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PUCYHKaM, cIiucka gureparypsl) 1 10 pucyHKoB. Bompocs!, cBA3aHHBIE ¢ IyOanKanueil HAyYHbIX 0030POB
(e 6omee 22000 cioB u 60 pucyHkoB), pemiatorcsa penkosteruneii HHH Ha ocHOBaHWU IpeABapuTEIHLHO
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5. B pepakiuio o6s3aTeabHO IpefocTaBiasercs (o e-mail niu Ha KoMmakT-gucKe) Gaity pyKomucu
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5—7 ungexcos PACS (8 mocnexnneir pegaknuu ‘Physics and Astronomy Classification Scheme 2010’ —
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crarbu (BMecTe ¢ 5—6 KiaroueBsIMH ciioBamMu). TeKCTHI YKPAMHOSSBIUHBIX CTATEH JOKHBI TAKIKe COLep-
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aHrJIMiicKoM sa3bike. Kpome Toro, comeprxkaHus aHHOTAIWM HAa YKPAWHCKOM ¥ aHIJIMMCKOM S3BIKAX
JOJIXKHBI 6]:1’1‘]: UJOEHTUYHBIMU 110 CMBICJTY.
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OTIOJIHUTEILHO IIPE/ICTABJIEHbI B BUE OTAeIbHBIX (PailioB (IIpeJrouTuTe IbHO B rpaduueckux opmarax
TIFF, EPS unu JPEG) c HagBaHuAMY, COCTOAIIMMY 13 (GaMUINU IIEPBOTO aBTOpa (JIaTUHUIEH) 1 HOMepa
pucyHka, Hanpumep, Smirnov_fig2a.tiff. KauecTBo mumrocrpanuii (B TOM 4ucJie TOJIYTOHOBBIX) ZOJIMKHO
obecreunBaTh UX BocupousBegenue ¢ pagpemenueM 300—600 Touek Ha groiiM. J[OIOJTHUTEIBHO PUCYHKY
IIPeoCTaBIATCA B hopMarTe IPOrpaMMbl, B KOTOPOI OHU CO3aBaJIUCh.

8. Hagnucu Ha pucyHkax (0CO0€HHO Ha ITOJIYTOHOBBIX ) HA/IO 10 BOBMOYKHOCTY 3aMEHUThH 6YKBEHHBIMU
o6o3HaueHNAMHY (HaOPaHHLIMU HA KOHTPACTHOM (hOHE), a KpUBbIe 0003HAUNTD IUMPAMU UJIU PASIHIHOIO
THUIA IUHASMYU/MapKepaMu, PasbsACHAEMBIMY B IOAIUCAX K PUCYHKaM uiu B Tekcre. Ha rpadukax Bce
JIMHUY/MapKEPHI JOLKHBI OBITH YEPHOIO I[BeTa U JOCTATOYHBIX TOJIIIVH/PAa3MePOB IJiA KaueCTBEHHOTO
BOCIIPDOU3BEIEHUA B YMEHBIIIEHHOM B 2—3 pasa Buje (peKoMeHAyeMas MIMpWHA pucyHka — 12,7 cm).
CHI/IMKI/I JOJIXKHBI 6I:ITI; ‘{éTKI/IMI/I " KOHTPACTHBIMU, a HAAIIUCU U 0608Ha‘{eHI/IH JAOJIKHBI HE 3aKPhIBAaTh
CYII[eCTBEHHBIE AeTajy (s 4ero MOXKHO MCIIOJIH30BaTh CTPEJIKM). BMmecTo ykasaHWs B IOJTEKCTOBKE
YBeJIMUEHNs NIPU ChEMKE JKeJIaTeIbHO IPOCTAaBUTh MaciITad (Ha KOHTPACTHOM (hOHE) Ha OAHOM U3 HAEH-
TUYHBIX CHUMKOB. Ha rpadukax moanucy K ocsiM, BHINOJHEHHbIE HA A3bIKe CTAThH, JOJLKHBI COJEPIKATh
0603HaueHns (NI HANMEHOBAHU ) OTKJIAJbIBAEMBIX BEeJIUUNH U Yepe3 3alsTYI0 UX eIUHUIILI U3MEPEHU .

9. ®opMmyasI B TEKCT HEOGXOJUMO BCTABJIATH C IOMOIIbI0 pegakTopa popmysn MathType, mosHOoCTHIO
cosmectumoro ¢ MS Office 2003, 2007, 2010.

10. Pucynku, a Takike TaGJUIbI U IIOJCTPOUYHbIE MPUMeYaHUA (CHOCKM) JOJKHBI NUMETh CILJIOIIHYIO
HyMepaIuio II0 BCeil craTbe.

11. CebLiku Ha JUTEpPATypHBbIE NCTOUHUKY CJIEAYeT HaBaTh B BUE MOPAIKOBOrO HOMEpPa, HalleuaTaH-
HOT'0 B CTPOKY B KBaAPaTHBIX CKOOKax. CIIMCOK JIUTEepaTyphl COCTABIISAETCSA B IIOPSAIKE IIEPBOr0 YIIOMUHA-
HUS UCTOUYHUKA. IIpuMepsl 0POPMIIEHUS CCHLIOK IPUBEEHbI HUYKe; IPOCUM 00paTUTh BHUMAHNE Ha II0-
PAIOK CJIeJOBAaHUSA MHUIINAJIOB U (paMuinili aBTOpOB, 6ubarorpad)uecKuX CBeAEHUN U HA PasJe/uTeb-
Hble 3HAKM, a TaKKe Ha HeOOXOAMMOCTh YKa3aHUs BCEX COABTOPOB IUTUPOBAHHOU pa6GoThl U (B KOHIE
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nurkanuy (1 yKasaH Ha e€é MHTePHeT-CTPaHUIle U3JaTeIbCTBA):
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BUJABHHYA ETUKA

TA 3ATIOBITAHHA HECYMJITHHI ITIPAKTUIII ITYBJIK AT

Pepakimiiina Koseria 36ipHuka HayKoBux mpaib «HaHocucTeMu, HaHOMATEpiain, HAHOTEXHOJIOTII»
JOTPUMYEThCSI €TUYHUX HOPM, NPUUHATHUX MI’KHAPOJHWM HAYKOBHUM CIIiBTOBAPWCTBOM, i pOOUTH
yce sl 3amobiraHHA OyAb-AKUM IIOPYIIEHHSAM I1X. ¥ CBOIMl [isJIbHOCTI pefaKIlisi CIMpaeThCs Ha
pexomenzanii Komirery 3 ernkn HaykoBux myoOuikariit (http://publicationethics.org).

000B’A3KM pegaKuii
. Bci npencrasiieHi cTaTTi peneH3yIOThCS eKCIIepTaMu B JaHil o61acTi.
. ITig yac posriAmy cTaTTi BpaXxoBYIOThCS Ii BiAgmoBigHicTh mpeameTHiit obJsacti, o6r'pyHTOBA-
HiCTb, 3HAYMMICTD, OPUTiHAIBHICTE, YUNTAOEJBHICTH i MOBa (IIpaBomIuUC).
. 3a pesysJbTaTaMU PEIeH3YBaHHS CTATTS MOKe OyTU IPUIHSATA A0 OmyOIiKyBaHHS 0e3 Jopo6-
KU, IPUHHATA 3 TOPOOKOI0 abo BigxwuieHa.
. BigxuieHi crarTi moBTOPHO He PEIEeH3YIOTHCS.
. CrarTi MOKYTh OyTH BigxwuieHi 6es3 pereHsii, SKIIO BOHM OYEBUJHUM UYMHOM HE IIiAXOAATH
I yOsTiKarrii.
. Pepakmia yxBaiioe pilieHHA oo myOsikaiii, Kepyroouuch MOJITHKOI 30ipHUKAa, 3 ypaxy-
BaHHAM JiI0YOTO 3aKOHOJABCTBA B 00JIACTi aBTOPCHKOTO IIpaBa.
. He momyckaeTrbes mo myburikailii indopmaiiisi, SKIO € AOCTATHLO IiJCTaB yBaKaTH, II[0 BOHA
€ miarisTom.
3a HasgBHOCTH AKUX-HEOyIb KOHQJIIKTIB iHTepeciB ((hiHaHCOBUX, aKageMiuHUX, OCOOMCTUX) BCi
YYacHUKHU IIPOIlecy pelleH3yBaHHS IIOBUHHI cHoBicTUTH IIpo Iie penkosierii. Bei cmipui nuranHsa
PO3IJIANAIOThCA Ha 3acifiaHHi pegkKoJerii.
IIpuiiaari go onyOIiKyBaHHA CTAaTTi PO3MIIIAIOTHCA Y BiAKPUTOMY AOCTYIi Ha caiTi 30ipHMKA;
aBTOPCBHKI ImpaBa 30epiraloThbCs 3a aBTOPaMU.

ETuyHi NpUHIUIN B JiSIbHOCTI PEeleH3eHTiB

. PerieHseHTH OI[IHIOIOTH CTATTi 3a IXHIM BMicTOM, 0E3BiZHOCHO J0 HAIIOHAJILHOCTH, CTATi,
CeKcyasIbHOI opieHTalii, peairilHuX mepeKoHaHb, eTHIYHOI MPUHANEKHOCTA a00 MOJITUYHUX
IepeKoHaHb aBTOPiB.

. CriBpoGiTHUKY pefakKiiii He IMOBUHHI MOBIAOMJIATH SKY-HeOyAb iH(opMallio mpo crarti, II[0
HagidmIM, ocobaM, AKi He € pelleH3eHTaMM, aBTOPaMU, CIiBPOOITHHKaMU pefakiiii Ta Buma-
BHUIITBA.

. PerniensyBanHs moBUHHE OyTH IIpoBeaeHO 06’eKTHBHO. IlepcoHasbHA KPUTHUKA aBTOpa HEIPU-
nyctuMa. PereHseHTu 3000B’A3aHi OOI'PYHTOBYBATHU CBOIO TOUKY 30pPY YiTKO if 06’€KTUBHO.

. PenensyBanusi moroMarae BUJABIEBI mpuiiMaTy pillleHHA Ta 3a JOIIOMOIOI0 CIIiBPOOITHUIITBA
3 pelleH3eHTaMU i aBTOPaMU MOJIIIIIINTH CTATTIO.

. Marepianu, orpumani nisa pereHsii, € KOHGIZEHIiHHUME JOKYMEHTaMH Ta PeleH3YIOThCA
aHOHIMHO.

. PerenseHnT Takoyk 3000B’s3aHUiI 3BepPTATH yBary peJaKTopa Ha iCTOTHY ab0 Y4acTKOBY MOZi0-
HiCTH IIpeACTaBJIEHOI CTATTi 3 AKOIO-HEOYIb iHIIOI POGOTOI0, 3 AKOKI PEIeH3eHT Ge3rnocepes-
HBO 3HAWOMUH.

IIpuHIMIN, AKMMHU NOBHUHHI KePYyBAaTHCA aBTOPH HAYKOBUX ITyOJiKaIii

. ABTOpH craTell MOBMHHI HagaBaTU TOYHUI 3BIT IpPO BUKOHAHY POOOTY i1 00’€KTHUBHE OOI'OBO-
peHHs i 3HAYMMOCTH.

. AsBTopu craTTi DOBMHHI HaJaBaTHU MOCTOBipHI pe3yJbTaTH IIPOBEAEHOr0 OIJIAAy U aHamisu
nmocaimxenb. CBiqoMo mOMUIKOBI a60 chanbcudikoBaHi TBepKeHHA HEIPUHHATHI.

. CraTTss MOBMHHA MICTHUTH IOCTATHIO KiJbKicTh iHdopmarlii mjis ImepeBipKM Ta IIOBTOPEHHS
eKCIIepUMEHTIB ab0 po3paxyHKiB iHmwumu pociaigankamvu. [Ilaxpaiicbki abo cBimomo Hempas-
IVBi 3aABM MPUPIiBHIOIOTHCA IO HEETUYHOTO IMOBOAYKEHHS i € HeIPUHHATHUMMU.

. ABTOpPH MOXKYTb HAJaBaTH OPUIiHAJBHI PeryJsapHi # oriasamoBi poGoTu. 3a BUKOPUCTAHHS
TeKcToBOI abo rpadiumoi indopmarrii, orpumManoil 3 pobiT iHmIMX 0cib, 000B’sI3KOBO HEOOXimHI
MOCUJIAaHHS Ha BiAmoBigHi myGiikarii abo mucbMOBHU [03Bia iXHIX aBTOPIB.

. Ilogaua craTTi OGiABII HijK B OQUH KYPHAJ PO3IIHIOETHCS SK HEETHMYHE IOBOIMKEHHS i € He-
TPUNHATHOIO.

. ABTOpPCTBO ITOBUHHE OyTH OOME)KEeHe TUMM, XTO 3pOOMB 3HAUHUIN BHECOK y KOHIIEMIil0, PO3-
POOKY, BUKOHAHHA a00 iHTEpIIPeTaIlilo 3asBJIEHOT0 AOCIiIKeHH.

. Ioxepesa (hiHAaHCOBOI MiATPUMKYU OCTiMIKEHHA, 0 TYOIiKyeThCS, MOKYTb OyTH 3a3HAUEHi.
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CTBOpeHHS MaTepidasiB y HaHOMacITabi, 30KpeMa opraHisallis mpoiieciB ymo-
PAOKYBaHHSA HAHOOO €KTiB 3a MOIOMOTOI0 TEMILJIATiB, € OJHUM i3 OCHOBHHX
HaOPSAMiB PO3BUTKY (hi3MUYHOrO MaTepisiioO3HABCTBA Ta CY4YaCHUX HAHOTEXHO-
gorii. Temmiaar € iHCTpyMeHTOM AJIsI OpraHisarrii y mpoctopi Ta gaci ¢isuko-
XeMiUHUX TPOIECiB CTPYKTYPYyBaHHA HaHOOOG’€KTiB Ha HOro mMoBEepXHi 3a pa-
XYHOK OJIM3BKOIIOJHLOBOTO B3aeEMOUMHY. B po6GOTi mociimskeHo MexaHisMHU
YTBOPEHHS NMIPUXOBAHOTO €JEeKTPOCTATUYHOTO 300pasKeHHA aMOPMHUX MoJie-
Kynapuux HamiBupoBinauKiB (AMH). TemmiaTHi iHCTPpYyMeHTH MOJIEKYIAPHOL
Ta iHTerpaJibHOI eJIEKTPOHIKY CIIPAMOBYIOTH IPOIlECH caMOOpraHisallii peuo-
BUHU, CIPUYUHAIOTH ii CTPYKTYPYBAHHS IIiCJIsA HAaHECEHHS Ha IIOBEPXHIO TEM-
maaty. Ile ymoxauBiioe hopMyBaTu 00’€KTH i3 IeBHOIO MOJIEKYJIAPHOIO opra-
Hisalliero Ta TomoJioriero. BuBueno MmexanisMu HakomuueHHsA 3apany B AMH.
IIpoananizoBamo momens Ilysma—®penkens, AKui mepeabavae gejoKaaisariro
€JIEKTPUYHOI0 3apANY 3 BU3BOJIEHHAM i3 IEHTPY 3aXBaTy, 3 BUKOPHUCTAHHAM
30HHOT'O MOJEJIIO.

477
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Creation of nanoscale materials, in particular, the organization of the pro-
cesses of ordering of the nanoobjects using templates, is one of the main di-
rections of physical materials science and modern-nanotechnologies’ devel-
opment. The template is a tool for organizing of the physical and chemical
processes of structuring of nanoobjects in space and time on its surface due to
the near-field interaction. The formation mechanisms of hidden electrostatic
image of amorphous molecular semiconductors (AMS) are studied in the
work. Template tools of molecular and integrated electronics operate the pro-
cesses of matter self-organization, control of its structuring after applying
on the template surface. This allows obtaining of the objects with a certain
molecular organization and topology. The mechanisms of charge accumula-
tion in AMS are studied. The Poole—Frenkel model, which predicts the delo-
calization of the electric charge released from the capture centre, is analysed
with the use of a zone model.

Karouosi croBa: Temmiatu, peabed, GOTOUYTIAUBICTD, eleKTpodisuuHi BIac-
TUBOCTI, €JIEKTPUUHUI 3apAL.

Key words: templates, relief, photosensitivity, electrophysical properties,
electric charge.

(Ompumano 22 nromozo 2023 p.; nicas doonpaywsanns — 31 aunua 2023 p.)

1. BCTYII

CTBOpPEeHHA BUCOKOAKICHMX TEeMILJIATiB Ha OCHOBiI OpPraHiYHMWX TepPMO-
IIJTACTUYHUX CEPENOBUIN MOKJIWBE TiJIbKM 3 BUKOPUCTAHHAM PEUO-
BUH, AKi 3a/I0BOJILHAIOTH ITiJifl HUBIL YMOB, a camMe: BHCOKill (hoTouy-
TJIIUBOCTi, HUBBKill TeMHOBi#I HPOBiAHOCTI, 3HAUHIW TEPMOCTIHKOCTI,
BUCOKIiM 3aTHOCTI yTBOPIOBATU i3omiaHApPHI MJIiBKM, BHUCOKiN medop-
mariiiHiii sgatHocTi [1]. TaKky CyKyHHIiCTH BJIACTMBOCTEH MAaiOTh aMoO-
pdui monekynapui mamiBnpoBimauku (AMH), a came, KapbasoaBMmic-
Hi cmoayku moJai-N-Biminkap6asosa i mouai-N-mpominkap6ason (IIBE,
noaienokcinponinkapbason (IIEITK), momoBani pisHmMHM ceHcubisisa-
TopamMu). BuKopuCTaHHA B3asHAUEHUX BJIACTHUBOCTEH YMOKJIUBJIIIOE
CTBOPIOBATM B TAaKUX CEPEJOBUINAX MHOTEHIIAJIbHUMN eJIeKTPOCTATHY-
HUN penbed), i mieto SKOro Moxke AK (OpMyBaTHUCSA TeOMETPUUYHUHN
IpocTOpoBUil pesbed BilbHOI IOBepXHi IJIIBOK 3a paxyHOK ii medop-
MYBaHHSA, TaK i peaylisyBaTHUCs ITPOCTOPOBO HEOMHOPiAHE OCaMKeHHS
peuoBMHU i3 razosoi ¢asu.

Y TaKMX peecTPyBaJbHUX CHCTEMaX CTOPOHHI CHUJIM IPUXOBAHOTO
300paskeHHs, AKi AedopMyIOTH IIap aMop(HOTO MOJEKYJISPHOTO Ha-
OiBOPOBiAHWKA, YACTiIll 3a BCe MAIOTh €JEKTPUUYHE MOXOIKEHHS, IO
3a0e3Ieuye MOXKJIUBICTH MOCATHEHHS IXHBOI HaMOiIbIIOl BeTWYMHU.
Ile mpakTuuHe 3aCTOCYBaHHS CTUMYJIIOE TOCJTiIKEeHHS BJIACTUBOCTEH
eJIEKTPUYHO 3apAIKeHuX ITapiB Kapb6asoiaBMmicHuUX MartepisaiaiB. Ocob-
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JUBO IIe BiTHOCUTBHCA O JOCJiAKEeHHSA TOBIIUHHOIO PO3IIOALIY eJIeKT-
pPUYHOTO 3apsany, III0 BH3HaAUa€ iH(OpMAI[iliHi BJIACTHUBOCTI IIapy MoO-
JEKYJISPHOTrO HAIIiBIPOBiTHMKA.

2. EJERTPO®I3NYHI BJJACTHUBOCTI AMOP®HUX
MOJIERY JJAPHUX HAIIIBITPOBIJHHUKIB

Enextrpodisuuni BractuBocti AMH cramm 06’ekToM mOCIimKeHb Iic-
ag poboru Xorisa [2], axuili eKCIepUMEHTAJbHO MOBiB MOKJIMBICTH
ceHcubOinisamii ¢oronposigaux IIBK OapBHukaMu i eJeKTPOHHO-
aKIenToOpHUMH nobaBKaMu GuioopeHoBoro paay. lleit pesyiabrar nas
avory posraazatu AMH IIBK B akocti marepiaay AJjid CTBOpPeHHS
doTOUyTINBUX CepeloBUIl B ejeKkTpodoTorpadii, dasosiit penabedor-
padii. Ilisuime Ile [3] BcTaHOBUB, IO, Ha BiAMiHY Big MoOJEKyJIAp-
HuX KpucraiiB, B AMH o6sacTi moJiB 3 HaIpyKeHIiCTIO, IO IIEePEeBU-
mrye 10° B/M, TpaHCIOPT HOCIiB eJeKTpUUYHOrO 3apany BinOyBasca Oes
3axBaTy ix Ha rambOoki piBHi. Ileit pesyabTaT BUABUBCA CIPaBEIJIN-
BuM ansa Oaratbox AMH. ¥V pesysabTaTi eKcnepuMeHTAJbHUX TOCJIi-
mxens mapiB AMH 0Oyso BcranoBiewno, 1o mposigmicts y IIBK Ho-
CUTH JiPKOBUI xapakTep. BusHaueHo, IO BeJIMUMHA PYXJUBOCTU HO-
ciiB eJIeKTPUUYHOrO 3apAAYy BUSABUJACA Ay:Ke MaJIOl0 Ta CUJIBHO 3aJje-
JKHOIO BiJi BeJIMUMHU HAIPYKEHOCTU 30BHIIITHBOTO €JEKTPUYHOTO IIO-
as. Beranosiewno [3], 1o TeMIepaTypHa Ta IIOJBOBi 3aJ€KHOCTI PyX-
JIUBOCTHU | OTIMCYIOThCS BUPA30M:

W, —B,.NE
U= p, exp o = BepVE , (1)
kT
pe T, =T,' -T"', W, — emepria axrusamii, ||, — mocriiina, aKa

3aJIesKUTh Big ckaamy AMH, k; — BoabnmanzoBa crana, T, — TeM-
mepaTypa, AKa BigmoBizae Toumi meperuHy 3anexxHocTH Inu(T') 3a
pisHMX 3HaueHb HANPYIKEHOCTH 30BHIIIHBLOrO moasa E, Ppr — craia
IIyna—®penkes.

Bupaz (1) noxibHU# M0 3aJIeKHOCTH €JeKTPOIIPOBiIHOCTH Bifg moss,
fAra nepenbauena mopeneMm Ilyna—®Ppenkens. Bausbpkoro 10 po3paxo-
BAHOrO 3 Teopii 3sHaueHHA Oyja TaKOXK i €eKCHepUMEHTAJbHO BUMIips-
Ha BesqimuuHa Ppr. OMHAK, He QUBJIAYNCH Ha AO0PY BiANOBiAHICTH eKc-
MepUMEeHTATbHUX AaHUX i mepemdauens wmogenio Ilyma—®@penkens,
BUKOPHCTAHHA OCTAHHBOTO /IS MOSCHEHHA MEXaHiZMy eJIeKTPOIIPOBi-
naoctu B IIBK OyJsio ycKJaagHeHe 3a HACTYIHMMHU JBOMa OOCTaBUHAMU
[3, 4]. 1) Mogens Ilyna—®Ppenkens nepeadavae AeoKaIisalliio eaek-
TPUYHOTO 3apAAY 3 BMBBOJEHHAM i3 IIEHTPY 3aXBaTy Ta BUKODPUCTAH-
HAM 30HHOTO Mozesio. MiHiMasbHO AOIycTHMe 3HAUEHHS PYXJIUBOCTHU
IJIS 3aCTOCYBaHHSA 30HHOTO MOjelr0 Mae Oytu mopanky 107° m*/Be.
BusHaueHe 3HaueHHs pyxJuBocTeil ckmagamo 107—107'% m?/Be. 2)
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g Buxkopucranua mojento Ilyina—®PpeHKend J0 OONHWCY TPAHCIIOPTY
HociiB ctpymy kpisk mapu AMH tuny IIBK Heobximmo, mo6 y cepe-
ToBuIlax OyJia OinbIlla TyCTHHA eJeKTPUYHO 3apAIKeHUX IeHTPiB, IO
AKX Mae MPOXOAUTHU TPAHCIOPT HOCiIIB 3apany. HadaBHicTb Tarkux
IeHTPiB Ba’KKO OOT'PYHTYBaTH B TAKUX MOJIEKYJIAPHUX cuctemax. Lle
HEY3TOo»KeHHSA YCYBAEThCS Pe3yJIbTaTOM, 3TifHO 3 AKHM e(deKT, ama-
Jgorivauii epexry Ilyna—Ppenkessa, MOXKe CIIOCTepiraTucd i AJsa Hel-
TpaarbHuX mactok. [[Kuam [5] TakoK eKcImepuMeHTAJNbLHO JOBiB CTpH-
OKOBUII XapaKTep TPAHCIOPTY HOciiB cTpymy kpisp map IIBK. 3a
JKuamoM pPyXJauBicTh 3a CTPpuOKOBOrO MeXaHidMy TPAHCIIOPTY
moB’si3aHa i3 cepeqHBOIO CTPUOKOBOIO BiAJaJIII0 CIiBBiAHOIIIEHHAM

W oc ¢ VvR? exp —25— W, , (2)
kT A RT
Ie v — dacrora cupob crpubka, R — cepennsa crpubkoBa Bignaisb.

Hna BusHauenuna R Buxoxuau [3] 3 Toro, o ceHcubisizoBamy
rpuHiTpodoopeHonny (TH®) numisxky IIBK mosxkHa posridamatu, AK
CKJIAZeHy 3 TPHOX KOMIIOHEHTiB: 1) MoJieKyJ mosiBiHinkap6aszomay; 2)
BimpauX Moisexysa TH®; 3) KomimmeKTiB 3 mepemocoM 3apany. Kpim
IIbOT'0, BPaxXOBYBaBCSA Ta BUKOPUCTOBYBaBCA TOH (aKT, IO B TaKUX
AMH mnepenoc aipok BimOyBaeTbcs MiK MOJIEKYJIaMHU, IO He BXOAATH
IO CKJIay KOMILJIEKCY 3 IIepeHOCOM 3apsAny, a IepeHoC eJIeKTPOHIB —
Mik BimpHUMU MoJeKyjaamu TH® i KomniaekcamMu 3 IIePeHOCOM 3aps-
ny. Takum umHOM, BU3HaUeHHA R 3BogumiocA OO0 BU3HAUEHHA T'yCTUH
BiATIOBiAHMX KOMMOOHEHTiB. EKcIlepruMeHTaJIbHO BHU3HAUYEHA 3aJIeXK-
micts In(u/R*)—R mobpe ysromxyerbea [3] 8i cmiBigmomenHaMm (2),
IO CBiAYMTHL IIPO CTPUOKOBUII XapakKTep IIEpPEeHOCY HOCIiB 3apany.
Bpaxosyrouu, 1110 €KCIOHEHI[ifiHe 3MEHIIIeHHS PYXJUBOCTH 3 Bimmau-
JII0 BUBHAYAETHCA 3MEHIIIEHHAM II€PEeKPUTTS XBUJILOBUX (PYHKIIiH cy-
cimHix cTaHiB, TO TaHT'eHC KyTa HaXWJy 3aJIeKHOCTU ln(u/ R?)—R Bu-
3HAUa€ CTYIiHb JOKaJsisarii HociiB ctpymy B AMH. Ilna IIBK ma Be-
auunHa Oyaa nopaaxky 107'° m. BigmiTumo, mo cTymieb Jgokamizamii
CTaHiB, TOOTO MIBUAKICTh 3aTyXaHHS XBUJBOBUX (PYHKIIiN HoCiiB 3a-
pAny, BU3HAYA€ OCOOJMBOCTI MeXaHi3My CTPUOKOBOI ITPOBiIHOCTH.
Tak, y BUIIQJAKY CUJILHOTO IEPEKPUTTSA XBUJILOBUX (YHKIIiN cycimHix
CTaHiB € 3HaUHA WMOBIPHICTb TYHEJILHOTO IIEPEXONy HOCIiB 3apAny IO
nux crtaHax. IIpoBifgHiCTh y IIbOMY BUIIQAKY CHUJBHO 3aJE€XKUTL Bif
BEeJIUUMHYN HAIPYKEHOCTU eJEKTPUUHOTO TOJIA Ta He 3aJIe’KUTh BiJ
TeMneparypu. SIKIIO K CTYIiHb IEPEKPUTTA XBUJILOBUX QPYHKILIH
MaJia, TO IepPeHOC HOCIIB 3apAny MOMKJIMBHUU TiJIBKM 3a PaXyHOK Tep-
MiyHO 30yI:KeHUX HOCiiB 3apAny. ¥ IIbOMY BUHAIAKY CTPUOKOBA IIPO-
BigHicTh icTOTHO 3ayeXuTh Bix Temneparypu AMH. [1a BusHaueHHS
BiTHOCHMX BHECKiB IMOBEPXHEBOr0O i 06’€MHOTO MexaHiaMiB reseparii
HOCiiB CTPyMy BpaxoOBYBaJI¥, II[O0 3a BUCOKUX 3HAUEHb HAIIPYIKEHOCTHU
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30BHIiMIHBbOTO esieKTpuuHoro mosda y IIBK Bimcyrtwmiii saxBar Ha rim-
00Ki macTKu. ¥ IIbOMY BUIIQAKY IIBUAKICTHL 3MiHM IOTEHIIiSAJIYy IIOBe-
pxui mapy dV/dt BusHauaeThcA IMBUAKICTIO TeHepallii HociiB G. 3a
raxkoi ymoBu dV/dt onucyeTbcs HaCcTymHUMU yaBiaeHHAMu [6—10]:
— 3a IIOBEPXHEBOI reHeparrii HociiB cTpymMy 3 e(DeKTHBHICTIO I'eHepa-
mii Gy

av

e
& - € Ga; 3
dt egy, @)

— 3a 06’eMHOI reHeparrii 3 epeKTUBHIiCTIO TeHepallii G,

av _ _indz ) (4)
dt €€,

YV pesyabTaTi eKclIepuMeHTAJbHUX OOCTiIKeHb OyJI0 BCTAHOBJIEHO
HACTyIIHE.

1. 3a mO3UTMBHOIO IMOTEHIiANY BiJbHOI moBepxHi mapy AMH Biz-
HOCHO MeTajieBOl MiAKJIagZWMHKN, Ha AKYy 1 HaHeCeHO, BeJnuYmnHa
av
dt
OyB 3po0JieHHII BHCHOBOK, IO CIAJ MOTEHIIAJY Yy IIbOMY BHUIIAAKY
3yMOBJIeHUI iH)KeKIlielo HipoK 3 moBepxHi B 00’eMm 1mapy IIBEK.

2. 3a HeraTMBHO 3apdAm:KeHOl BiibHOI moBepxHi mapy AMH Beiu-

d' He zanexuTthp Bix ToBmuHM mapy. Ha mizctaBi mux gaHmx

av . .
4ynHa d_d ! Tako)K He B3aJIeKUTH BiJ TOBIIMHM APy, SKIO IIap
t

AMH posramopaauii 6e3mocepeiHb0 HA MeTaJi30BaHilli CTPYMOIIPOBI-
nuint migraaguaii. Axmio mixk mapom IIOH (ITBK) ta meranisoBa-
HOIO OCHOBOIO 3HAXOAMJACA JieJIeKTPUYHA IIJIiBKa, TO, HE3AJEIKHO Bif

. Vv
ropiuun mapy IIBK, BukonyBasiocsa CcIiBBigHOIIIEHHS C:i—d‘z’ .
t

BinmorigHo, Ha mifcTaBi aHaNisuM IMMX pesyJbTaTiB OyB 3pobJieHUT
BUCHOBOK NP0 HafABHICTh IOBEePXHEBOi I 00’€MHOI r'eHepalliii HocCiiB
cTpymy. BiusbKi i1 aHasmoriuni pesyabTaTu 6yJa0 OJep:KaHO i y HOCJTi-
IKEeHHI MOoJIielmoKCUIIPOIIiIKap6as3oy.

IInisku IIBK 3 eJeKTpOHHO-aKIeNTOPHUMU ceHcubisrizaTopamu
MalOTh 3HAUHY ejieKTpodororpadgiuHy BTOMJIEHICTh, AKA IPOSABISAETh-
cAd y 3MEHIIEeHHI I'PaHNYHOTO MHOTEHIiAJy 3apAIK! MOBEPXHi IIapy
IMicJIda IMUKJIY 3apsagKa—OCBiTJIEHHS Ta B 3MEHIIEHHI IITBUAKOCTU CHAIY
moTeHIiAay Ha cBitai. Ilokasano, mo B miaiBkax IIBK makonmuuyeThb-
cA eJIeKTPUUHUI 3apsif, BeINUYMHA SAKOr0o 3aJIeKUTh BiJ IPUKJIAIEHO-
O HAIIPY KEeHHsd.

IlepepaxoBaHi pesyJbTaTh KOPHUCHI Ta MOXKYTh OYTH 3aCTOCOBaHi B
AKOCTI MmiArPYHTA mOja mo6ymoBu (Pi3MUYHOTO MOMENI0 3apsmiKeHOo-
peecTpyBasbHOTO cepemoBuinia. OmHax HeoOXimHI momaTKOBiI mgoci-
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MKeHHA, 30KpeMa KiHeTHKU CTPYMY Ta BOJbT-aMIIEDHHUX XapaKTepuc-
uk mapis IIBK (ITEIIK) 3 meroio yTouHeHHA MexaHisMy TreHepairii
HOCiiB 3apany, a TAaKOK HAKOIIMUYEHHSA 00’€MHOTO 3apAny Ta Horo po-
3IOMiNYy ycepeauHi peecTpyBajbHoro mapy AMH.

Y excnepuMeHTAJIBbHOMY OOCJIIIKEHHI IIOCTABJIEHUX HMUTAHb 3PAa3KU
IS TOCTimKeHb ToTyBajaum moauBoM 3 posumny IIBK y Tomyoxai Ta
komnosuilii IIBK 3 ceumcubinmizaTropom TH® i miactudikaTropom, cra-
OimisoBaHuM KaHi(oJro, Ha cKJIAHI migxiaasumaku. KomTakTyBalabHA
3 AMH mnoBepxHsA cKJia 0yJia MeTaJli30BAHOIO 3a JOIOMOTOI0 HAIIOPO-
IIeHHA Ha Hel TOHKOro mapy SnO,.

3. MEXAHISMHU HAKOIIMYEHHSA 3APA1Y B AMH

MipanHa KiHEeTUKU CTPYMiB 3apsaAKU, PO3PAAKU Ta BOJbT-aMIIePHUX
XapaKTepUCTUK NPOBOAUJU y KOPOHATOpPi 3 KepyBaJbHOIO CiTKOIO.
XapakTepHOIO O0COOJUBICTIO MepexXiZHMX CTPYMiB 3apsaAgKu IIapis
IIBK y KopoHHOMY PO3pAAi € HAABHICTH MBOX IIOCTIiHHUX Yacy IIpPOIle-
cy. IlouaTKkoBuii iMIIyJIbC 3apsAJHOTO CTPYMY 3yMOBJIEHUI 3apAIKOIO
reOMeTPUYHOI €MHOCTU ILIiBKM, IIPO IO CBiUuaTh pe3yJbTaTH BUMi-
PIOBaHHA €MHOCTU ILIiBKHU, OJEpP:KaHi 3 MOCHiMKEeHHS B3aJIe:KHOCTHU
3apAny @, AKUN HAKOONUUYEThCA IITapOM, BiJ IMOTEHIIiAJY IIOBEepXHi
maiBgu V. 3anexuicte Q(V) mpencrasisge npAMY JiHiI0 (3a TOYHOCTHU
MipaHb Vv = 10% ) 3 TaHT'eHCOM KyTa HaxXWJay, AKHH JOPiBHIOE po3pa-
XYHKOBIi#I BeJWYWHI €MHOCTH ILTiBKU Jd ILTACKOTO KOHIeHCcaTopa.
Jlimitima sane:xuicts Q(V) cmocrepiraeTbcs i mpu Po3pATHUX MIPOIle-
cax. OmHaK y IIbOMY BUIIQAKY HaXWJ il 3MEHINYE€ThCA 31 30iJbIIeH-
HAM 4Yacy POSPAAKH Ta 3 HAOJIMIKEHHAM [0 TPAHUYHOIO MOTEHIIiATY
MMOBEPXHi ILIiBKU, TOOTO KON 3’ ABJSIOTHCA 3HAUHI KPisHi cTpyMmu.

Caimom 3a iMmyJbcoM 3apsAHOTO CTPYMY CIIOCTEPIiraeThbcA IOBiJb-
HO cuagHuii cTpyM. KiHeTuKy 1IbOro cTpymy HaBeneHo Ha puc. 1. Bi-
IMiTHMO, IITO TPUBAJO cHagHi cTpymu (KpuBi 2-3) moB’sasani 3 mpo-
1IecOM HAKOIIMUYEHHsS IIPOCTOPOBOTO 3apdany, iHKEKTOBAHOIO ycCepenu-
HY IUTiBKHY, IO MPUNUHAETHCA Y MOMEHT BCTAHOBJIEHHS CTAIliOHAPHO-
ro KPisHOTO CTPyMy, AKHM BH3HAUAETHCS eJeKTpompoBimmicTio AMH
3a JAaHOTO IOTEHIIiAJNy MOBEPXHi MIiBKU. 3MiHA XapaKTepy KiHETUKU
CTPYMiB 3apAAKM Bij cragy A0 POCTy Ta PidKUH picT BeIWUYMHU KPis-
HOTO CTPYMY 3i 30iJBINTeHHAM NPUKJIANEHOTO HATPY:KEHHS BUIIE [e-
SAKOTO KPUTUYHOTO 3HAUEHHS ITOB’fA3aHI 3 HeJiHilHICTIO eJeKTpompo-
BigaocTu maiBok IIBK, 1Mo moOpe BUIHO 3 BOJBT-aMIIEPHUX XapakKTe-
PHUCTUK IIPOIECY PO3PAITKU.

s meTaJbHOrO HOCJiMKeHHA HAaKOUUUYeHHS 3apAny B mapax IIBK
OyB BUKOPHCTAHUI METOJ TePMOCTHUMYJbLOBAHUX CTpPyMmiB. Ha pucyH-
Ky 2 HaBeJeHO TUIIOBi CIIEKTPU CTPYMiB TEPMOCTHUMYJIHOBAHOTO PO3-
pany sapAmKeHol MO3UTUBHUM IIOBEepXHeBUM 3apsaaoM ILiiBku IIBE
iz d=38,510"° m. IIIBuAKicTh B3pOCTAHHA TeMIIEpATypH CKJIAJaja
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Puc. 1. KinmeTuka mepexigHoro cTpyMy 3a MO3WUTHUBHOTO IIOTEHIIISAIY 3apsamHOl
enexkrpoau AMH-IIBK; Bick opguHAT CyIiJIbHUX KPUBUX PO3TAIIIOBAHO BHUIY,
HIITPUXOBUX — 3BepXY (rpadiku I oxgep:kano 3aV=155B,2 —3aV =200B; 3
—3aV=355B).!

1104 A
SN AS

I
O —
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T, K

Puc. 2. Ctpym TepmocTuMyIboBamoi gemonapusartii mapy IIBK; kpusy I oge-
PIKAaHO 3a OTeHIIisary noBepxHi y 170 B, xpusy 2 — 370 B).?

5102 K/c.

Ha cmekTpax TepMOCTUMYJIBOBAHOTO PO3PALY MOMKHA BUIIIUTU TPHU
XapakTepHUX MAKCHUMYMH: «a», «0», «8». BigmoBimmo, Oasa mOJIap-
Hux AMH miku ctpymiB «06» Ta «8» 3yMOBJIEHO ITOJAPU3AIII€I0 AUIIO-
JiB 3a HarpiBamHs CepemoBHINA B E€JeKTPUUYHOMY IIOJi, IO CTBOPIO-
€ThbCsS IMOBEPXHEBUM €JIEKTPUUYHUM 3apsagoM i pejaKcallielo camMoro
IOBEPXHEBOTO 3apAJy 3a paxyHOK omiuHOi mpoBimuHoctu. IIik «a» Ha
PUCYHKY 2 MOKHA IIOSCHUTH IEMOJISIPH3aI[icl0 OPi€eHTOBAHUX 3a KiM-
HATHOI TeMIIepaTypu B IIOJIi ITOBEPXHEBOTO 3apsAAy OUIIOJIB MOJIEKYJI.
Sx mokasanu AOCIifKeHHA TePMOCTUMYJbOBAHOTO PO3PANY, 3a Bapi-
IOBaHHSA BUXITHNX YMOB 3apAIKM BeJIWUYMHA TiKiB «a» 301JIbINyeThCA
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3i 30iBIIIEHHAM Yacy 3apsaAKM Ta CTa€ MaKCHUMAaJbHOIO Y MOMEHT ua-
cy, AKWHM BiANOBiZae MakcmMyMaM Ha KPUBUX KIHEeTUKHN 3apAIKU.
Ilomi6HMt mik cTpymy 3 makcumymoMm 3a T'=323 K 3’aBasgernca ue-
pe3 TepMOCTUMYJILOBAHY AEHOJIAPU3Allil0 mosapu3oBaHux 3a T = 293
K nnisoxk IIBK 3 61oKyBadbHMMHN KOHTAKTAMM. IHIN iKMW 3a IuUX
yMOB MipaHHA BigcyTHi. Tomy MakcuMyMM Ha KPUBUX KiHETHUKU
CTPYMY 3apSaAKK MOKHA 3YMOBUTHU AUMOJLHOIO MOJIAPUIAIIEI0 ILIiBOK
IIBK y moJjii moBepxXHEBOro 3apAnLy.

Hasasmicte B 06’emi miriBoxk IIBK mpocTopoBoro sapsay BuU3Hauda-
€TbCA MipAHHSAM TEPMOCTHMYJILOBAHOTO PO3PAAY TPUBAJIO 3apsAmsKe-
HUX J0 HYJHOBOTO 3HAUEHHS ITOTEHIIISANY IIOBEPXOHDb ILIiBOK [10].

Ha pucyuky 2, 6 HaBeleHO CIeKTep CTPYMiB TEePMOCTHUMYJILOBAHOI
Po3pAIKY ILTiBKH. Bua ceKTpy € mogiOHUM CIIeKTpaM PO3PAIKHU IIO-
BUTHUBHUX IOBEPXHEBUX 3apANiB. PIXKHUIA CKJIaZAETHCA B MOABI ITiKY
Big’eMHOI IOJAPHOCTH 3a IIIKOM pejakcallii IIO3UTHBHOTO 3apAmy.
ITosaBa 1ILOTO TiKYy 3YMOBJIOETBHCSA peJlaKCalli€l0 HeraTHBHOTO IOBEpPX-
HEeBOTO 3apAny, IT0 eKpaHy€ Y BUXiTHUX yMOBaX ITiCJid PO3PAIKU IIO-
Jie iH}KEeKTOBAHOTO IO3UTUBHOTO 00’eMHOro 3apany. Bigmiueni pami-
e 0co0JMBOCTI KiHeTHMKH cTpyMiB sapanku miapy IIBK, mo xapak-
TEePU3YIOTHCS IIEPEHOCOM i HaKONMUYEHHAM IiHKEeKTOBAHOTO B 06’eM
3apdAny, BJIACTUBiI ommcaHoMy B JiTepaTypi ecra)eTHOMY MexaHisMy
TPaHCIIOPTY HOCiiB Kpish BUCOKOOMHI Imapu. BiamoBimno mo Teopiil
IIbOTO MeXaHi3MYy, iHKEeKTOBaHUN y Iap eJeKTPUUYHUN 3apAl IIepeHo-
CUTBCA IIO MACTKaX, SIKi po3TaIllioBaHi B 3a00pOHeHi# 30Hi, i Hakomm-
yyeThCcA Yy MPUNMAaJIbLHOMY KOHTaKTi, e € 0ap’ep, AKUIl YCKJIaIHIOE
BUXig Hociam s3apany. HassBuicTh Taxoro 6ap’epy B cuctemax IIBK-
SnO, peecTpyBasach eKCIEPUMEHTAJIbHO. 3a TaKOr0 IIiAX0ay HaKOIIU-
YeHUH 003y MPUNMAIbLHOLI eJIeKTPOAU 3apAln @ BU3HauaBCSI HACTY-
OHUM CIIiBBiJHOIIIEHHSIM:

J
Q=VC, - |C.d’—, (5)
dyp
ne Cx — €MHICTh KOHTaKTy, dx — TOBIIIMHA KOHTaKTy, J — CTPyM,

AKHUHN Teue y 3pasKy.

Ha pucyHKy 3 HaBeleHO eKCHEePUMEHTAJbHI 3aJIe}KHOCTI BEJIUYUHU
HakKomuuyeHoro sapany B o6’emi maiBsku IIBK Bixg uwacy pospaaxku
(kpuBi 1-3) Ta Bi KOpeHA KBaApPATHOTO BiJ BEJIMUYUHU CTPYMY, AKUH
Teye Kpish MIiBKY (KpuBi 4—6) oA TPpbOX 3HAYEHb ITO3UTUBHOTO IIO-
TeHIiAay moBepxHi. Ilo ekcmepuMeHTANbHIN 3aJIeKHOCTI Q(\/J ) 3 BU-
KOpPUCTaHHAM BHUpa3y (D) MoKHaA poapaxyBaTu 00JIACTH IEepeBaKHOI
JoKaisaiii 06’eMHOT0 3apAmLy.

3 Teopii [11] camigye, 1m0 HakommueHHsS O0’€MHOIrO 3apAny Mae
MPUBOAUTHA OO0 IIePEPO3MOAIJY HAIPYKEHb eJEeKTPUYHOTO MOJA B
00’eMi 1Iapy Ta IO MOHMIKEHHS eHepreTHUYHOTo 0ap’epy Oinsg KOHTaK-
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Ty, III0, B CBOIO Uepry, Ma€ BUKJIWUKATHU 30iJbINIEHHA CTPYMY BUTOKY.
OcTaHHE PEECTPYETHCA eKcIepuMeHTanbHo (puc. 4). Ilna manux udacis
3apAnKu, Koau saje:xHicTe Q(V) e JiHifiHOIO 3 TaHT'eHCOM KyTa Ha-
XWJIy, IO JOPiBHIOE TE€OMETPUUYHiINI €MHOCTI IIJIiBKH, 3apAmKeHni
3pa30K MOKe PO3IIANATHCS SK HOABIMHUUA 3apamKeHui Imap i3 3a-
PAIOM eKpaHyBaHHSA, AKUH PO3TAIIIOBAHUI y METaJi30BAaHOMY IIapi.
Koau rpuBamicTh 3apaAnkm Oinbllle Yacy 3apsagKM T'eOMeTPUUHOL
€MHOCTH 3pas3Ka i 3a 3HAUHMX KPi3HUX CTPyMaxX, BHACJIOK HaKOIIH-
yeHHA 00’€MHOTO 3apdAly BiIOyBa€ThCS MIEePEepPO3IOLiT eJeKTPHUUHOTO
3apaAny MisKk IoBepxHe # 00’emomM. Ilose IIOHAEPOMOTOPHUX CHJI
00’eMHOT0 3apALy MOKe OyTHM 3aMiHEHO eKBiBAJIEHTHUM 3a Ji€I0 Bif-

1 2 60 ¢
2‘0 I 1 L 1 L 1 1 1 I 1 ’

181
1,61
1,4
1,21
10 p,
0.8+ .. ,

0,61 - K 2
0,4
02-

0 2 4 6 8 10 J0-340:5

]

®-1077, Kn

Puc. 3. 3anmexHOCTI BeIMUMHY HAKOTTMYEHOTO 00’ €MHOTO 3apAAY BijJ yacy mpu-
KJIaZeHoro Hanpy:KeHHd (1, 2, 3) Ta BeINUYNHYA HAKOIIMYEHOT0 00’ €MHOT0 3apAIy
Big VI (I — cTpyM Kpi3b 3pa3oK) 3a pi3HUX 3HAUEHDb IOTEHIIiANYy IIOBEPXHI Iapy
AMH (xrimio 4 ogepxanos3aV=50B,5—90B,6 — 135B); d =4,5-10® m.?

CO, 5

0,45 ;j
0,40- : \
0,35 ] / '

0,30 1

0,251
0,20 J

0,15 7 ;__,_35
ot0f ¢ I

0,0s] !
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Puc. 4. 3anexkHicTb KOpeHA KBaAPaTHOro 3 AU PaKIliiiHol e()eKTUBHOCTH Bill eKcC-
HOBHIII A1 JIIAHKY IIapy 3 PO3PAAKOI0 IoBepxHi (kpuBa 1)i6es3 el (xpusa 2).*
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HOBiZHUM II0JIeM IIOBEPXHEBUX CHJI. I3 3aIIPOIOHOBAHOIO MOJEJIO BH-
IJINBAa€E, IO HAKOIMUYEHHSA 00’€MHOr0O 3apAny HPHUBOIUTL OO 3MeEH-
IMIeHHA INBUAKOCTHU (POTOTr'eHepalrii HOCiiB 3apaAny U IXHBOI PyXJIMBOC-
TH Ta, BiAIOBiAHO, i (pOTOUYTIMBOCTU cepeqOBUIIA.

4. MOAEJDb ITPUXOBAHOI'O 3OBPAKEHHSA

PosraaryTi Buille JOCHIIKEHHS YMOMKJIMBJIIOIOTH 3aIIPOIIOHYBATH MO-
IeJIb IIPUXOBAHOTO 300pasKeHHs, SKe BUHHUKAE B 3apAMKEHUX PEECT-
pyBambHUX cepemoBuIiiax Ha ocHoBi AMH mim uac peecrparii omruy-
HuX rojorpam. Tomi y IIomiuHI roJorpamMm iHTeHCUBHiCTH cBiTsa [
MOJyJIbOBaHa 3a rapMoHiunmM sakxoHoMm I = I (1+m,cos(Kx)), mpo
MIPUBOIUTE IO MOIYJAI] 3a aHAJOTIYHUM 3aKOHOM 00’€MHOTO

P(x,y)=p0(1+ml COS(KX)) 1+ m,exp _M (7)

Az
Ta moBepxHeBOro 3apanais [10]
o(x) = o, (1 - m, cos(Kx)), (8)
Ine K — mpocTopoBa HacToTa MOAYJAIIl cBiTsa Ta 3apAzniB, m; — am-

IJIITYyAU MOAYJAAIil BiATIOBiZHWMX BeJIWUYMWH, Y, — e(peKTUBHA I'INOMHA
JIoKaJizarii 06’eMHOro 3apAny, A, — AHCIIEPCis posmnomisy 06’eMHOro
3apany. Bice Ox posramoBaHo Ha BinbHi#N mexi mapy AMH, sicy Oy
€ MepPHeHIUKYJIAPHOI IIapy. Po3paxyHOK CHUJIOBOTO IIOJIS IJIA 3aIIpo-
TIOHOBAHOTO PO3IOAiNYy 00’€MHOTO Ta IIOBEPXHEBOTO 3apAfiB mae Ha-
CTYyIHi BUpasu 1A noBepxHeBux (P,,) Ta o6’emHux (F,,) cui, HOp-
MaJbHUX i TAaHT'EHI[INHNX CKJIAJOBUX BiAIOBigHO.

1A Bu3HAUEeHHA Ail0OUMX HAa IAp IIOBEPXHEBUX i 00’€eMHUX IOHIE-
POMOTOPHHUX CUJI, SIKi 3aJal0OThCS BCTAHOBJIEHUM PO3IIOLIJIOM €JIEKT-
pUUYHUX 3apAniB, Tpeba 3HAWTU IIOJie MOTEHIIIAJIB ycepeanHi Ta 30BHIi
IUTiBKM, III0 MOJKHA 3POOUTHM 3a JOIOMOTOIO0 CHCTEMHU PiBHAHD:

2
Ag, = —p—°[1 +m, cos(Kx)|| 1+ m, exp v , 9)

€08y A

z

A(\DZZO’ (10)
e e %/ _s %/ =0, [1-m,cos(Kx)], (11)
|5y Sy=0"%5, /y=0 0 2

(P%:OZ(P%:O’ (12)
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¢ _
Vo q=0 (13)

¢, — const%/ N (14)

Pimennsa 3agaui (9)—(14) BusHauaoTh BeKTOpu 00’emHUX F Ta I1o-

BepxXHeBUX P cuja, aKux mpukrjaageHo no mapy AMH za iioro BUKO-
pHUCTAaHHA B AKOCTi PeeCTPyBaJbHOTO CEPENOBUINA, 34 MOIOMOIOI0 Ha-
CTYIIHUX CHiBBiHOIIIEHD:

F(x,y) = —p, (1 + m, cos(Kx)) [1 + m, exp [—%B Vo, , (15)

4

5_ 1 6(Pl 6(Pz
P——EGO(I—mzcos(Kx))( 4:0— y=0]"
_ _ (16)
8 =& ch/ ch%
+—2—n + ,
2¢, ( y=0 y=0

e n — BEKTOP HOPMAaJi M0 BiMbHOI IIOBEPXHi HIapy, & — dieJIeKT-
puuHa OpoHMKHicTh mapy AMH, & — miereKTpuuyHa IPOHUKHICTD

KOHTaKTyBaJLHOTO 3 HUM cepenosuiia. CaiBBiguommennsa (9)—(16) sa-
IalOTh HACTYIIHI yABJIEHHS [IJIsI IIOBEPXHEBUX Ta 00’€MHUX IIOHIEPO-
MOTOPHUX CHUJI IPUXOBAHOTO 300pasKeHHs:

P, = PO + P? cos(Kx) + P? cos(2Kx) , (17)
po = % {GO -2 (8,(Kd) - Sl(Kd))} -
2¢g,¢, 2 (18)
-8 "% g (Kd)[S,(Kd) - S,(Kd)],
1 *0
™ _ _So R
PP = —"(m,o, + S,(Kd) - S,(Kd)) - 16,S,(Kd), (19)
2g,¢, 2808,
PO = %0 [S,(Kd) - S,(Kd)] - 22 8,(Kd)[S,(Kd) + S,(Kd)] , (20)
4e5, 4eye;
P, = B sin(Kx) + B? sin(2Kx) , (21)
po -1 5 s (ka), (22)
0é1

P® = -m,P" /2, (23)
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F, = F + F’ cos(Kx) + F? cos(2Kx) , (24)

2
FY = —p—°[1+ m, exp[——(y ~ Ya) ﬂ x

€€, A

><|:GO - po_‘{l + m, exp {— %Ddy + %mlsz(Ky)}

2
FI({U _ _ Py [l +m, exp[— (y - yd) J} %
€08, A

x{co - pJ[l + m, exp (— %de + %mISZ(Ky)] ,  (26)

(25)

y

2
F}(II) _ _Pomy 1+ m, exp _M S,(Ky), 27
2g,€, A
F, = F" sin(Kx) + F” sin(2Rx) , (28)
P (v -v.)
FP =% |1+myexp| ——2— | |S,(Ky), (29)
2g,¢, A
FE® =mF"/2. (30)

TyT BUKOpPHCTAHO HACTYIHI ITO3HAUYEHHS:

S, (Ky) = sh(Ky)Z(Kd) — mB,(Ky) , (31)
Z(Kd) = —e,;m,c, +[&,B,(Kd) + ¢,B,(Kd)], (32)
B, (Ky) = pEO exp(Ky)I exp(—Ky) [1 + m, exp [— %H dy -
° (33)
- % exp(—Ky)_([ exp(Ky) [1 + m, exp [— %ﬂ dy,
S,(Ky) = dS,(Ky)/d(Ky) . (39)

1A eKcmepuMeHTAJNbLHOI HmepeBipKu BUOOPY 3aIIPOIOHOBAHOTO MO-
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IeJIo M:Kepesa IMOHIePOMOTOPHUX CHUJ OOMEXKMMOCS 00JIaCTIO ITPOCTO-
poBux uactor Kd > 2, me poab TaHIeHIiNHUX CKJIAJOBUX CHJ Yy (op-
MYBaHHiI peabe(dy Ha BiIbHiN mOoBepxHi nehOpMOBAaHOTO PEECTPYBAJb-
HOTO IIIapy € He3HAYHOI0. ¥ IILOMY BHHOAAKY B 06J1acTi MOCTaTHLO Be-
JUKNX YaciB IIPOABY IIPHXOBAHOTO 300paKeHHA aMILIiTyaa peabedy h
MOsKe OyTH 3amncaHa y HACTYITHOMY BUTJIAII:

| 1 0,5sh(2Kd)- Kd| o,
2nK ch®(Kd) + (Kd)?

