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A novel triazole as a rapidly acetate anion detector:
Synthesis, spectrophotometric, and TD-DFT studies
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1. INTRODUCTION

Supermolecular chemistry has garnered significant interest in the field of anion sensing,
particularly in relation to synthetic colorimetric sensors. This is primarily owing to their crucial
function in many chemical, biological, environmental, and industrial applications (Qu et al., 2017;
Mahanta et al., 2017; Mansha et al., 2017; Niu et al., 2018). Researchers have shown significant interest
in the design and synthesis of active receptors capable of detecting anions (Zou et al., 2019; Koc et
al,, 2017; Li et al., 2019; Haider et al., 2020; Zhou et al., 2019; Wang et al., 2020; Tummachote et al.,
2019; Nassar et al., 2017; Pinhal et al., 2019). Acetate is considered one of the most significant anionic
species, because of its various biochemical functions. For example, acetate anion plays an essential
role in numerous metabolic processes, having unique effects on enzyme activity, hormone transport,
protein synthesis, and DNA regulation. Sodium acetate excellently inhibits bacterial growth in acidic
environments according to Zhang et al. (2020), Liu et al. (2019), and Ladell et al. (2018), acetate anon
has the capability to function as a buffer. colorimetric sensors are usually made up of two
components: the guest (binding site) and the signaling unit. The hydrogen-bond-donor groups,
specifically the -NH and OH groups of phenols (Wu et al., 2020), ureas (Cui et al., 2020), amides
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(Gupta et al., 2020), and hydrazides (Xu et al, 2021), are frequently found as binding sites.
Compounds containing derivatives of 1,2,4-triazole display an extensive range of applicable
properties within various fields, including anticancer, antibacterial, antimicrobial, antifungal,
anticonvulsant, antitumor activity, and other industrial applications (Grytsai et al., 2020; Stingaci et
al., 2020; Pagniez et al., 2020; Drabik et al., 2020; Wu et al., 2020; Naciri et al., 2020). According to
Mondal et al. (2020), heterocycles containing mercapto and amino groups have been found to be
effective intermediates in organic synthesis. According to the pupleshed results indicates that these
compounds exhibit selective chromogenic properties for Cu? ions due to the presence of
(azomethine) linkages and hetero atoms as part of these compounds. Newly, scientists are
concerned on the development of novel triazole Schiff bases using different azo dyes (Singh et al.,
2020; Chatterjee et al., 2020). In this study, we present a novel acetate anion sensor with high
sensitivity and selectivity. The sensor is designed specifically for the detection of acetate in food
additives, based on Azo-triazole (Figure 01). Sensor 3 displayed a highly significant change in color
in the DMSO medium.

2. RESEARCH METHOD

a. General

All commercially purchased reagents for synthesis were used without further purification.
All solutions containing anions were produced using their respective sodium salts. The FT-IR,
Tensor 1, Bruker-Optics, Germany spectrophotometer was used to record infrared spectra. The
Bruker Avance 11l was used to record proton nuclear magnetic resonance ({HNMR) at a frequency of
400 MHz. The solvent used was dimethyl sulfoxide-ds (DMSO-ds), and the reference used was
Tetramethylsilane (TMS). The Shimadzu UV-1800 Spectrophotometer was used to measure the UV-
vis spectra. The measurement of the melting points was conducted using an SMP10 melting point
model, specifically the Stuart apparatus.

b. Synthesis of 3

A solution of 1 (4 mmol) in chloroform (10 ml) and a solution of 2 (4 mmol) in methanol have
been placed into a round-bottomed flask. Following this, a small quantity of H2SO4 was added to the
mixture. After refluxing the combination for a duration of 5 hours, a yellow powder was produced
and obtained using filtration. Subsequently, it was rinsed with chloroform (CCls) (Figure 1). The
yield of compound 3 was 91% and its melting point ranged from 263 to 264 degrees Celsius.

