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Influence of the environment on the morphology, optical and electrical
characteristics of the PEDOT:PSS polymer

The paper presents the results of studying the influence of the environment on the susface
structure, optical and electrical characteristics of the PEDOT:PSS film. The studies have been
carried out in three different types of atmosphere under the same conditions of thermal¢annealing
of the films. It has been established that the modification of the surface of a polymer film with
ethanol and isopropanol in vacuum, in a nitrogen atmosphere, and in the air atmogpheregleadsito a
change in the surface morphology and the optical electric transport properti€s of‘the polymer.
Depending on the environment, when the PEDOT:PSS film is modified withwfa certain
concentration of ethyl and isopropyl alcohols, the absorption spectra showsagshiftiin the absorption
maximum responsible for PEDOT to the short-wavelength region of fthe spectrum, as well as a
decrease in the absorption peak of the part of the spectrum responsgiblexfor the absorption of the
aromatic fragment PSS. It is identified that the structural features\of the"PEDOT:PSS surface
morphology affect the electrical transport parameters of ‘the filims: ‘R, is the resistance of the
PEDOT:PSS polymer film, R., is the charge carrier transfer resistance at the
PEDOT:PSS/electrode interface, k. is the effective chargejcarrier extraction rate and 7.y is the
effective transit time of charge carriers. The optifnal teehnologieal parameters for film production
have been determined, at which the electrical transport properties of PEDOT:PSS polymer films
are increased.

Keywords: PEDOT:PSS, isopropanol, ethanoly vacuim, nitrogen atmosphere, air atmosphere,
surface morphology, optical spectroscopy, impedan€e spectroscopy.

Introduction

Currently, global manufacturers of electronic devices and components for solar energy pay special
attention to elements based ¢Qn orgamic semiconductor materials (OPV) [1-3]. The photoelectric
characteristics of OPV devieesyare strengly influenced by the structural features and surface morphology of
the organic material of the/film§ they are made of [4, 5].

The most common' organic semiconductor polymer used PEDOT:PSS as a hole transport layer (HTL) in
OPV devices [6].9The, clectrical transport properties of PEDOT:PSS directly depend on the surface
morphology, whigh, “in_turn, depends on the type of dopants, solvents, annealing temperature, and
environment. Alcoh@ls are suitable and effective additives in PEDOT:PSS due to their low cost, non-toxicity,
and goedpolymier solubility in it [7, 8]. The addition of alcohol solvents to the PEDOT:PSS polymer leads to
a significangmincrease in conductivity [9, 10]. In addition, due to low boiling points, alcohols are easily
removed/during heat treatment, and alcohol-treated PEDOT:PSS films are smooth, which makes them well-
suited forusefas an HTL layer in organic photoconverters [11].

It should be noted that the heat treatment of PEDOT:PSS films leads to an increase in the crystallinity
of the polymer and a change in the surface morphology [12—16]. At the same time, the combined influence
of the environment and annealing of PEDOT:PSS films on the surface structure, optical and electrical
characteristics of the PEDOT:PSS film have not been practically studied [17-20].

In this regard, in this paper, we carried out studies on the influence of the environment on the structural,
optical, and electrical transport parameters of the films. To change the surface morphology, PEDOT:PSS
films were obtained in a vacuum, nitrogen, and air atmosphere, with the addition of a certain concentration
of alcohols. The obtained results were analyzed by comparing the surface morphology, optical and
impedance spectra of PEDOT:PSS films.
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Experimental

Films were obtained in three different environments: in vacuum, in nitrogen and air atmosphere. To
change the surface morphology, the polymer with hole conductivity PEDOT:PSS was extended with a
certain concentration of alcohol (ethyl, isopropyl) and placed in the test environment. A comparative analysis
of the modified PEDOT:PSS film was carried out by comparing the structure of the surface morphology,
optical and electrical transport properties, depending on the preparation environment.

