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Abstract
This study evaluated three isoniazid-based N-acylhydrazone derivatives (HL1,HL2, andHL3) varying their substituting groups
(-H, -N(CH3)2, and -NO2) as potential chemosensors for Zn2+ ions. To this end, the absorption and emission properties of these
derivatives were investigated in the presence of Zn2+ ions. Results point to the derivativeHL2 as the best chemosensor for Zn2+

ions because of its comparatively higher sensitivity. The color of this derivative changed from colorless to strong yellowwith zinc
addition, as indicated by the shift in UV-vis spectrum. Moreover, HL2 was the only derivative to emit fluorescence in the
presence of Zn2+ ions, attributable to PET inhibition and bond isomerization promoted by coordination with this metal. LOD,
LOQ, and binding constant values forHL2 + Zn2+ were 0.43 μmol.l−1, 0.93 μmol.l−1, and 5.04 × 1012 l.mol−1, respectively. The
fluorescence ofHL2 with other metal ions (Fe3+, Mg2+, Na+, Cd2+, Cu2+, Co2+, Ni2+, Ca2+, and K+) was also investigated. Zn2+

yielded the best result without Cd2+ interferences. Job’s Plot showed that the stoichiometric ratio of the complex formed byHL2
and Zn2+ ions is 2:1 (ligand:metal). The strip test with adsorbed HL2 indicated fluorescence in the presence of zinc ions under
365 nm UV irradiation.
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Introduction

Zinc is the second most abundant transition metal in the hu-
man body; it is directly involved in many physiological and
pathological processes in living organisms [1]. Zn2+ ions are
key elements in structural components of numerous proteins
and act as catalysts in enzymes central to many cellular pro-
cesses [2]. Anomalous zinc levels can cause serious problems.
Zinc deficiency has been reported to cause chronic liver and
kidney diseases while its surplus can cause neurotoxicity and

dysregulation of calcium homeostasis [3–5]. Furthermore,
zinc imbalance is directly related to diseases such as
Alzheimer, Parkinson, amyotrophic lateral sclerosis, prostate
cancer, diabetes, among others [6].

For this reason, Zn2+ detection has attracted increasing in-
terest in the fields of chemistry and biology. Various methods
for detecting and quantifying zinc ions have been devised,
e.g., FAAS (Flame Atomic Absorption Spectrometry), elec-
trochemical methods, and ICP (Inductively Coupled Plasma
atomic emission spectrometry) [7]. However, these methods
require time-consuming pre-treatment of samples by experi-
enced professionals and costly equipment. In addition, detect-
ing zinc ions is not a trivial task as metals belonging to the
same group, which have similar chemical properties (e.g.,
cadmium), may interfere with its detection [8, 9].

Thus far, spectrofluorimetry has stood out as the most ef-
fective method for detecting Zn2+ ions in biological systems,
given that the d10 electronic configuration of this ion makes it
spectroscopically or magnetically silent [10]. In addition, the
highly sensitive, selective, and non-destructive nature of fluo-
rescence spectroscopy makes it a suitable technique for de-
tecting metal ions in small quantities.
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By means of fluorescence spectroscopy, metal ions can be
detected by their forming luminescent coordination com-
pounds [11]. This has considerably increased the importance
of N-acylhydrazone compounds in the field of coordination
chemistry because the nitrogen atom of the azomethine group
(C=N) and the carbonyl oxygen (C=O) can act as complexa-
tion sites for metal ions. These complexation sites improve
stability and enable the formation of a polydentate ligand [12].

This study aims at demonstrating the viability and effec-
tiveness of employing the fluorescence properties of
isoniazid-based N-acylhydrazones HL1, HL2, and HL3
(HL1–HL3) varying their substituting groups (-H, -
N(CH3)2, and -NO2) to detect zinc ions. To this end, the se-
lectivity and limit of detection (LOD) for Zn2+ ions in aceto-
nitrile (ACN) medium were investigated. This study also ex-
amined the behavior of the ligands in question in the presence
of Zn2+ and other metal ions by means of UV-vis and fluores-
cence techniques.

