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In the field of food safety, sensors are widely used for the detection and 

determination of a wide variety of volatile compounds. This work presents the 

synthesis of a number of polyaniline analog polymers and the study of their 

properties as such sensors. In the course of the work, the design and preparation of 

carriers for polymers with sensor properties was carried out and, based on it,  

a new method for measuring and recording changes in the electrical conductivity  

of insoluble polymers in the presence of volatile substances was developed.  

The applicability of the developed method was verified. 
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Introduction. One of the currently available methods for determining food 

freshness is based on expiration dates, which are often considered unreliable, and 

another on time-temperature quality indicators (TTI), which can be expensive and do 

not provide true data on bacterial activity. Various types of sensors have also been 

widely used in recent years to evaluate food freshness. One of those is a sensor based 

on a conductive polymer film, which reacts with volatile substances released from 

selected foods. As a result of food biodegradation, gases and vapors are released, 

which is confirmed by the use of gas chromatography and SWIFT-MS analytical 

methods. Under the influence of various food volatile mixtures, the sensor exhibits 

quantitative changes in color, conductivity, etc., which are specific and easily 

measurable [1]. 

A well-known example of conducting polymers are polyacetylene, polypyrole, 

polythiophene and polyaniline, which are also known as conjugated polymers from 

the literature [2, 3]. Polyaniline has excellent thermal stability and provides good 

electrical conductivity [4]. Aniline is much more economically available than any 

other monomer used for the synthesis of conjugated polymers, which leads to the 

widespread use of this polymer [5–7]. The synthesis of polyaniline is also much 

simpler compared to other conjugated polymers. Polyaniline is produced either 
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chemically or electrochemically. Recently, there has been increased research interest 

in the use of this polymer as a sensor. This is due to the ability of the polymer to 

interact with different types of gas or vapor, which in turn affects the conductivity 

or color of polyaniline. The structure, preparation and doping process of polyaniline 

are schematically depicted in Scheme. 
 

 
Scheme. Chemical structure, synthesis, acid/base doping/de-doping and redox conversion of 

polyaniline [1]. 

 

Many studies have been conducted on the application of polyaniline as a sensor 

for various gases such as hydrogen, ammonia, carbon dioxide, and carbon monoxide 

[8–11]. It has been found that polyaniline can change its color and resistance under 

the influence of various reagents, as well as undergo various other changes. Many 

studies have also been done on the use of polyaniline as a sensor for volatile compounds 

[12–14]. The aim of the work is to expand the field of application of polyaniline 

analog polymers to verify their use as sensors in food quality control processes.  

Materials and Methods. In the previous works, the study of the conductivity 

of semiconducting polymers synthesized by us was performed according to Fig. 1 [15]. 
 

 
Fig. 1. The old method for electrical conductivity measurements. 

 

In this work, the goal was the determination of the change in electrical 

conductivity in the presence of volatile substances in the environment, therefore it 

was impossible to apply the above scheme, because in that case the polymer had no 

contact surface with the volatile substance. For the presented work, a new method 
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was developed for insoluble polymers, the scheme and image of the obtained 

samples are presented in Fig. 2. 
 

       
 

Fig. 2. The modeled structure and obtained samples. 

 

The sensors were prepared by pressing polymer powder onto a carrier part, as 

the obtained polymers were insoluble. The sensor structure was designed with an 

open surface (to provide a contact surface with the volatile substances to be 

determined) and a polymer-conductor contact to measure resistance changes. The 

mentioned construction allowed to make the measurements of the dependence of the 

resistance change on the concentration of volatile substances. 

Synthesis of Polyaniline Analog Polymers. The synthesis was carried out by 

oxidation-condensation of benzidine, benzidine sulfate and o-anisidine monomers of 

different molar ratios (P1, P2, P0.5) with the same molar ratio of ammonium 

persulfate using glacial acetic acid-methanol mixture as a solvent. Polyaniline was 

also synthesized under the conditions taken from the literature as a comparative 

sample. The synthesized polymers were doped with hydrochloric acid aqueous 

solutions and dried in a vacuum. 

