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The influence of vapors of organic solvents (dimethylformamide, tetrahydrofuran,
chloroform) on the optical properties of thin layers of poly-ortho-toluidine obtained on the glass
surface coated with tin (IV) oxide were investigated. Areas of polymer layer spectral sensitivity to the
action of organic solvents, the nature of which depends on their physical and chemical parameters,
especially, polarity, were identified. Based on the received data, it was proved that chemically
synthesized film of poly-ortho-toluidine on optically transparent substrates can be used to determine
the vapors of organic solvents, and the highest sensor responsiveness is observed on the action of
dimethylformamide.
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The optical properties of conjugated polymers are the subject of many theoretical
and experimental studies, and include a wide range of phenomena associated with changes
in the electronic structure of conjugated chains, energy optical transitions, including optical
absorption (transmission) radiation (photo-, electro-, thermoluminescence) [1-5]. The most
interesting optical phenomena that have conjugated polyaminoarenes and form part of their
specific properties, is the ability to optical changes, namely, change optical absorption
spectra under the influence of external factors, including gas adsorption [4, 6]. Also are
interesting optical properties of conjugated polymer systems, which are both in the visible
range of the spectrum and in the infrared and near ultraviolet area.

Poly-ortho-toluidine (POTI) has similar structure of polyaniline, but the presence of
electron donor substitute — methyl group in ortho position relatively to the aminogroup,
leads to some interesting physical and chemical properties of the polymer. It is known that
the thin POTI films show electrochromic effect, can change its color under the influence of
an applied potential [3, 5] and are able to change the optical spectra under influence of
different types of gases [4, 6, 7, 8].

According to published data, it is known, that poly-ortho-toluidine can be used for
designing resistive gas sensors [9] and diode structures [10]. Instead, the possibility of
using this polymer as substance sensitive to vapors of organic substances is not fully
discovered.

The aim of this work was to study the influence of vapors of organic solvents
different nature to change the optical absorption spectra of chemically synthesized films of
poly-ortho-toluidine and prediction on this data their possible use in optical sensors.

For the synthesis of conductive polymer poly-ortho-toluidine were used as initial
materials: o-toluidine — mark “cp”’; ammonium persulfate — mark “pfa”; sulfuric
acid — mark “p”. All solutions for synthesis were prepared in distilled water.
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As organic solvents we used dimethylformamide (DMFA), tetrahydrofuran (THF)
and chloroform. Basic physical and chemical characteristics of the studied solvents are
presented in Table 1.

For the formation of poly-ortho-toluidine films were used glass plates, coated by
Sn0O,, 10x20x0.1 mm size, surface resistance — 20 Ohms/cm®. Cleaned and defatted plate
was placed in a solution of 0.5 M sulfuric acid, containing 0.1 M solution of o-toluidine and
0.1 M solution of ammonium persulfate.

Table 1
Physicochemical characteristics of organic solvents
20 25 ) Donor Acceptor
Name "t & K ', mPas number number
DMFA 1.4304 36.7 3.82 0.796 26.6 16.0
THF 1.4050 7.6 1.63 0.48 20.0 8.0
Chloroform 1.4455 4.806 1.15 0.542 - 23.1

Oxidative polymerization of o-toluidine was carried out at room temperature for 60
minutes, according to the method described in [11]. After washing the sample with distilled
water to remove residual of monomer and oxidant, it was dried at room temperature for 2
hours and kept in desiccators.

During polymerization thin films of poly-ortho-toluidine, formed on the surface of
SnO,, are uniform and had light purple color. As one can see from Fig. 1, in amorphous
polymer matrix of the film are embedded the microcrystalline domains (Fig. 1). Such
morphology of the film is typical for polyaminoarenes, particularly, for poly-ortho-
toluidine [2, 10].

Fig. 1. Microphoto of the POTI film, obtained by chemical deposition on SnO, surface
(zooming x150)

The thickness of the films was measured by an interference microscope MII-4 and
was 300 =20 nm.
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Poly-ortho-toluidine film of the same thickness on the surface of SnO,, was obtained
by electrochemical polymerization of 0.1 M o-toluidine solution in 0.5 M sulfuric acid in
terms of cyclic potential sweep from 0 to 1.35 V (Ag/AgCl) at scan rate
v = 50 mV/s and the number of cycles N = 50. As the power source was used PI-50
potentiostat paired with the digital controller MTech CON-PI-50-2.

