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Evyoapiotieg

Me Vv 0oAOKAP®GN NG JMA®UOTIKAG MOV gpydaciog vidbm tnv vroypéwon va
EVYOPIGTHC® OAOVS CVLTOVG TTOL GLVEPBOANY GTNV OpaAn dteEaymyn TG.

Apywd, 8o MBera va evyoaplotiom Beppd v emPrémovco kabnyntpia k. Evayysiio
[HovAdtov Yo v avaBeon tov Bépartog, Tig vodei&elg kot v Kaboplotikn GupPoin g oe
omolodnmote {RTnua Tpoékvye Kob’ OAN v O1dpKeld exmdVNONG TNG OUTAMUOTIKNG OV
epyooiag. H emotnpovikn g kabodnynon kot apwyr| opeiloviat yio TNy moldtna, kabmg Kot
1 SlEKTEPAiMGT TG TAPOVGAS EPYUGIOG.

InuovTikd PéPog TV evyoptoTiov Ba feha va ekppdom oty vroynelo dwddxtopo E.M.II
Mopio-Avva T'dtov vy 1t ovveyn Kou 7OAOTUN Kobodnynom, T ovuPovAég, 1T
CLUTAPACTOOT) KoL TNV apéPLatn Pondeld tng o€ OAN TV TOpEi EKTOVNONG TNG EPYOGIAG LLOV.

Emiong, 0a n0eha va evyopiotiom tov Ap. [avayiwtn Adrra, Epevvnt tov Ivetitovtov
Noavoemiotung ka1 Navoteyvoroyiog tov EKEDE Anpokpitog yio tnv apoylatonoincn tov
UETPNCEMV YOPAUKTIPIOUOV TNG LOPPOAOYING TMV YPNOLOTOIOVUEVOV VAIKMV GTO NAEKTPOVIKO
pikpookémio SEM, kabmg kot v k. [Moatpiva [apackevonoviov, Avarinpatpia Kadnyntpla
tov Tuuatog Xnueiag tov EKITA yuo v mpaypatomoinon tov petpnoewv BET.

Té\og, EVYOPIGT® TNV OIKOYEVELY OV KOl TOVG PIAOVE [LOV Y10 T GUUTUPACTUCT KoL TV
VTOHOVN TOVLG KOTA T O1APKELN TNG TPUYLLOTOTOINGNG KAl GUYYPAPNG TNG OUTAMUATIKNG LOV

gpyooiag.
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DwtokoTaloTiK) aTodOUNcH VYPOV pOIwV ue ypHon ZnO vovovlikwy

HepiAnym

2V TOPOVGH SUTA®UATIKY EPYOGIO TPAYUATOTOMONKE 0pyké Lol EKTEVIG EMGKOMNON
™me mpoécpats Piproypagiog oxetikd pe T xpnon Tov vavocopotdiov ZnO ot
(MOTOKOTOAVTIKY] ATOOOUNOT 0PYUVIKAOV pOTTOV Gg vddTva péca. Akolovbwc, cuvtédnkay ot
QOTOKATOAVTEG NHOYOY®V, Waitepa ta vavosopatiole ZnO kot N-ZnO, and v tpddpoun
évwon Zn(CH3COy)2-2H,0 (zinc acetate dihydrate), kot 6tn cuvéyelo cuykpidnkav, cOpE®va
He TG SOMIKEG, LOPPOAOYIKEG KO QOTOKATOALTIKEG TOVLS 1010tNTEG. H Ypnoipomotodpevn
pébodog ouvbeonc Nrav 1 pébodog kabitnone. Ta daypdppata XRD kot ta edopoto Raman
éoeigav pia kabapn doun Povptoitn, evad ot eikdveg SEM emBefaiowoay T HiKpo Kot Vovo
KPLOTOAMKT douT| TV Topayopevemv Kpuotdiiov ZnO. H pedétn DLS anédeiée ot ta peyéon
TOV OUATOIOV Kopaivovtal amd 23-38 nm, evo ta edopota FTIR anédei&av v kabapodtnta
TOV TOPAyOUEV®V okovmdv. H HeAETN TG POTOKATAAVTIKNG 0TOS0GNG TPOYUATOTOMONKE VIO
NV EMOPUCT] LIEPIDOOVE Kol OPAUTNE AKTIVOPOAMOG, YPNOUOTOIDVTAG MG POTO TN podauivn B.
H mpdodog e mpospdenong tov pdmov eréyybnke pécsm g poacuatockoniog UV-Vis kdbe
15 Aentd. [Hopompnonke TL N ard306M TS POTOKATAAVLGNC HEIDMONKE GNUAVTIKA Y10 OAOL TO
delypata pe v avénon g cLYKEVTP®GTC TOV PUTOL, TOGO GTNV TEPIMTMGT EXLOPUCT|G OPUTHC
0660 kol VIEP®OOVG aktvoPforiog. Télog, mapatnpribnke 6Tt M avénon Tov TOGOGTOV
TpocuEng o€ GlmTo PEATIOOE TN POTOKOTAAVTIKT ATOS0GT] TOV VOVOSOUATIOIMV 0EES10V TOV
YevdapyYOpPoL VIO TNV EMdPACT Opathg akTvoPoAiicg, evd odfynce kol ce avENCT TOL

TO0GOGTOV AmrodOUNong ™G podapivng B pe v mdpodo tov xpovov.

AéEarg-kherdna: ZnO, N-ZnO, vavocopatid, nuoywyol, potokatdivon, podauivn B
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Abstract

In this diploma thesis, an extensive review of the recent literature on the use of ZnO
nanoparticles in photocatalytic degradation of organic pollutants in aqueous systems was
carried out. Subsequently, the semiconductor photocatalysts were synthesized, especially ZnO
and N-ZnO nanoparticles, using Zn(CH3CO>),+2H,0 (zinc acetate dihydrate) as precursor, and
then were compared, according to their structural, morphological and photocatalytic properties.
The synthetic method used was the precipitation method. Both XRD diagrams and Raman
spectra showed a pure wurtzite structure, while SEM images confirmed the micro-nano
crystalline structure of the ZnO crystals. The DLS study demonstrated that particles’ sizes range
from 23-38 nm, while FTIR spectra demonstrated the purity of the produced powders. The
study of photocatalytic performance was carried out under the effect of ultraviolet and visible
radiation, using Rhodamine B as model pollutant. The progress of the pollutant’s adsorption
was tested through UV-Vis spectroscopy every 15 minutes. It was observed that the yield of
photocatalysis was significantly reduced for all samples by increasing the concentration of
pollutant, both in the case of visible and ultraviolet radiation. Finally, it was observed that the
increase in nitrogen doping rate improved the photocatalytic yield of zinc oxide nanoparticles
under the effect of visible radiation, and led to an increase in Rhodamine B degradation

percentage over time.

Keywords: ZnO, N-ZnO, nanoparticles, semiconductors, photocatalysis, Rhodamine B
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DwToKATAAVTIKN OTO0OUNTH VYP@V pOTWV e xpiion ZnO vavovlikwv

Kepaioao 1°:
Kotdivon pe oleidio tov wevdapyvpov: Ocwpntikd vmofabpo koi mpoopotes

eCedideic

Ewcayoyn

YTic puépeg pag, m MAokn gvépyela, n aktvofoiia ko n Beppotnta omd tov ‘Hio givar ot
OVOVEDGUEG TNYEG EVEPYELOG OV OlabéTovpe og apbovia. H nilakn evépyeia, mov d€xetat o
TAQVATNG MOG G pio dpa etvar aeOnTd peyoddutepn omd TV EVEPYELD, TOV KOTHUVOAMDYVOUV Ol
avBpomotl emoing [1]. ‘Etot, 1 Ipaylatonoinon eKTevav HEAETOV Y10, TV AVATTLEN VAIKGV,
mov Bo ¥pNOIHOTOOVY TNV MALOKT OKTIVOPOAiD, HE OTOXO TNV «IPACVI» Oloyeipton g
neptPailovtikng poéAvveong gival anapaitnt. ‘Eva tétoto mapdderypo frooyng texvoroyiag,
7ov dvvoTol Vo, GVUPAAEl otV emilvon Tov TEPPAALOVTIKOD TPOPANUATOS, OTOTEAEL 1)
(MTOKOTAAVOY], KOTA TNV OTole 1 OVOVEMGLUN NALOKT EVEPYELD YPTCLUOTOLEITAL Yol TNV
EVEPYOTOINOT TOV YNUIK®OV avTdpdcewv ofeldmong kot avoywyng [2]. Avtd 10 cvotnua
(POTOKAUTAAVONG £XEL TPOGEAKVGEL TO EVOLOPEPOV TNG EMGTNHUOVIKIG KOWOTNTOS MG TOV TLO
vrooyOpuevo Tpomo va emAvbel 1o mepiParioviikd {ftnpa, edikd oe O,TL agopd TNV
OTOUAKPVVGT) VIOAEWUUATOV TOEIKOV XPpOOTIKGOV and o Apate. H potokatdivon givar pio
QOTOYNIKY aVTIOPAGCT) OTNV EMPAVELD EVOC Ny YoD HeTaAAkoD o&gdiov, 1) omoia Tpémet
Vo OmOTEAEITOL OO TOVAGYLGTOV 6VO0 TOVTOXPOVES AVTIOPACELS, OOV 1 TPOTY TEPIAUUPAVEL
v ofeidwon and potomapayoueveg Oetikég omég kot 1 devTEPN TEPAAUPAVEL TNV Ovay®YY|
and  Qwtomapayopeva opvnTikd miektpovia [3]. Ta €idn 1ov moAAL vROGKOUEVOV
PMOTOKATOAVTMOV OV EYOLV ypnoiponondel oty dayeipion tov amofintov eivar didpopa,
o6mmg 10 d10&eidto Tov Titaviov (TiO2), To 0&gido tov yevdapybpov (ZnO), to 0&eidto Tov
odnpov (Fez03), n Qipxovia (ZrO2), 1o 0&gidio Tov Pavadiov (V20s), 1o mevtoeidio Tov viofiov
(Nb20s) ka1 to tpro&eidio Tov forppapiov (WOs) [2,4].

Yfuepa, otov Touén TG PeToKaTdAVeNG T0 ZnO £yel avadelybei o¢ Kopveaio vroynelo,
OTTOTELECUATIKO KOl TTOAAG DTOGYOUEVO Y10 TNV «TTPAGIVI dloyeipion tov mepPaiiovtoc,
e€autiag TV LOVUSIKOV TOV YOPOKTNPICTIKAV, OTIMG TO VPV EVEPYEINKO YUCUN GTNV EYYVG -
UV eoacpotikn meptoyn, 1 VYNAN 0EE0mTIKY 1KOVOTNTO, 01 KOAEG POTOKATUAVTIKES 1O10TNTES
Kot 1 VYNAN deouikn evépyela ehevbepwv e&rtoviov [5-7], tétoln hote Slepyacieg EKTOUTNG
e&itovimv pmopovv va Adfovv ympo akopo Kou oe Bepuokpocieg dwpatiov. Eivor gvpémg
YV®oT6 6Tt To ZnO ouvavtdtol oG AeVKOG eEaymvikog KpUGTUALOG 1| AEVKT GKOVY], YVMOGTNG
Kot ©G Agukog yevddpyvpog. To ZnO kpuotaridveral ot Povptortikn dour (Ewova 1.1),
omg kot to GaN, adrd eivor dtab€oipo kot og peyGAovg LovokpuoTaAAKoDs oyKkovg [8]. Extoc

TOV OTL €lval GO0, &YEL TTIKPN YevoT Kot gival adtdAvto oto vepd. Ovtag £vag oNUoVTIKOG
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nuay@yog, to ZnO €xel epopprootel oty Katdivon [9], otig Plounyovieg EAASTIKOV Kol
YPOUdTOV, 68 Mmdopato Kot og KaAAvvtikd [10]. Qotdc0, eumddio otny gupeia ¥p1on Tov
ZnO ©¢ eOTONAEKTPOS10, ATOTELEL I advvauic EAEYYOV TNG NAEKTPIKNG TOV Oy@YUOTNTAS,
eEautiag TV n-kpuotdAhov ZnO, yeyovog TOL OMOTEAEL AVTIKEIUEVO EKTETAUEVTG EPEVVOG KO
ocvlpamong [5,11-13]. Tw ovtd Aowdv, M avamtvén ZnO pe amoAdTOC eAeyyOUEVA
YOPOKTNPLOTIKA VOVOKMUOKOS, €YEL GLUYKEVIPMGEL GNUOVIIKO EMIGTNUOVIKO EVOLOPEPOV

TeAEVTOLO.

©

Eiwxova 1.1: (a) opokté addrt (rocksalt)-kofikiy oouij, (b) cpalepitys-kofikij doun, (c) fovprortikij

douij tov Zn0-eaymvikos KpvoTallog.

20vOeom HETOAMKOV 0EEOIMV TOV PN GLOTOIOVVTIAL TNV POTOKATAALOT

To petodhkd o&eidlo oTn vovo- Kol UIKPO-KAIUOKO, TOL  YPNOUOTO0DVTOL GTNV
QmToKUTOAVOT, dvvatal vo Tapayxbovv pe TAn0dpa tpoémev. H Pacikr mwpoxkinom oty
TPOETOLOCIN TOV VAVO/[KPOCOUATIOImY €ivar 1 oTafdegpOTNTA TOVE, OC KOL OUTO TO
ocopotidlon  €yovv MV TAOTN VO ONUIOVPYOVV  GUCCOUOTMOUOTN, TPOKEIMEVOL V.
glaloTomomaoovy TV empavelakny téon. Ot pébodol yw v wopay®Y COUATIO®V
UeTOAMKOV 0&e1dinv og embuuntég popeic, dakpivovial o TPELS foaocués opddeg [14]:

" YdpoBepuikn/dwohvtobeppukr,  sol-gel,  pukpoyoioktdpotoc,  sonochemical,
euPamtiong, 0éppavon pe pkpokvpata kot EISA (evaporation induced self-assembly
process) ywo. TNV TOPOY®OYY] UEUOVOUEVOV COUATIOIMV, OTMG VOVO-COUIPES, VOVO-
papdovC, KeVEG GPAIPEG 1 COUATIOW GE GYN IO AOVAOVILOD.

= EvamoBeon vypng @dong, EISA kot vavo-ceaipiki] Aboypagio yio v mopaymyn
UETAAMKOV 0EEDIV GE LOPQT) AETTOV VUEVIOV.

=  Hlextpoynuikés péBodor  (my. ovodikn ofeldwon) 7y TNV TAPOYOYN

TPOCAVATOMOUEVAOV COUATIOIOV, OTMG SLOTETAYUEVOVG VAVO-COANVES.

2yoln Xnukav Myyovikav EMIT 10
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Y opoBepuikn| - dtahvtobeppuxn cuvheon

H vdpobepruxn/diaivtobeppuixn covbeon eivar pio e0KOAN Kol €VPEWS YPNOUOTOIOVUEVT|
péBodog yia Tov oynuaTiopd HeyaAing Towidiog opyavouévev doudv, mov gival SVoKOAO va
napoyBolv pe Tig vTOAoTES S10BEGIES TEXVIKES. XE ol TVTTLKT dlaAvTofepuKT LEBodO Ol T
avtpactnplo.  (TpOdpoues eVAOCELS UETOAMK®OV ofewinv, otabepomomtés pH ko
H>O/3woA0tng) avapryvdovror pali, €odyovior oe avtOKAEGTO doyeio omd atcdAl kot
emévdvon and Teflon ko Beppaivovrol. O oyMUOTIGHOS Kot 1] KPUOTAAAW®GT) TOV GCOUATIOIOV
propov va eheyxBovv pe v Pondela tov mapapétpmv g depyaciog, Omme 1 Beppokpacia,
N mieon Kot o xpovoc. H epappoyn g amairtodpevng Beppokpaciog odnyel oty dnpovpyio
pog avtoyevols mieonc. Metd to mépag TG avtidpaons, TO OVTOKAEIGTO WUYETOL GF
Bepuokpacio dopatiov kot akolovbel ékmivon Ko ENpaven tov TapaydUevov Tpoidvtog o
aTHOGPalpo omd 0&uyovo, dlmto 1 apyd. To pH tov dahdpatog katd v cvvBeon €xel peydin
EMPPOT] GTNV UOPPOAOYIDL KOl TNV KPUGTOAAKY ¢don Tov couatdiov. Eva peydio
TAEOVEKTN O TNG VIPOoBEP KNG neBOSOL givarl 1 SLVATOTNTA TNG VO GLVOVUCTEL KOt e GAAES
dlepyooieg, OTMG T LWKPOKVIOTO, 1) NAEKTPOYXNUELD, 01 VITEPTYOL, 1| OTTIKN aKTIVOPOAIN Kot 1
Oepun ovumieon, pe otoOYO TV TAPOYWOYN PEATIOUEVOV TPOIOVI®V, OTIMG T TO YPIYoPN
KIVNTIKN TOV avTdpaoemv kot 1 avénuévn kavomto Topaymyns vEov VAIKOV. AAA
TAEOVEKTHOTA TNG LEBOSOV glvar 1 OHOYEVHG GUVOEST TOV TPOIOVTOC KOl 0 EVKOAOG EAEYYOC
010 MEYeDOC KOl TO KPLGTOAAIKO GYNUO TOV COUATIOI®V TOL TOUPUYOUEVOD TPOTOVTOC.
Emumiéov, ta vAkd mov mopdyovtal pe v vopobeputkny péBodo dev amartovv Eynor ce
vynAég Beppokpaciec. Awd v GAAN To petovektnpoTo TG Hedddov eival To oyeTkd peydio
KOGTOG TOL €E0MAMGHOD Kot 1 adLVaLLio TOPAKOAOVONGNG TMV AVOTTUGGOUEVOV KPUOTAAA®V

070 VTOKAELGTO doyeio [14].

M£6060¢ LUKPOYOAUKTMOUOTOG

To pikpoyordktopa gival Eva dtdlvpa amoteAovpevo omd 000 un avapi&ipa vypd (VOATIKES
(QACELG KAl PAGELS And10V), oL otabepomolovvtan pe v Ponbelo TaclEVEPYDY OLVGLOV LE
dtaokopmiouéva copatiotn peyébovg mepimov 1-100 nm. Avribeto pe to omAd YOAOKTOWUOTO,
TO LUKPOYOAOKTOUATO, €ivol Ogppoduvaukd otabepd, doanyn kot £xovv TOAD peyaAdTepn
OlEmMPAavelo. AVOAOYQ LLE TOV YOPOKTNPO TNG OECTAPUEVNS PACTG, TO LKPOYOANKTMLOTOL
dwakpivovtal oto cvethuata: hato og vepd (O/W) 1 vepd g Ehato (W/O). Adym tov KoAob
eA&yyov g oVuvBeong Kot Tov peyEBovg Tov vavootoayovidiov (diecmapuévn eaon), aArA Kol
™G SVVOTOTNTOG TOLG VO OLAVTOTOOVY TOGO VOATIKEC 00O Kol ATOPES EVMGELS, TO
HUIKPOYOAOKTOUOTO GOVTALOUV MG £va EDEMKTO Kot 0EIOTIGTO LEGO, TOV EMITPENEL TOV EAEYYO
OV peyébovg TV TopayOUEVOV VAvo- i pkpocouatdiov. H o cuyva ypnouomotobuevn

uéBod0¢ mpoETOAGIOG UETAAL®Y Kot HETOAMKOV 0EEdimV, TEPIAAUPAVEL TNV TPOETOLUAGIN
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DwtokoTaloTiK) aTodOUNcH VYPOV pOIwV ue ypHon ZnO vovovlikwy

dV0 EeY®PIOTOV LUKPOYOAUKTOUATOV, EK TMV OTOIMV TO £VO, TEPLEYEL TNV UETAAAKT TPOSpOUN
évoon kol T0 GAA0 Ttov avayoywkd moapdyovto (Ewove 1.2). To pkpoyoAokT®dHoTo
nwpogToalovtal €0koia, apov cynuotilovtar avBopunta oe Bepuoxpacio mepiPdilovtog.
Emiong, 1 Beppoduvopikn otabepdtra TUNKOVEL TOV YPOVO amobKEVONG TOL TOPAYOUEVOL
delypatog. Amo v GAAN, OTOUTOVVTIOL VYNAES GLUYKEVIPMOEIS EMUPAVEIOOPACTIKAOV M/KoL
TPOcUIEE®V EMPAVEIOOPAGTIKAV 0VGIMV Y10 TNV oTafeponoinon tov otayovidiov. Emmiéov,
N otafepdTNTO TOV HKPOYAAAKTONOTOG Ennpedletal and eE®MTEPIKOVS TAPBEYOVTES, OTMG N

Bepuokpacia kot to pH [15].

Microemulsion|  Microemuision Il

Agqueous phase
Metal salt
(FeCl,, CuCl,, etc.)

Aquecous phase
Reducing agent
(NH.OH, N.,H,, NaBH,, etc.)

Qil phase Oil phase

Collision and Percolation

coalescence of droplets

Chemical reaction
occurs

Percipitate
(metal or metal oxide)

Eiwova 1.2: IIpotetvousvos unyovicuos cyquoticuob vovoowuatioimy ue tny uédodo

Hikpoyolarxtwuarog [16].

MébBodog sol-gel

H pébodog sol-gel umopel vo ympiotei oe névie Poocikd otddia:
i.  Zovbeom tov «S0I» pécm VIPOIVENC Kl HEPIKT] GLUTOKVOOT 0AKoEEWimV M(OR)x.
ii.  Zynuotiopds tov gel pécm ToAV-CLUTVKVEOOTG Y10 dNpovpyio LETAAA0-0ED-UETOANO
N PETOALO-VOIPOEL-UETOAALO DECUDV.
iili.  XovBeon M opipavon tov gel, 6mov 1 ocLUTOKVEOGCY TOL ocvveyiletal, cvyva

TPOKOA®VTOG LelMOT Kot 0moBoAN Tov StoAvT).
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DwToKATAAVTIKN OTO0OUNTH VYP@V pOTWV e xpiion ZnO vavovlikwv

iv.  Efpavon tov gel yio tov oynuotiopd evog xerogel, HEGM KOTAPPELGNG TOV TOPDIOVG
SIKTVOL N TOV oYNUATIoUO VG aerogel Yo Tapadelypa pe vaepkpiciun ERpovon).
V.  Aoaipeon tov empavelakdv M-OH opddov pécm éynong oe vyniég Bepuokpacieg
éwc kot 800°C (6mov amarteitar).
H dwdwacia sol-gel eivar amdn ko dgv omartel akpipo eEomiiond. Ta vavocouatidw mov
onuovpyodvron pe v péBodo autn eivor otabepd Kot €ovv PEYOAN E10KN EMPAVELL
(exotovtadeg m?/g). Akouo, 1 chvOeon ypnowwonotel yauniég Oeppokpacies, pe eEaipeon my
éynon. Kot avti 1 péBodog emtpénel tov amoterlecpatikd ELeyyo Tov pHeyEBoVS, TOV GYNULATOG
Kot GAA®V 1010TYTOV TV copatdiov. Exiong, vmdpyelt n dvvatdtnta oyedacrod e doung
KOl TOV W10TATOV TOL VAIKOD HECH TNG EMAOYNG TOV KATAAANA®Y TPOSPOU®Y OLGLAOV Y10 TO

sol-gel kot GAA®V dopukdv povadoy [14].

Awdwocio avtocvuvappordyong pécm e€atuons (EISA)

H ddikacio avtocuvappordyiong péow e&atuong (EISA), mov mopovotaletal oynuatikd
omv Ewodva 1.3, mopovcidotnke amd tnv opdda Stucky ¢ po emopkig €VOALUKTIKY|
TPOGEYYIOT] YO TNV TOPOYMYN LEGOTOPMIDYV 0&edimv petafatikdv petdAlmv [16]. Katd v
SupKeLa TNG apyNg aAKOOAKN G eEdTiong, apyilel edeyydueva va dnuovpyeitot Evo avopyovo
OlkTVO amd VOVO-KPLGTUAAKOVG TOUEIS YOP® amd Ta KEVA TNG LYPO-KPLGTOAAKNG (PAoNG.
Sopemva pe toug Grosso et al, n EISA pmopel va yopiotel o téccepo oTdd10:
i.  Tpnyopn e&dtpion tov dteAvT.

ii.  To mepieyduevo vepd GTAvVEL GE 1GOPPOTIN UE TNV ATUOGPALPIKY VYPAGTd.

iii.  XZymuotiopuds ko otabeponoinon g LPPLOIKNG LECOPATNG.

iv.  Evioyvon tov d1ktdov pe TEPETOip® GLUTOKVOOT.
Avtd ta téooepa. otddla kabopilovia gite Oeppodvvapucd (mw.y. ii ko iii) gite KivnTikd, (w.y. 1
Kot 1v). Agv glvar amopoitnto 6Tt cuouPaivovv pe TV TOPATAVED GEPA, OAAA pmopel va

EMKOADTTOVTOL LIE TNV EVOTODEST] TOV LUEVIOL.

Surfactant  Titania precursor

Ewova 1.3: Zynuatixij ancixovieny EISA [17].

2yoln Xnukav Myyovikav EMIT 13



DwToKATAAVTIKN OTO0OUNTH VYP@V pOTWV e xpiion ZnO vavovlikwv

O&puovon e LIKPOKOLLLOTO

H pébodog ovvbeong pe pkpokvduate vrofonbovueve omd oktivoPforic mepilapfdver
Bépuavon TV OMAEKTPIKOV VLAMKAOV, Kupidg HEC® HOPLOKNG KIVNoNG KOl 1OVTIKNG
AyOYLLOTNTAG VIO TV EMOPAGT] NAEKTPOULAYVNTIKOV KOUATOV e cuyvotntes amd 300MHz wg
300GHz. 'Eva yopakmnpiotikd avtig g pebodov eivon m Béppovorn amevbeiog péca 6to
delypa, AOy® g OYKOUETPIKNG GVONG TNG ATOY®YNG EVEPYELNG GE VAL SNAEKTPIKO, YEYOVOG
OV 00MYel GE O OUOLOUOPPT Katavoun G Beppokpaciog oto vd avtidopaon piypa. Kotd
v 8éppovon pe lKpoKOUATO TOV KAEIGTOV GLUGTILOTOS AVTIOPAGTG, LTOPOLV VA EMTELYHOVV
N otypaio odvénon Beppokpaciog kol mieong, oAAd kol  vVYNANG opoloyévelag BEppavon.
2mv gv Adyo depyaocia, 1 axtvoforia amd o LIKpOKOHOTO OAANAETOPE [E Ta TOAKE pOPLa,
OV £YOVV SIMOAIKT] POTTY| KOl T EMLAVATPOCAVATOAILEL LEGM TNG TEPIGTPOPNS TOVS. IToAAG amd
To. LOPLOL TOV TPOSTOHOHY VO TPOGOVATOAIGTODV GUYKPOVOVTOL UETAED TOVG, LLE OMOTEAEGLLOL
mv mopaynyn Oepuomrog, £Tol AOmOV UETATPERETOL 1| MAEKTPOUAYVNTIKY OKTIVOPOAIN GE
Oepukn evépyeta. To nAekTpiko oTolyEio EVOG NAEKTPOUAYVITIKOD TTEdiov Bepuaivel Ta LAIKE
pe 000 Pootkodg UNYOVIoUoVg: TOA®MOT o€ dimoAo kol emaymyn. O Unyoviopog TOAMGNG
amortei n Oepuavopevn ovcia va exédbel o otrypaio dimoro, 6nwc to uoplo tov vepov. Ta
uoplo oty TPoomwahELd TOVG VoL akoAOLOGOLV TO TEGI0, GLYKPOVOVTUL LETAED TOVE KOl £TG1
Oepuaivetol to detypo. AT TV GAAN, 0 UNYXOVIGUOG ETOY®YNG ivar piol moAd 1oyvpodTEPN
oAAnAemidopacmn o€ 0,1t £(EL VO KAVEL P TNV duvatdtnta mopoymyng eppudmrag. e avt v
TEPITTOOT, KAOE KIVOOUEVO POPTICUEVO COUATIOND (NAEKTPOVIA, 1OVTA, KTA.) Umopel va kivnOel
OYETIKA €0KOAN HEGO GTO DAKO VIO TNV EMOPAGT] TOV NAEKTPIKOV TEG IOV TOV UIKPOKVUATMV.
Avtd ta emayopeva peopato o Tpokaiécovy v Bépuaven 6to delypo Ay MAEKTPIKNG

avtiotaong [18].

