show red shift in UV
spectra. The energy band gap DE between the HOMO
and LUMO of SATSC 1? F- and SATSC 2 ? F- were
found to be 0.0145 eV and 0.0109 eV, respectively,
which indicate that the extended H-bonding and complex
formation emerged some changes in the electronic and
photophysical properties of the sensors. The theoretical
energy gap of SATSC 2? F- (0.0109 eV) is a little bit
narrow than SATSC 1? F- (0.0145) and the actual ﬂuorescent emission peak of SATSC 2? F- shows a larger
red shift 601 nm compared to the emission peak of
SATSC 1? F- which was at 290 nm, which fair accurate
with the principles of quantum chemistry.
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addition of Ca2? and F- ions to the SATC 2 in DMSO
solvent medium owing to its better ﬂuorescence
recognition to ﬂuoride anion.35 Initially recorded the
ﬂuorescence intensity of the free sensor then followed
the ﬁrst addition of F- (50 lM) ions to the solution,
ﬂuorescence enhancement was observed at kmax 417
nm. Upon the Ca2? ion introduction to the solution of
SATSC 2?F- the ﬂuorescent intensity reduced or
slightly similar to the intensity of free SATSC 2, since
the Ca2?, the ion may bound the major donor sites
(imine N, S or O) in the sensor moiety and leaving Fion freely to the solution. Again, added the same
quantity of F- (50 lM) to the mixture, ﬂuorescence
intensity upstretched. By the repeated addition of Ca2?
and F- ions, ‘ON’ (high emission intensity) and ‘OFF’
(quenched emission intensity) fashion were seen and
this ‘ON-OFF-ON’ behaviour was identiﬁed with little
loss in ﬂuorescence intensity. Hence the sensor
SATSC 2 is a reversible and reusable ﬂuorophore for
F-. This cyclic trend is expressed in Figure 4.
Based on the reversibility behaviour of the sensor
SATSC 2, it can be applied to construct a molecular
switch, using Boolean Logic Operations. Here the F(Input 1) and Ca2? (Input 2) are the two inputs with
receptors and the output is 741 nm (k max 417) which
the emission intensity, obtained from reversibility.
When the addition of Ca2? ion to SATSC 2? Fsolution, the emission intensity of the solution became
decreased (602 nm at k max 417). Interestingly, a
similar trend was seen after the second turn addition of
F- and Ca2? ion, respectively. From this consolidated
ﬁnding, the output ‘1’ obtained when F- presence and
Ca2? given a ‘0’ output value in the sensor solution
respectively. The Truth table and Logic gate job were

3.6 Reversibility behaviour of SATSC 2
To establish the reversibility performance of SATSC
2, ﬂuorescence intensity was recorded by alternate

Figure 4. Reversibility switching mode of SATSC 2 at
kmax 417 nm.

J. Chem. Sci.

(2021) 133:75

Page 7 of 9

75

Figure 5. (a). Reversibility experiment of SATSC 2 with F- and Ca2?. (b) Truth table and Logic circuit diagram
description based on the ﬂuorescence response of SATSC 2.

performed. The INHIBIT job explained in terms of
Ca2? ion presence which reduces the emission intensity Figure 5(a) and (b).
4. Conclusions
Novel N4-dibenzosuberene substituted thiosemicarbazone sensors SATSC 1 and 2 were synthesized and
conducted sensing studies with different anions. It has
been found that the sensor SATSC 2 shows good
selectivity to F- ion than SATSC 1, due to extended
the propargyl substitution, which provides more aromatic property to the receptor. It has been noted that
the colorimetric and ﬂuorescent changes were reversed
when in aqueous or any protic solvent. Hence these
receptors are not feasible to detect aqueous ﬂuoride or
acetate or cyanide ion due to the aggregation and
solubility effect with a water molecule.
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