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Anomauyia—Yy podoTi A0CAiIXKEeHO BIVINB YMOB CHHTe3Y Ha (pOPMYBAHHA CPiOHMX HAHOCTPYKTYP pi3HOI MpocTopoBoi
KOH(Iirypauii mia ai€ro eJieKTpOMarHiTHOro BUNPOMiHIOBAHHSI BUAUMOT0 Aiana3ony. IIpoBeeHo cHHTe3 HAHOYACTHHOK cpi-
0/1a MeTO10M (POTOIHAYKOBAHOI0 BiIHOBJIEHHsI HOHIB cpidJia y BOAHOMY cepeIOBHILI Ta Y BOAHOMY €KCTPAKTi ApPiAIxKiB.
3MiHy npocTopoBoi kKoHpirypauii oTpuMaHUX HAHO000 €KTIB 31iliCHEHO LIJISAXOM ONPOMiHIOBAHHSA JOCTiIHUX 3pa3KiB uep-
BOHHMM, 3¢JIeHHM Ta CHHIM CBiTJIOM 32 piBHMX ymoB. IIpoBeneHo XxapakTepu3alilo 0TPHMAaHMX HAHOCTPYKTYP cpifia Ta
JOCJI/IZKEHO IX ONTHYHI BJ1acTHBOCTi. BcTaHOBJICHO, 1110 CIIEKTPH NOIVIMHAHHSA JA0CJIIIHUX 3Pa3KiB 3MillyI0TbCH Y 10BIOXBHU-
JIbOBY 00J1aCTh CHEKTPY Ta, Y AeSIKAX BHIIAIKAX, PO3LIEIUTIOIOTHCS MicJIs I0AaATKOBOT0 ONPOMiHEHHSI Pi3HMMH T0B:KHHAMH

XBHWJIb.
bioa. 17, puc. 7, Tada. 1.
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L Beryn

Bripo1oBk OCTaHHIX POKIB TCHJICHIIIS 10 MiHIaTIOPH-
3amii Ta pO3MIMPEHHs ramy3ei 3acTOCyBaHHSA HaHOMAaTe-
piaJiiB CipyYMHIIM TOTPeOy B YAOCKOHAJICHHI IPOIECiB
XapakTepucTuk. Lle nmpu3Beo 10 iIHTEHCHBHOTO MOLIYKY
IBTEPHATHBHUX METOMAIB OTPHMaHHSI HAHOYACTHHOK
0J1aropoIHUX METaNiB Pi3HOI MPOCTOPOBOT KOHGIryparii
Ta BUBYEHHS iX (i3UKO-XIMIYHUX BiacTUBOCTeH [1]. 30k-
pemMa, OKpiM KJIaCHYHUX (Pi3MYHMX Ta XIMIYHUX METO/IB
BCE YacTime 3’SBIIOTHCS HAyKOBI POOOTH, € OMHUCAHO
HEeCTaHJapTHI CIIOCOOM OTPHMaHHS HaHO-CTPYKTYypOBa-
HUX 00’€KTIB 3a HONOMOTOI0 OiOJIOTiYHOI CHPOBHHHU —
PI3HUX MIKpOOpraHi3MiB, y TOMy 4mcii OakTepiid, poc-
JUH, APLKIDKIB, TpUOIB, TOmmo [2, 3].

OCKIJIBKH, Ha BJACTUBOCTI HAHOOO €KTIB BIUIMBAIOTH
HE TUTBKU iX TEOMETPHUYHI po3MipH Ta Gopma, a i cradi-
Ji3y04e cepeIoBHILE, B IKOMY BOHH 3HaX0AAThCs [4], TO
i100pOM pedoBHHH-CTA0UTI3aTOpa MOXKHA TaKOXK Kepy-
BaTH BEJIMYHMHOK aHTHOAKTEpiaIbHOT aKTUBHOCTI OTPH-
MaHUX HaHOCTPYKTYp. 3MiHa BIaCTMBOCTEH HABKOJIMIII-
HBOTO CepeJIOBHINA 3a0e3MeUy€eThCsl BIacCHE BHOOPOM
MPEeKypcopy Ta METONy OTPHUMAaHHS HAHOYACTHHOK.

VY poborTi [5] mokaszaHo, 1110 caMe TEXHOJIOTIS «3EJICHOrO
CHHTE3Y» JI03BOJISIE CYTTEBO MiJBHUILIHUTH OaKTEPHUIIUIHY
Jlito HaHOCTPYKTYp [6]. Y poboTi [7] onmcaHo cuHTE3
HAHOYACTHHOK OJIATOPOAHMX METaNiB 3a JOTIOMOTOIO
EKCTpaKTiB pociuH. Y [8] mpoBeneHo 0i0CHHTE3 HaHOYA-
CTHHOK cpibiia 3 BUKOPUCTAHHSIM TPUOIB Ta OPIBHIHHS
iX XapaKTEpUCTHK i3 KOJIOITOM cpibia y 3BUYAHOMY
BOJJHOMY CEPEIOBHILII.

