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Abstract—Here, the sensing capability of 2-(2-(1H-imidazol-5-yl)vinyl)-1-ethylquinolin-1-ium iodide (QIM) synthesized by the Knoevenagel 

reaction, was evaluated with certain anions (F−, Cl−, Br−, I−, CH3COO−, NO3
−, HSO4

−, and H2PO4
−) in solution phase of acetonitrile (MeCN) 

using fluorescence and absorption spectroscopy techniques. The fluorescence intensity of QIM was substantially quenched upon binding with I− 

compared to other anions. The detection limit of QIM for I− were calculated as 4.23 μM in MeCN, along with a linear range spanning from 0 μM 

to 50 μM. Further, the binding mechanism of QIM for detecting I− ion was investigated through Job's plot analysis, and Benesi-Hildebrand study. 

Job’s plots revealed that QIM formed complex with I− in the ratio of 1:1. The binding constant for the QIM-I− complex was determined to be 

4.79×105 M−1 by Benesi-Hildebrand equation. Additionally, Stern Volmer quenching constant for the QIM-iodide interaction was determined as 

0.0211×106 M-1. 
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I. INTRODUCTION  

Development of molecular receptors capable of selectively 

detecting and quantifying specific analytes has become an 

increasingly important area of research for many years. One of 

the growing research areas in supramolecular chemistry that 

researchers have focused on is the recognition of anions with an 

appropriate receptor [1]. Iodide (I−), as one of the halide anions, 

is an essential nutrient for the human body. It is an essential 

component of thyroid hormones, which regulate metabolism 

and play a vital role in growth and development. Additionally, 

I− is involved in the development and maintenance of a healthy 

immune system. Many diseases are closely associated with I− 

imbalances, such as iodine deficiency disorders and thyroid 

diseases. Furthermore, excessive exposure to iodine can have 

detrimental effects on the environment. Excessive release of I− 

into aquatic ecosystems, primarily through industrial processes 

and the improper disposal of iodine-containing compounds, can 

lead to various environmental concerns such as 

bioaccumulation in aquatic organisms, disruption of aquatic 

ecosystems, and even contamination of drinking water sources. 

Additionally, the atmospheric deposition of iodine can 

contribute to the contamination of soils and plants [2–5]. 

Overall, I− ions play a pivotal role in various scientific 

disciplines, including materials science, environmental 

monitoring, and analytical chemistry, highlighting their 

significance in shaping material properties, environmental 

assessment, and biological processes. Therefore, in recent 

years, there has been an increasing interest in developing a 

selective and sensitive method for the detection of I− [6]. 

Current techniques for the detection of I−, such as capillary 

electrophoresis [7], inductively coupled plasma mass 

spectrometry [8], ion chromatography [9], high-performance 

liquid chromatography [10], and gas chromatography-mass 

spectrometry [11], often require sophisticated instrumentation, 

lengthy sample preparation, and skilled personnel. To address 

these limitations, there is a need for the development of simple, 

rapid, and cost-effective analytical methods for I− detection. 