Sensory sensitivity of the films were studied for change their optical absorption after
exposition of the film in the hermetic chamber by volume of 4 cm® with vapor of the
organic solvent during 5 minutes. In all tests a quantity of the solvent in vapor phase was
the same (1 mg) at 293 K.

Optical absorption spectra of films were obtained with a spectrophotometer SF-46
(spectral range of A = 200—1100 nm) and photoelectrocolorymeter CFC-3. The operating
range of wavelengths is from 400 to 900 nm. The pure plate of glass with SnO, coating was
used as a reference.

Typical spectral dependence of optical absorption (A) for films of poly-ortho-
toluidine in the wavelength range of 300—-1100 nm is shown in Fig. 2. For both chemically
and electrochemically deposited film the spectra are characterized by intense absorption
band in the range A = 380-420 nm, resulting n-n* transitions in conjugated aromatic
system. In literature this band is associated with electronic transitions that match the energy
difference of HOMO and LUMO orbital [1, 3]. The second broad intense absorption band
for chemically obtained film is observed in the range 580—600 nm and is associated with
the n—p transitions in benzoquinoid system of polymer chain. Maximum of second
absorption band in the case of electrochemical polymers is observed at a wavelength of 720
nm, which corresponds to the absorption of delocalized charge carriers [3]. If you compare
the spectra of the POTI films obtained by chemical polymerization with spectra of the
POTI films obtained by electrochemical polymerization (Fig. 2, curves / and 2), it can be
noted, that the resulting chemical deposition of POTI film has hypsochromic shift of the
second band. Absorption in the range of 620—-640 nm is the evidence that in the structure of
the polymer dominates not oxidized formations.
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Fig. 2. Absorption spectra of POTI films, obtained by chemical (/) and electrochemical (2) method on
the surface of SnO,
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This allows us to assume that thin layers of POTI obtained by chemical deposition,
are able to both oxidation and reduction under adsorption of gas molecules of donor or
acceptor type [12]. Under vapors of organic solvents are observed considerable changes in
the optical spectra of chemically synthesized POTI films, as it can be seen from the results
presented in Fig. 3 and 4.
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Fig. 3. Optical spectra of POTI films: a) I — original film; 2 — after influence of DMFA vapors, b)
1 — original film; 2 — after influence of THF vapors

In particular, under DMFA vapors is observed growth of optical absorption in the
range 550-580 nm, but its maximum position remains unchanged. Instead, in A > 750 nm
there is a decrease in optical absorption (Fig. 3, a). A similar trend is observed under the
fumes of chloroform.

If the POTI film is under the influence of THF, the biggest changes happen in optical
absorption spectral range of 400-500 nm and 650-900 nm, and different from the effect of
DMFA and chloroform (Fig. 3 b). Comparative sensory sensitivity to the action films of
organic solvents, determined as AA/A, is shown in Table 2.

Table 2
Sensor sensitivity of POTI films to the action of organic solvents
Solvent A, nm Ay, 1. u. Ag, 1. u. AA, 1. u. AA/A, %
450 0.140 0.150 -0.010 -7.1
DMFA 570 0.241 0.277 -0.036 -14.9
850 0.125 0.070 0.055 44.0
450 0.115 0.110 0.005 4.34
Chloroform 570 0.110 0.14 -0.03 -27.3
850 0.05 0.04 0.01 20.0
450 0.185 0.135 0.05 27
THF 570 0.230 0.220 0.01 4.34
850 0.120 0.052 0.04 333
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As can be seen from the table, the action of organic solvents is observed as a positive
or negative deviation from the original values. But the general trend is the presence of
significant differences in the optical absorption in the spectral range on the border of the
visible and near infrared range, namely at A > 750 nm. At A = 850 nm spectral sensitivity to
the vapors of DMFA is 44.0 %, to THF fumes — 33.3 %, to chloroform vapors — 20.0 %. It
should be noted, that in the maximum absorption A = 570 nm for chloroform maximum
sensitivity is 27.3 %, comparing to THF — 4.34 % and DMFA — 14.9 %.