MerasieBi HAHOCTPYKTYpH, OTPUMaHI TAKUMH METO-
JlaMH, XapaKTEepU3yIOThCSI BHCOKOIO IPOTHMIKpPOOHOIO,
aHTHOAKTEPiaIbHOIO Ta MPOTUTPHOKOBOIO MI€I0, sIKa Haii-
CHJIbHIIIIE IPOSIBIIIETHCS B yMOBaX JIOKAJIi30BaHOTO TTOBE-
pPXHEBOTO I1a3MoHHOTO pe3zonancy (JIITIIP) [9]. JIIIIIP
HPOSIBIISIETHCS Y PI3KOMY 3POCTaHHI IHTEHCHBHOCTI TIKY
MOTJIMHAHHA Ta PO3CIFOBaHHS EIEKTPOMArHiTHOTO BUIIPO-
MIHIOBaHHSI HAHOOO €KTaMU TIPU TMEBHIN JTOBXKUHI XBUI
M1a/1al04Y0T0 CBITNA, IO MOTPAIUIIE€ B PE30HAHC i3 BIaC-
HOIO YaCTOTOIO KOJIMBAaHb EJIEKTPOHHOI'O Ta3y Ha MOBEp-
xHi MertaneBoi HaHouacTWHKH [10]. Bimomo, mo mms
OTPUMAaHHS MaKCUMAJIbHOTO ONTHYHOTO BiITYKY METajie-
BUX HAHOCTPYKTYp Y [iama3oHi «Oi0NOTi4HOTO BiKHA
MPO30POCTi» JKUBUX TKAHWH € HEOOXITHUM BUKOPUC-
TaHHS METOJIIB KEPOBAHOTO CHHTE3y TAKMX HAHOOO EKTIB
i3 Hamepe] BH3HAY€HHMH NPOCTOPOBHMH IapaMeTpaMu
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[11]. 3miHrorO4YM TPOCTOPOBI MapaMeTpH HAHOCTPYKTYpP
abo BIACTHBOCTI CEepellOBHINA, B SKOMY BOHHM 3HaXo-
JUITBCSI, MOYKHA KOpPETyBaTH ONTHYHI BJIACTHBOCTI IIa3-
MOHHHMX HaHOYAaCTHHOK Ta KEPyBaTH PE30HAHCOM IIOBEp-
XHEBHX TUIa3MOHIB 3MIITyI04YH HOT0 y MOTpiOHy CeKTpa-
JBHY o0acTh [12].

Crnim 3a3HauWTH, IO Taki HAHOCTPYKTYpOBaHi
00’€KTH 3HAaXOMAATh IIMPOKE 3aCTOCYBaHHS HE JIHIIE
y GloMeanyHii Ta’y3i, a i A7 BUPIMICHAS 3aBAAHb ONTO-
CJICKTPOHIKY, TUTa3MOHIKM 4H cHepreTukd. OmHuM i3
e(eKTUBHIX Ta MEPCHEKTHBHUX METOMIB Mozampixamii
MIPOCTOPOBUX MapaMeTpiB HAHOYACTHHOK OJIaropojHUX
MeTalliB, 30KpeMa CpiOHHX, € BUKOPUCTAHHS €JIEeKTpOMa-
THITHOTO BHIIPOMIHIOBAaHHS, OCKUIBKM HAHOOO €KTH
XapaKTePH3YIOThCS 3AaTHICTIO MAKCHMAJIbHO MOTJIMHATH
BUITPOMIHIOBAHHS MIEBHOT JOBXHMHHU XBui [13].

3MiHa KoH(irypanii HaHOYaCTHHOK Cpibia BinOyBa-
€ThCSI 32 PaXYHOK PO3XUTYBaHHS IUIA3MOHIB 10 CITIBMIp-
HOI 13 IOBXXMHOIO XBWJII aMIUTITYIH, III0 YTBOPIOE TUMYa-
COBUH JIUIOJNb, 3YMOBJIOKOYHM MPUETHAHHS BIUIBHUX
HoniB Ag" no yrBopeHmx chepuuHHX 3aponkiB. Pict
HAHOCTPYKTYP 32 paXyHOK TaKoro IpHEJIHAHHS HOHIB JI0
YTBOPCHUX HAHO3EPEH cpibia BigOyBaeThCS MOTH, TOKH
MOXIJIUBE YTBOPEHHSI TUMYACOBOTO AUTIONs 200, 10 MpH-
TMUHEHHS ONpoMiHeHHs. TakuM 4iHOM, Mia0ip JOBKIUHA
XBHJIl €JIEKTPOMAarHiTHOr0 BHIPOMIHIOBaHHS Ta 4acy
OIPOMIHEHHS JI03BOJIsiE (POPMYBATH HAHOYACTHHKH Pi3-
HOi Gpopmu [14]. Bizomo, 1110 onipoMiHEHHS KOJIOIIB Cpi-
Osa CHHIM CBITJIIOM 3a3BHYail NMPHU3BOAUTH 10 (GOpMY-
BaHHS HaHOJCKAeIpiB, & HAHOCTPYKTYPH HPU3MAaTHIHOI
(opmMu 31€01IBII0r0 YTBOPIOIOTHCS MiJI BIUTMBOM YEPBO-
HOTO 49H 3eJieHoTo cBiTia [15].

OckinbKy, 3a0€3MeYUTH TOJIOKEeHHS MKy MaKCHMa-
JHHOTO TOTJIMHAHHA CPiOHMX HAHOCTPYKTYp y OIFK-
HBOMY iH(pa4epBOHOMY Jiana3oHi CIIEKTPy MOXKHA IS -
xoM Mopaudikamii TeOMETpUYHHUX TapaMeTpiB HaHOYAC-
THUHOK €JIEKTPOMAarHiTHUM BHITPOMIHIOBAaHHSM, 3aB/IaHHS
BU3HAYCHHS BIUIMBY CKJIQIy CEpPEIOBHIIA HA 3MiHY MOp-
(oJ10Tii HAHOCTPYKTYD 3AJTHIIAETHCS aKTyalbHUM. Tomy,
y AaHiit poOOTi JOCTIKEHO BILTUB €IEMEHTHOTO CKIIaTy
BOJIHOT'O CEpEJIOBUINA Ta €KCTPAKTY JIPIXKIDKIB HA MOJIH-
¢ikarito HAHOCTPYKTYP i BIDTMBOM JIa3€PHOTO BHUIIPO-
MIHIOBaHHSI Ta MPOBEJECHO X XapaKTepU3allilo.