Fluorescent chemosensors offer a promising approach for I− 

sensing due to their high sensitivity, specificity, and ease of 

operation. Various chemosensors have been developed for the 

detection of I− as reported in the literature, yielding significant 

findings. However, research endeavours in this area persist, 

focusing particularly on advancing sensing parameters 

including selectivity, enhanced sensitivity, reliability, and 

reusability. In the literature, the most efficient optical receptors 

for I− sensing contain arrays of hydrogen bond donors such as 

imidazolium, quinolinium, acidified amide groups, triazole, and 

boronic acid [12–14]. Specifically, quinolinium derivatives 

have numerous uses in sensing and molecular recognition. They 

are employed as intercalators, fluorescent pH sensors, and 

signalling components in receptors. Furthermore, the quinoline 

moiety and especially quinolinium salts utilized to design 

various chemosensors have been found to exhibit strong 

interactions with anions such as halide ions, leading to a 

decrease in fluorescence intensity. This makes quinoline-based 

sensors highly sensitive and selective for halide ion detection 

[15–21]. I− is known to efficiently quench the fluorescence of 

certain fluorophores through a heavy atom effect, providing a 

basis for the design of fluorescent I− sensors [22–25]. In this 

respect, quinolinium salts have emerged as attractive 

fluorescent sensing platforms due to their ease of synthesis, 

high fluorescence quantum yields, and strong responses to 

analyte binding [26]. In this paper, we present the application 

of the quinolinium-based fluorescent sensor QIM for 

selectively detecting I− over different anions such as fluoride, 

chloride, bromide, acetate, nitrate, hydrogen sulphate, and 

dihydrogen phosphate via fluorescence quenching.  

II. MATERIALS AND METHODS 

1H and 13C NMR spectra were recorded on a Bruker 400 

MHz spectrometer using DMSO-d6 solvent. FT-IR spectra were 

obtained using a Brucker Vector 22 FTIR spectrometer. 

Absorbance spectra were recorded on a Perkin Elmer Lambda-
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35 UV-visible double beam spectrophotometer with standard 

1.00 cm quartz cells, and fluorescence measurements were 

carried out on a PerkinElmer LS 55 spectrophotometer at room 

temperature. All reagents, chemicals, and solvents used in the 

experiments, unless otherwise specified, were obtained from 

commercial suppliers and utilized without further purification. 

A. Synthesis and characterization of the probe QIM 

The probe QIM was synthesized in a step process, as shown 

in Figure 1. The process involved refluxing 1-Ethylquinolinium 

iodide (1.00 g, 3.34 mmol) in 40ml of [CHCl3:CH3OH (1:4)] 

with piperidine for 10 minutes. Subsequently, 1H-imidazole-5-

carbaldehyde (0.32g, 3.34 mmol) was added and the mixture 

was refluxed for 48 hours. Upon completion, as confirmed by 

TLC, the solvent of the fully mixed solution was completely 

evaporated using an evaporator and the resulting product was 

precipitated with methanol-diethyl ether. The product obtained 

was then dried under vacuum (yield; 77%, m.p. 235–236 °C). 

Anal. Calc. for C16H16IN3: C, 50.89%: H, 4.24%: I, 33.64%: N, 

11.13%). Anal. Found: C, 50.49%: H, 4.21%: I, 32.98%: N, 

11.08%. 1H-NMR (400 MHz, DMSO-d6, 25 °C): δ (ppm) 1.59 

(t, 3H, J= 7.3 Hz, CH3), 5.01 (q, 2H, J= 7.3 Hz, CH2), 7.61 (d, 

1H, J= 15.3 Hz, CH=CH), 7.85 (bs, 1H, CH-im), 7.91 (t, 1H, 

Q-H), 8.01 (bs, 1H, CH-im), 8.15 (t, 1H, Q-H), 8.32 (m, 1H, Q-

H and 1H, CH=CH), 8.52 (d, 1H, Q-H), 8.56 (d, 1H, Q-H), 8.96 

(d, 1H, Q-H), 12.79 (s, 1H, NH-im). 13C-NMR (100 MHz, 

DMSO-d6, 25 °C):  (ppm) 1160.7, 148.6, 143.2, 140.1, 135.6, 

133.9, 132.8, 125.8, 123.9, 118.9, 51.6, 19.1. FT-IR (KBr) υ 

(cm-1): 3418 (N-H), 3057 (Ar C-H), 1595 (C=C), 1348 (Ar C-

N), 1150 (C-N). 

 

 
Fig. 1. Schematic representation of the synthesis route for QIM. 