Experimental Section

The reagents isoniazid, benzaldehyde, 4-nitrobenzaldehyde,
and 4-(N,N-dimethylamino)benzaldehyde (Sigma-Aldrich®)
and glacial acid acetic (Vetec) were employed to synthesize
HL1–HL3. Chloride salts of all cations (Sigma-Aldrich®)
and HPLC-grade solvents (Tedia) were used without further
purification.

The synthesis of N-acylhydrazone derivatives was carried
out in anAnton PaarMonowave 300. UV-vis absorption spec-
tra were recorded on a Shimadzu UV-2450 spectrophotometer
and steady-state fluorescence spectra were recorded on an
F9000 Edinburgh Instruments spectrofluorometer with a
450 W xenon arc lamp. TOF-EM analyses were performed
by means of a high-resolution mass spectrometer (Q-TOF
brand WATERS/MICROMASS model) with an 80–100 m/z
scanner. 1H NMR spectra were obtained on Bruker FT-
400 MHz and FT-500 MHz spectrometers (USA) with
DMSO-d6 as solvent at the Farmanguinhos-FIOCRUZ (RJ)
laboratory. Chemical shifts are reported in delta (δ) units rel-
ative to the singlet (0 ppm) of tetramethylsilane (TMS).
Melting points of the derivatives were determined on a
Fisatom melting-point apparatus.

Microwave Assisted-Synthesis of Isoniazid-Based N-
Acylhydrazones Derivatives (HL1–HL3)

In a 30 mL vial, a mixture of isoniazid (3.0 mmol), aldehyde
(3.0 mmol), and glacial acetic acid (~5 drops) in ethanol
(15 mL) was stirred (1000 rpm) under microwave irradiation
for 45 min at 140 °C [13]. After the reaction mixture was left
to cool down to room temperature, the solid was filtered off
and washed in cold ethanol. Then, the crude product was

recrystallized in ethanol. The final products were character-
ized by melting point, quadrupole time-of-flight mass spec-
trometry (QTOF-EM), and 1H NMR (Fig. S1–S6).

N′-Benzylidene isonicotinohydrazide (HL1): white solid;
yield: 84%; mp: 189–190 °C; QTOF-EM found for
C13H11N3O (M + Na+) m/z = 248.079433; 1H NMR
(400 MHz, DMSO-d6) δ: 12.02 (s, 1H, NH); 8.48 (s, 1H,
CH=N), 8.77 (d, 2H, J = 3.0 Hz, Ar-H), 7.82 (d, 2H,
J = 6.0 Hz, Ar-H), 7.73 (d, 2H, J = 3.0 Hz, Ar-H), 7.45–
7.16 (m, 3H, Ar-H).

N ′ - ( 4 - N , N - D i m e t h y l a m i n o b e n z y l i d e n e )
isonicotinohydrazide (HL2): yellow solid, yield: 81%. mp:
203–205 °C. QTOF-EM found for C14H16N4O (M + Na+)
m/z = 291.121632. 1H NMR (500 MHz, DMSO-d6) δ: 11.82
(s, 1H, NH), 8.78 (d, 2H, J = 5.0 Hz, Ar-H), 8.33 (s, 1H,
CH=N), 7.83 (d, 2H, J = 5.0 Hz, Ar-H), 7.58 (d, 2H,
J = 10.0 Hz, Ar-H), 6.78 (d, 2H, J = 10.0 Hz, Ar-H), 2.98
(s, 6H, N-CH3).

N′-(4-Nitrobenzylidene) isonicotinohydrazide (HL3): yel-
low solid; yield: 92%; mp: 265–267 °C. QTOF-EM found for
C13H10N4O3 (M + Na+) m/z = 293.064511 (M + Na+), 1H
NMR (400 MHz, DMSO-d6) δ: 12.36 (s, 1H, NH), 8.82 (d,
2H, J = 6.0 Hz, Ar-H), 8.57 (s, 1H, CH=N), 8.33 (d, 2H,
J = 8.7 Hz, Ar-H), 8.04 (d, 2H, J = 8.7 Hz, Ar-H), 7.85 (d,
2H, J = 6.0 Hz, Ar-H).