Spectral Analysis. The spectral analysis has been performed using a PG 

Instruments T60 UV-Vis spectrometer. As the polymers were insoluble, the 

corresponding oligomers, which were the side products of the synthesis, were used.  

Thermogravimetric Studies. The thermal stability of the obtained polymers 

was measured using a STA 449 F3 Jupiter/QMS 403 QUADRO Aeolos thermo-

gravimeter coupled with a mass spectrometer.  

Fabrication of Sensors from Synthesized Polymers and Evaluation of 

Sensor Properties. A series of measurements of the change in electrical conductivity 

and concentration dependence of volatiles were performed. Acetone and methanol 

were selected as volatile substances. The 

experiments were performed in a test tube 

of known volume at a constant temperature 

(Fig. 3). 

The concentration of volatile sub-

stances (ppm) was determined by the 

following equation: 

𝐶(vol.comp.) =
𝜌(vol.comp.)𝑉(vol.comp.)𝑅𝑇

𝑀(vol.comp.)𝑃𝑉(test tube)
, 

Fig. 3. Sensor in an airtight test tube. 



TOROSYAN M. S.,  DURGARYAN N. A.                                                   193  
 

where the volume of the test tube (V(test tube)) was determined with the help of a burette 

(accuracy of 0.1 mL), measuring the volume of water placed in the test tube. The test 

tube was brought to a constant temperature 

(at which the volatiles completely transited 

to the gas phase) and held until the sensor 

equilibrated, then a certain amount of the 

volatile was added and the resistance 

changes were recorded. 

Resistance measurements were made 

using an Applent AT512 Precision Resis-

tance Meter equipment, which uses the        

“4-wire resistance measurement” method. 

The electroconductivity of polymers was 

calculated by Pouillet’s law [16]. The scheme 

of the experiment setup is shown in Fig. 4. 

Acetone and methanol, which are 

toxic and quantitatively highly controlled in 

various food production processes, were 

chosen for the experiments [17, 18]. 

Results and Discussion. Based on the fact that polyaniline has a wide 

application in sensors, it was aimed to check the sensor properties of new polyaniline 

analog polymers. The fact that the polymers have an analogous structure was 

confirmed by the UV-Vis spectral method. It is known that the trimer obtained by 

oxidation of benzidine by polycondensation method has absorption at 375 nm 

and 472 nm wavelengths, and the absorption characteristics of polyanisidine are 

expressed at 318 nm and 608 nm wavelengths [15]. 

The results of the spectral analysis are shown in Fig. 5. 
 

 
 

 

Fig. 5. Results of spectral studies of the corresponding oligomers P1, P2, P0.5. 

 
By comparing the absorption bands of oligomers of obtained samples with the 

UV-Vis spectra of polyaniline from the literature, we confirmed that the synthesized 

polymers have partially different structure from polyaniline [19]. 
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Fig. 4. System for conductivity measurement. 
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The thermograms, as well as the data obtained from a mass spectrometer for 

fragments or evolved gases, are shown in Fig. 6, a–c. 
 
 

 

 
 

 

 

 
 

 

 

 
 
 

Fig. 6. Thermograms of P1 (a), P2 (b), P0.5 (c) and mass spectrometer data. 
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The thermal stability and electrical conductivity of the obtained polymers are 

shown in Table. 
 

Degradation starting points and electrical conductivity of polymers 
 

Polymer Degradation starting point, ℃ Conductivity, σ, S‧m–1 

P1 281 1.524 ‧ 10–4 

P2 305 2.567 ‧ 10–4 

P0.5 276 1.148 ‧ 10–5 

 

As can be seen from the data obtained, depending on the change in the ratio of 

monomers, the thermal stability and electrical conductivity of copolymers also change. 

The dependence of conductivity on the concentration of volatile compounds 

is presented in Fig. 7.  
 

         
 

         
 

Fig. 7. Dependence of conductivity on the concentration of a volatile substance.  