Figure 1 shows the structural formulas of the compounds. The preparation of the substrates was carried
out according to the procedure [21]. We used PEDOT:PSS (1%, Ossila Al4083), Isopropanol, Ethanol (pure
99.9% Sigma Aldrich). Before starting the experiments, the PEDOT:PSS solution was filtered through a
0.45-micrometer filter. PEDOT:PSS films were obtained on the surface of quartz glass by centrifugation (on
a SPIN150i centrifuge manufactured by Semiconductor Production System) at a rotation speed of 5000 rpm.
The choice of the concentration of alcohol solvents was determined based on the studies of theyauthors [22].
They proved that the optimal proportion of alcohol in the polymer is 50% by weight.
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Figure 1./€hemical structure of Ethanol, Isopropanol, PEDOT and PSS

For experiments in a yacuumy the samples were placed in a vacuum furnace (YHCHEM, Shanghai
Yuanhuai Industrial Co.) and ammealed at 120°C for 10 minutes. For experiments in a nitrogen atmosphere,
the samples were_dep@sited’and annealed at 120°C for 10 minutes in a specialized two-chamber inert
atmosphere glove Bex (CY-VGB-6-1I-LD, Shanghai Yuanhuai Industrial Co.). To carry out experiments in
air, the samples were depostted at room temperature and annealed at 120°C for 10 minutes.

The surface topography of the samples was studied using an atomic force microscope (AFM) JSPM-
5400 (JE@L, Japan); The AFM images were processed using a special modular program for analyzing
scaning probe mieroscopy data (Win SPMII Data-Processing Software). Surface morphology, roughness of
PEDQOILLSS thin films were analyzed from AFM images. The images of the surface of the PEDOT:PSS
films wete obfained in the mode of the semi-contact scanning method. The absorption spectra of the studied
samples 1n-the range of 200-1100 nm were recorded on an AvaSpec-ULS2048CL-EVO spectrometer
(Avantes). The impedance spectra were measured using a P-45X potentiostat (Elins) with an additionally
installed FRA-24M frequency analyzer module. Fitting and analysis of the spectrum parameters were carried
out using the EIS-analyzer software package, according to the procedure [23].

Results and Discussion

Figure 2 illustrates images of the surface morphology of PEDOT:PSS films in a vacuum with different
ratios of ethyl and isopropyl alcohols. Table 1 shows the roughness values of PEDOT:PSS films. Figure 2
shows that the PEDOT:PSS film without the addition of alcohols after thermal annealing has a rather
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pronounced relief. At the same time, the surface morphology has a pronounced heterogeneity; the surface
roughness is 0.64 nm.

Vacuum
50% PEDOT:PSS/
50% ethanol
Nitrogen
500 nm
: —_—
PEDOT:PSS 50% PEDOT:PSS/
50% isopropanol
Air

500 nm
—_—

50% PEDOT:PSS/

50% PEDOT:PSS/
50% ethanol 50% isopropanol

Figure 2. Surface morphology images of PEDOT:PSS films

film prepared in 50/50 ethyl alcohol, the surface roughness of PEDOT:PSS film is
nm. The addition of 50/50 isopropyl alcohol to the PEDOT:PSS film resulted in smoothing

showed that in the process of film preparation with the addition of ethyl alcohol, the surface roughness
decreases by 1.4 times, and isopropyl alcohol — by 1.5 times.

Figure 2 also demonstrates images of the surface morphology of PEDOT:PSS films prepared in a
nitrogen atmosphere after exposure to ethyl and isopropyl alcohol vapors in a ratio of 50/50%. The
PEDOT:PSS film has an inhomogeneous surface structure with a roughness of 0.65 nm (Table 1).

When the PEDOT:PSS polymer film is kept in ethanol vapor in an inert atmosphere, the surface is
smoothed. The film roughness decreased and amounted to 0.58 nm (Table 1). When keeping the film in
vapors of isopropyl alcohol, the roughness of the PEDOT:PSS film was 0.43 nm. Thus, the obtained results
indicate that the smallest film surface roughness is obtained upon annealing in isopropanol vapor.
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To study the effect of the air atmosphere on the polymer surface morphology, the film was kept in
vapors with a certain concentration of ethyl and isopropyl alcohols. It can be seen from Figure 2 that the
PEDOT:PSS film has a grain structure. At the same time, against the background of a fine grain structure,
large particles are observed; the surface roughness is 0.63 nm (Table 1).

After treatment with alcohol vapors for 10 minutes, the proportion of large particles decreases
significantly, the roughness becomes 0.48 nm for ethyl alcohol and 0.45 nm for isopropyl alcohol. The
addition of alcohol solvents to the film causes a smoothening of the film surface.