II. EKCIEPUMEHT

Jlnst ocinifuKeHHs BIUIMBY CKJIaJy CEpelOBHINA Ha
(hopMyBaHHSI MOHOTUCTIEPCHUX HAaHOYACTHHOK cpibia Ta
BHBYEHHS 1X BIACTUBOCTEH OYJI0 MiArOTOBAHO J1BA JOCHTi-
JTHUX 3pa3kd. Y MepuioMy BHIAJKy HaHOYACTHHKH Cpi-
Oy1a 3HAXOAWIHCS Yy BOJHOMY pPO34YMHI, a B JPYyTrOMY -
y BOJIHOMY pO3uMHI eKCTPaKTy JIPIXKIDKIB
«Saccharomyces cerevisiae». OOnuaBa IOCTiIHI 3pa3Ku
TOTYBJIUCS LUIIXOM (DOTOBIAHOBIECHHS HOHIB cpibia
3 BOJHOTO PO34HMHY HiTpaTy cpidma AgNOs (1 MM) 3a
JIOTIOMOTOI0 JIa3€pHOTO ONPOMIHIOBAHHSI.

A. Ipucomyearnus kon0idy cpibaa y 00HOMY pO3YUHI

JocinijpkyBaHuil BOIHUN PO3YMH HAHOYACTUHOK Cpi-
05la OTPHMAHO HUIIXOM ONPOMIHIOBAHHS PO3YMHY COJI
cpibsna AgNO3 HariBIPOBIJHUKOBHUM JIa3€POM 13 JIOBXKH-
HOIO XBHJIi BUIIPOMiHIOBaHHS 445 HM IIpH HETIEPEPBHOMY

NepeMilllyBaHHI 3a JOMNOMOIOI MarHiTHOI MiIIaJIKu
MM-7I1 3a npuCyTHOCTI B pO34MHI TpU3aMilIeHOT HAaTpi-
eBoi comi Na3C¢Hs0O7, mpu yoMy, CHiBBiAHOIIECHHS IIUT-
pary Hatpiro 10 AgNO;s piBHe 4:1.

B. Ilpucomysannsa konoioy cpibna y 600HOMY pO34UHi
eKCmpaxmy OpixHcox#Cie
VYTBOpeHHsI CPiIOHUX HAHOCTPYKTYP Y BOJIHOMY PO3-
YHMHI €KCTPaKTy APLKIKIB «Saccharomyces cerevisiae»
MPOBEJICHO MUISXOM 1X iIHKYOyBaHHS IPOTATOM JIBOX JHIB
3 BoJiot0 TipH Temriepatypi 30°C Ta HenepepBHOMY CTpy-
uryBaHHi. [Ticnst nporo, KyJieTypa miniaBaiacst LEHTPH-
¢yrysannio (3000 06/xB) mpoTATOM 5 XB 32 TOTIOMOTOI0
TEPMOEJIEKTPUYHOI IeHTpUudyru. /lo orpumaHoro Boj-
Horo excTpakTy Apixmkis (pH 10) kpanensHO H0gaBaBCA
HiTpar cpibna (1 MM) npu ONMpOMiHIOBaHHI JIa3epHUM
BUIIPOMIHIOBAHHSM, SIK i B IONIEPEIHBOMY BUIIAJKY.

[Ticns mporo, At 000X Pe3yabTYIOUHX HAOOPIB JTOC-
JKyBaHUX KOJIOiAiB MpoBeaeHo Moaudikamiro Mopdo-
Jiorii TOBEPXHI YTBOPCHHMX HAHOCTPYKTYp cpibia 3a
JIOTIOMOTOI0  OTIPOMIHIOBAaHHS ~PI3HUMH JOBXKHHAMHU
XBHJIb.

Juist 3a0e3medeHHs 3MiHU IPOCTOPOBOI KOHGITYpartii
HAHOCTPYKTYD cpibiia 3 yTBOPEHHX 3apOJIKiB po3po0IIeHO
CIeTiaTbHAN IPHIaj 3 TPhOMa 130JIbOBAHUMH KaMepaMH
JUIsl OTIPOMIHIOBAHHS JIOCIIJDKYBaHUX PO3YUHIB KOJIOi-
HOTO Ccpi0ila OJHOYACHO CHHIM, 3€JICHHM Ta YEPBOHUM
€JICKTPOMArHiTHUM BHITPOMIHIOBAaHHSM IIPOTSIroM 6 ai0
3a piBHMX YMOB Ta ITpH KiIMHaTHi# TemMneparypi. B sxocri
JDKepena BUINPOMIHIOBAaHHS, Y KOXHIN Kamepl pajiaib-
HOTO OMpPOMIHIOBaYa, BUKOPUCTAHO CBITIOMIOIHI CTpi-
ykd (LED) 3 OOBKHHAMH XBHJIb BHITPOMIHIOBaHHS
465 uM, 525 HM Ta 623 HM, SKi pO3TAIIOBaHI Ha BHYTpIi-
IHIA OATHAPWYHIA [OBEPXHI KOXKHOI 130J0BaHOT
KaMepH TaKuM YMHOM, 1100 BUIIPOMiHIOBaHHS OyJ0 piB-
HOMIpHO CIIpSIMOBaHE Ha AOCIIIKYyBaHHAN 3pa3oK 31 BCiX
CTOpIH Ta IO BCiif BUCOTI KaMepH.

Po3pobnena ycraHOBKa TakoX Iepeadadae BiaBe-
JICHHSI TeTUIa JUIsl BUKJIFOYCHHS MeperpiBy CUCTEMH Hpo-
TATOM TPHUBAJIOr0 4acy ONPOMIHEHHS Ta JO3BOJIAE J0CH-
I'TH CTaOUIBHOI TEeMIepaTypy KOMIpOK, a TaKOX, MiHiMi-
3yBaTH BIUIMB TEIUIOBHUX €(eKTiB Ha ()OpMyBaHHS Ta PiCT
HAHOCTPYKTYp Pi3HOI KOH(]Iryparii mig BIUIMBOM OIpPO-
MiHIOBaHHS Pi3HUMH JOBXXUHAMHU XBHJIb.