(myo, + S,(Kd) + S,(Kd)) -
2¢g,¢,

1 1

¢ exp (—j —exp (—]

- T, T

—821—822 cosl(Kd)} - [ D(kd, y)F;;)dy} - /. (36)
0

0€1 p Tm
Tyt
D(Kd,y) = [Kysh(Ky)Kdch(Kd)| - [Kdsh(Kd) + ch(kd)] x
) e (37)
x[Kych(Ky)—sh(Ky)]{zxd [sh*(Kd) + (Kd) ]} )
Je m — JAWHaMiuHa B’A3KICTh PEYOBMHH, T,, T, — XapaKTepHi dacu

penakcarlii aMILIiTyau peabe)y Ta IIOHAEPOMOTOPHUX CHJ BiAmoBin-
HO. Y (36) mepiuii nomgaHoK y (QirypHux Ay:KKaxX ONHCYE BHECOK IIO-
BePXHEBOI CKJIamoBOi cuiu h,, a Ipyruii fogaHOK — 00’ eMHOI A .

Y BUIAAKY HEe3HAYHUX YaciB €KCIIOHYBAHHSA MiJi BIJIMBOM eJIEeKT-
PUYHOTO 3apAAy, JOKaJTi30BAaHOTO HA TJIMOWHI Y,;, YTBOPEHHAM PEJIbE-
¢y Ha BimbHilt moBepxui mapy AMH wmosxkua HexTyBaTtu. Tomi, aK
punuBae 3 (36), 3a BukoHauHa ymoBu Kd > 2 [10-12]:

t t
exp| —— |—exp| - —
Go(comz"'pomld) [ Tm] ( TPJ

h = ) 38
" 2ng, (&, + &) -1, (35)
exp| —— |—exp| ——
co [om 8 m [T ) s
© 2nKe,| & 4deg +s, R

Opep:xkani Bupasu (38), (39) yMOKJIMBIIOIOTH OI[iHUTH BHECOK IIO-
BepXHEBOi i1 06’eMHOI CUJI B IIPOIeCi YTBOPEeHHS peabed)y Ha IOBEPXHi
peectpyBaabHoro mapy AMH i BusHaunTu yMoBM, 3a SKMX Heo0Xis-
HO BpaxoByBaTu 00’eMHi cuam.

Amnaiizy 3py4YHO IIPOBECTH, BUKOPUCTOBYIOUM BEJIWUYUHU ITIOTEHILifd-
JiB, SKi CTBOPIOIOTHCS MOBEPXHEBMMM ¥ 00’€MHUMMU 3apagaMU BiaIio-
Biguo: V, = 0,d/g.e,, V, = P’ / 2¢,e, . BukopucraBmu i mosHaYeHHSA
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Ta Bupasu (38), (39), MoKHa oxep;KaTu, M0 00’€MHI cuam HEoOXimgHO
BPaxOBYBATH, AKIIO BUKOHYETHCA YMOBa

m, _ 4,5V,

40
m, VKd (40)

3a peectpailii rojorpaM 3MiHa IMOTEHIiAJJY IIOBEPXHi 3a3BHUaAll He
nepesuirye 10%. Tomy MoOMKHA BBa)KaTH, IO V, <0,1V,. Tozi sa
Kd > 2 ocranHs ymMoBa HabyBae TaKuii BUTJIAL:

T2 <0,2. (41)

Y Bunaaxky OinpIIuX 3Ha4eHb V|, 00’€MHI cuau HeoOXiHO BPaxoBy-
BATH 3a OYAL-AKUX BEJIUYUH M,y/M,.

Y Tomy BUIIaAKy, KOJH IIiJl YaC eKCIIOHYBAHHSA IIapy PeEeCcTPyBaJb-
HOI'0 CepPeJOBUINA B MOro o6’eMi HAKOIMUYETLCS 3apsAlL, TO BU3HAUEH-
HA YMOB, aHaJoTiuHux caiBBigmommenuam (40), (41), ycKIagHIOETHCS.
3aBaAKY HEBM3HAUYEHOCTI Koe@illieHTiB MOAyisaIili 3apsamiB HeMO:KHA
PO3aiIuTH POJb MMOBEPXHEBUX Ta 00’€MHUX CHUJI B YTBOPEHHI peabedy
Ha BiabHiN moBepxHi AMH.

A mepeBipKM 3aKOHOMipHOCTEH YTBOPEeHHS peabedy 3a BUKO-
HaHHA criBBigHoineHns (40), (41) Oysio mpPoBeIeHO eKCIepUMEHTATIbHE
mocaim:xkenus. Ha spasxax IIBK cercubinizosanoro TH® 0Oymo Bumi-
JeHO nOBi mimAHKHU, Oe BimOyBamacs peecTpallisi ToJiorpaM IILJTaCKOTO
XBUJIBOBOTO (hpOHTY 3 pisHMMU ekKcmosuniamu [13—15]. Ilpuuomy Bi-
3yasizaiisa ogHiel 3 OiISHOK IIPOBOAMJIACA ITiCJS PO3PAAKHU ITOBEPXHI
B E€JIEKTPOJIITI 3 HACTYITHOIO HOBTOPHOIO 3apPSAAKOI0 M0 Viyaxc. loJor-
paMmy apyroi miasaHKHN OyJIo BisyaJidoBaHO IIic/Isi eKCIOHYBAHHS OIHO-
YacHO 3 MepIIoo miaaHKoio. Ha pucyHKY 4 mokasaHO eKCIepHMeHTa-
JbHO BHU3HAUEHI 3aJIeKHOCTI KOpeHs KBaApaTHOTO 3 Au@PaKIIiiHOl
edbexTuBHOCTH ( Bim eKkcmosuiiii AJs AiASHKM 3 PO3PASKOIO BiibHOI
moBepxHi Ta 06e3 Hei. Benmumnu \/Q BigpisHAIOTHLCA MPUOJIM3HO Y IABA
pasu. Omepallia pospsSAKu 3pasKa B eJeKTPOJiTi 36epirae mo3uTus-
HUI IIOBEePXHEBUI 3apdAl Ha BiJIbHIN HMOBepXxHi, AKa eKpaHye HeraTu-
BHuii o0’emumnii 3apan. I'nmmOumHa Momyssiii Ta mocrifima cKJagosa
3apAny MOKYTH OyTHM BHM3HAUEHi 3 PiBHOCTH HYJIO MOTEHIIiAJIY Ha Bi-
JbHi#T moBepxHi mapy. HacrynHa 3apsagka moBepxHi 10 Viyagc IIPUBO-
OIUTHb OO0 TOABU HOBerHeBOI TYCTUHHU 3aPAAY, IO OMUCYETHCA BUPA-
30M o(x) = G,[1 + m*cos(Kx)]. 1 omiEKM m" NpUIyCTHMO, IO 3MiHA
MOTEHITiAJYy TOBEPXHi 3a eKCIIOHYBAHHA BU3HAUYAETHCSI YTBOPEHHIM
00’eMHOT0 3apAny, BelNUYnHa SKOTO0 He BAUTESKUT BiJl momepeuHOi m0
niapy KoopAwmHaTH. ¥ IbOMY BUHOAIKY m ~0,2m,/(Kd). Ina Kd=3
BimHOIIeHHA KoedillieHTiB MogyIaIii m /mp 0,07, 1110 YMOMKJIHUBJIIIOE
BBajsKaTH, M0 BeJIWUYMHA T€OMETPUYHOTO pesbedy Ha MOBEPXHi IJIiBKU
OyZle BUBHAYATUCS BEJIMUYMHOIO IIOBEPXHEBOTO €JIEKTPUYHOTO 3apsanay.
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Bu6pane sHauenna V,=0,1V, 3a 10% -moxynanii noreHnismy mo-
BepxHi mim miero cBiTyia BHacaimok ¢orompoBigzHOocT 1mapy AMH
3HAYHO B3aBuIlleHo. POTOCTPYM MICTUTh eJeKTPOHHY Ta JIipKOBY
ckJanoBi. IlomumHa OiJi KPUBOIO €JEeKTPOHHOI CKJIAM0BOI (DOTOCTPYMY
naa mapy IIBK + TH® 6yna B 2,5—3 pasu menmie. Takum umHOM, Ha
mifcTaBi AOCHiAKeHb TepMOCTHUMYJbOBAHUX CTPyMiB y mapax AMH
MOKHAa 3POOMTH BUCHOBOK, IO (Pi3MUHUM MOJeJeM 3apAmKeHOro IIa-
PY aMoOp(HOro MOJIEKYJAPHOTO HAIIIBOPOBiZHMKA MOXKe CJIYKHUTH
IJIACKUI 00’€MHO 3apAmKeHuil KoHAeHcaTop. I'ambuHa JoKaJjisarrii
00’eMHOr0 3apAny BuU3HauaeTheA BaacTuBocTaMu AMH Ta eHepriero
eJIeKTPUUYHUX YACTUHOK, AKi 3apAMKalOTh BiIbHY IIOBEPXHIO IIApY.

5. BUICHOBRH

CunTesa HOBUX aMOP(MHUX MOJEKYJAPHUX HAIiBOPOBiZHUKIB i
3’sicyBaHHSA MexXaHidMiB (hOTOTeHepallii Ta TPaHCHOPTY HOCIIB 3apAmy
YMOMKJIUBUJIU ONTUMi3yBaTH (DOTOIIPOBiMHI TOHKOILIIBKOBI peecTpy-
BajbHI Marepianu. Po3pobOka HOBiTHiX MeroxiB rosorpadiunoi Ta
CIIeKJI-peecTpallii onTUYHUX 00pas3iB 00’€KTiB i PO3BUTOK aBTOMATH-
30BaHUX CUCTEM KepyBaHHS 3po0uiu ePeKTUBHUM BUKOPUCTAHHA ixX
B eJIEKTPOHHII IPOMUCJIOBOCTi. YCIiXu B MOJeJI0BaHHI IpoiieciB ¢o-
TOr'eHepallii, TpaHCIOPTY HOCIIB 3apAny Ta Tedii TEepMOILJIACTUKIB mif
iel0 TOoJsA CUJ eJEeKTPOCTATUYHOTO 300pa’KeHHSA YMOKJIUNBIIIOOTH
OIeP’KYyBaTU IIPOTHO30BAHUM PEe3yJbTAT IIiJ] YaC PO3POOKU HOBUX eJjie-
KTpodoTorpadiuamx i ¢GoTONIACTUYHUX CUCTEM.

B minmomy omepskami pesyJsbTaTH MOKYTh OYTH 3aCTOCOBHI i1 y Tex-
HOJIOTiAX eJIeKTPOCTAaTUUYHUX TeMmiaTiB. HallepeKTuBHIMIMM eJieKT-
poCcTaTUUYHUM TEeMILJIATOM MOKHA BBa’sKaTU eJIEKTPEeTHUH, B SAKOMY
dororenepoBaHi Ta 3axomjeHi Ha rimbOOKi macTKu HOcili 3apAny Ma-
IOTh JOCTATHBO BEJMKY KOHIIEHTpAaIliio i 30epirailoThbCcs YIIPOJOBIK JIe-
caTkiB ni6. ToHKi omHOpPiAHI Mmapu Takux (POTOMPOBIAHUKIB y BUTJIA-
Ii TBO- UM TPUKOMIOHEHTHUX HAHOKOMIIO3UTIB OpraHika—HeopraHika
MOJKHa e(peKTUBHO BUTOTOBJIATU OCAIKEeHHAM 3 ra3oBoi (asu.

OUTOBAHA JITEPATYPA

1. E. JI. AnexcauzapoBa, Pusurka u mexHuka noaynpogodnuros, 38, Ne 10: 1153
(2004).

2. H. Hoegl, J. Chem. Phys., 39, No. 3: 755 (1965);
https://doi.org/10.1021/j100887a008

3. Damodar M. Pai, J. Chem. Phys., 52, Iss. 5: 2285 (1970);
https://doi.org/10.1063/1.1673300

4. H. A. HaBugenko, M. A. 3abosnorusbiit, A. A. Umenko, H. I'. KyBmuuckuii,
H. II. Boponuna, Xumus évicokux axnepeuii, 38, Ne 1: 16 (2004).

5. W. D. Gill, Journ. Appl. Physics, 43, Iss. 12: 5033 (1972);


https://doi.org/10.1021/j100887a008
javascript:;
https://doi.org/10.1063/1.1673300

492

10.

11.

12.

13.

14.

15.

M. A. 3ABOJIOTHUM, M. 0. BAPABAIII, JI. I. ACJIAMOBA ra in.

https://doi.org/10.1063/1.1661065

1O0. M. Bapa6amm, M. A. 3a6osorauii, M. II. Kymim, B. M. XapkaHzeH,

O. II. Amutpenko, O. C. Kobyc, Pi3. xim. meepdozo mina, 10, Ne 2: 258 (2009).
Yu. M. Barabash, M. A. Zabolotny, and N. I. Sokolov, Semiconductors Phys-
ics, Quantum Electronics and Optoelectronics, 2, No. 4: 51 (1999).

Yu. Barabash, V. Kharkyanen, M. Kulish, O. Dmitrenko, M. Zabolotny,

E. Kobus, and N. Sokolov, Harocucmemu, Hanomamepiaiu, HAaHOMeXHOI02iL,
5, Bun. 2: 641 (2007).

H. I'. Kysmmuckuii, H. I'. Haxonkuu, M. A. 3a6omorusiii, B. M. Komko,
Yrpaunckuil pusuveckuil sypuan, 28, Ne 11: 1729 (1983).

M. A. 3a6omorusrit, M. 0. Bapa6armr, 1. A. I'puabko, F0. M. Bapa6arri,

O. II. Omutperko, H. II. Kynaum, IToaimepuuii scypuan, 33, Ne 4: 361 (2011).
M. 0. Bapa6am, [. O. I'punbko, C. O. Cneprau, Popmys8arnHs HAHOCMPYK-
myp Ha MeMniamax 6UNPoOMiHIO8aHHAM i3 eudumozo dianazony (Kuis: IM®D
HAHY: 2015).

M. A. 3a6onorusrit, M. 0. Bapa6ar, [I. A. I'puabko, 9. JI. MapTeIHUYK,

O. II. Omutperko, H. II. Kyaum, IToaimepruil scypruar, 34, Ne 3: 298 (2012).
M. Yu. Barabash, D. O. Grynko, S. O. Sperkach, O. I. Khovavko,

A. V. Minitskyi, I. Yu. Trosnikova, E. V. Strativnov, and D. S. Filonenko,
Directed Self-Organisation of Nanostructures (Vinnytsia: «Tvory» Publish-
ing House: 2021).

M. Yu. Barabash, I. Yu. Trosnikova, D. S. Leonov, R. V. Litvin,

Ya. V. Bashynskyi, and A. A. Kolesnichenko, Harocucmemu, nanomamepiaau,
HaHomexHoo02il, 19, Bum. 1: 13 (2021); https://doi.org/10.15407/nnn.19.01.013
M. 0. Bapa6ami, O. I. XoBaBko, 1. B. Bamuucekuii, A. A. KomecHiuenko,
A. 10. Cesonenko, P. B. Jlutsus, €. I'. Buba, I[lIxona-koHpepenyisa monrodux
suenux «Cyuacne mamepiano3nagcmeo: Qisukra, ximis, mexHono2ii»
(CMPXT—2021) (Bodozpaii—Yaxezopod, Yrpaina, 4—8 mosemusa 2021 p.),

c. 109-119.

REFERENCES

E. L. Aleksandrova, Fizika i Tekhnika Poluprovod., 38, No. 10: 1153 (2004)
(in Russian).

H. Hoegl, J. Chem. Phys., 39, No. 3: 755 (1965);
https://doi.org/10.1021/j100887a008

Damodar M. Pai, J. Chem. Phys., 52: Iss. 5: 2285 (1970);
https://doi.org/10.1063/1.1673300

N. A. Davidenko, M. A. Zabolotnyj, A. A. Ishhenko, N. G. Kuvshinskij, and

N. P. Borolina, Khimiya Vysokikh Ehnergiy, 38, No. 1: 16 (2004) (in Russian).
W. D. Gill, Journ. Appl. Physics, 43, Iss. 12: 5033 (1972);
https://doi.org/10.1063/1.1661065

Yu. M. Barabash, M. A. Zabolotnyi, M. P. Kulish, V. M. Kharkianen,

0. P. Dmytrenko, and O. S. Kobus, Fiz. Khim. Tverdoho Tila, 10, No. 2: 258
(2009) (in Ukrainian).

Yu. M. Barabash, M. A. Zabolotny, and N. I. Sokolov, Semiconductors:
Physics, Quantum Electronics and Optoelectronics, 2, No. 4: 51 (1999).

Yu. Barabash, V. Kharkyanen, M. Kulish, O. Dmitrenko, M. Zabolotny, and
E. Kobus, and N. Sokolov, Nanosistemi, Nanomateriali, Nanotehnologii, 5,


https://doi.org/10.1063/1.1661065
https://doi.org/10.15407/nnn.19.01.013
https://doi.org/10.1021/j100887a008
javascript:;
https://doi.org/10.1063/1.1673300
https://doi.org/10.1063/1.1661065

MOJIEJIIOBAHHSI EJIEKTPOCTATUYHOI'O SOBPAYKEHH B IIJIIBKAX 493

Iss. 2: 641 (2007).

9. N. G. Kuvshinskiy, N. G. Nakhodkin, M. A. Zabolotnyi, and V. M. Komko,
Ukrainskiy Fizychnyi Zhurnal, 28, No. 11: 1729 (1983) (in Russian).

10. M. A. Zabolotnyi, M. Yu. Barabash, D. A. Grin’ko, Yu. M. Barabash,
O. P. Dmitrenko, and N. P. Kulish, Polimernyi Zhurnal, 33, No. 4: 361
(2011) (in Russian).

11. M. Yu. Barabash, D. O. Hrynko, and S. O. Sperkach, Formuvannya Nanos-
truktur na Templatakh Vyprominyuvannyam iz Vydymoho Diapazonu (Kyiv:
IMF NANU: 2015) (in Ukrainian).

12. M. A. Zabolotnyj, M. Yu. Barabash, D. A. Grin’ko, E. L. Martynchuk,
O. P. Dmitrenko, and N. P. Kulish, Polimernyi Zhurnal, 34, No. 3: 298
(2012) (in Russian).

13. M. Yu. Barabash, D. O. Grynko, S. O. Sperkach, O. I. Khovavko,
A. V. Minitskyi, I. Yu. Trosnikova, E. V. Strativnov, and D. S. Filonenko,
Directed Self-Organisation of Nanostructures (Vinnytsia: «Tvoru» Publish-
ing House: 2021).

14. M. Yu. Barabash, I. Yu. Trosnikova, D. S. Leonov, R. V. Litvin,
Ya. V. Bashynskyi, and A. A. Kolesnichenko, Nanosistemi, Nanomateriali,
Nanotehnologii, 19, Iss. 1: 13 (2021); https://doi.org/10.15407/nnn.19.01.013

15. M. Yu. Barabash, O. I. Khovavko, Ya. V. Bashynskyi, A. A. Kolesnichenko,
A. Yu. Sezonenko, R. V. Lytvyn, and Ye. H. Byba, Shkola-Konferentsiya
Molodykh Vchenykh ‘Suchasne Materialoznavstvo: Fizyka, Khimiya,
Tekhnologii’ (SMFKHT—2021) (Vodohrai—Uzhhorod, Ukraine, 4—8 October,
2021 ), p. 109-119 (in Ukrainian).

!Taras Shevchenko National University of Kyiv,

60, Volodymyrska Str.,

UA-01033 Kyiv, Ukraine

2Technical Centre, N.A.S. of Ukraine,

13, Pokrovs’ka Str.,

UA-04070 Kyiv, Ukraine

3I. M. Frantsevych Institute for Problems of Materials Sciences, N.A.S. of Ukraine,
3, Omeljan Pritsak Str.,

UA-03142 Kyiv Ukraine

“National Technical University of Ukraine ‘Igor Sikorsky Kyiv Polytechnic Institute,
37, Beresteiskyi Ave.,

UA-03056 Kyiv, Ukraine

5The Gas Institute, N.A.S. of Ukraine,

39, Dehtiarivska Str.,

UA-03113 Kyiv, Ukraine

! Fig. 1. Kinetics of the transient current at a positive potential of the charging electrode
AMS—-PVC; the ordinate axis of solid curves is located at the bottom, dashed ones is at the
top (graphs 1 obtained at V=155V, 2 — at V=200V, 3 — at V=355 V).

2 Fig. 2. Current of heat-stimulated depolarization of the PVC layer (curve 1 is obtained at a
surface potential of 170 V, curve 2 — at 370 V).

3 Fig. 3. Dependences of the value of the accumulated volume charge on the time of applied
stress (I, 2, 3) and the value of the accumulated volume charge on VI (I is the current
through the sample) at different values of the potential on the surface of the AMS layer (line
4 is obtained at V=50V, 5 —at 90 V, 6 — at 185 V); d =4.5-10° m.

4 Fig. 4. Dependence of the square root of the diffraction efficiency on the exposure for a
section of the layer with surface discharge (curve 1) and without it (curve 2).
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HocaimKeHo CIeKTPH ONTUYHOTO MOTJINHAHHSA MMOIapOBUX ILJIIBOK HA OCHOBIi
HAHOYACTUHOK cpibia, moxputux mnosietruienriaikosem (IIET) Ta aminokuc-
JoTol0 TpuntodaH, OCAAKEHOI TEPMIiUYHMM BaKYYMHUM HAaIIOPOIIIEHHAM.
IIpoBemeHi KBAaHTOBO-XeMiuHi po3paxyHKM BKAa3yIOTh Ha MOMKJIUBICTH KOM-
ILJIEKCOYTBOPEHHA aMiHOKHKCJIOTH 3 JJaHKaMu mmoJiMepy. OxapaKTepu3oBaHO
OyIOBY KOMILJIEKCIB i eJIeKTPOHHY CTPYKTYPY, IO BIJIMBA€ HA CHEKTPU IIOT-
JVWHAHHSI Ta € pe3yJbTaToM B3aemonil rpunrtodanmy 3 IIET.

The optical absorption spectra of layered films based on silver nanoparti-
cles coated with polyethylene glycol (PEG) and the amino acid tryptophan
deposited by thermal vacuum sputtering are studied. Quantum-chemical
calculations indicate the possibility of complex formation of amino acid
with polymer chains. The structure of the complexes and the electronic
structure, which affects the absorption spectra and is the result of the
interaction of tryptophan with PEG, are characterized.

KarouoBi croBa: moJieTUJIEHTIIIKOMb, TpuUmTOodaH, HAHOYACTUHKHU cpibiia,
ONTUYHA CIIEKTPOCKOIIif, KBAHTOBO-XE€MiUHi PO3pPaXyHKMU.

Key words: polyethylene glycol, tryptophan, silver nanoparticles, optical
spectroscopy, quantum-chemical calculations.
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1. BCTYII

Hanouactuaku cpibisa (Ag) 3HAXOAATH IMPOKE 3aCTOCYBAHHS B Me-
OUMUHL OJI OIATHOCTHUKHM Ta JiKYBAaHHA PI3HMX 3aXBOPIOBAaHb, IO
3YMOBJIEHO BioMUMM aHTHOAKTEPiAILHUMU BJIACTUBOCTAMU cpibia, a
TakoK e(PeKTUBHICTIO Vv HIpOTHUNYXJUHHIiN Tepamnii [1-5]. Bommouac,
dapmMakoJoriuHi 0co0JIMBOCTI Ta 0i0JOriuHY AKTHBHICTHR HAHOUYACTH-
HOK Ag BUBUEHO 3HAUHO MeHIlle. Pasom 3 TuM, BCTaHOBJIEHO, IIIO0 Ha-
HOCPiOJIo edeKTHBHO OJIOKYE Ilepefady KHCHIO OiIKaMB KJIITHHHUX
MeMOpaH M0 OaKTepiii i TOMy BUKOPHCTOBYETHCS AK AHTHUCEITHUUYHUMN
3aci0 mag JiKyBaHHA BiAKPUTHX paH Ta omikiB. Hegosikom HamoCpi-
0Ja, AK 1 iHIIMX HAHOYACTHMHOK, € IXHA CXHJIBHICTH MO BTpaTu cTabi-
JBbHOCTH, IO 3HAYHO 00Me)KYy€ BUKOPUCTAHHA iX, B TOMY YHCJIi y Me-
mpuinuai. YacTo BupimenHa 1iei mpobyeMu mOB’A3YIOTH 3 IOKPUTTIM
MMOBEPXHi HAHOUACTHHOK PisHMMU 3acobamMu, HAIIPUKJIAMA IIoJiMepaMu
[6]. Cepen moaimepiB ocobamBe Miciie 3aiiMalOTh BOJOPO3UMHHI MaTe-
pianu, mo AKuX HajJe:xkaThb mosierusaenriaikoini (IIETY). 1Ii mosimepu €
OCHOBOIO JJI CTBOPEHHSA HOBUX JiKapChbKHX 3ac00iB BHACIIIOK CYKY-
OHOCTH IXHiIX BJIACTUBOCTelM, 3yMoBJeHUX mnpoliecom IIETinyBamua
[7]. Take IIETinyBaHHA 3aCTOCOBYEThCS He JIWINE AJA JIKiB, a i 6ij-
KiB, (hpepMeHTIB, HAHOUACTUHOK. AJie MexaHidMU B3a€MOJii MaKpOMO-
aexkyn IIEI' 3 GiosioriuHO Ba:KJIMBUMHU CTPYKTypaMHM BUBUYEHO HEIO-
CTATHLO. BCTaHOBIEHHS TAKMX MeXaHi3MiB YMOMKJIMBUTH BU3HAUCHHS
BILTHBY OiJIBIN CKJIAZHUX cucTeM, Hanpukjan IIElimoBannx mamouac-
TUHOK, Ha BJIACTUBOCTI 0iOMOJIEKYJ, Y TOMY YMCJi aMiHOKMCJIOT.
MeToio maHOi poOOTH € BUBUEHHSA OINTUYHUX BJIACTUBOCTEH IIOIIA-
POBUX KOMHO3UTIB HaHOcpibsia, BupomieHux i mokputux IIEI' 3a pa-
OigmiiiHoro 3MIMBaHHS, Ta KBaHTOBO-XEMiuHe MOJIeJIOBAHHSA 3MiHHI
€JIEKTPOHHOI CTPYKTypu y KoMmiiekcax ITEI" 3 rpunrodanom (Trp).

2. EKCIIEPUMEHTAJIBHA YJACTHHA

Hanouactunku cpibaa ta moxkputta ix IIEI 6yau cuHTe30BaHiI MeTo-
moMm pagianiiinoro smuBaHHA [8]. IlomapoBuii KoMmo3uT OyB IIPUTO-
TOBAHUI MIOCIIJOBHMM HAHECEHHAM ILIIBOK HAHOYACTUHOK Ag, IOK-
putux IIET, Ta TpunTodany Ha KBapioBy migkmaguHky. IlmiBka Ag—
IIET" manocuiacAd Ha KBaplOBY IMiAKJAAMHKY METOJOM CIIiH-KOYTiHI'Y
3a yacToTu obepramua migkaaguaku y 1200 o6/xB. Ta KimMHaTHOI Te-
MIepaTypu, a ILTiBKa TpuintodaHy — MeTOAOM BAKYYMHOTO TepMiu-
Horo ocamxeHHsa. Tosiuua miaiBok cranHosuia 150 um i 50 uM Bigmo-
BimHo. MipsaHHSA CHEKTPiB HOTJIMHAHHS ITPOBOAUJIOCS 34 JIOIIOMOTOIO
cuexktpomerpa Macylab Instruments Double Beam UV-1900 (UV/Vis)
Spectrophotometer.

I BCTAHOBJEHHSA 3MiH y CIEKTpax IIOTJIMHAHHSA OyJO0 IIPOBEIEHO
MOJIEeJTIOBAHHA B3a€EMOJil JIJAHKYM TOJIIeTHUJIEHTJIIKOJNI0 i aMiHOKHCJIOTH
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rpunTodany. KBaHTOBO-XeMiuHi po3paxyHKH CIOIYK Ta iXHIX KOM-
IJIeKciB mpoBoauauca y mporpami Gaussian09 [9] 3 BuKopucTaHHAM
metoniB DFT (3-21G, CAM-B3LYP) nns ontumisariii reometpii B oc-
HOBHOMY CTaHi (BHU3HaUEHHS PO3MIOIiNy 3apaAny, eJIeKTPOHHOI CTPYK-
Typa, GopMu MoOJeKyJaapHux opbitaneit) i TD-SCF (3-21G, CAM-
B3LYP) mia pospaxXyHKIB eJIeKTPOHHUX IIEPEXOIiB.

3. PE3YJIBTATH 1 OBTOBOPEHHS

Bizomo, 110 A pO3UMHIB Y BOAI HAHOUACTUHOK cpibja gopmMyeThCs
cMyTra eJIeKTPOHHOTO IIOTJIMHAHHS, 3YMOBJIEHA IIOBEPXHEBUM ILIas-
MoHHUM pedoHamcoM [10]. B same:xkHocTi Bimg posmipy HAHOYACTUHOK
MOKJIMBA TOABA K IIONEPEUYHOr0, TaK i MOB3JAOBKHBOTO IJIA3MOHHOTO
pe3oHaHCiB, KOKeH 3 SAKHWX HOPUBOAUTH OO IIOABM OKPEeMHX CMYT 3
MaKCUMyMaMH 3a Pi3HUX MOBKUH XBUJIb. [[JIA MOJIeKyau TpunToda-
HY V CIEeKTpi MOTJIMHAaHHA TaKOyK MAIOTh MicIle ABi cMyru.

3asHaueHi XapaKTEePUCTUKMU CHEKTPiB HOTJWHAHHA crenubivHi #
nna mriBok Ag—PEG, BkpuTux HaHoIiapom aminokucaotu Trp (puc. 1).

s cmeKTpy MOTIWMHAHHSA MOJEKYJ TPUNTOMAHY CIOCTEPiIraloThCS
cmyru 6ina 220 i 282 uMm, a y Bunagky miaiBku Ag—PEG cmyru pos-
mimnyiorbea 6ima 202 i 415 um. OueBHUIHO, IO IIUPOKY CMYyTy Oijs
415 HM 3yMOBJIEHO IIOIIEPEUYHNM IIOBEPXHEBUM PE30HAHCOM Yy HaHOYA-
cTuHKax Ag. 3 BUIIAAY CHEKTPY AJA HaHOCPiOsa Ta IOJIOMKEeHHSA
CMYTH MOKHA 3pOOUTH BUCHOBOK, IO y PAmiAliliHO 3IMUTHUX PO3UN-
Hax (opMyIOThCA HAHOUYACTUHKHU 3 cepefHiM miamerpom y 60 HM.
Cwmyra 6ima 202 um i meperun mobausy 250 HM mOB’A3aHI 3 ITapom
IIET, mo moxkpmBae HaHOYACTHHKU. [[Jd IIOIIIApOBOTO KOMIIO3UTY

B.O.

noru.?

U,O T T T T T T T T 1
150 200 250 300 330 400 450 300 550 600
A, HM
Puc. 1. CuekTpu ONTUYHOrO IOIJIMHAHHSA s ILJIiBOK Tpurnrodany Trp (uep-

BOHA KpuBa [), HAHOUYACTUHOK CPibJya, MOKPUTUX IOJieTUICHTIiKOoIeM, Ag—
PEG (xpuBa 2) ta ixHpOr0 momaposoro xkommuosutry Ag—PEG—Trp.!
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CIIeKTep B iHTepBaJi pPO3MillleHHA CMYTHU IIJIa3MOHHOTO Pe30HaHCY 3a-
JUNIaEThCcA HEe3MiHHUM. BomgHouac, KOPOTKOXBUJIBOBA CMyTa TPHUIITO-
dany 3Mimyerbca y OiK MEHIINX MOOBXKWH XBHUJIb, a JOBrOXBHJILOBA
cMyra icToTHO IepeOyAoBYeThcsA. BKasaHi 3MiHM ONTUYHOIO IIOTJIM-
HaHHA Jal0Th 3MOTY IPUOYCTUTH MOXKJIMNBICTH YTBOPEHHSA KOMILIEKCiB
Misk Moaeryimamu tpuntodamy ta IIEI, mo 3’aBasioTheca Ha iHTep-
deiici obox miapiB. MosKHaA OUiKyBaTH, IO IIOABA TaKHUX KOMILIEKCiB
Oyae CYIpOBOMKYBATUCA IIepeOydOBOI0 €JIeKTPOHHOI CTPYKTYpPH 000X
TUIIIB MOJeKyau. 1A BCTAHOBJIEHHA TaKol Iepe0yIOoBH IOIiJIbHO
IPOBECTH KBAHTOBO-XEMiuHe MOeJI0BaHHA BKasaHux moJgeryJ IIET i
TpunrTopany ta ixuHix romiiaekcis IIEI'-tpunTodan.

Ha pucyukry 2 maBeIeHO MOJeJILHY CTPYKTYPHY JAHKY MOJIieTue-
HIJIiKOI0 (@) Ta posmoxin sapAniB Ha Hil (0). PeambHa MoJsieKyJia
IIET" mo:xe cKJamaTucA 3 KiTbKOX THCAY aTOMiB, a oOpaHa JIaHKa SB-
Jsie co0O0I0 eJIeMeHTapHUIl JAHIIOMKOK TaHOro mojimepy (6e3 Bpaxy-
BaHHA pPaliAMiHMX IOIMKOMMKEHb 3a PAaXYHOK OIIPOMiHEHHS €JIEKT-
poHamMmu), SAKUHA CKJIAJAETHCI 3 IIEPiOAMUYHO pPO3TAIIOBAHUX AaTOMiB
Kapb6ouy i1 Okcureny. CtpykrypHa ¢opmyna mae Buraan HO—(CH,—
CH,—-0),—H. Bunuo, mo aromu C MaOTh HOAATHI 3HAUEHHS BEeJIUUYUH
dapaniB 6musbko 0.5 e.o., aKi mabamkalOTbcsa OO HyaA O0inag KiHre-
Bux rpym; aromu O sapamxeni meratusuo —0,51 e.o. i € wyTauBuMuU

J\‘)Zj\ 3/?\ 3)? ‘%\%\11 12\0)
1 o 9 9 9
a

0116 .
A et e N
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Puc. 2. OnrtumizoBana (DFT) reomerpisa snankm mosierunenraikosio (IIET).
CTpisKOI0 BKa3aHO HAIPAMOK AUIIOJHLHOTO MOMEHTY JIAHKHU IIOJIieTHJIeHTJIi-
kKoiio (a). Posmoxmin 3apaAzniB Ha MomenbHi# jganti mosmexyau IIET (6) 3asua-
ueHO BTiHO 3 HyMepalieo aToMmiB Ha puc. 2, a.2
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o oOpuBYy JIaHI[IOTa, HaOyBaloouu Ie MeHIInX 3HaueHb —0.54 e.o.

Cumerpia oopauoi nauku [IEI" 3ymMoBIi0€ BUHMKHEHHA IUIIOJLHOTO
MOMEHTY, AKWNN HAIPAMJICHUH IMePIeHIUKYJIIPHO Bropy Bia IeHTpa-
apHOTO aroMa OKcuIeHy; Horo BeluumHa ckjagae 1,95 II.

Aromu Kapbomy mosekyau tpunrodamy (puc. 3, a) CKJIamaiTh T-
CIPsKeHY ILJIONINHY iHTOJBHOTO SAApa, Y MeKax AKOI YOTHUPH 3 HUX
MaoTh HeratuBHi 3apamu —0,1 e.o. (puc. 3, 6), y ToH Uac AK aToMHu
Kapbony, mo ¢GopMyoOTs O’ ATUKYTHHK, MAalOTh HE3HAUHi JomaTHi
3HAUEHHs, Yy TOMY YMCJi Uyepe3 NPUCYTHicTL aromy Hitporemy (HOMEp
9), sapan;xenoro HeratusHo 3 —0,61 e.o. (puc. 3, 8). Arom HiTporeny
(Homep 1) sapamkeHuin gperio MeHmr HeratuBHo —0,58 e.o.; cycigmi
aromu Oxcureny (Homepu 2 ta 5) mators —0,47 i —0,48 e.o. Bigmosiza-
HO.

Ha pucyHKy 4 HaBeZeHO eHeprii Ta (OpMU MOJEKYJIAPHUX opbiTa-
aett mauku ITIET (a) ta Tpunrtodany (6). Exepria opboitamri HOMO nns
mosekyau IIET, 1o mesokasrisoBaHa II0 BChOMY JIAHITIOTY, OKPIM Ki-
HI[iB JIaHITIOTa, mopiBHioe —6,81 eB, a ama LUMO sBiamoBimme smaueH-
Ha cTaHOBUTHL 1,62 eB. 3HauHa Bigmanb Mixk HuUMH (GOpPMyE BEIUKY
€HepreTUYHy IMiINHY, III0 HiATBEPAKYETHCA €KCHepPUMeHTAILHUM IIi-
KoM moryuHaHuA 6ina 202 um. MosekyaapHi opbiTaii, 110 JoOKaIi3o-
BaHi Ha KiHIIeBUX I'pyllaxXx, MaloTh ITle HUIKYi 3HAaUEeHHA eHeprii.

0 2 4 6 8 10 12 14 16
Homep aToma

Puc. 3. OnTumizoBaHa reomeTpisa Mojerkyau TpuinTodany (a); po3momin 3a-
pangy Ha Hiit (6).
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Puc. 4. Posnogin eneKTpoHHUX PiBHIB i (opMu MoJIeKyJIApHUX opbiTaieit

aauku IIET (a) Ta mosekynu Tpunrtodany (6) B 00JacTi eHepreTUYHOI IIiau-
4

HU.

TABJUIIA. Joxuuu xBuab (A), cuaa ocruasaTopa (f) Ta ocHOBHI KOH(DIr'y-
pamii mepexoxaiB mosaerynau IIEI, Tpunrodamy Ta ixaporo xKomiiexcy (TD-
SCF).°

Jlanka ITET | A, HM | f | OcrOBHA KoHDirypamis

So—> S, 163,0 0 HOMO-LUMO

Sp— S, 161,0 0,001 HOMO-4-LUMO+1
Tpunrodan

Sy — S 260,3 0,065 HOMO-LUMO

Sg— S, 254,0 0,010 HOMO-LUMO+1
Kommiekce Tpuntopau—IIET

Sy — S 286,3 0,037 HOMO-LUMO

Se—= S, 265,9 0,023 HOMO-1-LUMO

Ha pucynky 4, 6 HaBemeHo (GopMH MOJIEKYJIAPHUX opbiTtaneit aasa
moJsexyau tpuntodpamy. Tax, HOMO-, HOMO-1- i LUMO-op6irami
IeJIOKaJIiB0BaHi Ha apoOMaTUYHOMY 3aJuINKy (Kiabii). ¥V mopiBHAHHI
3 IIET' HOMO tpunrodany 3HaAXOOUThCA moOau3y —5,35 eB, 1o pa-
som 3 LUMO dopmye eHepreTHuHy HIiJINHY y 5,2 eB, mpuuomy mik
HOTJIMHAHHSA 3CYHYTHH Y YepBOHY 00JIaCTh BiZHOCHO MaKCUMyMY IJIs
IIET (Ta6.), 1110 y3TOMKYETHCA 3 €KCIePUMEHTATbLHO BUMIipIOBAHUMU
sHaueHHAMU (puc. 1).

3 yTBOpPeHHAM KoMILIeKcy Tpuntodany 3 saunkoio IIEI' mepeposto-
iy sapAny Ha aToMax HMOT0 CKJIAJLOBUX KOMIIOHEHTIB He cIocrepira-
€ThbCs, a 3HAUEHHA BEJIMUMH 3apANiB y MeXkax He3HaYHUX BiIXUJIiB
3aJUINAIOTBCA TAKUMU K. Y KOMILJIEeKci hopMyeThCcAd AUMOJIbHUU MO-
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MEHT, HaIpPAMJIEHUNA B3AOBXK iHIOJBHOTO 3aJUIIKY, ILJOIIHUHA SKOI'O
POSTAIIIOBYEThCA IapajelbHo no janmiora IIET Ha Bigmani y 3,4 A
(puc. 5).

3 dopMyBaHHAM KOMILIEKCY Ma€ MicIle 3MiHa eHepreTHWYHOI IIfiJIu-
HY Ta BUHUKHEHHS HOBUX opOiTajieil, eJeKTPOHHA I'yCTHHA AKUX JO-
KaJlizoBaHa Ha 000X KOMIIOHEHTAaX KOMILIEeKcy. Jlokaiisallito MoJie-
KyJIApPHUX opOiTaseii B 00JiacTi eHepreTMUYHOl IMiJIMHY HaBeJeHO Ha
puc. 6.

Puc. 5. OnrumisoBana reomerpisa kommiexkcy Jgauku IIET i Tpumrodany;
CTPiJIKOI0 BKa3aHO HAIPAMOK IUIIOJHLHOTO MOMEHTY, BeJIWYMHA SKOTO CKJa-
nae 6.12 1T (6).5
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Puc. 6. Posnozinn eleKTpOHHUX pPiBHIB i (hopMu MoOJIeKyJIsapHUX opbiTasei
Mojeio Komitekcy monerysa IIET i momexynu tpunrodany.”
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Bugno, mo opbitamxi HOMO ta LUMO posTamtoBani Ha immosi Tpu-
nToaHy 3 YaCTKOBOIO YYacTIO eJeKTPOHHOI ryctuHU Bix gsanku IIET,
npuuomy eHeprig LUMO cranoButs —0,2 eB, a HOMO — -5,41 eB, i
Mae Miclle 3BYKEHHA €HepPreTUYHOl IMiJIMHU KOMILJIEKCY, IO Ma€ Bi-
mToOpasuTucsa Ha eHepriax eJeKTPOHHUX IepexomiB (Tabu.).

Arx BugHO 3 TabaUIli, 3 POPMYBAaHHAM KOMILIEKCY OCHOBHUI eJIeK-
TPOHHUHU Iepexin BigOyBaeTbca 3a MOBXKMHU XBuUJi y 286 HM i peadri-
syerbcsa 3 HOMO ma LUMO, mio e JokamizoBani Ha Tpunrodani 3
IIET, i smimyeTbca v OiK HOBIIMX AOBKUH XBUJIb.

4. BAICHOBRH

Hamopomienua tpunrtodaHy Ha ILJIiBKM HAHOYACTHMHOK cpibJsia, BKpPU-
TUX IIOJi eTUJeHIJIiKOJIeM, HPUBOAUTL A0 TpaHchopMallii CHIeKTpy
MOTJIVMHAHHA B 00JaCTi MaKCHMMyMiB TpunrtodaHy Ta IIOJieTHJIEHTJIi-
KOJII0 3a HE3MiHHOTO CHEKTPY IMOTJINMHAHHS HAHOYAaCTUHOK cpibisa. 3a
IOIIOMOTOI0 KBAaHTOBO-XE€MIiUHUX PO3PaxXyHKIB KOMILIEKCY TpuiToda-
HY Ta JIaHKM II0JIieTUJIEHTJIIKOJII0 BCTAHOBJEHO, IO 3a itoro gopmy-
BaHHA 3HAYHOT'O II€PEepO3IONijy 3apdAAiB y HOPiBHAHHI 3 OKpeMUMU
HOTO KOMIIOHEHTaMM He Bi0yBaeThCA; IIPOTE MA€E MicCIlle IIOSBa IUIIO-
JIBHOT'O MOMEHTY Ta IIepPepO3IOiJl eJeKTPOHHUX PiBHIB, BUHUKHEHHA
HOBUX OpOiTajyeil, JOKaJIiB0BaHUX OMHOYACHO Ha 000X KOMIIOHEHTaX.
3a dopMyBaHHA KOMILIEKCY TpUITO(MAHYy 3 IOJieTHUJIEHTJIIKOJIEM Op-
oitari HOMO Tta LUMO JokaJjisoBaHi omgHOYacHO Ha iHZOJBLHOMY
¢dparmenTi TpunTodaHy Ta YaCTKOBO Ha JIAHII ITOJieTUJIEHTJIKOJJIO i
€ eHepreTUYHO 3MIiMeHWMM BiTHOCHO IUX K€ PiBHIB OKPEMOTO TPHII-
TodaHy, IO TIPUBOAUTH N0 3MiHUW MOBKWHU XBUJi €JIEKTPOHHOTO Iie-
pexony, AKUIl BU3HAUAE OCHOBHUII BHECOK Y iHTEHCHUBHICTH CIEKTPY
HorJIMHaHHA, 3 260 o 286 HM.
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! Fig. 1. Optical absorption spectra for films of tryptophan Trp (curve 1), silver nanoparticles
coated with polyethylene glycol Ag—PEG (curve 2), and their layered Ag—PEG—Trp composite.
2 Fig. 2. Optimized geometry of the polyethylene glycol (PEG). The arrow indicates the direc-
tion of the dipole moment of the polyethylene glycol (a). Distribution of charges on the model
chain of the PEG molecule (06) is according to the numbering of atoms in Fig. 2, a.

3 Fig. 3. Optimized geometry of the tryptophan molecule (a); charge distribution on it (6).

4 Fig. 4. Distribution of electronic levels and the shape of the molecular orbitals of the PEG
link (a) and the tryptophan molecule (6) in the region of the energy gap.

> TABLE. Wavelengths (), oscillator strength (f), and the main configurations of transitions
for the PEG molecule, tryptophan and their complex (TD-SCF).

5 Fig. 5. Optimized geometry of the complex of the PEG link and tryptophan; the arrow indi-
cates the direction of the dipole moment, the value of which is of 6.12 D (6).

" Fig. 6. Distribution of electronic levels and shape of molecular orbitals of the complex mod-
el of PEG molecules and tryptophan molecules.
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Fabrication of PVA—Fe,0,/Co0,0; Nanocomposites
and Improved Dielectric Properties for Flexible Electronics
Fields
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Films of PVA and PVA doped with Fe,0;/C0,0; nanoparticles are fabricat-
ed to employ in different electronics fields. The dielectric properties of
(PVA-Fe,0;/C0,0;) nanocomposites are investigated in frequency range
from 100 Hz to 5 MHz. The results show that both the dielectric constant
and the dielectric loss of (PVA-Fe,0;/C0,0;) nanocomposites are reduced,
while the A.C. electrical conductivity increases with increasing of the fre-
quency of applied electric field. The dielectric constant, the dielectric loss
and the A.C. electrical conductivity of PVA increases with increasing of
the Fe,05/Co,0;-nanoparticles’ content. The dielectric-properties’ results
show that the (PVA-Fe,0;/C0,0;) nanocomposites can be suitable for dif-
ferent electronics fields.

IIniskm IIBC i IIBC, merosaui mamouacrtmaxkamu Fe,0;/Co0,0;, BUTOTOBIA-
I0ThCA IJIA BUKODUCTAHHA B Pi3HUX Taay3ax ejieKTpoHiku. HocaimsxeHo ni-
enexTpuuHi BiactuBocti HaHokommnosutiB (IIBC—Fe,0;/C0,0;) B misnasoni
yactoT Big 100 I't go 5 MTI'i. PesyabTaTi mMoKasyoTh, 0 AK AieJeKTPHUUYHA
MPOHUKHICTb, Tak 1 [mienekTpuuHi BTpatu HaHoKommosuTiB (IIBC—
Fe,0;/C0,0;) 3MeHIIYIOTHCSA, TOAiI AK €JIeKTPOIPOBIAHICTH 3MiHHOTO CTPYMY
3pocTae 3i 30iJBIIEHHAM YaCTOTU IIPUKJIALEHOTO eJIeKTpUUYHOro moJs. [lie-
JEKTPUYHA NPOHUKHICTH, [HdieJeKTPUUYHI BTpatu U eJeKTPOIPOBiZHICTH
aminHoro crpymy IIBC 3pocraiors i3 30imbIIeHHAM BMiCTy HAHOYACTUHOK
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Fe,0;/C0,05. PesynbraTé mieJeKTPUYHUX BJIACTHUBOCTEH IIOKAa3YIOTh, IO
nanoxommnosutu (IIBC-Fe,0;/C0,0;) MOKYyTh OyTH TPUZATHUMHU IJA Pi3HUX
rajyseii eJeKTPOHIKU.

Key words: PVA, Fe,0;/C0,0; nanoparticles, nanocomposites, dielectric
properties.

KoarouoBi cioBa: mosiBinisnoBui#i crimpr, HanouactuHku Fe,0;/Co,05;, HaHO-
KOMIO3UTH, MieJIEeKTPUYHI BJIACTHUBOCTI.

(Received 8 February, 2023)

1. INTRODUCTION

Polymers have limited application in the manufacturing of goods
and buildings on their own since their qualities are inferior to those
of other materials, such as most metals. Polymers are materials
with low-density flexible, fast treatment, easy to synthesized,
lightweight and superior in dielectric breakdown strength. When a
polymer system (matrix) is coupled with reinforcing material (fill-
er), the characteristics of the composite are enhanced. In terms of
matrix properties, the features of the composite are heavily influ-
enced by filler features, with the size of the filler playing the most
important impact. The polymer nanocomposites (PNC) in the associ-
ated technology (nanotechnology) are polymer composites with filler
sizes in the nanoscale domain [1-4].

In the type of new substances, nanocomposites with polymer ma-
trix have grabbed more attention due to their enhanced electrical,
optical and magnetic properties. These materials possess increased
modulus and flame resistance, and are capable to preclude oxidation
and agglomeration. These enhancements in properties are due to in-
teraction between nanoparticles and polymer matrix. Addition of
nanoparticles into polymer matrix improves lifetime of nanoparti-
cles, modifies the surface of nanoparticles by passivation defect
states, provide low cost, ease of device fabrication and tuneable op-
tical and electronic properties. Nanocomposites on base of semi-
conductor nanoparticles and polymer matrix are prospective materi-
als for application in optoelectronics, for creation of luminescent
materials, sensor, etc. [6—14].

Fe,0; nanoparticles (NPs) have special properties like good elec-
tron mobility, magnetic ability, and a 2.2 eV optical energy band
gap, which are useful for optoelectronic applications. Fe,O; NPs
have potential applications in the fields of medicine, life sciences
and computer technology like magnetic resonance imaging (MRI),
drug carriers in delivery, gene carriers in gene therapy, nanoferti-
lizers, non-fungicides, nanopesticides, nanofood, food packing,
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nanocoatings, nanosensors, nanoscale memory, nanowires, spintron-
ics, etc. They can be used as filters in sunscreens, biosensors [15].

The great interest in cobalt oxides and the derived compounds is
due to their exceptional physical and chemical properties, which
make them promising materials widely applied in different fields,
such as ceramics, optics or catalysis [16]. Polyvinyl alcohol (PVA) is
nontoxic, semi-crystalline material, high flexibility and water solu-
ble with excellent mechanical and thermal characterizations. PVA
has wide uses in fields such as building, electronics, medicine and
other industries. PVA has found applications in number of fields
including fuel cells, membranes, papermaking, coatings, adhesives,
sensors, batteries, textiles, and biomedical frameworks [17-25].
This work aims to prepare of (PVA—-Fe,0;/C0,0;) nanocomposites to
use in the electronics devices.