Table 1

Surface roughness of PEDOT:PSS films at different concentrations of alcohols
in the volume during annealing in vacuum, nitrogen and air atmosphere

Sample Ra, nm
Vacuum
PEDOT:PSS 0.64
50% PEDOT:PSS/50% ethanol 0.45
50% PEDOT:PSS/50% isopropanol 0.43
Nitrogen
PEDOT:PSS 0.65
50% PEDOT:PSS/50% ethanol 0’58
50% PEDOT:PSS/50% isopropanol 0.43
Air
PEDOT:PSS 0.63
50% PEDOT:PSS/50% ethanol 0.48
50% PEDOT:PSS/50% isopropang] 0.45

Figure 3a shows the absorption spectra of PEDOQL:PSS, films prepared in a vacuum, annealed at
T=120C° with 50% ethanol and isopropyl alcolioh, It can bg noted that the original PEDOT:PSS film has a
maximum at a wavelength of 1; =216 nm with a speetral half-width of 10.2 nm (Table 2). In the absorption
spectra of all films, a shoulder 4, is observed with a maximum at 224 nm (Fig. 3a). The absorption bands
with a maximum at 224 nm are associated with the absorption of the polymer PSS — poly(styrenesulfonate)
[24].

When ethyl alcohol is added go®the film®during preparation, the positions of the maxima in the
absorption spectra do not change, only a decrease in the optical density and a decrease in the half-width of
the spectrum are observed. The ¥alueyof the maximum at a wavelength of 216 nm decreased by 1.2 times,
and at a wavelength of 224 nm.— byal.3 times.

A comparison of the shapes and positions of the absorption spectra maxima of films with isopropyl and
ethyl alcohol showed no visible hanges. The half-width of the absorption spectrum remained within the
same range as for'ethyl alcohol. The values of the optical density at the absorption maxima decrease. The
value of the maximum at'a wavelength of 216 nm decreased by 1.8 times, and at a wavelength of 224 nm —
by 2.3 times.

Figuse 3bjpresents the absorption spectra of PEDOT:PSS films prepared in a nitrogen atmosphere.
Table¢? indicatesth€ absorption spectra parameters. The absorption maximum of the original PEDOT:PSS
film 18,246 nm with a half-width of 9 nm. It can be seen from Figure 3b that the absorption spectra of the
PEDOT:RSS films treated with alcohol vapors in an inert gas atmosphere show a change in shape. Thus, in
addition to'the short-wavelength narrow band, a rather broad long-wavelength band with a maximum of 230
nm is observed in the spectrum. Also, when the film is treated in alcohol vapors, the absorption spectrum of
the final film shows a shift of the absorption maximum relative to the initial film to the short-wavelength
region of the spectrum. Moreover, a shift is observed for the short-wavelength maximum, which is
responsible for the PEDOT component, while the position of the long-wavelength maximum remains
constant. The values of optical densities decrease at the absorption maximum. For the film treated with ethyl
alcohol vapor, the optical density decreased to a value of 0.53, and for isopropyl alcohol — to 0.48 (Table 2).
The half-width of the spectra does not change.
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Figure 3. Absorption spectra of PERDOT:PSS films in vacuum (a), nitrogen atmosphere (b) and air atmosphere (c)

Figure 3c shows the absofption spectra of the original PEDOT:PSS film and PEDOT:PSS films treated
in alcohol vapor grepdred“in _air.’ It can be seen that the initial PEDOT:PSS film has a maximum at a
wavelength of 4; =224 'am with a spectral half-width of 28 nm (Figure 3c). In the absorption spectra of all
films, a shoulder @ith*a maximum of 260 nm is observed, which is associated with the absorption of the PSS
aromatic fragment \[24]" The position of the absorption maxima of the films obtained by preparing
PEDQ®PSS solutions with alcohol solvents does not change, the half-width of the spectra increases (Table
2).

The valug of the optical density at the absorption maximum does not undergo significant changes.
Treatmentywith ethanol vapor leads to a change in the value of optical density at the maximum of short-
wavelength absorption by 0.1, and the value of the long-wavelength shoulder practically does not change.
When treated with isopropyl alcohol vapor, a similar picture is observed.

It should be noted that a comparative analysis of the change in the optical density values at the
absorption maxima of the films shows that for isopropyl alcohol a greater decrease in absorption is observed
than for ethyl alcohol.

