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CHUHTE3 TA ®OTOANHAMIYHI
BJIACTUBOCTI KOJIOITHUX PO3YUHIB CPIBJIA

© Bynasineys T., Apemuyx 1. A, boouyvkuii A. B., 2017

HagBeneHno pe3yjabTaTH A0CTiTKEHHS BIUIMBY €J1€KTPOMATHITHOT0O BUNPOMIHIOBAHHSI HA
3MiHy TreoMeTpu4HOi ¢opmMu chepUYHHMX HAHOYACTHHOK Cpidja, OTPUMAHUX METOIAOM
($hoTOCTUMYJILOBAHOIO BiIHOBJIEHHS iOHIB cpifJia i3 cosboBoro pozunny (AgNQO;). Iokasano,
110 BUKOPUCTAHHS CBITJIOBHX MOTOKIB € e)eKTUBHUM croco6oM mMoaudikaunii reoMmeTpuyHux
napaMeTpiB OTPUMAHUX HAHOYACTUHOK 3aBASKH iXHill BJACTHMBOCTI MOTrIMHATH BUIPOMIHIO-
BaHHA NeBHOI 10BxuHM XBuJi. [le 1a€ 3Mory 3mimyBaTH podounii 1iana3oH J0B:KMH XBUJIb /10
JO0BrOXBHJIbOBIIIOI 00/1aCTi crieKTpA.

Kuaio4oBi cioBa: HaHOYACTHHKM cpidJja, KoJIOiA, CMHTe3, (POTOCTUMYJILOBAHE BiIHOB-
JeHHs, (oToAMHAMIYHI BJIACTUBOCTI, NJIA3MOHHMIA pe30HAHC.
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Lviv Polytechnic National University

SYNTHESISAND PHOTODYNAMIC PROPERTIES
OF COLLOIDAL SILVER SOLUTIONS

© Bulavinets T., Yaremchuk |., Bobitski Ya., 2017

Thiswork presentsthe results of resear ch the electromagnetic radiation influence on the
change in the geometric shape of spherical silver nanoparticles, obtained by method of
photostimulated recovery of Ag ions from salt solution (AgNQO3). Crystalline sodium citrate
(NasCsHs0-) was used to recover Ag by anions of citrate acid. Due to adsor ption on the surface
of silver nanoparticles and creating electrostatic barrier that prevents aggregation of silver
nanoparticles, sodium citrate was also used as a stabilizer.

Using light for the controlled synthesis and shape changing of silver nanoparticles are
very perspective. Light can significantly affect on the formation and growth of nanoparticles.
This work show, that using of photon fluxes is an effective way to modifying the spatial shape
of nanoparticles, since nanoaobjects have the ability to absorb a certain wavelength. This allows
shifting the wor king range of wavelengths to the longer-wavelength region of the spectrum.

The research of thelight influence on silver nanoparticles was carried out by irradiating
silver colloids by L ED-diodes with power 1W and wavelengths 525 nm, 465 nm and 623 nm
during 6 days under similar conditions. It is shown that an additional absorption peak has
appear ed on the absor ption spectra for all samples, irradiating by different wavelengths. This
islinked to a partial change in the geometrical shape of the nanoparticles.

The theoretical prediction of the size of silver nanoparticles and the plasmon resonance
peak position on the spectral scale were carried out by principle of the dipole equivalence. The
comparison of the calculated dependences of the absorption coefficient of synthesized silver
nanoparticles from the wavelength with the experimental oneswas carried out.

Key words: silver nanoparticles, colloid, synthesis, photostimulated recovery,
photodynamic properties, plasmon resonance.