2. MATERIALS AND METHODS

Nanocomposites of PVA doped with iron oxide nanoparticles (Fe,O,
NPs) and cobalt oxide nanoparticles (Co,0; NPs) were fabricated by
casting method. The PVA film was prepared by dissolving of 0.5 gm
in distilled water (20 ml). The Fe,0;/C0,0; NPs were added to the
PVA solution with ratio 1:1 and different concentrations: 1.9%,
3.8%, and 5.7% . The dielectric characteristics of PVA-Fe,0;/C0,04
nanocomposites films measured at frequency range from 100 Hz to
5-10° Hz by LCR meter (HIOKI 3532-50 LCR HI TESTER). The die-
lectric constant ¢’ was determined [26] as

&' = C,d/(s,A), (1)

where C, is the capacitance of matter, d is the thickness, A is the
area. Dielectric loss &" was found [27] as

¢"=¢D, (2)

where D represents the dispersion factor. The A.C. electrical con-
ductivity was calculated [28] as

Oac.— ZTEfs/DSO. (3)

3. RESULTS AND DISCUSSION

Figures 1 and 2 demonstrate the variation of dielectric constant and
dielectric loss for PVA-Fe,0,/Co0,0; nanocomposites with frequency,
respectively. With increasing frequency, the & wvalues decrease,
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Fig. 1. Variation of dielectric constant for PVA-Fe,0,/C0,0; nanocompo-
sites with frequency.
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Dielectric loss
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Fig. 2. Dielectric loss performance for PVA-Fe,0;/Co0,0; nanocomposites
with frequency.

causing the dipole to lose its ability to spin, and its oscillation to
begin to lie after this field.

Because of the mobility of ions, which is the fundamental basis of
nanocomposite, dielectric loss has a reduction in high frequency as
shown in Fig. 2; the dielectric loss has reduction in high frequency.
As a result, at lower frequency values, a large dielectric loss value
implies the effect of ion hopping and the loss of ion movement con-
duction, as well as the loss of ion polarization [29]. The dielectric
constant and dielectric loss of PVA increase with an increase in the



FABRICATION OF PVA-Fe,0,/C0,0, NANOCOMPOSITES 509

1-1073
3 ——Pure

] =-1.9 wt.%
1-10°{ —=—3.8 wt.%
I 5.7 wt.%

1-10 75
11073
1-10 °5

1,10710;

A.C. Electrical conductivity, S/cm

11071t T T T . )
1-107 110 1-10¢ 1-10° 1-10¢ 1-10°7

F, Hz

Fig. 3. Behaviour of A.C. electrical conductivity for PVA-Fe,0;/C0,0,
nanocomposites with frequency.

Fe,0;/C0,0; NPs’ content due to the rise of the charge carriers [30,
31].

The performance of A.C. electrical conductivity for PVA-
Fe,0;/C0,0; nanocomposites with frequency is shown in Fig. 3. At
high frequency, the A.C. conductivity increases due to the excess
charge carriers produced, which are assigned to the trapped charge
activation in the polymeric material that undergoes localized mo-
tion. The highest value of conductivity was at highest content of
Fe,0;/C0,0; NPs, which can be assigned efficient conductive net-
works created, when Fe,0;/Co0,0; is loaded in polymeric matrix [32].

4. CONCLUSIONS

The present work involves preparation of (PVA—-Fe,0;/C0,0;) nano-
composites films to employ in different electronics fields.

The results show that the dielectric constant and dielectric loss of
(PVA-Fe,0,;/C0,0;) nanocomposites is reduced, while the A.C. elec-
trical conductivity increases with increasing of the frequency of ap-
plied electric field.

The dielectric constant, the dielectric loss and the A.C. electrical
conductivity of PVA is increased with an increase in the
Fe,05;/Co,0, nanoparticles’ content.

Finally, the dielectric properties results show that the (PVA-
Fe,0;/C0,0,) nanocomposites can be suitable for different electron-



510 Ahmed HASHIM, Aseel HADI, and M. H. ABBAS

ics fields.
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Preparation and Investigation of Structural and Dielectric
Properties of PEO—PVA—-Fe,0; Nanocomposites
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The PEO-PVA-Fe,0; nanocomposites are prepared from mixing PVA and
PEO with different concentrations of Fe,O; nanoparticles (0, 1.5, 3, 4.5
and 6 wt.%) by using the casting method. The structural and dielectric
properties of PEO-PVA-Fe,O; nanocomposites are studied. Optical mi-
croscopy images show that the iron-oxide nanoparticles form a continuous
network inside the polymer blend at concentration of 4.5 and 6 wt.%.
FTIR spectra show shift in some peak position and change in the intensi-
ties of others comparing with PEO-PVA blend. The dielectric properties
of nanocomposites demonstrate that the dielectric constant, dielectric loss
and A.C. electrical conductivity of PEO—PVA blend increase with increas-
ing of Fe,O; nanoparticles’ concentration. The dielectric constant and die-
lectric loss of PEO-PVA-Fe,O; nanocomposites decrease, while the A.C.
electrical conductivity increases with increasing frequency. These results
indicate that the PEO-PVA-Fe,0; nanocomposites may be considered as
promising materials for electronics and electrical nanodevices.

Hanoxommosutu mnogietunenoxkcun (IIEO)moniinimosuit couprt (IIBC)—
Fe,O; Burorosneno smimysanuam [IBC i IIEO 3 manouactuakamu Fe,O; B
pisux Kommeurpamisax (0, 1,5, 3, 4,5 ta 6 mac.%) meromzom surtA. Hoci-
IKEeHO CTPYKTYPHI Ta mieJeKTPUUHI BiaacTUBOCTI HaHoxommoautiB ITEO-—
IIBC-Fe,0;. 3o0paskeHHs ONTHYHOI MiKpOCKOIIiI IOKas3yoTh, IO HaHOYAC-
TUHKU OKcuAy PepymMy yTBOPIOIOTH 0e3lepepBHY Mepe:Ky BCcepeauHi IoJri-
MepHOI cyMimi 3a KoumenTparniin y 4,5 i 6 mac.% . Cuexkrpu imdpauepBonoi
CIIEKTPOCKOIIil Ha ocHOBI Pyp’e-IIepeTBOPY MOKAa3yIOTh 3CYB B IIO3UIlil OAHO-
o miKa Ta 3MiHY iHTEHCHMBHOCTH iHIIWX Yy HOPiBHAHHI i3 cymimmio ITEO—
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IIBC. [lieseKTpuyHi BJIACTUBOCTI HAHOKOMIO3WUTIB JEeMOHCTPYIOTDH, IO Hdie-
JIeKTPUYHA I[IPOHUKHICTH, [JieJleKTpUMUYHI BTpaTu ¥ eJeKTPOIPOBiTHICTH
aminzoro crpymy cywminri ITEO-IIBC 3pocTatoTh i3 36iIbIIIeHHAM KOHITEHT-
pauii HamouactuHoK Fe,0;. [lieneKTpmuHa NPOHUKHICTL i miemekTpmuHi
Brpatu HaHokoMno3utiB IITEO-IIBC-Fe,O; 3MeHITyIOTBCS, TONI AK €JIEeKT-
POIPOBifHiCTL 3MiHHOTO CTPyMYy 3pocTae 3i s36isbienHaM uvactotu. Ili pe-
3yJbTaTH BKadyiOTh Ha Te, 1o HaHokommosutu I[IEO-IIBC-Fe,O; moixxHa
pO3TJIANaTH AK IEePCIEeKTUBHI MaTepisaiu A eJeKTPOHIKUM M eJeKTPUUHUX
HaHONIIPUCTPOIB.

Key words: polyethylene oxide, polyvinyl alcohol, Fe,O; nanoparticles,
nanocomposites, structural properties, dielectric properties.

KarouoBi cioBa: moJiokcueTuIeH, MOJMiBiHiNIOBUII COUPT, HAHOUYACTHUHKU
Fe,0;, HAHOKOMIIOBUTYU, CTPYKTYPHI BJIACTUBOCTI, AieJeKTPUUHI BJIaCTUBOCTI.

(Received 4 February, 2023)

1. INTRODUCTION

Nanoparticles (NPs) are the easiest type of 1-100 nm size construc-
tions. Any collection of atoms bonded together with a structural
radius of less than 100 nm can be considered as a nanoparticle in
theory. They are a connection between bulk materials and molecular
or atomic structures. Nanoparticles have distinct chemical and
physical characteristics compared to bulk products such as reduced
melting points , greater surface area, mechanical strength, particu-
lar optical characteristics and particular magnetizations [1, 2]. The
interfacial and surface characteristics can be changed in the pres-
ence of chemical agents. Indirectly, such agents can stabilise
against coagulation and aggregation by maintaining particle charge
and by modifying the outermost layer of the particle. In the past
decade, the synthesis of iron oxide nanoparticles has been intensive-
ly developed not only for its fundamental scientific interest but also
for many technological and biomedical applications [2, 4].

There is an important aspect of nanotechnology, which is the
miniaturization of current and new instruments, sensors and ma-
chines that will greatly influence the world. Examples of possible
miniaturization are: computers with infinitely great power that
compute algorithms to mimic human brains, biosensors that warn
us at the early stage of the onset of disease and preferably at the
molecular level and target specific drugs that automatically attack
the diseased cells on site, nanorobots, which can repair internal
damage and remove chemical toxins in human bodies, and nanoscale
electronics that constantly monitor our local environment [5, 6].

Nanotechnology has an extremely broad range of potential appli-
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cations from nanoscale electronics and optics, to nanobiological sys-
tems and nanomedicine, to new materials, and, therefore, it re-
quires the formation and contribution from multidisciplinary teams
of physicists, chemists, materials scientists, engineers, molecular
biologists, pharmacologists and others to work together on: (i) syn-
thesis and processing of nanomaterials and nanostructures, (ii) un-
derstanding the physical properties related to the nanometer scale,
(iii) design and construction of novel tools for characterization of
nanostructures and nanomaterials, (iv) design and fabrication of
nanodevices or devices with nanomaterials as building blocks [7, 8].
Work on the fabrication and the processing of nanomaterials and
nanostructures started long time ago, far earlier than nanotechnol-
ogy emerged as a new scientific field. Such research has been dras-
tically intensified in the last decade, resulting in overwhelming lit-
eratures in many journals across different disciplines. The research
on nanotechnology is evolving and expanding very rapidly [9, 10].

Polyethylene oxide is the most interesting base material because
of its high chemical and thermal stability. PEO is a semi-crystalline
polymer, possessing both amorphous and crystalline phases at room
temperature. It can to solvate a wide variety of salts even at very
high salt concentrations. The solvation of salts occurs through the
association of the metallic cations with oxygen atoms in the back-
bone [11, 12]. Polyvinyl alcohol (PVA) is an important water-soluble
transparent polymer and is extensively used in industries due to the
excellent chemical and physical properties, non-toxicity, good chem-
ical resistance, good film formation capacity, biodegradability and
high crystal modulus. PVA is used here in hydrolyzed form with
the degree of 85% hydrolysis. It is a polymer with many technolog-
ical, pharmaceutical and biomedical applications [13, 14]. Iron ox-
ides are interesting due to their catalytic, magnetic, and semicon-
ducting properties, and because they are produced during corrosion.
Their applications include, e.g., usage as pigments, catalysts in sty-
rene synthesis, and as a material for high-density magnetic storage.
At room temperature, the normal stoichiometric forms of iron ox-
ides Fe,0; [15].

This paper aims to synthesis and characterization of PEO-PVA-
Fe,O; nanocomposites for employ in optoelectronics fields.

2. EXPERIMENTAL PART

The PEO-PVA-Fe,O; nanocomposites were prepared from mixing
the PVA and PEO with different concentrations of the Fe,O; nano-
particles by using the casting method. These samples were added as
PVA 50 wt.% with PEO 50 wt.%; the mixtures were stirred con-
tinuously for 40 minutes at temperature of 70°C until homogeneous
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solutions were obtained, after casting in different Petri dishes, the
solutions were left to dry at room temperature for films to form.
The films were transferred into a desiccator for continuous drying.

The structural properties of PEO-PVA-Fe,O; NCs examined by
the optical microscope (OM) provided by Olympus (Top View, type
Nikon-73346) and the Fourier transformation infrared (FTIR) spec-
troscopy (Bruker company type vertex-70, German origin) with va-
riety wave number 500—4000 cm™.

The dielectric properties of PEO-PVA-Fe,0; nanocomposites were
measured by using LCR meters in the frequency range (100 Hz to 5
MHz).

The dielectric constant (¢') of nanocomposites is defined by the
equation [16, 17]

&' =C,/Cy, 1)

where C, is parallel capacitance and C, is vacuum capacitor.

The dielectric loss (¢") is given by the equation [18]
g"=¢'D, (2)

where D is displacement.
The A.C. electrical conductivity is determined by the following
equation [19, 20]:

Oa.c. = WE"€, 3)

where o is the angular frequency.

3. RESULTS AND DISSCUSION
3.1. Structural Properties
3.1.1. Optical Microscopy

Figure 1 shows the images of PEO-PVA-Fe,0; nanocomposites
films were taken for samples of different concentrations at magni-
fication power x10. However, they show a clear difference to the
samples as shown in images a, b, ¢, d and e.

When the concentrations of Fe,O; increase in PEO-PVA blend,
the nanoparticles form actuators inside the polymer blend. When
the concentration of nanoparticles reaches to 4.5 wt.%, the nano-
particles form a continuous network. Charge carriers can move
through the nanocomposites due to the network of channels that
runs through them [21-23].
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e

Fig. 1. Photomicrographs for PEO-PVA-Fe,O; nanocomposites: a—for
PEO-PVA blend; b—for 1.5 wt.% Fe,O;3 NPs; c—for 3 wt.% Fe,O; NPs;
d—for 4.5 wt.% Fe,0; NPs; e—for 6 wt.% Fe,O; NPs.

3.1.2. FTIR Spectroscopy of PEO—PV A—Fe,0; Nanocomposites

The FTIR spectroscopy can be used to analyze a wide range of mate-
rials such thin films, powders, and other forms.
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Information is provided for both blends composition and polymer-

100

100

ngl:w 'Y In R
s‘ K
g W Ze
i
|| |11 || |11
P Pigs i R
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 250 2000 1500 1000
Wavenumber cm-1 Wavenumber cm-1
a
TR ﬁ
s’ 0
-3 1
£
o |
h s
£E84 B
fe i
£°]
s :
2
3 81
| | | |11 "
£ 3 8 Teg
5 ‘E .3 LEE 24
4000 3500 3000 50 2000 1500 1000 4000 3500 3000 500 2000 1500 1000
Wavenumber cm-1 Wavenumber ca-1
c d
g
EE%W\'
3.
g
284
i
ce
2
| | []
3 R 3:g
£ £ iss
4000 3500 n'oo zslw 2000 15‘“] IC;N
‘Wavenumber cm-1

Fig. 2. FTIR spectra for PEO-PVA-Fe,0; nanocomposites: a—for PEO-
PVA blend; b—for 1.5 wt.% Fe,O; NPs; c—for 3 wt.% Fe,O5 NPs; d—for
4.5wt% Fe,0; NPs; e—for 6 wt.% Fe,O; NPs.
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polymer interactions using those vibrational modes attributed to
free and hydrogen bonded of hydroxyl and carbonyl groups.

Figure 2 shows the FTIR radiation spectra of PVA-PEO-Fe,0O,
nanocomposites. For all samples of nanocomposites, broadband at
around 3259.36—-8655 cm™ is observed because of OH groups in the
polymers matrix chain. The other bonds as C—O-C group can be
noted in the bands at 1094 cm ™ where attributed to the PVA film,
which was not so transparent. Peaks at 2897-2900 cm ™ were due to
the presence of C—H groups. The C=C stretching mode appears in
the bands at 1550-1620 cm™'. The peak at 1091-1098 cm™ of the
band is strong for all samples of nanocomposites; this is due to the
stretching mode of C-O group. The two strong bands observed at
around 1340-840 cm™ are due to the stretching and bending modes
of CH, group [24-27]. Finally, with the addition of Fe,O; nanopar-
ticles to the polymer blend, two significant changes are observed:
slight changes in intensities of absorption bands and in vibrational
bands; this indicates decoupling between the corresponding vibra-
tions due to interaction between Fe,O; nanoparticles and the two
polymers [28].

3.2. The A.C. Electrical Properties of PEO—PVA—Fe,0; Nanocom-
posites

Figure 3 shows the effect of adding the Fe,O; nanoparticles on the
dielectric constant of PEO-PVA blend. The dielectric constant in-
creases with increasing of the concentration of Fe,O; nanoparticles.
The reason for this increase is formation of clusters of Fe,O; nano-
particles inside the nanocomposites at low concentrations of Fe,O,
3.0
2.5]
2.0

1.51

1.04

Dielectric constant

0.54

0

0 15 3.0 43 6.0

Con. of Fe,O, nanoparticles, wi.%

Fig. 3. Effect of Fe,O; nanoparticles’ concentration on dielectric constant
for PEO-PVA blend.
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nanoparticles; hence, the dielectric constant becomes low, and at
high concentrations of Fe,O; nanoparticles, they form a continuous
network inside the nanocomposites [29, 30], and so, the value of
dielectric constant increases with increases of the Fe,O; nanoparti-
cles’ concentration. This is similar to the results reached by other
researchers [31, 32].

The variation of dielectric constant of PEO—PVA—-Fe,O; nanocom-
posites with frequency is shown in Fig. 4. This figure show that the
dielectric constant of all nanocomposite samples decreases as the
frequency of applied field increases. It can be due to the tendency

Dielectric constant

0 . . ‘ : ‘
I.10? 1-10° 1108 1.10° 1-10% 1.107

F, Hz

Fig. 4. Variation of dielectric constant for PEO-PVA-Fe,O; nanocompo-
sites with frequency.

351
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25]
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1517

Dielectric loss

o 15 T30 0 45T T Ten
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Fig. 5. Effect of Fe,O; nanoparticles’ concentration on dielectric loss for
PEO-PVA blend.
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of dipole in nanocomposite samples in order to orient themselves in
the directions of the electrical fields applied and to decrease the po-
larization of the space charge to absolute polarisation [33, 34].
These ones are similar to the researchers’ findings [35, 36].

Figure 5 shows the dielectric loss as a function of frequency of
PEO-PVA-Fe,O, nanocomposites. This figure indicate that the die-
lectric loss of nanocomposites decreases with a rise in the frequency
of the applied electric field; this behaviour is due to a decrease in
the contribution of the space charge polarization [37, 38], as well as
the high value of the dielectric loss for PEO-PVA—-Fe,O; nanocom-
posites at low frequencies.

The dielectric loss of PEO-PVA-Fe,0O; nanocomposites increases
as the concentration of Fe,O; nanoparticles increases (Fig. 6); this is
related to the increase in the number of carriers of charge [39].
When the concentration of nanoparticles exceeds a high ratio, the
nanoparticles form a continuous network in the nanocomposites
[40]. These results are similar to the other researchers’ results [41].

Figure 7 shows the variation of A.C. electrical conductivity of
PEO-PVA-Fe,O; nanocomposites. The A.C. conductivity slightly
increases at low concentrations of the Fe,O; nanoparticles. The con-
ductivity is increases with increasing of the concentration of Fe,O,
nanoparticles, because of the increase of the charge carriers and the
formation of a continuous network of Fe,O; nanoparticles inside the
nanocomposites [42—45]. Consequently, the conductivity is increas-
ing with the increasing of Fe,O; nanoparticles’ concentration for
PEO-PVA-Fe,0; nanocomposites.

Figure 8 shows the plot of the variation of A.C. electrical con-
ductivity of PEO-PVA-Fe,O; nanocomposites with frequency at

Dielectric loss

0_
1102 110° 1-10° 1-10° 1.108 1-107
F, Hz

Fig. 6. Variation of dielectric loss for PEO-PVA-Fe,O; nanocomposites
with frequency.
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Fig. 7. Effect of Fe,O; nanoparticles’ concentration on A.C. electrical con-
ductivity for PEO—-PVA blend.
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Fig. 8. Variation of dielectric constant for PEO-PVA-Fe,O; nanocompo-

sites with frequency.

room temperature. The A.C. electrical conductivity increases with
increasing of the frequency of electric field for all samples of nano-
composites, where the frequency acts as a pumping force, pushing
the charge carriers between the different conduction states [46, 47].

4. CONCLUSIONS

The optical microscopy images show that the Fe,O; nanoparticles
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form a continuous network inside the polymer blend at concentra-
tions of 4.5 and 6 wt.%.

FTIR spectra show shift in some bands and change in the intensi-
ties of other bands. In addition, there are no chemical interaction
between Fe,O; nanoparticles and PEO-PVA blend.

The dielectric constant, dielectric loss and A.C. electrical conduc-
tivity of PEO—PVA blend increase with increasing of Fe,O; nanopar-
ticles’ concentration. The dielectric constant and dielectric loss of
nanocomposites are decreased with increasing the frequency, while
A.C. electrical conductivity is increased with increasing of the fre-
quency.

Finally, such behaviour makes PEO-PVA-Fe,O; nanocomposites
to be considered as excellent electronics materials for electrical ap-
plications.
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Films of PMMA-SiC—-Cr,0; nanocomposites are prepared to utilize in var-
ious electronics applications. The dielectric properties of PMMA-SiC—
Cr,0; nanocomposites are studied in frequency range from 100 Hz to 5
MHz. The results illustrate both the dielectric constant and the dielectric
loss of PMMA-SiC—Cr,05; nanocomposites reduced, while the conductivity
rises with rising of frequency. Dielectric constant, dielectric loss, and
electrical conductivity of PMMA are rising with rising in the SiC-Cr,0,
nanoparticles’ ratio. The results on dielectric properties demonstrate that
the PMMA-SiC—Cr,0; nanocomposites may be useful for electronics appli-
cations.

IIniekm HanoxkommosutiB moaimeruametrakpuaatr (IIMMA)-SiC—Cr,0; mia-
TOTOBJIEHO [AJIA BUKOPMCTAHHSA B PiBHUX 3aCTOCYBaHHAX eJeKTpoHiku. Ioc-
JimKeHO maieneKTpuuHi BjacTuBocTi HaHokommosauTie IITMMA-SiC-Cr,0; y
mismasoui wactor Bim 100 I'mm mo 5 MI'm. OpmepskaHi pesyiabTaTu CBiguaTh
Ipo Te, IO JieJeKTPUUYHA NMPOHUKHICTD i MieleKTPUUHI BTpaTu HAHOKOMIIO-
surie IIMMA-SiC-Cr,0; 3MeHIIyIOTBCA, TOAiI AK HIPOBimHiCTH 3pocrae 3i
3POCTAHHAM dYacTOoTHu. JlieJleKTpuYyHa NMPOHWMKHICTH, AieJIeKTPUYHI BTpaTm u
enxexTponpoBigaicts IIMMA 3pocraioTh 3i 30inbITeHHAM (CITiB)BigHOIIIEHHSA
nHanouacTuHOK SiC—Cr,0;. PegysnbraTé 1mono AieIleKTPUYHUX BJIACTUBOCTEN
IEeMOHCTPYIOTH, 110 HaHoKoMmmo3utu IIMMA-SiC—Cr,0; MOKyTh OyTH KOpHU-
CHUMU JJIS 3aCTOCYBAaHHS B €JIEKTPOHIII].
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1. INTRODUCTION

Recently, the improvement of polymeric materials by modification
of their physical properties has become of concern in order to fulfil
the increasing requirements in various industrial applications such
as cables, materials of electronic packaging, jackets, and films of
capacitors [1].

Chromium oxide (Cr,0;) is one of the most important wide band
gap (E,~ 3 eV) p-type semiconductor, transition metal-oxide materi-
al. This kind of p-type wide band-gap oxide semiconductors may be
a good candidate material for UV-light emitter using nanolasers,
and optical storage system. It has wide variety of applications such
as catalysts, hydrogen storage, wear resistance materials, dye and
pigment, advanced colorants, digital recording system, black matrix
films, solar energy application, coating materials for thermal pro-
tection, and electrochromic material. It expresses high electrical
conductivity with partial or complete electron transfer. It is treated
as an important refractory material because of its high melting
temperature (=~ 2300°C) and high-temperature oxidation resistance,
although it shows poor sintering ability, which is possibly because
of low density factor [2].

Silicon carbide (SiC) is used as inorganic materials due to its have
a well thermal and chemical stability, high strength and hardness.
Some researchers have studied the addition of SiC to the polymer
with improving thermal stability and dielectric properties [3].
Nanocomposites with silicon carbide may be utilized in different
electronics, optical, optoelectronics and photonics fields [4—12].

Poly(methyl methacrylate) (PMMA) polymer has an excellent op-
tical, electrical, mechanical, and thermal characteristic. The excep-
tional properties of PMMA such as, high transparency, environmen-
tal stability, low cost, easy preparation and shaping at low tempera-
ture make it an excellent candidate for fabricating thin films [13].
PMMA doped with different materials may be employed for various
electronics and optoelectronics fields [14-16]. The organic—
inorganic nanocomposites’ applications are promising in the fields
of optical and electronic devices, sensors, microelectronic packag-
ing, membranes, aerospace, packaging materials, medicine, drug
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delivery, automobiles, coatings, injection moulded products, con-
sumer goods, fire-retardants, adhesives, etc. [17—-28].

2. MATERIALS AND METHODS

The samples of PMMA-SiC-Cr,0; nanocomposites films were pre-
pared using the dissolving of 0.5 gm of PMMA in 20 ml of chloro-
form by using magnetic. The SiC—Cr,0; nanoparticles (NPs) were
added to the PMMA with concentration 1:3, and different ratios are
as follow: 1.9, 3.8 and 5.7 wt.%. The casting technique was em-
ployed to fabricate the PMMA-SiC—Cr,0; nanocomposites. The die-
lectric properties of PMMA-SiC—Cr,0; nanocomposites’ films were
tested in the frequency range from 100 Hz to 5-10° Hz, using LCR
meter type (HIOKI 3532-50 LCR HI TESTER). The dielectric con-
stant (¢') is calculated by Ref. [29]

&' =C,/Cy, (1)

where C, is parallel capacitance and C, is vacuum capacitor. The die-
lectric loss (¢") is calculated by Ref. [30]

g"=¢'D, (2)

where D is dispersion factor. The A.C. electrical conductivity is de-
fined by Ref. [30]

Oa.c. = 0E"g, 3

where o is the angular frequency.

3. RESULTS AND DISCUSSION

The variations of dielectric constant and dielectric loss for PMMA-
SiC—Cr,0; nanocomposites’ films with frequency (F) are represented
in Figs. 1 and 2, respectively. These figures show that both the die-
lectric constant and the dielectric loss rise sharply towards low fre-
quencies due to the tendency of dipoles in the sample to orient
themselves in the direction of the applied field [32]. The dielectric
constant and dielectric loss of PMMA rise with increase in SiC—
Cr,0; NPs’ ratio; this is due to the rise of the charge carriers [33,
34].

The performance of A.C. electrical conductivity with frequency
for PMMA-SiC—Cr,0; nanocomposites’ films is shown in Fig. 3. As
the frequency decreases, the more and more charge is accumulated
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Fig. 1. Variation of dielectric constant for PMMA-SiC-Cr,0; nanocompo-
sites’ films with frequency F.
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Fig. 2. Dielectric loss variation of PMMA—-SiC—Cr,0; nanocomposites’ films
with frequency F.

at the electrode and electrode interface that leads to a decrease in
the number of mobile ions and, eventually, to a drop in the conduc-
tivity at low frequencies. In the high-frequency region, the conduc-
tivity increases with the frequency due to the mobility of charge
carriers and the hopping of ions from the infinite cluster.

As a result, the ion exchange process occurs effectively in the
high-frequency region [35]. The A.C. electrical conductivity of
PMMA is increasing with an increase in the SiC—Cr,0; NPs’ con-
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Fig. 3. Performance of A.C. electrical conductivity with frequency F for
PMMA-SiC—Cr,05 nanocomposites’ films.

tent; this behaviour relate to the enhancement of the mobility of
charge ions and the larger number of charge carriers in polymer
matrix [36].

CONCLUSIONS

This work includes the fabrication and investigation of dielectric
properties for PMMA-SiC—Cr,0; nanocomposites’ films to employ in
various electronics applications. The results show that both the die-
lectric constant and the dielectric loss of PMMA-SiC—Cr,0; nano-
composites are reduced, while the conductivity rises with rising of
frequency. Dielectric constant, dielectric loss and electrical conduc-
tivity of PMMA were rising with rising in the SiC-Cr,0; NPs’ ratio
about 12.2%, 30.4% and 30.4%, respectively at 100 Hz. The re-
sults on dielectric properties indicate that the PMMA-SiC—Cr,04
nanocomposites may be suitable for electronics fields.

REFERENCES

1. R. M. Ahmed, A. A. Ibrahim, and E. A. El-Said, Acta Physica Polonica A,
137, No. 3: 317 (2020).

2. M. M. Abdullah, F. M. Rajab, and S. M. Al-Abbas, AIP Advances, 4: 1
(2014); https://doi.org/10.1063/1.4867012

3. N. S. Alghunaim, Results in Physics, 9: 1136 (2018);


https://doi.org/10.1063/1.4867012

532

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

238.

24.

25.

Ahmed HASHIM, Aseel HADI, and Noor AL-HUDA AL-AARAJI

https://doi.org/10.1016/j.rinp.2018.04.023

N. Al-Huda Al-Aaraji, A. Hashim, A. Hadi, and H. M. Abduljalil, Silicon,
14: 4699 (2022); https://doi.org/10.1007/s12633-021-01265-3

A. Hashim, J. Mater. Sci.: Mater. Electron., 32: 2796 (2021);
https://doi.org/10.1007/s10854-020-05032-9

A. Hashim, M. H. Abbas, Noor Al-Huda Al-Aaraji, and A. Hadi, Journal of
Inorganic and Organometallic Polymers and Materials, 33: 1 (2023);
https://doi.org/10.1007/s10904-022-02485-9

N. Al-Huda Al-Aaraji, A. Hashim, A. Hadi, and H. M. Abduljalil, Silicon,
14: 10037 (2022); https://doi.org/10.1007/s12633-022-01730-7

W. O. Obaid and A. Hashim, Silicon, 14: 11199 (2022);
https://doi.org/10.1007/s12633-022-01854-w

H. Ahmed, A. Hashim, and H. M. Abduljalil, Ukr. J. Phys., 65, No. 6: 533
(2020); https://doi.org/10.15407/ujpe65.6.533

H. Ahmed and A. Hashim, Silicon, 13: 1509 (2020);
https://doi.org/10.1007/s12633-020-00543-w

H. Ahmed and A. Hashim, Silicon, 13: 2639 (2020);
https://doi.org/10.1007/s12633-020-00620-0

H. Ahmed and A. Hashim, Silicon, 13: 4331 (2020);
https://doi.org/10.1007/s12633-020-00723-8

A. A. Bani-Salameh, A. A. Ahmad, A. M. Alsaad, I. A. Qattan, and

I. A. Aljarrah, Polymers, 13: 1 (2021);
https://doi.org/10.3390/polym13071158

A. Hazim, H. M. Abduljalil, and A. Hashim, Transactions on Electrical and
Electronic Materials, 22: 185 (2021); https://doi.org/10.1007/s42341-020-
00224-w

A. Hazim, A. Hashim, and H. M. Abduljalil, Nanosistemi, Nanomateriali,
Nanotehnologii, 18, Iss. 4: 983 (2020);
https://doi.org/10.15407/nnn.18.04.983

A. Hazim, H. M. Abduljalil, and A. Hashim, Transactions on Electrical and
Electronic Materials, 21: 550 (2020); https://doi.org/10.1007/s42341-020-
00210-2

D. Hassan and A. Hashim, Bulletin of Electrical Engineering and Informat-
ics, 7, No. 4: 547 (2018); doi:10.11591 /eei.v7i4.969

H. Ahmed and A. Hashim, Journal of Molecular Modeling, 26: 1 (2020);
d0i:10.1007/s00894-020-04479-1

H. Ahmed and A. Hashim, Transactions on Electrical and Electronic Mate-
rials, 22: 335 (2021); https://doi.org/10.1007/s42341-020-00244-6

A. Hashim and Z. S. Hamad, Nanosistemi, Nanomateriali, Nanotehnologii,
18, No. 4: 969 (2020); https://doi.org/10.15407/nnn.18.04.969

H. Ahmed and A. Hashim, Silicon, 14: 4079 (2021);
https://doi.org/10.1007/s12633-021-01186-1

A. Hashim and N. Hamid, Journal of Bionanoscience, 12, No. 6: 788 (2018);
do0i:10.1166/jbns.2018.1591

I. Jeon and J. Baek, Materials, 3, No. 6: 3654 (2010);
d0i:10.3390/ma3063654

A. Hashim and Z. S. Hamad, Journal of Bionanoscience, 12, No. 4: 488
(2018); d0i:10.1166/jbns.2018.1551

D. Hassan and A. Hashim, Journal of Bionanoscience, 12, No. 3: 364


https://doi.org/10.1016/j.rinp.2018.04.023
https://doi.org/10.1007/s12633-021-01265-3
https://doi.org/10.1007/s10854-020-05032-9
https://doi.org/10.1007/s10904-022-02485-9
https://doi.org/10.1007/s12633-022-01730-7
https://doi.org/10.1007/s12633-022-01854-w
https://doi.org/10.15407/ujpe65.6.533
https://doi.org/10.1007/s12633-020-00543-w
https://doi.org/10.1007/s12633-020-00620-0
https://doi.org/10.1007/s12633-020-00723-8
https://doi.org/10.3390/polym13071158
https://doi.org/10.1007/s42341-020-00224-w
https://doi.org/10.1007/s42341-020-00224-w
https://doi.org/10.15407/nnn.18.04.983
https://doi.org/10.1007/s42341-020-00210-2
https://doi.org/10.1007/s42341-020-00210-2
doi:10.11591/eei.v7i4.969
doi:10.1007/s00894-020-04479-1
https://doi.org/10.1007/s42341-020-00244-6
https://doi.org/10.15407/nnn.18.04.969
https://doi.org/10.1007/s12633-021-01186-1
doi:10.1166/jbns.2018.1591
doi:10.3390/ma3063654
doi:10.1166/jbns.2018.1551

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

TAILORING THE DIELECTRIC PROPERTIES OF PMMA-SiC—Cr,0, 533

(2018); d0i:10.1166/jbns.2018.1537

A. Hashim and Z. S. Hamad, Journal of Bionanoscience, 12, No. 4: 504
(2018); do0i:10.1166/jbns.2018.1561

K. H. H. Al-Attiyah, A. Hashim, and S. F. Obaid, Journal of Bionanosci-
ence, 12: 200 (2018); doi:10.1166/jbns.2018.1526

D. Hassan and A. Hashim, Journal of Bionanoscience, 12, No. 3: 341
(2018); d0i:10.1166/jbns.2018.1533

A. A. Abdelmalik, A. Sadiq, and U. Sadiq, J. of Physical Science, 31, No. 1:
1 (2020); https://doi.org/10.21315/jps2020.31.1.1

R. Divya, M. Meena, C. K. Mahadevan, and C. M. Padma, Journal of Engi-
neering Research and Applications, 4, Iss. 5: 1 (2014);
https://www.researchgate.net/publication/262483892 Investigation on_ CuO
_Dispersed PVA Polymer Films M _ Meena

T. Sankarappa and M. Prashantkumar, International Journal of Advanced
Research in Physical Science, 1, No. 2: 1 (2014);
https://www.arcjournals.org/pdfs/ijarps/v1-i2/1.pdf

N. S. Alghunaim, Results in Physics, 9: 1136 (2018);
https://doi.org/10.1016/j.rinp.2018.04.023

A. Hashim, J. Mater. Sci: Mater. Electron., 32: 2796 (2021);
https://doi.org/10.1007/s10854-020-05032-9

N. Al-Huda Al-Aaraji, A. Hashim, A. Hadi, and H. M. Abduljalil, Silicon,
14: 4699 (2022); https://doi.org/10.1007/s12633-021-01265-3

A. Hashim and Z. S. Hamad, Nanosistemi, Nanomateriali, Nanotehnologii,
20, No. 2: 507 (2022); https://doi.org/10.15407/nnn.20.02.507

A. Hashim and A. Hadi, Sensor Letters, 15, No. 12: 1019 (2017);
https://doi.org/10.1166/s1.2017.3910


doi:10.1166/jbns.2018.1537
doi:10.1166/jbns.2018.1561
doi:10.1166/jbns.2018.1526
doi:10.1166/jbns.2018.1533
https://doi.org/10.21315/jps2020.31.1.1
https://www.researchgate.net/publication/262483892_Investigation_on_CuO_Dispersed_PVA_Polymer_Films_M_Meena
https://www.researchgate.net/publication/262483892_Investigation_on_CuO_Dispersed_PVA_Polymer_Films_M_Meena
https://www.arcjournals.org/pdfs/ijarps/v1-i2/1.pdf
https://doi.org/10.1016/j.rinp.2018.04.023
https://doi.org/10.1007/s10854-020-05032-9
https://doi.org/10.1007/s12633-021-01265-3
https://doi.org/10.15407/nnn.20.02.507
https://doi.org/10.1166/sl.2017.3910




Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2023 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2023, 1. 21, Ne 3, cc. 535-543 HazapykosaHno B YKpaisi.

PACS numbers: 77.22.Ch, 77.22.Gm, 77.55.dj, 77.84.Lf, 81.05.Qk, 81.07.Pr, 82.35.Np

Preparation and Characterization of PVA/MnO,/ZrO,
Nanocomposites for Electrical and Electronics Devices

Ranya Mahmood Mohammed', Majeed Ali Habeeb?, and Ahmed Hashim?

Al Zahraa University for Women,
Karbala-Baghdad Str.,

Holy City of Karbala, Iraq

2College of Education for Pure Sciences,
Department of Physics,

University of Babylon,

Hillah, Iraq

The PVA-MnO,-ZrO, nanocomposites are prepared by using casting meth-
od with various concentrations of MnO,—ZrO, nanoparticles (0%, 1%, 2%,
and 3% wt.). The dielectric characteristics of the PVA-MnO,-ZrO, nano-
composites are examined for use in different optoelectronic applications.
The dielectric properties of nanocomposites demonstrate that dielectric
constant, dielectric loss and A.C. electrical conductivity of PVA rise with
rising in MnO,-ZrO, nanoparticles’ concentration. Both the dielectric con-
stant and the dielectric loss of PVA-MnO,-ZrO, nanocomposites decrease,
while the A.C. electrical conductivity rises with rising in frequency. The
results on dielectrical characteristics show that the PVA-MnO,-ZrO,
nanocomposites may be used for various electronics fields.

Hamoxomnosutu mnogiBininosuii cnupt (IIBC)-MnO,—ZrO, omep:xaHO MeTO-
IOM JIUTTA 3 PisHMMM KOHIeHTpalisMu HaHouyacTHHOK MnO,—ZrO, (0%,
1%, 2% i 3% sa macoro). JlocaifkeHO AieeKTPUYHI XapaKTePUCTUKU Ha-
Hokommno3utiBs ITBC—MnO,—ZrO, nma BUKOPUCTAHHS B Pi3HUX OIITOEJIEKT-
POHHUX B3acTOoCyBaHHAX. [lieJleKTpUYHI BJIACTMBOCTI HAHOKOMIIOSUTIB CBif-
YyaTh IIPO Te, II0 AieJeKTPUUYHA IIPOHUKHICTH, AieJIeKTPUUYHI BTpaTH Ta eJe-
KTponpoBiguicTs aMminnoro crpymy IIBC 3pocrairoTh 3i 3pocTaHHAM KOHIIEH-
tparii HaHouyacTMHOK MnO,—ZrO,. K mgierekTpwuHa NPOHUKHICTH, Tak i
miesekTpuuHi BTpaTtu HaHOKOMIO3uUTiB IIBC-MnO,-ZrQO, 3MeHIIYyIOThCA, a
€eJIeKTPONPOBiMHICTh 3MiHHOTO CTPYMy 3POCTa€ 31 3pOCTaHHAM udacTOTHU. Pe-
3yJBTATA CTOCOBHO [ieJIEKTPUYHUX XapaKTEePUCTUK IOKa3yloTh, IO HAHO-
kKommosuTu [IBC-MnO,—ZrO, MOKXyTh OYyTM BUKOPUCTAHI AJA PidHUX TaIy-
3ell eJeKTPOHIKMU.

Key words: PVA, MnO,-ZrO, nanoparticles, dielectric properties.
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1. INTRODUCTION

Composites can be defined as materials, which consist of two or
more chemically and physically different components; it has several
features as corrosion resistance, low weight, high fatigue strength,
and faster assembly. They are extensively used as materials in mak-
ing aircraft structures, electronic packaging to medical equipment,
and space vehicle to home building. Composite materials having
long-term durability for continuous purposes are desirable and cost-
effective [1, 2]. There is much interest in the development of inex-
pensive composite polymers with an appropriate weight, appropriate
electric conductivity and/or appropriate impact value for use [3].
The importance of polymers is mainly because polymers are still re-
garded as a cheap alternative material that is manufactured easily.
The intensive use of polymer in broad use has led to the develop-
ment of materials for specific applications namely composites poly-
mers are flexible, can be easily processed at low temperatures and
exhibit high dielectric-breakdown field mead (1961) [4, 5].

Polyvinyl alcohol (PVA) is an important polymer, relate to its
chemical and physical features. This polymer may be a film, pow-
der, and fibre forms [6]. PVA has a semi-crystalline nature due
from the hydrogen bonds and the OH group role. Relating to its low
protein adsorption properties, excellent water solubility and bio-
compatibility, PVA is usually employed in medical devices [7, 8]. It
considered use of polymer polyvinyl alcohol with metal-oxide nano-
materials is a recent approach of researchers for removing toxic
dyes from water bodies [9], where these polymers are used as ma-
trix for semiconductor materials. The role of these polymers is to
provide an interface for transfer of charge and obstruct leakage of
ions in water among several polymers[10]. MnO, is attracting the
interest of nanotechnology researchers due to its low toxicity. In
both organic electrolytes and aqueous electrolytes, MnO, was em-
ployed as an electrocatalyst for oxygen generation and oxygen re-
duction. MnO, is ancient and promising material with unusual phys-
ical and chemical properties. Its derivatives have gotten a lot of at-
tention, and they are employed in a lot of things like sensors, bat-
teries, and electrochemical supercapacitors [11, 12]. MnO, is prom-
ising green matter has involved large interests in good quality of its
excellent environmental compatibility, low cost, and broad structur-
al diversity combined with especial chemical and physical character-
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istics. The important fields of MnO, nanoscale contain alkaline bat-
teries, gas sensors, photocatalyst, electrochemical capacitors, and
smart windows [13, 14]. ZrO, is a well-known material with extreme
refractoriness, high mechanical strength and fracture toughness
,thermal insulation, wear and erosion resistance, chemical durabil-
ity, and alkali resistance, which finds use in a variety of fields, in
particular in constructional ceramics [15, 16].

2. EXPERIMENTAL PART

The nanocomposites PVA-MnO,—ZrO, were prepared from mixing
PVA at different concentrations with different concentrations of
MnO, and ZrO, nanoparticles using the casting method, and differ-
ent samples were obtained where the first sample consisted of PVA
100% by weight only without adding nanoparticles. The second
sample was by mixing 99% of PVA with 0.1 of each of MnO,~ZrO,.
Accordingly, the third sample was mixing 98% of PVA with 0.2 of
each of MnO,-ZrO,, respectively, and the last sample was mixing
97% of PVA with 0.3 of each of MnO,—ZrO,, respectively. The mix-
tures were continuously stirred until homogeneous solutions were
obtained. After pouring into different Petri dishes, the solutions
were left to dry at room temperature to form films. The membranes
were transferred to a dryer for continuous drying.
The dielectric constant (¢') is calculated by Ref. [17] as

&' =C,/Cy, (1)

where C, is parallel capacitance and C, is vacuum capacitor.
The dielectric loss (¢") is calculated by Refs. [18, 19] as

e"=¢'D, (2)
where D is displacement. A.C. electrical conductivity is as follows:
Oa.c. = 0E"g, (3)

where o is the angular frequency.

3. RESULTS AND DISCUSSION

Figure 1 shows the effect of adding the MnO,-ZrO, nanoparticles on
the dielectric constant of PVA, the dielectric constant increases
with increasing of the concentration of MnO,-ZrO, nanoparticles;
the reason for this increase is the formation of a clusters of MnO,—
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Fig. 1. Effect of MnO,-ZrO, nanoparticles’ concentration on dielectric con-
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Fig. 2. Variation of dielectric constant for PVA-MnO,-ZrO, nanocompo-
sites with frequency.

Zr0O, nanoparticles inside the nanocomposites at low concentrations
of MnO,—ZrO, nanoparticles; hence, the dielectric constant becomes
low, and at high concentrations of MnO,—ZrO, nanoparticles, a con-
tinuous network inside the nanocomposites is formed, and so, the
value of dielectric constant increases with increasing of MnO,—ZrO,
nanoparticles’ concentration [22-29].

The variation of dielectric constant of PVA-MnO,-ZrO, nano-
composites with frequency F are shown in Fig. 2; this figure shows
that the dielectric constant of all nanocomposite samples decrease as
the frequency of applied field increases. It can be due to the ten-
dency of dipole in nanocomposite samples in order to orient them-
selves in the directions of the electrical fields applied and to de-
crease the polarization of the space charge to absolute polarization
[30-37].

The dielectric loss of PVA-MnQO,-Zr0O, nanocomposites increases
as the concentration of MnQO,—ZrO, nanoparticles increases as shown
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Fig. 4. Variation of dielectric loss for PVA-MnO,-ZrO, nanocomposites
with frequency.

in Fig. 3; this is related to the increase in the number of carriers of
charge. When the concentration of nanoparticles exceeds a high ra-
tio, the nanoparticles form a continuous network in the nanocompo-
sites. These findings are identical to the previous investigator’s re-
sults [38—40].

Figure 4 shows the dielectric loss as a function of frequency for
PVA-MnO,-ZrO, nanocomposites; this figure indicates that the die-
lectric loss of nanocomposites decreases with a rise in the frequency
of the applied electric field. This behaviour is due to a decrease in
the contribution of the space charge polarization, as well as the
high value of the dielectric loss for PVA-MnO,-Zr0O, nanocompo-
sites at low frequencies [41-44].

Figure 5 shows the variation of A.C. electrical conductivity of
PVA-MnO,~ZrO, nanocomposites; the A.C. conductivity slightly
increases at low concentrations of MnO,—ZrO, nanoparticles. The
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conductivity is increases with the increasing of the concentration of
MnO,-ZrO, nanoparticles, because of the increase of the charge car-
riers and the formation of a continuous network of MnQO,-ZrO, na-
noparticles inside the nanocomposites [45—47].

Figure 6 shows the plot of the variation of A.C. electrical con-
ductivity of PVA-MnO,—ZrO, nanocomposites with frequency at
room temperature. The A.C. electrical conductivity increases with
increasing of frequency of electric field for all the samples of nano-
composites, where the frequency acts as a pumping force, pushing
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the charge carriers between the different conduction states [48, 49].

4. CONCLUSIONS

This work includes synthesis of PVA-MnO,-ZrO, nanocomposite
and studying the dielectric properties to use in different electrical
applications. The results show that dielectric constant, dielectric
loss and A.C. electrical conductivity increase as the content of
MnO,-Zr0O, increases. The dielectric constant and dielectric loss re-
duce as the frequency rises, while the A.C. electrical conductivity
increases. According to the findings, the PVA-MnO,-ZrO, nano-
composites may be used in different optoelectronics applications.

REFERENCES

1. D. R. Paul and L. M. Robeso, Polymer, 49, No. 15: 3187 (2008);
https://doi.org/10.1016/j.polymer.2008.04.017

2. S. L. Jangra, K. Stalin, N. Dilbaghi, S. Kumar, J. Tawale, Surinder P.
Singh, and Renu Pasricha, Journal of Nanoscience and Nanotechnology, 12:
7105 (2012); https://doi.org/10.1166/jnn.2012.6574

3. H. N. Obaid, M. A. Habeeb, F. L. Rashid, and A. Hashim, Journal of Engi-
neering and Applied Sciences, 8, No. 5: 143 (2013);
do0i:10.36478/jeasci.2013.143.145

4. G. Aras, E. L. Orhan, I. F. Sel¢uk, S. B. Ocak, and M. Ertugrul, Procedia-
Social and Behavioral Sciences, 95: 1740 (2015);
https://doi.org/10.1016/j.sbspro.2015.06.295

5. M. A. Habeeb, European Journal of Scientific Research, 57, No. 3: 478
(2011).

6. M. S. Aziz and H. M. El-Mallah, International Journal of Polymeric Materi-
als, 54, No. 12: 1157 (2005).

7. M. A. Habeeb and Z. S. Jaber, East European Journal of Physics, 4: 176
(2022); doi:10.26565/2312-4334-2022-4-18

8. K. Sardar, R. Bounds, M. Carravetta, G. Cutts, J. S. Hargreaves,
A. L. Hector, and F. Wilson, Dalton Transactions, 45, No. 13: 5765 (2016).

9. A. H. Hadi and Majeed Ali Habeeb, Journal of Mechanical Engineering Re-
search an Developments, 44, No. 3: 265 (2021); https://jmerd.net/03-2021-
265-274

10. N. Manavizadeh, A. Khodayari, and E. Asl-Soleimani, Proceedings of ISES
World Congress, 1: 1120 (2008).

11. Q. M. Jebur, A. Hashim, and M. A. Habeeb, Egyptian Journal of Chemistry,
63: 719 (2020); https://dx.doi.org/10.21608/ejchem.2019.14847.1900

12. A. R. Farhadizadeh and H. Ghomi, Materials Research Express, 7, No. 3:
36502 (2020).

13. S. M. Mahdi and M. A. Habeeb, Optical and Quantum Electronics, 54,
Iss. 12: 854 (2022); https://doi.org/10.1007/s11082-022-04267-6

14. F. A. Modine, R. W. Major, T. W. Haywood, G. R. Gruzalski and
D. Y. Smith, Physical Review B, 29, No. 2: 836 (1984).


https://doi.org/10.1016/j.polymer.2008.04.017
https://doi.org/10.1166/jnn.2012.6574
http://dx.doi.org/10.36478/jeasci.2013.143.145
https://doi.org/10.1016/j.sbspro.2015.06.295
doi:10.26565/2312-4334-2022-4-18
https://jmerd.net/03-2021-265-274
https://jmerd.net/03-2021-265-274
https://dx.doi.org/10.21608/ejchem.2019.14847.1900
https://doi.org/10.1007/s11082-022-04267-6

542 Ranya Mahmood MOHAMMED, Majeed Ali HABEEB, and Ahmed HASHIM

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.
31.

32.

33.

34.

35.

36.

37.

N. Hayder, M.A. Habeeb, and A. Hashim, Egyptian Journal of Chemistry,
63: 577 (2020); doi:10.21608/ejchem.2019.14646.1887

0. E. Gouda, S. F. Mahmoud, A. A. El-Gendy, and A. S. Haiba, Indonesian
Journal of Electrical Engineering, 12, No. 12: 7987 (2014).