Measurement of Photophysical Properties of HL1–
HL3

HL1–HL3 stock solutions were prepared in acetonitrile
(ACN). Aqueous solutions of the metal salts under investiga-
tion were prepared with 100 equiv. of respective ligand. UV-
vis spectra were obtained within the 200–500 nm range at
room temperature, with solutions of 0.8 μmol.l−1,
0.6 μmol.l−1, and 1.6 μmol.l−1, for HL1–HL3, respectively.
Fluorescence assays were performed at room temperature,
using SUPRASIL quartz cuvettes with 10 mm pathlength
and transparent windows on all four sides. All the assays were
performed after mixing for 5 min to ensure uniformity.
Fluorescent spectra were recorded within the 400–680 nm
range. The fluorescence of compounds HL1–HL3
(0.8 μmol.l−1, 0.6 μmol.l−1 and 1.6 μmol.l−1, respectively)
was evaluated in the presence of 100 equiv. of Zn2+ ions
(λex = 290 nm, 356 nm, and 322 nm for HL1, HL2 and
HL3, respectively).

As to titration, HL2 concentration was kept constant
(0.6 μmol.l−1), while Zn2+ concentration varied from 0 to
160 equiv. (λex = 356 nm, 400–680 nm). Limit of detection
(LOD) and limit of quantification (LOQ) were estimated with
the standard deviation of blank measurement. Selectivity as-
says were conducted at constant HL2 concentration
(0.6 μmol.l−1), 100 equiv. of the metal ions under investiga-
tion (Na+, Cd2+, Zn2+, Fe3+, Mg2+, Ca2+, and Cu2+), and
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ligand concentration equal to 0.6 μmol.l−1. The solutions were
prepared with ACN at 25 °C, λex = 356 nm, and within the
400–680 nm range.

Job’s Plot was performed in a front-face fluorometer with
concentrations of HL2 and Zn2+ ions varying from 0 to
20 μmol.l−1 in ACN, at 25 °C, λex = 356 nm, and 379–
700 nm scan.

Calculations of Binding Constants and LOD

The binding constant for HL2 was determined by means of
fluorescence titration and by plotting a graph of Fmax vs. [M]
μmol.l−1. Limit of detection (LOD) and limit of quantification
(LOQ) ofHL2 for Zn2+ ions in ACN were measured with the
help of blank standard method (LOD = 3σ/m; LOQ = 10σ/m)

and estimated from linear relationships between maximum
emission intensity at 579 nm and Zn2+ concentration.

Aggregation

Front-face fluorometry was also used for the aggregation as-
say, in which HL2 concentration varied from 5.0–
500 μmol.l−1 with concentration of Zn2+ ions at 100 equiv.
of HL2, scan within the 380–680 nm range, and λex at
360 nm.

Strip Test

Strip tests were conducted in two steps. First, 3 × 1 cm filter
paper strips were immersed in an HL2-ACN solution (1 ×
10−5 mol.l−1). After drying, the strips were immersed in aque-
ous zinc chloride solution at different concentrations (from
1 × 10−3 to 1 × 10−2 mol.l−1). Fluorescence responses of the
strips were analyzed under 365 nm UV-irradiation.

Results and Discussion

The isoniazid-based N-acylhydrazone derivatives HL1–HL3
were synthesized by the Schiff Base condensation reaction as
described in our previous study (outlined in Scheme 1) [13].
Microwave-assisted reactions of isoniazid with respective al-
dehyde (benzaldehyde, 4-(N,N-dimethylamino)benzaldehyde,
and 4-nitrobenzaldehyde dissolved in ethanol), for 45 min, at
140 °C yielded white (HL1) and yellow (HL2 and HL3)
solids. Then, these solids were recrystallized in ethanol. 1H
NMR results and quadrupole time-of-flight mass spectrometry

Scheme 1 Synthetic route to
obtain N-acylhydrazones
derivatives HL1–HL3

Fig. 1 UV–vis absorption spectra for HL1–HL3 (0.8 μmol.l−1,
0.6 μmol.l−1 and 1.6 μmol.l−1, respectively) in ACN at 25 °C

J Fluoresc



(QTOF-EM) spectra of these recrystallized solids are shown
in the supporting information section below (Fig. S1–S6).