Beryn

OcraHHIMH pOKaMH YHIKaJbHI BJIACTHBOCTI HAHOYACTHHOK OJIATOPOJJHUX METANIB IPUBEPTAIOTH BCE
OuTbIny yBary nocmigHukiB. CydacHi MOKIIMBOCTI Ta JOCSTHEHHS Y CHHTE31 HaHOMAaTepialiB BUKIHKAIOTh
3HaYHUN IHTEpEeC Ta 3YMOBJIIOIOTH IIMPOKE 3aCTOCYBAHHS HAHOYACTUHOK MPAKTHYHO Yy BCIX cdepax
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JISUTBHOCTI JIOAMHHM. 3aBISKHU IIKaBUM (DI3MKO-XIMIYHUM, O10JIOTIYHUM, KaTATITHYHUM Ta OAKTEPULIUTHUM
BiaactuBocTAM [1-3] HaHOYaCTWHKHM cpibia BHUKOPUCTOBYIOTh HE TUIBKHM U PO3B sS3aHHS 33124
eNIEKTPOHIKH, a i eHepreTuky, (GOTOHIKH, eKojIorii Ta 6iomeaunuuu [4, 5].

ChoroziHi BijoMa HU3Ka METOJIIB CHHTE3Y HAaHOYACTUHOK OJaropoJHUX METaliB pi3HOI KOH}Irypa-
il [6], a MOXJIMBICTh KEPOBAHOIO OTPUMAHHS HAHOYACTHHOK BiJKPUBAE HOBI MOXIIMBOCTI Ta TMEPCIEK-
THBH BUKOPUCTaHHS TaKHMX HaHO0O e€kTiB. OnHak MpodjieMa camMe KEepOBAaHOrO IIPOIECY YTBOPEHHS Ta
POCTYy HAHOYACTMHOK PI3HHUX PO3MIpiB Ta (OpM BCE I JOCIIHKEHA HEIO0CTATHHO. 3arajibHUM METOH
KOHTPOJIO XapaKTEPUCTUK YTBOPEHUX HAHOUYACTHHOK IPYHTYEThCSI Ha TECTYBaHHI Pi3HUX iX MmapameTpiB 3a
JoromMorot “crpob i momuiok”. PeanbHi MeXxaHi3MH YTBOPEHHS! HAHOYACTHHOK, a TaKOX BIUIMB Tapa-
METpIiB CHHTE3Y Ha MPOIIEC POCTY 3aUINAIOTHCS HEBUBYCHUMH. BiIKpUTUM MUTAHHSAM cy4acHOi pi3muHOi

VY miit poboTi AOCHIIKEHO BIUIUB EIEKTPOMATHITHOTO BUIPOMIHIOBAHHSI Ha YTBOPEHHS HAHOYACTHHOK
cpiOma Ta 3MiHY iX reoMeTpudHOi ()OPMH 3a JOMOMOroK METOay (HOTOCTHMYJIHOBAHOTO BITHOBJICHHS 10HIB
cpibrna i3 conbOBOro PO3YMHY. 3aCTOCYBaHHS CBITIIA JUISi KOHTPOITIO MPOIIECY KEPOBAHOTO YTBOPEHHS Ta POCTY
HAHOYACTHUHOK JOBOMI MepcrekTuBHe. OCKUIbKM HAHOO0O' €KTH MalOTh 37aTHICTh IMOTIMHATH BUIPOMIHFOBAHHS
MEBHOI JIOBKMHU XBWJI, TO BHKOPHCTaHHS (POTOHHMX TIOTOKIB € eEKTHMBHHM 3acOo00M Uit MoauGikarii
npoctopoBoi  popmu HaHouacTMHOK [7, 8]. doToCTHMyNIbOBaHE BIAHOBIICHHS IOPIBHSIHO 3 XIMIYHHMH
METOIAaMH CHHTE3y Ma€ TIeBHI TepeBard. YTBOPEHI KONOIMHI PO3YMHH BIIPI3HSIOTHCS BHIOK YHCTOTOIO
YIBOPEHUX HAHOYACTMHOK Ta HE MOTPeOyIOTh OXoiomkeHHS. KpiM Toro, y pasi (pOTOCTUMYJILOBAHOIO
BIIHOBJICHHSI MOXKJIMBHI CHHTE3 HAHOYACTHHOK 1 B TBEPIUX CEPEIOBUINAX, 1 32 HU3BKHUX TEMITEpPATYP.

Martepianu Ta MmeToan

Jlnst horocTIMymEoBaHOr0 BigHOBIeHHs ioHiB Ag" 10 AgQ’ BHKOpHCTaHO pO3UMH HiTpaTy cpibia
(AgNO3).

