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Abstract: This review article provides a comprehensive analysis of the advancements in organic heterocyclic 

compounds as ionophores for potentiometric sensors over the past decade. It highlights their critical role in modern 

analytical chemistry and their impact on sensor performance. Various classes of heterocyclic ionophores—including 

five-membered monoheterocyclic compounds (e.g., pyrazole and 1,2,4-triazole derivatives), pyridine derivatives, 

condensed heterocyclic compounds (such as indoles, quinazolines, cucurbiturils, benzimidazoles, benzothiazoles, 

carbazoles, and thiazines), Schiff bases, and macroheterocyclic compounds—are systematically reviewed. Special 

emphasis is placed on the design, synthesis, and optimization of these ionophores within polymer-based and PVC 

membrane electrodes, along with their key performance parameters such as linear concentration ranges, detection 

limits, response times, and ion selectivity. By analyzing research findings from the last 10 years, this review 

underscores the advantages of organic heterocyclic ionophores in terms of selectivity, stability, and versatility, 

making them highly suitable for applications in environmental monitoring, clinical diagnostics, food safety, and 

industrial analysis. Additionally, emerging trends and ongoing challenges in potentiometric sensor development are 

discussed, offering insights into future research directions in this rapidly evolving field. 

 

Keywords: Ionophores; potentiometric sensors; ion-selective electrodes; PVC membrane electrodes; sensor selectivity; 

macroheterocyclic compounds. ©2025 ACG Publication. All right reserved. 

 

1. Introduction 

 
Organic heterocyclic compounds play a crucial role in modern analytical chemistry [1, 2]. Their 

unique chemical structures, combined with their ability to interact selectively with a range of ions, make 

them invaluable as ionophores—key functional components in sensors designed to deliver exceptional 

selectivity and sensitivity [3–7]. 

In potentiometric analysis, ionophores are integral to determining a sensor’s ability to 

selectively target specific ions. Organic heterocyclic compounds are particularly well-suited for this 

function due to several distinct properties: their polarizability and the presence of heteroatoms, which 

promote the formation of strong ion complexes [8]; their structural versatility, enabling fine-tuning of 

chemical properties to address specific analytical challenges [9]; and their long-term stability, which 

ensures both sensor durability and the reliability of measurements over time [10]. 

Ionophores are specialized molecules that facilitate the selective transport or binding of specific 

ions, playing a crucial role in ion-selective electrodes (ISEs) [11-13]. They function by forming 

reversible complexes with target ions, thereby enabling highly selective ion recognition. Depending on 

their structural framework, ionophores can be classified as neutral carriers, charged carriers, or 

 
* Corresponding author: E-Mail: nataliya.korol@uzhnu.edu.ua, Phone: + 38 0957043456. 

http://www.acgpubs.org/journal/organic-communications
http://doi.org/10.25135/acg.oc.183.2502.3444
mailto:nataliya.korol@uzhnu.edu.ua
https://orcid.org/0000-0001-7155-1676
https://orcid.org/0000-0003-1063-013X
https://orcid.org/0000-0003-4788-0511


 

Organic heterocyclic compounds as ionophores 

 

4 

macrobicyclic compounds such as crown ethers and cryptands. Their effectiveness is largely influenced 

by factors such as ligand geometry, the presence of electron-donating or withdrawing groups, and the 

rigidity or flexibility of the molecular backbone. These characteristics dictate the binding affinity and 

selectivity toward particular cations or anions, making ionophores indispensable in the development of 

highly responsive and accurate potentiometric sensors. 

Significant advancements include the development of functional derivatives such as pyrazoles 

[14, 15], thiazoles [16, 17], and triazoles [18, 19], which have demonstrated high selectivity toward 

alkali metal cations, alkaline earth metal cations, heavy metals, and certain anions. 

This review offers a comprehensive overview of the application of organic heterocyclic 

compounds as ionophores in potentiometric methods, highlighting key research advancements from the 

past decade. 