Colorimetric Sensing of HL1-HL3

The absorption spectra of free HL1–HL3 in dilute ACN so-
lutions (abs. ~ 0.2) is characterized by two main absorption
bands in the 200–500 nm region as shown in Fig. 1. The bands
at higher energy are ascribed to π→ π* transitions (εHL1 =
3.29 × 105, εHL2 = 4.99 × 104, and εHL3 = 7.6 ×
104 L mol−1 cm−1) in the aromatic system of the compounds
while the low intensity bands at lower energy are attributed to
π→ π* transitions (εHL1 = 1.07 × 105, εHL2 = 1.94 × 105, and
εHL3 = 6.2 × 104 Lmol−1 cm−1) of C=N and C=O groups [14].

The addition of a solution of Zn2+ ions to HL2 leads to its
color changing from colorless to strong yellow (Fig. 2). Since
HL1 andHL3 showed no changes in absorption spectra in the
presence of Zn2+, only the absorption spectrum ofHL2will be

presented here. The ligands HL1 and HL3 did not change
color when in contact with Zn2+ ions in ACN (Fig. 2), either.

The behavior of N-acylhydrazone HL2 in the presence of
Cd2+, Cu2+, Fe3+ ions was also investigated and compared to
that in the presence of Zn2+ ions in ACN. In the assays with
metal ions, their presence frequently caused HL2 to exhibit
non-significant changes (Fig. S7). However, in the case of
Cd2+, Cu2+, Fe3+, and Zn2+ ions, a distinctive absorption shift
was observed, as shown in Fig. 3. UV–vis absorption spectra
of acylhydrazone HL2 in the presence of different metal ions
is shown in Fig. S8.

As to HL2 in the presence of Zn2+ ions, absorbance bands
at 259 nm and 356 nm shifted to 240 nm and 364 nm, respec-
tively. These changes show that adding Zn2+ enlarged the
conjugated system of the ligand, implying that the nitrogen
atom of the C=N group and the oxygen atom of the C=O
group of the ligand have successfully coordinated to the cen-
tral Zn2+ ion [14–16]. For HL2 in the presence of Cu2+ ions,

Fig. 2 Qualitative colorimetric effect of HL1–HL3 with Zn2+ ions in ACN at 25 °C

Fig. 3 UV–vis absorption spectra of acylhydrazone HL2 in the presence
of different metal ions (1 equiv.) in ACN at 25 °C

Fig. 4 UV-vis titration spectra for HL2 (0.6 μmol.l−1) from 0 to 160
equiv. of Zn2+ ions
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the N-acylhydrazone-related band shifted to a higher energy
region (332 nm). In addition, it is possible to observe a very
intense band at 285 nm, associated to the formation of another
entity [17, 18]. There are reports in the literature of 1,3,4-
oxadiazoles deriving from the oxidation of N-acylhydrazones
with Cu2+ as catalyst [19]. ConcerningHL2 + Fe3+ ions, elec-
tronic spectra show a blue shift, implying coordination with
HL2. The band at 359 nm can be attributed to n→ π* transi-
tions for the azomethine groups whereas the ones at 310 nm
and 238 nm are associated to ligand-metal interaction and
π→ π* transitions of ethereal oxygen of the ligands, respec-
tively. No d-d transitions were observed from 600 nm to
800 nm [20].

These changes are related to interactions between metal
ions and ligand. A bathochromic shift (8 nm) of the band at
356 nm occurred forHL2 in the presence of Zn2+ ions, which
is attributed to the metal complex structure becoming more
rigid (CHEF-chelation enhanced fluorescence mechanism).
Moreover, the intensity of this band decreased, prompting
the solution color to change from colorless to yellow (Fig.
S7), as the absorbance peaks of the HL2 + Zn2+ complex
shifted to the visible region. This color change, selective for
Zn2+ ions, was observed through the naked eye, thereby mak-
ingHL2 a promising naked-eye Zn2+ colorimetric sensor. It is

important to note that the intense yellow color exhibited by the
HL2 + Fe3+ complex in Fig. S7 most likely results from the
color of the aqueous FeCl3 salt solution itself (Fig. S7).

