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[niexu nonianininy (I1An), oonogani yumpamnoio KUciomorio, Ha noriemuienmepepma-
JAMHOMY CYOCMpami CUHME308AHO WIISAXOM XIMIUHOI OKUCHIOBANbHOI nonimepusayii 3
BUKOPUCIMAHHAM AMOHIU nepoxcuoucyivgpamy Ak okuchuka. OnmuyHy CHeKmpocKonito
BUKOPUCMAHO OJIsl NPOBEOEHHsT KOMNJIEKCHO20 aHANI3y CUHME308AHUX Mamepianie 3
Memolo OYiHKU ONMUYHUX NAPAMEmpis, MAaKux sK Koeqiyichm nociunanns (o), wupuna
3aboponenoi sonu (Eg), enepeis Vpbaxa (E.), xoegiyienm excmunxyii (k), enubuna
NPOHUKHEHHS wapy (J) ma NoKasHUK 3a10MaeHHs (n). JocniodxceHo enaue mosuuru niigox
I1An na onmuyni enacmusocmi ompumanux mamepianis. 3’scogano, wo wupuna 3a60po-
HeHOI 30HU NPAMO20 003801eH020 nepexody TIAH 3meHuyemvces 3i 30i1bUeHHAM MOSUWUHU
ocaoxcerux naigok IAH.

Po3spaxosano 3nayenna nokasuuxa sanomienns naieok I1An i nopieuano yi pesynomamu 3i
SHAYEHHAMU, SAKI OMPUMATYU 30 PE3YTbMAMAMU eKCHEPUMEHTNY.

Keywords: nonianinin, nriexu, wupuna 3a60poHeHol 30HU.

Beryn

OpHuM i3 HaWOLIBII AOCHIDKYBAHUX EJNEKTPOIPOBIIHUX TOJNIMEPIB € MOJIaHUIiH
(ITAn), B1acTHBOCTI SIKOTO 3aJIeXaTh BiJl HOTO CTYTIEHIB OKUCHEHHSI, JOITyBaHHS, IPUPOIN
JIOTIaHTa, CTPYKTYpU Ta Mopdoutorii yacTuHok Toio [1-2]. Lle y moeqHaHHi 3 HU3bKOO
BapTICTIO MOHOMeEpa aHiJIiHy, OKHCHO-BIJHOBHOIO OOOpOTHICTIO, Oarato0apBHiCTIO,
EKOJIOTIYHOIO CTabimbHICTIO poOuTh [IAH MEpCHeKTHBHAM MaTepiajJoM Uil 0araThox
3acTocyBaHb. [loiaHiTiH MOXKe iICHYBaTH SIK MiHIMyM Y IIECTH Pi3HHX (pOpMax-cTaHax,
IO BiIPI3HAIOTBECS CTYIIEHEM OKHCHEHHS Ta CTaHOM jomyBaHHS [2]. CyKymHICTB
BOKIJIMBHX (i3MKO-XIMIYHMX BiacTHBOCTEH [1AH, 3yMOBICHUX HOTO CTPYKTYpOIO, pOOUTH
HOro yHIKaJIFHAM MOJIIMEPOM IS OCIIIKEHb 1 MOJKIIMBHX 3aCTOCYBaHb. 30Kkpema, [1AH
BUKOPHCTOBYIOTh SIK MaTepiai JJIsl CEHCOpIB, CYNEepKOHAEHCATOPIB, IPUCTPOIB HAKOITH-
YeHHS CHepTii, iHribiTOpiB KOpO3ii, COHTYHNX EIIEMEHTIB, €KpaHyBaHHS €JIEKTPOMArHIT-
HOTO BUIIPOMIHIOBaHHS, COPOCHTIB TOMIO [3—4].

