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The important problem to ensure the safety of life is the development of effective methods for monitor-
ing of toxic gases in the atmosphere and industrial premises. To ensure such control, various gas sensors
are developed that work on the effects of changes in electrical resistance, optical absorption or radiation in
a certain spectral range. Most known gas sensors have high operating temperatures, which creates some
difficulties in their operation, so more and more attention is paid to sensors based on conjugated electrical-
ly conductive polymers, in particular, polyaminoarenes. In result of absorption of inorganic polar gases
such as ammonia, nitrogen oxide, hydrogen chloride and others the significant changes in conductivity,
optical absorption and morphology of polyaminoarene films are observed. However influence of organic
solvent vapors on the optical spectra of polyaminoarene films for today is poorly studied. In the present
work the functional polymer films of polyanisidine (PoA) and polytoluidine (PoTI) are proposed as sensitive
elements of optical sensors operating at room temperatures. The sensitive films on the transparent SnO:
surface were prepared by electrodeposition. The influence of vapors of organic solvents (dimethylforma-
mide, tetrahydrofuran, chloroform, nitrobenzene, toluene) on the optical characteristics of PoTi and PoA
films was established. The optical absorption spectra investigated PoA film was characterized by two band
with maximum near 360410 nm (zw—n* transition) and broad band in the range of 620-950 nm which is a
superposition of the second and third bands. Influence of organic vapors causes the changes in films
coloration. The maximum of sensitivity to the organic vapors for PoTl films in all cases is observed at
A> 550 nm and extends to near-infra-red area indicating a formation of free charge carriers of polaron
type. Nonpolar solvent vapors insignificantly affect the optical properties of polyaminoarene films responces
to spectral changes in the visible and NIR range of spectrum. A highest gas sensitivity of optical signal was
observed under influence of dimethylformamide and tetrahydrofuran vapors. The time to establish the
steady-state value of the optical response is 3060 s for PoTi, while for PoA reaches 120-180 s depending
on the nature of organic vapors.

Key words: optical sensor, absorption, organic solvents, polyanisidine, polytoluidine.
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Baswciusoro npobnemoro capanmyeanns Oesnexu HcummeisanbHocmi aoell € po3pooKa ehekmusHux Memooie KOHMpPOIO MOKCUYHUX
2asie 6 ammocepi ma upoOHUHUX npuminyennsx. [l 30CHeRHs MAKo20 KOHMPOIIO Po3POONSIOMbCs PIBHOMAHIMHI 243061 CEHCOPU, SIKT
npayioioms Ha eghekmax 3MiHU e1eKmpUdHO20 ONOpy, ONMUYHO20 NOTUHAHHA YU GUNPOMIMIOBAHHA Y NEGHOMY CHEKMPANIbHOMY OlaNA30Mi.
Binvwicmes gioomux eazoeux ceHcopie maoms 8UCOKi poboui memnepamypu, wo YCKIAOHIOE IXHIO eKCRIyamayiio, momy ece Oiibuie yeazu
NPUOINAEMbCA OAMYUUKAM HA OCHOBI CHPSHCEHUX eleKMPONPOGIOHUX NONIMEDPI8, 30KpeMa NOAIaMiHOapeHis. Y pe3yibmami noeiuHauHA Heop-
2AHIYHUX NOJAPHUX 2A316, MAKUX K AMIAK, OKCUO A30MY, XI0POGOOEHb MA iHWLI, CNOCMEPI2alomMbCs 3HAUHI 3MIHU NPOBIOHOCHI, ONMUYHOSO
NO2IUHAHHA ma mMopghonoii noniaminoapenosux niieok. OOHAK 6NIUE NAPIE OP2AHIYHUX POZUUHHUKIE HA ONMUYHI CHeKMPU NONIAMIHOAPeHI8
Ha Cb020OHI Hedocmamubo usueHull. B yiit pooomi ¢ynkyionanvui nonimepni naieku noxianisuouny (PoA) ma nonimonyiouny (PoTl) npo-
NOHYIOMbCSL AK YYMAUGE eleMeHmU ONMUYHUX OAmYuKie, wo npayrooms 3a Kimwamuux memnepamyp. CeHcopHi NIi6KU ompumysaiu eileKkm-
POOCAOIUCEHHAM NONIMepI8 Ha nogepxhio nposopux SnOz enekmpoodis. Bcmanoeieno 6niue napie opeaniunux po3yuHHUKI@ (Oumemuigop-
mamio, mempaziopoghypar, xiopogopm, Himpobenzon, monyon) Ha onmuyHi xapakmepucmuxu niieox PoTi ma PoA. Cnexmpu onmuunozo
NO2TUHAHHA Q0CHiOXMCY8aHoi naieku PoA xapakmepusysanuce osoma cmyzamu 3 makcumymom 0ausvko 360—410 um (nepexio m—m *) ma
wupokoio cmyzo1o 6 oianazomi 620—-950 nm, wo € cynepnosuyiero opyeoi ma mpemuvoi cmye. Bniue opeaniunux napie cnpuyunse sminu 3a6a-
P6lleHHs NIIBOK, W0 8ionogioae cnekmpanvHum 3minam euoumoeo ma NIR-Oianasomny cnexmpy. Hatleuwa eazouymausicms onmuunozo
cuenany onsa I[loTi cnocmepizanacy nio éniueom napie oumemungopmamioy ma mempaziopogypany. Maxcumym uymaugocmi 00 OpeaniyHux
napie ons naisok PoTl y ecix eunaokax cnocmepicaemscs npu A > 550 wm i nowuproemscs Ha matidxce inpaiepsony o6aacmes, wjo 6Ka3ye Ha
YMBOPEHHsL BIIbHUX HOCTI8 3aps0y noJsapoH06o2o muny. Henonsaphi napu po3uuHHUKi¢ cymmeso niueaioms Ha ONMUYHI 61ACMUSOCTIE NIIBOK
noaiamiHoapeHy y 8i0nogiob Ha cnekmpaivHi 3miHu euoumozo ma NIR-Oianazony cnexmpy. HYac 6cmano6ieHHs cMAYIOHAPHO20 3HAYEHHS
onmuunozo i02yky cmarosums 30—60 c ons IloTi, mumuacom sax oas I1oA docseae 120—180 ¢ 3anedxncHo 8i0 npupoou opeaniyHux napie.