The sensitivity of the chemosensor HL2 to Zn2+ ions was
investigated by measuring absorbance at varying Zn2+ con-
centrations (0–100 equiv.) (Figure S9). The absorbance band
at 242 nm gradually increased, and the band at 356 nm shifted
to 362 nm (Fig. 4), implying the formation of an HL2 + Zn2+

complex.

Fluorescence Sensing of N-AcylhydrazonesHL1–HL3

FreeHL1 andHL3 did not exhibit fluorescence when excited
at 290 nm and 332 nm, respectively (Fig. 5). When excited at
356 nm, HL2 exhibited an almost imperceptible fluorescence
emission band at 591 nm. However, a significant change in
fluorescence spectra occurred upon addition of Zn2+ ions: a
band appeared at 500 nm while the band at 582 nm increased.
This fluorescence switch “off–on” phenomenon can be ex-
plained via photoinduced electron transfer (PET) mechanism.

HL2 fluorescence can be attributed to the stability of the
complex formed. The N(CH3)2 group increases the electronic
density of the azomethine group making it a better active site
for coordination with Zn2+ (Fig. 6). In addition, NO2 groups

Fig. 5 100 equiv. Zn2+: (A) HL1 λex = 290 nm, λem = 310–550 nm; (B) HL2 λex = 356 nm, λem = 400–680 nm; (C) HL3 λex = 322 nm, λem = 342–
550 nm

Fig. 6 Resonance structures of HL2 [22]
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tend to give rise to quenching due to S1→ S0 internal con-
version and intersystem crossing involving electron-
withdrawing of NO2 groups. In contrast, the lone pair of ami-
no group can increase n→ π* transition, leading to stronger
fluorescence emission [21].

In the case of N-acylhydrazones, coordination with the
Zn2+ ion is decisive for luminescence to occur, since coordi-
nation with the metal ion can inhibit C=N bond isomerization,
thereby reducing energy loss from non-radiative processes.
The coordinating compound formed can also prevent a PET-
type process from occurring, in which free electrons of
azomethine nitrogen, once coordinated with the metal ion,
cannot be transferred to the HOMO orbital of the fluorophore,
triggering a CHEF-type process (Fig. 7) [23, 24].

Fluorescence Titration

The sensibility of the chemosensor was investigated via titra-
tion with HL2 and different concentrations of Zn2+ ions. As
concentration of Zn2+ ions gradually increased, fluorescent
emission intensified at 503 nm and 579 nm, with a linear
response R2 = 0.9878, (Fig. 8a). Linear adjustment was per-
formed up to the limit of linearity of the curve plotted from the
experimental data.

LOD and LOQ values forHL2 are 0.43 and 0.93 μmol.l−1

(R2 = 0.9878), respectively, where σ is the standard deviation
of the blank measurements, and m is the slope of the intensity
vs. sample concentration curve (Fig. 8b). The LOD value for
HL2 was lower than 76 μmol.l−1, the maximum acceptable
concentration of Zn2+ ions in drinking water established by
the World Health Organization (WHO), indicating that this
derivative can be an effective Zn2+ ion sensor in aqueous
solutions [25].

Binding interactions between HL2 and Zn2+ ions
were estimated by means of equilibrium equations
(Eqs. 1 and 2).

LþM↔LM∴K1 ¼ LM½ �
M½ � L½ � ð1Þ

LM þ L↔L2M∴K2 ¼ L2M½ �
LM½ � L½ � ð2Þ

The graph plotted using the Benesi-Hildebrand method did
not provide a linear relationship, implying that the compound
formed in solution has a coordination system different from
1:1. For this reason, the F vs. [M] graph was not linearized to
obtain more reliable results [26]. Once mass balances for [L]
and [M] were performed and replaced in Eqs. 1 and 2, it was

Fig. 8 (a) Fluorescence titration emission spectra ofHL2 (0.6 μmol.l−1) upon addition of Zn2+ ions (0.0–160 equiv.). (b) LOD [Zn] = 0–9 μmol.l−1 with
an excitation at 356 nm; λem = 579 nm

Fig. 7 Inhibition of isomerization by adding Zn2+ ion [23]
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possible to estimate the constants K1 and K2 in Eq. 3, which
describes the F vs. [M] curve [27].