Jlyist oTprMaHuX 3pa3KiB IPOBEAEHO (Hi3NKO-XIMIUHUH
aHai3. BuMiproBaHHs ONTHYHKX [TapaMeTPiB OTPUMAHUX
HAHOCTPYKTYp cpibiia y BOJHOMY PO34HHI Ta B €KCTPAKTI
JIPpDKIKIB TpoBeieHo 3a pomomoroio UV-VIS crekrpo-
merpa UV-3600. Xapakrepu3zariro Mmopdororii orpuma-
HUX MOHOIMCIIEPCHUX HAHOCTPYKTYp Cpibiia mpoBeneHO
3a oromoroio TEM-Bisyairizauii 3 BHKOPHCTaHHSM NPo-
CBIIYI0YOTO0 eNeKTPOHHOT0 Mikpockona JEOL-1011.

III.  PE3VJILTATU TA OBI'OBOPEHHSA

Buxinnuii konoin cpibna, orpumMaHuii musxom ¢oro-
BiTHOBJICHHS HOHIB cpi0ia 3 BOAHOTO pO3YMHY COJIi Cpi-
O11a, XapaKkTepU3yETHCS TJIA3MOHHHUM ITIKOM IOTJIMHAHHS
Ha JoBXuHI XBuii 420 HM Ta Ma€ >KOBTHH KOJIIp KOJIOiTy
(puc. 1), mo xapakTepHO I HAHOYACTHHOK Ccpibia cde-
pu4HOI pOpPMH.
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Puc. 1. CriexTp NOrIMHaHHS KOJIOiAy cpibiia OTPUMAHOIO Y BOJAHOMY
CepeIOBHILI

Take crekTpajibHE TIOJOXKEHHS MKy IOTJIMHAHHS
TUTIOBE [UII HAHOYACTHHOK po3MipoM Onm3pko 30 HM
[10]. Hami momepenHi pesynsratn TEM-izyanizauii,
mpezcTaBieHi B pooorti [16], miaTBepIKyIOTh, IO cepel-
Hilf pO3Mip OTPUMaHMX HAHOYACTUHOK CTAHOBUTH OJIH-
3bKO 32 HM.

[Ticnst onpOMiHEHHS MOYATKOBOTO KOJIOIIHOTO pO3-
YHHY TOTOKaMH Y€PBOHOTO, 3€JICHOTO i CHHBOTO BHITPO-
MIHIOBaHHSI CIIOCTEPIraeThCsl PO3ILEIICHHS MiKiB MOTIIH-
HaHHSA 31 3CYBOM Y JIOBTOXBHJIBOBY CIEKTPAIBHY
obmnactb. OTpUMaHUil CHEKTpP MOTTIMHAHHS KOJOImy cpi-
0ma y BOJHOMY PO3UHHI MiCJs ONMPOMIHEHHS YePBOHIM
CBITJIOM IIpe/CTaBIeHUH Ha puc. 2. Y IIbOMY BHUMAJIKY
MICJIST OMPOMIHEHHS JTOCTITHOTO 3pa3ka CIOCTEePIraeMo
BUHHWKHEHHS I0JATKOBOT'O ITiKy IOTJIMHAHHS Ha JOBXHHI
xBuil 845 HM. JlonaTkoBi MiKM Ha CHEKTPaJbHINA KpUBIH
MOTJIMHAHHSA CIIOCTEPIraloThCcs HA JOBXKMHAX XBWIb
560 HM miciIst ONpOMiHEHHS 3eJIeHUM CBITIIOM (puc. 3) Ta
495 HM Ticns ONPOMIHEHHS CHHIM CBIiTIIOM (puC. 4).

Cnig 3a3HauyuTH, O[O0 IHTEHCHBHICTH 0JATKOBUX
MiKiB TOTJIMHAHHA, SKi 3'SBWJIMCS TICISA OIPOMiHEHHS
4yepBOHUM (puc. 2) i 3ereHuM (puc. 3) CBITIOM, 3HAYHO
MIEPEBUIIYIOTH OCHOBHUI MmiK. Lle Bka3ye Ha Te, M0 Kijlb-
KicTh CQOPMOBAHHUX HAHOCTPYKTYP cpibia pi3HOI popmu
mepeBaXka€ HaJ KUTBKICTIO c(eprHyHMX HAHOYACTHHOK
y IOCIHIJPKyBaHOMY PO3UHHI.
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Puc. 2. Criextp norjMHaHHs KOJIOINy cpibia micist onpominenHs LED-
J1i0J]aMu 3 JOBXKUHOIO XBHIIi 623 HM
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Puc. 3. CriexTp nornuHaHHs K001y cpibia micns onpoMinenHs LED-
Ji0ZaMH 3 JIOBXKHHOKO XBUIII 525 HM

Kpim Toro, Kounip po3yuHy Micisi OIPOMIHEHHS 3Mi-
HIOBaBCS BiJl THIIOBOT'O YKOBTOTO JI0 (piOJETOBOTO 1 3eJe-
HOTO il BIUIMBOM OIPOMIHEHHS 3€JICHMM 1 YepPBOHHUM
CBITJIOM BiJIOBiTHO, III0 CBITYHUTH PO YTBOPEHHS HAHO-
CTPYKTYp pi3HHX po3mipiB [17].

CpibHi cpepruHi HAHOYACTHHKH OTPUMAIH TPUKYTHY
(dbopMy TiCIIs ONIPOMIHEHHS YEPBOHKMM CBITJIOM, 5K MTOKa-
3aHO Ha pHC. 2. Po3Mip OTpUMaHUX HAHOCTPYKTYP CTaHO-
BuB Om3bko 200 M. [Ipu ompoMiHeHHI KojI0ixy cpidia
3eJICHUM CBiTIOM (puc. 3) OyiM OTpHMaHi CTPYKTYpH
3 MopdoJoriero, TOAIOHOIO 10 OKa3aHOI Ha pHC. 2, aje
iX po3mip cTaHOBUTH OMU3bK0 130 HM.