B. General procedure of spectroscopic studies 

A stock solution of QIM (1.00 mM) was prepared in MeCN 

and diluted as necessary. Additionally, stock solutions of anions 

(F−, Cl−, Br−, I−, CH3COO−, NO3
−, HSO4

− and H2PO4
−) (1.0 

mM) were prepared by dissolving appropriate amounts of their 

corresponding tetrabutylammonium salts in MeCN. The test 

solutions for fluorescence and absorbance spectra were 

prepared by initially including 30 μL of QIM solution in a test 

tube, succeeded by adding a suitable portion of each anion stock 

solution, and further diluting the mixture to reach a total volume 

of 3.0 mL. This identical method was applied to both 

fluorescence titration and interference investigations involving 

QIM-I− complexes within a solution alongside other ions. 

Fluorescence intensity readings were conducted at 250 nm and 

377 nm excitation and emission wavelengths, respectively. To 

ensure consistency, every measurement was repeated twice, and 

a sufficient interval was allowed before recording each 

spectrum to guarantee the evenness of the solution.  

III. RESULTS AND DISCUSSION 

A. Synthesis and Characterization 

The Knoevenagel condensation is a significant chemical 

reaction involving the reaction of aldehydes with active 

methylene compounds. This conversion has broad application 

potential in organic synthesis and serves as a fundamental 

method for producing fine chemicals and heterocyclic 

compounds of biological importance. In this work, the chemical 

sensor QIM was synthesized through the Knoevenagel 

condensation. Its characterization was effectively conducted 

through FT-IR, 1H NMR, and 13C NMR analyses. The 

disappearance of the signal of the aldehyde proton (1H-

imidazole-5-carbaldehyde) at 9.75 ppm and the observation of 

olefin protons at 7.61 and 8.32 ppm confirmed the formation of 

QIM.  

B. Solvent Effect 

To determine the maximum absorbance of the receptor QIM 

in various solvents, UV-Vis spectrometric studies were 

conducted using CHCl3, DCM, THF, EtOH, MeOH, MeCN, 

DMF, and DMSO. Interestingly, the maximum longwave λmax 

remained consistent across all solvents, with no discernible 

differences in the absorbance of the receptor. Taking into 

account factors such as solubility, volatility, and miscibility 

with H2O, MeCN was selected as the solvent system for the 

subsequent sensing studies. 

C. Iodide Sensing Ability of QIM: Fluorescence and UV-Vis 

Studies 

UV-vis and fluorescence spectroscopy were used to study 

the interaction between QIM molecule and certain anions (F−, 

Cl−, Br−, I−, CH3COO−, NO3
−, HSO4

−, and H2PO4
−) in MeCN. 

The maximal absorbance in the absorption spectrum of the free 

ligand QIM is observed at 280 nm, as can be seen in Fig. 2a. 

Upon the introduction of various anions (100 μM) into the free 

ligand solution (10 μM), a decrease in the intensities of the 

principal absorbances is noted, implying the occurrence of 

interactions between the ligand and these anions. Notably, upon 

the addition of I− as an external analyte into the QIM solution, 

a notable disappearance of the maximal absorbance of the probe 

is observed, concomitant with the emergence of a novel 

absorption peak centered at approximately 450 nm. This 

discernible red shift in the absorption spectrum indicates a 

substantial alteration in the electronic structure or local 

environment of the ligand induced by its interaction with I−. 

Based on previous studies, the quenching of fluorescence in 

a cationic fluorescent ligand can be induced by the presence of 

I− as the counterion [27]. The significance of counter anions, 

such as I− for our sensor system, in influencing the emission 

properties of cationic probes in various states, whether in a 

condensed phase or solution, should be emphasized. In MeCN, 
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QIM molecules typically exist as ion pairs (cation and I− ion) 

that are solvent-separated. 
 

 
Fig. 2. Absorption (a) and emission (b) spectra of probe QIM (10 μM) in the 

presence of different anions (100 μM) in MeCN solution. 

 

This particular molecular arrangement reduces collisions and 

hinders the quenching influence of I− as counter ion, suggesting 

that I− does not intrinsically quench the fluorescence of QIM. It 

is postulated that the fluorescence of cationic QIM may 

decrease upon the introduction of I− salt as an analyte, resulting 

in a quenching effect on fluorescence due to the accelerated 

intersystem crossing process, leading to non-radiative 

relaxation through collisions with QIM molecules. 