 

Polyaniline, which is a reference sample for the obtained polymers, was 

synthesized by a well-known method taken from the literature [20]. According to 

literature data, it should also show sensor sensitivity to methanol, but as a result of 

experiments, the absence of these properties was observed [14]. 

The graphs show the dependency of conductivity on the concentration, as the 

concentration increases the conductivity decreases. Form the data obtained, it can be 

noticed that only P1 and P0.5 polymers showed sensitivity towards methanol.  

All polymers were sensitive to acetone. Based on the thermogravimetric data and 
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electrical conductivity values of polymers, the tendency of decrease in thermal 

stability and electrical conductivity can be interpreted by the reduction of 

quinonediimine units in the polymer structure.  

Conclusion. A new method of electrical conductivity measurement has been 

developed for the insoluble polymers, which at the same time allowed to evaluate 

the sensory properties of the obtained polymers. The connection between the 

polymer structure and its thermal stability and electrical conductivity has been 

shown. The dependence of the conductivity of the polymers on the concentration of 

volatile compounds has been shown. The dependency is inversely proportional.  

The sensitivity of the polymers towards the volatile compounds has been noticed to 

differ from each other, as a consequence of the higher content of quinonediimine 

units. This indicates that the selectivity can be achieved by controlling the polymer 

structure. Thus, this research has shown that the polyaniline analog polymers have 

sensitivity and can be used as sensors. 
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ՀԱՂՈՐԴԻՉ  ՊՈԼԻՄԵՐՆԵՐԸ,  ՈՐՊԵՍ  ՆՅՈՒԹԵՐ,   

ՈՐՈՆՔ  ԿԻՐԱՌՎՈՒՄ  ԵՆ  ՍԵՆՍՈՐՆԵՐՈՒՄ  ՍՆՆԴԻ  

ԱՆՎՏԱՆԳՈՒԹՅԱՆ  ՈԼՈՐՏՈՒՄ  ՑՆԴՈՂ  ՄԻԱՑՈՒԹՅՈՒՆՆԵՐԻ  

ՈՐՈՇՄԱՆ  ՀԱՄԱՐ 

 

Սննդի անվտանգության ոլորտում սենսորները լայնորեն կիրառվում  

են տարբեր տեսակի ցնդող միացությունների հայտնաբերման և նույնա-

կանացման համար: Այս աշխատանքում ներկայացված է պոլիանիլինի 

անալոգ կառուցվածքի մի շարք պոլիմերների սինթեզը և դրանց հատկու-
թյունների ուսումնասիրությունը՝ որպես տվիչներ։ Աշխատանքի ընթացքում 

իրականացվել են սենսորային հատկություններով պոլիմերների կրիչների 

նախագծում և պատրաստում, և դրա հիման վրա մշակվել է ցնդող նյութերի 

առկայությամբ չլուծվող պոլիմերների էլեկտրահաղորդունակության փոփո-
խության չափման և գրանցման նոր մեթոդ: Փորձարկվել է մշակված մեթոդի 

արդյունավետությունը։ 
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ПРОВОДЯЩИЕ  ПОЛИМЕРЫ  КАК  МАТЕРИАЛЫ,   

ИСПОЛЬЗУЕМЫЕ В  СЕНСОРАХ  ДЛЯ  ОПРЕДЕЛЕНИЯ  ВАЖНЫХ  

ЛЕТУЧИХ  СОЕДИНЕНИЙ  В  ОБЛАСТИ  ПРОДОВОЛЬСТВЕННОЙ 

БЕЗОПАСНОСТИ 

 

В области безопасности пищевых продуктов широко используются 

сенсоры для обнаружения и определения самых разнообразных летучих 

соединений. В данной работе представлены синтез ряда полимеров-аналогов 

полианилина и исследование их свойств в качестве таких сенсоров. В ходе 

работы выполнено проектирование и приготовление носителей для полимеров 

с сенсорными свойствами, и на их основе разработан новый метод измерения 

и регистрации изменения электропроводности нерастворимых полимеров в 

присутствии летучих веществ. Проверена работоспособность разработанного 

метода. 

 

 

 

 

 

 

 

 

 

 