\,’N

“2N’ N MeoH, coi,

—_—

refiux, H,30, N\\

Figure 1. Synthesis of sensor 3
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c. Spectrophotometric studies

Sensor 3 stock solutions (10 pum) (100 ml) and sodium salts (HSOs-, H2POs-, NO»-, F-, Br-, Cl,
and AcO-) (50 um) (100 ml) were individually produced in dry dimethyl sulfoxide (DMSO) and
thereafter used at the surrounding temperature (30°C).

d. (UV-vis) titration of sensor 3 with anions

A stock solution of sensor 3 (10 uM) (2 mL) was supplemented with various solutions of
sodium salts (HSOs-, H2POs-, NO2-, E-, Br-, Cl-, and AcO-) (10 uM) (2 mL). The total volume of the
solution was 4 mL, and the spectra were monitored at room temperature (30°C).
The Benesi-Hildebrand plot was used to estimate the association constant and stoichiometry value,

as seen in Equation (1).
1 1 1
A Ao — Kax(Amax—Ao) X[0Ac] Sl vy e LT TTTTRPPRPPPPPRPRIR (1)
A represents the measured absorbance at a certain wavelength, Am indicates the highest absorbance,

and Ao represents the lowest absorbance at a certain wavelength. [OAc-] represents the molar
concentration, and Ka association constant (Li, Z. et al., 2018). The calculation of the (limits of
detection) using Equation (2) according to Dong et al. (2021). The LoD is calculated as:

LoD =33 @)

e. Computational studies

The Uv-vis spectroscopic computation was conducted using the time-dependent density
functional theory (TD-DFT) approach, using functional (B3LYP) and the 6-311G++(d,p) method
according to Gokalp et al. (2020). The estimation of transition energies (HOMO) and (LUMO)
distribution analysis for the molecular geometry of sensor 3 was conducted using the (B3LYP)6-
311G++(d,p) approach. The computations were run up using softwares Gaussian 09W (Frisch et al.,
2009), GaussView6 (Dennington et al., 2009), and gaussSum3 (Salassa et al., 2009).

3. RESULTS AND ANALYSIS

Sensor 3 was synthesized by reaction of 4-[(3-Formyl-4-hydroxyphenyl)diazenyl]-benzo-
nitrile) with (4-amino-5-phenyl-4H-1,2,4-triazole-3-thiol) in acidic conditions (Figure 01) resulting a
yellow powder, yield 91 %. 'TH NMR (400 MHz, DMSO-ds) 0 14.41 (s, 1H), 11.77 (s, 1H), 10.41 (s, 1H),
8.27 (d, ] =2.6 Hz, 1H), 8.18 — 8.08 (m, 4H), 8.06 — 8.00 (m, 3H), 7.56 (d, ] =8.7 Hz, 1H), 7.26 (d,] =8.9
Hz, 1H), 6.69 (d, ] =2.0 Hz, 1H). FT-IR (KBr, cm-1): v 3316 (OH), 2218 (C=N), 1600 (C=C), 1640 (C=N),
1479,1344 (NOz).

a. UV-vis and naked-eye techniques

(Figure 2) displays the reaction of sensor 3 to several sodium salts (HS50Os-, H2POs-, NO»>-, -,
Br-, Cl-, and AcO-) when dissolved in DMSO as the solvent. The addition of ions to Sensor 3
individually results in a spectrum alteration. Notably, only AcO- exhibits a unique modification in
the visible spectra, while no alterations are seen in the spectra of other anions. Moreover, the
presence of the acetate anion resulted in a specific changes in color, transitioning from a pale yellow
coloration to a red-orange color (Figure 33).
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Figure 2. The colour of 3 with different anions (3 equiv.) in DMSO .
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Figure 3. Changes of spectra absorption of sensor 3 with different anions in DMSO

This realization means that sensor 3 has the potential to function as a colorimetric sensor for
AcO- anion that can be seen by the naked eye. Through a process addition of AcO- into a solution
containing sensor 3, there was an ongoing decline in the absorption band at 331 nm, followed by the
appearance of a new band at 499 nm. A significant isosbestic point was detected at a wavelength of
397 nm. The red shift seen in sensor 3 may be attributed to the internal charge transfer (ICT) and/or
the deprotonation of the proton of thiol and phenol by AcO- (Figure 4).

IJoCE Vol. 7, No. 1, June 2024: 31 —41



IJoCE e-ISSN: 2599-3186 o 35

035 499 nm
03 Isosbestic point AcO-

=025 397 nm
&
§ 0.2
=
2 0.15
2
< 0.1

0.05

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
260 320 380 440 500 560 620
Wavelength (nm)

Figure 4. The titration of sensor 3 with Acetate anion (0-3 equiv.).