Ax3 þ Bx2 þ Cxþ D ¼ 0 ð3Þ
Where A is (K1K2), B is (K1 + (K1K2)2[L0]–[M0]), C is (1 +
K1(L0] + [M0]) and D is –[M0].

The value obtained for K1 and K2 were 9.5 × 104 l.mol−1

and 5.04 × 1012 l.mol−1, respectively. K2 is a much larger val-
ue than K1, which indicates a greater tendency for the 2:1
(ligand:metal) coordination compound to form. In addition,
the high K2 value also indicates strong interaction of Zn2+

ion with the ligand, giving rise to more stable complexes.
Figure 9 shows two points around which the 1:1 complex
and 2:1 complex are formed in solution: 24 μmol.l−1 and
60 μmol.l−1. Afterwards, fluorescence intensity stabilizes
even as Zn2+ ion concentration increases in the medium.

Competitive Metal Ion Titrations

Despite changes in the UV-vis spectra ofHL2 in the presence
of Fe3+ and Cu2+ ions as compared to the spectrum of the
compound HL2 + Zn2+, fluorescence assays show that HL2
has a comparatively higher emission intensity, i.e., greater
selectivity to Zn2+ ion.We also observed that adding the metal
ion Fe3+ suppressed the emission ofHL2, as shown in Fig. 10.
Finally, in spite of the HL2 solution changing color slightly
upon addition of Cd2+ ions, we did not observe fluorescence
in the HL2 + Cd2+ compound.

Given that selectivity is an important parameter for optical
sensors, the interference caused by Cd2+ ions was investigated
due to their chemical proprieties being similar to those of Zn2+

ions [28–31]. Figure 11 shows that the metal ion Cd2+, a com-
mon competitor for sensors responding to Zn2+ ions, did not
significantly interfere with Zn2+ detection using HL2 in ACN.

Figure 11 shows that the ligand-related band at 579 nm in
the spectrum represented by a black line broadened and de-
creased in intensity upon addition of Cd2+ ions due to their
coordinating with freeHL2 in the medium. On the other hand,
in the same spectrum, the intensity of the band at 503 nm
intensified due to formation of compounds coordinated with
Zn2+ ions (HL2 + Zn2+). This suggests that Cd2+ ions do not
interfere withHL2 coordinatingwith Zn2+ ions. This behavior
may be attributed to Cd2+ having a greater atomic radius,
which generates higher steric impediment to the formation
of coordinated compounds. Besides, Zn2+ is a stronger
Lewis acid than Cd2+, which favors interaction with the active
fluorophore sites [32].

Table 1 shows comparable results for some of the previ-
ously mentioned sensors. HL2 exhibits the highest binding
constant, which indicates that this ligand can promote strong
interactions with Zn2+ ions even at low concentrations.
Moreover, LOD values for HL2 are of the same order of

Fig. 10 Fluorescent intensity forHL2 (0.6 μmol.l−1) after treatment with
60 μmol.l−1 (100 equiv.) of metal ions: Fe3+, K+, Cd2+, Mg2+, Ni2+, Ca2+,
Na+, Co2+, Cu2+, and Zn2+ in ACN, λem = 579 nm

Fig. 9 Fluorescence titration emission spectra for HL2 (0.6 μmol.l−1)
upon addition of Zn2+ ions (0.0–160 equiv.), λex = 356 nm, emission
fixed at 579 nm

Fig. 11 Competitive selectivity ofHL2 (0.6 μmol l−1) towards Cd2+ and
Zn2+ ions (100 equiv.) (λex = 356 nm)
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magnitude as those values for the acylhydrazone derivatives
in Table 1.