Jnst IpUCKOpEHHST peakilii BiIHOBICHHS JOAAaTKOBO BUKOPUCTAHO KPHCTATIYHHN IUTPAT HATPIIO
(NagCsHsO7). Anionu 1uTpaTHO! KUCIOTH TAKOX BHCTYIAIOTH K CTAOLII3aTOPH 3a PaxyHOK iX amcopOrrii
HAa TIOBEPXHI YTBOPEHMX HAHOYACTHHOK Cpi0lia i CTBOPIOIOTH €IEKTPOCTATUYHWE Oap’'ep, skuil He nae
3MOr'M HAHOYACTHHKAM arperyBaté Mix co0oro [9]. LluTpar HaTpilo HaJeKHUTh J0 OPraHIYHHX PEUOBHH,
BiH HE TOKCHUYHHWH, 3aCTOCOBYETHCS B XapyOBIH MPOMHCIOBOCTI Ta Y BUPOOHHIITBI (hapMarieBTUIHUX
nmpenaparis, a 0TKe, MOKe OyTH BUKOPUCTaHUH B TaOOpaTOpHUX yMOBax. A HOro BUKOPUCTaHHS y CHHTE31
HAHOYACTHHOK Cpibia Ja€e 3MOry OTpuMaTH cTabiunbHI 0i0CYMiCHI KOJIOIIM HAaHOYACTHHOK cpibia pi3HUX
po3MipiB Ta ¢popM. Bkazani komepiiliHi MaTepiaiay BUKOPUCTaHO Oe3 1oaTKoBol (pinbrparii. Yci po3unHH
peareHTiB OyJIM PUTOTOBIICHI y JIMCTHIILOBaHIH BOJII.

Cunte3 konoinmiB cpibma 3milicHIOBaBcs 3a JBa eramu. llepmmM erarnmoM Oyino yTBOpPEHHS
HAHOYACTHHOK A( 3a IOTTOMOT0r0 (POTOCTHMYIHOBAHOTO BiIHOBIICHHS 10HIB Cpi0Jia i3 COTBOBOI'O PO3UHHY.
Ilix wac excriepumenty 10 M 0,5-10° mons/n poszunny AgNO; OMPOMIHIOBATH HAMIBIPOBIIHHKOBAM
JIa3epOM 3 JIOBKMHOIO XBHJII BUIIPpOMiHIOBaHHsS A=445 HM Ta notyxHicTio 1 BT npotsirom 20 xB. 1o 115010
posunHy KpamenbHO omaBamd 50 mm 0,510° moms/n posummy umTpary Hatpifo. Ilix wac mpomecy
(OTOBITHOBJICHHSI PO3YMH Oe3nepepBHO 3MillyBaBcs. llepiry peakiito MOKHa OyJo CHOCTepiraTd yxe
yepe3 4 xB omnpomineHHS. JlOCHiPKyBaHWH PO3YMH IMOYAB 3MIHIOBATH KONIp MiJ] BILUTUBOM JIA3€PHOIO
BUITPOMIHIOBaHHS BiJl 0e30apBHOrO 10 TEMHO-KOPHYHEBOIO, IO CBIIYHTH TPO YTBOPEHHS y PO3YHHI
HAHOYACTHHOK cpibia cepuunoi popmu [10].

Hactynmaum eranom po6otu Oylio IOCHiKEHHS BIUIMBY €JIEKTPOMATHITHOTO BHIIPOMIHIOBaHHS Ha
MPOIIEC POCTY HAHOYACTHHOK cpibjia Ta 3MiHY iX reoMeTpu4HOi ¢opmu. s BOro yTBOPEHI KOJIOiAM
cpibna onpominroBanu RGB nmiogamu motyxnictio 1 BT 3a 0JHAKOBUX YMOB MPOTSTOM IIIecTH Ji0. 3MiHY
KOJIbOPY PO3YMHIB MOXKHA Oyno crioctepiratu yxke depes 20 rog onpomiHeHHs. 3MiHa KOJbOPY PO3UMHIB
CBIAYUTH MPO 3MiHY (OPMH, a OTXKE, 1 3MIHY MOJOKCHHS IiKa CIEKTpa IOTJIMHAHHS Ha CICKTPalbHIN
IIKaJIi, 110 BIAMOBIAA€E MJIa3MOHHOMY PE30HAHCY.