 

2. Literature Review 
 

2.1. Pyrazole Derivatives 

 

A research group [20] developed a novel polyvinyl chloride (PVC)-based membrane potentiometric 

sensor for the determination of chromium(III) ions. In this sensor, 5,5′-(1,4-phenylene)bis(3-

(naphthalen-1-yl)-4,5-dihydro-1H-pyrazole-1-carbothioamide) was used as a neutral ionophore. The 

optimal membrane composition included the ionophore, potassium tetrakis(4-chlorophenyl)borate 

(KTpClPB), dibutyl phthalate (DBP), and PVC in a ratio of 5.5:1.5:55:38 (mg). The sensor featured a 

working concentration range of 1.0×10–5–1.0×10–1 mol/L, detection limit of 1.7×10–6 mol/L, response 

time of 8 seconds, and operation over a pH range of 5.0–11.0. 

The sensor demonstrated excellent selectivity for chromium(III) ions compared to other 

investigated cations, including alkali, alkaline earth, heavy, and transition metals. Moreover, it exhibited 

good reusability and stability. 

The study further showed that this sensor could be employed as an indicator electrode in the 

quantitative determination of Cr³⁺ ions by potentiometric titration with ethylenediaminetetraacetic acid 

(EDTA). The titration was successfully applied to samples of industrial water, distilled water, and 

wastewater. The ionophore was synthesized according to Scheme 1. 
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Scheme 1. Synthesis of the ionophore 5,5′-(1,4-phenylene)bis(3-(naphthalen-1-yl)-4,5-

dihydro-1H-pyrazole-1-carbothioamide). 

 

 

In a subsequent study, the same research group [21] developed a solid-state contact 

potentiometric membrane electrode based on bis-1,5-dimethyl-2-phenyl-1,2-dihydro-3H-pyrazol-3-one 

(Fig. 1) as an ionophore for the selective detection of Hg²⁺ ions. The electrode’s performance was 

evaluated over a mercury ion concentration range of 1.0×10–2 to 1.0×10–6 mol/L, showing excellent 

linearity (R² = 0.9997) with a detection limit of 1.2×10–7 mol/L. It maintained high selectivity for Hg²⁺ 

ions, unaffected by other ions, and exhibited a potential change of 62.0 ± 2.0 mV for each tenfold 

increase in mercury(II) ion concentration. The electrode’s potentiometric response was stable in the pH 

range of 3.0 to 10.0. Similar to the earlier pyrazole-based sensor, this electrode was successfully used 

to determine mercury(II) in various water samples and as an indicator electrode in the potentiometric 

titration of mercury(II) ions with EDTA. 
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Figure 1. The structure of the ionophore is 5,5′-(1,4-phenylene)bis(1,5-dimethyl-2-phenyl 

                                                            1,2-dihydro-3H-pyrazol-3-one) 

 

2.2. Triazole Derivatives 

 

A new PVC membrane electrode for the determination of Bi³⁺ ions has been developed, as 

described in [22]. This electrode is based on 5-(3,4,5-trimethoxyphenyl)-4-amino-1,2,4-triazole-3-thiol 

(Fig. 2) as the ionophore and uses o-nitrophenyl octyl ether (o-NPOE) as a plasticizer. The sensor 

demonstrated a Nernstian response for Bi³⁺ ions over a concentration range of 5.0×10–7 to 1.0×10–2 

mol/L, with a slope of 19.8 mV/decade. It operated within a pH range of 3.0–6.0, had a response time 

of 6 seconds, and maintained consistent performance for at least five weeks. Additionally, it exhibited 

good selectivity against a wide range of alkali, alkaline earth, transition, and heavy metal ions. The 

electrode was successfully employed as an indicator in the potentiometric titration of Bi³⁺ ions with 