Hyoympkn pnébodog

H pébodog sonochemical (nyoynuixn) £xel EPOPUOCTEL Y10 TNV TPOETOLUAGIO VAVOSOHOTIOIMV
LE EAEYYOLEVEG LOPPOAOYIES, XPNOLLOTOIDVTAG OKTIVOBOAIN vITEP @V, GLVIOMG [1E €DPOG AT
20 wg S00MHz, yio tnv évapén 1 v aAloyn g ynuikng diepyaciog. Ot vTépnyotl TPOKAAOVY
ommAaimon, OonAadn oyNUaTIond, avamTuén Kol KoTAppeELcn TV QUGOAIS®V, GTO
axtivoforovueve vypd. H katdppeuon 1ov QUGOAId®V Kotd TN SidpKelo TG oTnAai®ong
npokael Evrovn Tomikn OEpoven Kot VYNAEC TEGELS [Le TOAD KPN SLApKELD. LTIV GKLA TOV
QLGOMOWV omnlaimong copfaivouv pio celpd amd PLOIKEG Ko YMUKESG OpAoELS, OTME M
avamtuén vynAng Beppokpaciog (~5000K), micong (~1000atm) kot pvOumdv BEppaveng kot
yoéng (>1010 K/s), dnuovpydvtog €va povadikd mepiBAAiov yioo TNV SeEaywyn YnNUIKOV

aVTIOPAGE®V. AVTEG 01 EVIVTTOGLOKES GLVONKES EMTPETOLY TNV TPOSPacn G€ £va KATA To. AL
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DwToKATAAVTIKN OTO0OUNTH VYP@V pOTWV e xpiion ZnO vavovlikwv

un dwbéoo medio ynukdv ovtdpdcemv kol £T6t duvatal 1 obvleon peyding motiAiog
VAKOV acvvifiotng vavodoung [19].

H ev Moy pébodog éxel moALL TAEOVEKTNUATO, OTT®MG OVENUEVT] TaXDTNTO OVTIOPAONS Kol
00000, KoOMG Kol MO OMOTEAEGUOTIKY ¥pNom TG evépyswg k.o Emmpdcbeta, avth
TEYVIKY| EMTPENEL TNV YPNOT OKATEPYACTOV OVTIOPOUCTNPI®V KOl UTOPEL VO TPOKAAEGEL TNV
gvepyomoinomn uetdAhov Kot otepedv. To Pactkd TAeovéKTU KATH TNV GUVOEST LETAAL®V 1)
petaAlkdv ofediov pe v pébodo avtn eival 6Tl dev eivar amapaitnn 1 ¥pNoN YNHUKOD
emPBpadvvty. Avtd yiati 1 nyo-ynuk aktvofoiic, tOG0 TOL VEPOD, OGO KOl OPYOVIKMV
dtAvtov, dnpovpyel pileg mov Aettovpyodv ¢ emPpadvviéc. 26tdG0, oV Kol HTopovv Vo
TapoyBovV TOAD LKPE VOvOoSoUaTiOw te TNV HEBodo T, TEiVEL VO TOPAYEL LLOVO GORUIPIKA
copotidla, yeyovog mov mepropilel v ypnon g pebddov oe epaployéG TOv amaiTovV

pOOoT oYNUATOG.

HAextpoynukn pébodog

Y& U0 TUTIKA MAEKTPOYMWKY o©UVOESN, TO OWALUEVO GTOV MAEKTPOADTN OVTIOPOV
evamotifetol ¢ TPoidv Ue TNV HOPEN AETTOD GTEPEOD LUEVIOL M EMKAALYNG TAV® GTNV
EMPAVELL TOL TAEKTPOOioL. AkOua, pior SIETMIPAVELD GTEPEOD - VYPOV OIELKOADVEL TNV
aVATTUEN GOUUOPPOV ETIKOAVYEDY TAV® GE VTOCTPMUATA AVOAIPETOL GYNIATOC, EOIKA OV
YPNOOTOLEITAL £VO KATAAANAD SIAUOPPOUEVO NAEKTPOOLO TTOVL TOPEYEL OUOLOUOPPT) TOAWDOT).
SUVETMG, 1 OPUCTIKOTITO TOV AVTIOPAGTNPION UEIDVETOL pe TNV TTPOodo g avtiopaong. Ot
V0 onuovTikég mapapetpotr mov kabopilovv v mopeion g avtidopacng eivor To pevpa
evamo0eons Kot 10 Suvapkd TOL KEAMOV, EVM Kol 01 VO UITOPOVV VO EAEYYOVTOL GUVOPTHOEL
TOV YPOVOL KOTA TNV OUPKELD TNG OvVTIOPAONS. XTOV OYeSOoUO €VOG MAEKTPOYNULKOD
nepdpatog givar onuavtikd vo dobel mpocoyn oty €mMA0YN TOVL NAEKTPodiov (adpavég M
aVTIOPACTIKO), TOV NAEKTPOAVTH (GLYKEVIP®MON KOl GVGTOGCT TOL JAVUATOC), TOV KEALOD
(drpepévo M adaipero), g Beppoxpaciog kot Tov pH g diepyacioc. H niektpocivleon
umopel va ypnowononfel yioo TV mopaymyn TPoiOVI®V mov eivorl TOAD SVOKOAO Vo
emtevyBovv pe TIc cuvNBIoHEVEG TEXVIKEG YMIKNG ovvBEONS. AVTO 0PEIAeTAL GTO TOAD LYNAO
Niextpkd duvapko (105 Viem) yopw omd 1o nAektpddo pHéco 6to SmAd NAEKTPIKO GTPMLLO.
KOl TOV YEYOVOTOC OTL 1| NAEKTPOYN KT cVuvOeo AauPdverl xdpa KOVTIa 6€ avTd TO NAEKTPHSL0.
H obvbeon tov vueviov umopei va gleyybel pe evarlayéc oty cOGTAGN TOL SHAVUATOC.
Ievikd,  ev AMyw cvvbeon etvar oA 6Ty EKTEAEST KoL 0 EEOTAGLOG EIVOL OIKOVOUIKOC Kol
gvkola draBéoipoc. Ot advvapieg Tg nebddov aPopovV Ta KAKOE TaEVOuUNUEVa TPOIOVTO TOL

adlaperofimro kabiotody Tov doutko yopoaktnpiopd dvokoro (Ewova 1.4) [14,20].
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Vol!agel source Voltage source Voltage source
L je — 3e
,’ *
ol * e H,
o [
MO, ol e v
o ‘,\_\.n ,;ﬂ
B i

Film formation:
W —M"+ 20
M+ H,0/OH™~» M(OH), - MO,

Compact layer MO,  Self-organized MO, Porous structure MO, Compact layer MO,  Porous structure MO, Compact layer MO,

(A) (B) (C)

Eiwcova 1.4: Zynuotiro dwappappa Ty (A) avodixy oéeidwan, (B) kalbooixi nicktpoanobeon kou
(C) avooixn nicktpoanobeon [20].

Mé0ooog gpupdmtiong

H pébodog eppantiong (dip-coating) omotelei v maAdtepn epmopikn/poliky depyacio
HETA&D TV SaPOp®V VYPOV YNUK®OV neBddwv evandBeong vueviov. ['evikdg, n dwadikacio
dip-coating anoteAeiton oo Too akdOAoLO0 Prpata [21]:
i.  Bofion: 10 vrootpope Pubiletor oto SidAvpa Tov VAIKOL enioTpwong pe otobepn
oyt (10aviKd Yopig SIOKVUAVOELS).
ii.  Eexivnuo: T0 VIOGTPOUO TOPAUEVEL GTO SLAAVLO Y10, KATO10 YpOVO Ttptv TV Evapén
g JdIKaGiog apaipeong.
iii.  EvamdBeon: Evo Aentd vpévio evamotifeton mve oto vrdotpopa, Kabdg 1o de0tepo
amopakpOveTal 0md to didAvpa. H amopdkpuven Aapupdvetl ydpo pe otabepn toydtnra
Yo TV amoeuyn dlakvpaveewy. H taydmto avth) kabopilel to méyog ¢ eniotpong.
iV.  AT0oTpAyYIoN: TO EMTAEOV VYPO APNVETAL VO, OTOGTPOYYIOTEL OO TNV EMPAVELQ.
v.  E&aton: O doridtng eotpiletol amd 10 vypod agnvovtag éva Aentd otpdpo. o
TTNTIKOVG SLOAVTES, OGS 01 AAKOOAEG, M e&dTiion Eekiva 1N amd v evamobeon Kot

TNV aTocTPAYYIon.

Evan60eon vypng edong

H evamobeon vypng odong (LPD) eivar po povadikn diepyacio MmTov SADUOTOC Kot
oe€dyeton pe mwoAd amhéc depyaciec. Avti N OlEpYaCio EMTPENEL TOV GYNUOTICUO AETTOV
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VUEVIOV UETOAMK®V 0&ediov 1 VOPoEEWinV MUV OT0 LVAOGTPOUN HEC® OVTOAAAYNG
VIOKATAGTATOV (VOPOALOT), ONANON HEC® MiOG OVTIOPOONC 1GOPPOTING TOL GULUTAOKOV
HeTéAlov - eopiov (MFx*2W) kan piag avtidpaong katavéroong pe Bopucd o&d (HsBOs, évay

F xatovarot) elevbépav priov).

Navo - cpaipikn ABoypagio (NSL)

H vavo - opaipikn Aboypapio eivor pio TeVIKN Yo TNV SNUIOVPYI0 LELOVOUEVOY GTPOUATOV
LLE YOPOKTNPLOTIKA VOVOKAILOKOG IOV Elval GTOROYUEVE GE KOVTIVY] OTOGTAOT| GE EE0YOVIKN
N GAAN mapopoe doun. Avt 1 puébodog umopel va mopdéel cuvNOIGUEVES KOl OLLOYEVEIG GEIPES
070 VOVOCOUOTIOW LE SIAPOPETIKA HEYED Kal AmOAVTOG EAEYYOUEVA GYNHOTA. AKOUN, Elval
@OV kar gvoda epapuooun. H NSL, 6nmg eaiveror kot oty Ewdva 1.5, amotereiton amod
oo Pacikd otadl: TPosTOlacion TG MAoKEG, 7OV akoAovOEiTOl amd TNV Topay®YN

vavodoumv [22].

Top view Side view

(1) Cleaning od the
substrate and

- . o 2 & 8O wH -
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8 colloidal suspension Substrate | Substratg -
[<}}
=
-
(2) Self-organization in Substrate
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0
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& 8800
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@
ﬁ (4) Removal of the .......... Substrate

spheres (lift-off) %:““
9900

(5) Annealing (optional)

<

Eixova 1.5: Navo - ocpaipixij Jifoypagia.
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DwToKATAAVTIKN OTO0OUNTH VYP@V pOTWV e xpiion ZnO vavovlikwv

[d10tTeg ZnO

To ZnO eivatl évag Muoy@yog pe HEYEAO EVEPYEIOKO O1AKEVO KOl LEYAAT OEGLIKY| EVEPYELL
e&itovimv ota 60 meV og Beppokpacio dopatiov [5,23]. Ot NAEKTPIKEG, OTTIKEG KO POy VITIKES
Wwotteg tov ZnO umopodv vo adArdEovy 1 va PeATiobBovv YpMCLILOTOIDVING TO GTN)
vavokAipako [24-25]. To ZnO eivarl éva @AIKO Tpog 10 TEPPAALOV VAIKO, oG Kot eivat
ouoppato pe toug (ovTavohg opyaviGHODS, Yo 0VTO KOl TPOCPEPETUL Vi XPTOT| G Eva VPV
nedilo kabnuepvov epapuoydv ympic va amoterel Kivovvo yio v avBpdmivn vyeio Kot to
neptBdiiov [25]. To ZnO £€xel AaPet peyddn mpocoyn Yo TV XPRoT TOL 6TV ATodOUNoT Kot
TNV TANPN 0pLKTOTOiNGoT TV TEPBAALOVTIK®Y purtavidv [26-28]. Miag kot To ZnO €xet To
010 evepyetaxd dbkevo pe 1o TiOz (3.2 eV), N POTOKATAAVTIK TOV dPACTIKOTNTO OVAUEVETOL
va givon Tapopota pe avti tov TiO.. Emmpocshétmg, 1o ZnO eivor oyetikd mo @onvo amd 1o
TiO2 ya owtd kan n xprion tov TiO; o€ peyding khipakog epyooieg enelepyoaociog vepod ivor
owovopka acopeopn [29]. To mo onuavtikd mhgovéktnua tov ZnO etvar 1 tkavotnTd 1oL Vo
amoppoPd éva peydlo €HPOg TOL NALKOD PAGLATOG KOl TEPIGGOTEPH KPAVIA pOTOS Omd OTL
Kool nuioy@yol dAA®V petodkdv ofewiwv [30]. Ta peydia petovextipota tov ZnO givon
TO pHEYAAO evepyelokd Kevo kol 1 eoToddfpwon. H emto-amoppogpnon tov ZnO eivol
TEPLOPIOUEVT BTV TTEPLOYT] TOV OPATOV PMTOG, AOYM TOL UEYOAOV EVEPYELOKOD O10KEVOL. AVTO
EYEL OG ATOTEAEGIO TOV YPNYOPO GVOGUVOLOCUO TOV POTO-TUPAYOUEVOV QOPTIOV Kol £TG1

TPOKOAELTOL YOUUNAT] POTOKOTOAVTIKY dpaoTikotnTa, [31].

Aopn tov ZnO

To ZnO £yetl koAb KaBOPIoUEVEC KPUGTUAAIKES SOUEC OTMG OVTEG TOV GLVAVTAOVTOL GVVHOWC
01N doUn opuKTOL dAoTOC, Povptoitn N oty KLPIKN (ceaiepitng) doun (PA. Eucova 1.1). H
doun ZnO opuktov dAatoc propel va emrevyfel kdtw and vynin ieomn, £T61 avtn 1 dopn etvor
apketd omdvio. H Povptortikn dopn tov ZnO €xet v peyoivtepn Oeppodvvopikn
otafepdtnTa Kot amd TIS TPES OoUES Kot givan 1 o Ko dour Tov ZnO [32]. To ZnO é&yxet
eEayovikn Povptoitikn doun oe Beppoxpacio kot wieon mepPdiiovtog, pe 600 TAEYHOTUEG
TOPALETPOVG, a kol ¢, pe Twég 0.3296 nm won 0.52065 nm avtictoyya [32-33]. Avt) n
efayovikn Pouvptoitikn doun avikel oto P63mc space group kol €mMOEIKVOEL Lo Ui
edpoxevtpopévn dopn, mov avaykalet to ZnO va gtvon meloniektpicd kot muponrektpucod [34].
H un edpoxevipouévn dour tov ZnO givat 1 KATAGTAGN GTNV 0010 01 KEVOL YMDPOL Ogv EXOVV
kévtpo avaotpogng [35]. H Ewova 1.1 deiyvel Tic povadiaieg kuyerideg o€ 00UEG OPLKTOD
dAatog, cpaiepitn kot Bovptoitn tov ZnO [36].

Daivetar Tmgn Povptottiky dour tov ZnO amoteAsiton amd dtope mov oynuotilovy eEaymvikd
KOVTa oToPoryuéva deVTEPELOVTA TAEYUATO, TTOV Oa GTOPoryTOVV EVOALAKTIKA KOTA UKOG TOV

GEova ¢ [37]. Ze avth Vv mepintwon, kébe Zn?* devtepedov mAéypa mepiéyet téooepa Zn?t
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10vta Tov meptPdAlovTan amd técoepa O ovidvio Kol ovTicTpopa, To. 0moio TomodeTovvTaL
OTIS GKPEG €VOG TETPOEOPOL [38]. Avti M TETPOEdPIKT GLuVApPUOYN O GYNUOTICEL P TOAKT
GUUUETPIO KOTA UNKOG TOL EEaYmVIKOD AEOVA, LLE ATOTELECHA TNV Helmon TG TECONAEKTPIKNG
enmidpaong kot ¢ avbopung TOAMONG 6TV PovpToitiKh KpuoTadAikn doun tov ZnO [39-
40]. H eriopacn g moAmong etvar £vag amd Toug PacikOTEPOVE TAPAYOVTES TTOV EMNPEALOVV
TNV KPLGTAAALKN avamtuén Katd tnv cuvBeon vavodopmv ZnO [41]. H Ewdva 1.1 tapovoidlet

T1G OKLOGUEVES YKPL KO LOPES oOaipes TOv dnAdvouy ta dtopa Zn kot O avrictorya.

Mnyovikég 1010t teg ZnO

Tomikd, 10 ZnO €xel pia oyetikd yaunAn okinpotro ebpovg 4-5 GPa [42-43]. Avti n T
TpEMEL Vo AapPavetal vmoyy Kotd v eneEepyacia Kot tov oxedooid cvokevdv ond ZnO.
O1 ecoyég ot dopun tov ZnO 001 yovV GE GNUAVTIKT amdGecn TG SIEYEPTIKNG POTOVYELNG
[44]. O mpocavatoMGpOg TOV KpLoTdAlov tov ZnO, dnmg £xel Tpoavapepbei, odnyel emiong
o€ JPOPETIKEG UNYOVIKES 1010TNTEG. To Y0V ZnO TPocavaTOAIGUEVO GTOV a dEova €xel
yapmAotepn okAnpodtnta, ion pe 2 GPa, cuykpitikd pe £va ¢ mpocavotolcuévo ZnO [44-45].
Amd v dmoyn tov emtallokov ZnO, peréteg £xouvv dcifel 6Tl 10 emtadlokd ZnO mov
avantoooetal Tove o€ Capeipt &gl peyokvtepn okAnpotnta omd to yvonv ZnO [46]. H

okAnpotta ivor 5.75 GPa ywo ta enttoéloxd otpodpata tov c-aéova [47].

HAextpukéc kot ontikég 1010t 1eg ZnO

To ZnO £yel evepyeslaxd duokevo g taEng tv 3.37 eV kor pio peydin decpikn gvépysia
e&rroviov g tééne tov 60 meV og Beppokpacio dmpotiov £xetl eniong KOAES NAEKTPO-OTIIKES
W10t TES Kot VYA nAektTpoyn ki otabepotnta [48-49]. To ZnO eivor modd otabepd ynud,
Beppikd, axopo Kot vd v emnpee oKtvoPoiing vynAng evépyetag [48-51]. O nuorywyog
ZnO Nn-tOmov £xel VPV EVEPYELNKO YACUA, VYNAOTEPN KIVNTIKOTNTO NAEKTPOVI®OV, VYNAESG
Tdoelg Srbiomaong kot LYNAOTEPN duvaun mediov ddomaong [50-52]. Ot omTikeS Kot NAEKTPIKES
W10TNTEG £VOG Povptottikod kpvotdiiov mapovstaloviat otov [livaka 1.1 [38]. Adyo tov
eEAPETIKDY NAEKTPIKDV 110TNTAOV TOL, TO ZnO £)el YpnoIono0el e NAEKTPOVIKEC GVGKEVEC
VYNANG 1ox00G, OmMC Ol GVokeLég ekmounng mediov. Emimpocsbéitmg, 1o ZnO  €yet
ypnowomondel Kol 6€ OSlQAVEC AYDYYLO MAEKTPOSIO YO OPKETOVG TOTOVG OTTIKO-
NAEKTPOVIKOV GLGKEVDV. O 0VOGUVOVAGLOC TOV TAPOYOUEVOV (EVYDV NAEKTPOVIOV-0TTOV GTO
Zn0O mapdyst vaepimdec/unie eoc [51-52]. 'Etot, 10 ZnO &yl ypnowonombel yuo pukpod
UAKOVE KOUOTOG OTTONAEKTPOVIKEG EQUPUOYES, OTTMG EPUPUOYEG EKTOUTNG VITEPLDIOVE/ UTAE

QmToC [48].
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dotavyelo kot TAEYUATIKES 1010TNTEC ZnO

O1 W1oTTEG POTAVYEWG TOV ZnO PmopolhV Vo YOPOKTNPIGTOVY YPNCILOTOIOVINS (pMTO-
ootavyela (PL). Eva tomkd PL pdopo amd vavodoun amoteieitan amd d00 TeEPLOyES, Ol OTOLES
elval n mepLoyr| EKTOUTNG LIEPLOOOVS PMTOG KO 1 LLLaL EVPELR TEPLOYT EKTOUTIS OPATOD POTOC
[53-54]. Z& avt ™V mEepinT®on, 1| EKTOUTH VIEPIHIOVS aKTVOPOAING, TOV OvopaleTal Emiong
Kot ekmopnh) Pabéwg enmédov opeileTon 6ToV 0vacLVILAGHO TV e&ttovimv (avacLVILOGHOG
Levyodv niektpoviov-omdv 1 avacuVILAGHOS dlakévov-dtakévov) [24,55]. Znv mepintmon
ov 10 ZnO givorl ToAD KPUOTOAALKO, TOTE 1) EKTOUTN VIEPUDOOVS akTVOPoAiag Ba glvar TOAD
vynAn [55]. H mpoéhevon tng mpdovng Covng otnv meployn] tov opatod amodidetar oe
axoBapoieg ko elattoparta [36]. H ekmounn opatig aktivoPoliog pumopel va cuoyetiotel pe
TOV OVOGLVOVOGHO TOV NAEKTPOVIOV pe TIG KeEVEG BEGELG 0ELYOVOL KOl TIG POTOSIEYEPLEVES
omég atnv {dvn 60évoug, og ek TOVTOL 1 avENoT TG EVTAcNS TOL UTopel va amodobel oty
UEYOAN CLYKEVTP®GT EAATTOUATOV [56].

H dvvapukn tov mAéypatog evog Pouptottikod kpuotdAiov ZnO umopel va petpnbdel pe v
xpNon eoouatockoniog Raman. Xe évav télelo Povptoitikd kpbotairo ZnO, 1o téccepa
dropa ava povadiaio kKuyelido Bo ovTioToloOV 68 dMdEKN TPOTOLG dOVNIONES PwVoViov (1
KpvotadlAikod mAEyuatog (phonon modes). O Asttovpyieg avtég givan €vag SapnKng
akovoTikog kKhadog (LA), dvo eykdpotol akovotikoi kKAadol (TA), tpelg SoUnKELS OnTIKOT
KA adot (LO) kar €€1 eykdpotot ontikoi kAadotl (TO). Ztov [Tivaka 1.2 mapovoidlovrtal ot mo
ocvvnbiopéveg tPomov o6vnong ewvoviov tov Raman, 6nwg avtéc amewkoviotnkov omd
SLPOPOVS GLYYPOPEIG GYETIKA HE TNV TN 7oL Aoufdvetol amd &vov HovO- BoupToitikd

kpvotario ZnO o Beppoxpacio dwpatiov [38].

Iivakag 1.1: OnTIKES KAl NAEKTPIKES 1010TNTES EVOS LOVPTOITIKOD HOVO-KPVGTAILOD.

Iowtnta Twn
Energy band-gap (Eg) 3.2-3.7 eV (direct)
Exciton binding energy 60 meV
Effective electron mass (M*) 0.24-0.30 me
Effective hole mall (mp*) 0.45-0.60 me
Electron Hall mobility at 300K for n-type (p.) 200 cm?v-ist
Electron Hall mobility at 300K for p-type 5-50 cm?V-1st
Refractive index (nw, ne) 2.008, 2.029
Intrinsic carrier concentration (n) <106 cm
Background carrier doping n-type: = 1020 electron em”
p-type: = 1019 holes cm™
Optical transmission T (1/a) 80-95%
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Ilivarxagl.2: Hapatnpobueves coyvoTntes 66vnons tov fovptoitikov Zn0 o Ocpuorpacio

owuatiov.
Phonon mode | Ty (cm™): povo-kpdoetailog
Ejlow 101
Ehigh 437
TO (AL) 380
LO (A1) 574
TO (E1) 591

OepuKéc 1010TNTES

Ot Oeppukég 1010TEC Tov ZNnO TEPAapPAvouy ToV GuVTEAEDT DEpUIKNG dOGTOANG, TNV
Oepukn ayoyotnTa Kot v €10tk Bepuotnta [38]. O cvvtehestg Oepprikng S1GTOANG EVOG
VAKOD €lval 1 TOPAUOPPOOT) TOL TAEYLOTOG G cuvaptnon tng Bepuokpaciag. To ZnO £yet
ovvteleotéc Oepuknc S1aotoAng otov a dEova ico pe a=4.31x10° K1 kat otov ¢ GEova ico pe
a=2.49x10° K1 6t0ug 300 K [36]. H Oeppukt| aymyipdmta opiletar og N tkavoTnta evOg VAKOD
va petaeépet Beppotnta. Eivar 1d10tnta {oTikng onpociog 101K 6tav TPOKELTOL Y10 GUCKEVES
nov Ba ypnotponomBodv vd cVVONKeS VYNANG 1oY00¢ Kot Beppokpaciog. Ot TUmIKES TIHES
Oepphc ayoypodttog kopaivovror omd 0.6 WemK? og 1 WemK 2 H 8w Ogppdtnra
elvar n Begpuikn yopnrikdémTa ové povade palog vikov. H edwn Beppotmra evog vAtkon
emnpedleTal amd TAEYLOTIKEG OOVIOELS, TOVG EAEVBEPOVS POPEIG KAl TOV apliUd TV OTEAEIDV
ov vrdpyovv oto VAKS. H edwn Bgpudtra tov ZnO vnd otabepr mieon peTplétor g

C,=40.3 Jmol*KL [57].

OeUeAMDONG KOl POTOKATOALTIKOS UNYAVIGUOS arroddunons ZnO

dotokatdivon

O 6po¢ pwtokatdAvon OmOTELEITAL OO TOV GUVIVAGUO TNG PMOTOYNUEINS KoLl TNG KATAALGNG
[58]. YrodnAover 0tL yio v Se€aymyn N TNV EMTAYLVOT WO ¥NUKAG UETATPOTNG €ivorn
amopaitntn 1 vmapén eoTOC Kot EvOg KOTAADTN. Me dAda AOYla, 1) POTOKOTAAVCT| UITOPETL VO
OPIOTEL MG KETTAYLVOT UIOG POTOAVTIOPUCTC LE TNV TOPOVGI0 KATOADLTNY. AVTOG 0 OPIoUOC
neprrouPavel v eotosvaicnromoinon, onAadn pio Sodikacio Kotd TV omoio Evog
QPOTOYNUKOC LETOOYNUATIOUOC cvpPaivel 6 éva yMUKO €100G, MG ATOTELEGHUN TNG QPYIKNG
amoppdéPNoNG  OoKTWOPoAig amd €ve A0 ynmuikd  &idoc TO omoio  Koheiton

(®TOELAICONTOTOINTAG.
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EnaxériovBo tov mopamdveo eivor To OTL 1| €TEPOYEVNG QOTOKATOAVGYN TEPIAAUPAVEL
(PMTOOVTIOPAGELG, Ol 0TTOiEG GLUPAIVOLY GTNV EMPAVELN EVOG KOTAADTN. EAV T0 TpocspopnTikd
VAKO apykd pmtodieyepfel Kot Emerto OAANAOETIOPACEL Le TNV OEPEMDON KATACTOOT TOV
KOTOAVTIKOD DTOGTPAOUATOS, 1 SlEPYOTIa aVOPEPETE GE POTOELAITONTN PwTOoUVTIdpaoT). ATd
TNV GAAN, v 0 KOTOAVTAC POTOdEYEPOEL 0pyIKa KOl ETEITO OAANAOETIOPAGCEL LE TNV DEUEAM DN
KOTAGTOOT) TOL TPOGPOPNTIKOV Hoplov, 1 dtepyacia eival pio «katolvopuevn @oToaVTIOpAcT».
211G MEPIOCOTEPEG TMEPUTTAGCELS 1) ETEPOYEVIG PMTOKATAAVGT] AVOPEPETAL GE PMOTOKATAAVGN

NUOYOYDV 1) EDAUGONTOTOMUEVEG GE NULAY®YOVS OTOAVTIOPAcELS [59].

MnyovioLOg @OTOKATAAVGNC ULy ®YOD

g [0 100VIKT GOTOKOTOAVTIKY SlEpYacia, ol opyovikol pOmol opukTomolovvTal 6 d1o&eidio
tov avBpaxa (CO2), vepd (H20) xan avopyava o&Ea vtd v mapovsio copotdiov ZnO Kot
0&EOTIKOY avTIOpacTnpi®V, 6T T0 0&VYOVo 1 0 0épag. Ol POTOKATAAVTIKEG AVTIOPACELS
Eextvolv 0tav Ta couatiow ZnO anoppoPolV POTOVIL UE EVEPYELEG UEYOADTEPES OO AVTAY
™G evépyelog dtakévov amd tnv aktvoPfolrio. Koatd avtdév tov 1pdmo, 10 potodieyepuévo
niektpévio mpowbeitar amd v {dvn obBévovg (VB) omv {ovn ayoywomtoag (CB),
oynupatilovrag Oetikd poptiopéves omég (h*ve) kot apvntikd @opticpéva niektpovia (e ca)

oV empavela Tov copatdiov ZnO (E&icwon 1.1).