JlonaTkoBHi MK MOTJIMHAHHS KOJIOiny cpibia, orpo-
MIHEHUI CHHIM CBITJIOM (puc. 4), HE TIEPEBUIILYE IHTEH-
CHUBHOCTI OCHOBHOTO TiKy, Ha BiIMiHY BiJ] KOJIOIy, OTIpO-
MIHEHOI'O YEPBOHHM 1 3€JICHUM CBITJIOM. OJJHAK, IHTEHCH-
BHICTh 000X MIKIiB IOTJIMHAHHS 3HAYHO BHINA B TIOPiB-
HSHHI 3 OCHOBHHM ITiKOM IOTIMHAHHS (puc. 1).

Lle Moxe BKa3yBaTH Ha Te, IO TIEBHA YaCTHHA CPib-
HUX HaHoc(ep TpaHchopMyBajlach y HaHOAEKaeIpH.
OpHak, HOBi CepUYHi 3apOIKH MPOJOBKYIOTH YTBOPIO-
BaTUCSI B PO3YWHI IiJ{ BIUIMBOM OIPOMIHCHHS THUM XK€
CHHIM CBiITJIOM i1 KUTBKICHO TIEpEBaXKAIOTh Y AOCIIIKyBa-
HOMY PO34YMHI HaHOJIEKaCIPH.
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Puc. 4. Criextp norymHaHHs KOJIOIRy cpibia micist onpominenHs LED-
Ji0J]aMu 3 JOBXKUHOIO XBHIIi 465 HM
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Puc. 5. CrexTp morianMHaHHS KOJOify cpibia OTPUMAHOrO y BOJHOMY
PO3YHHI EKCTPAKTY APDKIKIB
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Puc. 6. Criexktp moriuHaHHs KoJoigy cpibia micis onpominerns LED-
nioxaM 3 JOBXKHUHAMHU XBHIIb 525 HM Ta 623 HM
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Puc. 7. CrexTp IOIrIMHAHHS KOJOify cpibia OTPUMAHOIO y BOJHOMY
PO3YHHI EKCTPAKTY APDLKKIB micist onpominenHs LED 3 moBxuHOIO
XBWI 465 HM

Ha mactymHOMY eTarmi gociipKeHHs 0YII0 POBEICHO
CHHTE3 HaHOYACTHHOK cpilia y cepefoBHIIl €KCTPaKTy
IPDLKIKIB «Saccharomyces cerevisiae» Ta X XapakTepu-
3ami0. CHEKTp TOMVIMHAHHA HAHOCTPYKTYp Cpibia,

OTPUMAaHHUX Y BOJHOMY €KCTPaKTi APLKIKIB HLISIXOM (o-
TOIHJTyKOBAHOTO BiTHOBJICHHS HaBEJICHO HA PHC. 5.

VY 11pOMy BHIIAJIKy HOJIOKEHHS MIKYy MOTJIMHAHHS BKa-
3y€ Ha YTBOPEHHs OUIBIINX 32 PO3MIpOM HAaHOYACTHHOK
MOPIBHSHO i3 HAHOYACTUHKAMH, CHHTE30BAaHUMH y BOJ-
HOMY cepenoBuili. CiiJ 3a3Ha4YNUTH, 1[0 Y IIbOMY BHUIIa-
JIKy CEpelOBHIIE JOCIIAHOTO 3pa3Ka XapaKTepU3yeThCs
O1ITBII BUCOKMM TIOKa3HUKOM 3aJIOMJICHHS Ta ONTHYHOIO
TYCTHHOIO TIOPiBHSAHO 3 BOXHUM cepenopumieM. Lleit
(hakTOp TaKOX Mae BaroMHi BIIMB Ha IOJIOKEHHS MKy
MOTJIMHAHHSA, 10 3MIIy€ThCS B JIOBTOXBHIIBOBY CIIEKTpa-
JIbHY 00JIacTb.

AHAJIOTIYHO TIONIEPEIHHOMY BHIIAJIKY, OTPHMaHi
HAHOYACTUHKH Cpi0jia y BOJHOMY PO3YHMHI EKCTPaKTy
JIpiXDKIB ompominioBann LED 3a aHanoriyHux ymoB.
OpHak, 3MiHa KOJIbOPY OTPUMAHOTO KOJIOTLy Hicist Onpo-
MIHEHHs He criocTepirajacs.

CrieKTpH MOTJIMHAHHS ONPOMIHEHWX HAHOYACTHHOK
cpibsla B €KCTpakTi JPLKDKIB YEPBOHMM Ta 3EJICHUM
CBITJIOM MOKa3aHO Ha pucC. 6. Y 1IbOMY BUIIAKy PO3ILEN-
JICHHS MiKiB TIOTJIMHAHHS OMPOMIHEHUX JOCIITHUX 3pa3-
KiB HE CIOCTEPIraeThcst. TAKUM YHHOM, 3 PUC. 6 BHUILIH-
Bae, M0 KPUTHYHHUX Moau(ikaliid Mopdoorii HaHoYac-
THHOK cpi0jia B eKCTPAKTI APLKIDKIB 111 BILIMBOM CBiT/Ia
HE BiIOymocs.