JocnimkenHass ¢i3nKo-XiMIYHUX BIIACTHBOCTEH MaTepialliB Bifirpae Ba>KIHBY pOJIb,
00 3a IOMOMOTOI0 IIMX 3HaHb MOYKHA CHPOTHO3YBaTH MOXJIMBOCTI IXHBOTO MOTEHIIHHOTO
3aCTOCYBaHHA. 3 LI€I0 METOIO 3a3BUYall PO3TIANAIOTH SNEKTPUYHI, ONTHYHI, CTPYKTYpHIi
XapaKTEPUCTUKU CUHTE30BaHUX MaTepiaiB.
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Iarepec mo 3actocyBaHHsS IIAH MOTHBYe NOCTIIHUKIB BHBYaTH WHOTO OITHYHI
BJIACTHBOCTi. BHMIpIOBaHHS ONTHYHOTO TOTJIMHAHHS MOXKHA BHKOPUCTOBYBAaTH JUIsI
orpuMaHHs iH(MopMarii mpo pi3Hi ¢opmu-cramm IIAH, omrtnuni BmactuBOcTi I[1AH,
JIOCII/KYIOYM HOTO MOXJIMBI BHKOPHCTaHHSI B ONTOEIEKTPOHHHUX HpuCTposix. OgHak
nopomkononioanid ctan [IAH Hakiagae meBHI 0COOIMBOCTI HA HOr0 BUKOPUCTAHHS Ta
nociimpkerHst. OMHUM 31 crIoco0iB mosinmeHHs BiacTuBocted [TAH 1 po3mmpeHHs Mex
3aCTOCYBaHHS € HOTO OCa/pKeHHS Ha IIONIMEpHI INiIKIaIKA-MAaTpHI, cepell SKhX 1
nonietunenrepedranar (IIET) [5].

Merta Hamoi mpari — JOCHIJUTA ONTHYHI BIACTHBOCTI IUTiBOK [TAH pi3HOI TOBIIUHH,
HAHECCHUX in Situ Ha MoJlieTHIeHTepeTaTaTHUH CyOCTpaT, BUKOPUCTOBYIOYH LIUTPATHY
KHCJIOTY SIK JIOTIAHT.

2. Marepiaju Ta METOAUKY JAOCiIKEHHS

Aminia (AH) 99,5 %, amoniit nepoxcuaucyibdar (AIIC) >98 % i uuTpaTtHy KHCIOTY
(IK) 99,5 % npundano B Sigma-Aldrich. Sk nonimepHuii cyOcTpaT BUKOPHCTOBYBAIN
komepuiitanit moniermnentepedranar (ITIET), posmipom 4x5 cMm, ToBumHO0O ~70 MKM Ta
cryneneM kpuctanigHocTi ~70 %. Tonki mniBku ITAH Ha IIET cyGcrpati cunTe3yBann
XiMiyHUM okucHeHHsM aHiniHy AIIC in situ na IIET cyOctpari y BogHomy posumni LK,
BIMOBITHO 10 MeToauKkH, onucaHoi B [5]. TormunHy mriBku [TAH BapiroBamm MIIsIXOM
pi3HOi KimbkocTi ekcro3uuiii (1-3) 3paskiB y mnodiMepu3aliiHOMYy pO34MHI 3a
onHaKoBHX yMOB. CriekTpu noriuHaHHS 1iBoK [1AH, Hanecenux Ha [1ET, peectpyBamm
3a gomoMoror crektpoporomerpa Cadas 100 (miamason moexkus XBuib 300-900 Hw,
po3ninbpHa 31aTHICTE ckanyBaHHSA 10 HM) ctocoBHO ITET cybcrparis.

ToBmmHy (/, HM) maiBok IIAH po3paxoByBasiM, BUKOPHCTOBYIOUH €JIEKTPOHHI
CIEKTPH, 32 CHIBBIIHOIICHHM [6]

=185 % (As), M
ne Asoo — abcopOrist mwiBku [TAH npu goBxuHi XBrai 400 HM.