ZnO + hv — ZnO (e'ca+th*ve) (1.2)

ece + h'veg — Bgpudmra (1.2)

ece+ 02— 0> (1.3)

h*vs + OH- —» OH (1.4)
OH+R-H—-R+H0 (1.5)

h*ve + R —» R™ — gvdidueca ntpoidvta (1.6)
ecgt+ 02— 02+ H"— HOO+ O - HOO-+ O 1.7)
HOO-— H20: + O (1.8)

H.0; + O, - OH + OH + O; (1.9

[pénetl va onueiwbei 611 01 pwTo-Tapaydpeveg omég oty Lmvn cBévoug Ba avacuvovacTovy
LE TO POTOJIEYEPUEVE TAEKTPOVIO oTNV LDV ay@yudtnTag Kot Oo dtedvfovy vd v popen
Oepuomrog (E&lomon 1.2). Q¢ ek to0TOVL, 1 TOPOLGia 0EVYOVOL MG KATAVOAMTY NAEKTPOVI®DY
napoateivel tov avacuvovooud (evydv mAektpoviov-ondv, eved oynuotifovtal ot pileg
vrepoediov (0y2) (E&lowon 1.3). H avtidpaon tov h*ve pe to OH (E&icwon 1.4) pnopei va
odnynoetl otov oynuaticpd pimv vopocviiov. H pifa vdpo&uriov eivar diaitepa duvatd, un
emAekTIKO 0EedmTIKO (Eg=1+3.06V), mov odnyel otV HEPIKN 1 OMKN OPLKTOTOINGT TV

opyavikov (E&iowon 1.5). Axopa, 10 YYnAd 0EE0MTIKO SLVAULKO TG 0T G TOV POTOKATAADTY
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EMUTPEMEL TNV AUEST] 0&EIdMON TNG OPYAVIKNG VANG 08 avTdpacTikd evoldueca (E&icmon 1.6).
O pileg vrepoewdinv mpotovidbnkav mepetaipm, mapdyoviag vopodmepoivAkég pileg
(HOO) a1 ev ovveyeioo HO2 (E&omoeig 1.7-1.9). To HOO Aettovpyel emiong kol ¢
KOTOVOAW®TAG MAEKTPOVI®OV Yl Vo, TToyldevel Ta NAeKTpOVIO TG (OVNG Oy@yluoTnTag, TO
kafvotepouy  mepetaipm TV dwdikacia  avacvvdloopov. O yevikdg  UNYOvVIoUOg

potokatdivong aneikovileton Tnv Ewova 1.6.

0;
) e _ HO
> 0? . —_
€y 8y oy )
I / VoA CB HEOE,(, '
hy i
OH <
" +Pollutant
7 €0, + H:0
h“\'b h-\'b h.\'b VB A .OH
“OH
Zn0 particles inwater
H,0

Eiwxova 1.6: I'evikog unyovicuos patoKatdiocig.

Yrpatnyés Bedtimong g omodoTIKOTNTAG TG POTONTOdOUNoNS ToL ZnO

O avacvvdvacuds tov potonapayoprevey ondv (h*ve) kot Tov niektpoviov (ecs) gival to
UEYOAVTEPO UEWOVEKTNUO GTNV (QOTOKATOAVCT] NULY®Y®OV. AVTO TO PrjUd avocuVILAGHOD
pHeWdVEL TNV KPovTiKn omodoon kol TPoKoAel omatdAn evépyelwng. [ avtd xor o
avacvvdvacudg h* kot e mpémet va avaotélletal yioo ™V eE00PAMON HOG OTOSOTIKNG
potokatdivong. H mpoowén pe pérodria Bo pmopovcoe vo OVIWETORICEL TO TPOPANLQ
OVOGLVOVOAGHOD EVIGYVOVTOS TOV OLOY®PIGUO GOPTIOL PETOED NAEKTPOVIODY KOl OTdV. AKONA,
ol TPOCUIEELG OVTEG UTOPOLV Vo TOYOEHOLY MAEKTPOVIO, HEUDVOVIOS TS TOUVOTNTEG
OVOGLVOLOGHOD OTMV KO NAEKTPOVI®OV, KATL TOL AEVEPYOTOLEL TO POTOKATAAVTIKO GUGTILLOL
[59]. EmnAéov, n mopoywyn plav vopobuAiov kot evepymv €dav o&uydvov Oa avéndel
OTNUOAVTIKG AOY® NG PEATIOONC TNG ATOTEAEGUATIKOTNTOC SLoy®PIopod @optiov [60]. 'evika,
N CLYKEVTIP®ON KOl 1 OVTIIKN @Vom g mpdouiéng, M nébodog chvheong kol ot cuvOnkeg
Aertovpyiag emnpedlovy ONUOVIIKG TN QOTOOPACTIKOTNTO TOV NUOY®YOD TopoLCic
npocuiéne. H sicaymyn d10@opetik@v TOTmV UETOAMK®OV TPOcUiEemy 6 Evay NUoy®YO Kot
OGUYKEKPIUEVE, Ol OVIOVTIKEG, KATIOVTIKEC Kot omdvieg yoieg 0o culntmBolv otig axdAovdeg
TPy pAeOLG.
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AViovTIKEG TpOGUiEELS

Onwg eaivetar kan otov Iivaxa 1.3, évag potokataddtng amd ZnO pe aviovtikn Tpocuén
TapoLGldlel PEATIOUEVT] dVVATOTNTA PMOTOKATOAVTIKNG ATOSOUNGNG GLYKPLTIKE e Evav amd
kaBapd ZnO. Xmv mepintoon tov ovotiuatog N-ZnO, m Omapén omopovouivov
kataotdoemv N 2p tdve and to péyioto g Lovng 6Bévoug Tov ZnO avEdvel v wavotTa
amoppdPNoNG opatod POTOC. L2¢ ek TOVTOV, T PoToTApayOueEVa evyn NAEKTPOVIOV - OTtMV
vrapyovv petad g katdoTaong 2p s tpocéne N kot g {dvng ayaypottag 3d tov Zn.
Emumpdobeta, 1o perwpévo gvepyetaxod dtakevo oto cuotnpa N-ZnO amortel Atydtepn evépyeia
Yo TNV @MTOOEYEPGTT LE 0paTh) aKTVOBOAI TV POPE®V POPTion, OTTMG TA NAEKTPOVIA KOt Ol
omég [61-62]. Katd avtd tov TpoOmo, TO POTOSEYEPUEVO €' ce Umopel va avTdpdoel pe to
EMPAVELKA TPOGPOPNLLEVO 0EVYOVO TTPOG TNV TTOPAY@YT PLLIKAOV OVIOVTIK®V LITePoEedimv, Ta
onoio, énetta petatpémovrat o€ pilec vdpo&viiov [63-66]. Tovtdypova, o h*ve Bo avtidpdost
JLE TO TPOGPOPTUEVO VIPOELAIKO OVIOV TPOG TOV OYNUATIGHO VIPOELAMKDY pLldv. Avtd Ta O
kot OH™ ypnowomomnkay otnv amodouncn tov opyovik@v pomov. O pnyaviopoc g

avtidpaong cuvoyiletol TapaKIT®:

ZnO—-N — h*vg + €cs (1.10)

Oads + H20 — -OH + OH (1.11)

H20 — OH ags + H* (1.12)

OHrags + h've — OH (1.13)

OH + opyavikdg pomog — mpoidvta amodouncng + COz + H,0O (1.14)

O1 Guo te al. (2009) avépepav 611 1 AOENOT TNV POTOKATAAVTIKY dpaoTikoTnTa Tov ZnO e
npocuén avlpaxo pmopei vo opeidetan og dapopovg Aoyovs. Ilpwtov, n dmapén dvOpaka
oV emeaveto tov C-ZnO avédvetl Ty mpocpoOPNon HTAE Tov PHeBVAEVIOV GTNV EMPAVELD TOL
KatoAvTn. Aegbdtepov, 10 C-ZnO emdewviel HeyaddTEPN OTOPPOONON  VIEPIDOOVG
axtwvoPoiiag, cuykprrikd pe to kabapd ZnO. Tpitov, o1 em@avelokés onég o&uydvov otnv
vavodoun Tov ZnO dnpovpyoldv véa gvepyeslokd enineda kdtw and v {dvn ayoypodtrog
0V ZnO, 6oV T0 POTOSIEYEPUEVO NAEKTPOVIO KOTAVOADONKOY amd ovTd To vEX EMimedn
EVEPYELOC KOIL O OLVOGLVOVOCUOC NAEKTPOVIMV-0TT®V amo@eyeTal. Avto avéEnce Tov aplOuod Tov
QOPTICUEVOV OPEMV, YEYOVOG OV PBedtinoe TNV amddoon Thg poToamodounong [67-72].

Mopopoimg, 0 apBuog Twv onmv 0&uyovov mailel onUavTiKd pOLO OTNV EMOTOdPACTIKOTITA
ovotiuatog ZnO pe mpocén S. Katd v 01dpKeia e ¢OTOKATUAVTIKNG S1EPYUCIag, TO KEVA
Kot ot atédeteg 0EVYOVoU YivovTal KEVTPO TOV TayLOEVOVV TO POTOTAPAYOUEVA NAEKTPOVLL. G
OTOTELEC LA, O AVOCLVOVAGLOC NAEKTPOVIDV-0TtdV Ttopepurnodiletat. ['a avtd kot 660 avéavel
TO TOGOGTO KEVAV Kol OTEAEIOV 0&uYOVOL, TOGO KOADTEPN YIVETOL KOl 1 QOTOKATUAVTIKY

opaotikomnta [73]. Ot Chen et al. (2008) cvvébecav N,S,C-ZnO pe v uébodo g
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KOTOKPAUVIONG Kot Somiotmcay 6Tt 1 TapeUPOA] T®V Un UETOAMKOV TPoouiéemv oTov
KpVoToAAo ZnO BEATIDVOLY TNV POTOSPUGTIKOTNTO HEGH TNG PeATimong amoppdPnong poTog
KOL TNG UEYOADTEPNG OMOSOTIKOTNTOG OTNV METAPOPE Tov nAektpoviov-onng. H Ewova 1.7
amekovilel To oYNUATIKO O1AYPOUILO TOV (OTOKATOAVTIKOD UNYOVIGUOD OTO Hio, OVIOVTIKN

TPOSUIEN otV EMpavela Tov ZnO.

Iivaxag 1.3: Emippon aviovTik@v Tpocuiéemy oty poToKatalvTikl ovvatotyte tov Zn0.

Influence of an anionic depant on photocatalytic activity of Zno.
Dopant Light source/pollutant Experimental conditions Photodegradation efficiency (%) Reference
In0 Doped Zn0
C Sunlight (Intensity — 1.08 = 10% lux) Catalyst = 1 g/L 40.0 100 Haibo et al, 2014
Rhodamine B (RhB) [RhB] = 4.8 mg/L
Irradiation time: 30 min
C Solar simulator (Intensity = 80 lux) Catalyst = 0.4 gL 1349 423 Samadi et al, 2013
Methylene Blue (MB) [MB] = 3.2 mg/L
Irradiation time: 210 min
N 1000 W Xe lamp Catalyst = 0.1 gfL 54 816 Wu er al., 2013
Rhodamine 6G (RGG) [RGG] = 500 mgfL
Irradiation time: 80 min
N 350 W Xe lamp Catalyst = 0.33 gfl. -25.0 93.0 Qiu et al, 2013
Bisphenal A (BPA) [BPA] — LjL
Irradiation time: 4 h
N 350 W Xe lamp Catalyst — 0.4 gjL 200 100 Sun et al, 2013
Methyl Orange (MO) [MO] = 10 mg/L
Irradiation time: 100 min
g Sunlight Catalyst = 25 gfL ~55.0 100 Patil et al., 2010
Resorcinol (Rs) [Rs]| = 150 mg/L
Irradiation time: 420 min

(Anionic dopants)
021) + Nlpa CZP’ or S3D
OZp

Eiwova 1.7: DoTokataloTIKOG unjyovicuos amo aviovtiky pocuilny etnv empdvela tov Zn0.

Kotovikéc mpoopigelg

Kémoteg 1010186 TOL ZnO €lvon ONUAVTIKES Y10 TIC TPUKTIKEG EQPOUPHOYEG TOV GE S18POPOVG
topelg. H mpoetopocioo vEmv @®OTOKOTOADT®OV HE EVOOUAT®OON ALV otolyeinv amotelel
OMUOVTIKT TPOKANON Yo TNV avATTLEN eoToKataALTdV ZnO. Av kot 10 ZnO givarl Evog KoAOg
(PMOTOKOUTOADTNG TO EVIGYVUEVO UE TPoSpi&elg ZnO EEmePVA TV GOTOKATUAVTIKY| TOVL amdd00T).
H tpomomoinon tov ZnO pe katiovtikég TPociEelg amotelel onpepo pio OKOUN ONUAVTIKY
TEYVIKT] TTOV YPNOWOTOLEITOL ad TOAAOVG gpevvnTéC. H QOTOKOTOAVLTIKY 1KOVOTNTO TOL

evioyvpévov pe mpoopifelg ZnO eival e&€yovca ouyKpITiKA pe avtv tov Kobopod ZnO.
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Ak, 01 SOUIKES, OTTIKES, YNUKEG, NAEKTPIKES Kol LOyVNTIKEG 1010TNTES TOL ZnO pmopovv
va fertioBovv/puBuictody pe Ty tpocstnkmn katidvtov. H npoctnin ctoyeiov, 6nwg Al, Sb,
Mn, Ni kot Co 610 ZnO éyet emdei&et Pektimon oty poTokaToivTikh tkovotta. H mpociuén
KOTIOVTIOV TPOYUOTOTOLEITOL OVGCLOOTIKG HE TNV TPocHnkn oTtolyeimv HeTdmTmong Kot
otoyeimv and Tig opadec I ko V. Ta otoygeio mov evempatdvovtal givol cuvnbmg 1copopea
10V 10VIOV Yeudapydpov ommg Cu?, Ni?*, Co?* kot Mn?*. H anotelecpotikomto £vOg vEOL
(OTOKOTOADTN UTOPEl VO YOPAKTNPIOTEL HECH OO TNV POTOOTOIOUNGCT €VOG ETIAEYILEVOL
opyavikol emporvvty]. Ta tedevtaio xpovia TOALEG POTOKATOAVTIKES LEAETES OMOKOADTTOVY
OTL N TPOGSEN LE KATIOVTO BEATIDVEL EVIOVA TNV POTOKATOAVTIKY] dpactikdtnTa Tov ZnO. Ta
aroteléopata £0etEav 0Tt 10 ZnO pe KOTIOVTIKES TPOGUIEELS £xEl KAADTEPT) POTOKATAAVTIKNY
dpaoctikotnTa amd 10 Kabopd ZnO. To evicyvuévo ZnO emidecvoel ypnyopoTepn amdKpion
TNV GMTOUTOSOUNGT TOAADY OPYOVIKAOV POTMV.

O potokaTaAVTIKES 1010TNTEG TOL ZNnO pe mpdoén Se cvykpibnkav pe 10 kabapd ZnO. To
Se-ZnO gnédelée vYNAOTEPN SPAGTIKOTNTA POTOOTOdOUNONG THG YpwoTikng Trypan Blue [74-
75]. To pmhe tov pebvieviov ypnoipomoteitol GLVHOMG WS TPOTLTOC OPYOVIKOS PVTOG GTIG
QOTOKUTOAVTIKEG peAétes. 'Eva mAn0og amd petofaticd ototyeion GUUTEPIAAUPUVOUEVOV TOV
Cd [76], Fe [77], Hg [78] a1 Pd [79] éxouv ypnowomombel og mpoouielc. Mropei va
napatpnfei 6Tt 10 1.0 M% Fe-ZnO mapovcidler v HEYOAVTEPT QPOTOKATOAVTIKY|
OpaoTiKOTNTO WHETAED OAMV TV Tpomomomuéveoy ZnO katolvtdv O0GmV agopd otV
amodounon tov umhe tov pebuieviov Meta&d dAov TV KATIOVTIKG Tpomomomuéveay ZnO,
OUTA TOV £XOVV TNV UEYOADTEPT ONUOTIKOTNTA GTNV aodOUNGT TOV TOPTOKOAL Tov pebvriov
elvar ta tpomomopéve ZnO pe petoPartikd ototyeio [78-83]. Evioyouévn ¢ooToKatoAvTIKN
OTTOUAKPVVOT) TOL TOPTOKOAL TOV peBvriov Exel Tponyovuévmg mapatnpnbdei pue mv yprion ZnO
pe mpoowEn Al [84-86]. Av kor moAld tpomomompeva ZnO €xovv gREOVICEL EVICYLUEVN
(PMOTOKOUTOAVTIKY] OPACTIKOTNTA, GE UEPIKEG TEPUTTMGELS, | TPOSUEN dev emnpedlel oNUAVTIKA
TNV POTOKATOAVTIKY OpacTIKOTNTO. 1o Tapddetypa, 1 @OTOUT0dOUNoT TG GovOANG amo 10
M% Li-ZnO [87] ko1 1 @®OTOKATHAVTIKY amopdkpuven Tov moptokail Tov peBuiiov amd 0.9%
Ag-ZnO [80] ko 15% Na-ZnO [84].

H o¢otokatolvtikn avtidpaon Eexkwvd pe v dnuovpyio mAekTpoviov Kot OOV vrd
aKTvoPoAio. AVTa T0 EOTOTAPOYOUEVE POPTI0 HETOKIVOUVTOL XMPIGTA GTNV EMLPAVELD TOL
katoAvtn). Ta mAektpoévia avidpodv pe 1o o&uydvo mpog Tov oynUATIoUd avidvTov
vrepoediov. Toco to MmAekTpdvia, 660 KOl Ol OTEC, OVIOPOVV HEGH GTO OLIAVUO, E
OTOTELECUO. TOV OYNUATIONO VYNAG o&eldmTikdv edmv, ommg pilec vopolviiov Ko
vopodmePoELAiov. AvTéc ot pileg evbBivovTtal Yo TV TO-0EEId®ON TOV 0pyavIKOVY pOTTv. O
TPOTEWOUEVOS UNYOVIGLOG TNG POTOKATAAVTIKNG ATOSOUNONG TV OPYAVIKDV POTMV QOIVETOL

Tapa KAT:
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ZnO + hv —»ZnO (ece + h*va) (1.15)

ecg+ M™ — MOD* (1.16)

02 + MOD* —.07, +M™ (1.17)

ZnO (h*vg) + OH — ZnO + OH (1.18)

OH + opyavikdg poumog — mpoidvta amodouncngt CO, + H.0O (1.19)

Otav o Kotoviikn wpoocuién mpootifetor oto ZnO, 1 omddoon PMTOATOOOUNGNHG TOV
BeAtidveral. H evamofeon g katiovtikng mpocéng umopel va yivel didpopa onueio: oty
eMEAavela Tov Zn0, 6TIg TAELPES TOL Zn PECH GTO KPUOTOUAMKO TAEYUO KOl OTIS EVOIAUECEG
0éoelg Tov kpvotolkol TAEypatog ZnO [88]. H mpoouén emnpedlel eniong tov pubuod
OIEMUPAVEIOKNC LETOPOPAS TOV NAEKTPOVIMV Kol TOV pUOUO OVUCUVILOGUOD TV POPTIGUEVMV
popéwv. Ta evoopatopéve otoryeio 6nmg K, Ni, Cu, Pd kot Cd dvvavrar va avéfcovv v
€101KN emedveto Tov ZnO Kot va Petdsovy TV avtiotaot Tov. H mapovsio tpocpiemv pmopet
EMIONG VO UEUDCEL TNV EVEPYEWD EVEPYOTOINOoNG NG pwrtokatdivons. H amoteleouartikn
dwdpopn odnyel oV VYNA KATOAVTIKY] amdd0cn Tov VEou @mTOKATOAVTN. To ZnO pe
KOTIOVTIKEG TPOGUIEELS EYEL YOUNAOTEPT EVEPYELN SLOKEVOD, GLYKPITIKA pe To KoBapd ZnO.
Me v mtpocOnkn Katlioviik®dv Tpospiéenv og akabapoieg 6To KPLGTAAALKO TAEY A Tov ZnO,
mpootifevion Kol véa gvepyelakd eminedo 6ToV Kawvovpylo potokatolvt. H diéyepon tov
nAekTpoviov elval QKT OKOUO KOl HE YOUNAOTEPNG evéPYElng mpwTovia. EmmAéov, ot
mpoouitels dpovv ¢ mayideg NAEKTPOVIDY, Ol 0TMOiEG KATAGTEALOLY TOV OVOGLVOVACUD TMV
POTOTUPUYOLEV®V OTMV Kot NAgkTpoviav. Etot, kabvotepeitat o puOpog oynuatiopov {evymv
onmv-niextpovinv. Ot Tpocpi&elg Svvatal vo, ETEKTEIVOVY TO VPO UTOPPOPTONE POTOC KOl
VoL EVIGYDCOVY TNV GOTONTOKPIGT) TOV GTIV TTEPLOYN TOL 0paToV. H cuvolikn potokataAvTikn

amodoon PeltidveTol 6e OA0 TO PAcHA TOL NAKOL PoTog (Ekdva 1.8).

Eixcova 1.8: IIpotetvouevog unyovicuos pmTokaTaloTIK)G AT000UNGHS 00 KATIOVTIKY TPOcuIin

oty empaveia ZnO.
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Qo1660, VYNAL eRinEdD TPOSUIEEOV UTOPOHV VO LELDGOLY TNV amOO0CT] POTOUTOIOUNGCNG
oV ZnO. Avtd pnopei vo 0rodobel 6Ta PLOIKE EAATTOUOTO KOl OTIC OVENUEVEG KOTAGTAGELS
o&eidmong Tov kotoviov. H mepicosio katidvtov pumopel va AEITOVPYNGEL MG Tayida Yo TIC
OMEG KOl TO MAEKTPOVIO KOl €TGL VO, TPOAEEL TOV OVAGUVOVLAGHUO TOV POTOTOPUYOUEVDV
eopticv. Autd emiPpadivel TpoodevTikd TNV dnuovpyio eErevbépmv prldv OH kot O2 yeyovog

oV 0dNYEl 6TV Hel®OT TG POTOKATAAVTIKNG OPAGTIKOTNTOG.

[Ipoopuicelg ombviwv youmv

Ta péroiia ondvieov youdv (RE) glvar dAAn pilo Tpocén yio Ty @oToamodOUn oY) OpYavIK®OV
ponov. Ilpocpdrmg, n eotokaTOAVLoN UE TPOCUIEELS OmAvVimv youdv €YEl KIVNGEL TO
evolaépov. Ot PovadIKéG PMTOKOTOAVTIKEG KOl 0Eedoavaymylkés WO10TNTEG TOV GTAVI®DV
YOU®OV EVOL CNUOVTIKEG YLOL TV OVAGEIEN TOV ETPOVEINKDV 1OI0THTOV KOl TNG KAVOTNTOG
petapopds miektpoviov tov @tokataAddtn. ‘Exet avoaeepbei 611 10 ovommua RE-ZnO
TaPoLG1AEl KOADTEPT POTOKOTOAVTIKY SPACTIKOTNTA, CLUYKPITIKA e TO Kobapo ZnO. To Nd—
ZnO BOeopeitar évog OMUOPIANG (POTOKOTOADTNG YO, TNV UEAETN TNG QOTOUTOIOUNGNC
SPOP®Y 0PYAVIKOV YPOCSTIK®Y, 6m®¢ M podapivi B [89], To umke tov pebvreviov [90] kot to
TopTOKOAL TOL peBuriov [91]. Ta dedopéva mov ANeOnKav amodekcvoovy 6Tt 1 mol% Nd—ZnO
EXEL LYNAOTEPT POTOOTOSOUNTIKT ATOO0GT CLYKPLTIKG e To Al RE-ZNnOs.

Awmotobnke eniong 611 RE-Zn0, 6mwg 3 mol% Dy-ZnO [91], 4.8 M% avoloyio Er-ZnO
[92], 3 mol% Eu-ZnO [93], 3 mol% Ho [94] kou 1 mol% Nd [91], elvar gvpimg
YPNOUYLOTOLOVUEVO GTNV AodOUNOT| TOV UTAE TOL peBuAieviov. Me Bdorm autd To TEPALOTIKA
amoteAeopata, 3 mol% Dy-ZnO mov aktivoforodviol pe LIEPLOOES PMG YO TEVIE DPES
odnyobv otV LYNAOTEPN amOd0cT Gpmtoamodounons. H emtokatodvtiky] omodounon tov
noptokar tov peBuriov Eyetl peretn el pe v xpnon ZnO pe mpoopifelg 1 mol% Eu [95] kon
3 mol% Nd [91] og pwtokatarvtes. Ta anoteréopota £dei&av 01t 1 mol% Eu-ZnO éyet
EAOLPPOS VYNMAOTEPT add0ooT amd to 3 mol% Nd-ZnO.

Ot nuayodyor kataidteg pe mpoopitels mpoPAénetal OtL gpeoviovy KOAVTEPES OMTIKEG
WO10TNTES, LYNAEG 1O10TNTEG POTAVYELNG KOl VYNAN QOTOKOTOAVTIKY] dPACTIKOTNTA OGMV
aQOPd GTNV OTOUAKPLVGT OPYOVIKOV pummv. Avtd pmopel va amodobel otnv avénon g
EMPAVELNG TOV COUATIOIMV, OTN UEIMOT TNG EVEPYELNG OlaKEVOD, 6TN PeEATIOUEVN IKavOTNTO
TPOGPOPNOTG TOV COUATIOWOV OTIG EMPAVEIEC KOl OTIC JlEmpaveleg Tpocuéng-ZnO. Ou
OMTIKEG OLOTNTEC TOV KATOAVTN €lvol ONUOVTIKEG Y10, TNV ETAOYN TG TPOCSUIENG Yo TIG
OLYKEKPIUEVEG e@apuoyéc Tov. H tun g evépyelog Slokévov €ival GNUOVTIK Yo, TOV
TPOGIOPIoUO TNG MHOYDYIUNG W10TNTOC, KOOGS Kol TNG QOTOKATOAVTIKNG 1010TNTAS TV
vAkdv. To ZnO pe mpocuilelc Exel pkpoTepT EVEPYELD SIOKEVOD, GUYKPLTIKA UE TO Kobopd

Zn0O. H peiowon otnv evépyeta dlakévov ogeiletol otny WiKpng tocdttag tpdcuién oto ZnO.
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Yndé v emidpoorn oktvoforiog emdyoviol meEPIOcOTEPA MAEKTPOVIC, Tpog TNV (mvn
aYOYOTNTAG. AVTE TO QOTOTAPOYOUEVE NAEKTPOVIL AVTIOPOVVY UE T UOpLe 0EVYOHVOL TPOG
TOoV GYNUATIcUO avidviov vrepoéeldiov. Ta pértodia RE oy empdveln Tov ZnO €xovv mg
amotéleoua v Pertioon oty wovotnta tpocpdenong ocvydvov. Tlapdyovior mo 1oyvpd
0&e1dmTIKA €101, OTC VOPOEL-, TEPOEL- Katl VITeEPo&y- pileg Kot Yo aVTd avEavetal o pLOUdS
g eMTOoNTOdOUNoNG TV opyavikdv pinwv. H évtaon g potavyesog tov RE-ZnO eriong
av&averal pe v mpocOnkn tov RE. H mpootiBépevn RE dpa w¢ kévipo pmtavyslog mov
propel amoteAeGLOTIKG Vo BEATIOGEL TNV 1OOTNTA POTAVYEWS TOL ZnO Tapovsio TpOcENG.
Ot mpoopiters RE dpovv emiong ocav mayideg yio ta nAektpovia Kot €16t mpombBovv Tov

S @PIGUO NAEKTPOVIOY Kol OTMV, 0dNYDVTOS GE DYNAN G®OTOKATOAVTIKY| amddoon (Euova
1.9).

Eixova 1.9: dwroamodounen opyavikaoy porwv ue RE-Zn0 pwtokatalvty.

YV - TPooUiEELS

O ypnyopog avoouvdLOoUOC TV MAekTpovimv-ondv pmopel vo avtiotabuiotel and v
napovcio cuv-tpoopitewv (Ilivaxag 1.4). Eivatl mpogavég 0tt to ZnO pe cuv-tpdopién éxet
xPNoWonomOel Yo TNV aTOPAKPLVOT YPOOTIK®V, OTMG TO UrAe Tov pebuieviov [96-97], to
Napthol Blue Black [98], to moptokaii tov pebviiov [99], to Reactive Red 120 [100] kot to
Acid Black 1 [101]. Eivar mpopavéc 61t 1 anddoon ¢mtoamodouncng tov ZnO ue cuv-
wpoouién gival vynAotepn amd avty tov kabopod ZnO kat tov ZnO pe pia tpdsién. Avto
opeidetal 6To YeYOVOC OTL 01 GLV-TPOGIEEIC Oa TOY1IOEHOVY TAVTOYPOVA TA, POTOTAPAUYOUEVA
niektpdvio amd ™ {ovn ayoyottog tov ZnO kot 61 cuvéyeln Oa peidoovy tov puoud
avacvvdvacpol evyov omdv-niextpoviov (Ewdve 1.10). Emopévog, 1 eotosmayduevn
napaywyn (evydv niektpoviov-ortmv Bo cuvveylotel kol Oo mopdysl o peydin moocodTTA
plav aviovtov vrepo&ediov (O2) kot piidv vdpo&uriov (*OH) vyning dpactikotnTag, ot

omoieg Oa av&noovy v anddooT POTOJACTUCTG TOV YPOCTIKOV.
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Eixova 1.10: Myyavicuog arodounong amo cvotyua cov-gpocuitewv - ZnO.

Iivaxag 1.4: H emiopaocn twv cov-npocuiéewy otny pwtokatolvtikly dpden tov ZnO.