Consequently, we further investigated the fluorescence 

response of QIM towards I− as an external analyte in a solution 

medium. Thus, to investigate the selectivity of QIM (10 μM) 

towards I− over other anions in MeCN, fluorescent 

spectroscopy studies were conducted to analyze the 

fluorescence response of QIM to various anions, including F−, 

Cl−, Br−, I−, NO3
−, H2PO4

−, and HSO4
−, each at a concentration 

of 100 µM. The fluorescence emission profile of the probe QIM 

displayed a peak emission at 377 nm (with an excitation 

wavelength of 250 nm), as illustrated in Fig. 2b. Nevertheless, 

the introduction of only I− into the QIM solution results in a 

significant decrease in fluorescence. Conversely, no substantial 

alterations or bit changes were noted in the fluorescence 

emission characteristics of the probe QIM in the presence of the 

other tested anions, underscoring the exceptional selectivity of 

QIM towards I−. The effective fluorescence quenching ability 

of the iodide ions may be primarily attributed to the heavy-atom 

effect they exhibit by increasing the probability of non-radiative 

processes, such as collisional quenching or energy transfer. 

Additionally, the interactions between I− and specific functional 

groups in the quinolinium or imidazole units of QIM may also 

contribute to fluorescence quenching. For example, I− may 

interact with positively charged nitrogen atoms in the 

quinolinium unit or -NH groups in the imidazole moiety, 

leading to electron transfer processes that can quench 

fluorescence. 

D. Fluorescence Titration Studies for I− Sensing: Calibration 

Curve, Limit of Detection, and Stoichiometry 

To evaluate the interaction between QIM and I−, a 

fluorescence titration experiment, with an excitation 

wavelength of 250 nm, was performed 3 times in MeCN 

solution.  

 

 
Fig. 3. Fluorescence intensity changes of the probe QIM (10 μM) in the 

presence of an increasing concentration of I− in MeCN (a), the fluorescence 
intensity values at 377 nm of the QIM-I complex depending on the 

concentration of I− (b). Photographs in the inset were taken under a UV lamp. 

 

The results presented in Fig. 3a demonstrate a progressive 

reduction in the intensity of the fluorescence emission peak at 

377 nm as the concentration of I− was incrementally increased 

from 0.0 to 270 μM in the solution containing QIM. 

Subsequently, the fluorescence intensity of the QIM probe was 

nearly entirely quenched, exhibiting a quenching efficiency of 

90%, following the introduction of 250 μM of I− (Fig. 3b). This 

quenching phenomenon is attributed to both the heavy atom 
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effect and the intramolecular charge transfer (ICT) process. 

Moreover, a meticulous exploration of the time-dependent 

alterations in the fluorescence intensity of QIM at 377 nm was 

undertaken, given the imperative nature of real-time analyte 

determination in practical scenarios. Notably, it was observed 

that the fluorescence intensity of QIM exhibited a marked 

reduction within a brief span of 10 seconds after the 

introduction of 10 equiv. of I− into the QIM solution (at a 

concentration of 10 μM) (Fig. 4).  

 

 
Fig. 4. Time-dependent fluorescence intensity of QIM (10 μM) in MeCN after 

the addition of 100 μM I−. The inset shows the change in fluorescence 
emission value of QIM and QIM-I− at 377 nm with time. 

 

Furthermore, the fluorescence emission emanating from the 

QIM-I− complex remained constant, thereby indicating the 

successful formation of the complex (as evidenced in Fig. 4 

inset). Consequently, the inference drawn from these 

observations suggests that QIM manifests a rapid response rate 

and holds promise as a real-time probe for the detection of I−. 

Moreover, when iodide ions are introduced into the QIM 

solution in MeCN under UV light, the original color of QIM 

vanishes. This phenomenon serves as evidence of the 

colorimetric detection ability of QIM towards iodide ions (Fig. 