TeopeTruHe POTrHO3YBaHHS TOJOKEHHS TTiKa MJIa3MEHHOTO PE30HAHCY Ha CIIEKTPaNbHIN MKali Ta
PO3Mipy HaHOYACTUHOK cpibiia 3AiiCHEHO 3 BUKOPUCTAHHSIM MPHUHIIMITY TUIOJIbHOI ekBiBajeHTHOCTI [11].
Leii MeTox aKTUBHO BUKOPHCTOBYETHCS JJISI OMKCY MPOIECY PO3CIFOBAHHS BUIPOMIHIOBAHHS Ta 3aTHHH
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HaJaTH aHAJITHYHE PIIICHHS B3a€MOIl MK TUIOCKOIO XBHJICIO CBITJIA, IO Maja€, i ceporo A0BLILHOIO
PO3MIpY, OTOYCHOI OJHOPITHUM CEPEIOBHUILEM.

JlocmipKeHHsT TIOTJIMHAHHS OTPHMMAHOIO KOJOIAHOTO PO3YMHY BHKOHAHO 33 JIOIOMOTOI0
cnekrpodoromerpa CM 2203.

PesynbTaTu T2 00roBOpeHHA

Jns oTpuMaHUX METOJOM (DOTOCTUMYIIHOBAHOTO BiIHOBJICHHS KOJOIAHUX PO3YMHIB Cpibia BUMIPSHO
Koe(illieHT TOTJIMHAHHS Ta BU3HAYEHO MOJIOKEHHSI TTiKa TTa3MOHHOT'O PE30HAHCY Ha CTIEKTPAIBHIH IKaTi.

Ha puc. 1 mokazaHO pe3ynbTaTH TEOPETHYHOIO MOJICIIOBAHHS IIOJIOXKEHHS ITiKa MOTJIMHAHHS
KOJIOITHOTO PO3YMHY HAHOYACTHHOK Cpidyia Ta TX MOPIBHSIHHS 13 JaHUMH, OJCPKAHMMM I dYac
BHUMIPIOBAaHHS MMOTJIMHAHHS OTPUMAaHOT'0 KOJIOTIY.
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3 puc. 1 BUAHO, IO TEOPETHYHO PO3paxoBaHa KpWBA TOTIMHAHHS KOJOIAHOTO PO3YHHY Cpibia
no0pe KOpelntoe 3 pe3yinbTaTaMH, OTPHUMAaHUMH eKCIIepUMeHTanbHO. [loNoKeHHs Mika MOTJIMHAHHS Ha
CTIeKTpaJbHIN MKali XapaktepHe st AQ 1 MicTUTbest B o0acTi oBxkuH xBriib 380—440 um. BpaxoByroun
TEOPETHYHI PO3PaxXyHKH 3 BHUKOPHCTAHHSIM MPUHLHUIY IUIOIbHOI ekBiBaseHTHOCTI [11], MoxHa
MPHITYCTHTH, 1110 CEPEHIN PO3Mip YTBOPEHHX HAHOYACTUHOK Cpibia He mepeBumlye 43 HM.

JAist mocmipKeHHs BIUTMBY CBITJIOBOTO BUIIPOMIHIOBAHHS Ha 3MiHY r€OMETPHYHOI ()OPMHU YTBOPEHHUX
HaHOYACTMHOK 3MiiicHeHO iX ompomineHHs LED niomamu moryxknictio 1 BT 3 moBKuMHaAMH XBHJIb
BUNpoMiHIOBaHHs 623 HM y uepBoHiii obnacti (puc. 2, a), 525 um y 3enewiii obmacri (puc. 2, 6) Ta 465 HM
y cHHii obnacti (puc. 2, B).