M. A. Habeeb, A. Hashim, and N. Hayder, Egyptian Journal of Chemistry,
63: 709 (2020); https://dx.doi.org/10.21608/ejchem.2019.13333.1832

H. Shivashankar, A. M. Kevin, Pavankumar R. Sondar, M. H. Shrishail, and
S. M. Kulkarni, J. Mater. Sci.. Mater. Electron., 32: 28674 (2021);
https://doi.org/10.1007/s10854-021-07242-1

A. Hashim, M. A. Habeeb, and Q. M. Jebur, Egyptian Journal of Chemistry,
63: 735 (2020); https://dx.doi.org/10.21608/ejchem.2019.14849.1901

T. S. Praveenkumar, J. S. Ashwajeet, and R. Ramanna, Journal of Poly-
mers, 2015: Article ID 893148 (2015);
http://dx.doi.org/10.1155/2015/893148

A. H. Mohammed and M. A. Habeeb, HIV Nursing, 22, No. 2: 1167 (2022);
https://doi.org/10.31838/hiv22.02.225

M. Rezvanpour, M. Hasanzadeh, D. Azizi, A. Rezvanpour, and M. Alizadeh,
Mater. Chem. Phys., 215: 299 (2018);
https://doi.org/10.1016/j.matchemphys.2018.05.044

S. M. Mahdi and M. A. Habeeb, Physics and Chemistry of Solid State, 23,
No. 4: 785 (2022); do0i:10.15330/pcss.23.4.785-792

J. Ramesh Babu and K. Vijaya Kumar, ChemTech, 7, No. 01: 171 (2014);
https://www.sphinxsai.com/2015/ch vol7 nol/2/(171-180)% 20014.pdf

M. A. Habeeb and W. S. Mahdi, International Journal of Emerging Trends
in Engineering Research, 7, No. 9: 247 (2019);
do0i:10.30534/ijeter/2019/06792019

T. S. Soliman and S. A. Vshivkov, J. Non-Cryst. Solids, 519: 119452 (2019);
https://doi.org/10.1016/j.jnoncrysol.2019.05.028

Z. 1. Zike and M. A. Habeeb, HIV Nursing, 22, No. 2: 1185 (2022);
https://doi.org/10.31838/hiv22.02.229

S. Ahmad and S. A. Agnihotry, Bull. Mater. Sci., 30, No. 1: 31 (2007).

M. A. Habeeb and R. S. Abdul Hamza, Journal of Bionanoscience, 12,

No. 3: 328 (2018); https://doi.org/10.1166/jbns.2018.1535

S. Ramesh and L. C. Wen, Ionics (Kiel), 16, No. 3: 255 (2010).

M. A. Habeeb, A. Hashim, and N. Hayder, Egyptian Journal of Chemistry,
63: 697 (2020); https://dx.doi.org/10.21608/ejchem.2019.12439.1774
Mojtaba Haghighi-Yazdi and Pearl Lee-Sullivan, Inc. J. Appl. Polym. Sci.,
132, No. 3: 41316 (2015); https://doi.org/10.1002/app.41316

N. K. Abbas, M. A. Habeeb, and A. J. K. Algidsawi, International Journal
of polymer Science, 2015: 926789 (2015);
https://doi.org/10.1155/2015/926789

Anjana Goswami, A. K. Bajpai, Jaya Bajpai, and B. K. Sinha, Polym. Bull.,
75, No. 2: 781 (2018); https://doi.org/10.1007/s00289-017-2067-2

M. A. Habeeb and W. K. Kadhim, Journal of Engineering and Applied Sci-
ences, 9, No. 4: 109 (2014); doi:10.36478/jeasci.2014.109.113

K. Rajesh, Vincent Crasta, N. B. Rithin Kumar, Gananatha Shetty, and

P. D. Rekha, J. Polym. Res., 26, Iss. 4: 99(10) (2019);
https://doi.org/10.1007/s10965-019-1762-0

M. A. Habeeb, Journal of Engineering and Applied Sciences, 9, No. 4: 102
(2014); do0i:10.36478/jeasci.2014.102.108


http://dx.doi.org/10.21608/ejchem.2019.14646.1887
https://dx.doi.org/10.21608/ejchem.2019.13333.1832
https://doi.org/10.1007/s10854-021-07242-1
https://dx.doi.org/10.21608/ejchem.2019.14849.1901
http://dx.doi.org/10.1155/2015/893148
https://doi.org/10.31838/hiv22.02.225
https://doi.org/10.1016/j.matchemphys.2018.05.044
doi:10.15330/pcss.23.4.785-792
https://www.sphinxsai.com/2015/ch_vol7_no1/2/(171-180)%20014.pdf
http://dx.doi.org/10.30534/ijeter/2019/06792019
https://doi.org/10.1016/j.jnoncrysol.2019.05.028
https://doi.org/10.31838/hiv22.02.229
https://doi.org/10.1166/jbns.2018.1535
https://dx.doi.org/10.21608/ejchem.2019.12439.1774
https://onlinelibrary.wiley.com/authored-by/Haghighi%E2%80%90Yazdi/Mojtaba
https://onlinelibrary.wiley.com/authored-by/Lee%E2%80%90Sullivan/Pearl
https://doi.org/10.1002/app.41316
https://doi.org/10.1155/2015/926789
https://doi.org/10.1007/s00289-017-2067-2
http://dx.doi.org/10.36478/jeasci.2014.109.113
https://doi.org/10.1007/s10965-019-1762-0
http://dx.doi.org/10.36478/jeasci.2014.102.108

PREPARATION AND CHARACTERIZATION OF PVA/MnO,/ZrO, NANOCOMPOSITES 543

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

Goutam Chakraborty, Kajal Gupta, Dipak Rana, and Ajit Kumar Meikap,
Advances in Natural Sciences: Nanoscience and Nanotechnology, 4, No. 1:
025005 (2013); doi:10.1088/2043-6262/4/2/025005

A. H. Hadi and M. A. Habeeb, Journal of Physics: Conference Series, 1973
No. 1: 012063 (2021); doi:10.1088/1742-6596,/1973/1/012063

S. Ju, M. Chen, H. Zhang, and Z. Zhang, Journal of Express Polymer Let-
ters, 8, No. 9: 682 (2014);

https://doi.org/10.3144 /expresspolymlett.2014.71

S. M. Mahdi and M. A. Habeeb, Digest Journal of Nanomaterials and Bio-
structures, 17, No. 3: 941 (2022);
https://doi.org/10.15251/DJNB.2022.173.941

Omed Gh. Abdullah, Gelas M. Jamal, Dana A. Tahir, and Salah R. Saeed,
International Journal of Applied Physics and Mathematics, 1, No. 2: 101
(2011); doi:10.7763/IJAPM.2011.V1.20

Q. M. Jebur, A. Hashim, and M. A. Habeeb, Egyptian Journal of Chemistry,
63, No. 2: 611 (2020);
https://dx.doi.org/10.21608/ejchem.2019.10197.1669

Roshani N. Bhagat and Vijaya S. Sangawar, Int. J. Sci. Res. (IJSR), 6,
Iss. 11: 361 (2017);
https://www.ijsr.net/getabstract.php?paperid=ART20177794

M. A. Habeeb and R. S. A. Hamza, Indonesian Journal of Electrical Engi-
neering and Informatics, 6, No. 4: 428 (2018); doi:10.11591 /ijeei.v6il1.511
M. H. Dwech, M. A. Habeeb, and A. H. Mohammed, Ukr. J. Phys., 67,

No. 10: 757 (2022); https://doi.org/10.15407/ujpe67.10.757

R. Dalven and R. Gill, J. Appl. Phys., 38, No. 2: 753 (1967);
do0i:10.1063/1.1709406

S. M. Mahdi and M. A. Habeeb, Polymer Bulletin, 12 January (2023);
https://doi.org/10.1007/s00289-023-04676-x

L. Kungumadevi, R. Sathyamoorthy, and A. Subbarayan, Solid State Elec-
tron., 54, No. 1: 58 (2010); doi:10.1016/j.sse.2009.09.023


doi:10.1088/2043-6262/4/2/025005
doi:10.1088/1742-6596/1973/1/012063
https://doi.org/10.3144/expresspolymlett.2014.71
https://doi.org/10.15251/DJNB.2022.173.941
doi:10.7763/IJAPM.2011.V1.20
https://dx.doi.org/10.21608/ejchem.2019.10197.1669
https://www.ijsr.net/getabstract.php?paperid=ART20177794
http://dx.doi.org/10.11591/ijeei.v6i1.511
https://doi.org/10.15407/ujpe67.10.757
doi:10.1063/1.1709406
https://link.springer.com/journal/289
https://doi.org/10.1007/s00289-023-04676-x
doi:10.1016/j.sse.2009.09.023




Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2023 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2023, 1. 21, Ne 3, cc. 545-551 HazapykosaHno B YKpaisi.

PACS numbers: 77.22.Ch, 77.22.Gm, 77.55.dj, 77.84.Lf, 81.05.Qk, 81.07.Pr, 82.35.Np

Synthesis and Improved Dielectric Properties of
PVA/PVP/TaC Nanocomposites for Electronics Nanodevices

Ahmed Hashim®, Aseel Hadi?, and Noor Al-Huda Al-Aaraji?

1College of Education for Pure Sciences,
Department of Physics,

University of Babylon,

Hillah, Iraq

2College of Materials Engineering,
Department of Ceramic and Building Materials,
University of Babylon,

Hillah, Iraq

3Department of Medical Physics,
Al-Mustagbal University College,
Babylon, Iraq

In present work, the PVA/PVP/TaC nanocomposites’ films are synthe-
sized to employ in various electronics nanodevices. The A.C. electrical
properties of PVA/PVP/TaC nanocomposites are studied within the fre-
quency range from 100 Hz to 5 MHz. The results show that dielectric
constant, dielectric loss and A.C. electrical conductivity of PVA/PVP
blend increase with rising of the TaC nanoparticles’ ratio. Both the dielec-
tric constant and the dielectric loss of PVA/PVP/TaC nanocomposites de-
crease, while the A.C. electrical conductivity increases with an increase in
the TaC nanoparticles’ ratio. Finally, the results on A.C. electrical proper-
ties indicate that the PVA/PVP/TaC nanocomposites may be useful for
various electronics fields.

Y nmamiii po6OTi CHHTE3YIOTHCS ILIiBKM HAHOKOMIIO3WTIB IIOJIiBiHiIOBUMI
cuouprt (IIBC)/monisininmipponaizon (IIBII)/TaC nia BUKOPUCTAaHHA B PiSHUX
€JIeKTPOHHUX HAHONIPUCTPOAX. JlOCHifKeHO eJIeKTPUYHI BJIACTHUBOCTLI HAHO-
kommosutiBs [IBC/IIBII/TaC 3a amiHHOTO CTPpyMy B Aisimas3oHi YacToT Bifg
100 T'x o 5 MTI'i. PesyabTaTin MOKasyioTh, IO AieJIeKTPUUYHA IIPOHUKHICTD,
OieJJeKTPUYHI BTpPaATH Ta eJeKTPONPOBiAHICTE S3MIiHHOTO CTPyMYy cyMimri
IIBC/IIBII 3pocraioTh 3i 30iJILIIIEHHAM CHiBBiZHOINIEHHA HAHOYACTUHOK
TaC. Ak miereKTpuuyHa NPOHUKHICTH, TaK i JieJIeKTPUYHI BTpaTH HAHOKOM-
nmo3utiB IIBC/IIBII/TaC smeHIIyIOTHCS, TOAI K €JEKTPOIPOBiAHiCTL 3MiH-
HOTO CTPYMY 3pocTae 3i 30inbllleHHAM cHiBBigHOmIeHHA HaHouacTuHOK TaC.
HapemiTi, pe3yabTaTu IIOAO €JeKTPUYHUX BJIACTHUBOCTe!l 3MiHHOTO CTPyMY
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BKas3yioTh Ha Te, 1o Hanokommo3utu IIBC/IIBII/TaC moxyTsr OyTH KOpucC-
HUMHU [IJA PiSHUX Tajly3el eJeKTPOHIKHU.

Key words: PVA/PVP, TaC, nanocomposites, dielectric properties, conduc-
tivity.

Karouori cioea: mosisinizoBuit cuupt/moaisininmipposaigzon, TaC, HaHOKO-
MIO3UTH, MieJIEKTPUYHI BJIACTUBOCTi, IIPOBiHICTH.

(Received 14 December, 2022 )

1. INTRODUCTION

In the last decade, polymer composites have been paying exclusive
attention due to their potential role in a variety of disciplines. Pol-
ymers have gained this level of concern because of their attractive
features like flexibility, abundance, and cost savings. Moreover, the
ability to modify their properties qualifies them effectively to serve
in many applications. This goal can be achieved by either blending
several homopolymers or filling them with specific materials to
match specific uses. These applications comprise optoelectronics,
light emitting diodes (LEDs), photovoltaics, shielding, energy stor-
age, bio and medical ones [1].

Polymer composites as sustainable materials are utilized in wide
ranges of applications in the prospect of their ample variety of
chemical compositions, room temperature characteristics, applicabil-
ity, their probable reusability together with the facility of construc-
tion and economy. Among this class of materials, polymer nano-
composites have gained considerable focus due to the increasing
demand for more slender weight and exorbitantly performing sub-
stances, especially in automobile, aerospace, and defence research
[2].

Polyvinyl alcohol (PVA) gained widespread attention, as it is wa-
ter soluble, nontoxic, non-carcinogenic, biodegradable, biocompati-
ble and optically transparent with high charge storage ability, and
it has wonderful film-forming attributes. Due to the abundant hy-
droxyl groups, it is capable of resisting agglomerations with nano-
fillers and thus facilitates uniform dispersion of nanofillers in its
matrix, and this is the key factor for the improved properties of the
nanocomposites. PVA, being soluble in water, can be easily fabricat-
ed in an eco-friendly manner. The PVA-based nanocomposites can be
exploited for electric applications by selecting suitable nanofillers.
From the literature, it is also evident that PVA has a pivotal role in
fuel cells, coating materials, optoelectronic devices, adhesives, fuel
cells, transparent electrode materials, etc. These applications stimu-
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late an interest in improving the mechanical, thermal and dielectric
properties of PVA. The properties of the PVA can be modified by
the incorporation of various nanofillers into it [3].

Polyvinyl pyrrolidone (PVP) has a high polar group, low toxicity,
biodegradable and amorphous nature with good film properties. It
has two interactive site N atom and C=0 group. It acts as a protect-
ing agent with other surfaces of inorganic compounds [4].

Tantalum carbide, TaC, demonstrates huge individual character-
istics like very elevated melting point, elevated hardness, high elas-
tic modulus, elevated density, and excellent chemical stability [5].

There are many studies on properties of polymers doped with dif-
ferent materials to employ in various applications like sensors [6,
7], optical, electronics and optoelectronics [8—23], antibacterial [24—
26] and bioenvironmental and radiation shielding [27—-33].

This work aims to prepare of PVA/PVP/TaC nanocomposites and
studying their A.C. electrical properties to use in different electron-
ics nanodevices.

2. MATERIALS AND METHODS

The nanocomposites have been prepared from polyvinyl alcohol
(PVA) and polyvinyl pyrrolidone (PVP) doped with tantalum carbide
nanoparticles (TaC NPs) by using casting technique.

The PVA/PVP film was synthesized by dissolving 0.5 gm of
PVA/PVP with ratio 2:1 in the distilled water (20 ml). The TaC
NPs were added to PVA/PVP blend with concentrations of 1, 2 and
3 wt.%.

The dielectric properties were measured in frequency ranged from
100 Hz to 5 MHz by LCR meter type (HIOKI 3532-50 LCR HI
TESTER).

The dielectric constant ¢’ of material is given by Ref. [34] as

g'=C,/Cy, (1)

where C, is capacitance and C, is vacuum capacitor.

The dielectric loss &” is defined by Ref. [35] as
e"=¢'D, (2)

where D is the dispersion factor.
The A.C. electrical conductivity is determined by Ref. [36] as

Ga.c. = 2nfe"g,, 3

where ® = 2xnf is the angular frequency.
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3. RESULTS AND DISCUSSION

Figures 1 and 2 show the variation of dielectric constant and dielec-
tric loss of PVA/PVP/TaC nanocomposites with frequency for dif-
ferent concentrations of TaC nanoparticles.

From these figures, the dielectric constant and dielectric loss de-
crease with an increased frequency in the low-frequency region.
This is possibly due to the polarization effects of the electrode-

Dielectric constant

54 T . — : )
i-10 110 1-10° 1-10° 1100 1-107
F, Hz

Fig. 1. Variation of dielectric constant for PVA/PVP/TaC nanocomposites
with frequency.

1.0

Dielectric loss

0.7

0.4

\ +

N T !
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0
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Fig. 2. Variation of dielectric loss for PVA/PVP/TaC nanocomposites with
frequency.
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Fig. 3. Behaviour of A.C. electrical conductivity for PVA/PVP/TaC nano-
composites with frequency.

electrolyte interface [37]. The dielectric constant and dielectric loss
of PVA/PVP blend are increased with an increase in the TaC nano-
particles’ concentration; this is due to the due to raise the charge
carriers’ density in polymer medium [38].

Figure 3 represents the behaviour of A.C. electrical conductivity
for PVA/PVP/TaC nanocomposites with frequency. As shown in
this figure, the A.C. electrical conductivity of PVA/PVP/TaC nano-
composites increases with increasing of the frequency that is relat-
ed to the effect of polarization and mechanism of hopping [39]. The
A.C. electrical conductivity of PVA/PVP blend increases with in-
crease in the TaC nanoparticles concentrations; this behaviour due
to the increase in the charge carrier density in the polymer matrix
and the space charge polarization contribution [40].

4. CONCLUSIONS

This study includes work on preparation of PVA/PVP/TaC nano-
composites’ films to use in different electronics nanodevices. The
A.C. electrical properties of PVA/PVP/TaC nanocomposites were
tested at frequency range (from 100 Hz to 5 MHz). The results
showed that dielectric constant, dielectric loss and A.C. electrical
conductivity of PVA/PVP blend increased with an increase in the
TaC NPs’ content. The dielectric constant and dielectric loss of
PVA/PVP/TaC nanocomposites decreased, while the A.C. electrical
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conductivity increased with increasing of the TaC NPs’ content. The
results indicate that the PVA/PVP/TaC nanocomposites may be use-
ful for various electronics fields.
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This work aims to fabricate the PMMA /SiC/CdS nanocomposites to use in
lightweight and low-cost electronics applications. The A.C. electrical prop-
erties of PMMA/SiC/CdS nanocomposites are investigated. The results
show that both the dielectric constant and the dielectric loss of
PMMA /SiC/CdS nanocomposites are reduced, while the electrical conduc-
tivity is increased as frequency is increased. Dielectric constant, dielectric
loss and electrical conductivity of PMMA are enhanced with increasing in
SiC/CdS nanoparticles’ content. The obtained results on A.C. electrical
properties show that the PMMA /SiC/CdS nanocomposites are suitable for
various nanoelectronics fields.

ITio po6GOTy CIpPsAMOBAHO HA BUTOTOBJIEHHS HAHOKOMIIO3UTIB MOJIiMETHJIME-
rakpuiaar (IIMMA)/SiC/CdS myis BUKOPHUCTAHHS y JETKOBAruX i HEJOPOTHUX
3aCTOCYBAHHAX eJNEeKTPOHiKM. JlocIimKeHo eJeKTPUYHiI BJIACTUBOCTI HAHO-
kommosuTis IIMMA /SiC/CdS. PesynbTaTy mOKasyiOThb, 10 AK ieJIeKTPUY-
Ha IIPOHMKHICTH, TaKk 1 [gieJeKTpuuHi BTpaTu  HAHOKOMIIO3UTIB
IIMMA /SiC/CdS aMeHIIyIOTECA, TOAI AK €JeKTPOIPOBiAHIiCT 30i/IbIIyeThCS
3i 30iabIIeHHAM dacToTHU. [[ieeKTpuYHaA MPOHUKHICTH, AieJIeKTPUUHI BTpa-
™ ¥ ejxexTponpoBigHicTs IIMMA 36inbiTyioThcA 3i 30iIbIIEHHAM BMiCTy
HamouacTuHoK SiC/CdS. Omep:kaHi pe3yabTaTu CTOCOBHO €JEKTPUUYHUX BJIa-
CTUBOCTEH 3MiHHOTO CTPyMyY MOKa3yIOTh, 110 HAHOKOMIIO3UTHU
IIMMA /SiC/CdS upugaTHi ais pisHEHX rajayseil HAHOEJIEKTPOHIKM.
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1. INTRODUCTION

Polymer nanocomposites are one of the most important materials in
the academic and industrial areas, and are produced by dispersing
nanofillers with one or more dimensions at nanoscale into the poly-
meric matrix. Recently, researchers have been attracted to polymer
nanocomposites over conventional microcomposites due to their
wide applications in electromechanical systems and their large in-
terfacial area per unit volume of the dispersion medium [1].
Poly(methyl methacrylate) (PMMA) is classified as acrylate poly-
mers. It is an optically transparent thermoplastic, and it is widely
used as a substitute for inorganic glass due to high impact
strength, weather resistance and scratch resistance. Intrinsically, it
is an insulator but with doping and mixing with metallic nanoparti-
cles (NPs), it starts conduct electric charges. The drastic change in
the properties of polymer nanocomposites are influenced by the type
of integrated nanoparticles, their size, shape, their concentration
and interaction with polymer matrix. PMMA as a conducting poly-
mer has attracted attention for use in many applications as optical
components, optical sensors and in optoelectronics devices due to
their low cost and excellent physical and chemical properties [2].
The nanocomposites with PMMA matrix may be applied for optoe-
lectronics and electronics applications [3—5].

CdS is a semiconductor capable of absorbing visible light. Metal
sulphides are potential candidates for photocatalysis applications.
The valence band of such materials usually consists of sulphur 3p
orbitals that leads to more negative values of the conduction band
in comparison with metal oxides (MO). There is a wide range of
methods for the synthesis of narrow-gap semiconducting CdS of
various forms—nanoparticles, nanospheres, nanorods, and nano-
plates [6]. Silicon carbide (SiC) is the main candidate material for
spatial optical mirrors due to its excellent thermal dimensional sta-
bility, low density and high strength. In order to reduce the launch
cost and ensure the imaging accuracy, the SiC mirrors should be
designed with optimal topological structures to achieve a high de-
gree of lightweight [7]. SiC nanocomposites were studied for vari-
ous optical, photonics, electronics and optoelectronics applications
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[8-16].

The applications of nanocomposites (organic and inorganic) are
promising in the approaches of sensors, microelectronic packaging,
packaging materials, medicine, optical and electronic devices, drug
delivery, automobiles, membranes, aerospace, coatings, injection
moulded products, adhesives, consumer goods, fire-retardants, etc.
[17-27]. The present work deals with fabrication of
PMMA /SiC/CdS nanocomposites and investigating their A.C. elec-
trical properties to use different nanoelectronics fields.

2. MATERIALS AND METHODS

The nanocomposites films of PMMA/SiC/CdS were fabricated by
dissolving 0.5 gm of PMMA in 20 ml of chloroform by using mag-
netic. The SiC/CdS nanoparticles added to PMMA mixture with ra-
tio 1:3 and different contents are 1.9, 3.8 and 5.7 wt.% . The cast-
ing method was used to prepare the samples of PMMA/SiC/CdS
nanocomposites. The A.C. electrical properties of PMMA/SiC/CdS
nanocomposites samples studied with frequency range from 100 Hz
to 5-10° Hz by using LCR meter type (HIOKI 3532-50 LCR HI
TESTER). The dielectric constant ¢’ is given by the equation [28]

&= C,/Cy, (1)

where C, is parallel capacitance and C, is vacuum capacitor. The die-
lectric loss €" is calculated by [29]

¢"=¢D, (2)

where D is dispersion factor. The A.C. electrical conductivity is de-
fined by [30]

Ca.c. = We"g, 3

where w is the angular frequency.

3. RESULTS AND DISCUSSION

Figure 1 and Figure 2 show the behaviours of dielectric constant
and dielectric loss of PMMA /SiC/CdS nanocomposites with frequen-
cy respectively. As shown in these figures, the dielectric constant
has high values at low frequency. The high value of dielectric con-
stant at lower frequency might be due to the electrode effect and
interfacial effect of the sample [31]. The high value at low frequen-
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Fig. 1. Behaviour of dielectric constant for PMMA/SiC/CdS nanocompo-
sites with frequency.

0.9
0.8% ——FPure
0.7

%

2 063

205

=

g 049

9

.2 03.

a
0.24

0.1

F, Hz

Fig. 2. Dielectric loss behaviour of PMMA/SiC/CdS nanocomposites with
frequency.

cy of dielectric loss of PMMA /SiC/CdS nanocomposites is related to
the charges mobility [32]. The dielectric constant and dielectric loss
are increased with an increase in the SiC/CdS nanoparticles content,
this result can be attributed to the increase in conductivity because
of the increase charge carriers density in polymer matrix [33, 34].
Figure 3 demonstrates the variation of A.C. electrical conductivi-
ty for the PMMA/SiC/CdS nanocomposites with frequency. As
shown in this figure, it can be noticed that the conductivity rises
with the increase in frequency that relates to the polarization effect
and hopping mechanism [35]. As the SiC/CdS NPs’ content is in-
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Fig. 3. Variation of A.C. electrical conductivity for PMMA/SiC/CdS nano-
composites with frequency.

creased, the inorganic filler molecules start bridging the gap sepa-
rating two the localized states and lowering the potential barrier
between them, thereby, facilitating the transfer of charge carriers
between two localized states [36, 37].

4. CONCLUSIONS

This study involves synthesis of PMMA/SiC/CdS nanocomposites
and studying their A.C. electrical properties to employ in light-
weight and low cost electronics fields. The results showed that the
dielectric constant and dielectric loss of PMMA/SiC/CdS nanocom-
posites reduced while the electrical conductivity increased as fre-
quency increases. The dielectric constant, dielectric loss and electri-
cal conductivity of PMMA enhanced with a rise in the SiC/CdS
NPs’ content. The obtained results on A.C. electrical properties
showed that the PMMA/SiC/CdS nanocomposites are appropriate
for different nanoelectronics applications.
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In present work, fabrication of poly(vinyl alcohol) (PVA)/Ce0O,/SiC nano-
composites with lightweight and low cost is investigated. The dielectric
properties of PVA/Ce0,/SiC nanocomposites are studied. The results show
that both the dielectric constant and the dielectric loss of PVA/CeO,/SiC
nanocomposites are decreased with an increasing in the frequency, while
the electrical conductivity is increased as frequency increases. Dielectric
constant, dielectric loss and electrical conductivity of PVA are increased
with an increasing in the CeQO,/SiC-nanoparticles’ concentration. The re-
sults on dielectric properties show that the PVA/Ce0O,/SiC nanocomposites
can be useful in various electronics applications.

Y mamiii poboTi mOCHiIIKYyeThCA BUTOTOBJICHHSA HAHOKOMIIO3UTIB ITOJIiBiHiJIO-
Buii coupt (IIBC)/Ce0,/SiC 3 moJeriieHoi0 Baroio Ta HU3BKOI BapTiCTIO.
Hocaimxeno pienexTpuuHi BaacTuBocTi HaHoKommoauTiB IIBC/CeO,/SiC.
PesynbTaTy mMOKasyoTh, 10 AK JieJIeKTPUYHA MPOHUKHICTH, TaK i AieseKT-
puuHi BTpatu HamokomnosuTiB IIBC/CeO,/SiC smeHnmywoThcsa 3i 36iabIleH-
HAM YacTOTH, TOAi AK eJeKTPOIPOBiAHicTL 30iabINyeThbcA 31 30iMbIITEHHAM
yacTtoTu. llieJeKTpuyHa NPOHUKHICTD, AieJeKTPUUYHI BTpATU M €JeKTPOIIPO-
BigaicTh IIBC 30iabiryoThcsa 31 301ABIIEHHAM KOHI[EHTPAIlili HAHOUACTHUHOK
Ce0,/SiC. PeaysbTaTy CTOCOBHO AieJIEKTPUYHUX BJIACTUBOCTEIH ITOKAa3yIOTh,
mo HaHoxommno3utu IIBC/CeO,/SiC MoXyTh OyTHM KOPUCHUMU B DPi3HUX
€JIEKTPOHHUX 3aCTOCYBAaHHAX.
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1. INTRODUCTION

Flexible composite materials have been receiving a great deal of at-
tention in optical energy applications due to their remarkable elec-
trical, thermal, mechanical, dielectric and optical properties versus
the other traditional materials. Currently, polymer composites are
of high interest in different energy applications because of their
pliable characteristics and their easy to use. Huge attention has
been given to reveal the optical properties of polymers, and to po-
tentiate their implementations in optical energy applications [1]. In
the class of new materials, polymer nanocomposites have grabbed
more attention due to their enhanced electrical, optical and magnet-
ic properties. These materials possess increased modulus and flame
resistance, and are capable to preclude oxidation and agglomeration.
These enhancements in properties are due to interaction between
nanoparticles (NPs) and polymer matrix. Addition of nanoparticles
into polymer matrix improves lifetime of nanoparticles, modifies
the surface of nanoparticles by passivation defect states, provide
low cost, ease of device fabrication and tuneable optical and elec-
tronic properties.

Nanocomposites on base of semi-conductor nanoparticles and pol-
ymer matrix are prospective materials for application in optoelec-
tronics, for creation of luminescent materials, sensor, etc. [2—11].

Silicon carbide (SiC) is a robust ceramic material, and one of the
hardest materials available. Due to its excellent properties (oxida-
tion resistance, hardness, high-temperature resistance, and high
strength), it has been utilized in different applications, such as nu-
clear, batteries, optics, photonics, high temperature applications,
semi-conductors and electronic devices, coatings, friction, defence
applications, healthcare applications in medical implants and devic-
es, and humidity sensors [12].

CeOQ, is an n-type semi-conductor metal oxide in which cerium be-
longs to the lanthanide group. In applications, CeO, provides elec-
tromagnetic screens for anti-reflection coverings and is used in col-
our TV tubes, glowing mantles, camera phone lenses, CD player la-
sers, ultra-modern chip systems and solar cells, vehicle exhaust cat-
alysts, biomedicine and photocatalysis. Nanostructured CeO, poses
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as the best UV absorber and is used as a preservative in polishes
and coverings for wood additives to improve their UV stability.
Ce0, has been considered as an excellent semi-conducting photocata-
lytic material due to its moderate band-gap energy of 3.19 eV [13].

Polymers are generally used relating to their cost, fast treat-
ment, high manufacturability, lightweight, chemical resistance [14—
16]. The poly(vinyl alcohol) (PVA) is water soluble, nontoxic semi-
crystalline material with high flexibility, which is generally used in
the polymeric blends related to its excellent chemical and physical
characteristics, good forming of film properties, non-carcinogenic,
emulsifying capability, biocompatible and biodegradable characters.
These exceptional properties allow it for pharmaceutical applica-
tions applicability, drug-coating agents, cosmetic and industries of
surgical structures. PVA has found applications in number of fields
including membranes, coatings, adhesives, sensors, batteries, fuel
cells, textiles, papermaking, and biomedical frameworks [17-25].

The present work deals with fabrication of PVA/CeO,/SiC nano-
composites and investigation of the dielectric properties to employ
in various electrical and electronics fields.

2. MATERIALS AND METHODS

Films of PVA/CeO,/SiC nanocomposites were prepared by using
casting method. The PVA solution was fabricated by dissolving of
0.5 gm of PVA in distilled water (20 ml). The CeO,/SiC NPs were
added to the PVA solution with ratio 3:1 and different concentra-
tions of 1.9 wt.%, 3.8 wt.%, and 5.7 wt.%.

The dielectric properties of PVA/Ce0,/SiC nanocomposites’ films
were measured within the frequency range 100 Hz—5-10° Hz by LCR
meter (HIOKI 3532-50 LCR HI TESTER).

The dielectric constant (¢') was found by [26] as

&' = C,d/(s,A), (1)

where C, represents the matter capacitance, d is the thickness, A is
the area.
Dielectric loss (¢") was calculated by [27] as

¢"=¢D, (2)

where D is the dispersion factor.
The A.C. electrical conductivity was determined by [28] as

O,c = 2ne'Dg,. (3)
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3. RESULTS AND DISCUSSION

Figures 1 and 2 show the variation of dielectric constant and dielec-
tric loss for PVA/CeO,/SiC nanocomposites with frequency respec-
tively. The dielectric constant values are high at low frequencies.
This is due to a large number of charges accumulating on the sur-
face area of the polymer electrode (interfacial polarization) and in-
duced dipoles. Additionally, at high frequency, electrons and atoms

Dielectric constant

1-10? e Lot 1a0s 1100 1107
F, Hz

Fig. 1. Dielectric constant variation for the PVA/Ce0O,/SiC nanocomposites
with frequency.

0.6+
—— Pure
1.9 wt.%
0.5 ——3.8 wt.%

——5.Twt.%

Dielectric loss

0
1-10? 1.10% 1-10¢ 1-10° 1-108 1-107

F, Hz

Fig. 2. Dielectric loss behaviour for the PVA/CeO,/SiC nanocomposites
with frequency.
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A.C. Electrical conductivity, S/cm

110" T
110 1-10° 114 1-10° 1-10° 110
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Fig. 3. Behaviour of A.C. electrical conductivity for the PVA/CeO,/SiC
nanocomposites with frequency.

exhibit displacement polarization, while interfacial and orientation
polarization are restricted, resulting in a low charge on the films’
surface [29].

From Figures 1 and 2, both the dielectric constant and the dielec-
tric loss of PVA increase as CeQ,/SiC nanoparticles concentration
increases. This result can be attributed to the increase in conductiv-
ity because of the increase charge-carrier density in polymer matrix
[30].

Figure 3 represents the behaviour of AC electrical conductivity
for PVA/Ce0,/SiC nanocomposites with frequency. The conductivity
is low at low frequencies that could be related to space charge polar-
ization, suggesting non-Debye properties of the prepared composites
examined. The conductivity value increases, when the frequency F
is increased. Furthermore, the conductivity values of the
PVA/Ce0,/SiC NPs were found to be greater than those of PVA,
which implying the insertion of Ce0O,/SiC NPs into the examined
polymeric blend could enhance the charge conduction mechanism
significantly rapidly. Furthermore, such enhancement may indicate
an increase in disorder degree that regulates charge carrier move-
ment and obtains the formation of a linked percolating chain that is
suitable for the charge transfer mechanism [31].

4. CONCLUSIONS

This work includes a fabrication of PVA/CeQ,/SiC nanocomposites
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and studying their dielectric properties to use in various electronics
applications. The results showed that the dielectric constant and
dielectric loss of PVA/Ce0,/SiC nanocomposites decreased while the
electrical conductivity increased with an increase in the frequency.
Dielectric constant, dielectric loss and electrical conductivity of
PVA increased with an increase in the CeO,/SiC nanoparticles con-
centrations. The results of dielectric properties show the
PVA/Ce0,/SiC nanocomposites can be useful in various electronics
applications.
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Electrophysical Properties and Thermal Conductivity
of Reduced Graphene Oxide—ZnO Composite
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The thermal conductivity of the composite materials based on the com-
mercial ZnO micropowder with/without reduced graphene oxide (0.5
vol.%) powder dispersed in the polymethylsiloxane (silicone oil) is meas-
ured using the radial heat-flow method. The thermal conductivity of the
composite material based on the commercial ZnO micropowder with an
average particle size of 50 pm is found to be of 1.2 W /(m-K). The thermal
conductivity of the composite material on the base of ZnO and reduced
graphene oxide is found to be of 7.5 W/(m-K). At room temperature, the
values of the dielectric permittivity at the measuring electric-field fre-
quencies of 50 Hz and 1 MHz as well as the specific bulk electrical re-
sistance for the composites are obtained. The large values of the thermal
conductivity and the dielectric permittivity as well as lower specific bulk
electrical resistance of the reduced graphene oxide—ZnO composite are as-
sociated with the contribution of reduced graphene oxide, the Maxwell—
Wagner—Sillars interfacial polarization, and formation of the microcapaci-
tor structures. It is also necessary to take into account that water could
be adsorbed onto the powders’ surface in the process of composites’ fabri-
cation. The high performance of reduced graphene oxide—ZnO composite
synthesized by the simple and facile process in this work shows promising
potential in thermal control of the electronic devices.

TenonpoBiAHICT, KOMOO3UTHUX MATEPiAJiB HA OCHOBI IIPOMMCJIIOBOTO MiKpO-
nopomKy ZnO 3 mMopourKkoM,/6e3 MOPOIIKY BiTHOBJIEHOTO rpadeHOBOTO OKCUILY
(0,5 06.%), mucIeproBaHOr0 B IOJIiMETHJICUJIOKCAHI (CUIiKOHOBIiH oJrii), Bu-
MipooBaJau METOAOM PalifdJbHOTO TEIJIOBOIO IIOTOKY. BcTaHOBIEHO, ITIO TEILIO-
OPOBiAHICTE KOMIO3UTHOTO MAaTEPisly Ha OCHOBiI IIPOMMCJIOBOTO MiKPOIIOPO-
mKy ZnO i3 cepenuim poamipom yactuok y 50 MKM ctanoBuTh 1,2 Br/(M-K).
TenonpoBiAHICTF KOMIO3UTHOTO MaTepisaay Ha ocHOBI ZnO Ta BiZHOBJIEHOTO
rpadeHoBoro oKcuny ckJjaanaa 7,5 Br/(m-K). 3a kiMmHaTHOI TeMiiepaTypu onep-
JKaHO 3HAUEHHS MieJIeKTPUYHOI IPOHMKHOCTH HA YACTOTaX BUMipIOBAJIBLHOTO
enekTpuuHOoro moysg y 50 I'm i 1 MTI'p Ta muToMoro o6’€MHOTO €JIeKTPUUHOTO
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OIOpY AJIS KOMMOO3UTiB. BeJnKi 3HaUeHHS TeIJIONPOBiZHOCTU Ta HieJeKTPHUU-
HOI MPOHUKHOCTHU, a TAKOXK MEHIINN NUTOMUIN 00’€MHUM eJeKTPUUHUH OIip
KOMIIO3UTY BimHOBJEHOTo rpadeHoBoro oxkcuay—Zn0O mos’sas3aHi i3 BHECKOM
BiTHOBJIEHOTO Irpad)eHOBOTO OKCULY, Misk(asHOI0 mosapusalieio Makcperaa—
Baruepa—Cinnapca ta GopMyBaHHAM MiKPOKOHIEHCATOPHUX CTPYKTyp. He-
00XiTHO TAaKOXK BpaxOBYBAaTH, 110 B IPOIleCci BUTOTOBJIEHHS KOMIIO3UTIiB HA IIO-
BepXHi IIOPOIIKiB MOsKe ajicopOyBaTucs Boja. Bucoka mMpoayKTUBHICTD BigHO-
BJIEHOTO KOMIIO3UTY rpadeHiB okcua—7Zn0, CHHTE30BAHOTO IIPOCTUM i JIETKUM
IPOIIeCOM Y IIifi poOOTi, IeMOHCTPY€E MEePCHeKTUBHICTE ¥ TEIIJIOBOMY KOHTPOJIL
eJIEKTPOHHUX IIPUCTPOIB.

Key words: reduced graphene oxide, zinc oxide, composites, thermal con-
ductivity, dielectric constant, specific bulk electrical resistance.

KarouoBi cmoBa: BimHoBIeHuii rpadeHiB oxcupm, oxkcup I[MHKY, KOMIIO3UTH,
TeIJIONPOBiAHICTD, JAieleKTpuUHA IPOHUKHICTH, MUTOMHUII 00’€MHUU €JIeKT-
pUYHHNI omip.

(Received 14 December, 2022; in revised form, 15 December, 2022)

1. INTRODUCTION

As it is known, the thermal greases are used to remove heat from
the heat-generating working elements of electronic devices, in par-
ticular, processors, chipsets, computer video accelerators, lasers,
high-power LEDs, etc. Mostly, all thermal greases contain a polymer
(for example, silicone oil) and various fillers—thickeners (for exam-
ple, aluminium nitride, boron nitride, silver, aluminium oxide, zinc
oxide, graphite) [1]. Graphene-based thermal conductive composites
have come into notice in recent years [1-4]. A considerable number
of works were devoted to enhancement of the thermal conductivity
by increasing of the graphene content. However, it is impractical
for the fabrication process when the grapheme content is too high
[6]. The coefficient of thermal conductivity of graphene is varied
within the range between 1500 W/(m-K) and 5800 W/(m-K) that is
a record value for all the known materials [4, 6].

In general, graphene behaves as hydrophobic material. On the
other hand, graphene with the functional groups, which is called
reduced graphene oxide (rGO), possesses better stability due to the
hydrogen bonding [7]. The thermal conductivity of the rGO can
reach 2600 W/(m:K) and depends on the concentration of oxygen
atoms in rGO [8]. The coefficient of thermal conductivity decreases,
when the number of oxygen atoms increases [6].

At the same time, the number of publications concerning the
thermal conductivity of the composite materials based on ZnO and
rGO still is limited [9, 10]. One can note in this respect that we
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could not find any literature data concerning the thermal properties
of composite materials based on ZnO, rGO and polymethylsiloxane.

This work is concerned with study of the electrophysical parame-
ters, such as specific bulk electrical resistance and dielectric per-
mittivity as well as with the testing of the thermal conductive
properties of the composites based on ZnO, rGO and polyme-
thylsiloxane with the prospect of their application in the computer
technique.

2. EXPERIMENT

The composite materials were produced by dispersing of ZnO mi-
cropowder with an average particle size of 50 pum (99.7%,
UKRZINC, Kyiv, Ukraine) with/without rGO powder (0.5 vol.%,
purchased from Sigma-Aldrich, Saint Louis, USA) in the polyme-
thylsiloxane PMS 1000 (silicone oil, SOFEX, Moscow, Russia). The
silicone oil and the fillers were taken in a volume ratio of 3:7. Ac-
cording to the certificate of analysis obtained from Sigma-Aldrich,
the rGO contained 83% of carbon and 4% of nitrogen by mass.

Determination of the thermal conductivity of the composites was
carried out by radial heat-flow method [11].

The values of dielectric permittivity and specific bulk electrical
resistance at room temperature and different frequencies of measur-
ing electric field were obtained by LCR Meter IM3536-01 (HIOKI E.
E. Corporation, Nagano, Japan).

The free software ‘RealTemp’ and ‘CPU Burn-in v1.0’ were used
for testing of the thermally conductive composites. ‘RealTemp’ is a
program for monitoring the temperature of computer-processor
cores. It was designed for Intel Single Core, Dual Core, Quad Core
and Core i7 processors. Each core in these processors has a digital
thermal sensor. ‘CPU Burn-in v1.0’ is a program that ‘heats’ any
processor with ‘x86’ architecture to the maximum possible operat-
ing temperature, accessible using a conventional software.

3. RESULT AND DISCUSSION

Figure presents the time dependences of the processor operating
temperature measured starting from the moment of turning off the
stable load of the computer, using different layers of composite ma-
terial between the surfaces of the processor and the copper heatsink
used for heat dissipation. It has been found that heat was removed
much better when using a composite based on GO powder.

At room temperature, the obtained values of the dielectric per-
mittivity € at the frequencies of electric measuring field v=50 Hz
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Fig. The time dependences of the processor operating temperature meas-
ured starting from the moment of turning off the stable load of the com-
puter, using different layers of composite material between the surfaces of
the processor and the copper heatsink used for heat dissipation: I—
composite based on ZnO and polymethylsiloxane; 2—composite based on
7Zn0, rGO and polymethylsiloxane.

or v=1 MHz and specific bulk electrical resistance p (v=50 Hz) for
the two composites are given in Table.

The coefficients of thermal conductivity o of the investigated
composites were calculated based on the following relation [11]:

o= KMUI , (1)

2l (T; - 1)
where K is the factor of the axial heat loss through the plugs of the
measuring cell (it depends on the plug material and is calculated by
reference to a sample with known thermal conductivity); r; and r,
are the inner and outer radii of the cylindrical composite layer; T,
and T, are the temperatures of the internal and external surfaces of
the composite layers; [ is the length of the cylindrical composite
layer; U is the voltage on the heater; I is the current in a heater.

The values of the thermal conductivity of the composite materials
based on ZnO powders with a grain size of 50 ym without/with rGO
calculated according to Eq. (1) were found to be equal to 1.2
W/(m-K) and 7.5 W/(m-K), respectively. The relative measurement
error did not exceed 10%.

The thermal conductivity of the polymethylsiloxane is known to
be equal a=0.15 W/(m-K) at room temperature [12]. Besides, it is
known [13-15] that the coefficient of thermal conductivity of ZnO
single crystals is in the range from 100 W/(m-K) up to 120
W/(m-K) and depends on the manufacturing technology and pro-
cessing of the samples.
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TABLE. Room-temperature electrophysical parameters of the studied ma-
terials.

Composite based Composite based on

Parameter the ZnO and rGO
on ZnO powder
powders
Specific bulk electrical
resistance at frequency of 50 Hz, 4-10%° 8-10°
Ohm-cm
Dielectric constant at frequency of:
50 Hz 8 60
1 MHz 6 43

Large values of thermal conductivity and dielectric constant as
well as lower specific bulk electrical resistance of the rGO-ZnO
composite are associated with the physical properties of rGO
(=2600 W/(mK), ¢=1130 (v=50 Hz), p=1.410% Ohm-cm) [8,
16, 17], Maxwell-Wagner—Sillars interfacial polarization [16, 18,
19] and formation of the microcapacitor structures [16, 18, 19].
The dielectric permittivity of water at room temperature is of about
80 [20]. It is much higher than the dielectric constants of silicone
oil (¢ =2.5) [21] or zinc oxide (¢ =8.5) [22]; so, even a small amount
of water in the composite can significantly affect its characteristics.
Therefore, it is also necessary to take into account that water could
be adsorbed onto the powders surface in the process of composites’
manufacturing.

4. CONCLUSIONS

In summary, the coefficients of thermal conductivity of the compo-
site materials based on the ZnO or ZnO with rGO (0.5 vol.%) pow-
ders dispersed in the polymethylsiloxane were determined by radial
heat-flow method. They were found to be equal to 1.2 W/(m-K) and
7.5 W/(m-K), respectively. The difference in electrophysical proper-
ties of ZnO/polymethylsiloxane and rGO-ZnO/polymethylsiloxane
composites is explained by the Maxwell-Wagner—Sillars interfacial
polarization, microcapacitor structures and by the impact of re-
duced graphene oxide. The high performance of rGO—-ZnO composite
synthesized by a simple and facile process in this work shows prom-
ising potential in thermal control of the electronic devices.
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Determination of Output Power of Si—CNT Solar Cell
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Plasma-sputtering technique is used to deposit the carbon layers with dif-
ferent nanoscale thicknesses on the p-type silicon wafers. The scanning
electron-microscope images show the grains’ size growth and aggregation
in clusters. The electrical properties of the junction behave as a solar cell,
and this gives the proof of formation of the carbon nanotubes (CNT). Both
the out power and the efficiency of the Si—CNT cells increase with carbon-
layer thickness and light intensity.

TexHiKa MJIa3MOBOTO HATOPOIIEHHSA BUKOPUCTOBYETHCA IS HAHECEHHS BYT-
JeleBUX INIapiB piBHOI HAHOPO3MipHOI TOBIIMHM Ha p-TUIY KPeMHillOBi mia-
cTuHU. 300pakeHHA CKAHYBaJbHOTO €JEKTPOHHOTO MiKPOCKOIIa MOKAa3yIOTh
3pPOCTaHHS PO3MIipiB 3epeH i arperarito ix y rjaacrtepu. EjqeKTpuuHi BiracTu-
BOCTi IIepexony IIOBOIATBLCSA K COHAYHUU €JIeMEeHT, i Ile Jae AOoKa3 yTBO-
peuHs ByrieneBux HaHOTpPyOOoK (BHT). Ik BuXimHa moTy:KHicTh, Tak i ede-
KTuBHicTE esemeHTiB Si—BHT spocraioTh 3i 30iJIbIIeHHSM TOBIIUHU BYTJeE-
1IeBOT0 Iapy ¥ iHTEeHCUBHOCTU CBiTJIA.

Key words: carbon nanotube, solar cells, p—n junction.

KarouoBi croBa: ByriereBi HaHOTPYOKYM, COHAYHI eleMeHTH, p—hn-TIepexi.
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1. INTRODUCTION

The importance of carbon as a chemical element comes from the
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ability of its large atoms to bond with each other or with atoms of
different chemical elements in different ways. This diversity in
bonding gives a diversity of structural forms, including crystalline
carbon such as graphite and fullerene, amorphous carbon and car-
bon nanoparticles, including carbon nanotubes, each of these shapes
is characterized by different properties, including a low coefficient
of friction, high thermal conductivity, optical transmittance, hard-
ness, as well as being non-toxic or harmful to the environment. In
1985, Kroto and Smalley gave the name fullerene to clusters of car-
bon atoms that contain sixty carbon atoms Cg,, which are a group of
icosahedral symmetry closed molecules, and, because of the similar-
ity between them and Buckminster’s designs, R. Buckminster called
them as ‘buckminster fullerene’, and for short, these molecules are
called ‘buckyballs’ [1, 2].

Fullerene particles have attracted great interest in recent re-
search because of their distinct electrical and mechanical properties,
including high electrical conductivity, hardness, and others. Fuller-
ene molecules are the basis for the construction of carbon nano-
tubes, because the ends of the carbon nanotubes are in the form of
fullerene molecules [3]. Each carbon atom in the fullerene is aligned
with three other carbon atoms and the positions of the carbon atoms
in the fullerene molecule (C4,) are identical and are located at a
fixed distance from the centre of the molecule (approximately 3.55
A) and the average distance between each Two adjacent carbon at-
oms of 1.44 A and the fullerene (Cy) can be counted as a coiled
graphite layer that generates a symmetric polyhedral shape consist-
ing of 20 hexagonal rings and 12 pentagonal rings needed to form
curved surfaces and this agrees with Euler’s theorem. The carbon
nanotubes are originally bi-directional strips of graphene wrapped
around a specific axis to form a cylindrical shape with a diameter
ranging between 50-0.4 nm, each carbon atom hybrid (sp®) has
three covalent bonds with three other carbon atoms, and the fourth
electron is in unhybridized orbital ©, and since the unit cell in gra-
phene includes two atoms, there will be even numbers of electrons
that can give the conductor or semiconductor properties of carbon
nanotubes [4].

Different techniques have been used in the preparation of carbon
nanotube such as hot-filament chemical vapour deposition (HF-CVD)
[6—7], thermal chemical vapour deposition [8, 9], plasma-enhanced
chemical vapour deposition (PECVD) [10, 11], and laser ablation
technique [12, 13].

In this study, different thickness of carbon nanolayers (30.5,
52.6 and 70.12 nm) have been used in the preparation of Si—CNT
solar cell, carbon layers were examined using scanning electron mi-
croscope and measure the effect of the layer thickness and light in-
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tensity on the solar cell out power.

Absorbance and transmittance index spectrum exhibits steady
values for all concentrations along the range 300-550 nm before
decreasing over the range 550—-600 nm. The band gap was of 2.7 eV
for the initial concentration, of 2.95 eV for the second concentra-
tion, and, finally, of 3.1 eV for the third concentration.

The structure of the films varies greatly throughout concentra-
tions, as seen in scanning electron microscope images. X-ray spec-
trum show that the layers are crystalline completely, and peaks for
all concentrations appear at the same 20 with different intensities.
In addition, the calculated grain size decreased with KOH concen-
tration increasing.

Finally, the outcomes demonstrated the potential for producing a
thin film from the semiconductor perovskite CaZnO,;, which makes
it suitable for application in the production of solar cells and di-
odes.

2. EXPERIMENTAL METHOD

Carbon nanolayers have been deposited on silicon wafers to prepare
Si—CNT junction using plasma-sputtering technique. The impurities
expected to be formed on the surface of silicon strips can be divided
into three categories, contamination fills, discreet particles and ab-
sorbed gas atoms, as a result of processing silicon strips during the
preparation. In the process of cleaning the silicon wafers, chemical
compounds are used as solvents for removing different types of im-
purities, and it includes a set of successive steps in which the sili-
con wafers is washed with distilled water for 2—-3 minutes, washed
with ethanol solution by ultrasonic for a period of 5—10 minutes,
washed with distilled water for 2—3 minutes, washed with ultrason-
ic acetone solution for 5—10 minutes, washed with distilled water
for 2—3 minutes and, then, immersed in HF hydrofluoric acid at a
concentration of 9% for one minute to remove a layer of silicon di-
oxide generated as a result of oxidation, washed with distilled water
for 2—3 minutes and finally immersed in acetone solution in order
for the model to be dried directly [14, 15].

The plasma atomization technique was used to deposit a layer of
carbon with different nanothicknesses 30.5, 52.6 and 70.12 nm of
pure graphite columns (99.9%) in a vacuum chamber of 10 mbar
in an atmosphere of argon gas, the device used in the plasma atomi-
zation process is Q150R S/E/ES shown in Fig. 1.

The device-specific variables are determined by the thickness and
structure of the carbon deposited layer, which can be controlled ac-
cording to the amount of current passing through the carbon column,
the time of pulses and the number of pulses, as shown in Table 1.
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Fig. 1. Photograph of the Q150R S/E/ES plasma atomization system.

TABLE 1. Values of variables used in carbon deposition.

Parameter I Value
Material Carbon
Pulse current 70 A
Pulses length 10 seconds
Number of pulses 5
Out gas time 60 second
Out gas current 50 A

Fig. 2. Samples structure and the circuit used for measurement.

TABLE 2. Values of variables used in gold deposition.

Parameter | Value
Material Gold
Sputter current 70 A
Terminate thickness 70 nm
Tooling factor 5
Out gas time 30 second

Out gas current 50 A
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Gold was used as the electrode for the Si—CNT junction; layers of
gold were deposited on the top and back surfaces of the junction to
measure the electrical properties as shown in Fig. 2. The variables
used in gold deposition shown in Table 2.

3. RESULTS AND DISCUSSION

Silicon wafers (p-type) have been used as a substrate to deposit dif-
ferent thickness of carbon nanolayers 30.5, 52.6 and 70.12 nm in
the preparation of silicon—carbon nanotube junction Si—CNT; carbon
layers have been examined using scanning electron microscope, and
the effects of both the layer thickness and the light intensity on the
solar cell out power were investigated.

Figure 3 show the scanning electron microscope (SEM) images of
the carbon layers. The images showed aggregates of carbon nano-
particles, which took the form of clusters, and also showed a slight
change in the size of the grains with the change in the thickness of
the carbon layer, this is due to the fact that the plasma during the
deposition process scrapes the carbon layer as a result of the prox-
imity of the samples surfaces to the plasma, which will negatively
affect the growth of the grains [17].

The effect of light intensity on the out power of the Si—CNT so-
lar cell with different concentrations of carbon layer is shown in
Fig. 3. The junction for all thicknesses behaves as a semiconductor
of type n and this proves that the carbon nanotubes are of the mul-
tiwalled type because this type of tubes always behaves as a semi-
conductor [18]. The short circuit current and open circuit voltage

Fig. 3. Scanning electron microscope images of carbon layers with differ-
ent thicknesses: a—30.5 nm; b—52.6 nm; ¢—70.12 nm.
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Fig. 4. The out power of the Si—CNT solar cells with different carbon light
intensities (20, 40 and 60W) and layers thicknesses: a—30.5 nm; b—52.6
nm; ¢c—70.12 nm.

TABLE 3. Solar cell fill factor and efficiency with different carbon light
intensities and layers thicknesses.

Thick, nm Power, W | I, nA Vioer MV FF n
60 18.2 17.2 0.576 0.30
30.5 40 13.1 13 0.493 0.13
20 9.8 9.3 0.497 0.075
60 28.1 28.55 0.653 0.87
52.6 40 22.1 23.5 0.519 0.45
20 17.3 20.2 0.432 0.25
60 37.5 38.55 0.603 1.45
70.12 40 28.1 33.9 0.498 0.79
20 24 28.2 0.389 0.43

increases for all thicknesses of carbon layers as a result of the in-

crease of carbon nanotube density as shown in Fig. 4 and Table 3.
The effect of thickness on the Si—CNT solar cell is shown in Fig.

5; the out power of the Si—CNT junction (at a constant light inten-
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Fig. 5. The out power of Si—CNT solar cell with different carbon layer
thickness.

sity of 60 W) increases with carbon layer thickness. The efficiency
also increases with carbon layer thickness from 0.3 for the carbon
layers with thickness of 30.5 nm to 0.87 for the carbon layers with
thickness of 52.6 nm and, then, the efficiency becomes 1.45 for the
carbon layers with thickness of 70.12 nm. This increase in efficien-
cy with the thickness of the carbon layer could be due to the in-
crease in the density of the carbon nanotubes as shown in Table 3.