Knwowuosi cnosa: onmuunuii damuux, abcopoyis, OpeaniyHi poUUHHUKU, NOJIAHI3UOUH, RO MOJLYIOUH.

Introduction optical type of sensors. However, the effect of the vapors

of organic solvents on the optical spectra of PoTI and

Due to environmental degradation situations in  PoA films for today is poorly studied. In the present work

Ukraine and in the world an important problem is the we investigated influence of the adsorption of organic

development of effective methods for monitoring of toxic  solvents — chloroform, tetrahydrofuran (THF), dimethyl-

gases in the atmosphere and industrial premises. Special ~ formamide (DMF), toluene and benzene, etc. on the opti-

devices (sensors) allow detecting harmful factors below cal spectra of PoTI and PoA thin films on the transparent
the limit of their perception by human senses organs SnO,surface.

(Dong et al., 2016; Aksimentieva et al, 2018;

Aksimentyeva et al., 2019; Tsizh & Aksimentyeva, 2020). Material and methods
The key elements of sensors, regardless of their design,
are an indicator substance — a sensory medium that The thin films of PoTI and PoA were obtained by the

changes its properties (optical, electrical, etc.) in response  method of “in situ” electrochemical polymerization of o-
to an external action. Most known gas sensors have high  toluidine and o-anisidine on the transparent surface of the
operating temperatures, which creates certain difficulties conductive SnO; coated glass as described in (Tsizh et al.,
in their operation, so more and more attention is paid to  2017). Electrosynthesis was realized under cyclic sweep-
sensors based on conjugated electrically conductive pol- ing potential in the range from 0 to 1.0 V (Ag/AgCl) at
ymers, in particular, polyaminoarenes operating at room  sweep rate of 50 mV/s and the number of cycles N = 50.
temperatures. The interesting optical phenomena, which ~ As a power source used the potentiostat PI-50 paired with
are inherent in conjugated polyaminoarenes and are part a digital controller MTech CON-PI-50-2. Optical absorp-
of their specific properties, are the ability to optical trans-  tion spectra of the obtained films were recorded in quartz
formations, namely — changes in the spectra of optical cells using a SF-46 spectrophotometer (spectral range
absorption under the influence of external factors, includ- 200-1100 nm) and a KFK-3 photoelectrocolorimeter.
ing gas adsorption (Bai et al., 2007; Hu et al., 2017;  Operating wavelength range — from 400 to 900 nm. All
Aksimentieva et al., 2018). Of interest are the optical measurements were carried out at room temperature.
properties of conjugated polymer systems, which are  Thickness of the films measured with microinterferomer
detected both in the visible range of the spectrum and in ~ MII-4 was 360 £ 20 nm.

the near-IR and UV regions.