2.2. BuzHavyeHHs ONITHYHHUX MapaMeTPiB IUIIBOK NMOJTiaHLTIHY

Onrtnyuni mapameTpy 1iiBok [TAH Bu3Hayainu 31 CHEKTPIB ONTUYHOTO ITOTJIMHAHHS,
BUKOPHCTOBYIOYH TaKi CIIBBIIHOIICHHS:

koe(imient normuuanns (o, cM™') [7]: a = %; 2)
koediuieHt ekctuHKUIT (k) [8]: k = Z—:; 3)
eHepris 3a0opoHeHoi 30U (Eg, eB) [9]: (ahv) = c(hv — E,); 4)
enepris Ypbaxa (E,, eB) [10]: a(v) = agexp(hv/E,); (&)
kpT
napametp Kpytusui (os) [11]:05 = — (6)
rinOuHa npoHukHeHHd (J) [12]: 6 = i; @)
kinbKicTs atomis KapGomy B knactepi (N) [13]: E, = % (8)

KUTBKICTh KapOOHOBHX TeKCaroHAIBHUX KiJienpb y kimactepi (M) [14]:
Eg=2|-2,9|M°3, Q)
ne [ — ToBIIMHA IIIIBKH, CM; A — NOTIMHAHHA, ¢ — KOHCTAHTa, SKa 3aJ€KUTh BIJ
NPUPOJIY ONTHYHHUX NEPEXOMiB; Y — KOHCTaHTA, SIKa 3aJleXUTb BiJ THIy ONTUYHOTO
€JIEKTPOHHOTO TIEPEXO0ly; vV — YacTOTa BHUIPOMIHIOBAaHHS; /s — mocTiitHa Ilmanka; og —
KoHcTaHTa; T — Temneparypa, K; kz — nocriiina bonbimana.
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Jlns Bu3HAUEHHS B3a€MO3B’ 3Ky NOKAa3HHWKA 3AJOMIICHHS (7) Ta ONTHYHOI IIMPUHH
3a00pOHEHOI 30HM MU BUKOPHCTAJIM HU3KY BIIOMHUX EMITIPHYHHX CIIiBBiHOLIECHB [15—
16], 3Ha4eHHS SIKUX 3allUCaHO y Ta0. 3:

criBBinHomenus Moss (M): E;n? = 95; (10)
chisBisHOmenHs Ravindra (R): n* = ?; (11)
g
cniBBinHomieHHs: Ravindra-Gupta (R-G): n=4,084 — 0,62 E, ; (12)
2
cniBinHomeHHs: Herve-Vandamme (H-V):n = |1 + (L) ; (13)
Eg+3,47
1
- 154 /4
cniBBinHomeHHs: Reddy-Ahammed (R-4): n = (m) ; (14)
g_ y
crisBinHomeHss Kumar-Singh (K-S): n = %; (15)
g
cniBBinHOIIeHHs Annani (4): n=3,4—0,2E,, (16)
cnisBinHomeHas Duffy-Reddy (D-R): n=-In(0,027 E,). a7n
Po3paxyHkoBi 3HaueHHs # i1 iiBok [TAH oTpumano 3a ¢gopmynoro [17]
_ (1+R) 4R
n=004 (e k) (18)

Tyt k — xoedimieHT excTHHKUIl; R — KoedilieHT BigOUTTS (0OUMCIIOBAIN 32
3HAYCHHAMH ONTHYHOTO moriuHaHHS (4) 1 koedimienTta npomyckansas (7) [18]: R=1 —
A-T;, T=10"1).

3. Pe3ysbTaTH A0CITiIZKEHb TA 00T0BOPEHHS

Crextpu nornvHaHHs TiBoK [TAH, cunre3oBanux Ha [IET cyoctpari, 300paxeHo Ha
puc. 1. 3okpema, Ha enekTpoHHUX criekTpax [TAH (auB. puc. 1) HasBHI TpH XapakTepHc-
TUYHI CMYyTH 3 MakcumyMmamu ripu ~340, 420 ta 840 HM, sKi 3yMOBIIEHI T—TU*, TTOJIIPOH—
m* Ta M-TOJSIPOH TepexoaaMu, BimmoimHO [6, 19—20]. 3 pumc. 1 Gaummo, mo kpait
MOTJIMHAHHS 3pocTae 31 30inbleHHsM ToBIIMHK IUTiBKH [TAH. Lle moB’s3aHo 31 3011b-
IMIEHHSM CHPSDKEHMX HeHacHdeHHX 3B s3KiB [21]. Takox HpoCTeXyeTbesl CHHIN 3CYB
MakcuMyMy moriauHaHHsa Big 840 mo ~770 HM (muB. puc. 1), M0 CBIAYUTH TIPO
yTBOpeHHs I1AH 3 BUIIUM CTyleHeM OKHCHEHHs [22].