Stoichiometry of Sensing Probe with Metal Ions

The stoichiometry of the metal complex formed by HL2 and
Zn2+ was determined by Job’s Plot titration method (Fig. 12).

Fluorescent intensity peaked at 0.35 M ratio, indicating a 2:1
stoichiometric binding interaction between HL2 and Zn2+.

Compounds with aromatic and well-conjugated structures
are known for displaying π-π stacking aggregation, which in
turn can suppress luminescence, making their use in optoelec-
tronic devices more difficult [37–39]. Therefore, it is impor-
tant to evaluate aggregation in the present system (HL2 + 100

Table 1 Binding constant and LOD values for N-acylhydrazone derivatives as ‘turn on’ fluorescent sensors for zinc ions [33–36]

Entry Ligand Structure Stoichiometry Binding 

Constant 

(l.mol-1)

LOD 

(μmol.l-1)

Ref.

1 1:1 4.69×106 0.13  [33]

2 2:1 8.14×105* 0.073 [34]

3 1:2 5.58×105 0.23 [35]

4 1:1 3.19×104 0.127 [36]

5 2:1 5.04×1012* 0.43 This

study

* Binding Constant for K2.

Fig. 12 Job’s Plot titration for HL2 + Zn2+ [sol.] = 20 μmol.l−1,
indicating 2:1 stoichiometry at λmax = 579 nm
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Fig. 13 The fluorescence intensity curves at different concentrations of
HL2 (5.0–500 μmol.l−1) in the presence of 100 equiv. Zn2+ ions, in ACN
at 25 °C, λex = 360 nm
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equiv. of Zn2+ ions), as shown in Fig. 13. The results show
that at HL2 concentrations higher than 70 μmol.l−1, fluores-
cence intensity decreases significantly, possibly due to the
beginning of the aggregation process. In this direction, it is
important to note that the results presented so far in this study
have not been affected by aggregation.

Strips Test

Test results indicated that it was possible to detect the presence
of Zn2+ by immersing strips in a ligand solution at 1 ×
10−5 mol.l−1 concentration. Figure 14(a) shows a slight color
change to yellow after immersing the strips in the ZnCl2 so-
lution. The strips exhibited fluorescence under UV 365 nm
irradiation (Fig. 14(b)), which intensified as ZnCl2 concentra-
tion increased, indicating that the derivativeHL2 is capable of
detecting Zn2+ ions by means of a simple and practical meth-
od. In addition, the reversibility assay was conducted for the
ligand. Fluorescence was observed upon adding 5 equiv. of
Zn2+ to a methanolic solution of HL2 (15 μmol.l−1).
However, adding 10 equiv. of EDTA to the same solution
led to rapid color change and fluorescence suppression, im-
plying reversibility of HL2, which may thus be reused to
detect the presence of Zn2+ ions multiple times [40–43].

Conclusion

The simple isoniazid-based N-acylhydrazone derivative HL2
exhibited higher fluorescence intensity as compared to that of
HL1 andHL3. This higher fluorescence intensity is attributed to
the influence of the aryl-substituted donor group in coordination
with Zn2+ ions forming more stable complexes. Coordination
inhibited isomerization characteristic ofN-acylhydrazones, lead-
ing to a CHEF-type emission process. The LOD and LOQ
values, 0.43 μmol.l−1 and 0.93 μmol.l−1, respectively, indicate

that HL2 is sensitive and selective to Zn2+ ions. Results also
show that the HL2 + Zn2+ complex is highly stable (as corrob-
orated by the binding constant value of 5.04 × 1012 l.mol−1) and
selective for Zn2+ ions even in the presence of Cd2+ and other
metal ions. Furthermore, the Job’s Plot performed indicated the
formation of a complexwith 2:1 stoichiometry (HL2:Zn2+). The
strips test with HL2 in aqueous solutions of varying Zn2+ con-
centrations showed fluorescence under UV lamp irradiation at
365 nm. Altogether, these results demonstrate the viability and
effectiveness of using the N-acylhydrazone derivativeHL2 as a
chemosensor selective for Zn2+ ions.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10895-020-02651-7.
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