Among the sensor materials based on conducting pol- Results and discussion
ymers the polyaniline is mostly studied (Dong et al.,
2016; Tsizh & Aksimentyeva, 2020) while its derivatives The optical absorption spectra of polyaminoarenes typi-

are under-researched. Our attention is devoted to polyto- cally are characterized by three bands. The first peak at a
luidine (PoTI) and polyanisidine (PoA) due its high sensi-  wavelength of 370-420 nm corresponds to m—m* transition
tivity to influence of external chemical and physical fac- in band gap, second peak of absorption at the 620 - 650 nm
tors, especially adsorption of gas molecules (Savale et al.,  can be attributed to the n—m* transition in amino-quinoid
2007; Horbenko & Aksimentyeva, 2013; Khan et al., fragments of the polymer system and third band at A > 800
2015; Tsizh et al., 2017; Aksimentieva et al., 2018). In  nm due to the absorption of delocalized charge carriers in
result of absorption of inorganic polar gases such as am-  polaron — bipolaron zone (Aksimentieva et al., 2018; Hu
monia, nitrogen oxide, hydrogen chloride and others the etal., 2017).

significant changes in conductivity, optical absorption and The optical absorption spectra investigated PoA film
morphology of polyaminoarene films are observed (Bai et  was characterized by two band with maximum near 360—
al., 2007; Aksimentieva et al., 2018). This may be used 410 nm (n—n* transition) and broad band in the range of
for creation the sensitive elements for both resistive and  620-950 nm which is a superposition of the second and
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optical absorption are observed in the spectra of PoTI and
PoA films. However, a character of these variations is
depended on the nature of polyaminoarenes and organic

third bands (fig. 1, curve /). Influence of organic vapors
causes the changes in films coloration that corresponds to
spectral changes in the visible and NIR range of spectrum.

Under action of organic vapors, the strong changes of  solvents.
1,0 -
0,7 _
0,8 0,6- o
| ! lf
0,5 ﬁmﬂ’j
=2 8 0.4 ﬁ: " .,nml""#‘.f
< =.E 4 é'{ 'L-“.,.pﬂ'
_Q 4 c:: 0,3
0, R “ —=—PoA
] —#— 1 min
0,2 H —=— 3 min
0,2‘ [ —=— 5 min
0,14 | —a— 10 min
J
010 T T T T T T T T Olo |! T T T T T T T
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
A, nm A
A B

Fig. 1. Optical absorption spectra of PoA film (/), and after exposure to () dimethylformamide (DMF) and (b) THF
vapor vapor for: 1 min (2), 3 min (3), 5 min (4), and 10 min (5); P=7.2 kPa

different spectral interval: a growth of absorption in the
ranges of 400450 nm and 550-650 nm (fig.1) and de-
crease of optical density in the near-infra-red range of
A =800-1000 nm.

In optical spectra of PoA films influenced by DMF or
THF vapors two or three isosbestic points at 480 and 750
nm are observed (fig. 1). Increasing of contact time of
DMF vapors with PoA film has a specific character in
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Fig. 2. Spectral absorption curves of the initial PoTi films (/) in (a) chloroform and (b) DMF vapors at a holding time
of 30 (2) and 60 (3) s

As can be seen from fig. 1 and 2, the dynamics of
changes in optical absorption under the action of organic
solvent vapors consists in a decrease of absorption in the
NIR range and an increase in absorption in the n—n* tran-
sition in amino-quinoid fragments. Adsorption of polar
organic solvents on the PoA or PoTI surface decreases an

electron delocalization in conjugated polymer chain and
may change a microstructure and morphology of the pol-
ymer films in accord with a picture of inhomogeneous
order in these materials (Aksimentieva et al., 2018; Hu et
al., 2017) as one can see from fig. 3, a, b.
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A
Fig. 3. Microphotos of the PoTi () and PoA (b) films electrodeposited on the SnO, surface

The relative change in optical absorption (AD) at a
certain wavelength (A, nm) referred to the initial value of
A in the absence of gas, was chosen to evaluate the sensi-
tivity of the films to various gases presented in the Table.
The maximum of sensitivity to the organic vapors for
PoTI films in all cases is observed at A > 550 nm and
extends to near-infra-red area indicating a formation of
free charge carriers of polaron type (Bai et al., 2007;
Khan et al., 2015). Nonpolar solvent vapors insignificant-
ly affect the optical properties of polyaminoarene films
(table 1).