4. CONCLUSIONS

The carbon nanotubes have been constructed on a p-type silicon wa-
fer substrates without catalysts. Scanning electron microscope
showed that the grain size increases slightly with layer thickness.
The Si—CNT junction behaves as a solar cell; the out power and ef-
ficiency increases with carbon layer thickness and light intensity.
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The structure, dielectric properties, and phase transitions of ferroelectric
barium-titanate (BaTiO;) particles with sizes of 100, 200, 300, 400, and
500 nm are investigated by powder-diffractometry techniques, low-
dimensional dielectric spectroscopy and differential scanning calorimetry
(DSC), respectively. Analysis of the x-rays’ diffraction spectra shows
that, at room temperature for particles of all sizes, there are no signals
corresponding to the cubic phase that contradicts the widely used core—
shell model. As shown, the transition from cubic phase to tetragonal one
shifts downward with a decrease in the BaTiO;-particle size. For particles
with a size of 100 nm, this shift is anomalously large and is of about
80°C. The cubic—tetragonal phase-transition enthalpy for these particles is
higher by an order of magnitude in comparison with particles of other
sizes. The peak corresponding to the tetragonal—orthorhombic transition
is not found in the DSC thermogram in the case of 200 nm size particles.
These particles are also distinguished by a significantly high value of the
dielectric constant, which will make it possible to use these particles as
the main component of superparaelectric materials in the future. The re-
sults are discussed to reconcile them with each other.

CTpPyKTYpY, HieJIeKTPUYHI BJIACTUBOCTI Ta (pas3oBi mepexoau CEerHETOeJEKT-
pUUYHUX YacTMHOK Oapiro turanary (BaTiO;) posmipamum y 100, 200, 300,
400 Tta 500 M mocaimyKeHO MeTOJaMM IIOPOIITKOBOI AudpaKTOMeTpii, HU3b-
KOpPO3MipHOI MieJIeKTPUYHOI CIeKTPOCKOIii Ta audepeHIliiiHol cKaHyBaJbHOL
kamopumetpii (JCK) BimmoBimHo. Amnaimisa cmekTpiB audpaxiii Pentreno-
BUX IIPOMEHIB IIOKasye, 10 3a KiMHATHOI TeMIIepaTypu AJs YaCTUHOK OyIb-
SIKOTO PO3Mipy BificyTHi curHanu, AKi BigmoBimaioTh KyO6GiuHiill ¢asi, m1o cy-
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IEePEeYnTh IIUPOKO BUKOPHCTOBYBAHOMY MOJEJNI0 saapo—obosionka. Ilorkasa-
HO, IIf0 mepexin Bixg KyOiuHOil (pasu A0 TeTparoHAJILHOI 3MiIyeThcsa BHU3 3i
3mMeHNIeHHAM po3Mipy uacTuHoK BaTiO,;. Hna yactunok poamipom y 100 HM
Ieil 3CyB aHOMAaJbHO BeJUKUI i craHoBUTH 6au3bko 80°C. Exranbsmia gaso-
BOTO Tepexony Bim Ky6GiuHoi (hasu M0 TeTparoHaJNLHOI I ITMX YACTHHOK Ha
TIOPAMOK BUIIE B IOPIiBHSHHI 3 yacTMHKAMHU iHIMX poamipis. Ilik, mo Bifg-
TIOBilae IepexXony 3 TeTpParoHaJbHOI (ha3u B OPTOPOMOIUHY, HE BUABJIAETHCA
B Tepmorpami [ICK y Bumaaxy uactuHOK poamipom y 200 mm. Ili wacTuHKMT
TaKOYK BUPIBHAIOTHCA 3HAUHO BUCOKUM 3HAYEHHSAM [IieJIeKTPUYHOI IIPOHUK-
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SAKOCTi OCHOBHOTO KOMIIOHEHTA CylIepHapaeJeKTpUYHUX MaTepisiaiB. Pe-
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1. INTRODUCTION

The crystal of barium titanate (BaTiO,), being a representative of
perovskites, exhibits a strong ferroelectric property. The value of
spontaneous polarization for the bulk sample at room temperature
reaches 26 nC/cm? [1]. Due to this property, BaTiO; is widely used
in various elements of electronic devices. These include nonlinear
and supercapacitors, memory devices, infrared detectors, mechani-
cal stress sensors, ultrasonic generators, etc. [2—4]. A thin film of
barium titanate deposited on the silicon surface significantly in-
creases the efficiency of solar cells, exhibiting light-trapping prop-
erties [5].

Recently, barium titanate-based nanocomposites made it possible
to expand the application of this material. The main idea is that, by
constructively combining the ferroelectric properties of BaTiO; with
the properties of other functional materials, one can achieve high
performance, and in some cases, obtain qualitatively new properties
or effects [6, 7]. For example, barium titanate-based composites are
used in energy and charge storage devices, multilayer capacitors,
etc. [8—-10].

In the last 20 years, the number of works devoted to liquid crys-
tal-based nanocolloids has been rapidly growing. A summary of
these works can be found in reviews [11-13]. The researchers hope
that BaTiO; nanoparticles can be used in liquid crystal displays in
the future since the addition of these particles to liquid crystal in a
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tiny amount leads to tremendous improvements in the main electro-
optical characteristics: lowering the threshold voltage and switching
time.

In some cases, as noted above, qualitatively new effects arise
[14-17]. A good example is the electromechanical effect with
memory in the isotropic phase of liquid crystal [18].

To optimize the characteristics when using composites and colloi-
dal systems based on submicron BaTiO; particles, it is necessary to
find out how the structure and properties of these particles change
in comparison with a bulk sample. For example, in Ref. [19], a
core—shell model was proposed to explain the anomalous dielectric
behaviour of the BaTiO; composite [20]. According to this model,
submicron BaTiO; particles consist of a core with tetragonal sym-
metry and a thin shell with cubic symmetry. The thickness of the
cubic shell, according to experimental data, is of 5—10 nm. Some
works theoretically explain this model [21].

Another fundamental task when working with BaTiO;-based com-
posites and colloids is to establish the critical particle size, below
which the ferroelectric property disappears. There is a great disa-
greement in the experimental data in this matter. It was stated in
Ref. [22] that the spontaneous polarization of BaTiO; particles dis-
appears at a size of 120 nm; in another study [23], it is considered
that this size is equal to 10 nm. Analysing all previous works,
Sedykh et al. [24] concluded that this discrepancy was associated
with the method of obtaining BaTiO; particles, rather than with the
difference in experimental methods.

To help eliminate the above uncertainties, in this work, the
structure, dielectric properties, and phase transitions of BaTiO,
particles with sizes of 100, 200, 300, 400, and 500 nm are studied
by x-ray diffraction (XRD), low-frequency dielectric spectroscopy
(LFDS) and differential scanning calorimetry (DSC) methods.

2. EXPERIMENT

Barium titanate particles were purchased from the US Nano Re-
search Company. The image of these particles taken in a scanning
electron microscope JOEL JSM-767F (Fig. 1, a—e) shows a good
enough monodispersity of the samples.

The x-ray diffraction analysis of the samples was carried out in a
Bruker D2-Phaser (CuK,) diffractometer at the temperature of
22°C. The crystal lattice parameters were determined using the
EVA and TOPAS programs by the Rietveld method [25]. These pa-
rameters were further corrected by using the LeBail refinement
method [26].

To study the dielectric properties of the BaTiO; particles, they
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Fig. 1. a—f—view of BaTiO; particles in a scanning electron microscope,
e—view of the mixture of oleic acid and 300 nm size BaTiO; particles in an
optical microscope at x1200 magnification.

were mixed with oleic acid. The volume fraction of particles of all
sizes was of 43% . Figure 1, e shows the view of such a mixture in a
microscope (Carl Zeiss Yena) at 1200-fold magnification. Before the
measurement, the mixture was filled into a special cell. The cell
consists of two plane—parallel glass plates, the inner surfaces of
which are covered with a transparent conductive indium—tin oxide
(ITO) layer. The thickness of the mixture in the cell was fixed with
a teflon spacer. The dielectric permittivity (g,) of the mixture is
determined by the electrical capacitance of the cell:

s
C=¢c—, 1
0¥ (1)

g, = 8.85 pF/m is the electric constant; d =380 pm and S=1 cm?® are
the thickness and the surface area of the sample, respectively.

The cell capacitance was measured in an LCR-meter IET 1920 in
the frequency range of 20 Hz—1 MHz. The test signal amplitude
was of 1 V.

The formula for heterogeneous mixtures was used to calculate the
dielectric permittivity of BaTiO; particles from the dielectric per-
mittivity of the mixture [27]:
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s —¢ e 1/3
: (—m} =1-1; &)
€
€, &, and g, are dielectric permittivities of the mixture, medium
(oleic aside), and BaTiO; particles, respectively.

Phase transitions occurring in BaTiO; particles were investigated
in a differential DSC NETZSCH Phoenix 204 F1 differential scan-
ning calorimeter in the heating mode at the rate of 5°C/min.

3. RESULTS AND DISCUSSIONS

Figure 2 shows the diffraction spectra obtained from samples of
BaTiO; with sizes of 100, 200, 300, 400, and 500 nm. The lattice
parameters of samples refined using the LeBail refinement method
[26] confirm that they belong to a tetragonal structure. The results
are as follow: space group is P4mm, a=3.9944(1) A, c=4.0362(2)
A, v=64.398(4) A®, Ry, =0.776%.

According to US NANO data, BT particles are characterized by a
cubic system with sizes smaller than 100 nm. We see the absence of
many maxima in particles with a size of 100 nm. This gives
grounds to assume that these particles belong to the class of a cubic
crystal. However, we were cautious about this thought and again
analysed the situation. When comparing the full width correspond-
ing to the half-height of the maxima (FWHM), we note that, for
particles with a size of 100 nm, it has a greater value. The close-
ness of the values of the parameters a and ¢ of the tetragonal lat-
tice leads to the appearance of closely spaced groups of peaks

2] A L d=500mm
g_
. A | \ ! d =400 nm
2 ]
= d = 300
o = nm
ﬁ_ A 'L nl . r\ A
@ ]
g ] | d = 200 nm
= ]
[

A | ' d =100 nm

510 20 30 40 50 60 70 80 90 100
2-theta

Fig. 2. Powder diffraction spectra obtained from samples of BaTiO; with
various sizes.
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(26 = 45°, 51°, 56°, 66°, etc.) in the case of large BaTiO, particles.
At the same time, we found that the total width of the peak groups
in the case of large particles is equal to the width of the 100 nm-
size particles. This means, in our opinion, the absence of a transi-
tion to the cubic phase. There is simply a decrease in the resolution
in the spectrum due to the overlap of the broadened peaks in the
groups in the case of particles with a size of 100 nm. Note once
again that, if a transition to the cubic phase took place with a de-
crease in the size of BaTiO; particles, then, the group of peaks
should have gathered into one point, as a result of which the width
of the peaks in the spectrum of the 100 nm size particle should
have been sharply reduced. In this case, the widths of all peaks
should have been close to the width of a single peak 20 = 39°, which
we do not observe for 100 nm-size particles. Thus, at 22°C, the bar-
ium-titanate particles with the size of 100 nm also belong to the te-
tragonal class but probably with a lesser degree of perfection.
According to classical works [28], above 120°C, a bulk crystal of
barium titanate possesses a cubic lattice exhibiting paraelectric
property and, upon cooling below this temperature, it transforms
into a tetragonal phase with a ferroelectric property. Upon further
cooling just below room temperature (5—10°C), another modification
occurs, the tetragonal lattice transitions to an orthorhombic lattice.
At submicron sizes, these transitions can shift or even disappear
due to the increasing role of surface effects [29, 30]. Thermograms
taken in differential scanning calorimeter at different particle sizes
are shown in Fig. 3. The smoothness of the curves corresponding to
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Temperature, °C

Fig. 3. DSC thermograms of BaTiO; at different particle sizes in heating
mode.
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large particles (400 nm and 500 nm) most likely is related to the
rearrangement of the domain boundaries within these particles. The
temperatures (T,, and T, . and enthalpies (AH,, and AH, ) of the
orthorhombic—tetragonal and tetragonal-cubic phase transitions
were determined from these thermograms. The results are summa-
rized in Table 1.

Figure 4 shows the frequency dependence of the real part of the
dielectric permittivity of the mixtures of oleic and BT particles
with different sizes.

TABLE 1.

Size of BaTiO; particles 100 nm 200 nm |300 nm |400 nm | 500 nm

AH, ., J/g 0.098 0.222 0.261 0.362
T,, °C 5.5 7.4 5.1 9.1
AH, ., J/g 4.273 0.341 0.391 0.495 0.493
T, °C 39.6 119.0 1221  123.7 124.6

60 ——100 nm
——200 nm
50 —4—300 nm
400 nm
40 ——500 nm

30

20

0
10 100 1000 10000 100000 1000000

Frequency, Hz

Fig. 4. Frequency dependence of the dielectric permittivity of the mixtures
of oleic and BaTiO; particles with different sizes.

TABLE 2.

Size of particle 100 nm | 200 nm | 300 nm | 400 nm | 500 nm

Dielectric permittivity 15.9 31.1 24.3 29.1 19.2
of mixtures ) ’ ’ ) )
Dielectric permittivity
of particles

67.4 911.2 223.5 158.3 108.8
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Table 2 presents some important data extracted from these de-
pendencies. The second row shows the dielectric constant of mix-
tures with barium titanate particles at 2 kHz. Using the formula (2)
for effective dielectric permittivity of two-component heterogeneous
systems, we can calculate the dielectric permittivity of BT particles
with different sizes, which are shown in the third row of the table.

The most interesting results of DSC measurements are as follows.
Small values of phase transition enthalpies show that both tetrago-
nal-cubic and orthorhombic—tetragonal transitions are weak first-
order transitions (the exceptions are 100 nm size particles). The
temperature of the transition from tetragonal to cubic phase shifts
downward with decreasing particle size. The magnitude of the shift
is a few degrees, but for particles with a size of 100 nm, this shift
is anomalously large and is approximately of 80°C. The enthalpy of
the tetragonal—-cubic phase transition for these particles is also
higher by an order compared to other sizes. Another anomaly is re-
lated to 200 nm-size particles, for which the orthorhombic—
tetragonal phase transition disappears (or is not observed, since
DSC measurements are performed in the range from 0°C to 150°C).

Regarding dielectric measurements, the dielectric permittivity of
particles increases with decreasing particle size, reaching a sharp
maximum at 200 nm.

The small value of the dielectric permittivity of barium-titanate
particles at a size of 100 nm is associated, as follows from a com-
parison of the experimental data, not with the disappearance, but
with the weakening of the ferroelectric properties. This is con-
firmed by both x-ray data (at room temperature, these particles be-
long to the tetragonal class with a lesser degree of perfection) and
DSC thermograms (transition from tetragonal phase to cubic phase
takes place at 39°C).

As noted above, particles with a size of 200 nm attract attention
with their high dielectric permittivity values. Similar results have
been obtained before. For example, work by Wada et al. [19] found
that, at the size of particles of 140 nm (in another paper, 58 nm
[31]), the dielectric permittivity of BaTiO; particles takes the max-
imum value. The authors attributed this to the monodomain struc-
ture of BaTiO; particles. Most likely, the disappearance of the or-
thorhombic—tetragonal phase transition is also related to this phe-
nomenon.

The presence of non-zero spontaneous polarization due to
monodomain structure increases the value of free energy by
P? / [2(8—1)80] (Pg is the spontaneous polarization of particles). In
addition, this, in turn, leads to suppression of the orthorhombic—
tetragonal phase transition or a strong shift in the transition to the
low-temperature region.
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4. CONCLUSION

The decrease in the size of submicron barium-titanate particles is
reverberated through their structure and physical properties due to
the increased role of the surface. This is confirmed by both x-ray
studies and calorimetric and dielectric measurements. The most in-
teresting results are obtained for particles with sizes of 100 nm and
200 nm: 1) a high value of dielectric permittivity and absence of
orthorhombic—tetragonal phase transition for 200 nm size particles;
2) a sharp change in the temperature and heat of the ferroelectric
transition from the tetragonal phase to the cubic one at a particle
size of 100 nm. The first result, in our opinion, is related to the
monodomain structure of these particles. Moreover, the second re-
sult is related to the deformation of the crystal structure of
100 nm-size particles.
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Surface Morphology of (La,,Ga,g,)>05:Eu Thin Films
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Thin films of (La, (sGay.94):03:Eu are obtained by radio-frequency (RF) ion-
plasma sputtering in an argon atmosphere on single-crystal NaCl and
amorphous v-SiO, substrates. The study of the surface morphology of thin
films by atomic force microscopy (AFM) shows that the average diameter
of crystallites forming the film increases from 23 nm to 48 nm, when
there is switching from NaCl to v-SiO, substrates. The heat treatment of
films on v-SiO, substrates in an argon atmosphere leads to the increase in
the average grain diameters to 68 nm and, accordingly, the root-mean-
square roughness from 0.5 nm to 6.1 nm. The analysis of the distribu-
tions of crystallites by diameter and volume is carried out, and it is pro-
posed that, in the process of RF sputtering, secondary grains grow, and in
the process of high-temperature heat treatment, secondary and tertiary
grains grow.

Merogom BucokodacToTHOro (BY) HOHHO-IIJTa3MOBOTO PO3IOPOIIIEHHSA B aT-
moc(epi apromy ma MoHOKpucramiunmx mizxaasumakax NaCl ta amopdumx
mifkTaguEKax v-Si0, ozep:xano ToHKI maiBku (LagosGage4),05:Eu. Hocii-
IJKeHHS MOPQOJIOoril MOBEepXHi TOHKMX MJIiBOK METOJOM ATOMHO-CHJIOBOI Mi-
KpocKomii mokasaiu, 1o 3 mepexogoM Bix migkmaguaok NaCl mo v-SiO,
3poCTae cepenHiii AiAMeTep KPUCTATIITiB, AKi opmMyioTs miiBKy Big 23 HM
mo 48 um. TepmMoo6poOIEeHHA MIIBOK Ha HiAKJIaAWHKAxX 3 L-Si0, B aTmocde-
pi apromy mpuBOAUTHL OO 3POCTAHHS CepenHixX miamerpiB 3epeH o 68 mwm i,
BiAIOBiZHO, cepedHBOKBaApaTHUUYHOI Iepctkoctu Bim 0,5 aMm go 6,1 HM.
IIpoBemeHo aHaidy po3mOAijiB KPHUCTATIITIiB 3a AigMeTpoM i 3a o6’eMoM Ta
3aIlIPOIIOHOBAHO, IIf0 y mporeci BY-mamoporienHsa Bigm6yBaeTbCsA 3POCTAHHSA
BTOPUHHUX 3€peH, a y IIPoIlleci BUCOKOTEeMIePATyPHOTO TepMOOOPOOIeHHSA
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BimOyBa€eThCA 3POCTAHHSA BTOPUHHUX i TPETUHHUX 3€peH.

Key words: gallium oxide, europium activator, thin films, crystallites,
surface morphology.
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(Received 28 July, 2023)

1. INTRODUCTION

Metal oxide materials play an important role among new functional
materials for electronics. They are used in the creation of displays,
scintillators, and means for recording and visualizing information.
In this regard, pure and activated films based on B-Ga,0; are widely
used as thin-film materials, which are promising for field-effect
transistors, luminescent displays, gas sensors, and UV-transparent
electrodes [1-5]. In general, the optical and electrical characteris-
tics of thin films based on B-Ga,O; are determined by the methods
of their preparation, deposition modes, substrate type, and pro-
cessing technology as well as the introduction of impurities that can
purposefully change the spectral-luminescent and electrophysical
properties of these films. To this end, thin films with the chemical
composition (Lag sGagq4):05:Eu were studied in this work, in which
some Ga*" ions were replaced by isovalent La®" ions, that did not re-
quire local compensation of the electric charge. This substitution is
because La,0; films are also quite promising in terms of their use in
optoelectronic and luminescent technology [6—8]. This also allows
for a better study of luminescence centres in thin films based on f3-
Gay0,, since the luminescence efficiency in these films is largely de-
termined by the peculiarities of recombination processes, which are
usually caused by luminescence centres of defective origin. The use
of the Eu®' ion as an activator is due to the fact that a number of
films activated by this ion are quite promising red phosphors,
which are widely used in optoelectronics [9—-12].

In general, the question of the physical properties of thin films is
complicated by the fact that films do not always have a perfect
structure and can be polycrystalline, amorphous, or contain inclu-
sions of other phases. Obtaining the required and stable reproduci-
ble properties of polycrystalline films is further complicated by the
presence of intergranular boundaries (IGBs). The physical properties
of polycrystalline thin films are largely determined not only by the
material properties but also by the energy levels arising from the
presence of the IGBs. It is clear that such levels are also determined
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by the size of the crystallites, which form the thin films. This has
led to the structural studies of (Lag(sGag.o4)205:Eu thin films report-
ed in this paper. The films were obtained by the method of RF ion-
plasma sputtering, which is optimal for obtaining homogeneous
semiconductor and dielectric films [13].

2. EXPERIMENTAL TECHNIQUE

Thin films of (LagycsGages)20s:Eu with a thickness of 0.2-1.0 pym
were obtained by RF ion-plasma sputtering on single-crystal NaCl
substrates and amorphous fused quartz v-SiO, substrates. The RF
sputtering was carried out in an argon atmosphere in a system us-
ing the magnetic field of external solenoids for compression and
additional ionization of the plasma column. After the films were
deposited on v-SiO, substrates, they were heat treated in argon at
1000-1100°C. The starting materials were La,0;, Ga,O;, and Eu,0;
of the ‘oc. u.” grade. The concentration of the Eu®' activator was 1
mol.%.

The structure and phase composition of the obtained films were
studied by x-ray diffraction analysis (with Shimadzu XDR-600).
The analysis of the diffractograms showed that the structure of
these films corresponds to the monoclinic crystal structure of f-
Ga,05; and the results obtained are close to those obtained earlier for
thin films of B-Ga,0; and (Y 06Gag.94)205 [14]. In particular, for pol-
yerystalline (Lag osGag94)205:Eu films, the predominant orientation
of the films is observed in the (110), (002), (111), and (512) planes.

Using an OXFORD INCA Energy 350 energy dispersive spectrom-
eter, elemental analysis of the samples was performed at several
points on the surface of the films. The calculations confirmed that
the percentage of components in the obtained films corresponded to
their percentage in the compound (La, (sGag.94):05:Eu.

The surface morphology of the films was studied using an
INTEGRA TS-150 atomic force microscope (AFM).

3. RESULTS AND DISCUSSION

Microphotographs of the surface of (LagoGagq).05:Eu films ob-
tained by RF ion-plasma sputtering on NaCl and v-SiO, substrates
without heat treatment and after heat treatment in an argon at-
mosphere are shown in Fig. 1. The topography of the samples was
quantitatively characterized by standard parameters: root-mean-
square (RMS) roughness, maximum grain height, average grain di-
ameter, average grain area, and grain volume, which were calculat-
ed from AFM data for areas of the same size (1000x1000 nm). The
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characteristic parameters of (Lag¢sGag.94):05:Eu thin films on differ-
ent substrates without heat treatment and after heat treatment in
an argon atmosphere are given in Table 1. As can be seen from the
results obtained, different types of substrates and the presence of
heat treatment have a significant effect on the size of crystal grains
and surface roughness of the films.

The analysis of AFM images (Fig. 1) and crystal grain parameters
(Table) of the surface of (LagosGages):05:Eu films shows that the
films deposited on an amorphous substrate are formed from larger
grains, than when sputtered on a single-crystal substrate with
NaCl. Even larger crystallite sizes occur after heat treatment of the
films. This increase in crystalline grain size and, in particular, the
increase in the average grain diameter and RMS roughness indicate

Y, Axis, nm Z, Axis, nm

Z, Axis, nm

30 Z, Axis, nm
3 30
2,0
2,0 1,0
0
1,5
1,0 >

0,5

1S,
0 »*
X, Axis, nm p S

Fig. 1. Images of the surface morphology of (LagsGaj94),05:Eu thin films
obtained by RF sputtering without heat treatment on NaCl (a, b) and v-
Si0, (¢, d) substrates and after heat treatment in an argon atmosphere on
v-Si0, substrates (e, f). Images a, ¢ and e are two-dimensional, b, d and f
are three-dimensional.
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400 600 X, Axis, nm
e

Continuation of Fig. 1.

TABLE. Crystalline grain parameters of thin films (La, sGag.94):05:Eu.

No heat treatment|No heat treatment|Heat treatment in
Parameter on the NaCl sub- |on the v-SiO, sub-| Ar on the v-SiO,

strate strate substrate
Ayerage grain 23 48 68
diameter, nm
RMS roughness, 0.6 0.5 6.1
nm
Maximum grain
height, nm 8.3 21 179
Average gr;ain 167 614 1516
area, nm
Average grain 56 145 4167

volume, nm?

a more complex surface structure.

A comparison of the histograms of the grain-height distribution
(Fig. 2) shows that taller grains are formed on the surface of
(Lay 0sGagg4)2:03:Eu films on NaCl substrates, although their diame-
ters are more than 2 times smaller. The high-temperature heat
treatment of the films leads to a very significant increase in grain
height. In particular, the root-mean-square roughness increases by
more than 10 times.

The increase in the size of crystalline grains and the simultane-
ous decrease in the grain concentration in thin films of
(Lay 0sGagg4):03:Eu, when there is switching from NaCl to v-SiO,
substrates, and, especially, the increase in the size of crystalline
grains after heat treatment (Fig. 1) indicate the possibility of the



598 O. M. BORDUN, B. O. BORDUN, I. I. MEDVID et al.

300+ 2007
5 B0 g 150
& 200 =
- wm
_E):r 150 ‘E 100}
=1 =
S I
g 1w S sof
50|
0 —— 005 10 15 20 25 30 35
Grain height, nm Grain height, nm
a b
200+
5 150+
o
4 100}
=]
=}
Q
O 50+
0

10 20 30 40
Grain height, nm
c

Fig. 2. Grain-height distribution on AFM images of (Lag (sGag.94)203:Eu thin
films obtained by RF sputtering without heat treatment on NaCl (a), v-
Si0, (b) substrates and after heat treatment in argon on v-SiO, substrates

(o).

transition of the film surface to a more nanostructured state due to
the crystallization of the surface layer.

The characteristic distributions of grain diameter sizes in
(Lay 06Gag.g4):03:Eu thin films depending on the type of substrate and
the presence of heat treatment are shown in Fig. 3.

A thorough review [15] analysed the growth of crystal grains in
thin films and the evolution of crystal structures and showed that
polycrystalline thin films with thicknesses up to 1 um, which is typ-
ical for our (Lag¢Gag.g4)205:Eu films, often have 2D-like structures.
In such structures, most grain boundaries are perpendicular to the
film surface. Most of the materials analysed in Ref. [15] form films
from nonequilibrium grains with dimensions smaller than the film
thickness and form two-dimensional structures only after anneal-
ing. Based on numerical results, it is also concluded in Ref. [15]
that the formation of grains in thin films is difficult to describe
accurately using modelling or comparison with experiments that
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Fig. 3. Distribution of grain diameter sizes and calculated approximated
diameter distribution on AFM images of (Lagy0sGagg4):03:Eu thin films
without heat treatment on NaCl (a), v-SiO, (b) substrates and after argon
heat treatment on v-SiO, (c¢) substrates.

described the study of foams or monolayers. In general, grain sizes
in polyecrystalline films are lognormally distributed in size.

In a number of cases, further grain growth is observed due to
‘anomalous’ growth or preferential growth of several grains, which
usually have specific crystallographic orientation relations relative
to the substrate surface plane. Our results show that this situation
is most likely to be characteristic of the (Lag(Gag94):05:Eu films we
obtained. When the number of growing grains leads to a ‘matrix’ of
grains beyond the static boundaries, a bimodal grain size distribu-
tion develops, which is called secondary grain growth [16]. Grains
that grow abnormally often have a limited or homogeneous texture.
Secondary grain growth in thin films typically involves an evolution
in the grain texture distribution as well as an evolution in the grain
size distribution.

Our results of the distribution of grain diameter sizes in
(Lay 0sGagoq):03:Eu thin films (Fig. 3) indicate that, when these
films are deposited on NaCl substrates, an almost unimodal distri-
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bution of diameters with a maximum in the 22 nm region is ob-
served. A small local maximum in the region of 15 nm appears on
the increasing part of the distribution. A more complex shape of
the diameter distribution is formed, when the films are deposited
on an amorphous v-SiO, substrate. In particular, for freshly depos-
ited films (Fig. 3, b), a bimodal distribution with maxima in the re-
gion of 37 nm and 57 nm is clearly visible. After heat treatment of
such films, a trimodal distribution is already observed (Fig. 3, ¢)
with maxima in the 52, 66, and 76 nm regions.

To summarise the situation described above, it can be concluded
that secondary grain growth occurs during the RF spraying process.
During heat treatment, secondary and tertiary grains grow. It
should be noted that a similar situation is observed during RF dep-
osition on v-Si0, substrates and B-Ga,0; thin films [17]. The growth
of secondary and tertiary grains was observed in these films during
both the RF sputtering and heat-treatment processes.
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150+ 4l
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50 100 150 200 100 200 300 400
Grain volume, nm? Grain volume, nm?®
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30r

Counts, a.u.

3000 6000 9000 12000

Grain volume, nm?
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Fig. 4. Grain size distribution and calculated approximated volume distri-
bution on AFM images of (LayGagqs):0s;:Eu thin films without heat
treatment on NaCl (a), v-SiO, substrates (b) and after argon heat treat-
ment on v-Si0O, substrates (c).
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Taking into account the presence of ‘anomalous’ grain growth
and grain growth with specific crystallographic orientation rela-
tions relative to the substrate surface plane, we consider the distri-
bution of grain volumes in (Lag 0Gag.94)205:Eu thin films.

As can be seen from Fig. 4, when thin films are deposited on a
NaCl substrate, the distribution of grains by volume is quite well
described by normal logarithmic law. This situation is typical for
the distribution of grains by diameter in polycrystalline films [18].
In particular, this situation is observed during the RF deposition of
Y,0,:Eu thin films [19].

A similar situation is observed in thin films of (La, sGagq,):05:Eu
on v-Si0, substrates after heat treatment. At the same time, local
maxima appear in the high-volume part of the distribution, which is
most likely due to the growth of secondary and tertiary grains. For
freshly deposited (LagocGaggs):05:Eu films on v-SiO, substrates, a
downward distribution is observed without local maxima that can be
explained by the formation of nonequilibrium grains on the amor-
phous substrate.

To describe the obtained dependences (Fig. 4, a and ¢), we use the
normal logarithmic law, which is used to describe the distribution
of grains by diameter size in polycrystalline films [18] and which
we will use to describe the distribution of grains by volume. By in-
troducing the appropriate values, by analogy with Ref. [18], we ob-
tain:

1 (InV —p)?
fv)= ] exp {—202 }

where V is the grain diameter; In(V —p) is the standard deviation
(dispersion), and InV is the average value.

The calculations show that, for the surface of (Lag ,sGagq4):05:Eu
films, which are RF sputtered onto NaCl substrates, a lognormal
distribution of grain volume with a maximum of about 35 nm?, and
a dispersion of 0.35 is observed. When (La, (sGag¢4):05:Eu films are
deposited on v-SiO, substrates, a lognormal distribution of grain
volume with a maximum of about 2000 nm® and a dispersion of 0.2
dominates.

4. CONCLUSIONS

It has been established that thin films of (Laj(sGag.94)205:Eu formed
from nanometre grains are formed by RF ion-plasma sputtering on
single-crystal NaCl and amorphous v-SiO, substrates. Based on the
AFM images, it is shown that the average diameters of the crystal-
lites of the films on NaCl substrates are of 23 nm and on v-SiO,
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substrates are of 48 nm. The heat treatment of films on v-SiO, sub-
strates in an argon atmosphere leads to an increase in the average
grain diameters to 68 nm and, accordingly, the root-mean-square
roughness from 0.5 nm to 6.1 nm. Based on the analysis of the re-
sults of the distribution of grain diameter sizes, it is proposed that
secondary grains grow in the process of RF sputtering. In the pro-
cess of heat treatment, secondary and tertiary grains grow. At the
same time, the grain volume distributions during the deposition of
(Lag ¢6Gag94)2:05:Eu films on NaCl substrates and after heat treat-
ment on v-Si0, substrates correspond to a normal logarithmic dis-
tribution with one centre of a distribution.

REFERENCES

1. K. H. Choi and H. C. Kang, Materials Letters, 123: 160 (2014);
https://doi.org/10.1016/j.matlet.2014.03.038

2. Lingyi Kong, Jin Ma, Caina Luan, Wei Mi, and Yu Lv, Thin Solid Films,
520, No. 13: 4270 (2012); https://doi.org/10.1016/j.tsf.2012.02.027

3. A. K. Saikumar, Sh. D. Nehate and K. B. Sundaram, ECS J. of Solid State
Science and Technol., 8, No. 7: Q3064 (2019);
https://doi.org/10.1149/2.0141907jss

4. M. Higashiwaki, AAPPS Bulletin, 32: 3 (2022);
https://doi.org/10.1007/s43673-021-00033-0

5. 0. M. Bordun, B. O. Bordun, I. Yo. Kukharskyy and I. I. Medvid, J. Appl.
Spectrosc., 86, No. 6: 1010 (2020); https://doi.org/10.1007/s10812-020-
00932-4

6. C. V. Ramana, R. S. Vemuri, V. V. Kaichev, V. A. Kochubey, A. A. Saraev,
and V. V. Atuchin, ACS Appl. Mater. Interfaces, 3: 4370 (2011);
https://doi.org/10.1021/am201021m

7. N. Pushpa, M. K. Kokila, and K. R. Nagabhushana, Materials Letters: X,
18: 100205 (2023); https://doi.org/10.1016/j.mlblux.2023.100205

8. Kevil Shah, K. V. R. Murthy, and B. S. Chakrabarty, Results in Optics, 11:
100413 (2023); https://doi.org/10.1016/j.ri0.2023.100413

9. I. O. Bordun, O. M. Bordun, I. Yo. Kukharskyy, and Zh. Ya. Tsapovska,
Acta Physica Polonika A, 133, No. 4: 914 (2018);
https://doi.org/10.12693/APhysPolA.133.914

10. J. Lakde, Ch. M. Mehare, K. K. Pandey, N. S. Dhoble, and S. J. Dhoble,
J. of Physics: Conference Series, 1913: 01229 (2021);
https://doi.org/10.1088,/1742-6596,/1913/1/012029

11. Sh. Matsumoto, T. Watanabe, and A. Ito, Sensors and Materials, 34, No. 2:
669 (2022); https://doi.org/10.18494/SAM3698

12. B. N. Rao, P. T. Rao, Sk. E. Basha, D. S. L. Prasanna, K. Samatha, and
R. K. Ramachandra, J. Mater. Sci.. Mater. Electron., 34: 955 (2023);
https://doi.org/10.1007/s10854-023-10341-w

13. K. Wasa, M. Kitabatake, and H. Adachi, Thin Film Materials Technology:
Sputtering of Compound Materials (New York: William Andrew Inc. Pub-
lishing: 2004).

14. 0. M. Bordun, B. O. Bordun, I. J. Kukharskyy, I. I. Medvid, O. Ya. Mylyo,


https://doi.org/10.1016/j.matlet.2014.03.038
https://doi.org/10.1016/j.tsf.2012.02.027
https://doi.org/10.1149/2.0141907jss
https://doi.org/10.1007/s43673-021-00033-0
https://doi.org/10.1007/s10812-020-00932-4
https://doi.org/10.1007/s10812-020-00932-4
https://doi.org/10.1021/am201021m
https://doi.org/10.1016/j.mlblux.2023.100205
https://doi.org/10.1016/j.rio.2023.100413
https://doi.org/
https://doi.org/
https://doi.org/10.1088/1742-6596/1913/1/012029
https://doi.org/10.18494/SAM3698
https://doi.org/10.1007/s10854-023-10341-w

15.

16.

17.

18.

19.

SURFACE MORPHOLOGY OF (Lay 0sGay 4,),05:Eu THIN FILMS 603

M. V. Partyka, and D. S. Leonov, Nanosistemi, Nanomateriali, Nano-
tehnologii, 17, Iss. 1: 123 (2019) (in Ukrainian);
https://doi.org/10.15407/nnn.17.01.123

C. V. Thompson, Sol. State Phys., 55: 269 (2001);
https://doi.org/10.1016/S0081-1947(01)80006-0

C. V. Thompson, J. Appl. Phys., 58: 763 (1985);
https://doi.org/10.1063/1.336194

0. M. Bordun, B. O. Bordun, I. Yo. Kukharskyy, I. I. Medvid,

1. I. Polovynko, Zh. Ya. Tsapovska, and D. S. Leonov, Nanosistemi, Nano-
materiali, Nanotehnologii, 19, Iss. 1: 159 (2021);
https://doi.org/10.15407/nnn.19.01.159

J. E. Palmer, C. V. Thompson, and Henry L. Smith, J. Appl. Phys., 62,
No. 6: 2492 (1987); http://dx.doi.org/10.1063/1.339460

0. M. Bordun, I. O. Bordun, I. M. Kofliuk, I. Yo. Kukharskyy, I. I. Medvid,
Zh. Ya. Tsapovska, and D. S. Leonov, Nanosistemi, Nanomateriali, Nano-
tehnologii, 20, Iss. 1: 91 (2022); https://doi.org/10.15407/nnn.20.01.091


https://doi.org/10.15407/nnn.17.01.123
https://doi.org/10.1016/S0081-1947(01)80006-0
https://doi.org/10.1063/1.336194
https://doi.org/10.15407/nnn.19.01.159
http://dx.doi.org/10.1063/1.339460
https://doi.org/10.15407/nnn.20.01.091




Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOLO2IT © 2023 IM® (IacturyT MeTanodisukm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainun)
2023, 1. 21, Ne 3, cc. 605-616 HaznpykoBaHo B YKpaiHi.
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Hocaig:xennsa mopdosorii MmakpomnopucToro Si, ogep:kaHOTo
MEeTAJIOM CTMMYJbOBAHUM IIABJEHHIM 324 JOIOMOrow Au

M. C. Kykypyznsax?

AT «IJenmpaavhe Koncmpyxkmopcoke 6iopo Pumm»,

eyan. I'onosrna, 244,

58032 Yepnisui, Yrpaina

2Yepuiseyvruil nayionarvruil ynisepcumem imeni IOpia ®edvrosuua,
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58002 Yepnisui, Yrkpaina

B crarTti mocaimsxeHo MOpP(dOJIOTiI0 MOPUCTOrO0 KPEMHiIO, OJIEP:KaHOTO METO-
IOM METAJIOCTUMYJILOBAHOTO IaBJIeHHA 3a gomomoroioo Au. O6paHo ceek-
ruBHNH manisank Cipraa si ckragom HF — 100 em®, CrO; — 50 r, H,O0 —
120 cm®. HaHeceHHS ILIiBKM AU IIPOBOAMJIOCA TEPMIiUHMM HAIIOPOIIEHHAM Y
Bakyymi. ToBmuHa miaiBku ckiana 400-600 mm. [iaa KoHTaKTy BiacHe Si
i3 maJiBHMKOM IIonepefHbLO HOpoBOAUIM (oTosiTorpadio AJIA HIaBIEeHHA
BikoH B Au. Ilicia mporecy I1iaBjieHHsS Ha IIOBEePXHi IjaacTuH OyJio mobaue-
HO XAOTHYHY MaKpPOIIOPHUCTY CTPYKTYPY i3 HEOTHOPiZHMM PO3MIII[eHHAM IIOP
PiBHMX PO3MipiB BHACJIOK BMCOKOI TOBIIMHHU IIJiBKHM Ta, BiANIOBigHO, Be-
JUKOI KiIbKOCTHM MeTany-KarajidisaTopa. HamMu BupimieHo He 3MeHIIIyBaTH
TOBIIIMHY METAJEBOTO INapy, a HAHOCUTH IJIiBKYy Au mo mepudepii aKTuB-
HUX obOjsacTedl i BigMe:KOBYBATH IIOBEPXHIO i3 30JI0TOM, HeJIeTOBaHUM KPEM-
Hiem, 3a momomorow dorosiTorpadii. HocaimxeHo mMopdoJ0rito mMOPUCTOro
n*-Si Ta p*-Si 3a ogHaKO0BOI TpuBaJOCTHU INaBieHHA. Ha mosepxHi n'-Si cio-
PMOBAHO MAKPOHOPHCTY IIipaMimZomomiOHy CTPYKTYPY i3 TraImbuUHOIO IOp OO0
1-1,1 MmKM i po3dmMipoM cTOpoHH TPUKYTHBOI mipamizm y 5—8 mxm . Ha mo-
BepxHi p'-Si cmocTepiramaca XaoTWYHaA IOPHUCTA CTPYKTYypa i3 MEHIIUMHU
mopaMu, Hik Ha moBepxHi n'-Si. Mopdosoria nmosepxHi 6yia mikomozmioHa
i3 raubumoio mop mo 15 HM i miamerpom y 100-800 uM. 3a omHOUYACHOTO
CTPYKTYPYBaHHA Ha OLHIA miactuHi n'-Si Ta p-Si cmocrepiranzacsa HeomgHODI-
IHICTH pO3Mipy IOp Ha Mexi moBepxHeBoro moxiny n'—p. Taxox Hamu mo-
6aueHo, IO 3a 3AiliICHEHHSA Ha ILIiBKY 30JI0TA 31 3BOPOTHBLOI CTOPOHU IIiIK-
JaIVMHKW OO0 IaBJEeHHS MeXaHiYHUHA BIJINB HIJIAXOM APSAIAHHA Ha JUIEBil
CTOPOHI MmicJs I[aBJeHHS YTBOPIOETHCA MIPOEKIIiA 3pobJeHOl MOAPANNHU,
copMoBaHa IIOpaMM 3HAYHO MEHIIIOTO PO3Mipy, HiX mopu 3a iI Me)xkaMu.
Busasieno, mio micmsa BuXomy AMCIOKAIIA Ha IIOBEPXHIO KPEMHiIO 3a ceJleK-
TUBHOTO IlaBJeHHs B po3uuHi CipTasa 3a momomoromo Au OpoABIAIOTHLCA Ha-
baraTo sfcKpasilie, HijK 3a IaBJIeHHS 0e3 MeTaly-KaTajisaTropa.
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The article examines the morphology of porous silicon obtained by metal-
assisted etching using Au. Selective Sirtle’s etchant with the composition of
100 cm® HF, of 50 g CrO;, 120 cm® H,0 is chosen. The deposition of the Au
film is carried out by means of the thermal sputtering in a vacuum. The
thickness of the film is of 400-600 nm. In order to contact the actual Si
with the etchant, photolithography is previously carried out to etch windows
in Au. After the etching process, a chaotic macroporous structure is seen on
the surface of the plates with a heterogeneous arrangement of pores of dif-
ferent sizes due to the high thickness of the film and, accordingly, a large
amount of metal catalyst. We decide not to reduce the thickness of the metal
layer, but to apply an Au film on the periphery of the active areas and de-
marcate the surface with gold undoped with silicon using photolithography.
The morphology of porous n*-Si and p*-Si with the same etching duration is
studied. On the n'-Si surface, a macroporous pyramid-like structure with a
pore depth of 1-1.1 ym and a triangular pyramid side size of 5—8 yum is
formed. A chaotic porous structure with smaller pores is observed on the p*-
Si surface than on the n*-Si surface. The morphology of the surface is peak-
like with a pore depth of up to 15 nm and a diameter of 100—-800 nm. Dur-
ing simultaneous structuring on one plate of n"-Si and p-Si, heterogeneity of
the pore size is observed at the boundary of the n'—p surface interface. We
have also seen that, when mechanical impact is applied to the gold film from
the reverse side of the substrate before etching by scratching, then, a pro-
jection of the scratch formed on the front side after etching is formed,
formed by pores much smaller than the pores outside it. As found, the plac-
es, where dislocations appear on the silicon surface during selective etching
in Sirtle’s solution with the use of Au, are much brighter, than when etch-
ing without a metal catalyst.

Karouori cioBa: mopucTuii KpeMHill, MeTaJOCTUMYJIhOBaHE IIlaBJIEHHS, Cce-
JEeKTUBHUN IAJTiBHUK.

Key words: porous silicon, metal-assisted etching, selective etching.

(Ompumano 20 zpydus 2022 p.)

1. BCTYII

3 PO3BUTKOM HAyKM Ta TEXHOJIOTiH Bce GiJIbINTy IiKaBiCTh Y HAYKOBIIIiB
BUKJUKAIOTh MAaJIOPO3MipHI CTPYKTYpH, IXHi BJIaCTUBOCTiI Ta TEXHOJIO-
riu"i mporiecu omep:kaHHA. OTHUM i3 HAWPOIMIOBCIOMMKEHIIINX 00 €KTiB
i3 masiopo3mipHoOi0 MopdoJioriero € mopuctuii Kpemuint (IIK). 3aBgaku
MOXKJIMBOCTiI CTBOPEHHS IIOPUCTUX CTPYKTYpP i3 3aJaHUMMU ONTUUYHUMU
BractuBocTaAMu [IK BUKOPHCTOBYETHCA B COHAUHIN €HEPreTHIli B SKOC-
Ti TPOTUBIMOMBAIBHUX TEeKCTypoBaHUX MOKPUTTIB [1]. B memunuui IIK
BUKOPUCTOBYEThCA AK IMPOTUBipyCcHi aacopOiiiiiai manouactunku [2]. B
TeXHOJIOTi1 KpeMHiflOBUX iHTerpaJbHMX MiKpocxeM abo (oTompuitmauin
IIK wMo:Xe BUKOPUCTOBYBAaTHMCA MJIA TeTepPyBaHHA TeHepalliiiHo-
pexombinalifinux 1meuTpiB mopyienum 1apom [3]. Taxko:x IIK axTus-



OOCHIMMKEHHS MOP®OJIOTTE MAKPOIIOPUCTOIO Si 607

HO 3aCTOCOBYIOTH [MJIsI BUTOTOBJIEHHS MeMOpaH, 3JaTHUX OO celaparrii
MOJIEKYJI 3a po3Mipamu [4] Ta iH.

Icaye 0araTto meroxiB oxep:kanHs ITK. YacTo B TexHoJOrii MiKpoe-
JEeKTPOHHUX IIPOIeCiB BUKOPUCTOBYETHCSI METOJ PEaKTUBHOTO HOHHO-
ro maBJjieHHsA. [[aHAa TeXHOJIOTiA YMOMKJIMUBIIOE OMEpP:KaTU YIIOPAIKO-
BaHi ITOPUCTi CTPYKTYypPU 3 KOHTPOJILOBAHMMHU IIapaMeTpaMu, aJjie BU-
Marae CKJIQJHOTO TeXHOJOriuHoro BuKoHaHHA [5]. Takosx Bimomi me-
TOAW TIJIA3MOXEMiUuHOTO IIAaBJIEHHs, ajie HaNOLJLII IOIMHUPEHUMHU €
eJIEKTPOXEMiuHe Ta XeMiuHe MIaBJeHHS MOHOKPHUCTAJIUHMX IIJIACTUH
Si, soxpema merasocTumyJaboBame [6]. Haiiuacrimme BuKOpHCTOBYBa-
HUMHU eJIeMeHTaMU IJIA MeTaJOCTUMYJbOBAHOTO IAaBJeHHA € Au i Ag
3aBOAKM iXHiIA BUCOKi#l TexHojoriumocti. Meranmu MoxyTh OyTH Ha-
HeCceHi Ha HMigAKJIaAMHKY Si 3a JOIIOMOTOI0 BaKYYMHHIX IIPOIlECiB HAIO-
POIIIeHHs UM XeMiUHHMHK CIIOcO0aMH OCAAKeHHSA 3 po3umHiB. Baxyy-
MHe HAIOPOIIEeHHA YMOKJIUBJIIOE cHOPMYBATH YIIOPAAKOBAHI CTPYK-
TYpHU, TOAI AK XeMiUHMUA MeTOoH HaHeCeHHs € OiIbIIT HMpPOCTUM i merre-
BUM Ta 3aCTOCOBYETBLCS, KOJMU MOPQOJIOria KiHIeBol mMigKJIaTuHKU He
Mae 3HaYeHHH.

IIin wac mocrmimsxkenHs HaMmu yTBopenua IIK miaxom xemiuHoro
ITaBJEHHsS 3a OOIOMOroio Au mobaueHO MesKy HeOAHOPiZHICTL yTBO-
PeHHs Iop, CUPUYMHEHUX pisHuMu unHHuKamu. lle aBuiie moTpedy-
BaJI0 [TOJATKOBOTO JOCJiIKeHHS HOJA BCTAHOBJCHHSA MeXaHi3MiB
BILIUBY Ha PiBHOMipHicTh mopoyTBopeHHA. Ilim yac oriamny HayKoBUX
Ixepea mobaueHo, IO NUTAHHIO yTBopeHHA IIK MeramocTuMyJaboBa-
HUM IIaBJEHHAM 3a OOIOMOroio Au mpucBsdyeHo O0arato pooOiT. 30K-
pema, manuii meton OyB 3ampomnonoBamuii 1me y 2000 pomi JIi Ta Bo-
HoM [7], a HuMu OyJio IpeacTaBjeHo IaBiaeHusa B posumui HF/H,0,
3a gomomoroio Ag, Au ta Pt. B [6, 8] mocrim:xewno, 110 HAHOYACTUH-
Ku Ag i Au, 110 yTBOPIOIOTHCA B PO3UUHi, IPUBOSATL OO0 YTBOPEHHS
IpAMUX IIOP Wi Yac MIaBJeHHS, B TOW dac AK mpaMi abo cmipaabHi
Iopu MOXKYTh OyTH ofep:KaHi 3a momomoror Pt-karanizaropa. A B [9]
aBTOPU MHOBiAOMMWJIN, IO HAHOUACTUHKU Pt Xa0THYHO IepeMillyioTh-
cA Tif vYac IaBJeHHsA, IO IIPUBOAUTHL OO0 BUKPUBJIEHHS IOp 0e3 pis-
HOMipHOro HampAMy miaBiaeHHs. OpHak iHdopmalii Tpo HepiBHOMIp-
HUH pO3MOAIN IOP IIO IOBEPXHi MiAKJAZWHKU Mif] yac IIaBJIeHHA 3a
JOIIOMOroio Au He 3HaMeHO.

Tomy meTor0 mamoi poboTu € mocaimxkenusa mopdosorii ITK, oxep-
JKAHOTO MIJISIXOM XEMiuHOro IMaBJIeHHS 3a JOIMOMOToI Au, a TaKomx
MexaHi3MiB HEOJHOPiZHOTO YTBOPEHHS IIOP.

2. METOOJUKA ERCIIEPUMEHTY

g eKcnepuMeHTIB BUKOPUCTOBYBaBCA MOHOKPUCTAJNIUHUI KpPeMHiN
p-tuny opienrarnii [111] i3 muromum omopom p ~ 18 KOm-cM, 1110 Bif-
noBimae KoHmeHTpanii akmentopis N, = 7,7-10' cm®. 3 meroro mocuri-
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I)KeHHA cTpyKTypu mopuctoro IIK Ha moBepxHi JIeroBaHOTO KPeMHii0
pisHOTO THIY HpoBimHOCTHM mpoBomuiaca audysia Pochopy [10] Ta
Bopy [11] 3 miaaHapHMX TBEePIAOTiIBHUX [IiKepes TEePMiUHUM CIIOCO-
6oMm. [IJig mIBOTO HigKJIAAWHKHU IIOHEePeIHbO OKMCHIOBAJMCS, IIPOBOMI-
Jacs (gorosaitorpadisa Ajisa omep:KaHHA AOBiJBLHOI TOIIOJIOTiI Ta BJiacHe
mudysia. Koumenrpania BHeceHoro Pochopy craagama Np=(4,3—
4,710 cm?® (Rg=2,1-2,7 Om/0). Kommenrpamia BHeceHoro Bopy
cknagana Np=(2,9-3,9)-10*° cm® (Rg=16-25 Om/o). Hami HanocHu-
JHCA ILIIBKM AU TepMiUYHMM HAIIOPOIIEHHAM y BakyyMi 3a P=107°
MM pT.CT. i Temmeparypu migkjaaguaox T =200°C 3 momajbIIuM BU-
naadoBaHHAM. OCKiJIBKM 30JI0TO HPOSBJIAE IIOTAHY aAresiio Jo0 KpeMm-
Hito [12], To Au mamocuam iz migmapom Cr gis 3abesmnedeHHs cTali-
JBHOCTH MeTAaJIeBOTO IIapy IIiJ yac XeMiuHMX 0O0pOOJIAHD i IaBJIeHHJI.
ToBmnuy maiBok cKiaamaau de, = 10—40 am i d,, = 400-600 M.

Hami, micasa xemiuHoro o0pobOneHHsS B Kum'aumx cywmimnri Kapo Ta
aMiAYHO-IIePeKNCHOMY PO3YMHI MPOBOAUIN IIABJIEHHSA ITOBEPXHI KpeM-
HiftoBUX migxkJaaguHOK AaA yrBopeHHsA IIK. O6paHo O0yio celeKTUBHUI
maniBank Cipras 8i ckmagom: HF — 100 em®, CrO; — 50 r, H,0 —
120 cv®. IIns KoHTAaKTy BiacHe Si i3 mMaJiBHMKOM IIOIepeIHBO IIPOBO-
muau (oroaitorpadir i3 MOBiIBHOIO TOIIOJIOTIE€I0 AJA IABJIEHHA BiKOH
B Au. MeranocTuMyaboBaHe IIaBJIE€HHA KPEMHiI0 IPOBOAUJIOCA B CTAa-
TUYHOMY PO3UMHi 3a KimMHaTHOI Temmeparypu mnporarom 5 xB. Omep-
JKaHl CTPYKTYPHU MOCTiIKYBaJNCSI B MiKPOCKOIIaX 3 Pi3HMM 30iJIbINeH-
HAM 1 3a TOIOMOT0I0 aTOMHO-CHUJIOBOr0 Mikpockona (ACM) NT-206.