Influence of co-dopant on photocatalytic activity of Zn0.
Co-dopants M;—M;-ZnO  Light source/pollutant Experimental conditions Photodegradation efficiency (%) Reference
Zn0  M;-Zn0  Mz-Zn0  M;—My-Zn0O
Ag-Au-Zn0 4 » 8 W medium pressure Hg lamp  Catalyst — 3 gfL 238 949 38.9 -100 Senthilraja et al., 2014
Methylene Blue (MB) |MB] = 96 mg/L
Irradiation time: 60 min
Ce—Ag—-Zn0 Sunlight (1.25 = 10° lux) Catalyst — 3 gjL 530 612 60.1 100 Subash er al., 2012
Napthol Blue Black (NEB) INBB| = 123 mg/L
Irradiation time: 40 min
Er-Al—Zn0 18 W LED lamp Catalyst — 1 gjL 0 ~5.0 533 98.9 Zhang et al,, 2015
Methyl Orange (MO) [MO] — 30 mgfL
Irradiation time:
Ni—Th—£n0 300 W Xe lamp Catalyst = 0.375 g/L 550 790 65.0 93.0 Vignesh et al., 2014
Methylene Blue (MB) [MB] = 0.48 mg/L
Irradiation time: 180 min
Zr—Ag—Zn0 Sunlight (1.25 = 10° lux) Catalyst = 3 g/L 711 711 70.6 ~100 Subash er al., 2013a
Reactive Red 120 (RR120) [RR120] = 294 mg/L
Irradiation time: 30 min
Zr—-Ag—Zn0 4 » 8 W medium pressure Hg lamp  Catalyst = 3 g/L 438 590 63.9 -100 Subash et al., 2013h
Acid Black 1 (AB1) [AB1] = 123 mgfL
Irradiation time: 40 min

Z£0hyn Noyoyov

Extog and T1g petarlikéc mpoouitelc, £xet amoderydei Tt kat ta {evyn nuaynydv Beltidvouy
TOV S0 ®PIGUO POPTI®mV TOV (DYOVE NAEKTPOVIO-OTT| YEYOVOG TTOL avEAveEL TV dtdpketa {mng
TOV OPEMY POPTIOV KOl GUVETMG LEIDVEL TOV avOcLVOVAGHO nhektpoviov-ong [58]. To umie
Tov pebudeviov €lval poL KOTIOVTIKN YPOOTIKY TOL YPNCULOTOLEITOL EVPEMC MG TPOTLITOG
0PYAVIKOG POTTOG Y10, TNV POTOKATUAVTIKY 0T0dOUNGN [E Ypfon cvotnudtev ZnO - (gdyovg
nuoyoyov, 6mog CdO/ZnO [102-103], CeO2/Zn0O [104], GO/ZnO [105-106], NaNbO3/ZnO
[107], rGO/ZnO [108], SNO2/Zn0O [109] ko TiO2/ZnO [110]. Na onpeiwbei 611 o 0&gidio Tov
vpageviov (GO), oe ovvévacud pe 1o ZnO, speaviler v vynidtepn amddoon
emToamodounong uetald tov cvomudtov wov Exovv peietnOei. Ilapopoine, oavénuévn
(OTOKOUTOAVTIKY] OpACTIKOTNTA OTNV OTOUAKPLVOT TOL TOPTOKaAl Tov pebBvAiov €xouvv
enpavioet ko ta {evyn BiOI/ZnO [111], CuO/ZnO [112], Cu20/Zn0O [113], Fes04/Zn0O [114-
115], SnO2»/ZnO [116] kou ZnO2/ZnO [117]. O amoypwpaticuds g podapiving B (RhB)

avéndnke ToLAdYIGTOV dVO POPES OTAV YPNoIOTOONKOY Gav poToKaTtoAvTeg To. Bio03/ZN0O
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[118], CdS/ZnO [119] kou CuO/ZnO [120]. Mapdra avtd, uovo 16% adbéEnon mapovcioce M
xpion CeO2/ZnO [121]. O poToKaToAVTIKEG dpdoelg kamolwv (evydv Nayoyoy pe ZnO
éyovv pedetnOel ko yuo Tig eovoreg [122-124] (Acid Black 1 (AB1) [125], Acid Red 88
(AR88) [126], Orange Il (OIll) [127], dichloroacetic acid (DCA) [128], 2,4-dichlorophenoxy-
acetic acid (2,4-D) [129], Rhodamine 6G (Rh6G) [130], Acid Orange 10 (AO10) [131], 4-
chlorophenol (4-CP) [132], Acid Orange 1l (AOII) [133], resorcinol (ReOH) [122], dimethyl
phthalate (DMP) [117] kau 2,4-dichlorophenol (2,4-DCP) [134]).

H Ewoéva 1.11 mapovsialet tnv doun g {dvng evog 6HvOETOV pOTOKATAADT OTOTELOVUEVOL
oo UIYHO QOTOKATOAVTAOV EVPEMS KO 6TEVOD dlokéVOL. YTIO TNV ennpeta aktivoPoriag pmtdc,
TO. POTOTOPAYOUEVO NAEKTPOVIOL UTOPOVV Vo pEOLV OO TOV NMuaywyd pe v vynAdtepn
eldrotn Ldvn ayyoTNTOS 6TOV NIy@yod Le TV YopnAotepn erdyiotn {dvn ayoypndtnog.
EmumAéov, o oynUOTIoHOG £TEPOCVVOESTG OONYNOE GE WO O OTOTEAECUATIKY] LETAPOPE
niektpoviov petald Tov dHo kataivtav. Katd autoév tov 1pdmo, ta potomapoydpeva Levyn
NAeKTpoViOV-omdV dloywpiotnKav Kot 1 TOavOTNTA AvVAGLVOIIGHOL Toug peltddnke [135-
137]. ’Eto1, N @®OTOKOTOADTIKY dPUGTIKOTNTO EVIoYVONKE. MTOPOVLE VO GUUTEPAVOVUE OTL 1|
GUYKPIOT TNG QMOTOKUTOAVTIKNG OPUCTIKOTNTOC OLOPOPETIKAOV TOT®MV GLOTNUATOS (ELYDV
NUOYOyoV givor d06KoAN. Avtd o@eileTal 010 YEYOVOG OTL 1| ®OTOOPUCTIKOTNTO TWOV
KatoAVTOV e€aptdtal o peEYaAo Pabud and tnv kevn {dvn, TV Hopeoroyia, to péyebog Twv
COUOTIOIMV, TO TOPDOES, TNV EMPAVELY KOL TV EXPAVELNKT TUKVOTNTO VOPoLLAiov. Emiong,
kaBoploTikd poro 6Tov KaBopIoUd NG 0mdd0ooTg VOGS POTOKATAADTN Tailovy 1 évtacn TG

axTvoPoAiiag kot 0 oXedOoUOC TOV POTONVTIOPAGTHP.

sl ¥

Semiconductorwith small band gap

Semiconductorwith wide band gap

Eiwxova 1.11: H dounj ths {dvng evog 6OvOsTon pmTOKATALUTY, TOPACKEVAGUEVOD AT0 piyua

POTOKATOIVTAY EVPEIOG KAl 6TEVHG LOVIG.
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[Tapdyovteg mov ennpedlovy TV ardI0CT POTOUTOIOUNONG

[Mocétrta ZnO

O mepiocdtepeg LEAETEG EXOVV OLEPEVVIGEL TNV EMOPACT TNG TOGHTNTOS TOL KOTOAVT GTNV
eoTokaToOATIKY amddoon [138-142]. And ta anoteréopota ovTdV QoiveTol 6Tt 0 PLOUOS
(MTOATOOOUNCTG OpYIKE OvEAVETOL pe TNV avénon Tng mocoTNTAG TOV KOTOAVT 7OV
(POPTAOVETAL LEYPL VO, PTACEL G€ Lo PEATIOT TIun paoac. Avtd 10 QUIVOUEVO OPEIAETAL GTO
yeyovog o0t pion avénom oty docoroyio Tov KoataAdtn Oa avéfcel TV GUVOMKR &vepYO
EMQAVEIL Kol Gpo Kol Tov opldpd tov 0écemv avtidpaong oty emeaveln avt. €g
amotéleoua, o aplpdc tov pillov vopolviiov kol vrepolewdiov avédveton emiong,
SLEVKOADVOVTAG TNV amodOUNoT T®V opYavIK@V pOnv. 'ETtcl, 10 m10G06TO 0modounong
avéaveral. QQoT060, TO TOGOCTO PMOTONTOOOUNONG HUEUDVETAL GE VYNADTEPA QOPTiOL OTOV M
(PMTOKUTOAVTIKT] GLUYKEVTP®ON EEMEPVE TO PEATIOTO, AMOY® TNG OKEDOONG TOV POTOC KO TOL
screening effect. Axoun, 1 vynin docoroyio kataAvTn vVIoBond v dnuovpyia ayyAoUEP®V
(aAAnAenidpaor peta&d copatidinv), odNydvTag o LEI®OT TNG KATOAVTIKNG EMPAVELLS TOV
dwrifetar yuoo amoppdPNon (®TOG Kot pOTOV, KATL TOV HE TNV GEPA TOV UEUDVEL TNV
(OTOKOTOAVTIKY] 0mddoon. Ao TNV GAAN, TPEMEL VO TopaTNPoovpe OTL owEAvVETAL KOl 1
BolotnTa Tov S10AVHATOG. AVTO TO PAIVOUEVO OVOCTEAAEL TNV dteicdvuon emtdg PEcH GTO
SlAvpo. XUVETMG, O PMOTOEVEPYOS OYKOG TOV OLOPNUOTOS UEIDVETOL, HE OMOTEAEGUO TNV
peimon tov pvOpov amodounonc. [pokdmtel Londv 10 cuunépacua Tt TpEnet va emitevy et
o wovikn pale katoAotn ywoo vo amo@evyfel M ypnon TEPIGOENG KOTOAVTN Kol Vo

OCPOAOTEL 1] LEYIOTN ATOPPOPNOT POTOVIMV.

Aopn tov ZnO

H amnddoon g potoamodounong puropei va avéndel pécm Pertivcewv oty doun tov ZnO.
[pdoeata, n vavodoun tov ZnO £xel kevipicel pHeydAo evOOPEPOV GTIC POTOKOTUAVTIKEG
UEAETEG, AOY® TOV HOVAOIKOV TNG 1010TNT®V Kot dopdv. To vavodounuévo ZnO umopei va
vrapéel og moikideg popeoloyieg, Omw¢ vavopdfdovg (nanorods), vavoohppoato (Nanowires),
vavo@OAla (nanosheets), vavolmveg (hanobelts), ktA., mov givar dlaPopeTiKég omd TO YOIV
ZnO [142-143]. H vavodoun tov ZnO €xel éva péyebog oty vavokAipoko pe peyaAntepn
emoavee. H vynin avoloyia emedvelog mpog 6YKo TPOSPEPEL KAADTEPES PLCIKOYTKEG
1816mteg. To vavo-ZnO eppavilel KoADTEPO EMPAVEINKS Kol KPavTikd amotéhecpo 1431,
Movodudotateg papoot vavo-ZnO ypnoilonomnkay yio v OTOaTodOUNGT) TOV UTAE TOV
pebvieviov. H pehétn €0eiée 611 o1 vovopdfdol pe tnv vynAdTepn €101KN EMPAVELR L0V
KOADTEPT OmOS00T POTOATOSOUNOTG GUYKPITIKA UE TIG VAvopABOovS e HKPOTEPT E101KN
emoavea [ 144]. I'a v amoddunon g podapivig B kataokevdotnke o Kavotope cpoipa
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ZnO amd vovoOAla, 6oV avti N Tpiodidotarn (3D) doun TpoceEpel LEYAAT EMPAVELD UE
meplocotepeg Béoelg Yo TNV deaywyn avtidpdcewny. H poToKaTaALTIKY amopdKpuven g
podauivng B epodvice vyniotepo Pabpd amodounong GUYKPITIKA UE GALES VOVOSOUES eE01TIOG
NG LEYAANG EOIKNG EMPAVELNG Kot TNG PEATIOUEVNC ATOS0GN G S0 ®PICUOV NAEKTPOVIMV Ko

onav [143].

2VYKEVIPOGT] VTOGTPAOUOTOG

[ToAAéc avapopég €0et&av OTL | GLUYKEVTIPMOT] TOV OPYOVIKAOV POTMV GE VOUTIKA OLHAVLLOTOL
éxer eminueg emmtooelg otov pudud eotokaToAvTIKYg amodounong [144,146-149]. H
OmOd00N AmTOOOUNONG LELOVETAL OTAV 1| CLUYKEVIPMGT] TOV VIOGTPMUATOS ALEAVETAL AVTO
opeldetan 6T0 YEYOVOG OTL e TNV aENoT TG GLYKEVIPMOOTG TOV GTOYEVOUEVOL PUTTOV, OAO KOt
TEPLOCOTEPES OPYOVIKEC OVGIEG TPOCPOPMVIOL GTIV EMUPAVELD TOV KaTOALTN. Emopévag,
avéaveral kot 1 araitnon ofewntik®y 10dv (OH kot O2) yio v amodounor Tmv opyoviK®v
pOTtv. Q6TdC0, YO U GLUYKEKPIUEVT) SOCOAOYID, KATAADTY, £viacn (®MTOS Kol TEPiodo
axtivoPoiiog o aplOuds TV evepydv BEcemV oty emedveld Tov mapoapével otabepos. 'Etot, n
napoyyn pov vOPOELAIOL Eival AVETAPKNG HOG KoL VTAPYOVV TEPLOPIGUEVEG dtBEcpEC,
evepyég Béoeig yoo v wpoopognorn 16viov vopotvAiov. EmumAéov, Ta @mToOVIA
TOPEUTOOILOVTOL TPV PTAGOLY OTNV EMPAVELD TOV KATOAVTI GE VYNAOTEPEG GUYKEVIPAOOCELS
pomov. H avtayovietiky kotaviioon plldv vdpolviiov amd T TOPAYOUEVO EVOLOUESH

TPOTOVTA, UELDVEL TO TOGOGTO TNG ATOOOUNONG O VYNAEC GUYKEVTIPMGELS POTTOV.

pH dtoAdpartog

To pH 1tov dwwdvpartog mailel {oTikd poLo 61O POTOKATAAVTIKO GVuGTNUA Tov vepoy. To pH
dev emnpedlel LOVO TNV ETPAVELNKT] POPTIOT TOV cOUATIOI®V Tov KataAvtn [150], adid Kot
11§ 0éce1g tov Lovav ayoyudmrag kol oBévovg oe évav muoymyo [151]. Axopa, ta
Bopunyavikd Avpata omoppintovtar ce ddpopa pH, kabioTOVIOS TV QOTOKATHAVLTIKN
dwdikaocio akopa mo mepimiokn. ['evikdg, o opyavikn évoon givol ovdétepr, 6tav to pH
oV OloAdpaTog etvar pikpdtepo g tung pKa g Otav to pH tov deAvpotoc ivan
pueyovtepo ¢ twne pKa, n évoorn amovifetor kot LvEApYEL UE TNV UOPOT OPVNTIKA
eopticuévev 0mv. Emmpdcbeta, to pH tov Stahdpatog éxel enidpacn oTnY NAEKTPOGTATIKN
oAnAemiopaon HETOED TNG EMQPAVEINS TOV KOTOALTN, TV HOPIdV TOv OloADTN, TOV
VITOGTPOUOTOS KOl TOV QOPTICUEVOV PlldvV 7OV GYNUOTIOTNKAY KOTG TNV JldpKelo Tng
depyooiag. IIpoécearta, o Kosmulski (2006) mapovoiace éva véo otolyeio tv onueiov
uNnodevikng eoptiong (pze) Tov nuoyoydv. H tpotovioon Kot aronpetovioct) Tov 0pyaviKoy
KOl TNG QOTOKUTOAVTIKNG eMQAvelng pmopel va cupuPel eite oe 0&veg eite 68 OAKOAIKEG

oLvOnKeg OTMC PaiveTUL KOl OTIC AKOAOVOEC avTIdpAcELC:
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pH<pzc: MOH + H* — MOH™; (1.20)

pH>pzc: MOH + OH — MOH" + H,0 (1.21)

Emopévog,  empdveia Tov nuiay@yov eoptiletot OeTikd KOTm amd TNV T pZe Kot gopTileton
apvnTikd otov Eemepaotel 10 pze. XOpewva pe tovg Shifu kot Gengyu (2005), ot
eotonapayouevee omég (h') eivor ta kupiapya ofewdwtikd €idn oe yaunid pH, eve og
0VOETEPEC N Heoaieg aAkoAkég ouvlnKeg ot pileg vopo&vAriov mailovv Tov KOpLO poAO GTNV
ofeidmon Tov opyavikav poumev. Qotdco, Bo mpémel emiong vo onueiwbel 6t or pileg
VOpoéLAioy KatavaAdvovTal Ypryopo o€ vynAd pH, Adym g agpboviag 1dvtmv vépo&vriov,
oV Tapeumodifovv TV avtidpact] tovg e T0 vrdcTpwpe portev [152]. 'Etol, mpénel va
EMAEYETOL TTPOGEKTIKA TO KATAAANAO pH Y1 v, S10GPAAIGTEL o 0mOTEAEGUATIKN SlodIKacio

(POTOKATOAVTIKNG AmodOUNoNG.

"Evtaon axtivoBoliiag

O pvBudg eotoKatoALTIKNG avtidpaons €EapTdtal amd TNV amoppoOeNon GMOTOS TOL
QOTOKATOAVTN 011 depyacia. [Tiotevetan 6T1 TEPIGGOTEPT OKTIVOPOAID TEPTEL GTNV EMPAVELN
TOV KATAADTY G€ DYNAOTEPT] EVTAOT POTOS KOl MG EK TOVTOV TALPAYOVTOL TEPLGCOTEPES PILeg
vopoévAiov, ot omoieg pe T oepd Tovg avédvovy tov pviud avtidpacng [30,148,153].
Emumiéov, ehéyyetl 1o oynuatiopnd (euydv NAEKTPOVIOV-0TIOV OTNV QOTOKATAAVTIKY SIEPYOTIa.
O Herrmann (1999) katéAnée oto cuumépacua 0Tt 0 puOUOG avTidpacng NTav avaroyog 1e
pot| axtvoPoriog, 4 yia 4 <25 mWem?, adlhé mowciddel og eEGptnon tetpaymvikig pilag (40.5)
otav 4 nove amd 25 mWem?, Ze dvav nuiayyd tomov-n 6nwe to ZnO kot 1o TiO2, 0 aptduoc
TOV  QOTOTapayouevOy omt@v ot (dvn o0évoug elvar TOAD  UKPOTEPOC AmO  TOL
QOTOTUPUYOLEVO, NAEKTPOVIA 0T (DVN oy@yludTnToG. AvTtd deiyvel OTL 01 POTOTAPAYOUEVES
oméG gival Ta TEPLOPIOTIKA gvepyd €idM [154]. Xe moAd vymAoTEPEG evtdoelc aktvoPfoAriag, o
pLOUOG pToomodounoNe eivar aveaptntog amd T pon aktvoPoAriag. Ymd ovtég TIC
ouvOnkeg, o puBuoS avtidpaong eSaptdTal Lovo and T peTapopd Halag eVvtog TG avtidpaong.
AvTo opeiletal 6To OTL 1 EMPAVELD TOV KOTOADTN KOAVQPONKE TANPOC OO TO KOPEGUEVA
oTeped, yeyovog mov meplopilel tn petapopd palog, 1000 Yo TPospoPNon 0GO Kot Yio
expoenon. Etot, o puluog avtidopaong topapével otabepdc mapd Ty adEnomn g EVIaons Tov

QPOTOC.

Mnkog KOpotog axtivoBoiiog

Mo v axtvoPorio UV, 10 avtiotoryo nhekTpopoyvntiko e edopa pmopel va tagivoundet

wg UV-A, UV-B kot UV-C, avdioya pe To uniKog kopatog ekmopmnie. To evpoc UV-A €yetl 10
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KOG KOUOTOG @aTOg amd 315 éwg 400 nm (3.10-3.94 eV), evad to UV-B éyetl ebpog pfxovg
Kkopartog 280-315 nm (3.94-4.43 eV) kot to pkpoProktovo UV-C kopaivetor amd 100 émg 280
nm (4.43-12.4 e¢V) [155]. O1 Ochuma et al. (2007) avépepav 6t1 1 axtvoPorio UV-A mapéyet
EAOPPLE POTOVIO, ETOPKN YO QOTOVIKY €VEPYOTOinom tov Tapackevacuévovr TiO2 ot
ewrtoamodounon tov 1,8-diazabicyclo[5.4.0]undec-7-ene. I'evikd, 1 @OTOKATOAVTIKY arddoon
elvar vynAdtepn og aktvoPforia 254 nm, Ady® tng pKpdTEPNS tKOVOTNTOG Oleicduong Tmv
VYNAOTEPO EVEPYELOKE POTOVIOV, YEYOVOS TOL 0EAVEL TOV aptBpd Tmv (evydv nhekTpovimy -
OTMV OV OMIOLPYOVVTOL Yo TV 0ocLVOEST Tov GTOYEVOUEVOL pVTOL [156]. QoTOGO, Ot
Venkatachalam et al. (2007), omn o¢otoomokodopnon e 4-yAwpopovornsg, Pprkav
YOUNAOTEPT ATOSOTIKOTNTO OTOdOUNGNS 6T 254 nm Kot TNV Am0didEL GE OTMAELN POTOG Kot

peptkn amoppdenon amod v idia v 4-YAopo@avorn.

Oeppokpacio

H Swdikacio poToKoTaANTIKAG 0modounong uropel vo mpaypoatonombel oe Oeppokpacio
TEPPAAAOVTOC KOl OTUOCQUIPIKY TEST, AOY® TNG QPMOTOVIKNG gvepyomoinone. Avtd eival
gvepyeTikd Yo v enefepyacio kabapiopov vepov, 6mov To oTado BEéppaveong pmopel va
amokAewotel ywo v efowovounon evépyelag. H Péltiotn Oepupoxpacio yio Vv
QMTOKUTOAVTIKY Otepyacio kupaivetar omd 20-80°C pe Alya kJ/mol evépyelog evepyomoinong
[154]. Tevikd, wo avénon tng Beppokpoaciog g avtidpacng uropei va evioyboel Tov pubud
OTOJOUNONG TOV OPYOVIKOV POT®V, OAAG UTOPEl €MIONC VO UEIDGEL TIS TPOCPOPNTIKEG
KOVOTNTEG TOV AVTIOPAOVTOG E100VE Kot ToV dteAvpévon o&uydvov, Tov 0dnyel 6 Yauniotepn
amodoon potoamodounong [139, 140, 157-158]. Avto emPeformvetor omd v e&icmon Van't
Hoff-Arrhenius, 6ov 1 otabepd puOpon ynukng avtidpaong, to k eivar ypappkd aviioyn pe
10 exp(1/T).

Avopyava giom

O1 meprocdTEPES EMOTNHOVIKES HeAéTe £0e1Eav OTL TO PactkOTePO Pripa omatdAng evépyetog
OTN POTOKATAAVTIKN avTIdpOoT ival 0 0vVaGLVIVAGHOS TV (EVYDV OTTMV — NAEKTPOVI®MV, TOL
wpokoAel younAn kpaviikn amodoon. Emopévog, o avacuvovacuog (evydv niektpoviov -
oMMV TPENEL VO, amoPeLYOel Yo va eEACPAAIOTEL 1| OATOTEAEGLOTIKOTEPT] POTOKATAAVTIKN
dwdkacio. H tpocHnkm avopyavov ofedmtikmv Pertidvel Tov puiud eotoomodduncng Ue:
(o) avENoM oL APBUOY TV TUYIBEVUEVOY NAEKTPOVIDY Y10, 0TTOPVYT| AVOSLVIVAGUOD (EVYDY
niextpoviov-onav, (B) dnuovpyio tepiocodtep®V Pimv Kot GAA®Y 0EEIBOTIKMY E0MV Y10 TNV
0&eidmon TV TopayOUEVOV OVTISPACTIKOV evilausomy, (Y) avénon g cvykévipwong piimv
vdpolvriov kar Tov pLOUOY 0&eidmong TV evdlduecwv evocewv Kot (8) amoguyn

TPOPANUATOV TOL TPOKOAODVTAL 0T TN YOUNAT cLYKEVTpWGST o&vuydvov [159-161]. Adpopa
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avopyavo 0EEBMTIKE peAeTHONKAY Yoo TIC EMOPACEIS TOVG OTY  POTOKOTUALTIKN
AMOTEAEGUATIKOTNTO, TOV QmToKatoAvTn ZnO, 6mmg Ho0,, S:0s*, BrOs xoi SOs. To
vepoéeidlo Tov vopoyovov, HoOo, gival éva 1oyvpo 0£edmTiKO £160¢ Kot dEKTNG NAEKTPOVIMY,
7oV 0d1yel otV avENGoT Tov PLOUOD PMTOATOSOUNCTS SAPOPOV OPYUVIKDY EVOGEDYV. MeTd
TN POTOJIEYEPSN, dNMOVPYHONKAY NAEKTPOVIO KOl OTTEG GTNV EMPAVELN TOL POTOKOTAUADTN
Zn0. Ot mapaydpeveg omég Kot NAEKTPOVIO EUTAEKOVTOL TNV TOPAYDYT 10YVPDOV 0EEWDOTIKMV
pllav, ot omoieg givarl 1o kKHplo €160¢ TOL EVOVLVOVTOL YO TNV KATAGTPOPT] TV OPYUVIKOV
ponov. To H2O, 6éyeton éva potoemayduevo niektpdvio amd t (dvn ayoypudmrag Kot
oynuatifet ) pila vépo&vriov, péom NG avtidpaons oEeWoavay®YNG OTNY EMPAVELL TOV
katalvt (E&lomon 1.22). To H20; pnopet eniong va doympiotel potorvtikd angvbeiog o

pileg vdpo&vAiov, Omwg mapovcidletar oty E&iowon (1.23) [162]:

H202 + €'ce — "OH + OH (1.22)

H,O, + hv —- 20H (1'23)

O pileg vopo&uriov mov oynuatiCoviol oty emipdveln ZnO givol wovég va 0EEd®GoVY
SLpopeC 0pYaVIKEG EVMCEIS G€ AlyoTeEpOo emikivouva uopla ommg HoO, CO; kail avopyava
drota. Avaeéptnie 0Tl 1) amdd0oN PMTOATOSOUNONG EPTAGE OTN PEATIOTN KOTAGTOGT OTOV
ypnowonoteital iyvog H2O2 mapovoia ZnO [163-164]. Qotoco, a&ilel va emonuaviel 6t n
vrepPorik] mocdtta Tov HoO:2 Ba kataotéddel Tov puBud @ToamTodOUNsNG EVEPYDVTIS MG
pila vopo&uAiov N KaTOVAAW®TNG oMV Yo va oynpoticel vrepudpoluiucég pileg (HO2e), ot
omoieg etvor mOAD mo adOvapo ofgwwtikd ond T pileg vOpoEviiov (*OH) oOmwmg
katadekvoetat and avtidpaocels (E&iomoeig 1.24 ko 1.25). Qg ek 10010V, o 6MOGTY TOCOHTNTA
VIEPOEELDION TOV VIPOYOVOL Elvarl amapaitnTn Yo T PeATi®on NG ATOTEAEGUATIKOTNTOG TNG

potoamodounong [165].

H20; + -OH — HO2+ H,O (1.24)

H202 + e — H' + HOy (1.25)

H mpoctnkn Bpoukedv dviov, BrOs eivar gvepyetikn yioo v ovénon Tov TOGOGTOV
PMTOATOdOUNCTG OpYaVIKOV pVuTtemv, oynuatiCovtoc BrO; ko HOBr (E&omoeig 1.26 kot

1.27), mov peumvouvv 1o puiud avacuvovacpod tmv (evydv ondv-niektpoviov [166].

BrOs + 2H* + e cg — BrO;. + H,O (1.26)

BrOs; + 6H* + 6e'cg — Br + 3H,0 (1_27)
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H ropovsio vrepdetikdv 0viav, S:08* 610 poToKaToALTIKO cOoTNHA £5e1Ee VYNAOTEPO
pPLOUO ATOdOUNONG, TPOMOMVTAG TOV JYOPIGUO POPTIOL Kol TapdyovTag emiong To avidv
pilag Beuxov dratog (SO4™), mov eivar évag TOAD 1oYLPOS 0EEWMTIKOC TOPAYOVTOG TTOV
avopyavoTolel Eva guph eAcua opyoviKav pomav (dvvapikd avaywmyng SO4™- = 2.60 V). To
mapayopevo SO4” 61N cuvéxel avTdpd He TO POPLOo TOL VEPOL Yo vo oynuatiost pileg

vopoéuriov [167] (E&iodoerg 1.28-1.31).

S,08* + €cg — SO4”+ SO~ (1.28)
3042' + OH — SO4 + OH- (1_29)
SO, + h*vg — SO~ (1.30)

To SO3 eivan vl 163VPO 0EEIOMTIKO TOV AVTIOPA LLE TA NAEKTPOVIA AtO TN (DOVN y@YOTNTOGC
tov ZnO vy va. oynuatioet Osukég pileg (SO4™) kat pileg vOpoELAIOL VIO TNV ETAYOYN POTOS
E&iohoeg (1.31) ko (1.32). Ot Ogukég pileg avtidpobv e0KOAO Le TO LOPOEVALL, TOV VEPOL Kol

€161 UmopovBV va. fEATIOGOVY TNV A0S0 TIKOTNTO aodounong [162].