EDTA and in the determination of Bi³⁺ content in gastric preparations. 
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Figure 2. The structure of the ionophore is 5-(3,4,5-trimethoxyphenyl)-4-amino-1,2,4 

                                                               triazole-3-thiol 

 

2.3. Pyridine Derivatives 

 

Heterocyclic compounds based on pyridine and urea (Fig. 3) that contain hydrogen bond 

donor/acceptor groups have been employed as ionophores in polymer membrane ion-selective 

electrodes for the determination of hydrosulfide and hydrosulfate anions [23]. Optimization of the 

membrane components—such as the choice of lipophilic additives and plasticizers—led to ion-selective 

electrodes that exhibit a Nernstian response for hydrosulfide/hydrosulfate with enhanced selectivity 

toward lipophilic anions and halides (Fig. 4). For the determination of hydrogen sulfate in water samples, 

these optimized electrodes demonstrated good reversibility and improved detection limits, featuring a 

linear response in the range of 5×10⁻⁵ M to 1×10⁻² M and a detection limit of 1×10⁻⁶ M. 
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Figure 3. The structure of the ionophore is N,N'-{pyridine-2,6-diylbis[(ethyne-2,1-diyl)(4-

tert-butylphenyl)-2,1-diyl]}bis(N'-(4-methoxyphenyl)urea) 

 

 
 

Figure 4. Results of the potentiometric determination of anions using the ionophore N,N'-   

{pyridine-2,6-diylbis[(ethyne-2,1-diyl)(4-tert-butylphenyl)-2,1-diyl]} 

bis(N'-(4-methoxyphenyl)urea) 

 

In another study, the authors [24] fabricated and investigated a new polyvinyl chloride (PVC) 

membrane electrode that utilizes 2-benzoylpyridine semicarbazone as the ionophore, dioctyl phthalate 

as the plasticizer, and sodium tetraphenylborate (NaTBP) as an additive for the selective determination 

of Zn(II) ions. The optimal membrane composition was determined to be 30% PVC, 58% plasticizer, 

8% NaTBP, and 4% 2-benzoylpyridine semicarbazone. The ionophore was synthesized following the 

reaction scheme shown in Scheme 2. The sensor exhibited a linear response over the concentration range 

of 1.0×10⁻² to 4.56×10⁻⁶ M, a detection limit of 2.28×10⁻⁶ M, and a response time of less than 10 

seconds. Moreover, the electrode maintained stable performance for at least six months and was 

successfully applied to the analysis of fruit and vegetable samples. 
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Scheme 2. Synthesis of the ionophore 2-benzoylpyridine semicarbazone. 

 

Authors [25] prepared PVC-based ion-selective membranes by combining CP-DPA, dibutyl 

phthalate (or dioctyl phthalate), PVC, and THF. Within the 1×10−2 to 1×10−5 mol/L range, the electrodes 

exhibited near-Nernstian responses, with slopes of 57.2±1.3 mV/decade (dibutyl phthalate) and 61.6 ± 

1.2 mV/decade (dioctyl phthalate). The lower detection limits, determined from the intersections of 

extrapolated linear segments of the calibration plots, were 5.7×10−6 M for the DBP-based electrode and 

8.0×10−6 M for the DOP-based electrode. Response times were approximately 30 s for concentrations 

between 10−5 and 10−2 M, and about 60 s in the 10−7 to 10−5 M range. Over a three-week period, the 

electrodes retained Nernstian slopes (varying by no more than ±2 mV/decade), though by the end of this 

interval the detection limit shifted to 10−3 M CP chloride.  