3. PE3YJIBTATH TA IX OBTOBOPEHHS

Ilicia mpoiecy MeTaJOCTMMYJIbOBAHOTO IMABJEHHS 34 JOIOMOTOI0 Au
Ha TOBEPXHi mJjacTUH 0yJio Mo6auyeHO XaOTUUHY MAaKPOIIOPUCTY CTPY-
KTYpy i3 HEOTHOPiZHUM PO3MIIlIeHHAM IIOP Pi3HUX po3Mipis (puc. 1).

3 pucyHKy 1 Mo:kHa mobaunTu HeBHOPAAKOBaHY Mopdosorito IIK Ta
JIOKQJbHUMU CKYHOUYEHHAMHU SMOK IIaBJEHHSA 30iJIbIITEHOTO0 pPO3Mipy.

S0 MEM RS 00 MKM

—

Puc. 1. Makponopuctuii KpeMHi#l i3 xaoTuuHOI0 MOpdoJorieso.}
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30KpeMa, MOMiueHo, II[0 Y Mipy BigmajdeHusa Big miuiBKum Au cTpyKTypa
CTa€e BIIOPAIKOBAHIIIO, KiJIbKICTh ONMMCAHUX CKYIIUeHb i po3Mipu mop
3MEHIIYIOThCA. VIMOBIpHOIO IPHUYMHOI BKA3aHOI XAOTHYHOCTH CTPYK-
TYypPH € BHUCOKa KiJIbKicTh KaTamizaTopa — Au, SKHUHA IPOBOKYE AKTHB-
HIIly peakIliio MeTaJoCTUMYJLOBAHOTO IMABJEHHS B MiCIX 30ijbIme-
Hoi #ioro ryctunu. [ificmo, B [5, 6] aBTOpU PEeKOMEHAYIOTH BUKOPHUCTO-
BYBaTU KJACTEPU MeTaJiB, AKi MOMKHA OHep:;KaTH OCaJKeHHAM abo Ha-
HECeHHSAM ILIiBOK IOPAIKY KIJILKOX HaHOMETPiB. 3a Takoi TOBIUHU
IJIIBKA IIle He € CYILJILHOI0, a CKJIAJAETLCS i3 OKPEeMHX OCTPiBIIiB-
KJIACTEePiB, OCKIJIBKM IIi uac ocaJKeHHS picT BigOyBaeThcda 3a MexXaHi-
amoM Bosmbmepa—Bebepa [13]. Ase HaMu BUpIillleHO He 3MEHIITYBaTHU
TOBIIIMHY METAJIEBOT'O IIIapy, a HAHOCUTH ILIiBKY Au mo mepudepii ak-
TUBHUX obaacreir (n'-Si i p-Si) Ta BigMe:KOByBaTH ITOBEPXHIO i3 30J0-
TOoM, Hejeropanum Cuiiimiymom, 3a gomomoroio ¢oroaitorpadii. Ta-
KOJK ILTiBKa 30JI0Ta CYILJIBHO HAHOCWJIACH i Ha 3BOPOTHY CTOPOHY IIifI-
KiaaguHKu. Ile mamo 3mMory ofep:kaTu OTHOPiAHI MaKpOIIOPHUCTi CTPYK-
Typu (puc. 2). Bigmitumo, m1o 3a HamopoIeHHsa Au JIMIlle HA 3BOPOTHY
CTOPOHY ILJIACTUHU Ta HOMAJBIIOrO IMABJICHHS JIMIIEBOI CTOPOHU TaKOXK
yTBopioBaBcda IIK Takoi :x mopdoJiorii, Ak i B monepegHLOMY BUIAIKY.
MexaHisM 1HOTO ABHUINA HOTPeOyE MOJATKOBOTO MOCTiMIKEHHA, aje
CTPYKTypa HOBEPXHi y ABOX OIMCAHUX BapifgHTax Oyja Mmomi6HOIO, 3
YO0 MOYKHA 3pOOMTU BHCHOBOK, IO AU € KaTajisaTopoM B 060X BHUIIa-
nkax. VIMoBipHO aromMu Aypymy, BCTyIAlOuM B PeaKIliio i3 IMaiBHU-
KOM, PYXalThCA B TOBIII PO3UMHY # OCAMKYIOThCA HAa JIUIEBiHA ITOBEp-
XHi ILJIaCTUHU.

Ha pucynky 2 Mo:KHa m0o0auuTH MAaKPOCTPYKTYPOBAHUII KPEMHil
n'-tTuny is ogHOpigHOI MOop@oJorico. Ilopu B JaHOMY BHUIOAAKY Oy/n
mipamigansuoi (popmMu, ockinbku manmiBHuK CipTias mig uac imaBiieH-
HA KpeMHiio 3 opieHTarieio [111] dopmye AMKM IIaBJIeHHS i3 OCHO-
BOIO Yy BUIJVIAAI PIBHOCTOPOHHIX TPUKYTHUKIB y Micodx JioKaJisariil
nuciaokarii [14]. 3asmauumo, 1o y [15] moBimoMaseTbCA PO MOMK-
JIUBiCTh YTBOPEHHSA IipaMiJOMOAiOHMX TOP MIIAXOM XeMiuHOIro IaB-

Puc. 2. Makpomopucra CTpyKTypa Ha moBepxHi n'-Si.?
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21 2um x 21.2um x 2.0um [256 X 256]

o~

X:21.3um Y:21.3um 2:2.0um [1.1:1)
Ra: 207.1lnm Rq: 270.4mm

Puc.3. ACM-300paskeHHs IMOPUCTOr0 KpeMHiro, JieroBanoro ®Pochopom 3 Np=
=(4,3-4,7)-10%° cm2: a) 2D-306paskeHHs; 6) IPodilb CTPYKTypH; 6) 3D-300pa-
JKeHHA.

JeHHdA Si 3a gomomorormo Ni.

3ayBa)KuMO, 1[0 Ha MMoBepxHi n'-Si Ta p'-Si 3a ogHAKOBOI TpHMBAJIO-
CTH IIaBJIEHHSA CIIOCTepiraroThecA pisHi KaprmHu. [na meTaibHOrO BU-
BUEHHS HOBEPXHi 3pasKiB PisHOro TNy IIPOBiAHOCTH OyJIO OZEep:KaHO
ixue ACM-zobOpaskenHs (puc. 3, 4).

Ax Bummo 3 puc. 3, Ha moBepxHi Si, Jerosanoro Pochopom, chop-
MOBAHO MAaKPOIIOPUCTY CTPYKTYPY i3 rambmuoo mop mo 1-1,1 MM i
PO3MipoM CTOPOHM TPUKYTHBLOI Imipamigu 0au3bKo 5—8 MKM (puc. 2, 6).
Y Bumaaky miaBJIeHHS KpeMHilo, jieroBamoro Bopom (puc. 4), Ha moBe-
PxXHi HOiAKJIaTUHKKN YTBOPIOETHLCS XaOTHYHA IOPHCTA CTPYKTypa i3
MEHIIIMMH IIOPaMH, Hisk Ha moBepxHi n'-Si. Mop@osoria nosepxHi 0y-
Ja mmixkomomioHoo i3 rmbmHO mop Ao 15 HM i mismerpom y 100-800
HM. CTPYKTypa HMOBEPXHi UM HAIPAMOK IaBJIEHHS 3aJIeKaThb Bil Kiib-
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18! 188u
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X:19.0um Y:19.0um 2:34.5nm [54.4:1)
Ra: 2.7nm Rgq: 3.4nm 30

Puc. 4. ACM-3006paxeHHA IOPUCTOT0 KPEeMHiI0, jeroBanoro Bopom 3 Ny = (2,9—
3,9)-10%° cv 3: a) 2D-306paskeHHd; 6) Ipodilsk CTPYKTYPH; 6) 3D-306parkeHH.*

KOX YMHHUKIB, TaKUX SK OpPi€HTAIlisl KPUCTAJIB NJIACTUHU, BUKOPUC-
TOBYBaHUII PO3UMH (CIiBBiJHOIIEHHA OKWCHUK/IAJiBHUK), TeMIlepa-
Typa, THUIO i TOBIIMHA MeTajJeBol ILIiBKu [6]. AJje IaBjeHHA HaAMU
ITPOBOAUJIOCS B OJJHAKOBUX YMOBaxX M OJHOMY pesepByapi.

3ayBaKuMoO, III0 Mipa JeryBaHHA BUXiTHOTO MaTepisjy BILINBAE Ha
posmipu mop. Tak, srigHo iz [16], AnA cTBOpeHHSa MaKpomopucToro Si
IIJIAXOM eJIEKTPOXEMiUHOrO IABJIEHHS BUKOPHCTOBYIOTH BUCOKOJIETO-
BaHUU KpeMHi# i3 p <1 Om-cMm, I yac BUTOTOBJIEHHA ME30IIOPUCTOTO
Si BUKOpPUCTOBYIOTH Marepiana i3 p=1-2 OMm-cM, a AJs YTBOPEHHS Ha-
HOHOPHUCTOTO0 KpeMHit0 — p=5-10 OmM-cM, IpUUYOMYy TYCTHHA CTPYMY
Mae 3MEHIITyBaTUCA IJIA CTBOPEHHs ApiOHimmx mop. B ommcamomy Ha-
MU BUIAAKy nuTomuii omip n™-Si p~1.10° Om-cm, a gaa p'-Si
p~4-107° Om-cm. BigmoigHo, mpuumHoIo 3MiHM Mopdosorii Ta posmi-
Py TOp IJIA MaTepifajay pisHOrO THUHY IPOBIMHOCTH B HAIIIOMY BUIIAIKY
MOXKe OyTH Pi:KHUIIA KOHIleHTpallii momimkwu. Takoxx, srigmo is [16],
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S0MKM < 100 MKM
—_—

Puc. 5. HeopHopizHiCTL Po3Mipy HOp Ha Meaki MoBepxHeBoro nogiay n'-Si ra p-Si.’

3i samMeHIIeHHAM KoHIeHTpaIlliit @ochopy Ta Bopy MoKIMBe omep:KaH-
HSI HaHOHOPHUCTOTO Si.

3a MeTaJIoOCTHUMYJLOBAHOI'O IMABJEHHS HeJIeroBaHOro KpPeMHiio Ta-
KOXK CIIOCTepPirajoch yTBOPEHHS MAKPOIIOPUCTUX CTPYKTYD 3 AMKaMU
maBJeHHs y opMi mipamin, mofi6HuUX mo BUIaAKy n ' -Si. Aje 3a on-
HOYACHOI'0 CTPYKTYPYBaHHA Ha OAHIiA maacturi n'-Si Ta p-Si cmocre-
pirajacsa HeOmZHOPiAHICTL PO3MipYy IOP HA MeKi MOBEPXHEBOTO IIOLLIY
n'—p (puc. 5). Ik BUAHO 3 PUCYHKY, Ha PO3Aiabuiii mexi n'-Si Ta p-
Si 3i cTOpoHU HeJIeTOBAHOTO KPEMHio chopMOBaHO KiJbKa PALiB yIIO-
PAOKOBaHUX IIipaMiZaJbHUX SAMOK IABJEHHS, a 3i CTOPOHU KPeMHilo,
geropaHoro ®ocdopom, yTBopeHi ApiOHI mopm, po3mip AKUX 3pOoCTae
y wmipy Bimganemma Bixm p-Si. VMoipHO, ommcane po3Me:KyBaHHS
moB’sa3ame i3 KorTpesmoBumMu AuciaoKaliiHuMB aTMmocdepaMu, OCKi-
JbKU KOKHA Iopa ABJSE cO00I0 KOPOTKY AMCJIOKAIiio. Ajle MexaHisMm
I[bOTO ABUINlA HAMHU IIle He BUBUCHUH.

Taxosx HamMm mobaueHO, IO 3a 3AiMCHEHHS Ha IJIiBKY 30J0Ta 3i
3BOPOTHBOI CTOPOHU IIiAKJaAMHKHN OO0 IIaBJEHHS MeXaHiuHOTO BILIUBY
MIIAXOM APAIaHHA HA JUIEBill CTOPOHI Iicjsd IMaBJIeHHS YTBOPIOETH-
cA TPOEKITiss 3pobisieHoi moapanuHau (puc. 6). Jlimii mpoekii B gaxo-
My BUIIAAKY c()OPMOBAHO IIOpPaAMU 3HAUHO MEHIIIOTO0 PO3Mipy, HisK IO-
pu 3a Ii MexkaMmu.

OnucaHe #ABHUINle IIOAIOHE OO0 TeTepyBaHHA ILIACTUH HOPYIIEHUM
mapom [3], To6TO mMOpPYIIeHUHA ITap mif yac BiAmaay sSBIAETHCA oOJia-
CTI0O CTOKY medeKTiB i HEeKOHTPOJLOBAHUX MJOMIIIIOK. A cymaum 3i
3MEHIIIeHHsS PO3MipiB IIOp, MOKHA IPUIYCTUTH IIPO JIOKAJIbHE 3MEH-
IIIeHHS KOHIeHTPAIil JIer'yBaJIbHOI HJOMIIIKK; HMOBIPpHO AOMIIIIKH PY-
XaJuCcs B HAIPAMKY IIOPYIIEHOro IMapy 3 IIPOTHJIEIKHOI CTOPOHH,
3MEHIITYIOUM IIOBEPXHEBY KOHIEHTpAIlil0. 3ayBakKuUMO, II0 BJacHeE
Ipollec TeTePyBaHHS BKJIOUAE TEPMIiuHMII Bigmaa, a mgame ABUIIeE
OPOABIAJJOCA 3a KiMHATHHUX TeMmIepaTryp. BigmiTumo, 1o ommcaHe
SABUIIEe MOKHA BUKOPHCTOBYBATH IJs oAep:kaHHa IIK 3i sameHIIeHUM
poamipom mop.
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6

Puc. 6. IIpoeKIisa moapsANINH 3i 3BOPOTHHOI CTOPOHY HiAKJIAAMHKU HA JIUIEBY
CTOPOHY i3 HOPHCTMM KpEeMHi€eM: a) mOApANNHA HA 3BOPOTHIM CTOPOHI IIO
30JI0TY; 6) IPOEKIIiA HAa JUIEBiil cTOpoHi micaa masnenHa (dopHe moue).’

100 MM
—

0

Puc. 7. 300paskeHHss AMOK II[aBJICHHSA NUCJOKAIill yTBOPEHHMX IIicJsd: a) ce-
JIEKTUBHOTO METAJOCTUMYJHOBAHOTO II[aBJIE€HHA 3a AOIOMOrol Au; 6) celek-
THBHOTO IIaBJIEHHA.

3a3HAYMMO, IO MiCI[I BUXOJY AUCJOKAIill HA IMOBEPXHIO KPEMHil0
3a CeJIEKTUBHOTO IaBjieHHA B posuwmHi Cipria s3a gomomorow Au
MIPOABAAIOTBCA 3HAYHO SCKpAaBillle, HiK 3a IaBJeHHA 06e3 MeTaay-
KaraiizaTropa. lle cnprumHEHO BUIIOI IMBUAKICTI0O METAJIOCTUMYJIbO-
BAHOTO IAaBJEHHS, Hi’K 3BUUANHOTO CEJEKTMBHOTO; Ha puc. 7 300pa-
JKeHO MKW HIaBJIEHHS AUCJIOKAIill, YyTBOPEHUX IicJid ABOX BapifgHTIB
CEeJIEKTUBHOTO 00pPOOJIEHHS TPUBAJICTIO YV D XB. KOXKeH.

4. BAICHOBRH

Hocaimxero MopdoJ0rito IMOPUCTOr0 KPEMHII0, OMEPIKAHOTO ITLIAXOM
XeMiuHOrO IMaBJeHHSA B CeJIeKTUBHOMY INaniBHUKY Ciprasa s3a morro-
Morom Au.
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Ilix yac mpoBeleHHA eKCIIePUMEHTIB 3p00JeHO HACTYIIHI BICHOBKH.

3 YTBOpPeHHAM TOBHIMHHN ILIiBKU 30i0Ta v 400—600 HM Ha moBepxHi
YTBOPIOETHCA XaOTHMUYHA MAaKPONOPUCTA CTPYKTypPa BHACJIILOK BMCOKOI
KimpkocTu Au. 1A yTBOpeHHS PiBHOMipHOI CTPYKTYpM BapTO BimMme-
JKOBYBaTH aKTHBHI 006JIacTi KPEMHiI0 HeJeroBaHOIO ITOBEPXHEIO ITLJIsA-
xoM (orosiTorpadgii abo BMKOPHUCTOBYBATH ILIIBKM IOPAAKY KiJIbKOX
HaHOMETPiB.

Tako:x miaiBka MeTajly HAHOCHUJIACHL i HA 3BOPOTHY CTOPOHY ITigKJa-
muaku. Iligx yac HamopolmenHs Au Juile Ha 3BOPOTHY CTOPOHY IIjIac-
TUHU Ta TONAJILIIIOTO MTABJIEHHS JIUIEBOI CTOPOHU TAaKOXK YTBOPIOETH-
ca IIK.

Mopdooria Ta posmipu nop aas n'-Si ta p’-Si 3a 0ZHAKOBUX yMOB
IIAaBJIEHHS BiJIpi3HAIOTHCA BHACJIJAOK PLKHUINL y KOHIEHTpAIidx Jie-
I'YBaJIbHUX TOMIITIOK.

3a OZHOYACHOTO CTPYKTYPyBaHHS Ha ORHIiM mnacturi n'-Si Ta p-Si
cIIocTepiraeThbcsa HEOTHOPiIAHICTH PO3Mipy HOp Ha MeiKi MOBEPXHEBOTO
moxiny n'—p.

3a 3milicHeHHA Ha ILJIiBKY 30JI0TA 31 3BOPOTHLOI CTOPOHU MigKJIa-
IUHKYW OO IMaBJeHHS MeXaHiuHOr0 BILJIMBY IILJIAXOM IPAIaHHA Ha
JUIEBill CTOPOHI IicjA HIaBJIEHHS YTBOPIOETHCA IPOEKIIis 3POO0JIeHOL
MOAPANWHU y BUTJAAL 00JacTell IOp i3 MEHIIIUM PO3MipoM.

Micna Buxony AUCIOKAIifli Ha MOBEPXHIO KPEMHiIO 3a CeJIeKTUBHO-
ro maBjeHHA B po3umHi CipTias 3a momomoromo Au OpoABISIOTHCA Ha-
baraTo sfcKpasilie, HiK 3a ITaBJIeHHs 6e3 MeTaly-KaTaJisaTopa.
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The current study is focused on the enhancement of the optical character-
istics of polyethylene-oxide and polyvinyl-alcohol blend with different
weight percentages of iron-oxide nanoparticles (0, 1.5%, 3%, 4.5%, and
6% wt.) created by casting technique. Optical examinations show that the
absorbance of PEO/PVA/Fe,O; nanocomposites increases with increase of
iron-oxide nanoparticles’ content, while the energy gap of
PEO/PVA/Fe,0O; nanocomposites is dropped from 3.79 eV to 3.38 eV and
from 2.79 eV to 2.18 eV for allowed and forbidden indirect transitions,
respectively, when the addition of iron-oxide nanoparticles reaches 6
wt.% . This feature can play a vital role in enabling PEO/PVA/Fe,O,
nanocomposites for future optoelectronics applications. The refractive in-
dex, extinction coefficient, dielectric constant and optical conductivity
increase with increasing the concentration of iron-oxide nanoparticles.
The antibacterial properties of the PEO/PVA/Fe,O; nanocomposites are
investigated against E. coli bacteria. Experimental results show that the
inhibition zone diameter increases with increase of iron-oxide nanoparti-
cles’ concentration. Finally, PEO/PVA/Fe,0O; nanocomposites have a good
antibacterial activity.

IToTouHe HOCHiMKeHHS 30CepPeKeHO0 Ha IMOJINIIeHHI ONTUYHUX XapaKTepu-
ctuk cywmimri moaiokcueruneny (IIOE) ra moxisininmoBoro cmupty (IIBC) 3
Pi3HMM BaroBuM BiJICOTKOM HaHOYACTUHOK oxcuny Pepymy (0, 1,5%, 3%,
4,5% i 6% wmac.), cTBOpeHUX MeTOAOM JUTTA. ONTHUYHI ZOCTiIKeHHS IToKa-
3yI0Th, [0 noramHaHHa HaHorkommnosutie ITOE/IIBC/Fe,O; spocrae 3i 36i-
JBIIEHHAM BMiCTy HaHOYACTHMHOK OKcuay Pepymy, TOAi AK eHepreTuyHa
urinuaa HaHokommnodutiB IIOE/IIBC/Fe,0; 3menmyerbes 3 3,79 eB no 3,38
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eB rta 3 2,79 eB mo 2,18 eB nmna mos3BoJsieHOTO Ta 3a00POHEHOT'0 HEIIPAMUX
nmepexojiB BiAMOBiTHO, KOJIM HOAABAHHSA HAHOUACTHUHOK OKcuny dPepymy I0-
carae 6 mac.% . Ila ocobauBicTs MOKe BimirpaBaTu sKUTTEBO BAXKJIUBY POJIb
y crBopeHHi HanokommnosutiB IIOE/IIBC/Fe,O; nis maiibyTHiIX 3acTOCyBaHb
B omToeJIeKTPOoHiIi. IlokasHUK 3aj0MJyIeHHA, KoedillieHT eKCTUHKILI, miere-
KTPpUYHA NPOHUKHICTL i ONTHMUYHA NMPOBiAHIiCTL 36iJbIIYIOTHCA 3i 30iabIIEeH-
HAM KOHIIEHTpAaIlil HaHouacTHHOK okcuny Pepymy. HocrimxeHo amTHOAK-
TepianbHi Biaactuocti Hanokomnosuris IIOE/IIBC/Fe,0,; mono 6akTepiii E.
coli. EkcnepuMeHTaJIbHI pes3yJbTaTH IMOKAa3yIOTh, IO AiAMeTep 30HU iHTiOy-
BaHHA 30iJbIIyeThCA 31 30iJMbIIEHHAM KOHIIEHTPAI[il HAHOYACTUHOK OKCHUIY
®depymy. Hapemuri, sanoxkomnosutu IIOE/IIBC/Fe,O; MaioTs rapHy aHTH-
OaKTepisIbHY aKTUBHICTD.

Key words: bionanocomposites, iron-oxide nanoparticles, optical proper-
ties, antibacterial activity.

KarouoBi croBa: 6i0HAHOKOMIIO3UTH, HAHOYACTUHKU OKCHUAY DPepyMy, ONTH-
YHi BJIACTUBOCTi, aHTMOAKTEePisaIbHA aKTUBHICTD.

(Received 10 February, 2023)

1. INTRODUCTION

Nanocomposites (NCs) consist of two or more materials where one
of these materials has nanoscale. The addition of inorganic nanopar-
ticles (NPs) into a polymer matrix will change both properties from
inorganic nanoparticles and polymer to be enhanced and hence ad-
vanced new functions can be generated to the nanocomposites [1, 2].
The nanocomposites’ applications are quite promising in the fields
of microelectronic packaging, medicine, automobiles, optical inte-
grated circuits, drug delivery, injection moulded products, sensors,
membranes, aerospace, packaging materials, coatings, fire retard-
ants, adhesives, consumer goods, etc. [3].

Poly(ethylene oxide) (PEO) is most often regarded as a major
problem in real working systems, since the ionic conduction has
been shown to take place mainly in the amorphous phase. The sup-
pression of crystallinity of polymer chains improves the polymer
chain mobility, which, in turn, leads to better ionic conduction.
Polymer blending is one of the effective methods to reduce the crys-
talline content and enhance the amorphous content. Polymer blends
often exhibit properties, which are superior to the individual com-
ponent polymers [4, 5].

Poly(ethylene oxide) has attracted attention in recent years due
to their solubility in water, biodegradability, non-toxicity, and bio-
compatibility. It has numerous applications, such as agricultural
films, paper coating, textile fibres, and electronic devices [6].
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Poly(vinyl alcohol) (PVA) is a biodegradable synthetic polymer,
which is a kind of thin film material with excellent performance
and wide application. In addition, the research results on the com-
posite film of polyvinyl alcohol (PVA) with a variety of materials,
including essential oils, modified nanomaterials, etc., proved its
good packaging performance, and the existence of film pores and
the size of the loading affect the number of antimicrobial agents,
thus affecting the antibacterial properties of the film [7, 8].

Polyvinyl alcohol offers a combination of excellent film forming
and binder characteristics, along with insolubility in cold water and
organic solvents. This combination of characteristics is useful in a
variety of applications. Moreover, it contains a carbon backbone
with hydroxyl groups attached to methane carbons. These hydroxyl
groups can be a source of hydrogen bonding, hence the assistance in
the formation of polymer blends. PVA is harmless and has excellent
thermal stability, creation it a hopeful candidate to be used in bio-
technology and biomedicine fields [9, 10].

The iron oxide (Fe,O;), the most common oxide of iron, has the
important magnetic properties too. From the viewpoint of the basic
research, iron(III) oxide is a convenient compound for the general
study of polymorphism and the magnetic and structural phase tran-
sitions of nanoparticles. The existence of amorphous Fe,O; and four
polymorphs (alpha, beta, gamma and epsilon) is well-established
[11]. The most frequent polymorphs structure ‘alpha’ (hematite)
having a rhombohedral-hexagonal, prototype corundum structures
and cubic spinel structure ‘gamma’ (maghemite) have been found in
nature. At a temperature of 650°C, hematite turns into Fe;O, with a
high energy loss [12]. Hematite has strongly antiferromagnetic
properties. Gamma-Fe,0O; (maghemite) is the ferrimagnetic cubic
form of Fe(IIl) oxide, and it differs from the inverse spinel struc-
ture of magnetite through vacancies on the cation sublattice. In
time, at room temperature, the maghemite turns into hematite
crystalline structure. Maghemite has the same crystalline structure
like Fe;O, (magnetite) [13].

This paper deals with synthesis and characteristics of PEO-PVA-
Fe,0O; nanocomposites for use in optoelectronics and biomedical
fields.

2. EXPERIMENTAL PART

Films of nanocomposites were made from polyvinyl alcohol—
polyethylene oxide and iron-oxide nanoparticles using the casting
method, which involved dissolving pure PEO and PVA (50/50) in 40
ml of distilled water for 40 minutes with a magnetic stirrer at tem-
perature of 70°C to produce a more uniform solution. Iron-oxide
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nanoparticles were added to the polymer blend at concentrations of
0%, 1.5%, 3%, 4.5%, and 6% wt. When the solution was dried
during 4 days at room temperature, polymer nanocomposites were
formed. The optical properties of PEO/PVA/Fe,O; nanocomposites
in the wavelength range 200-100 nm were measured by UV/1800/
Shimadzu spectrophotometer. The agar well diffusion method was
used to test the antimicrobial activity of the nanocomposite films
against Escherichia coli bacteria.
The absorbance is calculated from equation [14]

A=1,/I, (1)

where I, represents the light intensity absorbed by the medium, and
I, represents the incident light intensity.

The following equation is used to determine the transmittance (7)
[15]:

A=log(1/7), (2)
Absorption coefficient (o) is calculated by the equation [16]
o=2.303(A/1), 3

where A is the absorbance, ¢ is the thickness of sample.
For indirect transition model, following Ref. [17],

ahv = B(hv — E,)* 4)

can be computed; here, B is a constant, Av is the photon energy, E,
is the optical energy band gap; x = 3 for the forbidden indirect tran-
sition and x = 2 for allowed indirect transition.

Refractive index (n) is determined by following equation [18]:

2
no [R=E R+l &)
(R-1 R-1

where R is a reflection coefficient.
The extinction coefficient (k) is determined by the following
equation [19]:

k= ah/(4m), (6)

where A is the wavelength of incident light.

The dielectric constant is classified in two parts: real (g;) and im-
aginary (g,) ones. It can be computed each of the real and imaginary
parts of dielectric constant (g, and ¢,,) by the following equations
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[20, 21]:

g =n’—Fk, )
€, = 2nk. (8)

The optical conductivity has been determined by [22]

o oanc/(4n), 9)

where c is light velocity.

3. RESULTS AND DISCUSSION
3.1. Absorbance and Transmittance

Figure 1 displays the variation of optical absorbance with wave-
length for PEO/PVA/Fe,O; nanocomposites. This figure notes that
the spectra reveal that all these films show more absorbance in ul-
traviolet region. All nanocomposites show that low absorbance in the
visible region. This behaviour can be explained as to interact with
atoms, thus, the photon will be transmitted [23, 24]. If the wave-
length decreases, the interaction between incident photon and mate-
rial will occur, and the photon will be absorbed; the absorbance in-
creases with increasing of weight percentages of the nanomaterials.
This is due to absorption of the incident light by free electrons [25].

Figure 2 shows the transmittance of PEO/PVA/Fe,O; nanocompo-
sites with wavelength of photon. As shown in this figure, the

Absorbance

0 T . . , T )
200 300 400 500 600 700 800

Wavelength, nm

Fig. 1. Variation absorbance spectra of PEO/PVA/Fe,O; nanocomposites
with wavelength.
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Fig. 2. Variation transmittance of PEO/PVA/Fe,0; nanocomposites with
wavelength.

700,

—— Pure

600
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300

o, cm™t

Epk, eV
Fig. 3. Variation of absorption coefficient (o) of PEO/PVA/Fe,O; nano-
composites with photon energy.

transmittance decreases with the increase in Fe,O; nanoparticles;
this is caused by the added Fe,0; nanoparticles [26].

3.2. Absorption Coefficient (o) and Energy Gaps of the Allowed and
Forbidden Transitions

The absorption coefficient (a) is calculated by using Eq. (3). Figure
3 shows that the absorption coefficient (o) as a function of the pho-
ton energy for the PVA/PEO blend with different concentration of
Fe,O; nanoparticles. It can be noted that absorption is low at low
energy. This means that the possibility of electron transition is low
because the energy of the incident photon is not sufficient to move
the electron from the valence band to the conduction band (kv < E,).



SYNTHESIS AND IMPROVED OPTICAL CHARACTERISTICS OF BIOPOLYMER 623

At high energies, absorption is greater; this shows that there is
great possibility for electron transitions; consequently, the energy
of incident photon is enough to move the electron from the valence
band to the conduction band; this means that the energy of the in-
cident photon is greater than the forbidden energy gap [27-29].
This one shows that the absorption coefficient assists in figuring
out the nature of electron transition; when the values of the absorp-
tion coefficient is high o> 10* cm™ at high energies, it is expected
that direct transition of electron occurs; the energy and moment are
maintained by the electrons and photons, on the other hand, when
the values of the absorption coefficient is low o < 10* cm™ [30].

The allowed and forbidden indirect transition energy gaps have
been calculated by using Eq. (4). Figures 4 and 5 show the relation-

70+
607
501
407

301

(ahv)'/2, (cm™-eV)/2

Eph, eV

Fig. 4. Variation of (ahv)”? of PEO/PVA/Fe,0, nanocomposites with pho-
ton energy.

(ahv)/3, (em™-eV)'/3

Fig. 5. Variation of (ahv)’® of PEO/PVA/Fe,0, nanocomposites with pho-
ton energy.
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ship between (ahv)'?, (ohv)”®> and the photon energy of
PEO/PVA/Fe,O; NCs. The values of the energy gap decrease as the
percentage of Fe,O; nanoparticles increases. The creation of local-
ized levels inside the forbidden energy gap is responsible for this
occurrence [31-33].

3.3. Extinction Coefficient and Refractive Index

Figure 6 shows the extinction coefficient (k) of PEO/PVA/Fe,0O,4
nanocomposites as a function of wavelength. It can be noted that &
has low values at low values of concentration, but it increases with
the increasing of the concentration of Fe,O; nanoparticles. This is
attributed to increased absorption coefficient with the increase of

=

1-1074 -
200 300 400 500 600 700 800

Wavelength, nm

Fig. 6. Variation of extinction coefficient of PEO/PVA/Fe,0O; nanocompo-
site with wavelength.

——Pure
—=—1.5 wt.%
——3.0 wt.%
——4.5 wt.%
6.0 wt.%

200 300 400 500 600 700 800
Wavelength, nm

Fig. 7. Variation of refractive index of PEO/PVA/Fe,O; nanocomposites
with wavelength.
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weight percentages of Fe,O; nanoparticles [34, 35]. The extinction
coefficient has high values at UV region; this behaviour is attribut-
ed to high absorbance of all samples of nanocomposites [36]. Also,
extinction coefficient of nanocomposites increases with the increas-
ing of the wavelength at visible and near-infrared regions that is
attributed to the absorption coefficient of nanocomposites, which is
approximately constant at visible and near-infrared region; hence,
the extinction coefficient increases with increasing of the wave-
length [36—38].

The refractive index of PEO/PVA/Fe,O; nanocomposites as a
function of wavelength is shown in Fig. 7. It can be seen that the
refractive index increases with increasing the weight percentages of
the concentration of Fe,O; nanoparticles. In addition, it is decreased
with the increase of the wavelength. This behaviour is attributed to
the increase of the density of nanocomposites. When the incident
light interacts with a sample, refractivity at UV region is high;
hence, the values of refractive index will be increased [39, 40].

3.4. Real and Imaginary Parts of Dielectric Constant

Figure 8 shows the change of ¢, as a function of the wavelength for
PEO/PVA/Fe,0O; nanocomposites. It can be seen that g, depends con-
siderably on n? due to low value of k% so, the real dielectric con-
stant is increased with the increase of the concentration of Fe,O,
nanoparticles.

Figure 9 shows the change of ¢, as a function of the wavelength.
It can be seen that g, is dependent on k values, which is changed
with changing the absorption coefficient due to the relation between

—— Pure
—a—1.5 wt.%
—— 3.0 wt.%
——4.5 wt.%
—— 6.0 wt.%

200 300 400 500 600 700 800

Wavelength, nm

Fig. 8. Variation of real part of dielectric constant for the PEO/PVA /Fe,0,
nanocomposites with wavelength.
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Fig. 9. Variation of imaginary part of dielectric constant for the
PEO/PVA /Fe,O; nanocomposites with wavelength.
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e
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Fig. 10. Variation of optical conductivity for the PEO-PVA-Fe,O; nano-
composites with wavelength.

o and k. This behaviour is consistent with the results of Refs. [41,
42].

3.5. Optical Conductivity of PEQO/PVA /Fe,0; Nanocomposites

Figure 10 shows that the relationship between optical conductivity
of PEO/PVA/Fe,0O; nanocomposites and wavelength. The optical
conductivity for all samples of nanocomposites is decreased with the
increasing the wavelength; this behaviour is attributed to the opti-
cal-conductivity dependence on the wavelength of the radiation in-
cident on the samples of nanocomposites; the increase of optical
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conductivity at a low wavelength of photon is due to high absorb-
ance of all samples of nanocomposites in this region and, hence, in-
crease of the charge-transfer excitations [43]. In addition, the opti-
cal conductivity of nanocomposites is increased with the increase of
Fe,0; nanoparticles’ concentration that is related to the increase of
the absorption coefficient and, consequently, increasing the optical
conductivity of PEO/PVA/Fe,O; nanocomposites [44].

3.6. Application of PEO/PVA/FE,0; Nanocomposites for Antibac-
terial Activity

Figure 11 shows the variation of inhibition zone diameter with
Fe,O; nanoparticles’ concentration against Escherichia coli for the
PEO/PVA/Fe,0O; nanocomposites. In this figure, the inhibition zone
increases with increasing concentration of Fe,O; nanoparticles. The
reason for the antibacterial activity of PEO/PVA/Fe,O; nanocompo-
sites may be due to the presence of reactive oxygen species (ROS)
produced with different concentrations of Fe,O; nanoparticles.

The reason for the nanocomposites’ antibacterial activity could be
the chemical interaction between hydrogen peroxide and membrane
[45, 46].

The produced hydrogen peroxide enters and kills the cell mem-
brane of bacteria. The other possible mechanism of action is that
the Fe,0; nanoparticles in nanocomposites carry the positive charg-
es, and the microbes have the negative charges, which create the
electromagnetic attraction between the nanoparticles and the mi-
crobes. When the attraction is created, the microbes become oxi-
dized, and they die instantly [47].

Inhition zone diametr, mm
S = N W R Y N 20

0 1 2 3 4 5 6

Con. of Fe,O, nanoparticles, wt.%

Fig. 11. Variation of inhibition zone diameter with Fe,O; nanoparticles’
concentration against Escherichia coli for the PEO/PVA /Fe,0; NCs.
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4. CONCLUSIONS

PEO/PVA as the host polymer-blend matrix was doped with iron-
oxide nanoparticles using a casting technique to make new and low-
end optoelectronic nanocomposites. By increasing iron-oxide nano-
particles’ concentration, PEO/PVA/Fe,0O; nanocomposites absorb
more light. The absorbance of PEO/PVA/Fe,0; NCs increases with
increasing of concentration of Fe,O; nanoparticles, while transmit-
tance decreases. The energy gap of PEO/PVA blend was drop from
3.79 eV to 3.38 eV and from 2.79 eV to 2.18 eV for allowed and
forbidden indirect transitions, respectively, when the ratio of iron-
oxide nanoparticles reached 6 wt.% . With increasing concentration
of Fe,O; nanoparticles, the extinction coefficient, absorption coeffi-
cient, refractive index, imaginary and real parts of dielectric con-
stant and optical conductivity are increasing. With increasing fre-
quency, the dielectric loss and dielectric constant drop, while the
alternating-current electrical conductivity rises. The experimental
results on antibacterial activity show that the inhibition zone diam-
eter of nanocomposites increases with increasing of Fe,O; nanopar-
ticles’ concentration. These results confirm the potential employee
of these materials in optoelectronics fields such as light filters,
transistors, sensors, diodes, lasers, electronics gates and in food
packaging industries.
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Water Purification Techniques Using Polyurethane Coated
with Silver Nanodots for Clean and Healthy Environment
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In this study, a filtrate system for water purification is developed using
polyurethane foam (PUFS) coated with silver nanodots synthesized using
monosaccharide sugars. Repetition of washing and drying results in stable
PUFS with uniform coating. Highly antiresistant E. coli bacteria of 100
colony-forming units per ml are prepared to be used for testing. Silver-
nanodots-coated PUF filter is soaked in this water for 20 minutes and an-
alysed. The result shows very high reduction in bacterial population. This
ensured pure drinking water can be obtained by this method at very low
cost. Drinking water treatment using silver nanodots paves way for a
healthy and safe living for mankind at places, where this precious com-
modity is.

Y npomy mocimkeHHi po3pobseHo cucTeMy (iIbTpaTy AJA OUHUINEHHSA BOAU
3 BuKopuctanHaM ninomosiyperany (IIIIYVC), moKpuToro HaHOTOUKAMU CpPi-
6J1a, CMHTE30BAHMMM 3 BUKOPHUCTAHHAM MOHOCAXAPUIHUX ITyKpPiB. Pe3yian-
TaToM 0araTopasoBOr0 NMPOMUBAHHSA Ta cyurinHa € crifikuii IIITYC 3 piBHO-
MipHUM HDOKPUTTAM. [/ TeCTyBaHHS IiATOTOBJIEHO BHCOKOPE3WCTEHTHi Oa-
Krepii E. coli mo 100 xKosoHieyTBOpIoloOUNX OoAMHUIL Ha MJ. Iligumao 3 IIITY
i3 TOKPUTTAM CPiOHMMHN HAHOTOUKAMM 3aMOUYYIOTh Y IIifi BoAi Ha 20 XBUJINH
i amamisyioThb. PesyabTaT mokasye OysKe BHCOKe IOHMKEHHSA 0aKTepifabHOI
momyasarii. Ile rapamTye, 1o uymcTa MUTHA BOAa MOKe OyTH oJep:KaHa Ta-
KM METOAOM 3 Ay:Ke HU3LKHMU BuUTpatamMu. OUHIEHHSA ITHUTHOI BOAHW 3a
IOIIOMOT0I0 CPiOHMX HAHOTOUOK BiJKpMBaE ILISAX OO 3JAOPOBOTO Ta Oe3meu-
HOTO KUTTS JIIOACTBA B MIiCIIAX, e 3HAXOAUTBHCA I€M MOPOTOIiHHUI ITPO-
IYKT.

Key words: polyurethane foam, silver nanodots, E. Coli, water purifica-
tion, health issues.

Karouosi croBa: miHomosiyperaH, cpibHI HAHOTOUKM, KHUIIKOBA IaJIWYKa,
OUMUIIeHHA BOAHU, IPO0JIEeMHU 3i 340pPOB’AM.
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1. INTRODUCTION

Drinking water has become a precious commodity today. The availa-
ble drinking water is contaminated and is the common breeding
ground for many pathogens like E. coli bacteria. In conventional
methods, chlorine is commonly used for purification process.

The application of silver nanodots for water purification and dis-
infection of water was tried in this experimental study. For this
purpose, the antibacterial properties of the polyurethane foam coat-
ed with synthesized silver nanodots were studied. The polyurethane
foams were coated with silver nanodots by exposure of the foams to
silver nanodots’ solutions. Thereafter, repeated washing and drying
yields uniformly coated stable polyurethane foam. These silver-
coated foams can be used as a water filter. E. coli bacteria in the
drinking water was chosen as indicator of contamination. The con-
taminated water contained a bacterial load of 100 colony-forming
units (CFU) per ml, in which contact time of PU foam in water was
one hour; the output bacterial load count of Escherichia coli was
highly reduced.

This is a low-cost, simple and high-efficient procedure to remove
pathogens in drinking water.

2. MATERIALS AND METHOD
2.1. Fabrication of Silver-Coated Polyurethane Foams

Polyurethane (PU) foams of sizes 5 cmx5 cmx2 mm were cut and
washed by deionised water repeatedly. Then, they were dried and,
then, soaked in silver solutions for a day. Impurities and adsorbed
substances were eliminated by washing with water. It was found
that the coatings of silver nanodots were stable on the foam.

2.2. Microbiological Method

The contaminated water was analysed. It was found to contain bac-
teria like E. coli, Staphylococcus, Streptococcus species like
Dysenteriae, Salmonella species. E. coli, Staphylococcus aureus
(gram positive bacterium) and Pseudomonas aeruginosa (gram nega-
tive bacterium) were selected as major indicators of bacterial con-
tamination of water. Then, nutrient broth was used as the growing
medium for the microorganisms. Bacteria were grown in nutrient
broth at 32°C for 10 h. The cultures were centrifuged; the cells
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were washed and suspended in distilled water, reaching a final con-
centration of 1-10° to 1-10° CFU/ml.

2.3. Test Tube Analysis

For the study, 10 ml of E. coli, S. aureus and P. aeruginosa cells
suspended in water was taken in sterilized test tubes. Foam sizes of
5 cmx5 cmx2 mm were cut and inserted into the tubes. At 30°C, the
tubes were incubated. After one hour, the foam samples were taken
out. The liquids were collected at the end of incubation; plating was
done with this treated water by serial dilution method for 10°, 1073
and 107 dilutions with tryptic soy agar (TSA). Plating was also
done for the initial CFU count and with uncoated PU-treated solu-
tion. For every dilution, 10 pl of the solution were plated. Plating
was done by the wet-plate method. The bacterial colonies were
counted after 48 hours of incubation at 30°C.

3. RESULTS AND DISCUSSIONS

The results of the experiment showed excellent performance of the
PUFS coated with silver nanodots. The first picture in Fig. 1 shows
pure polyurethane foam, and it is white in colour. The second pic-
ture (Fig. 1, b) is silver-nanodots-coated polyurethane foam, and the
colour changes from white to yellow.

The polyurethane foam coated with silver nanodots had zero bac-
terial colonies after contact time of thirty minutes. For E. coli,
Staphylococcus aureus and Pseudomonas aeruginosa strains, the
output count was nil.

The water treated with the control sample (pure PU) showed sub-
stantial growth on the plates. Initial water sample showed over-
growth in almost all the cases.

The bacterium count was decreased in the output water after

a b

Fig. 1. a—Pure polyurethane (PUF); b—PUF coated with silver nanodots.
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a b c

Fig. 2. a—Contaminated water; b—test with PUF; c—clear water.

TABLE. Reduction in bacterial counts in PU foam coated with silver nano-
dots.

No. Bacterial strains Pure polyurethane Coated polyurethane
foam foam
1. Escherichia coli 4.0-10° CFU/ml nil
2. Staphylococcus aureus 5.0-10° CFU/ml nil
3. Pseudomonas eruginosa 2.0-10” CFU/ml nil

passing through the coated foam for E. coli, Staphylococcus aureus
and Pseudomonas aeruginosa. This was checked for input loads of
1-10° and 1-10° CFU/ml. There was no growth below the PU coated
with silver nanodots, while growth was seen in case of pure PU,
which again confirms the antibacterial property of PU coated with
silver nanodots (see Fig. 2).

The following Table gives an idea about the antibacterial effect of
silver-coated polyurethane foam on various kinds of bacteria.

4. CONCLUSION

The polyurethane foams coated with silver nanodots had a stable
binding even after repeated washing and drying.

With high input bacterial load, the foam material was checked
for its antibacterial properties, and the bacterium count was zero in
the treated water.

It was found that the coated polyurethane foam could remove all
types of pathogens.

The life cycle of the coated PU was tested many times and found
to function with the same efficiency.

The method employed here is an eco-friendly approach, and the
chemicals involved are nontoxic, commonly available and cost effec-
tive.
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Silver Nanodots as Novel Nanomaterial for Safe and
Healthy Medical Environment

A. G. J. Patricia

Department of Physics,
Mother Teresa Women’s University,
624101 Kodaikanal, India

Today, the introduction of silver nanoparticles in medical products is
rampant and, therefore, their toxic release into the environment gives rise
to grave environmental issues. Environmental management is the need of
the hour. The objective of this study is to create and harvest silver nano-
dots of sizes <20 nm using a simple ingredient like monosaccharide fruc-
tose sugar in the lab, to analyse their antimicrobial properties and to find
usage by functionalizing them in medical products to enhance their quali-
ty. This experimental process following in this study is rapid paced, eco-
friendly, toxic free, than the existing conventional methods. These silver
nanodots are unique in nature, when it is functionalized with medical
products such as textiles and wound dressings. They are found to be toxin
free providing a safe and healthy medical environment. Infections are re-
duced nearly hundred percent due to silver-nanodots’ high antimicrobial
potential. The toxic release into the environment is near zero, than the
rest nanoparticles used in medical products.

CrorofHi BOpOBaAKeHHA HAHOUACTHUHOK cpibia y MeZWUYHi BUPOOU € IIOBCIO-
OHUM SBUIIEM, i TOMY IXHii TOKCUYHUHA BUKUJ Yy HABKOJIUIITHE CEPETOBUIIE
TIOPOIKY€E CepPio3Hi eKkoJoriuHi mpobsemu. EKooriuauii MeHeIKMEHT — IIe
BUMOTA vacy. MeTa IbOTO AOCTi)KEeHHS MOJATAE B TOMY, 100 CTBOPUTHU Ta
3i0paT HaHOTOUKHU cpibiia posmipoMm < 20 HM 3 BHKOPHCTAHHAM HIPOCTOTO
iHrpemieHTa, TAKOro AK MOHOCAXapPUIHUN (PPYKTO3HUI IIYKOpP, y JabopaTo-
pii, mpoamasizyBaTu ixHi aHTUMIKpPOOHiI BJIACTHMBOCTI Ta 3HANTU 3acTOCY-
BaHHS, (QYHKIiOHANi3ylouM iX y MEIWYHUX NOPOAYKTAX A HOJJINIIeHHS
ixHbOI AKocTu. llell eKcrepuMeHTaAJbHUN MPOILEC, ONUCAHUIN Y IIbOMY AOC-
Jig)KeHHI, € IIBUAKWUM, €KOJIOTIiUHO UYMCTHM, HETOKCHUUYHHM, aHiK HaABHI
Tpaauititiai meroau. I1i cpibHI HAHOTOUKM € YHIKAJILHUMU 3a CBOEIO TIPUPO-
IOI0, KOJIM BOHU (PYHKIIIOHYIOTH 3 MEAUYHUMHN BUPOOAMM, TAKUMHU AK TEKC-
TUJIb i MOB’A3KM [Jisi paH. BcTaHOBJIEHO, IO BOHU HE MiCTATL TOKCHUHIB,
3a0es3meuyioun G6eslleuyHe Ta 370pPOBe MeAuUHe cepemoBuire. IHMeKIlil moum-
JKYIOThCA MaiiyKe Ha CTO BiICOTKiB 3aBIAKM BUCOKOMY aHTUMiKpPOOHOMY IIO-
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TEHIiANy CpiOHMX HAHOTOUOK. TOKCHMUHUII BUKHULA Y HABKOJIUIIHE Cepeio-
BUINle OJUBBKUN M0 HYJS, HiK PEIlTH HAHOUACTHUHOK, IO BUKOPUCTOBYIOTh-
cAd B MEIUUYHUX BUPODOAX.

Key words: silver nanodots, fructose, antibacterial activity, medical envi-
ronment, health issues, safety measures.

KarouoBi croBa: HAaHOTOUKM cpibisa, GPyKTO3a, aHTHOAKTepisabHA AKTUB-
HiCcTh, MeIMYHE cepemoBHUIIe, IIPO0JIeMH 3i 3M0poB’IM, 3aX0nu Oe3IeKu.

(Received 25 December, 2022 )

1. INTRODUCTION

It is necessary for humans to live in a safe and heathy medical en-
vironment, especially, in places, where infections reign supreme like
hospitals. The focus of this study was to design silver nanoparticles
that will have the desired safe effect on human health and envi-
ronment [1]. Therefore, silver nanodots were created in the lab, us-
ing chemical reduction of simple ingredient like fructose, a novel
nanomaterial in materials metrology and synthesis [2—-5]. With en-
hanced antimicrobial activity and reduced toxicity, these silver
nanodots are environmentally safe products to be used in medical
textiles and products [5, 6]. In this study, it was found that the ti-
ny silver nanodots could be used in medical environment due to
their high antimicrobial properties [6—9].

2. MATERIALS AND METHODS

The chemicals used for the study were purchased from Sigma Al-
drich. In this synthesis process, a chemical solution was prepared by
mixing 0.05 gm of fructose sugar in 100 ml of deionized water tak-
en in a conical flask. Then, a small amount of 0.001 PVA was added
to the above solution and stirred by keeping the flask on a magnetic
stirrer at room temperature. Another solution of 0.00010 gm of sil-
ver nitrate was added to the above mixture drop-by-drop at regular
intervals. This addition turned the solution to dark brown within
half an hour that is the indication of nanosilver. Thus, the chemical
reduction of silver nitrate has taken place at the lab at a very rapid
pace. The solution was stable for days together.

3. RESULTS AND DISCUSSION

Antibacterial property of hospital fabrics was tested against clini-
cally isolated pathogens like E. coli—the major cause for wound in-
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fections by disc diffusion and colony-forming count method.

3.1. Disc Diffusion Method

Silver-nanodots-coated cotton fabrics used for medical purposes
were taken. The method was performed in Muller—Hinton agar
(MHA) medium as shown in Figs. 1 and 2.

Dried silver-nanoparticles-coated cotton fabrics were cut into 1
cm size in diameter, sterilized at 120°C for 10 min and placed on
plates that already inoculated with pathogens E. coli, which were
then incubated at 37°C for 24 h. The subsequent inhibition zone was
measured and was found very high [10-12].

3.2. Colony-Forming Count Method

Dried silver-nanodots-coated cotton fabrics were cut into a square
shape with 2 cm. The sample pieces were sterilized by autoclaving
in the boiling tube at 120°C for 10 min; then, 1 ml of medium was
taken. Finally, 30 pul of 16-h culture of pathogens were inoculated
and incubated for 24 h and 48 h at 37°C. An empty fabric was used

Fig. 2. E. coli inhibition.
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TABLE. Count method.

Contact time E. coli impregnated cloth | Pure cloth
Oh 1.20-10° 1.20-10°
24h 4.40-10% 1.30-102
% reduction/increase 99.7% reduction 35.2% increase

as control in all the experiments. After incubation, 0.1 ml of sam-
ple was procured from the tubes and tested. The plate was incubat-
ed at 37°C for 24 h. The tubes and plate were monitored for bacte-
rial growth [13—15], and the results are given in Table.