Table 2 lists the characteristics of the absorption spectra of PEDOT:PSS films in various types of
atmosphere.
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Table 2
Characteristics of absorption spectra of PEDOT:PSS films
Sample Absorption Peaks D1 D2 FWHM, nm
A1, nm A2, nm
Vacuum
PEDOT:PSS 216 224 0.58 0.28 10
50% PEDOT:PSS/50% ethanol 216 224 0.55 0.25 9.5
50% PEDOT:PSS/50% isopropanol 216 224 0.49 0.18 8.5
Nitrogen
PEDOT:PSS 216 230 0.61 0.24 9
50% PEDOT:PSS/50% ethanol 215 230 0.53 0.19 9
50% PEDOT:PSS/50% isopropanol 214 230 0.48 0.14 9
Air
PEDOT:PSS 224 260 0.28 0.03 28
50% PEDOT:PSS/50% ethanol 224 260 0.27 003 29
50% PEDOT:PSS/50% isopropanol 224 260 0.25 0102 32

Next, we studied the effect of modification of the PEDOT:PSS structure ‘on, the transport of charge
carriers in the cells of the FTO/PEDOT:PSS/ALI structure using the method of ampedance spectroscopy. The
analysis of the impedance measurement results was carried out accordingfto the diffusion-recombination
model and the equivalent circuit shown in Figure 4a was used for the fitting, Where CPE is a constant phase
element, which is an equivalent component of an electrical circuit thag,simulates the behavior of a double
layer but is an imperfect capacitor. The main electrical transport patameters were calculated from the spectra
(Table 3), where: k. is the effective charge carrier extraction‘rateifromypPEDOT:PSS, 7.y effective transit time
through PEDOT:PSS, R; is the resistance of the PED@T:PSS film} R... is the resistance of charge carrier
transfer at the PEDOT:PSS/electrode interface. Figure 4b'designates the diagram of the movement of charges
in the cell.

Figure 4. Equivalent electrical circuit (a) and scheme of charges transport in the cell (b)

Figure @5, indicates the impedance spectra of PEDOT:PSS films in vacuum, nitrogen and air
atmosphéres. Table 3 shows the values of the electrical physical parameters of the films. As can be seen from
the Table)3, the modification of PEDOT:PSS with organic solvents in various types of atmosphere affects the
transport Of charge carriers in PEDOT:PSS. Cells based on films obtained from solutions with organic
solvents (ethanol, isopropanol) have better electrical transport properties (Table 3). In all types of
atmosphere, the addition of ethanol reduces the resistance of the PEDOT:PSS (R)) film and the resistance of
the PEDOT:PSS/AI (R..) interface, which increases the efficiency of hole transport from FTO to Al through
PEDOT:PSS. When using isopropyl alcohol, the decrease in R, and R., is more significant: in a vacuum, R;
decreased by 2.6 times, while R.. decreased by 3.9 times compared to the original PEDOT:PSS, in a
nitrogen atmosphere, the film resistance decreased by 2 times, and the resistance the interface decreased by
2.4 times compared to PEDOT:PSS, and in air atmosphere, the resistances R; and R.. decreased by 2.3 and
3.1 times, respectively.
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Figure 5. Impedance spectra of PEDOTRSS films in vacuum (a), in nitrogen atmosphere (b) and in air atmosphere (c)

The values k. and 7.5 eh@tacterize the effective charge carrier extraction rate from PEDOT:PSS and the
effective transit time through PERDOT:PSS. As can be seen from Table 3, the addition of ethyl and isopropyl
alcohol to PEDOE:PSS has‘@noticeably positive dynamic in k. and 7.z The atmosphere in which the films
are prepared also influenees, these parameters. When ethyl alcohol is added to the film, a positive dynamics is
observed. However, thebest results are shown by films prepared with the addition of isopropyl alcohol. The
effective chagge cartier extraction rate from PEDOT:PSS films obtained from a solution with isopropyl
alcoholfmore than doubled, and the effective transit time of charge carriers decreased inversely. The highest
value of zp#iSpobserved in films prepared in the air atmosphere (Table 3). This means that the lifetime of
chargej€arriers in films prepared in air is longer than in films prepared in a vacuum and a nitrogen
atmosphete.Holes injected into PEDOT:PSS diffuse to the electrode, where they recombine with electrons.
Fast transport of injected holes to the outer electrode is paramount since this reduces the probability of their
reverse recombination. In our case, fast hole transport is provided by improving the structure of PEDOT:PSS
after adding isopropyl alcohol to the initial solution, which leads to an improvement in the quality of the
PEDOT:PSS/FTO interface [25, 26].
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Table 3
The value of the electrical physical parameters of the films
Sample | Rn, Q | Rext, Q | Kett, 87! | Teff, MS