As for band of n-m * transition near the 420 nm the highest sensitivity is observed to
vapor THF (27 %), while under the influence of chloroform and DMFA these values are
4.34 and 7.1 %, respectively. The spectral sensitivity of the sensor films is shown in Fig. 4.
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Fig. 4. Spectral dependence of sensor sensitivity of POTI film to the action of organic
solvents vapors: / — THF; 2 — DMFA; 3 — chloroform

We can assume that the differences in the sensitivity of the POTI film to various
solvents are associated with their physical and chemical properties. The highest values of
the dielectric constant and dipole moment is of characterized DMFA, indicates its high
capacity for solvatation and dissolution of substances of different nature. Its interaction
with the surface of the film is complex, and causes an increase in the maximum of
absorption of a significant reduction in the near infrared area. To polar solvents we may
also include THF, the action of which, also cause an increase in the optical absorption in
the near infrared area. As for chloroform, this solvent has less impact on optical spectra of
POTI, which is probably due to its lower polarity.

The spectral dependence of the optical absorption of thin layers of poly-ortho-
toluidine in vapors of organic solvents (dimethylformamide, tetrahydrofuran, chloroform)
was studied. The presence of the main absorption bands in the range of 380-420 and
580—-620 nm, which correspond to electronic transitions in conjugated electronic system,
was identified. During the action of vapors of organic solvents, it was observed both
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positive and negative deviation of values relatively to the original optical signal. The nature
of the spectral sensitivity of poly-ortho-toluidine to the action of vapors of organic solvents
depends on their polarity, and the highest sensory responsiveness is observed under action
of DMFA. Discovered influence of solvents on the optical spectra of poly-ortho-toluidine
provides for possibility of selective detection of studied solvents with the application of
thin layers of POTI as a sensitive element of optical sensors.
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CEHCOPHA YYTJIMBICTh TOHKHX IIAPIB IIOJIOPTOTOJIYIIUHY
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Mera mpaiii — BHBYMTH BIUIMB IapiB OPraHiYHUX PO3YMHHHKIB PI3HOI NPHPOAX Ha 3MiHY
ONTHYHHUX CHEKTPIB NOIJIMHAHHSA WIiBOK nomioproroiyiguny (ITOTI) Ta mporuo3yBaTu Ha Iiiii OCHOBI
X MOJKJIMBE 3aCTOCYBaHHS B ONITUYHHUX CEHCOpaXx.

I popmyBanns toHkux wrapiB I[IOTI BukopucraHo XiMiduHY # eNeKTpOXiMiuHY
noJiMepu3ariio o-roryiguny B cepenosuii 0,5 M cynsdaraoi kuciotu Ha moBepxHi SnO,, TOBINHA
miBok cranoBmia 300+20 HM.

Ha ocHOBI pocnmimkeHHS BIUIMBY IapiB OpPraHiYHMX PO3YMHHHKIB (JUMETHIhOpMaMiny,
Terparigpodypany, xiaopodopMy) Ha ONTHYHI XapaKTEPUCTHKM TOHKMX IHNapiB  XiMI4HO
CHHTE30BAHOT'O IIOJIOPTOTONYIIMHY BHM3HA4€HO OOJACTh CHEKTPaIbHOI YYTJIMBOCTI IONIMEPHHX
mapiB 0 1ii OpraHiYHUX PO3YMHHUKIB, XapakTep SKOi 3aJIOKHUTh BiJ TXHIX (I3UKO-XIMIYHHX
napamerpiB. Ha ocHOBi oTpumanux ganux noseneno, mo mwiiBku [IOTI Ha ontuHyHO-mpO30pHX
cyOcTparax MOXKYTh OyTH BUKOPHUCTaHI [UIsl BU3HAYCHHS BUIIAPiB OPraHiYHUX PO3UYMHHHKIB, HAlBUILA
CEHCOPHA YyTJIMBICTh NPOCTEKYETHCS CTOCOBHO TUMETHI(GOpMaMiy.

BusBnenuil epexT BIUIMBY IOCIIDKyBaHHX PO3YMHHMKIB Ha ontuuHi crekrpu [TOTI mae
CYTTEBY BIIMIHHICTh y XapakTepi IXHBOI B3a€MOJii, IO Mependadae MOXKIHBICTh CEIEKTHBHOTO
BH3HAYCHHS PO3YMHHUKIB 1iJ yac 3actocyBanHs [IOTI sk 4yTIMBOTO eleMEeHTa ONTHYHUX CEHCOPIB.

Kniouosi crosa: momopToTONyiavH, ONTHYHI CIIEKTPH, OPraHiyHi PO3YHHHHKH, TOJSIPHICTb,
CCHCOpHA YyTJINBICTb.
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