CrieKkTp NOTJIMHAHHSA PO3YMHY HaHOCPiOIa y BOTHOMY
eKCTpaKTi JPDKIDKIB, IO IIJIaBaBCSl ONPOMIHEHHIO
CHHIM CBITJIOM, JIEIIO BiPi3HAETHCS BiJl CHIEKTPIiB MPUBE-
JIeHnX Ha puc. 6. Ha kpuBiii NOrIMHAHHS HAaHOCTPYKTYP
cpiba y BOOHOMY pO3YMHI €KCTPaKTy APIKIDKIB MICI
onpomineHHss LED 3 nomxuHor XBwIi 465 HM 3'SBJISI-
€ThCS JOAATKOBUH MK Ha JTOBXUHI 523 HM, IIPH IIHOMY,
HOTO IHTEHCHBHICTB € HIDKYOIO Y IOPIiBHSHHI 3 OCHOBHUM
MiKOM TOTrTuHAHHA. Lle CcBiq4nTh Tpo HE3HAYHI 3MIiHH
MPOCTOPOBOi KOH(Irypallii yTBOPEHUX HAHOCTPYKTYP.

JI1st OTpUMaHHX y JPDKIKOBOMY €KCTPAKTI Ta OIpPo-
MIHEHHUX KOJIOi/iB cpibia 3a nonomororo LED Bu3HaueHO
iHeKcH nosiaucnepcHocTi (Tadu. 1). OTpumMani pe3yib-
TaTH BKa3ylOTh Ha BUCOKY CTaOUIBHICTh KOJIOIJHUX CHC-
TEM.

TABIMUA | THAEKCH TTOJIAUCIEPCHOCTI KOJIOIIIB CPIBJIA
YV EKCTPAKTI JIPDK/DKIB

Ne JloB:KMHH XBHJIb ONIPOMi- Ingexc moiguc-
- HEHHs KO0JIOIfiB cpibdia TepcHoCTI

1 525 um 0,268

2 623 HM 0,295

3 465 um 0,305

BUCHOBKU

B po0ori npeacraBieHo pe3yibTaT CHHTE3Y KOJIOi-
IiB cpibmna 3i comi cpibaa (AgNO3) y BomHOMY pPO3UYHHI
Ta eKCTpaKTi ApixuKiB (Saccharomyces cerevisiae) nuis-
XOM (POTOCTHMYIIEOBAHOTO BiTHOBJICHHS HOHIB Ag Ta iX
xapakrepu3aiito. CHeKTpH NOTJIMHAHHS IOKa3yloTh Ha
ICHYyBaHHSI THIIOBOTO JUIS KOJIOIXHOTO cpibiia Miia3MoH-
HOTO MKy OJIN3bKO AOBXWHH XBUIi 420 HM.

JInsi HaHOYACTHHOK, CHHTE30BAaHUX y BOJTHOMY PO3-
YHHI, TICJIs ONPOMIHEHHS! YEPBOHHUM, 3€JICHUM Ta CHHIM
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CBITJIOM YITKO HPOSBIIAIOTHCS [BAa MIKM IMOTJIMHAHHS.
KpiM TOTO KONMOiAHMIT PO34UMH 3MIHIOE KOJIIp MICJIst OIpO-
MiHioBaHHA. Lle cBimumTh mpo Moaudikarmiro Gopmu
HaHOCTPYKTYp. OTxe, Takuii MeToJl MOXKHA YCHIIIHO
BHUKOPUCTOBYBATH Ul OTPUMAaHHS JOCTaTHBO BEIHMKUX
HAHOCTPYKTYp cpibia 3aiaHoi npocTopoBoi Mopdoiorii.

VY Bumaaky cpiOHMX HAHOYACTHHOK, CHHTE30BAaHHX
Y IPDKIKOBOMY €KCTPAKTi, CIIOCTEPIra€Thesl OAMH YiTKO
BUpaXEHUH MK morauHaHHA. [Ipudomy micis ompowi-
HEHHS YePBOHMM Ta 3€JICHUM CBITJIOM KPHBI IIOTJIMHAHHS
€ myxe Omm3pKuMHE 3a (opmoro. JInire mpu onpomMiHeHH1
CHHIM CBITJIOM MOXHa 3ayBa)KUTH TOJATKOBHU CITaOWit
MK MOTJWHAHHSA Ha JOBXKHMHI XBHII 523 HM, IO MOXKE
CBIIYMTH TIPO YACTKOBY 3MiHY (pOpMH HaHOYACTHHOK.
OTKe, IPUCYTHICTh EKCTPAKTY APIKIKIB B PO3UHHI MiHi-
Mmi3ye ¢oTtoinnykoBanuii edekt Tpanchopmaii hopmu,
110 CIIOCTEPIraBCcs B YUCTHX BOJHUX KOJIOiNAX.

TakuM YHHOM, BUKOPUCTAHHS PI3HUX CEPEIOBHIIL ITi[T
Yac CHHTE3y HAHOYACTHHOK cpibia nuisxoM (GoToBigHO-
BJICHHSI JIa€ MOJKJIMBICTh OTPUMYBaTH HAHOYACTHUHKH 13
3a7aHO0 ()OPMOIO Ta 3MIIIyBaTH iX MK ITOTJIIMHAHHS 10
BUAMMOI Ta 6au3pko1 IY obaacTi.
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Ne 0117U007176) ta «MopemoBaHHS 1 eKCIIEPUMEHTA-
JbHA BepuQiKalis MIa3MOHHO-PE30HAHCHUX HAHOCTPYK-
TYp JJIS IEPETBOPEHHS Ta KEPyBaHHS EICKTPOMArHiTHUM
BUIIPOMIHIOBAHHSIM IIIMPOKOTO  CIIEKTPAILHOTO Jliamna-
3oHy» (IB/MEB, Ne 0118U000267). ABTOpH BHUCIIOBIIIO-
101 moassky M. Kus-Liskievych ta P.1. Jlectoky 3a moro-
MOTY y IIPOBEACHHI BUMipIOBaHb.