The same research group [26] developed the ionic associate (IA) of cetylpyridinium chloride 

(CPC) and tetraphenylborate (TPhB) which served as the ionophore. Validation of the fabricated 

electrode was carried out by examining its response in CPC and sodium dodecyl sulfate (DDS) solutions 

over a concentration range of 10–7 to 10–1 mol/L. The electrode displayed a near-theoretical slope of 

approximately 58 mV/decade and linear behavior from 10–5 to 10–1 mol/L. Notably, the electrode 

exhibited high sensitivity toward cationic surfactants and various lipophilic anions, resulting in a 

substantial potential jump at the equivalence point suitable for potentiometric titration. Perrhenate, 

bichromate, tungstate, periodate, vanadate, and perchlorate yielded significant potential changes, they 

did not produce the classic titration curve below 10–4 mol/L; however, these ions can still be analyzed 

in more concentrated solutions. In the case of labile complexes, optimal ligand concentrations favored 

the formation of mono-, di-, or tri-charged anionic species, which yielded the maximum analytical 

signal. Among the organic anions investigated, those of higher lipophilicity produced pronounced 

endpoint potential breaks. For instance, in solutions of 10–4 mol/L and above, a substantial potential 

break was observed starting from picrate. Consequently, the tested anions were placed in the following 

lipophilicity (selectivity) order: dipicrylaminate ≥ tetraphenylborate > [P(W2O7)6]7– > hexadecyl sulfate 

> [BiI4]– > [TlBr4]– > [HgI4]2– > [AuCl4]– > [Hg(SCN)4]2– > dodecyl sulfate > laureth sulfate ≥ 

[Zn(NCS)4]2– ≥ [TlCl4]– ≥ [IrCl6]2– ≥ [HgBr4]2– > [TaF7]2– > picrate > [Co(NCS)4]2– > MnO4
– > [HgCl4]2– 

≥ [Fe(CN)6]4– ≥ [Fe(CN)5NO]2– > ReO4
– ≥ [Fe(CN)6]3– > [PdCl4]2– > Cr2O7

2– > WO4
2– > IO4

– ≥ VO3
– ≥ 

[BF4]– ≥ 4-tert-butylbenzene-1-sulfonate ≥ ClO4
– > butyl xanthate ≥ disulfine Blue VN 150 ≥ SCN– > I– 

≥ mesitylenesulfonate ≥ salicylate > MoO4
2– ≥ Br– ≥ lignosulfonate > sebacate ≥ IO3

– ≥ 4-nitrobenzoate 

≥ NO3
– ≥ [FeCl4]– ≥ SeO3

2– ≥ S2O3
2– ≥ ClO3

– ≥ [SiF6]2– ≥ p-toluenesulfonate ≥ SeO4
2– ≥ sulfanilate. 
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Figure 5. The structure of cetylpyridinium anion (above) and cetylpyridinium chloride  

 

2.4. Indole 

 

Solid-state potentiometric sensors for calcium determination were developed by the authors of 

[27]. These sensors were constructed by depositing a thin film composed of polymer membranes onto 
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gold electrodes pre-coated with the conducting polymer poly(3,4-ethylenedioxythiophene), which 

served as an ion-to-electron transducer. More than 40 sensor variants were investigated, each containing 

varying amounts of different ionophores—with and without anionic lipophilic additives. Indole 

derivatives (Fig. 6) were examined as ionophores, and the resulting sensors were used to determine 

calcium concentrations in blood serum. The results correlated well with those obtained from a standard 

electrolyte analyzer in a clinical laboratory. 

 

 
 

Figure 6. Chemical structures of ionophores – derivatives of 2-hydroxy-3-[(E)-(2-oxo-

1,2-dihydro-3H-indol-3-ylidene)amino]benzoic acid 

 

2.5. Quinazoline 

 

Quinazolines and their derivatives are important chromophores with favorable electrochemical 

properties for use in ion-selective sensors [28]. Their metal complexes have demonstrated significant 

electrochemical behavior as ionophores or electroactive substances when incorporated into various 

polymer membranes (Fig. 7). Quinazoline derivatives have been utilized as ionophores within a PVC 

matrix to fabricate potentiometric ion-selective electrodes for the determination of analytes such as 

butralin, hydroxylamine, and nitrite, as well as heavy metal ions like Fe³⁺ and Th⁴⁺. These electrodes 

have been successfully applied to samples of food products, drinking water, beverages, fertilizers, and 

industrial soils. 