Enepriro 3a6oponenoi 30HM TOHKHX IDTiBOK IIAH, Hanecenux Ha IIET cyOcrpar,
oTpuMaHo TpadiuHo 3 3anekHOCTI (@hv)?~hv (nuB. puc. 2), EKCTPATIONIOIOYH MPSIMO-
NiHitiny pingaxy go (ahv)?=0, ne E, — Touxa nepetuHy 3 Biccio X [9]. OGepnena
BeJIMUMHA HAXWIy JIHIHHOT IUISHKH 3aJIeXHOCTI Ino—hv (ouB. BcTaBKa puc. 2) nae
3HaueHHs E, [21]. 3nauenns E, ta E, miiBok [1AH, cunre3oBanux Ha [IET cyGcrpari,
HaBeIeHO B TaoOu. 1.

AHani3 oTpUMaHuX JAaHUX MATBEPAUB (OuB. Tabxd. 1), 0 ONTHYHA IIUPUHA 3300PO-
HEHOI 30HM 3MEHIIYETHCS 31 30unbHIeHHsIM ToBIIMHN TLTiBOK ITAH Ha ITET cyOGcrpari.
3MeHIeHHs Eg 13 30UIbIIEHHSIM TOBIIMHM TUTIBKH [TAH MOXXHA MOSICHUTH 3POCTaHHIM
CTPYKTYPHOTO pO3JIasy, IO IiATBEP/DKEHO 30UIbIIeHHIM eHeprii Ypbaxa. 3cyB Kpaio
NorJMHAHHS (200 3MEHIIIEHHs XBOCTAa CMYTH Kpalo MOTJIMHAHHS ), HMOBIPHO, MOB’I3aHUN
13 KOH IOTaIli€l0 apOMaTHYHHUX KiJlelb y BYTJICLEBI KIIACTEpH, SIKI XapaKTepH3YIOThCs
BEJIMKOIO KUTBKICTIO HOCIiB 3apsiay. Lle 3yMoBIo€e yTBOpEHHS HU3bKOCHEPTeTHIHUX CTa-
HIB, 110 TIPU3BOANTH J0 3MEHIICHHS ONTHYHOI IMPUHK 3a00poHeHoi 30HU [24]. Po3mip
IUX KJIACTepiB 30UTBIIYETHCS 31 30UNBIICHHAM KUTBKOCTI KapOOHOBHX T'€KCATOHAIBHUX
Kijeus (auB. Tabm. 1).
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Puc. 1. A6copb6uiitni cniextpu 3paskiB [IET/ITAn. ToBmuna miiBku [TAH, HM:
1-176;2—156;3—270.

Fig. 1. Absorbance spectra of PET/PAn samples. PAn film thickness, nm:
1-76;2—-156; 3 -270.
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Puc. 2. I'padik Tayna: ahv sk dyHkuis eHeprii ¢porona mis 3pas3kiB [IET/ITAH. TomuHa

wriBku [TAH, HM: [ — 76; 2 — 156; 3 — 270. BecraBka: 3anexHICTh Ina Bix eHeprii GpoToHa.

Fig. 2. Tauc plot: ahv as a function of photon energy for PET/PAn samples. PAn film
thickness, nm: / —76; 2 — 156; 3 — 270. Inset: dependence of Ina on photon energy.
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Tabnuys 1
BB ToBumHu miaiBku [TAH Ha onToe1eKTPOHHI MapaMeTpu
Table 1
The influence of the thickness of the PAn film on the optoelectronic parameters
110 %, am E;, eB Eu, eB c N M
76 2,45 0,57 0,045 196 7,4
156 2,32 0,84 0,031 219 7,8
270 2,04 2,24 0,012 283 8,9

3 Tabm. 1 GaumMmo, IO 3HAYCHHS MapamMeTpa KPYTH3HH (0), SKHHA XapaKTepU3ye
PO3LIMPEHHs] Kpard ONTUYHOIO TOTJHMHAHHS Yepe3 elNeKTPOH-(POHOHHOT ab0 EKCHTOH-
(hoHOHHOT B3aeMOIT [25], 3MEHITy€eThCS 31 301IbIICHHSIM TOBITUHHM TUTiBKY [TAH.