HOOSOs + ecg — SO4~ + OH (1.31)

HOOSO5 + e — SO4* + OH (1.32)

Mepkd avdpyoava 1OvTa/MAEKTPoAVTEG TEtVOLV va emPpadvvouy T pwtoonodouncn tov ZnO.
Amodeiybnke otL avopyava vta, omwg NaSOs, NaCl, NaNOsz kot Na,COs teivovv va
emPpadvvovv ) eotoamodouncn [168]. Avtd ta 6vta Ba propovcav va gvamotedodv oty
emoeavewn ZnO Kot vo avaoteilovy v amodounon. Avtd Ba pmopovce va amodobel otov
AmOKAEIGHO gvePYDV BEcemv otnv emedvela tov ZnO. [a mapdadetypa, n cvpnepiinyrn NaCl
emPpddvve v potoamoddunon tov ZnO, kdatt mov Ba pmopovce va opegiletan ot pikn
KOTOVOAWOTIKY €MOPACT TOL yAopiov, OTwg meptypdpetal otnv E&omoeig (1.33) ko (1.34)

[144].
ClI'+ OH — HOCI" (1.33)
HOCI + H* — CI-+ H,0 (1.34)
H gpwtoomodounon peidverol pe v avénon g ovykévipoong Cl, n onoio givarl mapdpota
e v apvnTiky enidpaocn mov mpokareitar omd Ta COs?* ko HCOs™ wg €&
COs* + OH — OH + CO3~ (1.35)

HCOs; + OH — H,0 + COs (1.36)
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Avt6 OB amoteréoel peilova mpoxkinon yw v emeepyacio Plounyavik@v AVUATOV, TOL

umopet va mepiéyovv vyméc akadapoicg avactorémv avidvimv ommg Cl- kot COs>.

Xpnon tov ZnO oV amopdKpuVe! ETUOAVVIOV

Ot povoAIKég evaoelg, ot emipovot opyoavikoi pumotl (POPs) kat o1 ypwotiég eivar amd Ti¢ wo
TOEIKEG OPYOVIKEG EVMCEIS KOl OO KOO OMOTEAODV EMIKEVIPO ovnovyiag, AOY® NG
cofoapdtong ameidng Toug yo v avlpomivn vyeia, ™ Baidocio {on kot o TepPdriov. H
ONUOGIN TNG ATOUAKPVVOTG TMV OPYOVIKAV pOTOV GTA Propmyavikd AVUaTo TPOoKOTTEL AGY®
™G TOEIKOTNTAG OVTAOV TOV POTT®OV KOl TNG KOVOTNTAG TOLG Vo, PlocuGcmpeloviol otV
vopofia {on kol va petakvodviar apyd otnv Tpoelkn aivcida. ‘Eyovv avamtuyfel won
ypnowomronfel moArég péBodot ylo TNV AOUAKPLVOT] TOV OPYOVIKOV pOTt®V. 61060, 0t
neplocOTEPES amd ovTéG TS PEBOSOVG amatohv TOADTAOKN/YpovoPopa dtadikacio, TOAD
axpin mpostownacio delypatog, akpiPa N eEelypéva gpyareia, £govv yapnin amddoom
aQaipeong Kot LeydAovs xpovous avakopyng mov Kafiotobv autég Tig Lefddovg aKatdAAnAeS
Y10 EQOPLOYES LEYOANG KAMpoKag. H wcavotnta mponypévng texvoroyiog ¢mToamodounong Exet
EQUPUOCTEL EVPEMG YioL TNV apaipeon POPs, kabdc kot ypooTIKOV Kol QUIVOAIKDY EVOCEMV
oo To Avpato. Avti 1 TEYVOAOYiM YPNOULOTOIEITOL TPOOSEVTIKG G TOAAEG Prounyavieg,
kaOdc kol eumopeveTol e TOAAEG ydpeg. To ZnO vanple €AKLOTIKOG LAOYNELOG O
PMOTOKAUTOADTNG Y10, TNV EMAEKTIKY OTOUAKPLVON TV pOTOV, AOY® TNG POTOELOICONGING TOV
Kol TG YoumAng twng tov. H eotoamodduncn tov opyovik@dv pOTOvV pE TN YpNHom
QMOTOKUTOADTN ZnO omodEKVIETOL IO OTAT], EVEATKTT] KOl OLKOVOULKO OTOSOTIKT| TEXVOLOYiN
enekepyacioc. [ToAég Epevveg £xovv amodeilel TV HEIOTN TG CLYKEVIPOONC TOV POTOV LE

xpNoM ZnO o¢ OTOKATOADTN KOl VIEPLDOON 1) 0po T aKTvoPoria.

darvoléc evoelg

H @ovodn kot ta mopdyoyd g eivar amd Toug SNUOVTIKOTEPOVS TEPPUALOVTIKOVG PUTOVG,
OV amoppintovTol Kupiwg and Propnyovieg KAWGToOQAVTOUPYING, TETPOYNUKES LOVADES Kot
dwlotnpla tetperaiov. Ta tedevtaio xpovia, 1 EKTETAUEVT POTAVOT OO POLVOMKEG EVIDGELG
010 LOGTVO owocvoTNUe givol éva amd ta mo kpiowa mepPorroviika nmipata. Ot
QatvoAlkol pomot givar oAV to&kol Kot pmopovv va amofodv Bavatneopot yia Ty vopoPia
{on akdun Kot og youUnAn cvykévipwon. To amdfAnta mwov TEPLEYOVY CNUOVTIKO aplOud
QOWVOAIK®DV eVDOE®V TPEMEL vo. vroPfdrlovior o emefepyacio mpwv amoppipbodv 6To
nepairov. Optopévee cvopPatikéc puébodot, ommg N ynukn THEN, N ekydAMoN pe StaAdT, 1
TpoopoenoT Kot 1 Ploroyikn enelepyacio £(ovv TEPLOPIGUODS GTNV OVIWETOTION TOV
QowvoA®v oto Avpata. H mponypévn dwdikacio ofeidwong (AOP) mpoceépel kaAhtepo

TAEOVEKTILO GTIV OTOUAKPUVGT] TOV QULVOMK®V EVAOGENDY EVAVTL TOV GUUPOTIKOV nebddmv.
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H ¢otokatdivon eivor évag omd toug AOPs, mov dwwbéter peydieg duvatdTTeg Yo TV
OVTIUETOTIOT S0POPOV OPYUVIKDV POTMV, CUUTEPIAOUPAVOUEV®Y TOV QOIVOMKOV pOTtev. H
YPNON POTOKATOAVTIKNG OTOUAKPLUVONG TOV QUIVOMK®OV EVAOCEMY TPUYUOTOTOMONKE oo
toug Selvam et al. (2007) [167]. To ZnO, évag nuoy@ydg Le QOTOKATOAVTIKEG 1O10TNTES
YpPNOoToONKe Yoo TV amopdkpuven g toéikng 4-eBopopatvoing (4FP) otig perétec. O
Aoumtipag vopapyvpov ypnoiponomdnke wg Ty aktvofoiiag, n omoia dnpovpyet {evyn
omwv-niextpoviov 610 ZnO Adyow pwtodiéyepons. Ot Gaya et al. (2009) [158] anédei&ov pe
eMLTLY IO TNV POTOKATOAVTIKY] IKovOTNTO TOL ZnO va amopakpiverl v 4-yAopoparvorn (4CP).
H iy axtwvoPforiog rav vreptdong-A (UV-A) kot to 4CP amodoundnke mAnpwg petd amd
180 Aemtd axtivoBornonge.

Enipovot opyavikoi pomor (POPs)

O emipovor opyavikoi pomot (POP) eivar emPrafeic ynuikég ovoieg, mov ennpedlovy apvnTikd
To TePPaAiov kot TNV avOpdmivn vyeia. To kopto péAnua yio tovg POP givar n mopapov Toug
Yo peYAAQ XpoviKd G TAHATO 6TO TEPIPAAAOV. £2G K TOVTOV, GLCCMOPEVOVTAL BLOAOYLKE KoL
Bo peETOPEPOVTAL OO TNV KATMOTEPT TPOPIKT 0Avcida otnv avatepn. [lapddetypa avtdv TV
pOTTOV givorl To. poknTokTova, {IoviokTOva, EVIOUOKTOVO Kot GuTopapuaka. Avtd to POPs
uropovv emiong vo vrofaduetovy amd to ZnO vro aktivoforia vrepid@dovg aktivoforiag. Ot
Mijin et al. (2009) [170] éxovv emiong vmoPabuicel emtuy®dg To metamitron, To0 omoio
ypnowonoteitar kupiwg wg {ilavioktdovo ypnoomoidviog ZnO vrd v enidpacn 300 W
vep1ddovg aktvoPoriag. To emPraféc putopdpuako dimethoate amodounOnke mANpwG uéca
og 60 Aemtd amd o ZnO vzd v emidpacn 125 W vrepuddovg axtivoforiog [171]. H mapovoia
QOPLOKEVTIKOV EVOOEWDY, TOL mhavd mpokarovv evdokpvikn dwatapayn (EDC) €xet eyeipet
UeYOAN avnovyio. Av kot 1 eTIOPACT HVTOV TOV PUPUUKEVTIKOV EVOGEMY TNV ovOpdITIVY
vyeion eitvoar ooa@ng, mPoKaAel dvcuevel emmtdoelg otnv LOPOPro (n. Avtéc ot
(QOPUOKEVTIKEG EVAGCELS, OT®MG M OUOEIKIAALYT, 1 apmikiAdivn, N Kho&akdiivn kot m
TETPOKVKAIVT €rovv amodoundei epappolovrog 10 ZnO ®¢ poToKATaADTN VIO oKTIVOPOoAiN
VIEPLOOOVE N NAMaKOV eaTog [172-173]. Téhog, to ZnO éxel amoderyOei Tt ivar Evag mhovog
PMOTOKOUTOADTNG Y10, TN Ogpameia SLopOp®Y THTMV OPYOVIKOY POTMV VIO VITEPLDON Kol ALUKN

axtivoPoAica.

XpooTikég

O xpwoTiKéG gival €vog OO TOLG CNUOVTIKOTEPOVG PUTTOVG TNG Plrounyavicg VEACHAT®V.
YUvOETIKEG YPMOTIKEG, OT®MG TO TOPTOKOAL ToL peBuAiov, To pmhe Tov pebBvuieviov Kol TO
TPActvo Tov HeBLAIOL, XPNOIULOTOIOVVTAL KLPIWG oTN fropnyavia YopTion Kol VEACUATOV.
"Exovv gpappootel apketég néBodot yio v HEIOTN TOV OVTIKTUTOV OVTOV TOV GUVOETIKOV
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YPOCTIKAOV STV VOPOPLa {mN Kot To TEPPAAAOV. AVOTVYDC, TOAAEG GLUPOTIKEG LEBOSOL, OTIMG
0 Sl ®PIoUOS HeUPpavav, | TPospOPNoN Kot ot floAoyikéG eneéepyacieg amattovoay VYNAO
AELTOVPYIKO KOOTOG Kol Ogv €YOLV €mMOpKN omddoom omoudkpuvvong. I[lpoceata, m
eoToamodounon HE Pdaon TNV QOTOKATAALTIKN avtidpacn €xel mpotabel g pia
OTOTELECUOTIKT] HEOBODOG Yl TNV  ATOUAKPULVOT, POT®V, GCUUTEPILOUPAVOUEVOV  TMV
ypootikdv. To ZnO elvor évog omd TOvg 7O ONUOQPIAEIS POTOKATAADTEG TOL E)EL
YPNOOTONOEL EVPEMS Y10 TNV ATOUAKPLVGT] TOV YPOCTIKOV, AOY® TNG KAVOTNTAG TOV Vi
amoppoPd oe éva gupv NAako edcpo. H emrtuyng owtoomodounon pe yprion ZnO ot
amodouncn tov pmie tov pebBvdeviov amodeiydnke amd tovg Danwittayakul et al. [173].
Amodotikdtnta amodopunong 80% emitedybnke petd and 180 Aemtd axtivofoOAnong pe évraon
ewtoc 1060 Wm? [173]. To ZnO gpapudstnke yio. TNV amoddunon tov Orange I vrd
veptddeg axtvoPforia o 100% g amodotikdtnTog POToamodounong enttedydnke petd amod
60 Aemtd axtwvoPoAinong [174]. H amoddopnon tov mpdoivov tov pebuiiov efgrdotnke pe
TANPN OTOUAKPLVGT YPOOTIKNG UeETG omd 16 dpeg oe pPH=10 xar opatr axtvofolio évtacng
4,8 Wm? [175]. To ZnO éye1 eniong StamotmOei 0Tt EMTLYYAVEL IKOVOTOMTIKY 0TOSOTIKOTNTOL
arodounong tv Acid Red 18 [176], Tov moptokaAi tov pebviiov [177] kot Tov mopToKar TG

axpoivng [178].

dotodappwon ZnO

H owtoactdbeia kot n potodidPpmon tov ZnO ce vdotikd didAvpe vo aktivoforic UV
EUTOdICoVV TN XPNOT TOV MC ATOTEAEGLOTIKOD (MTOKATOAVTN otnV eneéepyacio Avpdtmv. H

eotoddfpoon cvuPaivel oe 4 Priuata wg e€nc (E&oboeig 1.37-1.40) [179]:

O%surface + h*ve — O’surface (1.37)
O'surface + 307 — 3h*ve — 2(0-0?) (1.38)
(0-0%) + 2h*ve — O, (1.39)

2Zn* — 2Zn*" (aq) (1.40)

Eivai mpogavég, 0tL n avtidpaot peta&d tov OTIK@V ondv Kol ToV ETLPAVELNKOD 0ELYOVOL
tov ZnO gival o faoctkog Tapdyovtog yio, T didAvon tov ZnO. Emmhéov, ot kevég Béoelg otnv
emeavela Tov ZnO 0d1yodv emiong oe emtodidfpwon tov ZnO [180-181]. Opiouéveg peréteg
avEQePAV OTL T POTOKATOAVTIKN SpacTIKOTNTA TOL ZnO TOpEUEVE HETA OO PEPTKOVG KOKAOVG
[146,182]. AvtiBeta, 1 063061 E®OTONTOSOUNOTG LELDOTKE CLOVTIKA OO TN OTOINAPP®OT
[183-185]. "Exovv die&aybel apketéc peréteg yio v vaépPaot g eotodidfpoong tov ZnO

LEC® EMPAVEINKNG TPOTOTOINONG HE €va oTpodpe ToAvovikivig [186-187], ypaprtucon
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avBpaxa [ 188], povAdepévio [189] kot avnypévo 0&gidio Tov ypapeviov [190]. O oynuaticpoc
evog mabntikod otpmdpatog oy emipdveln. ZnO, 1o omoio givol AMyOTEPO (POTOEVEPYO
KaTOoTEAAEL TOV pLOUO pmTOddPprong [191-192]. Zougwva pe toug Kislov et al. (2009)
[193], 1 eupdavion pwtodaPpmong tov ZnO e&aptdtol amd ToV TPOGUVATOACUO, LE LOVO TO
ZnO (0001)-0 va vréot wyvpn Potoddppwon, eved to ZnO (0001)-O kot to ZnO (10-10)

eppdvicav povo tomkt dStdlvon og BEcelg eratTOUATOV.

To&wotta ZnO

Agdopévov 011 o ZnO dev €xet gppavicel Kapio ToEikotnTa ota avlpodmve KotTopa, ExEl
ypnooronfel 6e KAAAVTIKA Kol avIIAOKA OKEVAGUATO LE TNV LOPPT VOVOSOUATOImV
[194]. Ta copatidwn o€ vavokAipakae BEATIOVOVY TNV S10THPNOT| TOV SEPHOTOG KO TIG 101OTNTESG
e€acBéviong g vepiddovg aktvoPoriog, e cUYKPIoN He To, U vavodopnuéva vikd [195]
"Exet amoderyBei 611 10 ZnO pmopel vo vtooTel QOTOKOTOAVTIKES OVTIOPACELS, EVD eKTIBETOL GE
VIEPLDdEG MG Kot dnpovpyel apketd ROS (O2e, HoO: ko HO*) [196], ta omoia pmopotv va
TPOKOAEGOVY  KuTTOapPlk PAAPn kor mepPorioviikn toEuwcotnta. o moAld  €iom,
ocoumeptroppavouéveyv Tav yaptav [197] ka tov evkidv [198], to vavodounuévo ZnO gival
eEapetikd t0& o [194]. To ZnO é£xel mapoéupoe to&kdmra pe to TiO2, 10 omoio
YPNOWOTOLEITAL ETIONG WG GLOTATIKO Yo avTNAlakéG Aootov. H tofikdtnta opeiletan og dvo
TOPOUETPOVS: TO 0EEWBMTIKO oTpec AOY® Tov ROS mov dnuovpyeiton kot v anerevbépmaon
10vtov Zn?* [199-200]. Qo1660, 10 vovodounpévo ZnO eivar yvowotod Yo Thv ovTiBakTnplokn
Tov dpdon oe moALG €ion Paktnpiov [199]. Ot to&ikéc 1010 Teg ZnO peAETOVTOL, TOCO GE
VoMV cuvBéoelg, 660 kat ot vavokAipaka. H BipAiloypapio avapépet 6Tl ot avTytkpoPlokég
110N TEC PErTIdVOVTOL, KOODG TO HEYEDOC LELDVETAL EMG TO EVPOG TV VOVOUETPOV, KaBDS TO
vavodounuévo ZnO umopel vo aAANAETIOPACEL TOGO UE TO EEMTEPIKO OGO KL UE TO ECOTEPIKO
TV Kuttapav [201].

AV 1 CLYKEKPEVT] 1O10TNTO, ®OTOGO, TPETEL VO ANeOel Loy, EnedN N amerevBEipman| g
010 mepPdAlov pmopel va emnpedoel tov pikpofiakd mAnbvoud oe cuoTipaTo VEPOD Kot
€ddpovg. Ot kpopfraxég anotkieg dwadpapatilovy onpavtikd poro 6to TePPAAAOV LECH TNG
Broamoddunong dapdpwv tHm@v opyavikng VANg [202] kat evepyovv ¢ otabepomointég
al®Tov Yot T QUTA. X QVTNV TNV TEPINTTOOT, ONOTEAEL TPOTEPUIOTNTA O EAEYYXOC TNG
amelevfépwong Tov oto TEPIPUAloV 1 M HEIDOT TNG TOEIKOTNTOG TOV VOVOSOUMY UE KATO10

TPOTO.

YOUTEPACLOTA KO LEAAOVTIKY] EpEvval
YuvoMkd, 10 Tpomomompévo ZnO @aivetol vo eival 0 To VTOCYOUEVOS POTOKATAADTNG Yol
VYNAN  QOTOKOTOAVTIKY] OPOCTIKOTNTO VA0 TNV EMdpacTt VIEPUDOOVE/0PUTN/MAMAKNAG
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axtivoPoriag. [ToAAég peréteg £xovv KOTUANEEL GTO CUUTEPAGLLO OTL T LEIOT) TNG TOAVOTNTOGC
TOV PLOLOD AVAGVVILAGHOD POPEN POPTIOL Elval EVAG OO TOVG CTUAVTIKOTEPOLS TAPAYOVTES
mov kabopilovy TV QOTOKATOAVTIKY] OPUCTIKOTNTO OTNV YPNON TOV TPOTOTOLUEVOL
emtokaToAvTn ZnO. 'Exovv avortuybel d1dpopeg TeYVIKES TPOTOTOINGNG KOl XNUKE TpdcheTa
Y0 TNV EAQYICTOTOINGT TOV OTMAEIDOV AVOGUVOLOCUOD QOPEMY (POPTIOV KOl EMEKTEVAV TN
QAoUATIKY] omdKkplon Tov ZnO 610 opatd Aacpe ePaprolovtog HETOAAIKES, U1 UETOAALKES,
RE-, cvv-mpocOnkeg kor o0levén pe nuoywyod ZnO. IToAlol epguvntéc mpoomabodv va
emrioyovv Oyt POVO VYNAOTEPN EVEPYN EMPAVEIL TOL QMOTOKATAADT ZnO, oAAd Kot
eoTOKOTOADTN ZnO 7Tov dpo OT0 MAWKO OOC, HE OTOTEAEGUOTIKY] (OTOKATOAVTIKN
dpaoctikdtnTa. Me avtdv tov Tpdmo, 1 TPocshnkm doTdV NAEKTPOVIOV (KOTAVOAMTEG OTTMV) 1|
pecorafntdv niektpoviov pe ZnO pmopel vo PEATIOCEL TEPOLTEP® TN POTOKOTHUAVTIKN
OpaoTIKOTNTA, AvTIOPOVTOS Le OeTikég omég (Cdvn 604voug) avaoTpEWILE Y10 VO, OTAyOPEVGEL
TOV OVOAGLVOVLOGHO POPEMY POPTIOL, KOOMG Kol VO AmOTPEYEL TNV AVTICTPOPN OVTIOPOoT
(mpoopi&elg apetdAiov). ‘Exouv yivel cuveyeig mpoondbeteg yo v emitevén tov nAtokod
Q®TOKATOADTN ZnO pe v evempudtoor dotov niektpoviov poli pe to ZnO (RE-mpdouién,
ouv-pocén). Extog avtod, ol nuayoyoi dtokévou pikphg (ovng pmopodv va gyydoouvy
niektpévia ot {OVN ay@yIUoOTNTOG NUOYOYDOV LEYOA®VY SakEVeY (DVNC, e ATOTEAEGILO TOV
OTTOTELECUATIKO OLOY®PICUO POPTIOL KOl TNV LYNAY POTOKATAALTIKY omddoon (ovlevén
nuayoyov). ‘Etot, ta eninedo evépyelag kat 1 LETOQOpd @optiov Oa mpémel va Aapfdvovtal
VIOYN TPOGEKTIKA KOTA TOV OYEOOGUO €VOC TETOOV GLOTHUOTOS (MTOKATOAVTIKNG
OTOJOUNGNG Y10, OPYOAVIKT XPMCTIKY, POIVOAIKEG EVAGCELS KOl EMILOVOVG OPYAVIKODS POITOVS
(POPs). H Brounyovikn epappoyn Tov Tpomomotiévoy poTokatoAdtn ZnO avouéveTol yio To
UEALOV, AOY® TNG VYNANG POTOKOTAAVTIKNAG OPAGTIKOTNTAS, TS POTOGTAOEPOTNTAG KOl TNG 1N
to&wotrag. apodia avtd, tepaitépm TpomoOnTOMcELg elval amapaitnTes yia T Pedtioon g
(POTOKOUTOAVTIKNG SpaoTIKOTNTAG VIO TNV AUEST] AKTIVOBOAIN TOV NAOKOD POTOS, LEUDVOVTOG
NV evépYyeLn S10kEVOL {MVNG Ko EANYLOTOTOLDVTOS TIG AMMAELEG avacVVILOGHOV. ‘ETot, £xouv
ypnoworonfel  ddpopeg mOovEG mpooeyyicelg ywo TNV TEPATEP®  AvENCT  TNG
QOTEAECULATIKOTNTAS TOV QOTOKATAADT ZnO o1 (QOTOKATOALTIKY] dpacTIKOTNTO VI
akTvoPfoAio Tov MAOKOL POTOHS, TOL EPUPUOLETOL EWOIKA GTOV TOHED TNG GITOOOUNONG
OPYOVIK®V YPOOTIKMV, TNG APAIPECSTG POIVOMKOV EVOCEMY KAl TNG OTOdOUNCNG EMIHOVMV
opyavik®v purev (POPs). IIeteveton 611 0 tpomomompévos otokatardtg ZnO eEakorovdel
VoL EMITPETEL EKTETAUEVT] KOt €1C PAOOC PEAETN GYETIKA e TNV NAEKTPOVIKT SOUT Kol TO TAEY LA,
TPOKEWEVOL Vo katavondel mn emidpacn TOV JSPOPETIKOV TPOGHEEDV LE KOTIOVIKO,
OVIOVTIKO, OLAKEVO LKPOD EDPOVG MDY ®YOD KOl GTOLEIMV 0TOV @oToKaTaADTH ZnO.

H povtelomoinon oamatteiton, €mouévag, Yoo TV KOADTEPY KATOVONGN TOL UNYXOVIGHOD

QOTOKUTOAVTIKNG  0&gldmwong, KobdG Kol Y TO  OYESCUO  OTOTEAEGUOTIKOD
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(PMOTOOVTIOPUCTNPO/CUCTNUATOG Y10, OPYOVIKEG YPOOTIKEG, POIVOAMKES EVAGELS KOL ETIULOVOVG
opyavikovg pomovg (POPs) otn pof tov Avpdtwov. Ta axidvnta amoteAéopoto Oa nTov n
UNYOVICTIKT KaTavonoT g OeUeAdd0ovg EMGTAUNG, 1 OTTOi0 WITopEl Vo, ypnoiponon el ot
dloyelplon ¢ pUTOVOTG TOV OTOPANTOV, HECH TPONYUEVOV OVTIOPACED®V POTOKATUAVTIKNG
o&eidmong, mpokeévou v dnpovpyndel éva vyég mepifddiov dtofimong yio TIg EMOUEVEG

YEVIEG.
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Kepaiao 2°:

Meléteg mepimtwoewy - Xpon ZnO otn 9OTOKATOAVTIKY AT00OUNGH POOGUIVIG

B (RhB)

To 2017, ot Shirdel kou Behnajaby, cuvébecav vavooopatidia ZnO pe tpdouén Ba, péow
wog aming sol-gel pebddov, amovsio empavelodpactikmy. Algpedvnoay TV €TidPACT TOL
neplexopévou og Ba, kabdg kot g Beppokpaciog Eynong 6Ty eOTOKATAAVTIKN anddooT TV
ovvhetwv Ba-ZnO vavoocopatidiov otny amodounong mg podapivng B vio v enidpacn UV-
A axtwvoforog. Onwg mpoavaeépbnke yio v cvvleon tov Ba-ZnO vavocopotidiov
epapuodotnke 1 péBodog sol-gel. TTo cvykexpyéva, 2.19 g zinc acetate dihydrate droAvOnkav
o€ a1favoin (100 mL) otovg 60°C vid v enidpacn Eviovng avadevong yio 30 Aemtd (dtdlvpa
A). Zm ovvéyewn, oodkd oD (2.51 g) dwwivdnke oe 40 mL abBavoing otovg 60°C kot
TPooTédnKe otaydnv 010 didAvpe A. To TpokdaTov AL AVASEDTNKE Yio 2 DPEG UEYPL VO
oynuotiotel éva gel. AkolovBwg, Enpavinke oe podpvo otovg 80°C yio dddeka dpec. To
Enpapévo xerogel vréot, mepartépm Eynon otovg 400°C yio 30 OPEG, TPOKEWEVOL VO
oynuoatiotel 1 okdvn vavo-Zn0. Mo ta telpauato LEAETNE TS POTOKATOAVTIKNG 0TOS00NG OE
KGbe mepopatikd kokho, 40 mg omd tov exdotote Kotoivtny (ZnO 1 Ba-ZnO)
dwokopmiomnkav og amovicuévo vepd (100 mL) yio 15 Aemtd, ypnoyomoidvtog Aovtpd

vrepfyov (Ewova 2.1).

80 {(a)

—+— Zn}
—— Zn/0.05% Ba
—a— Zn0f0.1% Ba
—#—Zn0f0.2% Ba
——Enl 3% Lo
—o—ZnlV0.6% Ba
——Zn(f1.25% Ba

] 10 20 30 40 £ Gl
Irradiation time (min)

a0 - B

——ZnOM.1% Ba (400 C)
—m— Zn0i.1% Ba (500 C)
e ZnOM. 155 Ba (600 C)
—— ZnOM 1% Ba (700 €)

a 10 20 30 40 50 ol
Irradistion time (min)

Ewcoéva 2.1: H enidpacn tov mocootot Ba (a) kat tne Ospuoxpacios synens (b) etyv

POTOKATAIVTIKY dpdon Twv vavoeomuatidiny M.
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‘Entetta, mocdto dteddpatoc podapivig B (10 mg/L), poli pe v embount) mocodTn T
KOTOADTI UETAQEPONKOAV GTOV QOTOOVTIOPUCTHPN Kol OvVUOEDTNKAY VIO TNV EMIOPACT PONC
o&uyovov (0.5 mL/min) yw dekomévie Aentd omovcio aktwvoPoliog yioo v emitevén
GOPPOTIOG EMLPAVELNKNG pOPNOTNS-eKpOPN TG H pmTokataivtikn avtidpaon Eekivnoe pe v
évapén g axtvoPoinong. Ev cuveyeia, deiypa (5 mL) AopPoavotav kdbe déka Aemtd Kot
akolovBovoe @uyokéviplon Kot HETPNOY NG OLYKEVIp®ONG NG podauiving B, péocw
eacpatookoneiog UV-Vis (ota 553 nm). Ot Shirdel kot Behnajad copnépavav 6t n fédtio
neplektikotnta og Ba egivan 0,1% wt xor n Bédtiom Oeppokpacio éynong ot 400°C. O
KOTOADTNG 0VTOC TAPOVGINCE DYNAITEPT] POTOKOTOAVTIKY dpAcT cuykpitikd pe to ZnO vod
T1¢ 101G TEWpapaTiKéG cuvonkeg [1].