 
 

Figure 7. Composition of the ion-selective membrane as investigated in [25]. 
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2.6. Cucurbituril 

 

In study [29], the authors described a method for determining activated biogenic amines by 

combining ion-pair chromatography with potentiometric detection for food quality control. To fabricate 

an aminoselective electrode, cucurbit[6]uril (Fig. 8) was used as the ionophore. Biogenic amines were 

separated using a C18 column with gradient elution, employing a mobile phase containing lithium 

formate buffer, acetonitrile, and sodium butanesulfonic acid as an ion-pairing agent. This method 

enabled the simultaneous detection of ten biogenic amines—methylamine, ethylamine, putrescine, 

cadaverine, histamine, spermidine, spermine, tyramine, phenylethylamine, and tryptamine. Analysis of 

tomato samples yielded recovery rates between 85.8% and 108.5%, confirming the method’s high 

accuracy. Thus, the proposed system represents an attractive, rapid, and environmentally friendly 

approach for the determination of biogenic amines in food products. 
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Figure 8. Chemical structure of cucurbit[6]uril 

 

2.7. Benzimidazole 

 

A group of authors [30] developed a novel potentiometric, self-plasticizing polypyrrole sensor 

for the determination of Hg²⁺ cations based on a bidentate bis-NHC ligand. The ionophore, bis[1-benzyl-

benzimidazolylmethyl]-4-methylbenzenesulfonamide bromide (NHCL) (Scheme 3), was successfully 

synthesized and characterized using various physicochemical methods. The optimized electrode 

exhibited a Nernstian response for Hg²⁺ ions over the range of 1.0×10⁻⁶ to 1.0×10⁻² M, with a detection 

limit of 2.5×10⁻⁷ M and a response time of approximately 20 seconds at room temperature. This 

membrane sensor was effectively applied for determining various concentrations of mercury(II) in real 

samples. In a subsequent study [31], the same ionophore was employed for the first time in the 

determination of Ag⁺ ions. Spectrophotometric studies revealed a 1:2 stoichiometry for the NHCL:Ag⁺ 

complex in DMSO (Scheme 3). The electrode exhibited a linear response for Ag⁺ in the range of 

2.5×10⁻⁶ to 1.0×10⁻¹ M, with a detection limit of 2.00×10⁻⁶ M, a response time of approximately 20 

seconds, and a working pH range of 3.5–9.0. It was successfully applied to the direct determination of 

Ag⁺ in tap water and standard samples with satisfactory accuracy and precision. 
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Scheme 3. Synthesis of the ionophores bis[1-benzyl-benzimidazolylmethyl]-4-methyl-

benzenesulfonamide bromides. 

 

 

2.8. Benzothiazole 

 

Benzothiazole-based chelating ionophores such as 1,3-bis[2-(1,3-benzothiazol-2-yl)-

phenoxy]propane (L1) and 1,2′-bis[2-(1,3-benzothiazol-2-yl)-phenoxy]2-ethoxyethane (L2) (Fig. 9) 

were synthesized and evaluated as neutral ionophores for Cu²⁺ ion-selective electrodes [32]. The study 

involved constructing various electrode types, including PVC-based electrodes, coated graphite 

electrodes, and pyrolytic graphite electrodes with membrane coatings. The electrode with a composition 

of 1,2′-bis[2-(1,3-benzothiazol-2-yl)-phenoxy]2-ethoxyethane:PVC:1-chloronaphthalene:sodium 

tetraphenylborate in the ratio 6:39:53:2 exhibited the best potentiometric characteristics. Comparative 

studies showed that the pyrolytic graphite electrode with this coating achieved a low detection limit of 