Ha puc. 3 nokazaHo 3aJeKHICTh ¢ Bi TOBXWHHU XBHWIi. SIK BUIHO 3 pHcC. 3, rHOMHA
MPOHUKHECHHS JUIA BCIX 3pa3KiB 3MCHINYETHCS 31 30UTBIICHHSAM TOBIIUHM TUTiBKA [1AH.
e cBigunTh TIpO TE, M0 e(heKTUBHA AUCTAHIIIA MPOHUKHEHHS €IEKTPOMArHITHUX XBUJIb
30inbHIyeThest. OTKe, MaTepian crae OUTbI HENMPO30PHM 1 MOTTIMHAE €JIEKTPOMAarHiTHE
BUTIPOMIHIOBAHHSI.
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Puc. 3. 3anexuicts rmubuan npoHukHeHHS 3pa3kiB [IET/ITAH Bijg JOBXUHN XBHIII.
Tosmuna mwriBku [TAH, aMm: 1 —76; 2 — 156; 3 —270.

Fig. 3. Dependence of the skin depth of PET/PAn samples on the wavelength.
PAn film thickness, nm: / — 76; 2 — 156; 3 — 270.

BuxopucroBytoun BumeHaBeneHi piBHsSHHA (10-18), MM BUKOHaIH pPO3paxyHOK
MOKa3HUKIB 3ajomiieHHs TOHKUX TiBok ITAH nHa TIET cyOctparax, 3Ha4eHHs SKHX
3anucaHo y Tabai. 2.

SIk BUIHO 3 pe3yJsbTaTiB TaOJl. 2, 3HaYEHHS I[MOKAa3HWKA 3aJIOMJIEHHS, OTpHUMaHi 3i
crhiBBigHOMIEeHHS Penmi-Axammen (R-A4), € HAUBUIIUMH, TOJ1 K 3HAYCHHS /1, OTPUMaHI 3
cniBBigHOIIEHHss Mocca (M), HaifHWXYI JUIsl BCIX CHHTE30BaHMX 3paskiB. KpiMm Toro,
3HAYCHHS 7 3pOCTa€ 3i 30UIbIICHHSIM TOBIIMHM IUTBKK [TAH (muB. Tabn. 2). 3 manmx
Ta0JI. 2 BUJHO, IO 3HAYCHHS KOCQIIi€HTIB 3amoMicHHs IUIiBOK [IAH, po3paxoBaHi 3a
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criBBigHOMIEHHAMY PaBiHapa, MPakTHYHO HAONMKAIOTHCS A0 eKCTIEPUMEHTATBHIX. [HIIT
CHIBBITHOIIEHHSI TPOJEMOHCTPYBAIN IO OUIbIII BIIXWIICHHS IOPIBHSHO 3 €KcIie-
PUMEHTAIEHUMHE 3HaYCHHAMH (IHB. Ta01I. 2).

Tabnuys 2
3HayeHHsI MOKA3HUKIB 3aj0MJIeHHS ILTiIBOK [TAH, po3paxoBaHuX i3 pi3HUX cHiBBiIHOIIEHb
Table 2
The values of refractive indices of thin films of PAn, calculated using different ratios
3HaueHHs MOKa3HUKa 3JIOMJICHHS (71)

WAL % T2 T RG | Ra | HV | kS | A | DR | Pospax.
76 2,495 2,577 2,565 2932 2932 2,506 2,522 2,716 2,579
156 2,530 2,612 2,646 2979 2,553 2,567 2,936 2,770 2,604
270 2,612 2,697 2819 3,097 2,663 2,676 2992 22899 2,702

OnepikaHi pe3yabTaTH JOOpE KOPETIOITh i3 JTaHUMH ONPWIIOJHCHUMHU B TPAIiX
[26-28].