Ha puc. 2 mokazaHo 3MmiHy ¢GopMH Ta TOJOXKEHHS TiKa TOTrJIMHAHHS KOJOiAiB cpibia, sKi
OIPOMIHIOBAJIH IIO/I0 MOYaTKoBOro (puc. 1), orpumanoro s chepuvyHux HaHOYaCTHHOK. Ha KpuBii, 1110
ONKCY€ TOTJMHAHHS OCBITJICHUX YEPBOHUM BHUIIPOMIHIOBAaHHSM HAaHOYACTHHOK (puc. 2, a), 3'sBHBCS
JIOAATKOBHH TTIK TOTJIMHAHHS HA MOBXHHI XBUim 510 HM, He XapakTepHUil A chepuIHUX HAHOYACTHHOK
cpibiia. Y pasi OCBITJIICHHS 3€JICHUM BUIIPOMIHIOBAHHSM J0AAaTKOBUU MK MOrJIMHAHHS 0AYMMO Ha JOBKHHI
xBuIl 475 HM, a 3a OIPOMIHEHHS CHHIM — Ha ToBKuHI XBrIi 480 HM.

Bimomo, 1m0 MOJOXKEHHS ITiKa IUIa3MOHHOI'O PE30HAHCY Ha CIEKTPAJbHIN IIKaal 3aJIeKUTh Bil
po3mipy, ¢opmMu Ta Matepialy HaHOYAaCTHMHOK. OCKUIbKM B pPO0OOTI CHHTE30BAHO PO3UMH CPIOHUX
HAHOYACTHHOK OJHOTO PO3MIipy, MPHUITYCKAEMO, 1[0 BUHUKHEHHS IOJaTKOBOIO IiKa moriuHaHHs (puc. 2)
OB’ Si3aHE 13 YaCTKOBOIO 3MIHOIO ()OPMH HAHOYACTHUHOK.

VY KOXHOMY ITOCITIIDKYBAaHOMY 3pa3Ky MO)KHa OyJIO CHOCTepiraTH 3MiHY KOJIBOPY PO3UMHY IiCHs
ONPOMIHIOBAHHS, @ HAa CIEKTpax IMOMIMHAHHA 0auyuMO BHHHUKHEHHS JOJATKOBHX IIKiB TOTJIMHAHHS
(puc. 3), omHaK IHTEHCHBHICTH IKiB TOTJHHAHHS, IO BiAMOBiJAIOTH MOYATKOBOMY, OTPHMAHOMY JUIs
chepuYHMX HAHOYACTUHOK, 3aJIMIIMJIACh HaWBHIOW. lle CBiguuTh Npo Te, MI0O HE BCI YTBOpPEHI
HAHOYACTHHKH Cpibja B PO3YMHI 3MIHWJIM CBOIO TeOMETpHuHYy GopMy. MOKHA MPHUITYCTUTH, IO TAKHH
epexkr mMoB's3aHMH 13 BHCOKOIO KOHIIGHTpAIli€l0 HAaHOYACTHHOK Yy PpO3YMHI 32 BKa3aHOro 4Yacy
OITPOMIHIOBAHHSI.
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Puc. 2. Cnexmpu noerunanisi kon0iois cpiona, onpominenux LED diodamu 3 0oseorcunamu xeun:
a—623um;, 6 —525 um; 6 — 465 um
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Puc. 3. Cnexmpu noenunanns oo (1) ma nicis onpominenmss ompumanux
3paskis kon0ioie cpiona zenenum (2), uepsonum (3) ma cunim (4) sunpominiosanmam
BuchHoeku
Y po0OoTi HaBemEeHO Pe3yNbTaTH AOCHIDKCHHS BIUIMBY CBITJIOBOTO BHIIPOMIHIOBAHHS Ha 3MIHY
reoMeTpuyHoi GopMU cPeprUuHMX HAHOYACTHHOK cpiliia, OTpUMaHHX METOJOM (OTOCTHMYIHOBAHOTO
BIJIHOBJICHHSI i0HIB cpibiia 3 pozunny comi cpidma (AgNOs).