6.30×10⁻⁹ mol/L, a Nernstian slope of 29.5 mV/decade, and a response time of 9 seconds, while 

maintaining stable performance for up to 5 months. This sensor was successfully applied to detect Cu²⁺ 

ions in water, soil, and medicinal herb samples and was also used as an indicator electrode in the 

potentiometric titration of Cu²⁺ with EDTA. 
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Figure 9. Chemical structures of 1,3-bis[2-(1,3-benzothiazol-2-yl)phenoxy]propane (left) and 

1,2'-bis[2-(1,3-benzothiazol-2-yl)phenoxy]2-ethoxyethane (right) 
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2.9. Carbazole 

 

An ionophore was reported to be synthesized via the esterification of rhodamine B with 9H-

carbazole-9-ethanol (Scheme 4), and the resulting compound was electropolymerized by cyclic 

voltammetry [33]. The resulting polymer was deposited on both ITO glass and screen-printed electrodes. 

For the ITO/glass system, the selective response toward mercury(II) ions was observed over the range 

of 10⁻² M to 10⁻⁹ M, with a detection limit of 6.4×10⁻⁹ M. For the screen-printed electrode system, the 

response range was 10⁻² M to 10⁻¹¹ M, with a detection limit of 2.02×10⁻¹² M. 

 

 

 
 

 

                     Scheme 4. Synthesis of the ionofore – a derivtıve of 9H-carbazole-9-ethanol. 

 

2.10. Thiazine 

 

The complexation of 2,3-dihydro-1H-phenothiazin-4(5aH)-one (Fig. 10) with 14 different 

cations was investigated using density functional theory in [34]. Initially, the structures of the ligand, 

the cations, and their respective complexes were geometrically optimized. Subsequently, IR calculations 

were performed to determine the enthalpy of formation and Gibbs free energy values. The results 

indicated that 2,3-dihydro-1H-phenothiazin-4(5aH)-one forms the strongest and most stable complex 

with Cr³⁺, as evidenced by the lowest enthalpy change, confirming an exothermic complexation process 

(Fig. 11). These findings suggest that this heterocyclic compound is a promising electroactive substance 

for developing a Cr³⁺-selective potentiometric electrode. All calculations were carried out using density 

functional theory at the B3LYP/6-31G(d) level. 
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Figure 10. Chemical structure of 2,3-dihydro-1H-phenothiazin-4(5aH)-one 
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Figure 11. Enthalpy change values for the complexes studied 

 

2.11. Schiff Bases 

 

Schiff base derivatives featuring pseudocavities with various heteroatoms (O, N, and S) were 

designed, synthesized, and evaluated for their ability to detect different metal ions [35]. Ultraviolet and 

fluorescence studies showed that all three receptors (Fig. 12) were highly responsive to Cu²⁺ ions, while 

the thiophene-containing compound also exhibited sensitivity toward Hg²⁺ ions. Electrochemical 

experiments revealed Cu²⁺ detection limits ranging from 1.41×10⁻⁷ M to 9.8×10⁻⁷ M, and the detection 

limit for Hg²⁺ using the thiophene-containing receptor was 5.61×10⁻⁸ M. The sensors, constructed on 

carbon electrodes, were successfully tested on groundwater samples. 
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Figure 12. Chemical structures of the studied Schiff bases 

 

2.12. Diazacyclooctadecane 

 

A novel PVC membrane sensor for the quantitative determination of cerium(III) was fabricated 

using 4,13-didecyl-1,7,10,16-tetraoxa-4,13-diazacyclooctadecane (cryptofix22DD) (Fig. 13) as the 

ionophore [36]. The sensor exhibits a linear response over the concentration range of 1.0×10⁻⁶ to 