The Benesi-Hildebrand relation-ship was employed in order to determine the ratio or
stoichiometry of the reaction between sensor 3 and AcO-. Assuming a 1:1 stoichiometry, the plot of
1/(A-Ao) against 1/[AcO-] exhibited a linear relationship with an R? value of 0.956 (Figure 5). In a
comparable manner the plot of 1/(A-Ao) against 1/[AcO-]? for the 1:2 stoichiometry proved an
excellent linear relationship with an R? value of 0.998 (Figure 66), supplying evidence that sensor 3
reacts with acetate in a 1:2 stoichiometry. The association constant (Ka) was determined to be
9.93x10° M2 by calculation. The determination of the limit of detection (LoD) was shown in Figure
7, yielding a value of 6.86 uM.
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Figure 5. Benesi-Hildebrand plot of the 3 and Acetate anion (1:1 stoichiometry).
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Figure 6. Benesi-Hildebrand plot of the 3 and Acetate anion (1:2 stoichiometry).
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Figure 7. Limit of detection (LoD) of 3 with different concentrations of Acetate

b. Density functional theory DFT studies

The Uv-vis spectra of sensor 3 were calculated using the TD-DFT/B3LYP/6-311G++(d,p) basis
set level. Theoretical calculation of UV-vis parameters has been performed using the Gaussian 09W
program. The electronic transitions were analyzed using the GaussSum 3.0 program, yielding both
significant and modest contributions. The energy and composition of the molecular orbitals (MOs)
of 3 are briefly shown in (Table 1), as determined by calculations. The HOMO and LUMO values of
sensor 3 are shown in (Figure 9). Initially, it was observed that the electron density in the highest
occupied molecular orbital (HOMO) of sensor 3 is primarily concentrated on the Azo group, which
is a signaling unit consisting of two aromatic rings, one of which contains a nitrile atom in the para
position. On the other hand, in the lowest unoccupied molecular orbital (LUMO), the electron
density is observed in the triazole group. This confirms the occurrence of intramolecular charge
transfer (ICT). The addition of acetate ion resulted in an increase in absorbance intensity at 499 nm,
as seen in (Figure 4). This rise was ascribed to the presence of H-2—L+1. Conversely, the absorbance
at 331 nm dropped, which was related to the presence of HOMO —LUMO.(Figure 8) displays the
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simulated UV-vis spectrum of 3 at wavelengths ranging from 250 to 700 nm. Display three
transitions: the first transition occurs at a wavelength of 475 nm, with an oscillator strength of 0.0071
(f) and an excitation energy of 2.61 (eV). The primary contributions of the transition H-2—L+1 are
83%, while the transition H-1—L+1 makes a modest contribution of 14% for the (azo) group. The
transitions occurring at wavelengths of 411 nm and 408 nm exhibit oscillator strengths of 0.0028 (f)
and 0.1011 (f), respectively. The excitation energies associated with these transitions are 3.01 (eV)
and 3.03 (eV). The primary contributions to these transitions are provided by the H-1—-LUMO
transition (98%), the HOMO —LUMO transition (91%), and the transition H-1—L+1 transition (2%).

Table 1. Electronic transitions of 3 calculated by TDDFT/B3LYP/6-311G(d,p) method .

No. 1 2 3
A excitation (nm) 475 411 408
Excitation energy
2.61 3.01 3.03
(eV)
Oscillator strength (f) 0.0071 0.0028 0.1011

Major contributions
H-2—L+1 H-1-LUMO HOMO —LUMO
of transitions

Minor contributions
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Figure 8. The virtual UV-vis spectrum at wavelength 250-700 nm of 3
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Figure 9. The HOMO and LUMO of sensor 3

(Figure 10) suggests the proposed mechanism by which sensor 3 binds to acetate ion in DMSO
solvent. This binding occurs through the deprotonation of the OH and SH groups of the sensor by
the acetate anion, and/or via the formation of hydrogen bonds between the two oxygen atoms of the
acetate ion and the hydrogen (OH) and (SH) within the sensor skeleton.
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Figure 10. The suggested mechanism of the reaction between sensor 3 and Acetate anion
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4. CONCLUSION

In summary, sodium acetate plays an essential part in the industry of food additives,
therefore requiring the implementation of a detection technique for sodium acetate. The sensor 1,2,4
triazole derivative 3 proved to be valuable in the present study, as it exhibited an interesting color
transition from light yellow to red-orange when detecting sodium acetate, allowing for easy
identification without the use of microscopy. The stoichiometry and association constant (Ka) were
determined to be 1:2 and 9.93 x 10° M2, respectively, as validated by the UV-vis spectroscopy titration
tests. The determined limit of detection (LoD) was found to be 6.86 puM, indicating that 1,2,4 triazole
has sensor capabilities even under conditions of low sodium acetate concentrations..
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