Therefore, it is established that the maximum sensitiv-
ity of PoTi to vapors of organic solvents at 550 nm in-
creases in a number of chloroforms, DMF, THF. The
maximum optical response to the adsorption of unipolar
aromatic solvents, such as toluene and nitrobenzene, is
observed at a shorter wavelength, namely at 400 nm.

An important indicator of the success of the sensor el-
ement is its response speed. For the PoTI films the time of

—e— 620 nm
1,01 —0—860 nm
0,9
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[ ]
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B
response on DMF and chloroform action is near 60 s
(fig. 3) at both wavelength 550 nm and 810 (850) nm.

Table 1
Sensitivity of PoTI films to organic solvent vapors

Solvent AD/D, %
400 nm 550 nm 800 nm
Chloroform 7.4 32,6 25,7
DMF 1,1 35,2 10,3
THF 9,7 54,2 9,3
Nitrobenzene 22,5 19,6 15,8
Toluene 21,4 11,7 20,1

As can be seen from fig. 4, the stationary value of the
PoA optical response on the DMF action is reached with-
in 120-180 s only for A = 620 nm. At the A = 860 nm a
decrease in optical density is observed during 10 min and
more. In the case of THF vapors action on PoA film a
stationary value of D achieves more quickly in the time
60-90 s.
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Fig. 4. Temporal dependence of the optical density of PoA film in the action of (¢) DMF and (b) THF vapors;
P=172%kPa
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Table 2
Sensitivity of PoA films to organic solvent vapors at
different wavelength

Solvent AD/D, %
620 nm 860 nm
Dimethylformamide 58,1 26,9
Tetrahydrofuran 20,3 10,8

Different character in the changes of optical absorp-
tion in PoTI and PoA films found for organic solvents
vapors may be useful for selective detection of polar and
nonpolar solvents in technological processes.

Conclusions

Based on the spectral dependence of the optical
absorption of polyortotoluidine and polyorthoanisidine
films, the presence of the main bands in the region of
400450, 550-570 and 650-900 nm due to electronic
transitions in the conjugated polyaminoarene system and
the presence of polaron and bipolaron type carriers has
been established.

The spectral sensitivity of polymer films to the action
of organic solvents (dimethylformamide, tetrahydrofuran,
chloroform, etc.) has been established. The proposed
approaches to the creation of sensors for detecting vapors
of organic solvents can be the basis for the development
of new selective and fast-acting devices for monitoring
gaseous media in the chemical, medical and cosmetic
industries.

This work was supported by the project of Ministry of
Education and Science of Ukraine “Development of com-
posite organo-inorganic heterostructures for reversible gas
sensors” (state registration number 012990U101998).

Prospects for further research.

For the first time, the sensitivity of thin films of poly-
toluidine and polyanisidine to the action of vapors of
organic solvents was established. This sensitivity provides
prospects for the development of optical gas sensors to
detect harmful fumes of organic substances used in vari-
ous industries and medicine. Based on the obtained re-
sults, models of optical sensors for monitoring gaseous
media in production facilities with high selectivity will be
proposed. The next step is to study the reversibility of
sensor films to the action of organic vapors and optimiza-
tion of the sensor design.

B poOori Brepiie BCTaHOBJIEHA YYTIHMBICTH TOHKHX
IUTIBOK MOJITONYINUHY 1 MNOJiaHI3WAMHY 10 [il mapis
OpTaHiYHMX PO3YMHHUKIB. Taka 4yTIHBICTh Ja€ MEPCreK-
THBY JUIS PO3POOKH ONTHYHHUX Ta30BHX CEHCOPIB IS
BUSIBJICHHS LIKIJUIMBUX BUIAPIB OPraHIYHUX PEUOBHH, SIKi
BHUKOPHUCTOBYIOTBCSI B PI3HHX Tally3sX MPOMHCIOBOCTI 1
MenunuHU. Ha OCHOBI OTpUMaHUX pPy3yNbTaTiB OyAyTh
3aMpOIIOHOBAaHI MaKeTH ONTUYHUX JATYNKIB MOHITOPHUHTY

ra3oBHX CEPEIOBHI Y BHUPOOHWUYMX MNPUMILICHHSX, SKi
BOJIOJIITUMYTh BHCOKOIO CeJIeKTHUBHicTIO. HactymHum
KpokoM OyJe BHUBUEHHS PEBEPCUBHOCTI CEHCOPHHX
IUTIBOK JIO Jil OpPraHiYHUX BHUIAPIB Ta ONTHUMI3aIlisl KOH-
CTPYKLIi NaTYMKIB.
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