3niliCHEHO TEOpETHYHE MPOTHO3YBAHHS TOMOKEHHS IMiKa IIa3MOHHOTO PE30HAHCY HAa CIEKTPaITbHIH
IIKAJIi T4 pO3MIPY CHHTE30BaHMX HAHOYACTHHOK cpibia. [IJisl OLIHKK JOCTOBIPHOCTI OTPUMAHHX PE3YNIbTATIB

ITPOBEICHO MOPIBHAHHS TEOPETUYHO PO3PAXOBAHMX Ta SKCIICPHUMEHTAILHHX 3aJISKHOCTEH KoeillieHTa Moriu-
HaHHS BiJ JOBXHMHU XBWJII JUIi CHHTE30BAaHMX HAHOYACTHMHOK cpiOia. ITomokeHHS Iika IMOTJIMHAHHS OTpH-

MaHHUX KOJIOIMIIB Ha CIIEKTPAITBHIN MIKai XapaKkTepHe st cpidiia i po3ramoBane Ha AoBxuHi XBuiTi 410 HM.
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3aBAsSKM BIIACTUBOCTI HAHOCPIONa TOTJIMHATH BUIPOMIHIOBAHHS TIEBHOT JOBXKHHU XBHII,
BUKOpUCTaHHS ()OTOHHUX TIOTOKIB € e()EeKTUBHUM Ta TMEPCIEKTUBHUM CIOcoO0oM Moaudikarii
TCOMETPUYHUX TapaMeTpiB HAaHOYACTHHOK. 3MiHa KOIbOPY OTPMMaHHUX KOJNOiAiB cpibna, a oTxke, 1 3MiHa
(hopMH Tij] BILTHBOM €IIEKTPOMATHITHOTO BUMTPOMIHIOBaHHM BifOynucs yepe3 20 ron. MiHiMalbHUI 3CyB
JIOZIATKOBOTO ITiKa TOTJIMHAHHS CIIOCTEPIraeThCsl Wil Yac ONMPOMIHEHHS KONOIMHOrO PO3YHMHY Ccpidiia
3eJICHUM BHIIPOMIHIOBaHHSAM. 3MiIllleHHs BifOysocs Ha 65 HM y OUIbII JOBrOXBHIIBOBY OOJIACTH CIEKTpA.
[lig yac ompoMiHEHHs KOJIOIMy BHIIPOMIHIOBAHHSM 3 JOBXKHHOI XBHJII 623 HM 3MIlllEHHS J0JaTKOBOI'O
IiKa MOorJIMHAHHSA MakcuManbHe 1 ctaHoBuTh 100 HM, ofHaK BiH c1aOko BupaxkeHui. Lle cBiquuTh mpo Te,
mo 3MiHa (GOpMU HAHOYACTHHOK ITijJi Yac ONMPOMIHEHHS YEPBOHHM CBITIIOM BiOYBA€TbCs HEJOCTATHBO
e eKTUBHO. IHTEHCHBHICTb J10IATKOBOTO IiKa MOrJIMHAHHS KOJIOIAY, OMPOMIHEHOI0 CHHIM CBITJIOM, OO
MOYAaTKOBOT'O 3HAYCHHs MakcuMalibHa. OTXKe, BHIIPOMIHIOBAHHS 3 JIOBXKHHOIO XBUJII BUIPOMIHIOBAHHS
465 uMm HalieekTUBHIIIE BIUTUBAE HAa 3MiHY TEOMETPUYHUX MapaMeTpiB HAHOYACTHHOK cpibia.