Ot Rokesh et al. 1o 2018, cuvéBeoav civOeto AQ-ZNO vavooouatidl HEcm oG aming
pefddov mupdivong (Ewova 2.2). O vavopdfdor Ag-ZnO amodeiybnke o0tL av&dvouv tov
PLOUO AVaGLVILAGHOD POPTIOL Kot eTioNG OTL TOPOVGLALOVY POTO - ATOPPOPTOY| TNV TEPLOYN|
TOV 0paTOV. ZVYKEKPIUEVA, 0 Ag Opal O KATOADTNG € KOl pMTOELOIGONTOTOMNTNG GTO 0paTo.
H owtokataAvtiky anddoon Tov mopayOUevoy vovoohvOeTov dlepeuviinke ®¢g Tpog TNV
amodounon g podauivng B vmd v enidpacn niakng, UV kat opathg axtivoPorioc. [a
ovvbeon tov Ag-ZnO vavochvOeTmv VAIKGOV akoiovOnOnke o amdin pébodog Bepuixnig
amoovvleong (Ewdva 2.2). TTo cuykpuéva, zinc acetate ko Silver nitrate (mpddpouec eviroeis)
avapiydnkav og ddpopeg avaroyieg Wt% (100:2.5, 100:5 ot 100:10) ka1 0 exdoToTE PiyUo
Oepuavinke otovg 500°C yia 600 mpeg. Ta mapaydueva Ag-ZnO vavocihvieta cuAlEyONKay
Kot omofnkevTNKAY VO 0KOTAdL. EmimAéov, cuvtédnkay kabapd Ag kat ZnO vAKd, HEG® TG

idto¢ drodikaciog.

a8 St e | o
waad%y + 227007 DECOMPOSTON T
i'l_il @l —.'i'l.' ,I,I, rr 500 °C, 2 hrs
n gw ' P 4 L X
Zn(0,CCH,),.2H,0 AgNO; (ZnO-Ag)nem

Eixéva 2.2: Hopeio ovvOsons vavootvOstwy Ag-ZnO 12,

Apywcd n potokatoAvTiKy anddoor tov Ag-ZnO vavoouvletwv vAKOV Katd tnv ékbeon
o€ NAlkn oktivoPoria, ektiuninke vd TV EXIdPACT PVOIKNG NAOKNG oKTIVOPOoAing otV
arodounon g podopivng B. Ta amoteAéopota £6eiav 6t  mpocsbrkn Ag Peitioos
(PMOTOKUTOAVTIKY] OpACT] TOL VOVOGUVOETOL VAIKOV Kol TNV amodouncn g podapivng B. O
pLOUOG amodounong avénonke pe Ty avénon tov mocootod Ag (amd 0 og 5) kot pewdbnke pe

nepeTaip® avENOT TOL TOocooToV. AT M HEION TOL PLOUOD amodounong opeileTal 6ToO
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VYNAOTEPO TOGO0TO 0 AJ, 0 0moi0g UTOPEL VO AEITOVPYNOEL MG KEVIPO OVAGLVOLOGHOD
eoprtiov. Etol, to Pértioto mepieyopevo oe Ag ota Ag-ZnO vavooivvbeta vAkd yio v
POTOKATOAVTIKT amodounon g podauivng B givai 5:100 (minpng amodounon RhB ce 20 min
V1o TNV emidpacn nAakng aktvoPoliag) (Ewova 2.3).

€0,+H,0

Eixova 2.3: dwrokaralotikog uiyavicuos tov Ag-Zn0O vavoevvBetov vlikod yia Tty arodouncny

™He podauivyc B vmé v emidpacn niaxis axtvofoiiog 2,

2V mepinTmon PEAETNG TG POTOKATOAVTIKYG amdO00TG TOV VAVOGUVHETOV aVTOD VAIKOV
Vo TV emidpacn opatig axtivofoAiag kot oAt to Ag-ZNO vikd oe avaroyio 5:100
Tapovciaoe TN PEATIOTN GLUTEPLPOPE EMTLYYXAVOVTOG TANPN amodounor e podapivng B
énerto, o6 150 min (Ewovo 2.4). Zopnepocpotikd, To Topayopeve vovooOvOeTo DAIKE
TOPOLGINCAY GNUAVTIKT GOTOKATOAVTIKY dpdiomn V1o TNV NidpaoT TG NALKNG aKTvoBoAlog
Kot Alydtepo omoteAeopatikny dpdon vmod v emidpacmn G opathg aktvoPoiiog. Ta
OTOTEAECLOTO TOV TEWPUUITOV  QOTOKATOAVONG £€0€1Eav 0Tl Ta VOVOGUVOETO, VAIKA
TOPOLGIACAY VYNAOTEPT SPACTIKOTNTA, 6 oYéon ue Ta kabapd Ag kot ZnO vikd, evd to Ag-
Zn0O vko pe 5% wt mepiektikotnto o Ag Topovsiace vYNAOTEPN andd0CT G€ OAOLG TOVG

TEWPAUOTIKODS KOKAOLG pmToKatdiveong [2].

o e[

CB

eey
y

Eixova 2.4: dwrokatalvtikog unyavicuds tov Ag-Zn0O vavoevvBetov viikod yia Tty arodouncny

™6 podauiviig B vé v emidpacny opatiic axtivofoliag Pl.
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Emiong, to 2018 ot Dindar ko1 Giiler epdppoocav po. amii KevoTopo Kol aroTEAEGIUOTIKT
unyavo-ynuiky nébodo e emakdrovdn éynmon yia t ovvleon Br-ZnO, Na-ZnO (n=1-5wt%),
ka0d¢ kot kabapmv ZnO vavocouatidiov. [ odvbBeon tov ZnO katodlutdv e Kot Yopig
Tpocén axorovndnke n dadikacio Tov meptypdoetor amd Tovg Gomathisankar et al. (2013),
omov apykd, 2.195 g zinc acetate dihydrate ko1 1.512 g o&aiikod 0&éog aAéomrav pe v
Bonfela youdiov kot avtédpacav ce oteped @don. Metd 1o mEpag déKa AemTdV dAeomg
npootétnke Popikd o&H wg mnyn B. TIpokepévov va mpokvyel zinc oxalate-boric acid wg
Tpodpoun Evoor, 1 dwdikacio dAeong cvveyiotnke Yo emmAfov déKa Aemtd. X GuvEXELD,
T TOPOYOUEVO TPOTOVTO VIEGTNGOV Beprukn| Kotepyaoio otovg 350°C, 500°C kor 600°C. H
perétn amoddunong g RhB zmpaypatomombnke yioo kébe Oeppokpacio kor n Bédtiom
Beppokpaocio éynong Ppébnke va givar avt) tov 500°C yio Tpelc GPES, COUPOVA HE TNV
amodoon ¢ aroddunons. H idwa dadikacio akolovdnnke ypnoiorolidviag v ovpio g
myn aldtov. Ilpoxeévov va yivel GUYKPION TNG POTOKATOALTIKNG Opdong tv ZnO
deryudtmv Topovsio TV TpocpiEewv, vavoompatidta TiO, (Degussa P25) kot kabapod ZnO
mopackevdoTKay, exione, uéom £ynong uiyporog zinc acetate dihydrate kot o&olikod 0&gog
Vo TI¢ idteg ovvOnkeg. H omtokatodvTik] cupmeptpopd Tmv delyudtov mov mapdyonikay
ueketnOnke péow ¢ omoddunone g RhB vrd v emidpoon mpocouotowuévng nitaxng
axtivoPoiiag. [epapatixd, 0.1 g potokatodvtn npoctédnke og 100 ML vdatikov dtoAldpaTog
RhB cvykévipwong 10° M o pH=7 ka1 pH=10. H p00pion tov pH tov Stakdpatog puOmldtay
TPV TNV akTvoPOAN G, Hécw TG TpooHnkne 10 mL mokvig NHs kot 1 mL NaOH (10%). ITpwy
TNV aKTVOPOANGT, TO EVOL®PAIOTA YPOCTIKNG-KATAADTN avadehovTol amovsio akTivofoiiog
vwoo 30 Aemtd, mpokewévov vo emitevybel M 1oppomio pdenongc-ekpoenons. O pulude
amodounong g RhB mpocdiopiotnke péow g Afyng 5 mL deiypotog ovd 15 Aemtd kot
emakolovONG péTpnong e tpocpoenong, Héow pacpatopetpiog UV-Vis (Ewova 2.5).

Aqueous

[Rhodamine B
=

..... : v
Oxidation|&

cO,, H,0]<+

Ewéva 2.5: Myyavicués amodounens podopuivis B, péocw B-Zn0 kar N-ZnO karaivtdv Bl

|B / N doped ZnO |
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[pokeyévovu va emPePaindel To yeyovog 0Tl 1| pOTONTOIOUNGT TOL POTOL OPEIAETAL GTOV
EKGOTOTE TPOG UEAETN KaTaADTY, pueleTOnKe 1 potoAvon ¢ RhB vrd v emidpoon g
axtvoPoriag. O cuVOMKOC XpOVOG UTOYPOUATIGHOD TOL apykoL dteAduatog RhB ftav 150
min. Télog, petald tov eéetaldpevov E®TOKATOATOV, T0 Nay-ZNO Topovcioce Ty mo
OTTOTELECUATIKY OPAOT G TTPOG TOV OMOYPOUATICHO NG podapivng B, amodopmvrag tnv
TANPOG Emetta and 9.5 dpeg aktvoBornong [3].

To 2020, ot Aziz et al. cuvéBeosav vav kavotopo AglO/ZnO pwtokataddTn e TOIKIAEG
neplektikotnteg AglO4 (0-20 wt%) yio tv amoddunon g podapiving B vd my enidpacn UV
Kot LGIKNG NAMakg aktvofoliag (Ewova 2.6).

Sl vy T y.'.mmgm
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b
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E 15 - Isopropanal
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Eixova 2.6: H enidpoacn o1apopwv katavalotdy eAevlipwy pi{dv 6Tt pwToKATALVTIKI

amodounon Ty podauivys B uécw ZnO, AglOs ZnAgl5 M,

Ta ZnO vavocwpatidio mapackevdotKoy pécw eheyyonevng uebddov sol-gel pe didivon
30 g zinc nitrate o€ 300 ML amovicpévov vepod, akoAovBodpevng and TpocOnkn KoTdAANANG
nocdTog Triton-X, ®¢ HUNn-10viikod EmPAVEIOIPAGTIKOD Yot TOV €Aeyyo Tov pvOHOD
VIPOAVGNG TOL AATOG YeVdAPYVPOL. To dtdAvpa aVTO VTEGTN GLVEXN 0vAdeVLoN Yo dV0 MPES.
Axolo0Bmc, ddAvpe oppmviag TPooTEONKe oTdydnv VIO £viovn avAadevoT UEYXPL TOV

oynuoatiopd evog Aevkod sol vdpoeidiov tov yevdapyvpov oe PH=8. To sol vépoeidiov Tov
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yevdapydpov apédnke yio 48 mpeg, mpokeyévov va mpokdyet sol-gel. To mpoxvmtov gel
EnpavOnke yia 24 opeg otovg 100°C kar véotn Bepukn katepyocio otovg 400°C yio Tpelg
opeg oo ovveyn pon aépa. Ta AglOs vavocouatiow TopacKELAGTNKAY OVOULYVOOVTOG
toopoplakég ovykevipmoelg AgNO; kot sodium metaperiodate diolvpévav 6 amiovicuévo
vepd vmd ovveyn éviovn ovdadevon yo 600 dpeg. To kitpwvo korrogdég sol tov AglO4
QUL TpAvONKeE, eKmAVONKE e amovicpévo vepd kat Enpavinke otovg 100°C yuo 24 dpeg. ot
obvleon tov AglO/ZnO vavocopatdiov katdhinieg mocotnteg doivpatog AgNOs
TPooTEBN KAV G€ vaumpr e vovooopatidiov ZnO og amoviopévo vepd VITO GUVEYT AVAIELOT
v 800 ®peg, mpokeéEvov va mapayfovv AglO4/ZnO vavooopoTidie e TEPIEKTIKOTNTEG GE
AglO45,10,15 ka1 20 W/w%. AkoroOBwg, katdAAnin tocdtnta Sodium meta iodate dtodvpévn
o€ amoVIopEvo vepd, TPooTtédnke otdydnv o10 aveTtépm piypua VIO cvveyn Kot Eviovn
avdodgvon yia 0o dpec. To plypa Enerta prktpavOnke kon Enpavinke otovg 100°C yia 24 dpec.
Ta mpoxvmtovta vavoouvleta avaeépovtar og ZnAgS, ZnAgl0, ZnAgl5 kot ZnAg20
avéioya pe to mepieydpuevo og AglO.. Tlapackevdomnkav eniong detypota kabapod ZnO kot
kaBapod AglOs. T Prounyovikodg kot mepifoiloviikodg okomovg, ot Aziz et al.
TPAYLOTOTOINCAY T TEWPANOTO POTOKOTOAVTIKNG 0moddunone g RhB vrd v enidpoon
NAMOKNG akTvoBoliog ypnoiporotmvtag ta delypata kaboapov Zn0O, kabapod AglO: kot to mo
dpaoTikd vavoovieto, to ZnAgl5. Ta amotedéopata £de1&av 1060616 amodounong RhB g
T6ENG T0V 95%, Ypnoonol@vtag to ZNAGLS évavri tov 47% mov Tapovsiace to kabapo ZnO.
Qo1660, T0 99% ¢ podapivne B amopakpivinke ond ta AglOs vavocsmpartiow, pécw 1o
NG TPOGPOPNOTG OGO KOl TNG POTOKATAAVTIKNG dtepyasiog. To amotédespo avtd omédelée Tov
emttoynpévo porio tov AglOs o petaforn e eoToKATOAVTIKAG omdkpiong Tov ZnO oty
epoyn tov opatod. Téhog, omnueidveror O6tt o ZNnAglS katoAvtng Odlathpnoe v
QOTOKATOAVTIKY TOV dPACTIKOTNTO AKOUT KOl LETA TO TEPAG TEVTE TEIPUUNTIKMDV KOKA®V [4].

Axorovbwc, 10 2021, or Chankanitta ko Nanan cuvvébeoav pia 3D epapyikn ZnO/Bi,MoOs
ETEPOETOPN UECH Wog IN-Situ SraAvto-Beppukng pebodov. Apykd, ta ZnO vovooopotidi
ocuvtébnkay péow pog dolvtobepuikng dadikaoiog. ITo ocvykekpéva, 60 mmol NaOH
dtAvdnkav og 30 mL peboavoing vmd poyvntiky avadevon yw 15 Aentd. ‘Enerra, 0.35 M
draivporog Zn(NO3)226H20 (30 mL) mpootédnkav otdydny 6to didivpa, akolovfovpeva amd
0épuavon otovg 60°C yua pia dpa. To mpokdmToV didAvHe peETAPEPONKE GE AVTOKAEIGTO TV
100 mL, ev®d n Beppokpacia kol o xpovog mov ypnoiporomndnkav nrav 70°C kot 24 dpeg
avtiotorya. Metd v woln uéypt OBeppokpociog mepPaAiovtog, T0 AEVKO TPOIOGV 1OV
oLAAEYONKE, ekTAVONKE apKeTEC PoPEG pe uebavorn kot tedkd EnpdvOnke otovg 60°C yia 24
dpec. Ta ovvbeto ZnO/BizM0Os mopoackevdotnkay €miong HEcC® oG SAVTODEPUIKNG
uebddov. To piyua, mepieiye 30 mL abvievoylvkoine koar 30 mL oBoavorng, to omoio

ypnopomomnkav g dodvtes. Ev ocvvropio, 1.3 mmol Bi(NO3)3e5H.0 xar 0.35 mmol
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Na:Mo00O42H,O  dwodvbniav Eeyopiotd oe dddlvpa  afvAevoyAvkoAng/abavorng vmo
HoyvnTikn avadevon yo 6éko Aemtd. AkoloOBmg, dilvpo bismuth nitrate mpootédnke oto
ddAvpo Tov sodium molybdate, mpokelévonv va mpokdyetl éva, otabepd opoyevég Stdlvpo
evalmpnuatog. Aegdopévn mocodtnte ZnO vavooouotdiov dleomdpn oto dtdAvpa vwo
avddevon o pio opa. To piypo tpootédnke oe avtoKAEIoTO KO dlatnpnOnke otovg 160°C
v 24 opec. To mpoidv @uitpavinke, exmAbOnke pe abavoin yio v omoudkpuvon
axafapoiov kol Enpdvinke otovg 80°C o 12 mpeg. [Mopaokevdotnkay eniong, delypota pe
dapopetikég ZnO/Bi:MoOs Wt% avaoyieg (0.02/1, 0.05/1, 0.10/1 kar 0.20/1). T cvvéyeia,
peletiOnke n potokataAvTiKy aroddpunon g RhB vd v enidpaocn opoatng axtivoBoriog.
Kota m dudpkea avtrg g dwadikaciog, mepimov 50 Mg koatadvn deomdpnoay e LOATIKO
didivpo RhB (200 mL, 10ppm) kot o S1dAvpo. ovadendtay cuvexdg vId GKOTAOL Y10, tict dpa,
TpoKeEVOL va emitevyBel 1) tooppomia Tng aktivoforiag, S mL evaiwpnpotog Aapfovotay o
TOKTA YPOVIKG SLOGTALOTA KOl PUYOKEVTPOVTAY, VO 1) cLYKEVTp®oT ¢ RhB mposdiopilotay
KOToypapovtag Ty amoppdenon 61o Amax=553 nm, ypnouonoidvtog pacpatopetpo UV-Vis.
Svunepacpotikd, n 0.10Zn-Bi etepo-emaen tapovsiose yaunAiotepo m0606TO OVAGUVOLOCUOD
TV (DYDY NAEKTPOVIOV-0TMV, CNUEIOVOVTAG TNV VYNAOTEPN POTOKOTAAVTIKY 0TOS0GT GTO

0puTo, e T0606TO 160 pe 92% mg Tpog v amodouncon g RhB (Ewodva 2.7) [5].
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Eixova 2.7: IBavog unyavicuos poToKaTtalVTIKIG ATOOOUNGHS OPYAVIKDY POTMV UE TH XPIcl]
ZnO/Bi2MoOs etepo-emapijc vé Tny emidpacn opatic axtivofoliag B,

Téhog, ot Stanley et al. eniong 1o 2021, cuvébesav Ag-ZNO vavocHvOeTa VAIKA HECH HLOG
uebodov ocvv-kabilnong. T'a ™ obvbeon, 22 ¢ zinc acetate xau Silver nitrate (0.5-2%)
npootébnkov oe 100 mL dadduatoc NaOH (2M) otaydny. To didlvpo avadedtnke yio pio
opa oe Bepuokpacio mepPariiovtog kot datnpnOnke otabepd yo 12 dpec. Xt cuvéyela,
QATPavONKe Kol ekmAbONKe pe ddAvpo aBavorng/vepod oe avoroyia 9:1. To ilnuo
EnpavOnke otovg 100°C yio 12 dpeg kot veéatn Oepuikn katepyacio otovg 600°C kot 800°C
yo 800 dpec. H nhaxn axtivoforia ypnoiponotidnke og nnyn eotoc. Xtn pedétn tov Stanley
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et al., 20-120 mg kotolvt dwomdpdnkov e 100 mL dwwddpatog RhB (10 ppm). TIpwv v
aKTIVOPOANGN, TO EVOULDPTIO 0VOOEDTNKE 6TO GKOTASL Yo 30 AETTA, TPOKEEVOL VO, ELTELYDET
1N 16oppoTie. POPTONG-EKPOPNONG GTNV EMLPAVELD, TOL KATOAVTN. AVE GUYKEKPIUEVO YPOVIKA
dtwotnuato, Aappdvovtay 3 mL delypatog, TpokeEVOD va TpayatonomBody HeTpoELS 6TO
UV-Vis ka1 va TpocdlopioTel 1 pOTOKATOAVTIKY SPACTIKOTITO TOV TAPOYOUEVOD KOTOUADTY.

H wavomro anoddunong g RhB tov 1Ag-ZnO gwtokataivtn Ppébnke vo ioovtat pe
63.6% vmd v enidpaon g niakng aktvoPolriag (Ewova 2.8) [6].

Preparation of Ag-ZnO:

AgNO» utiens ZeCaFleOu Solution NaOH Salutson

Eixéva 2.8: Myyoviouoc mtokatalvTikic amodounens ue t ypion tov Ag-ZnO karaidty O,
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Kepaiao 3°:

Lcipouatikn diepyoocio — mpostoyuacio twv vovoowuotioiwy ZnO kai twv porwv

YAKd ko avtidpactiplo

A1EVLdpog o&kdg yevdapyvpog (CH3COO2)Zn2H20 ypnowonombnke g mnyn Zn Kot
ayopdotnke amd v Penta. Qg mmyn alotov ypnoomombnke n ovpia (HsN2CO) ko
ayopdotnke amd tnv Mallinckrodt Chemical Works. To vdpoégidio tov vatpiov (NaOH), mov
y¥pnoorodnie yio ) puduion tov pH, ayopdotnke amd tnv Panreac Quimica SA. O pOmog
OV YPNCILOTOONKE KATA TNV TEPAUATIKT d1adtKacior poToKaTtdALoNG €ivatl 1 podapivn B
(C28H31CIN2O3), mov ayopdotnke and v Penta. Amiovicpuévo vepd ypnotporobnke yio mv

TOPOUCKELT] OAWDV T® SLOAVUATOV.

XHvOeon derypdtov vavosouatdiov ZnO kot N-ZnO

H pébodog mov epappoctnie, Tpokeuévov vo, cvviefodv to vavooopotidw ZnO kot N-
Zn0O, ftov 1 pébodog kobilnong Zv mEPItTOoN TOV VAvOooOUOTWIOV 0&eldiov Tov
yevdapyvpov pe TposEn aldTov TpaypaTonomdnke £vo EMITALOV GTASIO KOTA TNV TOpEin

g oOVOeDTG, AVTO TNG TPOGTHNKNG ovpiag.
XHvOeon vavosouatdiov ZnO

o 1w obvbeon tev vavocopotdiov kabapod ofegwdiov Tov  WevdapyLPOL,
ypnoyonoOnke d1Evudpog 0&ikog yevdapyvpog (CH3COO,) Zne2H,0 (Mr = 219.5 g/mol) wg
npddpoun évmon [1]. Apywkd, ywo v mopackevn SwAvpotog (CH3;COOz) Zne2H.O
ovykévipmong 0.1 M, Quyiotnkav 5.4875g (CH3COO0,)Zn*2H,0 kot mpootédnkav g 250 mL
OTTLOVIGUEVOD VEPOD, KOl GTT] GUVEYELD, TO SIGAVLO OVAOEDTNKE e LOYVTIKO OVAOEVTIPOL KOl
Oepuavinke, £mc 0tov Yivel opoldpopeo kol etacel oe Bepuokpacio 80°C (Ewdva 3.1). H
apykn Tun Tov pH ftav mepimov ion pe 6.4. Akorovbwc, Tpootédnke dihvpua NaOH (2 M)
otayonVv (Ewdva 3.2), Eéog 6Ttov T0 S1aAV U ATOKTNOEL £VOL YOAUKTOOEGAEVKO Ypodua (Etkova
3.3) ko tedkn T pH oyeddv ion pe 11. To yohaktmdeg dtdivpa dtotnpnOnke vad avadevon
(700 rpm) yia 1h otovg 80°C (Ewdva 3.4). To Aevkd ilnua mov avaktiOnke pe ) Pondeia
daympiotikng xodvng (Ewova 3.5), puyokevipiOnke tpeig popég ya 20 min og 6000 rpm, evéd
UeTaED TOV EVYOKEVTIPIcEMV ekTAEVOTAV e dtdAvpa, arfavornc-vepov (1:3), mpokeuévou va
amopakpLVOOHY TUXOV OPYOVIKG VITOAEIUUOTO OT0 TOVE YPTOULOTOOVUEVOVE OlohvTtes. To

inua mov avaktHOnke PETA TO TEPOG TV PuYoKevTpicewv, Enpavinke yia 24h otovg 80°C,
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KO €V oLVEYEL, VITESTN avomnomn v 3h otovg 500°C. To 1eAkd TPOidV TOV TPOEKVYE UETE

Vv avomtnon Koviomomonke pe tn Pondeia youdod (Ewova 3.6).

XHvOeon vavooopotdiov N-ZnO

INa ™ obvBeon tov vavocopatdiov ofewdiov Tov yevdapyvpov e TpocEn aldtov,
ypnopomoOnke 61Evudpog 0&ikdg ywevddpyvpog (CH3COO,) Zne2H,O (Mr=219.5 g/mol) ¢
TPOdpoun Evaor). Apyikd, yio tnv tapackevt) dtaAdpatoc (CH3COO02)Zn 2H,0 cuykévipwong
0.1 M, Quyiomkav 5.4875g (CH3COO2)Zn*2H>0 ko mpootébnkay o 250 mL amovicuévov
VEPOV KOl GTN GLVEYELD, TO SIGAVLO OVOOELTIKE LE LOYVITIKO avadeLTHpa. Kol Oeppavinke,
€m¢ OTOL Yivel opodpopeo kot etacel og Beppokpacio 80°C. H apywn tyun tov pH frav
nepinov ion pe 6.4. AxolovBwg, Tpootébnke dtdlvpo NaOH (2 M) otdydnv, éog 6Tov T0
LAV L0 OTOKTNGEL EVOL YOAUKTOOEG/AEVKO Ypdua Kot TeAkN T pH oyeddv ion ue 11. Enerta
emovaiopPavovtag T cLVOeTIKT, £0¢ avTd TO oNuEio, mopeia 4 popég, Tpootédnkav 0.0115g,
0.023g, 0.046g kot 0.092g ovpiog avtioToryo, 6T0 EKAcTOTE O1GALUE. TO YOAUKTM®OES StaAvua
dotnprOnke vd avadevon (700 rpm) o 1h otovg 80°C. To Aevkd inpa mov avaktiOnke pe
™ Pondeta Sray@pPloTikng xodvng, euyokevtpibnke tpelg Popés yi 20 min og 6000 rpm, evéd
peta&d tv euyokevipicewv exkmhevotav pe dtdAvpa abovoinc-vepov (1:3), mpokeévon va
amopoKpLVOOUV TUYOV OPYOVIKA VTOAEIUHOTO OO TOVS YPNOUOTOOVHEVOVS Otadvtes. To
inpa mov avokOnke petd To TEPAG TOV PuYOKEVTpicewv, Enpavinke yu 24h otovg 80°C,
KOt €V GLVEYELD, VIESTN avomTnot Yo 3h otovg S00°C. To 1elkd mpoidv mov TPoEKLYE UETA

™V avomtnon kovioromdnke pe ) fonfea youdlov.

Ewéva 3.1: Yoarixo didivua (CH3COO2) Zne2H:O. Eixova 3.2: Zrayonv npocOijky dralvpatog
NaOH (2 M).
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Eixova 3.5: Avaxtion Jevkod ilijuarog. Eixova 3.6: To tediko mpoiov.
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H avtidpaon mov éhafe ydpa katd ) didpkeia g odhvBeong givon 1 axkdAovdn [2]:
Zn(CH3COO)2 + 2NaOH — ZnO + 2CH3COONa + H,0O (3.1)
Metd v avonnon, To TeEMKO Tpoidv (Aevkn okovn vavosopotdiov ZnO 1 kitpivn okovn

vavoompotdiov N-Zn0), anobnkedetal oe okovpoypoua yodiwa erodida (Ewova 3.7), £tot

MOOTE VO UMV GOTOKATOAVETOL.

Eixova 3.7: AmoOnkeven Twv mopoyousvmy vavoswuaTioiny 6& GKOVPOYPWOUO YOAAIVO PLAAIOL0.

[Tapackevn pvmov

H podauivy B (RhB) (Ewova 3.8) givar o pbmog mov ypnoponomdnke 6to mAaicto g
TopoVcOC OWMAMUOTIKAG  €PYOoiag, mPOKEWEVOL v pekembel M QOTOKOTOAVTIKY
dpaotikdmTo TOV e€gtalduevey kKatalvtdv. H podapivy B (ymuikog tomog: CasHziCIN2Os)
glval o ypmoTikn, 1 omoia. aVAKEL 6TV O1KoYEveEln TV EavOvay, Tov ¥PNGIUOTOI0VVTL
oLYVa ot Prounyavio YPOCTIKAOV Kol propel emxiong vo ypnoiporomdel ot Proynueio g

Broroyikdg deiktng 1oV Kot aobevelmv [3].
b "ol

®
HaC N 0 N.__CHj
0¢

COOH

H,C CH,

Eiwxova 3.8: Aoun podouivyg B.
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Av10 10 e€apeTikd oTafepd POPLO £XEL GVOYETIOTEL L VTTOSOPLO GAPKMUA 16TOV, EpeBioUs oTa
MATWL, TO OEPHO. KOL TNV OVOTVELCTIKY 000 Kot vroylaletal 0Tl €ival KopKivoyovo Kot
petaAro&loyovo yio tovg Lmvtavovg opyoviopovg. Emmiéov, n RhB pmopel va emnpedost
Q®MTOGVVOEST] TV VOPOPIOY PLTOV, KAODC KAHIoTA FVGKOAN TNV ATOPPOPNCT| TNG NAOKNS
axtwvoPoriag [3]. H a&loloynon ¢ @oTOSPUCTIKOTNTOG KOl TOV TEVIE KOTUAVTMOV TTOL
ovviédnkayv, mpaypoatonodnke ypnoonoidviog 0.005 g and 1ov ekdoTOTE PEAETOUEVO
KoToAOT o€ vdatikd ddhivpo podapiving B (25°C) ocvykévipmong 5 ppm kot 7.5 ppm,
avticToryO.