BucHoBku

ToHKI IUTIBKM TMOJIAHUTIHY HA MOMieTWICHTepedTaIaTHOMY cyOcTpaTi OTpHMaHo
XIMIYHUM OKMCHEHHSM aHUTIHY in sifu 3 BukopuctanusM LK sk momanTa. JlocmimkeHo
BIUIMB TOBHIMHU IUTIBOK [TAH Ha iXHi omroenekTpoHHI mapamerpu. ONiHEHO eHepriio
3a00pOHEHOI 30HM TSI CHHTE30BaHUX 3pa3KiB i 3’sCOBAaHO, M0 MIMPHHA 3a00POHEHOT
30HU 3MCHIIYEThCS 31 30UIBIICHHSAM TOBIIMHU IUTiBOK [IAH, ocamkenux Ha I[IET
cyOctparti. IlinTBepmKeHo, o eHepris 3a00poHeH01 30HM IUTiBOK I1AH, po3paxoBaHa 3a
nmoromororo MetofiB Tayra, mepeOyBae B nmiana3oni 2,45-2,04 ¢B as mtiBok TOBIIHU-
HOIO 76-270 HM, BimmoBimHO. Tomi sIK TMOKa3HHWK 3aloMyeHHS IUTiBOK [TAH 3pocrae 3i
301IBIIEHHSAM IXHBOI TOBILMHH.

[Monani y wiii craTTi pe3ynbTaTd AOCIIKEHb OTPUMAaHO 3a (piHAHCOBOI MiATPUMKH
MinictepctBa ocBith i Haykm Ykpaiam (Ne nepxaBHoi peecrpamii 0123U101857
JepxOropkeTHOT TeMu «Di3uKO-XiMis (QyHKIIOHANEHUX HaHOMATEpialiB JUI €JIeKTpo-
XIMIYHUX CHCTEM).

This work was partly supported by the Simons Foundation (Award ID: 1290588).

JITEPATYPA

1.  Wadatkar N.S., Waghuley S.A. Characterizing the electro-optical properties of
polyaniline/poly(vinyl acetate) composite films as-synthesized through chemical route.
Results Surf. Interfaces. 2021. Vol. 4. P. 100016. https://doi.org/10.1016/j.rsurfi.2021.
100016.

2. Giri H.,, Dowell T.J., Almtiri M. et al. Chapter Polyaniline derivatives and their applications /
Polyaniline — From Synthesis to Practical Applications. 2023. P. 1-30. htps://doi.org/
10.5772/intechopen.1001940.

3. Sharma N., Singh A., Kumar N. et al. A review on polyaniline and its composites: from
synthesis to properties and progressive applications. J. Mater. Sci. 2024. Vol. 59. P. 6206—
6244. htps://doi.org/10.1007/s10853-024-09562-z.




OIITUYHI TAPAMETPH IVTIBOK ITOJTAHIJIIHY HA TIOJIETUJIEHTEPE®TAJIATHOMY CYBCTPATI 133

11.

14.

16.

18.

Majeed A.H., Mohammed L.A., Hammoodi O.G. et al. A Review on Polyaniline: Synthesis,
Properties, Nanocomposites, and Electrochemical Applications. Int. J. Polym. Sci. 2022.
P. 1-19. https://doi.org/10.1155/2022/9047554.

Stetsiv Yu.A., Yatsyshyn M.M., Nykypanchuk D. et al. Characterization of polyaniline thin
films prepared on polyethylene terephthalate substrate. Polym. Bull. 2021. Vol. 78. P. 6251—
6265. https://doi.org/10.1007/s00289-020-03426-7.

Shishkanova T.V., Matéjka P., Kral V. et al. Optimization of the thickness of a conducting
polymer, polyaniline, deposited on the surface of poly(vinyl chloride) membranes: a new
way to improve their potentiometric response. Anal. Chim. Acta. 2008. Vol. 624(2). P. 238—
246. https://doi.org/10.1016/j.aca.2008.07.001.

Kolhar P., Sannakki B., Verma M.et al. Synthesis, Characterization and Investigation of
Optical and Electrical Properties of Polyaniline/Nickel Ferrite Composites. Nanomaterials.
2023. Vol. 13(15). P. 2223. https://doi.org/10.3390/nano13152223.

Thakur Y.S., Acharya A.D., Sharma S. et al. Reinforcement of V:0s nanoparticle in
polyaniline to improve the optical and UV-shielding properties. Results Opt. 2023.
Vol. 11(1). P. 100400. https://doi.org/10.1016/j.rio.2023.100400.