Vacuum

PEDOT:PSS 268.7 48745 157.5 6.4

50% PEDOT:PSS/50% ethanol 148.5 21054 259.4 3.9

50% PEDOT:PSS/50% isopropanol 104.7 12487 348.1 2.9
Nitrogen

PEDOT:PSS 197.8 36748 74.8 134

50% PEDOT:PSS/50% ethanol 104.2 16874 110.8 9.1

50% PEDOT:PSS/50% isopropanol 98.5 15478 154.5 6.5

Air

PEDOT:PSS 145.9 28876 4825 20.6

50% PEDOT:PSS/50% ethanol 65.5 13564 53.7 1816

50% PEDOT:PSS/50% isopropanol 63.7 9456 9231 109

Conclusions

An analysis of the experiments showed that changing the film preparationi‘€nvirofiment and adding an
alcohol solvent affects the surface structure of PEDOT:PSS films, whichgfimyturn, affects the process of
charge carrier transport. It has been established that the addition of alcoholto the PEDOT:PSS polymer in all
types of studied atmospheres leads to a decrease in surface roughnessy Whenghe PEDOT:PSS surface is
modified in different types of atmosphere, the absorption spectsa, show shifts in the maximum of the
absorption spectra responsible for PEDOT in the short-wavelefigth région, as well as a decrease in the
absorption of the PSS aromatic fragment. Changes in the structure,and morphology of the PEDOT:PSS
surface affects the electrical transport parameters of the films. It has been established that the surface of the
PEDOT:PSS film modified in the volume of isopropyl aleohohand prepared in air atmosphere has the lowest
resistance parameters R, and R., and the highestvalue of\@y, atPwhich, due to the change in the structure of
the PEDOT:PSS surface, the fastest transport of charge carriers is ensured.
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K.CyPoxkkoBa, A.K. Alimyxanos, A K. 3eiinunenos, A.M. AnekceeB

PEDOT: PSS nosmmmepinin Mop¢o10rusicblHa, ONTHKAJBIK KIHE
JIEKTPOPU3NKAJIBIK CHIIATTAMAIAPBIHA KOPILIAFAaH OPTAHbIH dcepi

Maxkanaga PEDOT: PSS mieHKachlHbIH OCTTiK KYpbUIBIMBIHA, OITHKAJBIK JKSHE JJICKTPO(YU3UKAIBIK
cHIaTTaMajiapblHa OPTaHBIH CEpiH 3epTTey HaTIKedepi OepiireH. 3eprreynep arMocepaHblH yII Typii
TYpiHZE IUICHKAIapAbl TEPMUSUIBIK OHACYIIH TCH JKaFAaiibiHAa XKyprizingi. Bakyymaa, a3ot opraceinia xoHe
atMocdepaga OSTHI JKOHE H3OMPONMI CHHPTTEpiMEH IOJUMEpi IUICHKaHBIH OeTiH e3repty OerTik
MOP(QOJIOTUSHEIH, ITIOJMMEPAIH ONTHKAJBIK 3JIEKTPJIK KACHETTEpiHIH e3repyiHe OKeIeTiHI aHBIKTaJJbL
PEDOT: PSS menkacelH Momudukanusiay KesiHAe opTara OailIaHBICTBI JTHJ JKOHE H3ONPOIIMI
criapTTepiHiH Oenrimi Oip KOHHIEHTpanmschIMeH XyTeiry crektpinge PEDOT jxayam OeperiH KyThiTy
MaKCHMYMBIHBIH CHEKTPIiH KbICKa TOJKBIHIBIK afiMarblHa aybICybl, COHAai-ak PSS xomr wmicti ¢parmenTi
JKYTBUTYFa jkayar OepeTiH CrieKTpaiH Oip GemiriHiH XKyThUTY IIBIHBIHBIH TOMeHaeyi Oaiikanansl. PEDOT: PSS
6eTTik  MOP(OJIOTUACHIHBIH ~ KYPBUIBIMABIK ~ ©PEKIISNIKTepl  JJIEKTPNiK  TachiMajigay IUICHKACHIHBIH
napamerpiepine acep ereni, Mpicansl: Ry - PEDOT: PSS nonumepii mieHKachiHbIH Keaeprici, Rex - PEDOT:
PSS / snexrpon uHTepdeiiciHaeri 3aps TackIMaigayLIbUIApAbIH TachIMaigay Keneprici, key - 3apsg
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TachIMallay IbLIAPIbl alyIbIH THIMJI XKbUIIAMIbIFbI XKOHE Tef - 3aPA] TAChIMaJJayIbLIAPAbIH THIMII YIIy
yakpiTel. PEDOT: PSS mnonmmepiti mieHKadapAblH JJICKTPIIK TackiMajigay KacHeTTepl >KOFapbUIailThIH
IUICHKAIAp/IBI ATy IbIH OHTAHIIBI TEXHOIOTWSUIBIK [TapaMeTpIiepi aHBIKTaIbL.