TIEPEJIIK [TIOCUJIAHb

[1] Sau T. K., Rogach A. L., Jickel F., Klar T. A., Feldmann,
J., "Properties and applications of colloidal nonspherical noble
metal nanoparticles," Advanced Materials, vol. 22, no. 16,
pp. 1805-1825, 2010, DOI: 10.1002/adma.200902557.

[2] K.B. Narayanan, N. Sakthivel., "Biological synthesis of metal
nanoparticles by microbes," Advances in colloid and interface
science, vol. 156, no. 1-2,  pp. 1-13, 2010,
DOI: 10.1016/j.¢is.2010.02.001.

[3] Blum Ya. B. et all, ""Zelenyi" syntez nanochastynok
blahorodnykh metaliv ta napivprovidnykovyh nanokrystaliv CdS
za dopomogoyu biologichnoi syrovyny ["Green" synthesis of
noble metals nanoparticles and semiconducting CdS nanocrystals
using biological materials)," Nauka ta innovacii, vol. 11, pp. 59-
71,2015.

[4] Bulavinets, T., I. Yaremchuk, Ya Bobitski, "Modeling optical
characteristics of multilayer nanoparticles of different sizes for
applications in biomedicine," in Nanophysics, Nanophotonics,

Hapiitma no penakuii 31 tpasus 2019 p.

Surface Studies, and Applications, Springer, pp. 101-115, 2016,
DOI: 10.1007/978-3-319-30737-4 9.

[5] O. M. Vazhnycha, N. O. Bobrova, O. V. Hancho, H. A. Loban,
"Nanochastynky sribla: Antybakterialni ta antyfungalni
vlastyvosti [Silver nanoparticles: Antibacterial and antifungal
properties]," Farmakologia ta likarska toksykologia, vol. 2,
no. 38, pp. 3-11, 2014.

[6] Shrivastava S., Bera T., Roy A., Singh G., "Characterization of
enhanced antibacterial effects of novel silver nanoparticles,"
Nanotechnology, vol. 18, no. 22, p. 225103, 2007,
DOI: 10.1088/0957-4484/18/22/225103.

[7] I Siavash, "Green synthesis of metal nanoparticles using plants,"
Green  Chemistry, vol. 13, pp. 2638-2650, 2011,
DOI: 10.1039/C1GC15386B.

[8] T. Bulavinets, I. Yaremchuk, M. Kus-Lisskiewicz, R. Lesyuk,
Ya. Bobitski, "Formation of Silver Nanostructures in Different
Surrounding Media via Photoreduction," in [EEE 39th
International Conference on Electronics and Nanotechnology,
Kyiv, 2019.

[91 Zhao J., Zhang X., Yonzon C. R., Haes A. J., Van Duyne R. P.,
«Localized surface plasmon resonance  biosensors,»
Nanomedicine, vol. 1, no. 2, pp. 219-228, 2006,
DOI: 10.2217/17435889.1.2.219.

[10] S. Maier, Plasmonics: fundamentals and applications, New York:
Springer, 2007.

[11] J.S. Kim, E. Kuk, K.N. Yu et al, "Antimicrobial effects of silver
nanoparticles," vol. 3, pp. 95-101, 2007,
DOI: 10.1016/j.nan0.2006.12.001.

[12] K.L. Kelly, E. Coronado, L.L. Zhao, G.C. Schatz, "The optical
properties of metal nanoparticles: the influence of size, shape, and
dielectric environment," Journal of Physical Chemistry B,
vol. 107, pp. 668-677,2003, DOI: 10.1021/jp026731y.

[13] T. Bulavinets, V. Varyshchuk, I. Yaremchuk, Y. Bobitski,
"Design and Synthesis of Silver Nanoparticles with Different
Shapes Under the Influence of Photon Flows," in Nanooptics,
Nanophotonics, Nanostructures, and Their Applications,
vol. 210, Springer, 2018, pp. 231-241, DOI: 10.1007/978-3-319-
91083-3_16.

[14] Illika A.L, Chikirka I.A., Khalavka Yu.B., "Fotostymuliovane
vidnovlennia ioniv argentumu z utvorenniam dekaedrychnykh
nanochastynok [Photostimulated reduction of argentum ions with
the formation of decahedral nanoparticles]," Naukovyi visnyk
Cherniveckogo universytetu, no. 555, pp. 40-43, 2014.

[15] X. Zheng et al, "Photochemical formation of silver
nanodecahedra: structural selection by the excitation
wavelength," Langmuir, vol. 25, no. 6, pp. 3802-3807, 2009,
DOI: 10.1021/1a803814; .

[16] T. Bulavinets et al, " Formation of Silver Colloids by
Photostimulated Reduction," Zatoka, 2018.

[17] I. Pastoriza-Santos, L. M. Liz-Marzan, "Colloidal silver
nanoplates. State of the art and future challenges," Journal of
Materials  Chemistry, vol. 18, pp. 1724-1737, 2008,
DOI: 10.1039/B716538B.

@
m Copyright (c) 2019 bynasineus T. O., SApemuyk 1. f., baptkis JI. B.,

BoOunsknii 5. B.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.2019.24.3.174564
https://doi.org/10.1002/adma.200902557
https://doi.org/10.1016/j.cis.2010.02.001
https://doi.org/10.1007/978-3-319-30737-4_9
https://doi.org/10.1088/0957-4484/18/22/225103
https://doi.org/10.1039/C1GC15386B
https://doi.org/10.1039/C1GC15386B
https://doi.org/10.1016/j.nano.2006.12.001
https://doi.org/10.1021/jp026731y
https://doi.org/10.1007/978-3-319-91083-3_16
https://doi.org/10.1007/978-3-319-91083-3_16
https://doi.org/10.1021/la803814j
https://doi.org/10.1021/la803814j

ISSN 2523-4447. MicrosystElectronAcoust, 2019, vol. 24, no. 3 11

V]IK 535.3

BiusgHue yciaoBui CHHTE3a HA (POPMHUPOBAHHUE
HAaHOCTPYKTYP cepeOpa moj| JeCTBUEM
3JIEKTPOMArHUTHOTO U3JTYyUYEHUSA