4. CONCLUSIONS

Conclusively, it was found silver nanodots, and the medical envi-
ronment was safe and devoid of infections and did not pose envi-
ronmental hazards. They inhibit the growth of bacteria and other
microorganisms in the hospital environment. Silver nanoparticles
are highly bactericidal; therefore, the usage of silver nanodots in
medical product and environment is toxic free and hazard less. In
addition, the toxicity of silver nanodots depends on various factors,
including size, aggregation, composition, crystallinity, surface
functionalization, which have to be studied in the future.
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AHTHOAKTEPiAIBHI BJIACTUBOCTI HAHO0IOKOMITIO3UTHUX MATEPiAJIiB
Ha OCHOBIi 0iOTeHHMX HAHOYACTUHOK CcpidJia

C. M. u6xosa’, JI. C. Pesniuenxo’, 3. P. Yanbepr', B. I. Ilogonschka’,
T.T. 'pysina’, O. B. JIiotko?, K. B. Birpak?, JI. M. fIky6enko’,
H. 1. T'pumenko’

Tnemumym 6Giokxonoidnoi ximii im. ®. 1. Osuapenxa HAH Ykpainu,
o6yave. Axad. Bepradcvkozo, 42,

03142 Ruis, Ykpaina

NV «Incmumym mpasmamonozii ma opmonedii HAMH Yxkpainu»,
ey.. Byaveapro-Kydpascvka, 27,

01154 Ruis, Ykpaina

Y poboTi mpeacTaBIeHO eKCIepUMEHTAJIbHI pe3yJbTaTy AOCTiI:KeHHS aHTH-
baxTepianbHUX BiacTuBocTeit HaHobioKomMmosuTHOoro (HBK) wmarepiany,
AKUHA MIiCTUB yJbTpaguCcIIepcHe cpibJyio, CMHTe30BaHe 3a JOIIOMOTO0I0 IIPo6io-
tuka Lactobacillus plantarum. Ilokasamo, mo hisuKo-xeMiuHi BIACTHUBOCTL
noBepxHi HBK, aki BusHauaoThcA KOHIleHTpalieio HaHouacTmHOK (HY)
cpi6sa i pH cepemoBuinia, BifirparoTh 3HAUHY POJb y HOr0 aHTUMiKPOOHit
akTuBHOCTi. MakcumanbHi 3HaueHHA (-morTeHuiany HBK smaxomunucsa B
nmismasoni pH 6,5-7,0 3a BmicTy cpibma y 15-25 mr/r. Taki mapamerpu 3a-
6e3meunii BUCOKY aHTHOAKTepiAabHYy Aito mociaim:xkysamoro HBK. Metomom
BUBHAUYEHHs peciripaTopHoi akTuBHOocTH (PA) TecTroBoro mramy G6akrepiii E.
coli K—A mokasaHo KOHIEHTPAIliliHO 3aJeKHy UyTJauBicTh PA 1o mocmimxy-
Bamoro HBK. Iurioysaimpua Koumentpaimia PA HBK cramoBuma 6-—8
MKTr/Ma. Hocaigsxkeno auTubaxkTepianbuy aktTubHicTh HBK 1momo 17 mrramis
HaTOTeHHUX Ta YMOBHO IIaTOT€HHUX MiKpPOOpraHiamiB, sIKi € 3arpo3juBUMU
30yIHUKAMU HO30KOMIiSITBHHX XBOPOO Ta YCKJAAHEHb y XipypriuHiil mpak-
tuni. Mafiske Bci TeCTOBaHi IITaMy MPOSBUJIM IMUPOKUUA PiBeHb YYTJINBOCTU
mo HBK, inri6yrouu pict rpam-(+) i rpam-(—) 6axTepiii. IlokasaHo migsuie-
ny aktuBHicTb HBK BimHOCHO KiaiHiuHOTrO isonary Staphylococcus aureus
TOpiBHAHO 3 My3edHuUM mmramoM. MiHiManbHi iHriOyBasbHI KOHIIEHTpAIrii
(MIK) HBEK momo mochimKyBaHWX TECTOBUX KYJBTYP MiKpoopraHiamin
craazanm Bixg 1,5 mo 3,5 mr/mia. MimimanbpHi 6aKTepUIIUAHI KOHIIEHTpPAILil
(MBK) HBK crkanaganu mgianazon 8—22 mixr/miua. Omep:kaHi pes3yabTaTu BKa-
3YIOTh Ha IEPCIEKTUBHICTH JOCTiKYyBaHOTO MPOAYKTY «3€JEHOI CUHTE3U»
Ui MEIUWIIMHU Ta BeTepHUHapii 3aBAAKU IOETHAHHIO €KOJIOTIUHO 0e3IeUHOTO
METOJYy CUHTEe3M, IMPOJIOHTIOBaHOI M’AKOI Aii Ta HM3BKOI TOKCUYHOCTH, a Ta-
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KO IIIHPOKOMY CIEKTPY aHTHMiKpoOHOI akTuBHOCcTU HBK.

The article presents the experimental results on the antibacterial proper-
ties of nanobiocomposite (NBC) material, which contains ultradispersed
silver nanoparticles (NPs) synthesized with the probiotic Lactobacillus
plantarum. Synthesized NBC samples are investigated with transmission
and scanning electron microscopies, spectroscopy analysis and electropho-
resis method. As shown, the physical and chemical properties of the NBC
surface, which are determined by the silver-NPs’ concentration and the
pH of the medium, play a significant role in the NBC antimicrobial activi-
ty. The electrosurface properties of the nanobiocomposite based on
L. plantarum and stabilized in the matrix cell ultradispersed silver are
characterized by a low surface charge and a hydrophilic surface. The elec-
trokinetic potential correlates with the content of silver NPs. The Ag-
NPs’ concentration of 15—25 mg/g is optimal and corresponds to the least
damage of the cell matrix and the formation of silver NPs in a narrow
size range of 2—6 nm. The maximum values of the NBC (-potential are in
the range of pH 6.5—7.0. Such parameters ensure a high antibacterial ef-
fect of NBC. The method of determining the respiratory activity (RA) of
the test strain of bacteria E. coli K—A shows the concentration-dependent
sensitivity of RA to NBC. The inhibiting concentration of RA by nanobi-
ocomposite is of 6—8 pg/ml. The antibacterial activity of NBC against 17
strains of the pathogenic and opportunistic microorganisms, which are
threatening agents of nosocomial diseases and complications in surgical
practice, is studied. Almost all tested strains show a wide level of sensi-
tivity to NBC, inhibiting the growth of the gram-(+) and gram-(-) bacte-
ria. The increased activity of NBC in relation to the clinical isolate of S.
aureus compared to the museum strain is shown. The minimum inhibitory
concentrations (MIC) of NBC for the studied test cultures of microorgan-
isms ranged from 1.5 pg/ml to 3.5 ng/ml. The minimum bactericidal con-
centration (MBC) of NBC is in the range of 8-22 ng/ml. The results ob-
tained indicate the prospects of the ‘green-synthesized’ product for medi-
cine and veterinary medicine due to the combination of an environmental-
ly safe synthesis method, prolonged mild action and low toxicity, as well
as a wide spectrum of antimicrobial activity of NBC.

KarouoBi ciaoBa: HaHOOIOKOMIIO3UT, HAHOUYACTHUHKM cpibjaa, JaxkTobakTepii,
aHTUMiKpOOHA [isA, pecmipaTopHa aKTHUBHICTb, N3€Ta-IOTEHI[isI.

Key words: nanobiocomposite, silver nanoparticles, antimicrobial action,
respiratory activity, lactobacilli, zeta-potential.

(Ompumano 30 ciuna 2023 p.)

1. BCTYII

B VkpaiHi BUPOOHHUIITBO aHTUMiKPOOHMX 3ac00iB 30BHIIITHLOTO 3aCTO-
CYBaHHS 0 OCTAHHBOI'O Yacy He OyJIO IPiOPpUTETHUM 3 OTJIAAY Ha BiKe
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HaABHI 3aco0u (XJIOpreKCUAUH, AeKacaH, HOMOBMIiCHI JiKapchbKi 3acobu
ro1io). OmHaK MOCIimKeHHS OCTaHHIX POKiB cBiguaTh, IT0 HAHOUYACTHU-
uku (HY) meraniB, soxkpema HY cpibna um mini, 6epyuu mo yBaru ix-
HIO BUCOKY aHTHMMIiKPOOHY aKTHUBHICTH HPOTU IIMPOKOTO CHEKTPY MiK-
poopramisMiB, MOKYTb OyTH OiJbIIl ePeKTHBHMMHU IIif Yac JIIKyBaHHS
IHifHO-3allaJIbHUX 3aXBOPIOBAHL Ta YCKJATHEHL Yy XipypriuHiid mpak-
tuni. Ilangemis KopoHoBipycHOi xBOopoOm (COVID-2019) Tako:x Bu-
sIBUJIa IOTPe0y B MOCTiMKeHHSIX 1 po3pobIli HOBUX IIPOTUMiKPOOHUX
mmpemapaTiB A 3amo0isKeHHA BUHUKHEHHIO PEe3WCTEHTHOCTU OaKTepii
IO TaKkuX 3aco0iB, OCKiJIbKU pecmipaTopHi BipycHi iHdermii MoxyTb
MIPU3BECTH A0 BTOPUMHHUX OaKTepiaabHUX iH(permin [1].

Bimomo, mo HY mertaniB mMamTh Hecrnenu@iuyHWil MeXaHi3M aHTH-
0aKTepisiIbHOI aKTHBHOCTH, TOOTO BOHU He 3B’SI3YIOThCS i3 cmeriudi-
YHUMHU perenTopamMu O6axrtepianbHol Kiaituuu [2]. Ile yrpynuioe ¢op-
MYBaHHA y MiKpoopraHisamiB pesucteHTHocTu A0 HY, a Takox poa3-
IIIUPIOE CIEeKTep IXHLOI aHTHOAKTepisaabHOI akTmBHOCTH. Ha manumii
MOMEHT € gmaui mpo Bukopuctanua HY sosmora, cpibia Ta mixi, okcu-
miB ITuaky ta Kynpymy, cemeny uu To HY B xom6inaiiii 3 anTubio-
TUKAMHU I 60pOTHOM 3 MYJbTHUPE3UCTEHTHICTIO ITAaTOTeHHUX MiKpOoo-
pramismiB g0 aHTMOIOTMKIB i 1aa miABUINEHHS aHTHUOAKTEPisIbLHOL
aktuBHOCcTH [3—6]. Bakrepii, mo HamesxaTpr g0 rpynu ESKAPEE
(Enterococcus faecium, Staphylococcus  aureus,  Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter spp., Escherichia coli), natiuacriiie moB’s3yioTh i3 aH-
TUMiKpPOOHOIO PE3MCTEHTHICTIO; BOHU IIPEBAJIOIOTH Cepell HOB0KOMis-
JbHUX iH(pexmiit y cBiti [7].

Biorenni HY cpibsia mpuBepTaioTh yBary HayKOBOi CHiJIBHOTH 3a-
BOAKU iXHil 0araTOrpadHOCTi Ta MOMKJIMBOCTI IITHMPOKOTO 3aCTOCYBAH-
Hsa. Po3poObka HAHOOPOAYKTIB «3eJeHOI CUHTe3M» AACTh 3MOTY BUKO-
PpHUCTOBYBATH HAHOOIOKOMMIO3UTHU, SKi HMOPAL 3 BUCOKOIO aHTUMIiKpPOO-
HOI0 Jier0 OyAyTh MaTH HOHMKEHY TOKCHUYHICTb, €KO0e3IeuHiCcTh,
crabisbHiCTh i BUCOKY OiocymicHicTh [8]. B mpomy ceHci sHauHUi iH-
Tepec CTAHOBJATh HAHOOIOKOMIIO3MTHM HA OCHOBI JIaKTOOAKTepiii.
OcTaHHI JOCTIIKEHHS CTPYKTYPHUX OCOOJMBOCTEH Ta iMyHOJIOTiIYHOI
COpPAMOBAHOCTH IIOBEPXHEBUX TJIiKaHiB Oakrepiii Lactobacillus
plantarum [9] uiTKO TmOKas3anau, M0 MOBEPXHEBUN KAICYJIAPHUNA ITOJi-
caxapuj Ma€ iIMyHOCTUMYJIATOPHI BJIACTWUBOCTI, IHAYKYIOUM 3HaAUYHE
BUpOOJeHHA KJiaiTuHamu nuTokiny IFNy. K cBimuaThs ocTaHHi mocri-
MKeHHs, KOMOiHAIig aHTUMIKPOOHUX AT'eHTIB € MOXKJIMBOIO CTPATEri-
€10 3amo0irTy MOABI PE3MCTEHTHUX IITaMiB i 3MeHIIUTH (POPMYyBaHHSA
HebaskaHUX BJaactuBoctei [10, 11].

BapisbensuicTs 6iomoriumoi mii HY meransiB BusHavaeThCA iXHiMU
KOHIIEHTpAI[i€I0, 3apAA0M, IPUPOIOI0 CTabilisyBalbHUX CTPYKTYP, a
TaKO0K JeTepPMiHOBAHOIO 3MATHICTIO GiOJOTIYHMX KJITHH IO aKyMYyJs-
mii ix i Tpamcdopwmaiii. Tomy KarouoBMMHM mpobiieMaMu IIijf 4ac BU-
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BUeHHsa Oiosoriumoi mii Komkpernoro Buay HY (3oxpema B criaani
HaHOOIOKOMITOBUTIB) € 3’sAcyBamHA xapakTtepy Bszaemomii HY merasis
3 OaKTepigAIbHNMHU KJIITMHAMM, a caMe, HIIAXIiB akyMyJadIii ix, oco0-
JUBOCTEN B3aeMOAiil i3 MeMOpaHAMU, MOJEKYJIAPHUMU CTPYKTYpPaMH,
BIIMBY Ha MeTaboJjiudi mpolecm Ta (isMKO-XeMiuHi BJIACTHBOCTI
[12]. Hocmimxenua mexamismy antubOaxTepianbuoi mii HY Ag, cun-
TEe30BaHUX 3 BUKOPUCTAHHAM BOJHOTO EKCTPAKTy JNCTA ITMKOPiio
(Cichorium intybus), yMOKJWBUJIO 3POOUTH BUCHOBOK, IO 3aBIAKU
b6iocymicuocTi HY BoHM mifoTh 3a METOMOI0 «TPOSHCHKOTO KOHsA» [13].
TobTo iM BHaeThCA MimiHATH MAKCUMAJLHO OJM3BLKO OO OaKTepisabHOI
MeMOpaHu ¥ aKyMyJIOBaTHUCH, IO 3TOAOM BHUKJIMKAE 3MiHN KJIITHHHOI
mopdoaorii, mpomec pemaikamii JHK, iHgyKyoounm OKHCHIOBAJIbLHUI
cTpec i 3arubenb OaxTepiii.

Metor0 maHO0 PobOTH OYJIO HOCAIMKeHHS (Pi3MKO-XeMiuHNX II0Bep-
XHEBUX XapaKTepUCTUK HaAHOOiOKOMIIO3UTy Ha ocHOBi Lactobacillus
plantarum 3 GioreHHUM cpibJioOM, a TAKOK IOCJiTKEeHHA aHTUMiKpPO-
0HOI aKTMBHOCTM CTBOPIOBAHWX AHTUMiKpOOHMX 3acobiB Ha ¥MOro oc-
HOBi [IJIA 30BHIIITHLOTO 3aCTOCYBAHHSA BiJHOCHO CIIEKTPY I'PAMIIO3UTIH-
BHUX 1 rpaMHeraTMBHUX YMOBHO-IIATOM€HHUX i IIATOT€HHUX MiKpPOOp-
raHismis.

2. EKCIIEPUMEHTAJIBHI METOAN

KyasTypa it ymoBu pocty. B akocTi 6iosoriunoi maTpuili BUKopucTa-
HY KyabTypy L. plantarum BumgijieHo 3 mpoOiOTMYHOTO IIpernapary
«Daakrouia» («BIOPIPMA», Ykpaina). Biomacy 6axTepiii Haporry-
Bamu B MomupikoBaHOMY KUBUIbHOMY cepemoBuiii MPC macTymHOTO
cKaamy, r/ma: raiokosza — 20,0, mamkpeaTHUHHUi rigposisaT Kaseimy
— 10,0, aBToxmisaT xopmoBux ApiskmkiB — 30,0, nBozamimmenuit Ka-
Jgiro ¢ochar — 2,0, Harpiro amerar — 2,0, amoniio mmurpar — 1,0,
Mamurany cyabpar — 0,2, Maruito cyaspar — 0,1; Boma — mo 1,0 i,
pH 6,4 [14]. Hiuny npekyabTypy 0axTepiit (1% 00.) BHOCUJIN Y KOJI-
6u o6’emom y 250 cm® Ta KyJIbTHBYBadu B aepoOHUX yMOBaX 3a TeM-
neparypu y 28°C mporsarom 24 ron.

Cunreza HBK Ha ocHoBi makTtodakTtepiii. Cunresa HBK nmpoBogunacs
3TifHO 3 METOHO0I0, HaBedeHo B [15]; KOpPOoTKO: 3ryIieHy Ta ABiui Bi-
IMUTY OHUCTHUJIBOBAHOIO BOJOI0 Ha IeHTpu@ysi Bojory 6iomacy o6pob-
aanu 0,03 M-posunaom NaOH 3a mepewmimyBanua mporarom 30 XB.,
micasa woro momBinbHO BBOamau 0,05 M [Ag(NH;),]NO; B morpibHiit
KoHneHTparlii. Cymin oapasy isosoBaju Bif CBiT/Ia TEMHOIO IIJIiBKOIO
Ta mepeminryBanau Ha Kauauii iz 120 06/xB. mporAarom 48 roz. sa Ki-
MmHaTHOI Temuepatypu. Ogep:xauuit HBK nBiui BigMuBamim IuCTHILO-
BaHow Bojmoio. HaaBHicTh cpibsa y Bucymenux (30°C) spaskax HBK i
y @inpTpari micas ¥ioro BigmileHHA KOHTPOJIOBAJIN 3a JOIIOMOTOIO
eHeprogucunepciinoro penrtrerHodoopecieraTaoro (EDXRF) coekr-
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pomerpa ElvaX (000 «daBatex», YKpaiua). Ik mokasana aHaiisa, y
dinrbTpaTi IPaKTUYHO BiACyTHI ioHU APreHTyMmy.

3a [maHuMW PEHTTeHOCTPYKTYPHOI aHajmism #W  eJIleKTPOHHO-
MiKPOCKOIIIUHMX MOOCJiM:KeHb cuHTe3oBamoro Hamu HBK-martepisay
3a3HaUeHa MeToda AAa€ 3MOTY OHepP KyBaTH CYOKOJIOIZHI YaCTMHKHU 3
BY3BKHUM poamoxijiom 3a posmipamu [16]. CepenHiii po3mip 4acTUHOK
cranosuth 4 + 0,4 am; 90% HY nmomazarors y gismaszon 2—6 am. Bu-
3HaYeHi 3 KapTuHU MikKpoamdpakIilii MiKOJIOIMUHHI Bigmaii mepeBa-
JKHO BiZIIOBiZalOTh KpucTajlaM KYO0iUuHOI CTPYKTYpPH. .
Jliodimizamia ra perinparania L. plantarum i HBK. Ix npoBogunu
3TifHO 3 METOAMYHUMHU peKoMeHmamisMu [17] y cTepuabHUX yMOBax
i3 Bukopuctranaam Jjgiodinsaol cymku ALPHA 1-4 LD-2 (Himeuunna)
3 momepenHiIM 3aMoposKyBamHAM Oiomacu 3a —65°C. Ha erami miaro-
TOBKU OO0 OioMacu momaBaid 3aXMCHE caxapo30-KeJIaTHHOBE cepeno-
Buitie y cuiBBigHommenui 1:3. Perigpararmis spaskiB JjgiogimrizoBaHmX
mpemnapatiB mpoBogugack y 1 ma 0,56% -¢isiosmoriunoro posumHy
NaCl oporarom 1 roguHu.
Enxextpokinernunuii morennian kxitua i HBK. HMoro wmipsamu sa
24 + 0,5°C 3a MeTom0I0 MiKpoeideKTpodopedy y KOMIpIi 3aKpHUTOrO
Tumry. Ilmackuit KBaprmoBuil Kamiiaap mupuHol y 10 MM i TOBIIUHOIO
y 1 MM 6yJI0 BUKOPHCTAHO SK eJeKTpodopeTuuHy KoMmipky. Emxext-
PoKiHeTmuHUM moTeHIIiAN ( po3paxoByBaam 3a (opmysoio I'exbmro-

abA—-CMoIyxX0oBCbKOrO: U = (g/n, e U — eneKTpodOpeTuyHa DPyX-
JUBiCcTh (IMIBUAKICThL PYXy YACTUHKHK 3a HAIPYKEHOCTH IIOJA Y
1 B/cMm), n — B’A3KicTh, €=¢,6, — AieJeKTpUUYHA IIOCTiliHA Ccepemo-

pumia [18]. Ile HaOau:KeHHS cIpaBeuBe IJIsI YaCTHUHOK i3 pos3mipom
y =21 MKM i 3a Benuuunu /leb6aiioBoro pajmiioca eKpaHyBaHHS IOPAIKY
IeKiTbKOX HM, KOJU HOHHA CUJa cepeqoBUIna cTaHoBuTh = 0,02 M.
PeecTpania cmnektpie morauHaHHA. KOHTpDOJIL 3a CHHTE3010 YJbTpa-
IUCIIEPCHOTO cpibja y KJIITMHAX MiKpPOOpPraHisMiB 3iliCHIOBAJIN Me-
TONOIO CIIEKTPOCKOMii B yabTpadioseroBiit i Bugumiii obaactax. Cime-
KTPU HOIJIMHAHHSA BOJHUX CYCIeH3ill KJIiTuH 3 iHKopnopoBanumu HY
cpibsa peecTpyBasum 3a [OOIOMOroio cmeKTpodoromerpa CdP-46
(JIOMO, Pocia). IloxubKy, BHECEHY PO3CiTHHAM Ha KJIITHHAX, BPaxo-
ByBasu, Oepyum [AJs TMOPiBHAHHA CYCIIeH3il0 HeoOpoOJieHMX KJIiTHH.
o cmexTpiB 6yJ0 3acTocOBAaHO HOpMYyBaHHA B iHTepBaJi Big 0,0 mo
1,0 BigHOCHO 3HAUEHDb IMOTJIMHAHHA 34 A,,,. CIEKTpHM HOPMYyBaJu 3a
momomoroio Komm’orepHoi mporpamu ORIGIN 10.5.
EjxekTpOoHHO-MIiKPOCKOMIUHI JocaigskeHHs. 300pasKeHHSA OJep:KyBaiu
i3 sacrocyBamHAM MiKpockomiB JEM 1230 (JEOL, fmonis) ta Tesla
BS-340 (Yexia). IIpenapatu HBK HaHocuIu Ha BKPUTY KOJIOZiEM i
HaAIIOPOIIIeHY BYTJIEIleM MiJHY CiTKY ab0 TOHKUM IIIapOM HA METAJIEBY
IJIACTUHY Ta BUCYIIIYyBaJM 3a KiMHATHOI TeMIIepaTypu.

Omninka anTubakrepisasuoil mii HBK BukoHyBasacs 3 BUKOPHCTaH-
HAM TPHOX METOJ.
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1. Merona ominku pecmipaTopHoi akTuBHOCcTH (PA) 6aKTepiamrbHUX
KJITHH.

PeecTpania PA mpoBogmiaack y BiZKPUTiHI KOMipIli 3 BUKOPHCTAH-
HaM JiodingizoBaHoi TecToBOi KyJabTypu O6akTepiit mramy E. coli K—A
micasa 30-xBuamHHOLI perigpararii y ¢isiosoriuaomy posuwmui (0,56%
NaCl). BumipoBanuM mapaMeTpoM CJyryBajia 3MiHA BeJIMUYNHU KOH-
ImeHTpaIii po3uYMHEeHOro KMCHIO B IIPobOi (B cepemoBUINi MipAHHS) 3a
IOCATHEHHA MOCTiMHOTO 3HaUeHHs. SIK BHUIHO 3 pPe3yJbTaTiB, HaBeje-
HUX Ha puc. 1, yac mocsiraHHA MaKCUMAJLHOI BeJIWUYMHU HACUTY KUC-
Hem (100% a6o 10 mr/ma O,) ckiaamaB 2—3 xB. Buxoadaum 3 IbOTO,
BILINB OOCJiIKYBAaHUX AHTHOAKTEPiANLHUX MATEPiAIiB HA BEJIUUYNHY
PA Oaxrepiii ominoBann yeped 3 XBUJIMHM MHicJasd KOHTAKTY iX 3 KJi-
TuHaMu. PA peecTpyBajii 3a JOIOMOIOI0 KUCEHB-UYTJIMBOI KOMOiHO-
BaHoi enekTpoau Knapkosoro Tuny AMKA-101M (I'omenabChbKHIT 3aBOJ
BUMIipIOBaJIbHUX IpuUaaniB, Pecmybaika Bimopych). YMoBuU amHasrizum:
00’em mpobu — 5 ma 0,56% NaCl (cepemoBuriie MipsaHHA), KOHIIEHT-
paiia KiaiTuH — 5 Mr/mi, Temieparypa Mipaaaa — 37°C.

1A mopiBHAHHA OyJ0 BUKOPHCTAHO KOMEPIIiiHNI aHTuOaKTepid-

apHui 3aci6 — 0,05% -posunu xjoprexkcununy («Biosa», Ykpaina).
HiamasoH mocHimKeHNX KOHIIEHTpAIiil XJopreKcuanuy ckjaagaB 1—-10
MKT/MJI.

2. ucko-gudysiiina meroga [19-21]. ExcnepumenTn 0yJi0 BUKO-
HaHO i3 sajgydeHHAM 17 KoJekIifiHuX miTaMiB i3 jgaboparTopii Mikpo-
Oiosorii Ta ximiorepamii IV «ImctuTyr TpaBmaroJiorii Ta opromenii
HAMH Vxkpaiuu»: Serratia marcescens, Escherichia coli 055,
Escherichia coli ATCC (American Type Culture Collection),
Enterococcus faecalis ATCC, Enterobacter aerogenes, Acinetobacter

O
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Puc. 1. Kineturka pecmipaTopHoi akTuBHOCTH OakTepiit E. coli K—A. O, —
KOHIIEHTPAI[iAd KUCHIO B CePeJOBUI MipaHHA.!
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baumannii, Staphylococcus aureus ATCC, Staphylococcus aureus
209, Staphylococcus epidermidis, Klebsiella pneumoniae, Salmonella
typhimurium, Shigella sonnei, Shigella flexneri, Pseudomonas
aeruginosa ATCC, Proteus mirabilis, Proteus vulgaris, Candida
albicans.

KynsTypu MiKpoopraHisMiB HapoIlyBaJau Ha PiIKOMY HOKUBHOMY
cepenosuili (MIIB) mporsarom 18-20 rox. sa Temmepatypu y 37°C. B
poboTi BUKOPHCTOBYBaJIM CTAHZAPTHUN iHOKYJIIOM, IO BigmoBimae 0,5
3a crangaprom Maxk @apaanna. Ha mosepxHio yamku IleTpi i3 miijb-
HUM IIOKUBHUM cepemoBuieM (arap Miominepa—XiHToOHA) HAHOCHUJIN
100 MKJ cycmeH3il MiKpoopraHiaMiB i po3momiaay mo BCili HJIOITMHI
noBepxHI mmnaresneM. Ilicjg mLOro Ha YaIIKW CTEPUJIBHUM ITiHIIETOM
MOMIIlla AUCKU 3 KapTOHY AisMeTpoM y 6 MM («AcmekT», YKpai-
Ha), HA aKkui HaHocuau mo 20 Mk mociimxyBanoro HBK. Ilicas am-
Jikamii AuCcKiB UalllKy IoMimaau y TepMocTaT i iHKyOyBaJiu 3a TeM-
neparypu y 37°C mporarom 24 roamu. Ilicia sakiHueHHA TepMiHy
iHKyOaIrii aja obJMiKy pesyabTaTiB YaIlllKK IIOMIIlaJau JOTOPU JTHOM Ha
TeMHY MAaTOBY IMIOBEePXHIO Ta BUMIpIOBANN OisgMeTep 30H 3aTPUMKU
pocty 3 TounicTio mo 1 mm. Ilig yac BuMiproBaHHA 30H 3aTPUMKHU PO-
CTy Opi€eHTyBajJucs Ha 30HY MOBHOTO IIPUTHiUEeHHA BUAMMOTO POCTY.

3. MeTrona Bu3HaueHHS MiHiMaJbHOI iHri6yBaJbHOI KOHITEHTPAILil
(MIK) ta wmimimaabuOi OakTepunuaaoi kKoHieHTtpanii (MBK). Bemu-
yuau MIK HBK i MBK HBK 1mo BigHOIIEHHIO O TECTOBUX KYJILTYP
MaTOTeHHUX Ta YMOBHO-IIATOTE€HHUX INTaMiB MiKpoopraHiamiB Bu3Ha-
yajau y TecTi 3 pesasypuuom [22].

3. PE3YJIBTATH TA IXHE OBTOBOPEHHS

Hocmimxeno ¢isuko-xeMmiuni i1 aHTHOAKTEepisiIbHI BJIACTHUBOCTI HaHO-
0iOKOMITOBUTHUX IIpelapaTiB Ha OCHOBI KJITHMH MpPOOiOTMYHOI KYJIb-
typu L. plantarum i3 pisaum Bmictrom HY cpibma — Bix 15,6 mo 89,2
Mr/T (Ha CyXy PeYOBUHY).

dopmyeanaa HY Ag B KiuiTmHaxXx JakTOOAKTEpili KOHTPOJIIOBAJIN
meTomoM Y®P—-Buaumoi crmekTpockomii. Ha pucyHKYy 2 HaBemeHoO HOp-
MoBaHi cuekTpu g 4 3paskie HBK. [na Bcix mocmigskeHMX 3paskis
O0yJI0O BCTAaHOBJIEHO IIOJIOCY IIOTJIMHAHHA 3 MaKCUMyMOM B o0Jjacti
380—-400 um i nueue B obsacti 410-460 um. XapaxkTep 3aJIe;KHOCTEH
He CyHepeuuTh JaHuUM, ofep:kamumM s Oioremnux HY Ag B iHmwux
mocraimxenuax [23]; iioro moB’sA3yIOTH i3 30YI:KEeHHAM IIOBEPXHEBUX
IIJIa3MOHHUX KOJIMBaHb, IO 3yMOBJIIOIOTH XapaKTepHe 3a0apBJeHHSA
HaHOAUCIEPCHOTO cpibyia y pisHUX cepeloBUIIAX.

I3 s6inbmennam Bmicty HU Ag 3 15,6 mo 31,8 mr/r (puc. 1, Kpusbi
1 i 2 BigmomimHO) cmocrepirasocs meAKe 3BYKE€HHS IIOJIOCU IIOTJIU-
HaHHA, 10 MOKe BKasyBaTW Ha (OPMYyBaHHA OiJIBIII OZHOPiZHUX 3a
posmipom HaHOouacTHMHOK. IIpemapatu, mio mictuau 44,8 i 89,2 mr/r
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Puc. 2. Cnexkrpu wnoramumanaa HBK npemapatiB Ha ocHOBI  KiiTwu
L. plantarum B 3ame:xHocTi Binm xKoumentpanii HY Ag y itoro ckmagmi: I —
15,6 mr/r; 2 — 31,3 mr/r; 3 — 44,8 mr/r; 4 — 89,2 mr/r (Ha cyxy pedo-
BUHY).?

a

Puc. 3. TEM (a) i CEM (60) sobpaxenaa HBK na ocuoBi L. plantarum i HY
cpibsa Ta okpemoro gparMeHTy KJiaiTmHHOI cTinku (8) 3 HY yasrpaaucmepc-
HOTO cpibia. Ilkana 200 M (a), 10 MM (6) i 50 M (8) BizmoBigHO.?

cpibiia, XxapaKTepu3yBaJUCA IIUPIIOI PE30HAHCHOIO ITOJOCOI0, 3CYHY-
TOI0 y UYEpPBOHY 00J1aCTh; OJHOUYACHO POBIIMWPIOBAJIOCHA ILIeue, HasdB-
HicTh AKOTO BKagdye Ha npucyTHicTh B HBK (dpakmii arperoanux HY
cpibia i Ha CTPYKTYpPHI BigMinHOCTI chopmoBaHUX (Das.

Jani TpaHCcMicifiHOI Ta CKaHYBaJIbHOI €JeKTPOHHUX MiKpPOCKOMiH
MiATBEPAKYIOTh CHEKTPaJbHI xapaktepuctuku. Ha pucyHky 3, a Ha-
BesneHo xapakTepHy TEM-mikpodotorpadito wuaitun L. plantarum 3
6iorerno copmoanumMu HY cpibira. Buano o3HaKM 4acTKOBOTO pYii-
HYBaHHS KJITHHHOI CTiHKMW. 3aBAAKM HAABHOCTI B’A3KUX KOMIIOHEH-
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TiB Ha IIOBEpPXHi KJITMHM arJIOTHHYBaJIW MiK co6oro (puc. 3, 0);
OPHUYOMY B IPOMiXKKaX MijK HUMM YTBOPIOBAJIHNCA TJIOOYJISAPHI CTPYK-
rypu 3 H4 Ag posmipom y 50-200 HM, AKi cKJIamaiamcsa 3 MEHIITUX
YaCTUHOK.

CrmocTepe:keHHA 3a OKPeMHMH (parMeHTaMu KJIiTUHHOI CTiHKHU
(puc. 3, 8) BUABMJIO B HUX BEJUKY KiJbKIiCTh Iy:Ke MaJIuX, MepeBaK-
HO cepUUYHMUX YACTUHOK, AKi piBHOMipHO posmoziseHi B Oiomosrimep-
HilT maTpuii. Bizomo, mio gna 6ararbox JakToOaKTepill XxapaKTepHUM
€ YTBOPEHHSA BIOPAIKOBAHUX S-IIapiB 3 mpoTeiny abo riikompoTeiny,
AKI QopMYyIOTH HOPUCTY CiTKY 3 PO3MipoM KOMipok Bix 2 mo 8 HM
[24]. Came 11 oOcTaBuMHA MOIJIA CHOPUATH (DOPMYBAHHIO B KJIIITHUHHIN
CTiHIIi BeJMKOI KiJIBbKOCTM HpaKTHUYHO MoHoAuciepcHux HY, aAKi o006-
MeKeHi po3MipoM mopmu.

o umHHUKIB, AKi BU3HAUAIOTh arperaTuBHY CTiHKicTh i Giosoriumy
aktuBHicTh HBK pasom 3 KomHieHTpaiiielo Ta (ha30BO-IUCIEPCHUM
cranom HY Ag HanexaTh iXHi IOBepxXHEBi I eJeKTPOMOBEPXHEBi
BylacTuBOCTi. 3rigHO 3 [25], B pesyabrari OioremHOro abo xeMmiko-
Mikpobiosoriunoro gopmyBanua HY cpibna xaitunamu L. plantarum
rizpodinabHiCcTL MOBepXHi ImepeBakHo 3pocraia. OmHouacHo, 3a MaJol
KouneHTpalii HY cpibsa 1e cupusigo 3minmuenmio (ctabimisarmii) kiri-
TUHHOI CTiHKU, 110 3a0e3IeuyBaJio IIiABUIIEHHI BUKUBAHOCTY KJIiTUH
IicJig 3aMOPOXKYBaHHA IIia yac Jiodinisaii [8].

IIpoBemeHO MOPiBHANBHI AOCTiI:KeHHA ejeKTpoKiHeTmunoro (£) mo-
reHniany cuaresoBanux HBK Ha ocHoBi L. plantarum B 3anexHOCTI
Bim Bmicty B Hux HY Ag, a Ttako:x wiuaitun L. plantarum muicaa 30-
XBUJUHHOTO iHKYOyBaHHA iX 3 XeMiUHO CHHTE30BaHUM IIPerapaToM
HY Ag. Ocranui cuHTe3yBaJu 3a IOOIIOMOTOI0 TeTpaboporizpuny Ha-
Tpifo. 3po3yMiso, 110 3a MEeBHUX YMOB HOABiMHUN eJeKTPUUHUI IIap
Ha IOBEPXHi KJiTMHU-MaTpuIili 0yze pearyBaTu Ha (GOpMyBaHHSA B Hil
HY cpibsna a6o ma akymyaoBanua goganux HY sMmiHoio moBepxHeBO-
ro 3apany Ta riapodinasHO-rizpodobdHoro 6amamncy.

Hapenena Ha puc. 4 sanexHicts (-moreHiiany HBK mgemoncTpye
HEMOHOTOHHUI KOHIeHTpaIlililHO 3aJieKHUU XapaKTep II0J0 BMiCTy
cpibma y Buraani HY Ag. fx i cami kaitunu L. plantarum, axi ma-
o1k ( =-23 mMB, HBK 306epir cBiit meraTusuuii sapan. IIpore Benuun-
Ha J3eTa-HOTeHIlisgay Oyja icToTHO MeHIIOl Ta cramoBuja —11,4 mB
3a Bmicty Ag y 15,6 wmr/r. I3 g6inbmenHsam BwmicTy cpibsa mxo
31,3 mMr/r sHaueHHs (-MOTEHIIiANYy HAOJMBUJIOCA OO 3HAUEHL HEOOpPO-
omenux wJiaitma — —-22,0 mB. 3paskum HBK, aki mictuam 44,8 i
89,2 mr/r HY Ag, nmpoaeMOHCTPYBaJIu eKcTpeMajbHe HMaJiHHS a3eTa-
moreHiany mo —9,7 mB i 7o —6,2 MB Bigmosigmo.

Ha BcraBui Ha puc. 4 HaBeIeHO aHAJOTIUHY 3aJIeKHICTHL Big KOH-
meHTpaii momaHmx xemiuHo cuHTe3oBaHmx HY cpibna (xkpuBa 2) i
Bixm Koumenrtparii iioHiB cpiosa (AgNO,) (kpuBa ). B mepiimomy Bu-
magKy B obsacTi maaux KoHIieHTpariit HY Ag Tako:x BigmiueHo 3po-
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Puc. 4. 3anexuictsy (-morenniany HBK Ha ocHoBi kiitun L. plantarum Bip
KoHIeHTparii cpibsa y Buraaai HY B fioro ckaani (B mepepaxyHKy Ha 1 T
cyxoro umpemapary). Bemaska: 3BanexHicts {-mOTeHIisgny — KJIITHH
L. plantarum Bix roHIeHTpalii goganux xemiuno cuHTe3oBaHux HY Ag (2)
i xornmenTpanii AgNO; (1) micaa 30 xB. KOHTaKTy.*

CTaHHS IIOBEPXHEBOTO 3apsaAy HAHOKOMIO3UTY 3 POCTOM KOHIIEHTpA-
mii HY, axuit nepeBuiiyBaB (-moreHIian y —23 mB y HeoOpobieHMX
KJiTue L. plantarum. Ane 3a 6inbIIMX KOHIIEHTpAaIliil BimOyBaJsiocsa
JiOro iCTOTHe NMOHMKEeHHA. 3aJeXHICTb Bif KoHIeHTparii HoHiB Ag’
(BcTaBKa, KpuBa 1) AJeMOHCTpyBajia IPAKTUYHO MOHOTOHHE ITOHMIKEH-
Hf TIIOBEPXHEBOTO 3apaAny KJaituH L. plantarum B JociaifsxkeHOMY iH-
TepBaJIi KOHIIeHTPAaIiii.

Crocrepiranucsa BigMiHHOCTI MiK IpemapaTaMu 3 aKyMYyJbOBAHU-
mu HY cpibma i 3 HY, cuHTe30BaHMMHU caMoOI0 KJITHHOIO
L. plantarum. ¥ mnepiioMmy BuUHaAKy, 3a Majol KoHmeHTtpamii HY Ag,
afres3is HeraTHWBHO 3apAMKEHNX UYACTHHOK CIpPHUAJA AeIKOMY 3pocC-
TAHHI0O CYMAapHOT'0 HEI'aTUBHOTO 3apAny, AKHUHN IIepPeBUIIYBaB 3apsn
HeoOpobJyieHnX KJiTWH i, BixmoBimuo, (-morenmian. Haa HBK i3 306i-
apmnieHHAM BMicTy HY cmocTepirasocs ekcTpemMaJsbHe ITiIBUIITEHHS, a
3r0JIOM — TOHMKEHHS HEeraTUBHOTrO (, AKUI 3arajioMm OyB MEHIIINM 3a
—-23 MB, 1110 MOACHIOETHCA (DizioJOriuHoOI0 peakIlielo KJIITHH HaA Iif0
HY Ag.

fAx mokasanu momepenHi mociaimxeHnHsa [25], i3 30iabIleHHAM KOH-
meuTpartii cpibira y ckaagi HBK 3pocrae rigpodinisamia moBepxHi,
moB’s3aHa i3 JOJaTKOBUM BHUAIJIeHHAM MeTAOOJITIB SK 3aXHCHOI pea-
Kmii KiaitTuH. B pesysabTaTi MOMIKOAMKEHHSA KJIITMHHOI CTIiHKK Ta BU-
TOKY LIUTOIJIa3Mu IIinx miero Bucoxkoro Bmicty HY y cepemoBuii Bin-
OyBaeThCA HAKONUUYEHHS eK30II0JiMepiB, AKi HecyTh HEBMCOKHU abo
HYJbOBUI 3apsan, IMo Ao0pe BUAHO Ha MikpodoTorpadisx HaHOKOM-
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no3uty L. plantarum—Ag (puc. 3, a). HeliTpanbHi exsomnojicaxapunu
TaKOXK BMEHINYIOTh (-TIOTEHI[iAJ OaKTepili 3aBAAKM 3MIIEHHIO ILJIO-
IMUHY TigpoguHAMiYHOTO IIapy B 0iK posuuny [26].

Axmro mpuitHATH, M0 ToKcuuHicTh HY Ag moscHIOETHCS po3UMHe-
HUMU HoHaMu APIeHTyMYy, TO iXHS POJIb ¥ HOHUIKEHHI IIOBEPXHEBOTO
3apaAny MosKe OYTH iCTOTHOIO, OCKLIbKM, AK IIOKa3aHO B PAML pooOiT
[9], Tokcuuna mis HY Ag moB’sA3aHa 3 MOPYUIEHHAM CTPYKTYPU IIH-
TOILJIa3MaTUYHOI MeMOpaHU, i 1Ie MoKe OyTH PaHHIM eTamoM MeXaHi-
3MYy TOKCUYHOCTH, AKHI BKJIOUAE MOPYIIEHHS POOOTH TPAHCIOPTHOI
dyukii membpan i MmembOpanHo-acormiiioBaHnX (epMeHTIB eHepreTuu-
HOro oOMimy. Ileit JIAHIIIOMKOK BPEIITi IPUBOIUTL OO 3MIiHU €JIEKTPO-
MMOBEPXHEBUX XapaKTepucTUK KJiaiTuHu [27]. Take mpumyimenHsa miar-
BePIKYETHCA MOHOTOHHUM MMOHMKEHHAM I3eTa-ImoTeHIiATy
L. plantarum ming pniero spocrtatouoi KoHieurtparii AgNO; (puc. 4,
BCTaBKa, KpuBa 1), AKe IOPAN 3 BUINECKAa3aHUM MOYKHA HTOSCHUTHU
€JIeKTPOCTATUYHNM eKPaHYBaHHAM HeraTUBHUX 3apsaNiB Ha IIOBEepPXHi
MMO3UTHUBHO 3apAMKEeHUMU HoHaMu ApPIreHTyMy BHAcCIiZoK ix GiocopO-
mii.

CriBcTaBieHHA 6i0oJIOTiYHOI aKTMBHOCTU Ta IIOBEPXHEBUX XapaKTe-
pucturk gociaimxenux HBK Bkasye Ha Te, IO OiJbIl aKTUBHUMHU €
nmpemnapaTy, SAKi MicTATHL Ha IOBepXHi riapodinbHi eksomosimepu Ta
HeCcyThb BiTHOCHO HEeBUCOKHUII 3apsj, IO TaKoyK OyJo BigmiueHo B po-
oorax [9, 13, 25]. Ileit MoMeHT OCOOJMBO iCTOTHUMI, KOJW MOBa e
PO B3aEMOIiI0 3 OJHONMEHHO 3apAMKeHUMHU KJiTmHamMu. A came Ta-
Ki YMOBU CIIOCTEpirarmTbCcsA Ha IIPAKTHUIIL 3a B3aeMOJil i3 maTOreHHOI0
MiKpoQJI0pOoI0, OiJBIIiCTh IPEACTABHUKIB SAKOI MalOTh HeraTHUBHUHN
3apan moBepxHi. AKmIo aas cuHTesdoBanux HY cpibia KpUTHYHO Ba-
JKJIMBOIO € HASIBHICTH 3aXMCHOI OOOJIOHKHU, IO 3a0e3leuye iXHIO arpe-
raTuBHy CTi#iKicTb, B TOMYy 4YMCJIi 3a pPaxyHOK HOHHO-
eJqeKkTpocTaTuuHOro Gap’epy, To y Bumaaky HBK yiabTpamucmepchi
HY Ag crabinizoBaHi y mpupoOAHili MaTpUIli 3aBAAKMU il CTPYKTYypPi Ta
CcKJany.

PosrismeMo, AKe 3HaUEHHS Y HPOABJEHHI MOBEPXHEBUX BJIACTUBO-
creit HY i xommosury L. plantarum—Ag, a TakoX iXHBOI OiosoriuHOI
aKTUBHOCTHU Bimirpae Benmumua pH cepemoBuina, OCKiJIbKU IIe BILIU-
Ba€ HA CTaH IIOBEPXHEBUX I'PYI, KOHIIEHTPAI[il0 AKTUBHUX HOHIB, ak-
TUBHiICTH (DEPMEHTIB i OogHOUACHO Hae iH(opMaIlilo IIPOo CKJIAJA IIOBep-
xui. Ha pucyHKy 5 HaBefeHO 3aJjie;KHOCTI (-TIOTEHIiANY KJIiTUH
L. plantarum i xomnosuTiB Ha ixHiil ocHOBi Bix Besmuuau pH cepe-
TOBUIIIA.

Hna xkaiTuH JakTobakTepiii (puc. 5, Kpusa 1) 3ajlexXHiCTh Mae BU-
AL KpuBoi 3 mMakcuMyMmoMm B iHTepBasi pH 6,5-7,0. B imtepsaui
pH 2-5 3adikcoBaHO piske 3MeHIIIeHHs A3eTa-MoTeHIianay. Taxwuii
XapakTep 3aJIe;KHOCTU MOJKe BKasyBaTHU Ha cJia0Ke eKCIIOHYBaHHA Ha
IIOBEPXHIO KJITMHU NpPOoTeiHiB i pochoprux rpyn. B nmporuBHOMY pasi
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Puc. 5. BanexHicts (-noteHniany: kiaitun L. plantarum Bin Benmmuunu pH
cepenoBumia (1); kaitTun L. plantarum nicas 30-XBUJIMHHOTO iHKyOyBaHHSA B
posumHi 3 12,3 MKr/ma xemiuno cuHTe3oBanux Ag HY (2); HBK Ha ocHoBi
Kiaitue L. plantarum i 6ioremrnx HY Ag i3 BmicTtom cpibma y 15,6 (3) i
31,3 mr/r (4).°

cmocTepiraBcsa 0 BUCOKMU 3apsA] IIOBEPXHi B 00JaCTi BUCOKUX 1 HUBL-
kux pH. CoocreperkyBaHa 3aJIe}KHICTh € PE3yJIbTATOM HapOCTAJIBHOTO
MEIIPOTOHYBAaHHA KapOOKCUJIBHUX TPYHN CTPYKTYPHUX KOMIIOHEHTIB,
IIT0 BXOASATH M0 CKJIAJy IIOBepPXHEBUX KAaICYJbHUX moJicaxapunis [13,
26]. 3a smauemua pH= 2,0 BcramoBJIeHO i3ocTaH, AKUil BigmoBimae
HYJIbOBOMY CKOMIIEHCOBAaHOMY 3apAAy IIOBEepPXHi. 3a I0JaJbIIIOrO
3MiIlleHHA B KHCJY 00JacThb BinOyBaeThbcA mepe3apAnKa, ITOBEPXHA
HabyBa€e MOBUTUBHOTO 3apAAy. 3MEHINEHHA HETaTUBHOTO 3apAny CY-
IIPOBO/IKYETHCA TMOHWMKEHHAM arperaTUBHOI cTabiJibHOCTM Ta Jecra-
oilrizarriero 610KOJOIAHOI cUCTEMHU.

BigmiueHo, 110 HeraTUBHUU MMOBepXHeBUil 3apan KJaiTuH micas 30-
XBUJUHHOTO iHKyOyBaHHA 3 xeMiuHo cuHTe3oBaHuMu Ag-HY mepe-
BUIIyBaB 3apsAl HeoOpOOJIeHUX KJITUH y BChOMY HOCJiIKEHOMY [is-
nmasoHi pH (puc. 5, kpuBa 2). MakcumaibHi 3HaUeHHS (-TOTEHIIiATY
cmocTepiranucsa B intepsaai pH 5,2-6,3, mo BigoOpaskae mpoTeo.Ii-
TuuHU O0amaHc [28]. 3a xoumenTparnii y 12,3 mxr/ma HY y cepeno-
BUII[i MaJI0O MiCIle IepPEeBaKHO IiJICUJIEHHA 3apAy KJITHH 3a PaXyHOK
aKyMyJIIOBAHHS HeTaTUBHO 3apamKenux Ag-HY.

Hna spaskie HBK i3 BmicTrom cpi6ma y 15,6 i 31,3 mr/r (puc. 5,
KpuBi 3 i 4 BiAmOBiAHO) IOJIOMKEHHA MaKCUMyMy Ha KPUBUX IO
3CYHYTEe B JIY;KHY 00JacTh A0 3HaueHb 6,5—7,0. {-mOTEeHIiAT HAaHOKO-
MIIO3UTY, 10 MicTuB 15,6 Mr/r cpibsa, He mepeBuirysas —13,8 MB y
Bchomy imTepBani pH. 3a 6iabmroro Bmicty HY cpibna (31,3 mr/r)
IMOBepXHeBUil 3apan OyB BUINHKII BiJ IOmepeIHLOTO 3pasKa, OTHAK
MEHIIUH BiJ 3apsany HeoOpoOJieHMX JaKTOOaKTepiii, a TaKOK Bij JaK-
ToOaKTepiil, IO MicTUIM aKyMyJabOBaHi XeMiuHO cuHTe30BaHi Ag-
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HY. Bigmosiguo, mas HBK-mpemapariB BigMiueHo meIo IOHMXEHY
arperaTuBHY CTabilbHICTh Yy HMOPiBHAHHI 3 HeoOpPOOJEHUMM KJIiTHHA-
MH.

ITopiBuiotoun 3pasku L. plantarum—Ag-HY 3 copboBanumu Ta 6Gio-
reHHo cuHTe3oBaHuMu HY cpibaa, BapTo B3ATH OO yBarm Toi (axrT,
10 B APYIrOMYy BUIAAKYy Ipoliec (GopMyBaHHA OGiOKOMMIO3UTY TPUBAE
Bim omHiel mo mekinbKox mi6. Bim BKirouae nudysito Ta cop0Oiiro #o-
HiB Ha KOMIIOHEHTaX KJITMHHOI CTiHKM, IIPOHMKHEHHS B I[MTOILIA3-
My, HyKJIeallilo Ha aKTHBHUX I[eHTPax 3 IIOJaJbIIIo B3aemomico HY
3 KJIITHHHOIO CTiHKOI0 Ta MeMOpaHomo. Ili mporiecu cympoBOIKYIOTBCS
OOIIKOAKEeHHAM ITiJIiCHOCTH KJIITMHHOI CTiHKM, I0 3ad)ikcoBaHO Ha-
Mu 3a jgomomororo TEM-mixpockomii, a TakosX IOKasaHo B poOoTi
[13] meTomoro cua0BOI MiKpOCKOIii.

Opmep:kaHi pe3yJabTaTH IIiATBEPIKYIOTH HASBHICTh BUPAXKEHOI KO-
pendaIii MisK a3eTa-IMOTEeHIIAJOM i CTaHOM KJIITHMHH-MATPHUIli, IO JO-
Ope y3TrOKyeThbCA 3 pPe3yJabTaTaMU, HAaBEeIEeHWMH B OiJIbIII paHHIX MIO-
caimxenaax [29, 30], B AKuX 3MiHa O3eTa-IMOTEHIIANY IIOB’sg3aHa i3
3MiHOI0 (hiBiosoTiUHOTO CcTaHY KJITMHM Ta IedopMallielo CTPYKTYypHU
MMOBEPXHEBUX MaKPOMOJeKYyJa. OcoBJIMBOCTI CTPYKTYPHO-AMCIIEPCHUX i
eJeKTPOIoOBepxXHeBUX xapaxTepucTuk HBK chonpusAmoTh migBuIlieHHIO
crabinpbrHocTu HY Ag, 1o 3axuirae ix Big arperarii. Kpim Toro, Bonu
BUKOHYIOTH ITle AeKiabKa (QyHKIIiNA. PyHKI[iOHAI3aIlid mMoBEepXHi op-
raHivHUMU JirasgaMm OPUBOAUTL A0 il rimpodimisarmii Ta agesaxoro
nmoHM:KeHHA (-moreHiiany. Taxki sminu mosinmyioTs OiocymicHicTb
HaHONpenapaTiB i 3MEHINYIOTh IXHI0 TOKCUYHicTh. MakcumanabHil
TOKCUYHOCTi, 3rizmo 3 [31], BizmoBimae pH 5. B pobori [32] moxkasa-
HO, III0 aHTHOAKTepisabHi BaacTUBOCTiI «roaux» HY Ag mepeBumry-
BaJ¥W aHAJOTIYHUN MOKA3HUK AJSA YaCTUHOK, BKPUTHUX OiJIKOBOIO 000-
JIOHKOI0 3 TpuOHOro eKcrpakTy. llomioHuii edeKT mOB’A3YIOTH 3 Pis-
HOIO IIIBUJKICTIO MPOAYKYBaHHA aKTUBHUX (opMm OKcCUT'eHY ITicjas BU-
MaJIeHHA TPOTeiHOBOl o0osoHKU 3 moBepxHi HY cpibma. Tobro yTBO-
peHHA 00OJIOHKM 3 0iOoMOJIeKYyJ 3MeHITyBajsio ToKcuuHicTh Ag-HY Bi-
IHOCHO GaKTepiii.