Kinm cesoep: PEDOT: PSS, Izopropanol, Ethanol, Bakyym, a3zor armocdepacsl, aya armocdepackl, O6eTTik
MOP(]OJIOTHS, ONTHKAIBIK CHEKTPOCKOIINS, UIMIIEJAHC CIIEKTPOCKOIHSICHL.

K.C. Poxxkona, A.K. AiimyxanoB, A K. 3eiinunenos, A.M. Anekcees

Bausinne cpeabl Ha MOpP(OJIOrHI0, ONTHYECKHE U IJIEKTPO(PU3HIECKHe
xapakTepuctuku noaumepa PEDOT: PSS

B pabote npencraBieHsl pe3yIbTaThl UCCIICIOBAHNS BIUSHUS CPEAbl HA CTPYKTYPY ITOBEPXHOCT
ckue H 3ekTpodusmdeckue xapakrepuctuku mieHkn PEDOT: PSS. HccnenoBanust mpoBoJI
Pa3HBIX THIAX aTMOC(EpHI P PABHBIX YCIOBUSAX TEPMHIECKOTO OTXKHUTa IJICHOK. YCTaHOBJIégO 4
(UKaIys MOBEPXHOCTH TOJIMMEPHOH IUIEHKH 3THJIOBBIM M M3OINPONMIIOBBIM CIUPTAMH B BaKyy

a30Ta M Ha aTMocdepe NPUBOIUT K U3MEHEHNIO MOP(HOJIOTUH TOBEPXHOCTH, ONTHYECKUX 3 TP opT-
HBIX CBOifcTB moaumepa. [lokasaHo, 4To, B 3aBUCHMOCTH OT CPEbl TP MOAU(PUKALNH LT PSS
OIIPEJCICHHOH KOHLEHTPALMI 3THUJIOBOTO M M30MPOIMIOBOIO CIIUPTOB, B CHIEKTPax oleHus Habmona-
eTcd COBUI MakCHMMyMa rorioiuenusi, orsedatomero 3a PEDOT, B KOpOTKOBOJIHOB Ona HeKTpa, a
Taloke yYMCHBIICHHWE MNHKA IOTJIOIIEHUS YacTH CIEKTpa, OTBEYAIOIIEro 3a IIOR apOMaTHYECKOTO
¢parmenTa PSS. ITokazaHo, 9TO CTpyKTypHEIE OCOOCHHOCTH MOP(OJIOTHHU IO OT: PSS oxka-
3BIBAIOT BIIMSHHE Ha JJIEKTPOTPAHCIIOPTHBIC ITApaMeTPH INICHOK, TaKue Kal OTIPOTHBIICHUE TIOJIIMEp-
soit eHkn PEDOT:PSS; Rex — conpoTuBiieHHe nepeHoca HocuTenel 3ap ne pazgena PEDOT:

PSS/31ekTpos; keff — 3 (beKTHBHAS CKOPOCTb U3BJICUEHHS HOCHPE
nposeTa Hocutenei 3apsiaa. OnpeneneHsl ONTHMANBHBIE TEXHOIIO
IPH KOTOPBIX TOBBILIAIOTCS JIEKTPOTPAHCIIOPTHBIE CBOWCTBA IT

a¢dexTrBHOE Bpems
METPBI MOJYYEHHUs TIICHOK,
epHbix ieHok PEDOT: PSS.

Knioueswie crosa: PEDOT:PSS, Izopropanol, Ethano
(oorust HOBEPXHOCTH, ONTHYECKAst CIEKTPOCKOIIHS, 1

epa a3oTa, arMocdepa Bo3Lyxa, Mop-
51 CLICKTPOCKOTIHS.
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