Bynasusen' T. O., ORCID 0000-0001-6898-3363

Apemuyk U. f., n.t.1. mom., ORCID 0000-0002-7072-5950
Baprkus' JI. B., ORCID 0000-0002-5805-6248

Bobunkwuit® 5. B., n.1.H. mpod., ORCID 0000-0002-6860-8595
Kagenpa dpotonnkn

HanwonansHblid yHEBEpCUTET «JIBBOBCKAs OJIUTEX HUKA

JIbBOB, YKpanHa

Annomayua—B paGoTe H3yueHo BIHsSHHUE YCJIOBHUI CHHTe3a Ha (JOpMHUPOBaHMe HAHOCTPYKTYP cepedpa pa3jn4HOI npo-
CTPAHCTBEHHOIl KOH(QUTypaluHu 10/ BIHSHHEM 3J1eKTPOMATHHTHOTO M3JIyYeHHus] BHAUMOro quana3oHa. Ilposenen cunres
HAHOYACTHI cepedpa MeTo0M (POTOMHIYIHPOBAHHOIO BOCCTAHOBJICHHSI HOHOB cepeOpa B BOJHOI cpe/ie H B BOJHOM JKC-
TpakTe Apox:keil. U3MeHeHne MpocTpaHCTBEHHOI KOHGUTYpPAaLMU MOJIYy4YeHHbIX HAHOO0bEKTOB MPOBEIEHO MyTeM 00/1y4e-
HHUSl HccleyeMbIX 00pa3loB KPAacHbIM, 3eJIeHbIM M CHHHM CBEeTOM NPH PaBHBIX yciaoBusx. [IpoBeneHo xapakrepu3anuio
MOJIy4YeHHBIX HAHOCTPYKTYP cepe0pa, a TaKke HCCIeJ0BAHO UX ONITHYECKHE CBOMCTBA. Y CTAHOBJICHO, YTO CHEKTPHI NOIJIO-
IEHHS HCCIeyeMbIX 00pa30B CMELIAI0TCA B JJIMHHOBOJHOBYIO 00/1aCTh CIIEKTPA M B HEKOTOPBIX CJIy4asiX PaclIeNIsI0OTCs
1ocJie I0N0JIHUTEeIbHOr0 00, 1y4eH!sl Pa3HbIMHU JJUHAMHU BOJIH.

bubua. 17, puc. 7, Tada. 1.

Knroueesvie cnoea — nnazmonnvle Hanouacmuyvbl; HAHOCMPYKHIYpPbl; KoJL10U0H0e cepeﬁpo; t])omocmumyﬂuposauuoe 60cC-
CmaHoeienue; IKCmpakm Opoafcofceﬁ.
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The Synthesis Conditions Influence on Silver
Nanostructures Formation Under the Effect
of Electromagnetic Radiation

T. O. Bulavinets’, ORCID 0000-0001-6898-3363

I. Ya. Yaremchuk, Dr.Sc.(Eng.) Assoc.Prof., ORCID 0000-0002-7072-5950
L. V. Bartkiv, ORCID 0000-0002-5805-6248

Ya. V. Bobytskyi®, Dr.Sc.(Eng.) Prof., ORCID 0000-0002-6860-8595
Department of Photonics

Lviv Polytechnic National University
Lviv, Ukraine

Abstract—In the present work the influence of the synthesis conditions, particularly the effect of used surrounding media
on the silver nanostructures formation with various spatial configuration under the effect of the visible electromagnetic
radiation has been studied. Silver nanoparticles were synthesized by photostimulated reduction of silver ions from the silver
nitrate water solution in aqueous medium and in water yeast extract. The modification of the configuration of resulting
nanoobjects was carried out by irradiating the testing samples with red, green, and blue photon flows under the similar
conditions. For this task the unique devise with three isolated cells for irradiating silver colloids under the room temperature
was developed. The parameters of obtained silver nanostructures were characterized by spectrophotometry and their optical
properties have been researched. For the obtained silver colloids the polydispersity indexes were also determined. Besides,
the changes in morphology were confirmed by transmission electron microscopy. The shift of the absorption spectra of the
testing colloids to the long-wavelength spectral region and their splitting in some cases after irradiation by different wave-
length has been showed. For nanoparticles synthesized in the distilled water after irradiating by red, green, and blue photon
flows the additional absorption peaks appeared in the longer-wavelength spectral region. Moreover, the colloidal solutions
changed the colors after the electromagnetic radiation effect. This indicates the change in nanostructures shapes. The for-
mation of triangular nanoprisms under the influence of red and green photon flows and formation of decahedral nanostruc-
tures under the influence of blue light was found. It has been shown that this method can be successfully used to obtain the
large silver nanostructures in aqueous solution of the known spatial and optical parameters. The absorption spectrum of
the silver nanostructures obtained in water yeast extract shows one clearly expressed peak. But, after irradiation of this
colloid with red and green light, the absorption curves are very close in shape to the initial one. Only under the blue light
irradiation an additional weak absorption peak can be observed at the wavelength of 523 nm, which might indicates a partial
change in the nanostructures shapes. It has been shown that the use of water yeast extract as a surrounding medium for the
synthesis of nanoparticles with different spatial morphology minimizes the photoinduced effect of the shape transformation,
which was observed in pure aqueous colloids. The effectiveness and the ability to use of different surrounding media for the
silver nanoparticles synthesis by photostimulated reduction for obtaining nanostructures with the predetermined spatial
parameters and to shift their absorption peaks to the visible and near infrared spectral region has been shown.

Ref. 17, fig. 7, tabl. 1.

Keywords — plasmon nanoparticles; nanostructures; colloidal silver; photostimulated recovery; yeast extract.
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