Atta A., Abdelhamied M.M., Abdelreheem A.M. et al. Berber Flexible Methyl
Cellulose/Polyaniline/Silver Composite Films with Enhanced Linear and Nonlinear Optical
Properties. Polymers. 2021. Vol. 13(8). P. 1228. https://doi.org/10.3390/polym13081225.
Al-Hada N.M., Al-Ghaili A.M., Bager A.A. et al. Radiation-induced synthesis, electrical and
optical characterization of conducting polyaniline of PANI/PVA composites. Mater. Sci.
Eng. B. 2020. Vol. 261. P. 114758. https://doi.org/10.1016/j.mseb.2020.114758.

Kahouli K., Kharrat A.B.J., Chaabouni S. Optical properties analysis of the new
(CoH1aN)3BiCls compound by UV-visible measurements. Indian J. Phys. 2021. Vol. 95(12).
P. 2797. https://doi.org/10.1007/s12648-020-01942-w.

Bijwe D.R., Yawale S.S., Kumbharkhane A.C. et al. Complex dielectric behavior of doped
polyaniline conducting polymer at microwave frequencies using time domain reflectometry.
Rev. Mex. Fis. 2019. Vol. 65. P. 590-600. https://doi.org/10.31349/revmex{is.65.590.

Gupta S., Choudhary D., Sarma A. Study of Carbonaceous Clusters in Irradiated
Polycarbonate with UV-vis Spectroscopy. J. Polym. Sci., Part B: Polym. Phys. 2000.
Vol. 38(12).  P.  1589-1594.  https://doi.org/10.1002/(SICT)1099-0488(20000615)38:
12<1589::AID-POLB30>3.0.CO;2-K.

Kumar R., Ali S.4., Mahur A.K. et al. Study of optical band gap and carbonaceous clusters in
swift heavy ion irradiated polymers with UV—Vis spectroscopy. Nucl. Instrum. Methods
Phys. Res., Sect. B. 2008. Vol. 266. P. 1788-1792. https://doi.org/10.1016/j.nimb.2008.
01.010.

Sharma E., Sharmahy P. Applicability of different models of energy bandgap and refractive
index for chalcogenide thin films. Mater. Today: Proc. 2020. Vol. 28. P. 92-95.
https://doi.org/10.1016/j.matpr.2020.01.342.

Gomaa HM., Yahia 1.S., Zahran H.Y. Correlation between the static refractive index and the
optical bandgap: Review and new empirical approach. Physica B. 2021. Vol. 620. P. 413246.
https://doi.org/10.1016/j.physb.2021.413246.

Cabuk M., Giindiiz B. Change of optoelectronic parameters of the boric acid-doped
polyaniline conducting polymer with concentration. Appl. Surf. Sci. 2017. Vol. 532. P. 263—
269. https://doi.org/10.1016/j.colsurfa.2017.05.008.

Muhammad F.F., Aziz S.B., Hussein S.A. Effect of the dopant salt on the optical parameters
of PVA:NaNOs solid polymer electrolyte. J. Mater. Sci: Mater. Electron. 2015. Vol. 26.
P. 521-529. https://doi.org/10.1007/s10854-014-2430-0.



134 FOJIISI CTELIB, MUXATJIO SIUIINH, OJIEKCAH/IP PELIETHSIK

19.  Beygisangchin M., Rashid S.A., Shafie S. et al. Polyaniline Synthesized by Different Dopants
for Fluorene Detection via Photoluminescence Spectroscopy. Materials. 2021. Vol. 14.
P. 7382. https://doi.org/10.3390/ma14237382.

20.  Zhaob Z., Zhoub J., Xiao H. et al. Creation of polyaniline-coated polyester fabrics with
conductive, electrothermal and energy-storage properties via micro-dissolution method.
Mater. Today Commun. 2020. Vol. 24. P. 101042. https://doi.org/10.1016/j.mtcomm.2020.
101042.

21. Saravanan S., Anantharaman M.R., Venkatachalam S. et al. Studies on the optical band gap
and cluster size of the polyaniline thin films irradiated with swift heavy Si ions. Vacuum.
2008. Vol. 82. P. 56—60. https://doi.org/10.1016/j.vacuum.2007.03.008.