Ta 6v0 dwAdpata pvmov (5 ppm kou 7.5 ppm) mapackevdomray pe avauén 350 mL
amovicpévov vepol pe 0.0018 g kan 0.0027 g podapivng B, avtictorya. Ta dwwAdpota ot
ocuvvéxeln avadevTnkay pe ™ Pondeia poyvntikod avadgvtpa vd okotddt yio 2h g 500 rpm,
éto1 dote vo, emtevybel 1ooppomia. AkolobOms, ypnotponomdnkav 6ta TEWPHPATO HEAETNG

NG POTOKATAAVTIKNG SPASTIKOTNTOG TOV KATOALTOV (PA. KEQAAALO 5).
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Biproypapia (Kepdrato 3°)
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Kepaiao 4°:

Xopoxtnpiopog vavoowuatioiwv

doacuoatookonio Raman

H gaopatookonio Raman givan pa ypiiotun teyvikn v tv eEgpehivion g TotdTnToS TOL
delypartog og npuay@yols peydlov evepyelakol dtakévov. Ta pdopota Raman eivat svaicOnrta
oTNV TOWTNTA TOV KPUGTAAA®V, OTO OOUIKA EANTIOUOTO KOl TIG OlOTUPOYES TV
OVOTTUGCOUEVOV TPOIOVI®V. Xe TEPAUATH OKEIAONS POTOC, 1 (POCUATIKY] KOTAVOUY TOL
avaAdeTon og oyéon He To PAco Tov Tpocmintovtog mtog [1]. o va eEacpaliotel Kokl
avdAvon Kot Toutdxpova vymin évtaon, 1 déoun Aélep eotidleTon oto detypa pe KatdAinio
Qoxo. Aldpopeg yewpetpieg mov ypnopomolovvtanl 6Tl HeTpioel Raman: o) yeopetpio
okédoong 90° yia drapaveig KpuoTdAlovg (1 EvacT TPOSTTIOGNG Kal 1 OKESACT TOV PMTOG
dumhacidlovtal ypnoonoldviag kabpépteg M1 kot M2), B) 90° yeopetpio okédaong yio
eEQPETIKA TPOGPOPNTIKE VAKG, v) Peitiopévn yeopetpio: 1 aktive Aéilep kabodnyeiton
YPNOWOTOIOVTOGC Evay KPS KOOPEETN peTalld evOg (POKOV €0TIOGNG KOl TOV VIO UEAETT
VAoV, &) omdvia yewpetpia 180° (n katevBuvorn mpdontmong, dtddoong Kot didbiacng
npoocdtopileton pe axpifela, KATL TOV SIEVKOADVEL TNV E€QOPUOYN KOVOVOV ETIAOYNAG OF
UEUOVOUEVOLG KPLGTAAAOVC), €) ¥PNON KLAWVIPIKOD QOKOV €oTioong e déoung Aélep o€
nepintwon eotosvauctnciog (Leudvel TV mokvoTnTo 16YX0¢ TG déoung Aéilep oto deiyua,
Yopic vo peiwBel M AmoTELEGUATIKOTITO TOL OLACTOPTOL (MOTOS TOL E0TIALETOL LE TOV
KUAWVOPIKO pakd o€ OAO TO UNKOG TNG LVRTOJOYNSG €G0S0V TOL PAcUHATOUETPOV). H orédaon
Raman ogeiletar o pioe aALOYT GTNV TOAIKOTNTA TOV HOPI®V 1 OTNV NAEKTPIKY gvoicOncio
TOV KPUGTAAAWDV.

H ovokeun pacpotockoniog Raman (inVia Renishaw) ypnoonoet dvo mnyég Siéyeponc,
exelvn evog Aélep otepedg Kotdotaons (A=532nm) ko ekeivn evog Aélep d100imv vYMANg
woyvog eyyvg vrépvBpov (NIR) (A=785nm). Ot petprioelg Raman mpaypatomomdnkav oe
Bepuokpacio dopatiov og dStoupdpemon omcbookédaong kot 1 déoun Aéilep eoTdoTnKE oTA
delypata, péow eokod peyéBuvong pikpng amdotaons x50, pe yapnin woyd diéyepong, €10t
wote va gacpolotel n younAn Oépuovon tov derypdtov ond to Aélep. Ot petoPoléc
ocvyvotntog Paduovoundnkov e ecmteptkd TpodTLmo Si. MeTpnOnkoav dvo onueio yio Kabe
delypa. O ypovog éxbeong Mrav 10 s, pe 3-10 emoavoinyels. Ta amotedéopota NG
eoopatookoniog Raman ywo to vavoocopoatidiw ZnO kot N-ZnO 7mov mopacKeLacTnKoy

napovcidlovion oty Ewova 4.1.
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Eixova 4.1: Pacpuara Raman twv vavocwuatidiov ZnO ket N-ZnO.
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Ot xopvéc ota 332cm™ kon 382cm™ avrictoyodv otic dovicelg Ex (bymid)-Ez (xounio)
(dwdkacio moAlamAdv eovoviov) kot Al (TO), avtictoyya [2]. H andtoun xopven ota
439 cm-! avtistoyet otn d6vnon Ez2 tov ZnO kat givar pio yopoKTNPIoTIKY EVEPYT KOPLON
Raman ywo v e€ayovikn edon tov fovptoitn. Katd cvvéneia, paivetol 6Tt To dely Lot o
ocuvtédnkay oto TAaiclo ™G MoPoLGOC SMAMUOTIKAG epyaciag otafétovy e&aywmvikn
Kkpvotadhiky Sopr| Pouvptoitn. H kopven mov mopatnpeitoan oto 582 cm? ce Ol to
Swypappate tov dstypdtov avtictoyel otn d6vnon Ei, mov ogeiketon oe akaBapoieg kot
OOUIKE EAATTOUOTO TOV CUVTIOEUEVOV TPOIOVIMV. TVUTEPUCHOTIKG, KAl To TEVTE OstypoTal
vavocouatdiov ZnO kot N-ZnO mov mopackevdotnKoy, S100ETouV KPUGTUAAKY] OOUN UE

eldyroteg akabapaoies Kot dopkd EAATTOUATA.

[Tepibraon axtivov X (XRD)

Ot axtiveg X eivon nhextpoparyvntikny oxtvoBolia pe prjn kopotog amd 0,1 émg 100 A [3].
NV KPUGTOAAIKY Soun, To. GUVROME YPNGIHOTOIOVHEVE PNKY KOpOTOC givar amd 0.7 A Mo
ém¢ 1.54 A Cu. Edv ot axtiveg X mécovv og eminedo atopmVv He yovia Tpocttmong 0, ot akTiveg
B0, 31E166VG0VY 6TO GTPMUOTO TOV ATOUOY Kol Bo, ddhoovy v gikova tovg [3]. O aktiveg X
€YOVV TPELS SLAPOPETIKES 1O1OTNTEG TOV PPIoKOLV TPOUKTIKY EQAPUOYT GTIV OVAAVGT] VAKDV,
avTéG givar 1 amoppdenomn, o pBopiopdg ko | wepibraon [4]. H wo onuavtikn Bropnyavikn
Kot epyactnplokn (€pguva) xprion g mepiblaonc axtivov X gival uécm g texvikng uebddov
okovng. duoikd, to delypa dev ypetdleTan va eivat vd TV HOPET OKOVNG Yo Vo eEETACTEL.
Movo ot kOKKOL Tov TO GLUVOETOVY TIpémel var eivar pkpol TG TAENG LEPIKAOV UIKPOV (lm).
Otav évog LovoKpOOTAALOG aKTIVOPOAEITAL, VIO VO, ODGEL OAEG TIC TOUVEG OAVOKAGGELS, TPETEL
VO KOKADVETOL GE TPELG OLOPOPETIKEG SLOOTACELS £TOL MGTE OAO T EMIMEDA VO UTOTIVOLV
OTOOLOKA OE pia YoViokn avakiaon (oyxéon Bragg) kot va divovv OAeg Tig TOvVES ovaKAAGELC.
H pébodog XRD Pociletoar omn S1d0Aaon g povoypopatiking axtivoforiag oxtivav X
YV®OGTOU PKOLG KOUatog (A) ota eninedo KpuoTdAAov TV eeTaldpevoy SEIYUATOV Kol 6TN
GULVEYELD GTOV TPOGOLOPIGUO TV ECOTEPIKMV SAGTNUATOV d TOV ETTEIDV TOV KPVOTOAAKOD
TAEYLLOITOG TOL €vat LOVAdIKA Yo TV KGO mpocdiopiopévn Evmon [5].

‘Eva dudypappa XRD kabopiler mpmta bv 1o delypa sivor kpvotodid 1 dpoppo. Ta
KpLoTOAMKG dtaypdppato delyvouv peydies, arypunpés kopveés. Emmiéov, n pébodog XRD
TopéYeEl TANPOPOPIES Y TNV KPUOTOAAIKY] SOuUn HOG €veong Kol yprollomoleital yio
opvktoroyikn perétn. [apéyet emiong TAnpopopieg yio Tig TPOSUIEES TOV KPLOTAAA®V aKOLA
kot o€ vrepPfoikny KabBapodtnra (kpvotaAlikég evaoelg). Ilpocdiopiler tov Pabud
KPLOTUAMKOTNTAG (TOGOGTO KPUOTAAAKOD VAIKOV €M TOL GLVOALKOD VAIKOV) G€ VAIKE dmwg
Qapuaka, TPOeUe, Kot moivuepn. Emumhéov, ypnoyomoleitar yio Tov TpocdlopiGud Tov

TOAVHOPPIGLOD KOl TOV TOCOTIKO TPOGOI0PIoUO SLOPOPETIKMY pAcemV [5].

2yoln Xnukav Myyovikav EMIT 75



DwtokoTaloTiK) aTodOUNcH VYPOV pOIwV ue ypHon ZnO vovovlikwy

H xpvotodiikotnta apocdiopiotnke ypnopwonoimvioag nepibroon axtivov X (XRD) To

mepOiacipeTpo aktivav X mov ypnoponombnke sivar Briicker D8 Advance. Ot petpioeig

apoypoatorotnkay oe yovia 20 pe gdpog 20° émg 80° kot pvOud capwong 0.01°/0.5 sec,

ypnoipomordvtag axtvoPorio Cu-Ka (A=1.5418 A) oe tdon 30kV kat psopo 15mA.
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Eixova 4.2: Awaypappuato XRD yia kabapo ZnO xar ZnO ue npocuién N.

H Ewoéva 4.2 mapovcidlel ta daypdappata XRD tov detypdtov ZnO kor N-ZnO, mov
TOPACKEVAGTN KAV GTO TAAICLO TNG TaPOVSUS LEAETNG. Ot BEcELS TV KOPLODV TV dETyIdTmV
kaBapol kot pe Tpdowiln aldtov 0&eldiov Tov Yevdapyhpov, TavTilovtal GOUPOVO UE TNV
Biproypapio pe avtég Tov gumopikol ZnO. TOUPOVO UE TIC YOPUKTNPLOTIKEG KOPLOEC TOV
TOPOTNPOVVTAL 6TA Sy pappato tepibiaong aktivav X, oAa ta detypota ZnO topovsialovy
eEayovikn doun Bovptoit. [To cuykekpléva, TOPATNPOVVTOL Ol KOPLEOES TTOL AVTIGTOLYOVY
ota mAeypotikd emineda (100), (002), (101), (102), (110), (103), (200), (112), (201), (004) ko
(202) [6]. EmumAéov, ota daypaupate XRD tov dsrypdtmv dev mapatnpionke Kopio kopuen,
OV Vo, oQeidetal o KAamolo, dgvtepoyevn mepibioom, emiPefardvoviag 6t Too Ovto N
EVOOUATOOMKAY EMLTLYDC 6TOV KpOoTahio ZnO. Q¢ ek TovTOV, Ta Tapayoueva ZnO kot N-
Zn0O deiypota mwapovstalovy doun Povptoitn Kot 1 elooyyn Tov aldToLv 08 HeTAPGAAEL TV
KpvotadAikn dour tov ZnO. Tpdoeata, ot [7] avépepav 6t | Tpdoién pe vrokatdotaon O
pokoAel cuvnOmG pIKPY| PETOPOAN OTIS TAEYUATIKES TOPAUETPOVS, EVA €ite N TPOSEN HE
vroKatdotaon Zn gite pe katdAnyn evotdpeonc Béong, odnyel oe onuavTiKy STdpasn Tov

TAéypatog. Xty mepintwon tov aldTov, avtd givor gd0kolo va KotaAdfel T Béom tov
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0&uYOVoL, AOY® TNG TOPOTANGLOG OTOUIKNG OKTIVOG Kot nAekTpapvntikotntac. To péyeboc tov
kpuotdAhov Twv N-ZnO derypdtov (PBA. Iivaka 4.1), mov mpoépyetar omd T0 dES0UEVA TOV
XRD, etvar pikpotepo amd avtd Tov kabapov ZnO (20.3 nm). Avtd uropel va opeiretol oTnv
mpocoOnkn ovplag koTtd TN OdpkeEl NG ovvOeong, M OMOl0l  GUUTEPIPEPETOL  OG
EMPAVELOOPUCTIKO 7OV UTopel v gumodicel v ovamtuén Tov KpuotdAlmv tov ZnO.
Inuewdvetror 0t M avoroyio Tov gvidoewv t@v kKopuedv (100)/(002) yio to ZnO elvan
peyoAvtepn omd vty Tov N-ZnO, Tov VTOJEIVIEL Lol TPOTIUNGLOKT AVATTLEN KPUOTAAA®Y
Katd ufKog Tov aEova ¢ 6to ZnO pe tpoécuén N. Avtd purmopel va 0QeILETOL TNV TPOTIUNGLOKT)|

amoppOENON TG OVPING 08 JOPOPETIKE KPLGTAAMKE emineda [8].

Avvopkn okédoon ewtoc (DLS)

H teyvikn vmoloyiler to "vdpodvvouikd" péyeboc copotidiov, onAadh, To Kupiapyo
péyebog HETOED aKAVOVIGTOV COUATIIMV SLOCKOPTICUEV®VY GE VYPO LEGO TTOV OVTIGTOLKEL OTO
TPOYUATIKO pECO péyedog o TEPUTTMGELS YVOOTOVD GYNLUOTOS COUATIOIOY, OTMS TO GOAPLKO
[9]. Ot dwtdéetg duvapukng oKESAGNG POTOG dIVOLV GPEGO. TI TANPOPOPIES Y10, TO PEYEDOC TV
GULCTATIK®V, Y1 £vaL VPV PACHO SOCTAGEMY OV Kupaivovtal and mepimov 1 nm €wg nepimov
10 pm. O deiktng morvdiacmopds (PDI) xabopilel to gvpog tng draocmopds Tov peyéovg Tmv
copoTimV. Xuykekpiuéva, kopaivetar and 0 éog 1, pe 10 0 vo 0@opd CLUGTAUOTA HOVIG
daomopdg kot 1, mov deiyvel evpeia draomopd [10]. v ovcia po aktiva E®TOG PAKOLG
KOpoTog 633 NM ov mapdyetot pe katdAinio Aélep, TePVE LEGM TOL JEIYLATOC, TPOKEUEVO
VO KOTAYPOQEL 1 TOYVTITO TOV COUATIOIOY 68 OpIGUEVO (poviKo ddotnua. Eniong propei va
npoocdloplotel kKot to Svvapkd (Rta () otav €va oLYKEKPIUEVO MAEKTPIKO SLVOULKO
empPdiletor oto dAvua, Kot ot cLVEXEW TO, amoteAécpata eneepyalovtar pe Pdon ™
uebodoroyio Smoluchowski yio moAtkovg d10AbTeC. TO LETPOVUEVO POPTIO GTIG EMPAVEIEG TOV
COUOTIOIMV TPOCPEPEL AVENUEVEG NAEKTPOCTATIKES OVVAUEIC TOV JATNPOVV TO GVOTNUO, G
SloToPaA, pe amoTéEAEGUN avENCT 6TV OTOOEPOTNTO TOV GLGTHUNTOC UE TNV TAPOSO TOL
¥POVOL KaBMG 6TV adOAVTH TN TOV ETPAVELNKOD duvoutkoy [11].

Mo mv mopoackevn TV SteAvpdtoy Tov yapaktnpictkay arnd DLS, tpootédnkay 0.0013
g kabe deiyuatog oe 50 mL amoviouévov vepov. Ta piypota vréotnoay vaepiyovs yuo 2h, ce
Oepuokpacioa dwpotiov. Ilpwv ta deiyuata tomobetnbobv oto @acuatouetpo DLS, n
amoppOPNON TOL PAOTOS TOLG peTpNONKe ot 633 nm. Ta amoteréopota yio o ZnO, 0.2% N-
Zn0, 0.4% N-Zn0O, 0.8% N-ZnO o1 1.6% N-ZnO nrav 0.058 ABS, 0.060 ABS, 0.057 ABS,
0.059 ABS «a1 0.058 ABS avtictoiya. Eivar emiong onuoviikd va tpoctedel 6T0 Aoyiopuko
g pétpnong o akpipng deitng d1dOioong, o omoiog peTprdnke otovg 24.5°C, ko givan
1.3324, 1.3325, 1.3327, 1.3324 kot 1.3324, avtictouya.
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Yopemva pe to aroteréopota, To detypata ZnO kot N-ZnO copotidiov, mov cuviédnkay
0T0 TAOicl0 NG TOPOVGOC JIMAMUNTIKNAG €PYOCiag, TAPOLCIAloVY KOAY KATOVOUY, Kol
amodektd gbpoc peyébovg copatdiov (1-100 nm). To deiypo kobBapod oeidiov ToL
yevdapyvpov, kabng kot ta N-ZnO deiypata pe 0.4 wt.% N ko 1.6 wt.% N mopovcidlovv
KOAT KOTAVOUY, MCTOGO TOPATNPOLVTOL EMIoNG copatiow g Ttdéng peyébovg tov pm,
mhavdc Adym cvsoopatopdtov. To deltypa ZnO arovsio TpdGENS Tapovstdlel KOPLEY| GTA
23.4 nm mepinov (Ewova 4.3), amotehodpevo amd o pikpotepov peyédovg cmpatiow Heta&d
TOV GLVOAOVL TV detypdtov. Me v adénomn Tov T06ocTo TPOGSUIENS o€ dlmTo, TO néyedog
TV copatiov mapovcstdlel emiong o ehaepd odénon. Xe yevikég YPOuUUEG, T
aroteléopata Bempohvtol amodeKTd KoL 1) TOOTNTO KOAY, OKOU KOl GTIS TEPUTTMGELS TOV O
deiktng Pdl vrepPaivet to 0.2, kabdg o emmAéov KOpLPEG TaPOoVSLALoVY YaUNAY| £VTOGT Kol
mBavdg opeilovial e cucsompatopate. To amoteAécpota g duomopdg Tapovsidlovraon

o115 Ewcdveg 4.3-4.7 ko otov Ilivaka 4.2 mov akolovBoiv.

Size Distritation by Intensity
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Eixova 4.3 Avgypopua katavouns ueyéfovs cmpatidioy yio kabopoé ZnoO.
Size Distribution by Intensity
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Eixova 4.4 Aiaypapua karavouns ueyéBovs couatidioy yia 0.2% N-Zn0O.
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Size Distribution by Intensity
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Eiwxova 4.5 digypappo katovouns ueyéfovs cwpatidiov ya 0.4% N-ZnO.
Size Distribution by Intensity
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Eiwxova 4.6: Aigypappoc katovouns ueyéfovs cwpatidiov ya 0.8% N-ZnO.
Size Distribution by Intensity
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Ewova 4.7: Aigypapuo katovoung ueyéfovs cwpatidiov ya 1.6% N-ZnO.
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Hivakag 4.2: Méco uéyefos cwuaridiowv kar Pdls twv deryudrwv ZnO.

Z-Average (d.nm): 23.39 Intensity (%)  Sdev. (d. nm)
7n0 Pdl: 0.219 Peak 1: 25.9 nm 98.2 10.5
Intercept: 0.913 Peak 2: 5,194 nm 18 478.1
Result quality: Good
Z-Average (d.nm): 23.7 Intensity (%)  Sdev. (d. nm)
N-ZnO Pdl: 0.157 Peak 1° 27 nm
(0.2wt.%N) Intercept: 0.946 ’ 100 10.7
Result quality: Good
Z-Average (d.nm): 23.97 Intensity (%)  Sdev. (d. nm)
N-ZnO Pdl: 0.177 Peak 1: 27.43 nm 98.7 1.19
(0.4wt.%N) Intercept: 0.949 Peak 2: 4,949 nm 1.3 635.9
Result quality: Good
Z-Average (d.nm): 36.7 Intensity (%)  Sdev. (d. nm)
N-ZnO Pdl: 0.287 Peak 1: 43.1 nm 91.6 15.4
(0.8wt.%N) Intercept: 0.811 Peak 2: 8.7 nm 8.4 3.29
Result quality: Good
Z-Average (d.nm): 38.4 Intensity (%)  Sdev. (d. nm)
N-ZnO Pdl: 0.393 Peak 1: 41.3 nm 86.7 16.3
(1.6wt.%N) Intercept: 0.919 Peak 2: 9.8 nm 8.3 2.39
Result quality: Good Peak 3: 5,194 nm 5.0 478.4

H\extpovikod pukpookomio cdpwong (SEM)

"Eva niextpovikod pikpookomnto odpmong SEM givar évag TOTo¢ PIKpOGKOTION TOV TaPAYEL UId,
EIKOVA TNG EMUPAVELNG €VOC OelylaTog YPNOYOTOIOVINS GAPMOY Ue eoTwocuévn pdlo
niektpoviov. Xpnoiomotel NAEKTPOVIO, KoL NAEKTPOUAYVITIKOVS (POKOVS Y10l VO OEIKOVIGEL
NV EMPAVELD EVOG AVTIKEWEVOL G€ 000vN vIoloylot 1| TnAedpaons. H avdivon tov givon
avOaAoyn HE TO UNKOG KOUATOG A (0TOTE Ypnoonoteital yevikd to opatd eaopa) [12]. Kotd
™ Sidpkeia g Asttovpyiog, epyalduoote oe kevd (tovAdyiotov 1070 Pa), ywati Stapopetikd
B vIMpYaV GLYKPOVOELS NAEKTPOVIOV LE COUOTIOW aépa Kol emiong Ba dnuiovpyovtav
avtiotaon oto vApo Poiepapiov mov ypnowomoteital, omdte dev Ba  o&edwvotav.
«Anuovpyovpe»  nAextpoévia  cOpeove  pe 1o Ogpuoniektpikd  @owvopEVOo Kot
EKUETOAAEVOLOOTE TO POAPPALLO - OTMG OVAPEPONKE TOPUTAV® - YIOTL GTNV TEPINTTMOOT OLTY,
tovileton aAAd dev mopauével ¢ 16v. To deiypo Ppioketal o€ amdécoTOon OO TNV 7TNYN
NAEKTPOVIMV, £TCL OGTE VO, UTopel va Stotnpel T HEYIoTN SLUVOTN KIVITIKY EVEPYELD (TAPH TNV
Taon). L péon g cLGKEVTG PpiokeTal Eva VIO TOV ONLOVPYEL NAEKTPOUAYVITIKO TIESTO.
310 KEVTPO, VTTAPYEL LOAAKOC GIONPOC Kol TEPLPEPELOKE YOAKOS, o 0ToL dtappéet pedpa. To
poyvnTikd medio mwov dnuovpyeiton «mBel» ta MAEKTPOVIO TPOG TO UESH, GTO KEVIPO. XN
ovvéxeln, TomobeTovvTal €vag CLYKEVIPMTIKOC (akOg kal éva owdgpayue. H ocdpmon
Tpaypatonmoleitol oe moAD vynAn TayvnTa. H emedvelo copdvetar amd tnv NAEKTPOVIOKN
déoun. To onpeio mov capaveral kdbe opd £xel dpetpo mepimov 30 nm. O TOTOG NG
aktivoPforiag mov ekméumeton e€aptdTor amd TNV OAANAETIOPAON TOV TPOTOYEVOV

NAeKTPOVIOV UE TA ATOUO TOV VAIKOD.
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Eixova 4.9: Eixova SEM kai ueyéBoven (évBsto) tov mapayouevoo ZnO ue mpocuién N.

O1 Hop@oroYieg TV UETAAMKOVY 0E101mV HEAETNONKAV XPNCLUOTOLMVTAG TNV NAEKTPOVIKN

pikpookornia cdpwong (SEM). Ot Ewoveg 4.8 kat 4.9 eivau eicdveg SEM tov kabapot ZnO kot
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tov N-ZnO, avtiotoyo. Onwg paivetal otig ecoveg SEM tov detypdtov autov, eEaymvikol

KPUGTOAAOL TOTTOL «PARSOL» KLPLPYOVV GTNV GLCCOUATMOCN TOV COUOTIOIOV.

BET

H Bewpio Brunauer — Emmett — Teller (BET) otoyevet va e&nynoet m guoikn Tpocpoenon
popiov agpiov e U0 OTEPEN EMUPAVELN KoL YPNOIUEVEL MG PACT) Y10 LI OTLLOVTIKY TEXVIKN
avaALGNG LETPNOMG TNG EWOIKNG EMPAVELNS TOV VAKOV. Ot Tapatnpnoels avapépovTol ToAD
oLVYVA MG PLGIKN TPoGpOPNon N puoikn arnoppognon [13]. H Oswpio BET gpopudleton o
GULGTILLOTO. TOAVGTPMUATIKNG TPOGPOPTONG Kol GLVNOMG YPTCLLOTOLEL AVLYVEVLTIKA OEPLOL TTOV
OgV avTIOPOOV YMUIKG LE TIS EMPAVEIES TOV VAKOV ®G TPOGPOPNTIKA Y10 TOV TOGOTIKO
TPOOIOPIoHO EOIKNG empavetog [14].

O e101kéc emphaveleg TV peToAMkdv o&ediov agloroynOnkay pe ) pébodo BET. Xe o1t
aQopa TNV E0IKN EMPAVELD, Ol TIUEG TAPOLGLALOVY GTASIOKY AOENOT LE TNV EAATTOGT TOV
pey€Bovg kpvotaAditn. I'a ta deiypota g mapoHcoos SITAMUATIKNG, 1) E101KN EMPAVELN KOl

10 péyebog TV kpuotartdv tapovsialovtar otov ivaxa 4.3.

Iivaxag 4.3: Dovoikés 1016tyTeg detyudrov Zn0.

Méye0og
20 ‘Oyxkog BET emoavewa
Kataivtng KPUGTUAMTOV
(101)* A (m?/g)
(nm)
Zn0O
36.52 22 46.60 ~15-20 [15]
(epmopiko)
ZnO (kaBapd) | 36.29 20.3 47.44 15.9
N-ZnO (0.2%) | 36.31 174 47.39 16.2
N-ZnO (0.4%) | 36.31 171 47.33 171
N-ZnO (0.8%) | 36.32 16.6 47.29 17.7
N-ZnO (1.6%) | 36.34 16.1 47.26 18.2

*Yroloyicuévo ue tyy eéicwon Scherrer coupwva ue Ty xopoen (101).

To péyeboc TV KPLOTAAMTOV TOV UEAETOUEV®DV 0&EWimV TTPocdlopiotnke HECH TNG
e€iowong Scherrer [16]:

_ 091
~ Bcosb

Omov:
e A gtvol To PNKOG KOUATOG TNG TNYNS OKTivey X,
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o [ eivan to evpog ypauung FWHM (full width at half max) yio v xopven (101), xou

e 0 elvarm yovia mepiBraong Bragg

To péyeboc T@v kpvoTodhtdv yio to kabapd ZnO kot ta deiypota ZnO pe mpdouén N
etvan 20.3 nm xotr 17.4, 17.1, 16.6, 16.1 nm pe av&ovopevo Wt.% mpdopéne. Avtn n
TOPOTNPOVUEVY Heiwon pe ™V Tpdoén pe dlmto eival oOUQOVN LE TO OTOTEAEGUATO

TPOWOV PpAoypaeikdv peretaov [17].