1. Antimicrobial effects of silver nanoparticles / KimJ. S, Kuk E., Yu K. N. et al // Nanomedicine.
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enacmusocmi | O. M. Baxcnuua, H. O. Bo6posa ma in. Il ®@apmaxonozia ma aikapcoka moKCUKONO2IA.
2014. Ne 2 (38). C. 3-11. 3. Biomedical applications of plasmon resonant metal nanoparticles / Liao,
Hongwei, Colleen L. Nehl, and Jason H. Hafner // Nanomedicine. 2006. Vol. 1, No. 2, P. 201-208.
4. Toward plasmonic solar cells: protection of silver nanoparticles via atomic layer deposition of TiO, /
Sandridge, Sacey D. and al // Langmuir. Vol. 25. No. 5. P. 2596-2600. 5. Chemistry and properties of
nanocrystals of different shapes/ Burda C., Chen X., Narayanan R., El-Sayed M. A. // Chemical reviews.
2005. Vol. 105, No.4. P. 1025-1102. 6. Alemu Negash. Optical Properties of Nanostructured Noble Metals
and Their Emerging Applications // Editorial Board 23, Vol. 10, No. 1, P. 23-31. 7. Maier S A
Plasmonics: fundamentals and applications // Springer Science & Business Media. 2007. 8. 3arescricme
CEHCOPHUX SLACMUBOCMEN HAHOYACMUHOK cpibaa 6i0 ixnvoi ¢opmu | Ipicens B. A., T'onuapyk J]. O.
ma in. Il Hayk. sicnux YHY. Bun. 683: Ximis. 2014. — C. 42-48. 9. Continuous synthesis of monodi sper sed
silver nanoparticles using a homogeneous heating microwave reactor system/ M. Nishioka, M. Miyakawa,
H. Kataoka, H. Koda, K. Sato, T. Suzuki // Nanoscale. 2011. Vol. 3. P. 2621-2626. 10. Csupudos B. B.
Xumuueckoe ocaxcoenue mMemanios uz 600HuIX pacmeopos. Yuusepcumemckoe. 1987. 11. Xneboyos H. I'.

Onmuxa u 6uopomonuka Hanovacmuy ¢ niasmonnvim pezonancom (O630p) Il Keanmosas snexkmponuka.
2008. T. 38. A2 6. C. 504-529.

References

1. KimJ. S, KukE., YuK.N. et al (2007) “Antimicrobial effects of silver nanoparticles’
Nanomedicine, vol. 3, no. 1, P. 95-101. 2. Basicuuua O. M., Bobposa H. O. ma in. (2014) “ Hanouacmunku
cpibna. awmubaxkmepianvhi ma aumu@yneanvii - eracmueocmi’  Papmakonocii  ma  AKAPCbKa
moxcuxonozis, mom 38, Ne 2, C. 3-11. 3. Liao Hongwei, Colleen L. Nehl, and Jason H. Hafner (2006)
“ Biomedical applications of plasmon resonant metal nanoparticles’ Nanomedicine, vol. 1, no. 2, pp. 201—
208. 4. Sandridge, SaceyD. and al (2009) “Toward plasmonic solar cells. protection of silver
nanoparticles via atomic layer deposition of TiO2.” Langmuir, vol. 25, no. 5, pp. 2596-2600. 5. Burda C.,
Chen X., Narayanan R., El-Sayed M. A. (2005) “ Chemistry and properties of nanocrystals of different
shapes’” Chemical reviews, vol.105, no. 4, pp. 1025-1102. 6. Alemu, Negash. (2015) “ Optical Properties
of Nanostructured Noble Metals and Their Emerging Applications’ Editorial Board 23, vol. 10, no. 1,
pp.23-31. 7. Maier S A. (2007) “Plasmonics. fundamentals and applications” Springer Science &
Business Media. 8. I'picens B. A., l'onuapyx . O. ma in. (2014) “ 3anesxcnicmo cencopnux eracmusocmei
HaHouacmunok cpiona 6io ixuvoi popmu” Hayk. sicnux YHY. Bun. 683: Ximis, c. 42—48. 9. Nishioka M. et
al (2011) “ Continuous synthesis of monodispersed silver nanoparticles using a homogeneous heating
microwave reactor system” Nanoscale. vol. 3., pp. 2621-2626. 10. Csupuoos, B. B. (1987) “ Xumuueckoe
ocadicoeHue Memanios us 800Hvlx pacmsopos”’ YVuusepcumemckoe. 11. Xnebyoe H. I'. (2008) “ Onmuxa u

buopomonuka Hanowacmuy ¢ niasmonHvim pesonancom (0630p)” Keanmosas snekmponuka, mom 38,
MNe 6, c. 504-529.

140