22. Jin Z., Su Y., Duan Y. An improved optical pH sensor based on polyaniline. Sensor. Actuat.
B-Chem. 2000. Vol. 71(1-2). P. 118-122. https://doi.org/10.1016/S0925-4005(00)00597-9.

23.  Goktas H., Demircioglu Z., Sel K. et al. The optical properties of plasma polymerized
polyaniline thin films. Thin Solid Films. 2013. Vol. 548. P. 81-85. https://doi.org/10.1016/
j-ts£.2013.09.013.

24. Atta A., Abdel-Galil. A. Improved surface properties of PTFE polymer films using broad ion
source. Indian J. Pure Appl. Phys. 2016. Vol. 54(9). P. 551-556.

25. Matin R., Bhuiyan A.H. Infrared and ultraviolet—visible spectroscopic analyses of plasma
polymerized 2,6 diethylaniline thin films. Thin Solid Films. 2013. Vol. 534. P. 100-106.
https://doi.org/10.1016/j.ts£.2013.02.001.

26. Stetsiv Yu.A., Yatsyshyn M.M., Reshetnyak O.V. Energy band gap and the refractive index of
polyaniline. Proc. Shevchenko Sci. Soc. Chem. Sci. 2022. Vol. 70. P. 26-42.
https://doi.org/10.37827/ntsh.chem.2022.70.026. (In Ukraine).

27. Stetsiv Yu.A., Yatsyshyn M.M., Reshetnyak O.V. Optical parameters of polyaniline films on a
polyethylene substrate. The 8 th International scientific and practical conference «Topical
issues of modern science, society and education» (February 26-28, 2022) SPC
«Sciconf.com.ua», Kharkiv, Ukraine. 2022. P. 220-223. (In Ukraine).

28.  Stetsiv Yu.A., Yatsyshyn M.M., Korniy S. et al. Investigation of optoelectronic parameters of
thin films of polyaniline on acetate cellulose substrate. Visnyk Lviv Univ. Ser. Chem. 2023.
Vol. 64. P. 270-281. (In Ukraine). https://doi.org/10.30970/vch.6401.270.

SUMMARY

Yuliia STETS1V, Mykhaylo YATSYSHYN, Oleksandr RESHETNYAK

OPTICAL PARAMETERS OF POLYANILINE FILMS ON A POLYETHYLENE
TEREPHTHALATE SUBSTRATE

Ivan Franko Lviv National University,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: yuliia.stetsiv@lnu.edu.ua

Polyaniline (PAn) films, doped with citric acid, were synthesized on a polyethylene terephthalate substrate
by chemical oxidative polymerization using ammonium peroxydisulfate as an oxidant. Optical band gap,
Urbach energy, steepness parameter, absorption coefficient, extinction coefficient, the number of carbon atoms
in a cluster, skin depth, refractive index were calculated. The change in the optical band gap for the synthesized
samples was evaluated and it was found that the band gap decreases with increasing thickness of polyaniline
films deposited on the polyethylene terephthalate substrate. It is established that the optical energies of the
band gap of polyaniline films, estimated by the results of optical absorption measurements using Tauc
methods, are in the range of 2.45-2.04 eV for film thicknesses equal to 76—270 nm, respectively. The Urbach
energy values of the polyaniline coatings ranged from 0.57 to 2.24 eV with increasing polyaniline film
thickness, respectively.The number of carbon atoms per conjugated length, the number of carbon atoms per
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cluster and refractive index for the present samples were determined. Based on the correlations between the
optical energy of the band gap and the refractive index of semiconductors using Moss, Ravindra, Ravindra-
Gupta, Reddy-Ahammed, Gerve-Vandamme, Kumar-Singh, Annani and Duffy-Reddy ratios, the value of the
refractive index of polyaniline films was calculated. These values of the refractive index of polyaniline films
were compared with the values obtained from the experimental results. From the obtained results it is seen that
the refractive index of polyaniline films increases with increasing polyaniline film thickness on the
polyethylene terephthalate substrate. The values obtained from the Ravindra is the closest to the experimental

ones.

Keywords: polyaniline, films, refractive index, band gap.
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