3 inset). 

The fluorescence quenching effect of iodide ions on a 

fluorescent probe can be quantified using the Stern-Volmer 

equation, which allows for the determination of important 

parameters such as the quenching constant and the binding 

constant between the fluorescent probe and iodide ions. Thus, 

the assessment of fluorescence quenching efficiency was 

conducted through the utilization of the Stern–Volmer equation 

[28]: 
𝐹0

𝐹
= 1 + 𝐾𝑠𝑣[𝐼−] 

Where F0 represents the initial fluorescence intensity of QIM, 

F signifies the fluorescence intensity of QIM in the presence of 

a specific concentration of I−.  

 
Fig. 5. Stern Volmer (a) and Calibration (b) plot of Fluorescence intensity 

changes of the probe QIM (10 μM) in the presence of an increasing 
concentration of I− in MeCN (λex= 250 nm). The inset plot of (b) shows the 

change of F0/F-1 value in the 0-270 μM I− range. 
 

As depicted in Fig. 5a, the (F0/F)-1 value approaching 1 

exhibited a notably strong linear correlation (R2 = 0.9953) 

across a concentration range spanning from 0 to 45 μM. 

Subsequently, the quenching constant (Ksv) was determined to 

be 0.0211106 M-1. Following the introduction of I−, the 

emission intensity of QIM at 377 nm remains relatively 

unchanged, even in instances where the concentration of I− 

reaches levels as high as 270 μM (refer to Fig. 3). I− is 

recognized within scientific circles as a proficient quencher, 

operating based on the dynamic quenching mechanism 

involving collisions between the emitter and the quencher. 

However, at high concentrations of I−, the positive deviation 

from linearity (Fig. 5a inset) suggests that iodine is causing both 

static and dynamic quenching effects. This indicates that the 

fluorescence quenching process involving iodine is complex 

and involves both types of quenching mechanisms 

simultaneously during the sensing. It is plausible to suggest that 

the combined influence of electrostatic interactions and 

vigorous collisions between QIM and quencher I− likely 

underpins the notable fluorescence quenching observed. 

Additionally, the emission intensity at 377 nm demonstrates a 

strong linear correlation (R2 = 0.993) with I− concentrations 

ranging from 0.00 to 33.0 μM (Fig. 5b), and the detection limit 

(LOD) for I− with QIM is estimated to be 4.23 μM based on the 

following equation: 

𝐿𝑂𝐷 = 3 𝑠𝑏/𝑘 

where sb is the standard deviation of the blank solution and 

k is the slope of the calibration curve. These findings indicate 

that QIM serves as a sensitive I− sensor, enabling accurate 
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detection at low concentrations. The stoichiometric 

composition of the QIM-I− complex was validated using Job’s 

method, also known as the method of continuous variations. For 

this purpose, the solutions of equimolar concentration (1.5×10-

5 M) of the two components are mixed in different ratios 

varying from 1:9 to 9:1. Fig. 6a displays a plot of absorbance 

(at 280 nm) against mole fraction (X), revealing a maximum 

absorbance approximately at 0.5, confirming a 1:1 

stoichiometry for the QIM-I− complex. Moreover, the analysis 

of emission spectra of QIM in conjunction with I− unveiled a 

maximal emission at a mole fraction of 0.5 (at 377 nm). This 

observation also provides evidence supporting a 1:1 binding 

mode between QIM and I−, as illustrated in Fig. 6b.  

 

 
Fig. 6. Job’s plot of the probe QIM with I− from (a) UV-vis spectral studies 

and (b) Fluorometric studies. 
 

The Benesi-Hildebrand method is frequently employed to 

characterize the interaction between a sensor and an analyte. 