1.0×10⁻¹ M, a Nernstian slope of 18.0 ± 1.0 mV/decade, a detection limit of 9.7×10⁻⁷ M, and a response 

time of 5 seconds. It maintains stable performance for up to two months without significant potential 

drift. The sensor shows high selectivity for Ce³⁺ ions over various alkali, alkaline earth, and transition 

metal cations, operating effectively in a pH range of 2.0–11.0. It was also successfully used as an 

indicator electrode in the potentiometric titration of Ce³⁺ with EDTA and sodium iodide solutions. 
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Figure 13. Chemical structure of 4,13-didecyl-1,7,10,16-tetraoxa-4,13-diazacyclooctadecane    

(cryptofix22DD) 

 

2.13. Chiral Lariat Esters of Monoaza-15-Crown-5 

 

Chiral lariat esters of monoaza-15-crown-5 (Fig. 14), attached to a 1,2-O-isopropylidene-α-D-

glucofuranoside unit, were synthesized and investigated as ionophores. Their ability to extract alkali 

metal and ammonium picrates from a dichloromethane–water system was studied. Plasticized PVC 

membrane electrodes were fabricated using a triphenylmethyl (trityl) ether derivative based on α-D-

glucofuranoside. One of the resulting lariat esters exhibited high selectivity for Ag⁺ ions [37]. 

 
 

Figure 14. Chemical structures of monoaza-15-crown-5 lariat esters 

 

 

 

2.14. Calixpyrrole 

 

A receptor based on an aryl-substituted calix[4]pyrrole featuring a monophosphonate bridge 

(Fig. 15) exhibits significant affinity for creatinine and its cationic form [38]. The receptor functions by 

incorporating the target molecule into its polar aromatic cavity and establishing specific three-

dimensional interactions. When embedded in an appropriate polymer membrane, it acts as an ionophore. 

On this basis, a highly sensitive and selective potentiometric sensor was developed for the rapid, simple, 

and cost-effective determination of creatinine levels in biological fluids such as urine or plasma. 

 

 
 

Figure 15. Chemical structure of an aryl-substituted calix[4]pyrrole with a monophosphonate 

bridge 
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2.15. Oxovanadate(IV) Complexes of Heteromacrocyclic Compounds 

 

PVC membrane electrodes based on oxovanadate(IV) complexes of heteromacrocyclic 

compounds (Fig. 16) were fabricated as novel iodine-selective ionophores for ion-selective electrodes 

(ISEs) [39]. The optimized membrane composition consisted of PVC (28.1 wt.%), plasticizer (69.3 

wt.%), ionophore (2.6 wt.%), and a cation scavenger (15 mol% relative to the ionophore). The electrode 

comprising tetraphenylporphyrin oxovanadium(IV) with 2-nitrophenyl octyl ether (o-NPOE) as the 

membrane solvent and tetradodecylammonium chloride (TDDACl) as the cation scavenger 

demonstrated the best performance. It exhibited a wide concentration range from 5.0×10⁻⁷ to 2.1×10⁻² 

M, a Nernstian slope of –59.02 mV/decade, and excellent ion selectivity toward I⁻ ions over perchlorate 

ions (I⁻/ClO₄⁻ = 91). 

 

 
 

Figure 16. Hofmeister series of the studied anions and chemical structures of oxovanadates 

(IV) of heteromacrocyclic compounds 

 

3. Conclusion 
 

In summary, the extensive review of organic heterocyclic compounds as ionophores in 

potentiometric sensors underscores their pivotal role in advancing analytical methodologies. These 

compounds exhibit unique advantages—including high selectivity, enhanced stability, and the ability to 

fine-tune their chemical properties—that are critical for the development of efficient and reliable 

sensors. The integration of diverse heterocyclic structures into membrane electrodes has led to 

significant improvements in sensor performance, enabling precise detection of a wide range of analytes 

in environmental, clinical, and industrial settings. Despite the notable progress, challenges remain in the 

development of novel heterocyclic architectures and the further miniaturization of sensor systems. 

Future research should focus on addressing these challenges to harness the full potential of these 

ionophores, thereby paving the way for next-generation, high-performance analytical devices. 
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