Bigomo, 1110 B 0CHOBi MexaHi3sMiB OaKTepuIIMAHOI Aii HAIBHUX Ie3-
iH(eKTaHTIB JIeKUTH IXHA 3JaTHICTh e(peKTUBHO B3aEMOJIATU 3 MeM-
OpaHaMu OaKTepiAJSbHUX KJIITHMH 3a PaXyHOK, IepII 3a Bce, eJIeKTPO-
craTuuyHUX B3aemofiii [33, 34]. AHTumikpobHy gmiro HY wmeranis 3
BeJIUKOIO BipOTrifHiICTIO MOMKHA OIiHIOBATU Yepe3 aHAaJIi3y IXHBOTO
BILIUBY Ha (PYHKIiOHYyBaHHA OCHOBHUX MeTa0OJIiUHUX peakIliii i Mo-
JIEKYJAPHUX CTPYKTYp. PecmipaTopHa aKTMBHICTH — OJHA 3 OCHOB-
HuX (Qisiosoriunmx peakiiii MikpooprauiamiB, 10 3abe3meuyeTbcsa
dyHKIioHyBaHHAM (DepMEHTiB TpaHcdopMallii eHepril B muTomnjasMa-
TUUHiN MemOpaui OaKrepianbHOl KiaiTuHM. ByJio BUKOHAHO IOCJIi-
IKeHHA peciripaTopHoi aktuBHocTu PA OGaxtepiii E. coli K—A nns
OIiHKM aHTHUMiKpoOHOI Aii mpenapatie HY cpibsa B mopiBHAHHI 3 Ta-
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Puc. 6. Boius KoHmeHTpanii xmoprekcuauny (Kpusa 1) Ta HaHOOiOKOMIIO3H-
Ty (KkpuBa 2) Ha pecIipaTOpHY aKTHBHIicTBL 6akTepiit E. coli K—A.°

KUM BiJOMHM aHTHCEITHUKOM SK XJOprekcuiauH (puc. 6).

B ocHOBI aHTHOaKTEepisiILHOTO BIJIMBY 0araTbOoX AaHTHUCEITHUUYHUX
cyOCTaHIIi¥ JIeKUTHh iXHA 3JATHICTL HNPUTHIUYBaTH AUXAJIbHY aKTHB-
HicTs OaKTepiit [12]. HocaimKeHHA KOHIIEHTPAIiTHOTO BILJIMBY XJIOP-
TeKCHUANHY Ha BeJWYNHY AUXAJbHOI aKTUBHOCTU KJiTuH E. coli K—-A
moKasajau, II0, IIO-Iiepllie, Iell BILIMB € MiMCHO KOHIIEHTpPAIiliHO 3a-
JeKHUM, a Io-Apyre, MAae Miciie iHTepBas MiHIiMaJIbHMX KOHIIEHTpA-
il mpemapary, [Oe MAaKCHUMAaJbHO IIPUTHIUYEThCS pPecHipaTOpHUM
mpoliec KIiTuH. Buxogauu 3 1mux pesyabTaTiB, MOMKHA OIMiHUTH MiHi-
MaJIbHY iHriOyBanbuy KouHieHrtpariio (MIK) xgoprexcuguny mnasa 6ak-
Tepiti E. coli K—A: BoHa 3HAXOOUTHCA B MexKax 2—4 MKT/MII.

Hocmimxenna xapaxrtepy nii HBK Ha muxanabHy aKTHBHICTH TECTO-
BOI KYJIBTYPHU IIOKA3aJ0, 1[0 B MEeBHUX KOHIIEHTPAI[iIX HAHOKOMIIO3UT
TAKOK HPUTHIUy€e iHTEHCUBHIiCTh AuxaHHS KJIiTuH E. coli K—A. 3ua-
YeHHA BeJUUYMHU iHriOyBambHol koHientpaliii HBK 3a smimBoM Ha
PA Gaxrepiii E. coli K—A cranoBuio 6—8 mrr/ma (puc. 6). Oxep:kani
IaHi moOpe KOpPeIooTh 3 pe3yJabTaTaMM AHTHUMiIKPOOHOI aKTHUBHOCTHU
nnss HY cpibna pisHOrOo moxom:KeHHs, HaBedeHMMH B poborax [11,
13, 20, 23, 28, 35]. OmHouacHO BKas3aHi MOKA3HUKMU ITiATBEPIKYIOTH
MaJly TOKCUYHICTh HaHoOiokomMmosuTy [8].

Hna pocrmimskeHHa aHTUMiIKpoOHuMX BiactuBocreit HBK agucko-
InQys3ifHUM MeTOAOM HaMu OYB BHKOPHCTAHWNII 3pasoK MAaTepisiay,
saxun mictuB 15,6 mr/r HY Ag. Binm xapakTepusyeTbcsa HEBUCOKUMU
3HaUYeHHAMHU As3era-moreHiiary —13,8—11,4 mB y ¢isiomoriunomy
inrepBasi pH 6,5—7.2, rigpodinbHoio moBepxHeE Ta (pOopMyBaHHAM
Oimpir oxmHOpimHMX 3a posmipom HY. Taxi BmacTuBOCTI MOKYTH
CIPUATH HMOTrO JIMIMif B3aeMOAil 3 KJIITMHAMHK iHIINX KYJBTYP MiK-
poopraHiaMiB, B TOMY UMCJIi IATOTeHHUX.

PesyabraTu mocimimsKeHHS, HaBeJeHi B TalJ., MOKasaau, IO MaliiKe
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TABJINIA. Aarumikpo6ua aia HBK BigHOCHO TecToBMX IITaMiB IaToOTeH-
HUX Ta YMOBHO-IATOTeHHUX MiKpoopraaismis.’

Tismerep 308 Miuimanpaa | MimimanabHa
TecToBi HmITAMU IATOT€HHUX npnrHit{EHHﬂ inrioyBasbHa [DakTepUITUIHA
Ne Ta YMOBHO-IIATOMeHHUX . [KOHITEeHTpPAIlis|KOHIIeHTPAaIlia
MiKpOOpTAmisMiE i‘I’ICJITng;‘aMI){g%‘ (MIK) HBK, | (MBK) HBE,
MKT/MJ MKT/MJI
1 Serratia marcescens 9 3,5 22
2 Escherichia coli 055 10-11 — —
3 Escherichia coli ATCC 9-11 3,5 8
4 Enterococcus faecalis ATCC 10-11 3,5 8
5 Enterobacter aerogenes 10 — —
6 Acinetobacter baumannii 10 3,5 15
7 Staphylococcus aureus ATCC 6 3,5 15
8 Staphylococcus aureus 209 9-11 — —
9 Staphylococcus epidermidis 9-10 1,5 8
10 Klebsiella pneumoniae 11 — —
11 Salmonella typhimurium 9-10 — —
12 Shigella sonnei 10 — —
13 Shigella flexneri 11-12 — —
Pseudomonas aeruginosa
14 ATCo g 10-11 1,5 15
15 Proteus mirabilis 0 — —
16 Proteus vulgaris 6—8 — —
17 Candida albicans 6 1,5 15

IIpumimka: «—» — He BU3HAYAJIH.

yci TecTOBaHi IMITaMU IIAaTOT€eHHUX Ta YMOBHO-IATOT€HHUX MiKpoopra-
Hi3MiB mpodABMANM pisdHUil piBeHb uyTauBocTu no HBK, iHri6yioum
picT rpaM-TIOSUTUBHUX i rpaM-HEeTaTUBHUX OaKTepiii.

Bapro BigmiTuTHu, mo jauine 6axrtepii mrramy Proteus mirabilis 6y-
au HeuyTauBuMu no xii HBK. Jlanuii mitaMm mpejcTaBiIeHUN IpaMHe-
raTuBHUMHU OaKTepiamMu, AKi, Xxoua i € mpeacTaBHUKAMU HOPMAaJbHOI
dexanbHOl MiKpoduopu Ta TpUCYTHI y I'PyHTiI i Boxi, omgHaK 4acTo
iH(piKyIOTH IOBEepXHEBi paHU.

IMikaBumMu BupanucA pesyabTaTu aHTUMiKpoOHOI aii HBK momo
naToreHHUX Staphylococcus aureus, AKi € 3arpoajuBuUMU 30yTHUKA-
MU HO30KOMifITIBHMX XBOPOO Ta YCKJAAHEHBb PiBHOTO XapaKTepy y Xi-
pypriuniti mpaxktumi. Tak, =Komexmiiamit wmram Staphylococcus
aureus ATCC mpoAaBIAB 30HY IPUTHIUEHHA POCTy A0 6 MM; B TOH Ke
yac KOJIeKIifiHui mitam 3 jaboparopii MikpobGiosorii Ta ximioreparrii
Y  «Imcturyr TpaBmarosiorii Ta opromexnii HAMH VYkpainu
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Staphylococcus aureus 209 maB 30HY HOPUTHiIYEHHA pOCTYy A0 9—
11 mm. Om:xke, HBK mposABase aHTHMiKpPOOHY aKTHBHICTL JIIIIIe Ha
KyJbTypaxX, AKUX BUAIJEHO Bij marmieHTiB Xipypriumoro mpodisro,
aHiXK IMOJO0 My3eHMHUX KYJbTyp. Take HDPUOYIEeHHS MOKe CBiguuTH
Ha KopucTh BukKopucranunsga HBK axk anTuMikpoOHOro 3acoly AJa Ji-
KyBaHHA BiIKPUTUX DaH.

30HM IpUTHiIUEeHHA pocTy OaxTepiii Serratia marcescens,
Escherichia coli 055, Escherichia coli ATCC, Enterococcus faecalis
ATCC, Enterobacter aerogenes, Acinetobacter baumannii, Staph-
2lococcus epidermidis, Klebsiella  pneumoniae, Salmonella
typhimurium, Shigella sonnei, Shigella flexneri, Pseudomonas
aeruginosa ATCC ckaaganu Bix 9 o 11 MM, 10 CBiguMTh IIPO 3HAU-
Hy npotumikpobny amito HBK. na 6axrepiit mramiB Proteus vulgaris
i Candida albicans 3ouu 3aTpuMKu pocty mmig BmiausBoMm HBK ckiaaga-
au 6—8 MM, II0 TeXX CBIAUUTL PO AOCTATHIA HPOAB AHTUMiKPOOHOI
Iii mocaim:KyBaHOTO HAHOKOMIIO3UTY.

Bigomo, 110 y Kiaimiumiit mikpo0Oiosorii ajig omiHKM aHTUMiKpPOOHOI
Iii 3aco0y BMKOPHMCTOBYIOTH HOKA3HUKM MiHiMaJbHO iHTiIOyBaIbHUX
kounenrpanii (MIK) HBK i mimimanbHuUX 0aKTepUIIUIHUX KOHIIEHT-
pauiii (MBK) amtTumikpo6moro 3acob6y. TomMy Ha HacTyIHOMY eTami
mocaimxens amTuMmikpoOnoi mii HBK sgificuioBanu BusHauenua MIK
ta MBK HBEK, zacrocyBaBmiz meTony 3 OapBHMKOM pe3asypUHOM
[22].

Byno mokasano, 1mio aaa 6akrtepiit Serratia marcescens, Escheric -
ia coli ATCC, Enterococcus faecalis ATCC, Acinetobacter baumannii,
Staphylococcus aureus ATCC MIK HBK ckmagana 3,5 mxr/ma. laa
Staphylococcus epidermidis, Pseudomonas aeruginosa ATCC,
Candida albicans MIK HBK 6yna mm:xdoio i cranoBuia 1,5 MKr/mi.
Taki pesyabTaTé g00pe y3romKyioThcA i3 mamumu 1ono BmiauBy HBKE
Ha pecIlipaTOpHY aKTHUBHicTb OaxTepiii E. coli KA.

TecTyBaHHA MiHiMaJIbHUX OaxTepumuIHuUX KoHIeHTpaliii HBK
BUSABUJIO IMUPOKUI MOiAMasoH GaKTEepUIIMAHUX KOHIEHTPAIill doCJIi-
mxyBanoro HBK. Tak, maiisBuiny MBK HBK sadikcyBanu gas Gak-
repiit Serratia marcescens (22 mxr/mia). Tpoxu Hu:kuoo O6yna MBKE
HBK gnsa TtecroBux OakxTepiii mitamiB Acinetobacter baumannii,
Staphylococcus aureus ATCC, Pseudomonas aeruginosa ATCC,
Candida albicans i cranoBuma 15 mirr/mia. Camoio Hu3bKow MBK
HBK 6ysna y BuUIlagKy BUBUEHHSA AaHTHUMIKPOOHOI aKTHBHOCTH OaxTe-
piti mramiB Escherichia coli ATCC, Enterococcus faecalis ATCC,
Staphylococcus epidermidis, ne BouHa cramoBuJsia 8 MKr/mJj. Taki pe-
3yJIbTATH 3aCJYTOBYIOTh Ha OCOOJIMBY yBary, OCKimbKu came cradio-
KOKU, CUHBOTHiiHA majuuKa i akiHeTobaKTep € HaiuacTimumm 30y-
THUKAMM THifHO-3aNaJIbHUX YCKJIAAHEHb XipypriuyHUX paH.

Ilig yac mOpiBHAHHA OJepP:KaHMX HAMM NaHUX 3 HAABHUMHU B JIiTe-
parypi aHaJoOriyHMMM TIOKasHMKaMu Ijd npemapariB HY cpibaa,
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olep:KaHnNX OiOTeHHMM IIJIAXOM, BHUHHUKAIOTH IEBHI TPYAHOIII,
moB’aA3adi 3 BigMiHHOCTAMM B iXHiX posmipi, mopdosorii, mpuponi
cTabirizyBaabHOI 000JOHKM, IIOBEPXHEBOMY 3apsdAli, a TAKOMK Y BUKO-
pHUCTaHUX TeCTOBUX KYJIbTypaxX MiKpooprauismis. Tak, B [11] Tecty-
BaHHA OioremHux chepumunnx HY cpibia, cumHTE30BaHMX 3a JOIIOMO-
rol eKcTpakTy rpuba Fusarium oxysporum poamipom y = 73 HM, Ha
TECTOBUX KyJabTypax KEscherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, MeTHUIINJIiH-
pesuctentHoro Staphylococcus aureus (MRSA N315) 3 xousekii
ATCC, a Takox mOedKNX KJIIHIYHMX i30J1ATaxX MIOKAas3ajlo HaCTYIIHE.
MBK smaxommmacsa B me:mxax 15,75—31,5 mxr/mia, a MIK cramoBuia
7,88—-31,5 mxr/ma. Ile mepeBuIyBajso ofepsKaHi HaMM KOHIIEHTpA-
mitiai miamasonmm 8-22 mir/ma i 1,5—-3,5 Mrxr/ma Bigmosimmo. 3a-
YBaXKMMO, IO po3Mip mepeBaskHO chepumunux HY Ag wmaiixke B
20 pasiB mepesBuiryBas poamip HY B mocaimxysanomy HBK. B po6oTi
[86] maBemeno moxasuuk MIK y 25 mr/ma gna HY Ag, cunTesona-
HUX MO3aKJITHHHUMU MeTabojitamu rpuba Fusarium scirpi mo Bin-
HOINIeHHIO 0 yabTpamnarorenuoro mramy E. coli (UPEC) B minaHKTOHI.
B Toit :xe uac HY B Kommenrparnii y 7,5 mr/n ma 97% inrioysanu
dopmyBanua maiBku UPEC; HY mepeBaskHO Majau po3Mip = 2 HM,
omusbkuii 1o posmipy HY cpi6na 8 HBK. [Iaa 6ioremnux HY poswmi-
pom y 18—22 HM, CMHTE30BAHUX i3 3aCTOCYBAHHAM EKCTPAKTy 3 JIHC-
Ta ropixa Carya illinoinensis [32], Besmmunna MIK 1momo S. aureus,
E. coli, L. monocytogenes i P. aeruginosa cTaHOBUJAa, BiAIIOBiTHO,
128, 16, 64, 32 mxr/ma Ag-HY B mepepaxXyHKY Ha cpibjo, 110 mmepe-
BUIIy€ BcTaHOBJeHI Hamu nokasHuku ajasa MIK HBK, ocobauBo 1010
S. aureus. JlisMeTep 3aTPUMKHU POCTYy CTAHOBUB, Bigmomimuo, 9, 12,
10 i 10 mMm. Brasauuii mpemapaTr JeMOHCTPY€E OiJbIIT BMCOKY iHTiOy-
BaJIbHY aKTHUBHICTH CTOCOBHO I'paM-HeTaTUBHHUX OaKTepiil MOpPiBHAHO 3
rpaM-IIO3UTUBHUMU.

Ax npursaan HaHoKoMmo3uty 3 GioremnumMu HY Ag mokHa HaBec-
TH aJbTiHaTHUH rigporenb, HamoBHeHud HY Ag, cMHTe30BaHUMU 3a
JTOIIOMOTOI0 eKCTPAKTy 3 3ejieHoro 4aio [37]. HacTuHKU Manau: cepep-
Hi#t posmip y 35 uM, {=-35,5 mB. [ocrmimxeHHa aHTUMiKPOOHOI aK-
TUBHOCTH KOMIIO3UTY IIO BimHOIIIeHHIO m0 S. mutans, S. aureus i E.
coli, BUKOHAHIi MeTOI0I0 Yac—BiJlIOBib, BCTAHOBUJIN aKTUBHICTL IIpe-
mapary 3a Bmicty cpibmna y 0,005-0,15% (Bar.) abo, BizmoBigao, 50—
1500 MKr/r. 3ajme:xHO Bim mJomaHOI KOHIIEHTpAIii Ta TeCTOBAHOI IIaTo-
reHHOI KYJbTYypH uac OaKTepiocTaTmuHoi abo 6axTepurumuoi il smi-
HIOBaBcs Big 2 mo 24 romgus.

OTixe, KOMILJIEKCHI mocmimxeHHa (PisMKO-XeMiUHMX BJIACTHBOCTEH i
6iosmoriunoi xii HBK Ha ocHoBi GakTtepiii L. plantarum Ta yabTpanu-
cuepcuux HY cpibna mokasaim, II0 MeXaHisM Oil ZOCJIiAKYyBAHOTO
HAHOOIOKOMIIOBUTY BKJIIOUAE HOro BILINWB Ha ILJIa3MaTHUUYHy MeMOpaHy
0axTepiii, MOIIKOMKEHHS KJIITMHHOI CTiHKH, IO IPOSABIAECTHCA ¥
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3MiHi IXHBOI pecmipaTopHOi aKTMBHOCTH. MoKHA NPUNYCTUTU CUHED-
rism mii kaiTuau-marpuni ta HY Ag BHacaigok moemnamusa 6Giocymic-
Hoctu HBK 3 BHCOKOIO aHTMOAKTEPisAIbLHOIO AKTHBHICTIO HaaMaJInX
HY cpi6na. Pisurko-xemiuni BaactuBocti moBepxHi HBK Bimirparorn
3HAUHY POJIb V HOT0 aHTUMIiKpOOHili aKkTmBHOCTi. Omepskami pesyJib-
TaT! BKAa3yHIOTh Ha MEePCIEKTUBHICTH TAKOTO IPOAYKTY «3€JIeHOl CHH-
Te3W» OJISA MEIUINHN Ta BeTepHUHapii 3aBIAKU IMOETHAHHIO €KOJIOTiu-
HO 0e3IIeuyHOro MeTOJy CHHTEe3M, IIPOJIOHTrOBaHOI M’AKOoi Ail Ta HU3b-
KOi TOKCHMYHOCTH, a TaKOXK IITMPOKOMY CIIEKTPY aHTHUMiKpPOOHOI aKTH-
Buoctu HBK.

4. BAICHOBRH

1. EnxeKTpomoBepxHEBi BJIaCTHBOCTI HAHOOIOKOMIIO3HUTY HA OCHOBI
L. plantarum i yabTpagucnepcHoro cpidsa, crabisizoBaHOTO B KJIiTH-
Hi-MaTpuili, XxapaKTepusylThCd HEBHCOKHM IIOBEPXHEBUM 3apAIOM i
rirpodinbHOI0 IOBepxHe0. EjIeKTPOKiHeTUUHUIT HOTEHIIiAJ KOpPeJIoe
i3 Bmictrom HY cpibua. Koumentpania HY cpibma y 15—-25 mr/r € om-
TUMAJIbHOIO, IIIO BiANOBiZae HaMMEHIIINM IIONIKOMKEHHAM y KJIITHHU-
MaTpulli Ta ¢popMyBaHHIO yabTpaguciepcuunx HY cpibaa y BysbKOMY
nisimasoHi po3mipiB y 2—6 umM. MakcumaibHi 3HaUeHHA (-TIOTEHIiATY
HBK smaxomuauca B miamasoni pH 6,5—7,0. Taki mapamerpu 3abes-
IIeYyIOTh BUCOKY aHTHOAKTepiAabHy mito mociaimxysamoro HBK.

2. Tloxasamo YyTJMUBIiCTL ITOKa3HUKA PeCIIipaTOPHOI aKTUBHOCTHU TeC-
TOBOTO IITaMy OaxTepiii E. coli K—A mo mociimykeHOro HAHOGiOKOMIIO-
3UTHOrO IIpemnapary Ha OCHOBi Oakrtepiii L. plantarum Tta yabTpaguc-
nepcHoro cpi6sna. IHribyBanbHa KOHIIEHTPAIlisl pecIipaTOpHOI aKTUB-
nHoctu HBK craBuia 6—8 MKr/mi, 1Mo GJM3bKO HAOJIMIKAETHCA IO IIO-
KasHMKa MiHiMaabHOI iHriOyBasmbuoi KoHieHTpalii MIK HBK.

3. Miuimanpui imridysanbpHi KouieHTpalii HBK 1momo mocaim:xysa-
HUX TecOoBUX KYJLTYP MiKpooprauismis ckiaagamau Big 1,5 mo 3,5
MKr/Ma. asa tecroBux Oakrtepiit mramiB Serratia marcescens,
Escherichia coli ATCC, Enterococcus faecalis ATCC, Acinetobacter
baumannii, Staphylococcus aureus ATCC MIK HBK cxkianana
3,5 mKr/ma; ana Staphylococcus epidermidis, Pseudomonas aerug-
?nosa ATCC, Candida albicans MIK HBK — 1,5 mMKr/muI.

4. Mimimansui 6axTepununui KoumeHrtpaiiii HBK gna TecToBux Mik-
poopraxismiB ckaaganu mgiamason 8—22 mir/mia. Haiisumia MIK HBK
nns G6akrepiit mramy Serratia marcescens — 22 mxr/miu. na 6ak-
Tepiti mTamiB Acinetobacter baumannii, Staphylococcus aureus
ATCC, Pseudomonas aeruginosa ATCC, Candida albicans MIK HEK
cranoBusa 15 mkr/miua. Camoro musspkoio MBK HBK 6yna y Bumagky
BUBUYEHHA aHTUMiKpOOHOI aKTMBHOCTH OaKTepiii mramiB Escherichia
coli ATCC, Enterococcus faecalis ATCC, Staphylococcus epidermidis
— 8 MKr/mui.
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! Fig. 1. Kinetics of respiratory activity of bacteria E. coli K—A. O,—oxygen concentration in
the environment measurement.

2 Fig. 2. Absorption spectra of NBC preparations based on L. plantarum cells depending on
the concentration of Ag NPs in its composition: 1-15.6 mg/g; 2-31.3 mg/g; 3—44.8 mg/g; 4—
89.2 mg/g (dry substance).

3 Fig. 3. TEM (a) and SEM (6) images of NBC on the base of L. plantarum with silver NPs
and a separate fragment of the cell wall (8) with of ultra-dispersed silver NPs. Scale bars are
200 nm (a), 10 nm (6), and 50 nm (8), respectively.

4 Fig. 4. Dependence of NBC (-potential on the concentration of silver in the form of NPs in
its composition (per 1 g of dry preparation). Inset: Dependence of L. plantarum cells C-
potential on the concentration of added chemically synthesized Ag NPs (2) and on the concen-
tration of AgNO; (1) after 30-minutes’ contact.

® Fig. 5. L. plantarum cells {-potential dependence on the pH value in the medium (I); the
same of L. plantarum cells, after their 30-minutes’ incubation in a solution with 12.3 ng/ml
of chemically synthesized Ag NPs (2); the same of NBC that contain of 15.6 (3) and 31.3
mg/g of biogenic silver NPs (4).

5 Fig. 6. Effect of chlorhexidine (1) and nanobiocomposite (2) concentration on respiratory
activity of bacteria E. coli K—-A.

“ TABLE. Antimicrobial activity of NBC in relation to test strains of pathogenic and non-
pathogenic microorganisms.
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Bnaus Cy,-hynepeHiB Ha MeXaHOKiHETMKY BTOMM CKeJETHHUX
M’s3iB IMypiB 3a BBeIeHHA (hppakIilii menTuaiB 3 IJIa3Mu KpPoBi
naIieHTiB i3 KapaioeMO0ONiYHUM iIeMiYHUM iHCYJIHTOM

T. I. T'anenosa, H. I'. Pakmia, T. B. BoBxk, K. I. Borymnska, O. M. CaBuykK,
10. I. ITpunynbKuit

Kuiscvrkuil Hayionanvriilt yuisepcumem imeni Tapaca Illesuenka,
8y.s. Borodumupcvra, 64/13,
01601 Kuis, Ykpaina

Hocaigsxeno BmauB ¢parmii mentuzmie (mo 5 xkla), omep:kaHUX 3 ILJIa3MHU
KpOBi XBopHX Ha KapaioeMOoJmiuHMil imieMiuHmii iHCyJabT mig uac rocrtpoi
¢dasu, Ha IUHAMIKY CKOPOYEHHS CKeJeTHHX M’ S3iB HIypiB Ha TJIi aHTHOKCH-
maHTHOI nii Cgo-dyisepeHiB. BusaBieHO KOMIIIEKCHUI IOTEHIIMHUN Tepalle-
BTUYHUIN e(eKT Ha PO3BUTOK M’ A30BOI BTOMM; 30KpeMa, Ma€ Micile 3HaUHeE
3MEHIIIeHHA Yacy BUHUKHEHHA BTOMU Yy M’a3i, 30iJbIIeHHA $10r0 iHTErpOBAa-
HOI TOTY’KHOCTHM Ta MaKCUMAaJbHO MOJKJMUBOTO DPiBHA TI'eHepallii CHUJIOBOTO
3yCUJLJISI TOPiBHAHO 3 KOHTPOJIEM, IO MOKE€ CIPHUATH IOJINIIEeHHI0 HaAB-
HUX METOOUWK JiKyBaHHSA M’ SI30BUX OUCHYHKIIIN, a TakoK pealbimiTamiiiHux

nponenyp.

The influence of a fraction of peptides (up to 5 kDa) obtained from the
blood plasma of patients with cardioembolic ischemic stroke during the
acute phase on the dynamics of skeletal muscle contraction in rats against
the background of the antioxidant effect of Cg4, fullerenes is investigated.
A complex potential therapeutic effect on the development of muscle fa-
tigue is revealed; in particular, there are a significant reduction in the
time of onset of muscle fatigue, an increase in its integrated power and
the maximum possible level of force generation compared to the control
that can contribute to the improvement of existing methods of treatment
of muscle dysfunctions, as well as rehabilitation procedures.

KarouoBi ciaoBa: ckemeTHUil M’ A3, JUHAMiKa M’ s30BOr0 CKOPOYEHHS, BTOMA,
Cgo-bynnepeH, ppaxmia menTuznis niaasMu KpoBi marieHTiB 3 Kapaioem0oJri-
YHUM iIIeMiYHUM iHCYJIBTOM.

Key words: skeletal muscle, muscle contraction dynamics, fatigue, Cq, fuller-

ene, blood-plasma peptide fraction of patients with cardioembolic ischemic
stroke.
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1. BCTYII

Immemiunuii iHCYJIBT TOJJOBHOTO MO3KY — HEOOOPOTHSA 3MiHA V (PYHK-
IMiOHyBaHHI MO3KY, IO BUHMKAE BHACJIJAOK 3HAUHOIO IOHMKEHHS YU
TO TOBHOT'O IPUIIMHEHHS MO3KOBOTO KpOBoOIocTauaHHA. llopymieHHa
KPOBOIIOCTAYAHHA MOKe OyTH 3yMOBJIEHO PiSHUMM YMHHUKAMU; TOMY
KJacudikailia imemiuHoro iHcyasTy BigOyBaeThcs Ha IIifcTaBi JaHUX
OPO HMOro IIOXOMKeHHs Ta KJiHiuHi npoaBu. IHCyabT 3aliMae onHe 3
«IIePIINX MiCIlb» 3a CMEPTHICTIO IIAII€HTIiB BiJ HeiH(peKmiAHMX XBO-
po6 [1, 2]. Tak, ma KapaiemOomiuuuii imcyasT (KI — 3akymopka cy-
IuHu emM6osioM (TpoMOOM), IKMH HOTPAIIUB Yy T'OJIOBHUI MO3OK i3 cep-
1) npunazgae 6ausbKo 25% Big yeix imemiunux iHcyabTiB [3].

Ile saxBOpPIOBAaHHA YaCTO CYNPOBOKYETHCA PEIUAWBAMU Ta OiIbII
TSKKHUM IepebiroM, aHi’K aTepoTpOMOOTHUHUI iHCYJLT (KOJIU CyAMHA
IEPEKPUBAETHCA AaTEPOCKJIEPOTUYHOIO OJAIIKOI YU TO TPOMOOM,
AKUH Bim Hel BimipBaBcsa) [4, 5]. Tsaxki cramu 3yMOBJIEHO THUM, IO
maToreHes IbOI'0 3aXBOPIOBAHHSA BKJIIOYAE 3aKYIOPKY CYJAUH MO3KY
eM00JIOM Ta OKJIIO3iI0 BEJIMKUX CyAuMH MO3KY [6, 7]. [lo YnHHUKIB pu-
3Ky MOYKHA TaKOYK BilHECTU MUTOTJIUBY apuUTMilo, rocTpuil iHQapxT
MioKapma, maroJjorii KiamamiB cepiia Toirmo [8]. Samaabuuii mpoliec
CYIPOBOIKYETHCA BUBLIBHEHHAM y KPOB’sdHe pycJo pPisHuUX OiJIKiB i
MEeNTUIiB, 3JaTHUX BILIMBATH Ha M’ A30BY (yHKIi0 [7]. Imemiunwmit
KackaJ 3allyCKaeThCcd Ha OiAAHIN miB TiHi — mimaHmi 3 oOMexeHUM
KPOBOTOKOM i YacTKOBO B30epeKeHWM €eHEpPreTUYHUM OOMiHOM, II[O
3HAXOMUTHCA MiXK IMIEeMiUYHMM SAApOM i HEYHIKOAMKEHOI0 TKaHWHOIO.
lNinomepdysia npusBoguTh A0 «36010» mponykyBaHnHA AT® y kaitu-
HaxX MOBKY, II0 BUKJUKAE IUCHYHKIII0 €HEPTrosaje:XKHUX HOHHUX
TPAHCIOPTHUX HacociB. BHacaifok mporo akTusByioThea Ca®'-kamanm,
a 30yAJUBiI HEHPOMEIiATOPU BUBIIBHAIOTHCSA Y HMO3AKJITUHHUI IIPOC-
Tip; TAKOK IHAYKYETHCSA TPAHCIOPT IJIyTaMaTy 3 AEMNOJsIPU30BaHUX
actporuris [5].

IloHM:KEeHHA MOOCTYIy KHUCHIO BeJle MO0 aHaepoOHOTO TJIiKO0Jidy Ta
HaAKONMWYEHHS JaKTaTy. BHACTiIOK IIMX IIPOIECiB PO3BUBAETHCA EK-
CaliTOTOKCHUYHICTb. ¥ IIOXAJBIIOMY iHIiIilOEThCA T'eHepalid BiJIbHUX
pazukaiiB (cymepokcunay, okcunay HiTporemy Ta TigpoKcuIbHOTO pa-
IUKaJy) i akTUBYIOThCS Aerpajgalliiini ¢epMeHTH, 110 TPU3BOIUTH IO
OKMCJIIOBAJIBHOTO CTPECY Ta, 3PerIToio, HeKpo3y ¥ amomTody [3]. Bi-
JbHI paguKaay 3JaTHI IPOHUKATH uepe3 KJIITHHHI MeMOpaHu, IO
CIPUYMHIOE BUBiIbHeHHA #oHiB Ca’’ 3 BHYTDIIIHBOKJIITMHHUX 3ama-
ciB, mepeKNCHe OKMCHEHHA JimiAiB i mopyiieHHA (PyHKIIl MiTOXOHJ-
piit [9, 10]. IlomKomKeHHA €HAOTENi0 Ta B3aeMomia okcumy Hitpo-
r'eHy i3 CymepoKCHIOM 3MiHIOE peaKTuBHicTh cyauH o CO,, BUKJIU-
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Kaoul TAaKUM YMHOM Ba30KOHCTPHKIIIIO, Ta 3JaTHE MOCHUJINTH iIlTeMi-
YyHe ypasKeHHs. TakKoK BiJIbHI paguKaay HTiABHINYIOTH arperariio
TPOMOOITUTIB.

Y nmireparypi ommcano cmenudpiuni 6iomMapkepu, AKi YMOMKJIMBIIIO-
I0ThL po3pisHuUTH BujA imemivaux iHcyabTiB [11]. Hiad KoKHOTO BUIY
iHCYJIBTY XapaKTepHa MeBHA MOCIiJOBHICTH PO3BUTKY CUMITOMIB i
CYNyTHSA IIATOJIOTisA, ONHAK pPe3yJbTaT € IOmiOHMM — (opMyBaHHSA
minguxky imdapkTy rosoBHoro Mosky [8]. Kiaimiumi mocimimsxenmsa mo-
Ka3yIoTh, II[0 ¥ XBOPUX, AKi IIepeHecJUu aTepPOTPOMOOTHUHUMN iHCYJILT
abo KI, pusuk BUHMKHEHHS IeMOpPariuyHoro iHCyJabTy (KPOBOBUJIUBU Y
PEeUYoOBUHY TOJOBHOTO MO3KY, IO 3YMOBJIEHO PO3PHBOM IIATOJIOTiUHO
3MiHEHUX CTiHOK Ilepe0pasibHUX CyIOWH) y Bicim pasiB Bumuii [4, 5].
JocaikeHHs BUABUIIM IPUCYTHICTH y IJIadMi KpOBi maiieHTiB, AKi
mepeHecau iHCYJbT, (ppakiii mentunis (mo 5 klla), 110 BimpisHsaeTbCcsa
3a CKJIQAOM BiJ (ppakIliii menTumiB, y3ATHUX Y 3HO0POBUX IIallieHTiB. €
HU3Ka HEeIPAMMNX IOKas3iB TOro, IMO IId (ppakKilisd MenTumiB OPUCYTHSA
y malfieHTiB, AKi omy:kanu, KimbKa POKiB i 3maTHa 30iibIryBaTu pi-
BE€Hb TOHYCY M’$3iB, IO MOXKe OyTH KJIIOUOBUM UMHHUKOM iHiIisiil
reMmopariumoro imcyasty [12].

BakauBo 3as3HaumMTH, IO Hapasi KOomeH MeIWYHUN IIpemapaT He
3TaTHUM 3aXWCTUTHU HEPBOBI KJIITMHU a00 IIOBEPHYTH OO KUTTE3IAT-
HOCTU Ti, IO 3aTMHYJMU MOix yac iHcyabTy. BpaxoByrouu, 110 3aBIAKHN
HaHOpPo3Mipy Bomopos3uuHHi Cg-yiiepeHu 3AaTHI MPOHUKATH Uepes
MeMOpaHy KJITHH, 3a HUSBKUX J03 HE CIPUYUHSIOTH TOKCHUUHOTO
BILIMBY Ha OPraHisM, CIPaBJIAIOTh HEHPOHNPOTEKTOPHY Ta IOTYKHY
aHTuoxkcumanTHy naii [13—-15] i, mapemiTi, COPUAIOTL MIOJIIIIIEHHIO
MeXaHOKIiHeTUUYHMX BJACTHUBOCTEl illIeMi30oBaHMX CKeJeTHUX M’ A3iB
[16, 17], meTot0 11iei poboTu OyJio 3’sacyBaTu BIJIUB (ppakIlii menTumis
(mo 5 klla), omep:kaHux 3 maasMu KpoBi xBopux Ha KI mim uac rocrt-
poi ¢asu, Ha TUHAMIKY CKOPOUEHHS CKeJIeTHHX M’ s3iB IMypiB Ha TJi
aHTuoKcuAauTHOL Aii Cg-PyiinepeHis.

2. METOOAUKA ERCIIEPUMEHTY

36ip 3paskiB maasmMu KpoBi. 3pasKu maasMu KpoBi OyJsio B3saTo y 35
3mopoBux cy0’eKTiB i 56 mamienTis 3 Kl (xBopux 0yJio rocmirTajiaiszoBa-
HO y HeBpoJioriuHe BigmineHHa jgikapui Ned, m. Kuie). Yepes pik mic-
JA iHCYJBTY Ti K maiieHTu OyJM 3ampoIIeHi s ydacTi y momasb-
momMy pmocaimkenui. IlamienTu abo ixHI pomuui Hamaau THUCHMOBY
3TOAy Ha yYacThb Y TAKOMY HocJif:eHHi. [{usaiiH JociigsKeHHA CXBa-
aeno 6ioetmunum Komiterom HHII «IHcTuTyT 6Giosorii Ta MemuIimHM »
Kuiecpkoro HarioHanbHOro yHiBepcurery imeni Tapaca IlleBuenka.
3pa3Kku mIasMu KpPoBi OyJI0 IPUTOTOBJIEHO ILIAXOM 300py KpOBi y
BaKyyMHi npobipku, mo mictuau 3,8% murpatry Hatpiro.

Opep:xaHHsa menTUAHOTO myay. Ilynm menTumgiB omep:KyBajau BiAIOBiA-
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HO 1o meroxy [18]. Ilnasmy KpoBi smimysaau 3 1,2 M HCIO, y cmis-
BigaorenHi 1:1 (06./06.) mna ocamkemua Oinkis. Ilicaa memtpudy-
ryeauHa i3 10000g yupomos:x 20 xB. 3a Temueparypu y 4°C cymepua-
ranT HedTpaJdaisysaau 5 M KOH gmo pH 7,0. Ilicia momaBaHHSA eTaHO-
Jy 10 KiHmeBoi KoHIeHTpalil y 80% 3pa3oK BUTPUMYBAJIM 34 TeMIIE-
parypu y 4°C ymopomos:xk 30 xB. i menTpudpyrysanu. KoHieHTpalito
HeITUAIB BHU3HAUAJIW 3a [JOIOMOIOI0 CIeKTpodoroMerpa Smart
SpecTMPlus (BioRad, CIITA) 3a 210 HM, po3paxoByIOUMd 3 BHUKOPHC-
TaHHAM KaJibpyBanmbHOI KpmBOi (AK CTAaHZAPT BUKOPUCTAJIU KPUBY,
omep:kamy 3 aumentuaoMm CBZ-rainun-raimua 0,26 xklla). Momnekyns-
pHa Maca oAep:kaHUX IenTHIiB — mo 5 xkl/la. Buxigna KoHIeHTpaIis
MenTHUAiB Y KOKHOMY 3pas3Ky cramoBuja 1 mMr/mu.

Biomexamiuni mocaimskenHa. ExcmepuMeHTH BUKOHYBaJM 3TiJHO 3
mpaBUJIAMU IIOBOM:KEHHA 3 IiAJOCHiITHMMHM TBapWHAMMU, 3aTBepasKe-
HuMu OioetTmunum kKomiterom HHII «ImctutyT 6Giosorii Ta memmiru-
Hu» KwuiBcbkoro HaliomaabHOTo yHiBepcutery imeHi Tapaca IlleBue-
HKa BiAmoBigHO M0 mpaBui «EBpOmelicbKOI KOHBEHI[II IIPO 3aXMUCT
xXpebeTHUX TBapHUH, IO BUKOPUCTOBYIOTHCA B €KCIEPUMEHTAJIbHUX Ta
iHIMUX HAYKOBUX IIiNAX», i HOpM OioMeauuHOI eTMKHU BiAMOBimZHO mO
3axkony VYkpaimm Ne3d447-IV 21.02.2006 p., m. Kuie «IIpo saxwucr
TBApMH BiJ JKOPCTOKOIO IIOBOAJKEHHS» 3 IMIPOBEIeHHA MeIUKO-
OioJIOTiUHMX MOCTiIIKEeHb.

Hocaigu mpoBoguam Ha O6inmx HeJiHiMHMX mTypax mMacoio y 135-—
140 r. AHecregilo TBapUH 3MifiCHIOBAJI BHYTPillIHLOUEPEBUHHUM BBe-
menunam HemOytamy (40 mr/kr). Kambamomomiommit ™m’sa3 mrypa
(muscle soleus) 3BiMIbHAMM BiJ OTOUYYBAJIbLHUX TKAHWH; YV AUCTAJbHIl
YacTUHI Iepepisain HMOro CyxoKuJIbHYy YacTUHY. asd miaroroBku 10
MOJIYJIbOBaHOI cTUMYJIAIIl e(bepeHTIB Iepepisayii BeHTpPaJIbHI KOPiHILi
0esmocepeIHBO B MiICIAX iXHBOTO BHUXOAY 3i COMHHOTO MO3KY. 3MiHY
CUJIM M’ A30BOTO CKOPOYEHHS PEECTPYBAJM 3a [TOIOMOTOI0 TEH30JaT-
YMKiB, M0 SAKUX IIPUETHYBAIN CYXOKHJIKU IOCIHIiIKyBaHOTO M’s3a
[19]. Insg dopMyBaHHA CTUMYJIIOBAILHUX CUTHAJIB BUKOPUCTOBYBAJII
IporpaMoBaHi reHepaToOpu CUI'HAJIIB cHoenidabHOi ¢opmu. Posmoxine-
Ha CTUMYJIAIiA JaBajia 3MOTY OJep:KyBaTH MOHOTOHHE i OTHOpigHe
CKODPOUYEeHHs M’A3a 3a CTUMYJIAIIl oKkpeMux GimamMeHTiB. CTUMYJIAIiI0
3MifiCHIOBAIN €JIeKTPUUYHUMHU iMITyJIbCAMH TPHUBAJICTIO y 2 MC uepes
ILJIATUHOBI ejexTpoau. KoOHTPoJb B30BHIITHLOTO HABAHTAMKEHHS HAa
M’sI3 IIPOBOAUJIN 34 AOIIOMOTOIO CHUCTEMH MexaHocTuMyJaTopiB [20].
30ypeHHsa HaBaHTAMKEHHA 3AIMCHIOBAIHU JiHIAHUM eJIeKTPOMArHEeTHUM
IBUTYHOM.

Mertoguka omep:kaHHs BOXHOTO po3umHy Cg-ymnepenie (Cy;,®@BP).
Hnsa omep:xauusa Cy,@BP 6yB 3acTocoBamuii MeTOl, AKUHN I'PYHTYETh-
cA Ha mepeBefeHHI MoJeKyJ Cgo-QyJsiepeHy 3 TOJAYyOJNy YV BOLY 3 IIO-
IaJbIuM OOpoOJieHHAM yJabTpasBykoMm [21, 22]. aa mboro amimry-
Bamu HacuueHuil posumH uucToro Cgo-pyamepeHy B ToayoJi (UmcToTa
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>99,5%), me #1oro KOHIleHTpAaIlid BiAIIOBiZae MaKCHUMAaJbHIN PO3UMH-
HOCTi v = 2,9 Mr/mMJj, Ta OOJHAKOBUH 00’€M IUCTUIATY Y BiIKPUTOMY
crakaui. IIBi yTBOpeHi BojHi (hasu migmaBanm nil yabTpasByKy. I1Ipo-
IeAypy BUKOHYBAJX IO IMOBHOT'O BUIAPOBYBAHHSA TOJIYOJYy Ta HaOyTTs
BOAHOIO (ha30i0 KOBTOro 3abapBieHHs. PiabTpalliclo BOAHOTO PO3UU-
HY Bigminanu moTpiGHME TpoAyKT Bix HeposumHeHOTO Cg-hyiraepeny.
3a JOIMOMOrOI0 ITLOTO METOAY BAAETHCA OJep:KaTHU Pi3Hi oro KOHIEH-
rpatii y Bogi — Bix 0,01 mo 1,5 mr/mu.

Metoguka BBemeHHA menTHOiB i Cz@BP. Ilentugum KI (mo 5 xlla)
BBOIMWJIM BHYTPIITHLOBEHHO 3a 2 I'of OO IIOYATKY EKCIEePUMEHTY IO-
3010 y 0,1 mr/kr Baru TBapusau (n="7). KouETpossauM TBapuHam (n="17)
BBOAUJIN IIEIITUIM, B3ATi 3 KPOBi 30POBHX MAOHOPiB, 3a Tiel kK mosu.
Ompasy BapTO 3a3HAUUTH, IO Y IBOMY BUNAAKY He BUSABJIEHO KO-
HUX 3MiH y MeXaHOKiHeTHUHUX BiAmOBigax m’s3a.

Cso®PBP BBOOUIM BHYTPIITHHOYEPEBHMHHO 03010 y 1 MT/Kr Baru

TBapuHU (n=7) uepes 1 roxg micaa BBemenHdA nentuxaiB KI. Bubpana
I03a BBEIEHHA I'PYHTYETLCA HaA EKCIepHUMEeHTAJILHO BCTAHOBJIEHUX
JTaHuX, M0 CBiAUYATL IIPO BMCOKY IIPOTEKTOPHY Iif0 BOJOPO3UMHHUX
Ceo-bynnepeniB Ha momesio immemii-pemepdysii [23, 24]. BapTo Takox
3a3HAYUTH, 1[0 BUKOPUCTAHA N03a OyJja 3HAYHO HUIKYOIO 32 3HAUECHHA
LD,,, aka 3a mepopaJibHOTO BBeNeHHA ImIypam ctraHoBmia 600 mr/Kr
Macu TBapuHHU [25].
Cratuctuuni gocraimxenusa. CraTucTuuny oOpoOKYy pesyJbTaTiB BUMi-
pIOBaHHA TPOBOAUJIM METOJaMHU BapidalliiiHOl CTATHCTHUKHU 3a JOIOMO-
roro nporpamHoro 3abesneuenua Origin 8.0. BinminHocTi MixK ekcme-
PUMEHTAJbHUMU TpyHaMu OyJI0 BUSBJIEHO 3a IJOIIOMOTOI0 ¢-TeCTy.
3HaueHHd p < 0,05 BBaskamucA 3HAYYIITUMU.

3. PE3YJIBTATH 1 OBTOBOPEHHS

3acrocyBanHA 1 I'm-enekrpoctumynsainii ympozor:xk 1800 ¢ (puc. 1)
MIPU3BOAUJIO A0 IMIBUAKOTO PO3BUTKY BTOMM M’#A3a (6inbin HixK yasiui
MOPiBHAHO 3 KOHTPOJIEM) yV TPYHi HIYypPiB, III0 OTPpUMAJU iH’€KILii Ierm-
tunie KI. 3actocyBanHsa im’ekiiii Cg,-(pyiiepeny crabinmisyBaso cu-
JIOBY BimmoBigp M’sA3a, aka ckJjaama 21 +2% Big KOHTPOJILHUX 3HAa-
YeHb.

IaTerpoBaHa mOTY:KHiCTh M’fA3a (Po3paxoBaHa ILJIOIIA MiJi CUJIOBOIO
KPHUBOIO K MOKAa3HUK 3araJibHOI IpaIes3faTHOCTU M’ fA3a 3a 3aCTOCO-
BaHUX CTUMYJAIINHUX TYJiB; puUC. 2), Yac 3MEHIIEHHSA CUJIOBOI Bin-
moBigi Ha 50% i 25% Bim KoHTpoJBHUX 3HaueHb (puc. 1), MaxkcuMa-
JbHA Ta MiHiMa/JbHA CUJIU CKOPOUYEHHS M’ fA3a YIPOIAOBIK CTUMYJIAIl
BUSBUJIN aHAJOTIYHY TEHIEHIIilO0.

Tak, 3a BBemeHHs (paxiiii mentuniB KI Beamuwmua iHTerpoBaHOL
MOTY:KHOCTU M’ A3a 3Husujaacsa Ha 48 £ 2% i ckjama 62 + 2% Big Ko-
HTPOJLHUX 3HaueHb. BemenHa Cg-QyiIepeHiB HaAOIM3UIO Iei MoKa-
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KOHTPOJb 500 ¢

Cuna cropoueHnus m’A3iB

Puc. 1. Peecrpariiss cuim cKopoueHHs muscle soleus 1iypiB i3 sacTocyBaHHAM
1 T'm-enexTpocTumysanii Tpusanictio y 1800 ¢: a — MexaHOrpaMu CKOPOUYEH-
Ha muscle soleus (KOHTPOJbHI 3HaueHHs); 6 — BBeleHHA (paKIlii menTuais
KI (mo 5 xlla); 6 — BBemernnsa nentunaiB KI (mo 5 xla) + Cg-bymnmepen. ty, i tyy
— Yacu 3MeHIIeHHsA cuiaoBol Bimmosimi ma 50% i 25% sBigmoBigHo Big KOHT-
POJIBHUX 3HAUYEHb.!

3HUK MaiiKe J0 KOHTPOJbHUX 3HAUEHb (BiAMiHHIiCTL He IepeBUIIlyBa-
da 12+ 1%). Yac smenmenns cuiaoBol Bigmosizi ma 50% i 256% =Bix
KOHTPOJBbHUX 3HAUeHb 3a BBeleHHA ¢paxiii mentuznie KI ckiaas
25+1% i 87+ 3% sBigmosimuo. 3a BeemenHs Cgy-QyiiepeHiB m’s30Ba
cuia He moHmKyBanacsa Ha 50% Big KOHTPOJIBHMX 3HAYEHb YIIPO-
IOBJK YCHOTO eKcmepuMeHTy (puc. 2).

3a BBemenHa ¢pakriii nentunis KI makcumansHa (f,,,) i MiHiMaab-
Ha (f,,) CHJM CKOPOYEHHS M’s3a VIIPOMOBMK eJEeKTPOCTUMYJIAIil
craanu 43+5% i 13+3% BigmOBiAHO BiJg KOHTPOJBHHUX 3HAYEHD.
Hia BomoposumHHUX Cgo-QyLIepeHiB TOZATKOBO CKOpPHUIyBajia IIi mO-
Kasuuku 10 86 + 7% i 81 + 5% sigmosigmo (puc. 2).

Taxum unmzoM, im’eKIii ppaxiii mentuaie Kl smaumno smeHITyBaIn
yac BUHUKHEHHSA BTOMHU y M’ $3i, IoT0 iHTerpoBaHy MOTY:KHICTH i Ma-
KCHMAJIbHO MOKJIMBUU PiBeHBb r'eHepallii CHJIOBOTO 3YCHUJIJISA IIOPiBHS-
HO 3 KoHTpogeM. TepameBTuuHe 3acTocyBamHA iH’eKIin Cgy-
dyamepeHy IOOAaTKOBO 3MEHIIYBAJIO PiBeHb PO3BUTKY M’ S30BOI BTO-
MH.

4. BUICHOBRH

Ha migcraBi omep:kaHmX pe3yjabTaTiB MOKHA 3POOMTH BHUCHOBOK IIPO
Te, 1m0 in’exmil gparmii mentunis (o 5 xlla), B3ATHUX y MAIlieHTIB y
nepiox roctpoi dpasu KI, sMiHIOIOTE ITapaMeTpu MexXaHoTrpaM M’ A30BOi
BTOMU, 3MEHIITYIOUHN IMATOJOTiuHiI AucyHKIl cremeTHux M’ a3iB. Te-
pameBTHUYHe 3acrocyBamHA iH'eKIiA Cg4p-pyanepeny y wromObinarmii 3
dpakmiero nmentuniBs KI gomaTkoBO 3MeHINye piBeHb OIMCAHUX IIATO-
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Puc. 2. Biomexaniuni mapameTpu cKopoueHHS muscle soleus miypiB i3 3acTo-
cyBaHAM 1 I'm-ctumynsanii rpusBasictio y 1800 c: a — iHTerpoBaHa HOTY:K-
HicTh M’fA3a, IpPeACTaBJeHa Yy BiZICOTKaX BiJi KOHTPOJIBHOTO 3HAUEHHSA, IIPHU-
timsaToro 3a 100%; 6 — uacu 3meHIeHHsA cuyoBoi Bixgmomigi Ha 50% (%) i
25% (ty5) Bim KOHTPOJNBHUX 3HAUEHb; 8 — MakKcuMaibHa (f,,) 1 MiHiMagbHA
(f ) CHIM CKOPOUEHHS M’s3a YIPOIOBMK €JeKTPOCTUMYJISAIil; KOHTPOJIb —
KOHTPOJIbHI MexXaHOTpaMu CKOpoueHHS muscle soleus; 1 — BBemeHHs (pak-
uii mentunie KI (mo 5 x[a); 2 — BBemenua mentuzis KI (mo 5 xlla) + Cgy-
dynneper; p — < 0,05 mogo rpynu control; * — p < 0,05 moxo rpymu 1.2

Cuia cKOpO4YeHHsI M’ A31iB

gorii. Ile BigKpuBae NOepCIEKTUBY IIMOAO0 IIPOBEAEHHSA MTOMATBIITNIX
KJIiHIYHUX BUIPOOYBaHb BOMOPO3UMHHUX Cgo-DyJLIepeHiB y KOMILIEK-
ci 3 ppakrmiero nmentunis Kl ax moTeHIiiiHUX TepaleBTUYHUX 3ac00iB,
3TaTHUX KOPUIYBATU IMATOJOTIUHI CTaHU M’sI30BOi CUCTEMH.
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! Fig. 1. Registration of the force of muscle soleus contraction in rats, when applying 1 Hz
electrical stimulation lasting 1800 s: a—mechanograms of muscle soleus contraction (control
values); 6—administration of a fraction of KI peptides (up to 5 kDa); 6—administration of KI
peptides (up to 5 kDa) + Cg, fullerene. t;, and ¢,; are the times of reduction of the force re-
sponse by 50% and 25%, respectively, from the control values.

2 Fig. 2. Biomechanical parameters of muscle soleus contraction of rats, when applying 1 Hz
stimulation lasting 1800 s: a—an integrated muscle power, presented as a percentage of the
control value taken as 100%; 6—the times of reduction of force response by 50% (¢5,) and
25% (ty5) from the control values; 6—the maximum (f,,,) and minimum (f,;,) muscle contrac-
tion forces during electrical stimulation; xouTposb—control mechanograms of muscle soleus
contraction; 1—administration of a fraction of KI peptides (up to 5 kDa); 2—administration
of KI peptides (up to 5 kDa) + Cq, fullerene; “—p < 0.05 compared to the control group; “—
p <0.05 relative to group 1.
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