This method enables the determination of the binding constant 

(Ka) and the number of binding sites (n) by the equation [29, 

30]: 

log(𝐹0 − 𝐹)/𝐹 = log𝐾𝑎 + n log[𝐼−] 
where, in the absence and presence of various concentrations of 

I−, the fluorescence intensities of QIM are denoted by F0 and F, 

respectively. The graph of log (F0-F)/F versus log [I−] is 

depicted in Fig. 7. The calculated values of Ka and n from the 

linear plot in Fig. 6 were determined to be 4.79×105 M-1 and 

1.3, respectively. The value of n was close to 1.0, indicating the 

presence of one binding site and one coordinating site on QIM. 

The binding constant value affirmed the existence of a strong 

binding interaction between QIM and I−. 

 

 
Fig. 7. Benesi Hildebrand curve from the fluorescence intensity data of QIM 

(10 μM) with different concentrations of Zn2+. 

 

 
Fig. 8. Comparative FT-IR spectra of QIM and QIM-I− complex (1×10−5 M). 

E. FT-IR Studies 

The confirmation of the interaction between QIM and I– was 

established through the utilization of FT-IR spectroscopy. In the 

FT-IR analysis, an equimolar mixture of QIM-I was prepared 

in MeCN and stirred for 30 minutes at ambient temperature. 

Subsequently, the solvent was evaporated under reduced 

pressure, and the resulting solid residue was dried. Following 

the formation of the complex, the FT-IR spectrum of QIM (Fig. 

8) exhibited discernible changes including shifts, 

disappearance, and emergence of new bands. Notably, 

significant alterations were observed in the spectral range of 

3500–2000 cm−1, where the peaks at 3418 cm-1 (N-H) and 3057 

cm-1 (aromatic C-H) were absent. Based on these findings, it 

can be inferred that the N-H and C-H functional groups within 

the imidazole moiety of QIM likely contribute to the interaction 

between QIM and I– (Fig. 9). 
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Fig. 9. Proposed interaction mechanism between QIM and iodide. 

 

 
Fig. 10. Fluorescence intensities of probe QIM (10 μM) in the absence and 

presence of I− ions (100 μM) and different interfering anions including F−, Cl−, 

I−, NO3
−, H2PO4

−, and HSO4
− (100 μM) in MeCN at λem= 377 nm. 

 

F. Competition Studies 

Competition experiments play a crucial role in 

understanding the performance of the probe QIM in complex 

sample matrices and can help in optimizing its design for 

specific applications. Additionally, the sensitivity of the probe 

towards the target analyte can be assessed by comparing the 

fluorescence signals at different concentrations of the analyte. 

Thus, to evaluate the potential interference of other anions such 

as F−, Cl−, Br−, NO3
−, H2PO4

−, and HSO4
−, the fluorescence 

response of QIM to I− in the presence of the aforementioned 

anions at a concentration of 100 µM was investigated, as 

illustrated in Fig. 10. The findings demonstrate that even in the 

presence of equimolar concentrations of other anions, the 

addition of I− leads to a significant quenching of fluorescence, 

thereby confirming the high anti-interference capability of QIM 

with I−. The results of these competition experiments can 

provide valuable insights into the practical applications of the 

probe QIM. For example, the ability of the probe to selectively 

detect the target analyte in the presence of other interfering 

anions can determine its usefulness in real-world scenarios. 

IV. CONCLUSION 

In conclusion, the chemosensor 2-(2-(1H-imidazol-5-

yl)vinyl)-1-ethylquinolin-1-ium iodide (QIM) based on 

quinolinium and imidazole moieties has been utilized for the 

selective detection of iodide. Upon the introduction of I− salt 

into the solution of QIM, substantial alterations were observed 

in both its absorption and emission spectra. Specifically, in the 

presence of I−, the fluorescence spectra of QIM showed a 

notable decrease in fluorescence intensity (fluorescence 

quenching) compared to other anions. The sensor exhibits 

excellent selectivity towards iodide over other anions. Lastly, 

we hope that this fluorescent sensor can contribute to the 

development of simple, rapid, and cost-effective analytical 

methods for iodide detection in various applications. 
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