®doaoparookornio FTIR

‘Eva tomikd poacpatopotopetpo FTIR pe ovpPfordupetpo Michelson amotedieital amnd ta
axolovba Tpia kVplo péEpM: TNV MY VIEPVOPOV, TO GLUPBOAOUETPO KOl TOV OVIYVELTH
vepOBpwv. H mnyn Aéilep ypnoomoteiton yio T dNUovpyio E6OTEPIKNG TNYNG, TN METPNON
TOV UNKOV KOROTOG Kot 1 pOBuion g diapketog maiuov [18]. Ormnyég mov ypnoiomotodvol
amo ta pacpotoemtopeTpa FTIR oto péco evpog veépubpav ivor Aapmtipeg Globar 1 Nerst.
Edv Anebei vwoyn n mepoyn g anm vaépuOpng aktivoPoriag (FIR), tote pmopel va
YPNOWOTONOEL EVOC AAUTTPOG VOPOUPYDPOL VYNANG TTEGNS, VO Y1a TO £yyVg vEpLBpo (NIR)
ypnowonolovvtol  ocvviBwg ot Aaumtipeg  Poiepoapiov-aioyovov  Poiepauiov. Ta
eaopatopwtopetpa FTIR éyouv coen mAgovekTnUoTo EVOVIL TOV GUUPATIKOV TEXVIKOV
(UCUOTOCKOTIOG VIEPVBpOV, Kupinwg OGOV agopd TNV vynANR gvaicOncia Kot TV TayLTNTA
ToVG, KoBmg Ko T PeAtiopévn avaroyio onuatog tpog Bopvfo (SNR) avé povéda ypdvov
(meovéktmua Fellget) [19]. Avti n vrepoyn o@eideton ot PAcK YOPAKTNPIOTIKG
KOTOGKELNG KO AELTOVPYIOG TOV EMITPETOVY TI GCUAANYN €VOG TANPOVS (PACUATOS KOTA TN
OlpKELD CAP®ONG EVOG KAOPEPTY, EVO 0 AVIYVELTIG UTOPEL VO TOPATNPEL OAEG TIG GUYVOTNTEG
Tavtdypovae. H vynAn taydmta capwong EMTPEREL TNV EYYPOPT] TOAAATADY QACUATOV GE
TOAD kPO ypoviko dtdotnua (1 Aemwtd N Ayotepo) Kol emMOUEVS 1 evalctncio pmopel va
BeAtinbel onuavtikd avEavovtag v avoroyia onuatog mpog 00pvfo péc® TOAATAMY
emovoropuPavopevav copocewyv. Emmiéov, avtd ta opyava ypnoipomolobv cuvibwg €va
KUKAKO OTTIKO (VOLYLLOL TTOV EMITPETEL GE L0 LEYAAN TTEPLOYN OEGUNG VO TEPACEL LEGH OO TO
delypa, to omoio eivan mepimov 75 éwc¢ 100 @opég 10 TAATOC GYIGUNG €VOG TTPIGUOTOS M
Qpayratog TepifAaoNg TOL YPNCIUOTOLEITOL 0O GUUPOTIKG PACUATOPOTOUETPA OKESUOTG, UE
amotélecua TV gvioyvon onuartog Kot Pedtiopuévn avaroyia SNR (Jacquinot mheovékTnua).
Emiong, n axtiva Aéilep HeNe, o cuvtovioud pe to couPdav veépubpng aktivoforiag oto
ovpporduetpo Michelson, mapéyel T dvvatdTTo KOTOypagng e axpifela TG HETUTOTIONG
TOV KIVOOUEVOL KOBPEQPT, evid TPoodiopilel emiong Tov apBud Tov emavorlopuPavopevov
eaopdtov. Téhog,  xpnorn vroloyiot oe pacuatockonic. FTIR mpoceépetl ) dvvatdotnta

YPAYOPNS ANYNG TOALUTAGDV QAGUATOV Kol ded0UEVOV dlepyaciog e pio HeyOiAn mowkiiio
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StbéoiuV TEYVIKOV emelepyaciag, LE OMOTEAEGUO TV KATAYPOUPT QAGSUATOV TOAD LYNANG

oot tag [18].

O-H | \}
Zn-0

4000 3400 2800 2200 1600 1000 400
Wavelength (cm™)

Eixova 4.10: daouara FTIR twv ZnO kot N-ZnO deiyudrov.

H Ewoéva 4.10 mapovcralet ta anoteréopata tov FTIR yia ta detypara kabapod ZnO kot N-
Zn0. Ta gpdopata IR xataderkvoovy 6t {dvn amoppoOPnons Tov 0EEBI0V TOV YeLdAPYHPOL
ue d6vnon éktaong tov deopod Zn-0 Ppioketon petakd 400 cm™ ko 590 cm™, wov avticToyel
omv e€ayovikn KpuotoAlikn dopr tov ZnO, dntadn og avth tov Bovptoitn [20]. H éxtaon
otov deopd Zn-O mopatnpeiton mepimov ota 480 cm™ yia o detypara ZnO pe mpdowén
aldtov, evd epeavitetar ota 441 cm™ yia to kabapd ZnO. Metd v mpdcuén pe GLoto, N
Kopven g do6vnong éktacnc tov decuov Zn-O dwywpiletor o dV0 EMPEPOVS, TOL
amodidoviol oTn SoKOUavon ¢ TukvOTTaS TV ehattoudtov o&uydvov [21]. O Babudc
ddomaong ¢ kopveng Zn-O tov N/ZnO deryudtov eivar vynAotePog amd oVTOV OV
napotnpeitoan oto deiyua kabapod ZnO. Mia vymAdtepn TLKVOTNTO EAATTOUATOV 0ELYOVOL
avapéveratl oto detypota ZnO pe mpocuén alotov. Ta edattdpate 0&EyYOVoL, OTMG Ol KEVEG
0éoeig, eivar yvwotd 0Tl OpovV ¢ TOYIdEC NAEKTPOVIWV, Ol OTOiEC KATOOTEAAOLY TOV
avacvvovacud miektpoviov-ondv [22] ko £tol eivor emweeln v T PeAtioon g

QPMTOKUTOAVTIKNG OpaoTIkOTNTOG TV 0&Edinv uetdAlov. To @acpo Umhe yp®OUOTOS
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avTioTotyel 0To kabapo 0£eidio Tov YELOUPYDPOL Kot TPOG TO TAV® TaPABETOVTAL TO PACLLOTOL

ue av&ovopevn meplextikotnta e N.

®daopatookornio UV-Vis

H ¢oopatoockomnio vrepiddovg opoatov (UV-Vis) avapEpetol 6€ TOOTIKEG KOl TOGOTIKEG
aVOADGELG, YGpTN GTNV OTOPPOPNOT| TNG HOVOYPMUATIKAG OKTIVOBOAING OO TO GUGTUTIKG TOV
delypartog, otnv mepoyn 190-780nm, mpoodiopiloviog ypNOLES TANPOQOPIES Yoo T
APOUOPOPA (ZOUAOEG ATOPPOPNONG POTOC) TOV HOPI®V, YOUPN OTIG NAEKTPOVIKEG LETOPACELC
popokav tpoyokav. H pacpatookonio aroppdenong ypnoonolel 1o vepyelono Kevo mov
dnuovpyeital amd TV oKTvoPorio VOGS GUYKEKPIUEVOL UAKOVE KOUOTOG Y10 VO, XOPOKTNPIoEL
éva TAN00G VAKOV. ZuYKEKPIUEVA, OE U0 GUYKEKPLULEVT] EVEPYELN PMTOVIMV DTTAPYEL O1EYEPTN
NAEKTPOVIOV KoL HETAPOON atd TO GTPMUO 6OEVOVG GE £V DYNAOTEPO GTPDOLO AYOYILOTNTOG
[11]. H évtaon g amoppo@oVUEVNC N OVOKAMDUEVNG AKTIVOPOAING, OE GYECT LE TO UNKOG
KOHOTOG TNg O€yEPOoNG, VAL YOPUKTNPLIOTIKY TOV EMUEPOVS GUOTOTIKAOV TOV LAKOD Kot
XPNOWEVEL 6TV Katavonen tng dopng tov [11].

To mAdtog TV KopLe®dV e&aptdrtor amd to péyedog, ahid Kol amd v Katavoun peyébovg
TOV Vavooso Latidiov. Eva 1éypappo Tov GUGTATIKOV VOGS TUTIKOV (POGUATOUETPOV QOIVETL
omv Ewdva 4.11. H Aettovpyio avtod Tov opydvov givar oyxetikd omAn [23]. Mo axtiva ¢otog
oo P opoTh M/Kot VIEPUOON YN POTOG (KOKKIVOL YPOUOTOG) dtoympiletal 6to pnKn
KOHOTOG T®V GLOTATIKOV NG Ue mpicpa 1 wepibiaon. Kabe povoypopatikny déoun (novod
UKOG KOUATOG) YpileTal Le T 6e1pd TG 6€ dVO SEGUES 160SVVAUNG EVIAGT|C O (110 GUGKELN
woov Kadpéetn. Mia 6éoun, n 0éoun delyuartog (ypdpatog patléva), SIEPYETOL 0o EVa LKPO
Stapovég doyeio (KuyeAida) mov TEPLEYEL OAALUO, TNG VOO TIOL HUEAETATOL GE Ol0pavN
Stodvn. H dAAN déoum, n déoun avaeopds (xpduatog umie), diépyetotl amd pia idto Koyeiido
7OV TTEPLEYEL LOVO TOV O10ADTT. O1 EVIAGELS HVTOV TV OKTIVOV QOTOC GTN GLVEXELN LETPOVVTOL
LE MAEKTPOVIKOVG aviyVeELTES Kot cuykpivovtal. H évtaon tng 6éoung avaeopdc, n omoio Oa
énpemne vo £Yel VITOGTEL EAGYLOTN N KaBOAOL amoppdeNoN E®TOG, opiletatl o¢ lo. H évtaom g
déoung delypatog opiletor ¢ I. Xe cuvTopo ¥povikd SGoTNU, TO PACUATOUETPO CUPDVEL
oVTOMOTO OACL TOL GLGTOTIKA UNKN KOUOTOG LE TOV TPOTO Tov meptypaenke. H copouévn
neproyn vreptddovg (UV) givar kavovikd amd 200 £m¢ 400 nm kat o opatd TUpO givol amd
400 £mg 800 nm [23].

Edv n évoon tov delypatog dev amoppopd Gmc evog dEdOUEVOL UNKOLG KOUATOG, TOTE | =
lo. QoT660, €4V 1 éveon detypatog amoppodd emg tote To | givar pikpotepo amd 1o lo, kot cvtn
1N SPOPA UTOPEL VO OTEIKOVIGTEL GE YPAPNUO EVOVTL TOV PNKOLG Kopatos. H amoppdenon

umopel va mapovotdleror wg petddoon (T = I/Io) | og amoppdenon (A = logle/I). Edv dev €xet
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yiver amoppoonon, T= 1,0 kot A = 0. Ta Ttep1ocoTEPA PAGLATOUETPO EUPAVILOVY aTOPPOPNOT
GTOV KATAKOPLPO AEOoVa KoL TO EDPOG TOL Tapotnpeitar cuvBmg etvarl amd 0 (netddoon 100%)
€ 2 (petddoon 1%). To unkog KOUATOG TNG HEYIOTNG OTOPPOPTOTG EIVOL L0 YOPOKTNPIGTIKN
TN, OV opileTon MG Amax-

Al0QOPETIKEG EVOOELS UTOPEL Vo £(OVV TOAD OLOPOPETIKA UEYIOTA OTOPPOPNOTG KOl
amoppopntikotnTec. Ol evdoelg pe éviovn omoppoenon mpénel va eggtalovioar oe apaid
dlvpa, €161 MGTE VO AOUPAVETOL OTUAVTIKY EVEPYELL POTOC OO TOV OVIXVELTH], KOl VTO
amoutel TN YPNON EVIEA®S Swpovav (Un amoppoenTik®dv) SwAvtodv. Ov mo ovyvd
YPNOYLOTOLOVEVOL OLOAVTEG eivar vepd, atBavoln, eEdvio kot kuklogEavio. Ot doidTeg Tov
&xouv dmAovg 1| Tpmhovg deopovg 1 fapd dtopa (m.y. S, Br & I) yevikd amogevyovtat. Eneidon
N amoppdenon evog delypatog Bo givar avédAoyn pHe Tn HOPLOKY TOV GLUYKEVIPMOON GTNV
KuyeLida delypatog, ypnoyomoteital po dStopOBmuévn TR amoppOeoNg YVOCTH MG LOPLOKTY|
ATOPPOPNTIKOTNTA KOTA TN GUYKPION TOV QACUATOV SPOPETIKOV gviyoewmy. Opiletol mg
Mopuokn Amoppopntikdtnta, e=A/cl, 6mov A=amoppoéenon, C=cvykévipwon deiypatog o
ypappoudpa/Aitpo, I=unKog dtadpoung emToc HEGH TG KVWEAIDNG GE cm.

Light Source LW
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Grating I mMirror 1
Slit 1 /

St 2 e Light Source Wis
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Mirrar 4 Cuvette Detector 2
Feference ]
Be=am IUI ’-- WI o
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Half Mirror
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Ewcova 4.1.1: Tomkny drdaraln evéc pacuaréuctpov UV-Vis,
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Kepaiao 5°:

MeAétn pawtokataAvTiKnS amoooons

Merét poToKkaTaALTIKNG 0rddoong vtd v enidpacn UV axtivoBoriog

Apyikd, mapackevdomKe vOoTKO Sddvpa  podapivng B (RhB), CasH31CIN2Os,
CLYKEVTP®ONG S PPM, Tpochétovtag v katdAAnin mocdtnta pumov o€ 300 ML amovicuévou
VEPOU KOl 0vVaOEVOVTAG VIO GKOTAAL, [e TN Pondeta payvntikoh avadevtipa, HEXPL TAPOVG
dtdlvong tov pumov (Ewdva 5.1).

AxoloObwg, t0 d1dAvua tov pdmov TomobeTOnke o katdAAnAo doyeio (bubbler),
TPOKELUEVOL Vo TparypatonotnBel o&uyovmaon tov pe vepkabapo aépto Oz o 1h vd orotadt

(Ewova 5.2).

Eiwxova 5.2: Aiaoikacio oévyoveoong tng podauivyg B.
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Mo v zmpoypotonoinon ToV QOTOKATOAVTIKOV JOKIUMV YPNGIULOTOmOnKoY E101KA
yudAwva doyeio/koyeridec. Ot KOWeEAIDEG AVTES Elyav GTPOYYVAN PAoN Le E0MTEPIKT SIAUETPO
4 cm, oyko 30 mL kot coinvat) Aapn, 6mov PBpicketon kot To dvotypa. H €101k avti KuoyeAidoo
nmapovctdletor onv Ewova 5.3. Ot koyerideg antég dev amoppoolv akTivoPoiio vyniotepn

amo to, 320 nm, kabdg ivor kataokevaoUEVeS omd Yool ToTov Pyrex.

Ewxova 5.3: Koyelida mov ypnyoiomonjOnke katd Ty O10pKEIQ TOV TEPIUATOV POTOKATIAVGIG.

21 GuvERELD, YL TNV EVOpEN TOV QOTOKOTUAVTIKOV TEPOUATOV, LOOTIKE StOAVUOTO
podauivng B tov 5 mL, tapovsio 0.005g tov vo e&étaon kotalvtdv (ZnO kat N-ZnO, ue
neplekTikoTnTa o€ Tpoouén N ion pe 0.2wt.%, 0.4wt.%, 0.8wt.% kar 1.6wt.%), tpootébnkov
oT1G 101kES KLyeLideg. To mpog perétn cvotnpa tomobeteiton oe E101KO YMPO LE AVOKAACTIKA
toyopota amd Pyrex (Acutorr =320 NM), e€omiicuévo pe 4 mapdAnAovg AQUTTPES LOAOKOV
UV gotog (PHILIPS 15w/54 + 15w/865, 368 nm, 830 Im), mov mapovcidletor oty Eucova
5.4, eved kaBOAn T JSbpKel TG POTOKATAALGONG Tapapével vd cvveyn avdodevor. H
OTOGTOOT HETAED TOV AQUTTIPOV KOl TOV GUGTNUATOG KOTaADT-podapivng B tav 10 cm oe

Kkd0e KHKho mepapdToy.

Eiwcova 5.4: Meléty pwtokatalvtiknyg arnodoons Zn0 kot N-ZnO Kotalot@dv mopoveio vOaTiKov

O10A0aToS podouivys B vmo Ty exiopoci vrepimoovs axtivofoiiog.
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H owtokatoAvtikny SpocTikOTNTo TOV UEAETOUEV®OV KOTOAVTOV, KOl KOTG GUVETELN M
OPLKTOTOINGT TOV PUTOL, OEOA0YOVTAV LE TN AMYN OEIYUOTOG GE TAKTA YPOVIKA S10LGTHILOTOL
(ové 15 min). H amddoon anoypopatiopod g podauivne B mpocsdiopilotay pécwm petaBoing
™G AmOPPOPNONE TG OTO HEYIGTO PNKOG KOMOTOG (Amax) UE TO Qacuatoemtopetpo UV-Vis
Thermo Scientific Evolution 200. To péyioto ufKog KOUOTOC GImOpPOPNGNE TOL VOOTIKOD
ddvpartog podapivng B mposdiopiotnke ota 554 nm, pe ) fonfeio Tov QOCUATOPOTOUETPOV
UV-Vis. Enuewdvetor Ott mtpv v oktvoPoinomn, to ekdotote efetalopevo cvoTnu
KOToAOT-pOTov TTopépeve vd ovadevon omovsios oTOg yioe 30 MiNn, TPOKEWEVOL va
emtevybel M 1ooppomios PpOPNONG-EKPOPNONG TOV PVUTOV GTNV EMPAVELD TOL £EETALOUEVOV
KOTOADTI. AKOUN, KOTA TN SIIPKELD TOV UETPNCEMVY, TPUYUATOTO|ONKE TAPAAANAOG EAEYYXOG
™G QOTOKOTOAVTIKNG OpacTNPOTNTOS TOV KOTOAVTOV KOl VIO oKOTAdL, KoBdg Kot
TPOGIOPIoUOS TG 6TadepdTNTaG TOV POHTOV VO GKOTASL KOt VIO TNV EMOPOAGT) VIEPLDOIOVG
axtivoPoiiag (potdéivon). H potokatorvtiky amddoon vroloyiotnke o KGO mepintmon and

™V aKOAovOn oyéon:

Co—C A
0~ % 100% = -2

0 0

pvBude amrosounons (%) = X 100% (5.1)

omov:
= Coelvar m apyikn cCLYKEVTP®GT TOL SlaADLOTOC podapivig B,
= C eivor n teMKn GuYKEVTPOOT TOV SloADHaTOG podapivng B,
= Apsivar 1 opyIKn amoppoenoT Tov SleAdUaTog podauivng B, kat
= A givon n TeEMKT] omoppodeNon Tov dteAvpatog podapivig B
To odypappo amoddunong (%) g podopiving B ocvvapticet tov ypdévov (oe min)

napovotdleTor otnv Ewova 5.5 mov axorovdei:

@eToketdluct) vro Ty emidpact UV axtwvofolicg (Crp=5Sppm)

e pure ZInQ
—=— N-Zn0 (16wt % N}
—=— N-Zn0 (0.8wt.% N}

N-Zn0 [0.4we.% N}

Amoddpnaon (%)
B
ks

—e— N-Zn0 [0.2wt.% N}
—e— photalysiz RhB

—a— pure RhE {dark)

a 50 100 150 00 =0

Xpdvog (min)

Eixova 5.5: Awodounon podauivyg B (5 ppm) mapoveio ZnO kar N-ZNO katalvtdv vmo Ty

EMOPAGH VEPLDOIOVS AKTIVOfoliag.
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2x0/106U0GC ATOTEAECUATOV

SOUQmMVO  HE TO OVOTEP®  OAYPApid, TO VYNAOTEPO TOCOGTO (PMOTOKOTOAVTIKNG
amodounong mopatnpeitor ond to dgiypa kabapold o0EEWIov TOL WELSUPYVPOL, OTMG
avapevotay Paomn g debvoig Piploypaeiog [1], cdpemva pe v onoio T0 0£€id10 TOL
yevdapyvpov pmopel va gvepyomonbel povo vd v emiOPUCT] VIEPIDOOVS AKTIVOPBOANG
e&outiog Tov eVPEMC evepyelakoy Tov dlakévov (3.3 eV) (PA. kepdrato 1). TTo cuykekpiuéva,
TO TOGOGTO AmOdOUNGTG TOL dtAvuatog podapivng B yio o delypo kabapod o&ediov tov
yevdapyvpov £ptace mepimov to 80%, 00NYMVTOG GE GYEGOV OAOKANPMTIKO OOYPOUATICUO
TOV SWADHATOG TOV POTTOV HETA TO TEPOG 225 Min.,

X 6,11 apopd Ta delyporta 0EELBT0V TOV WYeVdaPYVPOUL L TPOGSIEN alDTOV GE SL0POPETIKEG
TEPLEKTIKOTNTEG, TAPOVGIAGOY OAO CTULAVTIKG LELOUEVT] ATOOOCT) WG TPOG TNV ATLOSOUNGT) TOV
pOTTOV, GLYKPLTIKA [E TO detypo 0&ediov Tov Yevdapyhpov amovsia TPOGIIENG, KOHAVOUEVT|
a6 37% mepinov yuo to detypo N-ZnO pe 0.2 wt.% npdomién oe N, €mg oxedov 56% yia to
detypa N-ZnO pe 1.6 wt.% npdouén oe N. H petopévn dpactikdtra amodounons tov pOmov
nov apovctdlovv ta N-ZnO deiypato Vo v enidpacT TG VIEPLOOOVS aKTIVOPoAinG glval
emiong opHn kot avapevopevn, dedopévou 6Tl 1 TPOGUEN TOV NAYOYOV gite pe péTaAla gite
pe opétoAda (otnv mepinton G TAPOVCHG OMAMUOTIKNG EPYOCIOG HE OUETOAAW),
GUVETAYETOL EAATTOGCT TOL EVEPYEWNKOD TOVG OOKEVOL KOl KOTG GULVETELN, OLVOTOTNTA
EKUETAAAEVONG UEYOADTEPOL WEPOVG TNG MALOKNG aKTVOPOAlOG Kol Kupimg TOL 0paTov
(ACHOTOG OVTAC, OV amoTelel Kol 0 pueyaAdtepo mocootd [2]. To dlmto £xet Ppebei mmg
BEATIOVEL GNUAVTIKE TNV 0moppOPToN TG 0PATHG AKTIVOPOAING 0Td TOLEC NUIY®YOVG, KOOMS
KoL TNV amdd0om Sl wpIe ol eoptimv [3-4], xapaKTnploTikd Tov 00N YNCaY GTNV ENXIA0YT TOV
®¢ TPOoUIEN GTO TANIGLO TNG TOPOVGOS SUTAMUATIKNG EPYUCTOS.

Ymv mepintoon tov N-ZnO deiyudrov, mopatnpeital akoun ovénen Tov mococTtol
amodounong ue v avénomn tov mococtol ¢ Tpocéne pe N. To yeyovog awtd mbava
opeideTal otV eEAAPPOS PEATIOUEVT KPLGTOAMKOTNTA TOV SEIYUATOV QVTOV, 1 OToio [mopel
VO KOTOGTEIAEL TOV OVOGUVIVAG O TV POTOTOPAYOUEV®Y (EVYDV NAEKTPOVIOV-0TMOV KOl KOTA
GUVETELD, VO, EVIGYVOEL T POTOKOTAAVTIKT 000061 TV £EETALOUEVOV TPOCUIKTOV OEIYUATOV
o&gdiov tov yevdapyvpov [5].

Téhog, and 10 ddypoppo mopatnpeitor 0Tl 1 amodounon g podauivinig B amovcia
KOTOAVTI Kol VIO oKOTAdL Tapapével otabepn kot ion pe ~10% kaboin  dibpkeln g
TEWPAPATIKNG  O10d1kaciog, ONTMG €MIONG KOl TO TOGOGTO OMOdOUNONG TNG KOTA TNV
okTvoBOANO TG pe vIEP®ON  oakTvoPBoAic amovcio  KataAvtn (mepimov  11%),
VTOONADVOVTOG TG TPOKELTOL Yo Evav apkeTd Pwtootabepd pvmo. H otabepdtnto avtm
umopel vo amodobel 610 YEYOVOG OTL KOTA TNV OKTWVOPBOANGT TOL POTOL AVTOL ATOVLGia

KOTOAVTY, 0 AQUPAVEL YOPO CNUOVTIKN HETOPOAN] TNG SOMEPATOTNTAG TNG LIEPIDOOVS
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aKTVOPoAl0G 0 TO SLAAVLO, CLUYKPLTIKG LUE QVTH TOV AAUPAVEL YDPO TOPOVGIO KATAADTY, LE

QIOTEAECLOL VO TOPOTTPELTOL KPO TOGOGTO QIOdOUNGTG TIG GLVOPTHGEL TOL ¥POvou [6].

12224

Ev cvveyeia, mapackevdotnke vootikd diddvpo podapivng B (RhB), cvykévipwong 7.5
ppm, mpocBétovtag v KoTdAANAN mocdtta pvmov o 300 ML amovicpévov vepol Kot
avaodgvovtag vrd 6KoTadt, pe T Ponbeio poyvnTikod avadevTnpa, HEYPL TANPOLS d1EAVLGNG
tov pvmov. H mepapotikn dtadikacio mov akolovdnOnke yio tn HeEAETN TG POTOKATAAVTIKNG
amod0oNs TV eEeTAlOUEVOV OEYLATOV KATOALTOV glvar 1 {0l e QLTI TTOV TEPLYPAPNKE
AvOTEPO KOTA TN ¥PNon SaAdpaTog pOTov Guykévipoong 5 ppm. v Ewoéva 5.6 mov
akolovBei, mapovotaletar to didypoppo amodopnong (%) g podapiving B (7.5 ppm)

GLVOPTHGEL TOV YPOVOL (o€ MIN) VIO TNV EMIBPACT] VIEPIDOIOVE AKTIVOPOAING:

Patokardiven vrd v exibpucny UV oxtvefoliog (Crug =7.5 ppm)

50%
5%
0%
5%

0%
B ps i Z0C

B - 200 [ BT )

200 (D Bt N

Amosajimjon (H0)
#

_|==|—-—| il e 20 (D At M
X [ :—-Z_._q_;._q el [ 210 (D 25 )
0% 5 ]
4 - 4 =B phictolyzk FE
= — b Rhie (dark)
= S 1 T T I Tl Fure
15% ; 3 T * 3
T T T T T T T T
— b T T T - -
~ T e i e o e B

10% {’

5%

o 50 loo 5D oo 50

Xpdvog (min)

Eixova 5.6: Amrodounon pooauivys B (1.5 ppm) wapoveia ZnO kot N-ZnO ratalvt@v vmé Ty

EMOPAGH VTEPIDIOVS aKTIVOfoliag.

2yolia6uds anoteieoudT®y

SOUQmVO  HE TO OVOTEP®  OAYpPapid, TO VLYNAOTEPO TOCOGTO (PMOTOKOTOAVTIKNG
OTOOOUNGONG TOPATNPEITOL KOL GE QLT TNV TEPInT®mon amd to delypa kabapol o&gdiov Tov
YELdaPYOPOL Yo TOV AdYo oL avapépinke avotépo [1]. QoT1060, TO TOGOGTO UTOSOUNGNS
OV dtoAvpatog podapivng B yia to deiypo kabapod o&ediov Tov Yevdopyvpov £QTacE GTNV

nepintomon avth 610 44% mepimov petd to népag 225 mMin, T0G0GTO GTUUVTIKG UELOUEVO GE
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oYé0M HE TO QVTIGTOWO 7OV TapoTNPNONKE GTNV TEPIMTOON TOL deAvpatog podapiving B
ovykévipmong 5 ppm. To yeyovog avtd mbavd opeiletal GTNY MO EKTETAUEVT KAALYT TNG
EMUPAVELNG TOV KATOAVTI LE TA HOPLO. TOV POTTOV, 1| OOl UTOPEL VO LEUDGEL GNUAVTIKE TNV
amodounomn, kabng to UV-screening @aivopevo omoTpimel Ty Topay®yn Kovos aplfuod
dpaoTIK®V PLL@V, OV gival ovayKoieg Yo, TNV GUECT) ATOdOUNGOT TV ATOPPOPOVLEVOV ELOMV.
‘Etot, 10 €puPadd G OpUCTIKNG EMPAVELNS TOV KOTOAVTI) UELOVETOL, WUE OTOTEAEGUO VO
emnpealeTat o puOUOg amodéunong tov pvmov. 'Evag dhiog Adyog, otov onoio Ba propovce va
opeideton n pelwon avty, ival n KATOVIA®GT dPUASTIKAOV PLLdV, AOY® TV OAANAETIOPAGEDY
LLE TO TOPOATPOIOVTA TNG OTOIOUNGNS, OONYDVTAG 6T UIKPOTEPT SOBESIUOTNTA QVTAV Yo TNV
amodounon g podapiving B. To pawvdpevo avtod evioydetal, eEattiag Tov yeyovotog 0Tt popio
oV pvmov Ba £MPEME VO ATOPPOPAOVINL GTNV EMPAVELNL TOV KOTUADTY, TPOKEUEVOL VO
emToamodounfovv, MGTE To. TAPOUTPOIOVTA TNG OTOSOUNGNG VO TOPAYOVTOL TOAD KOVTE GTN
OPOOTIKN EMUPAVELD TOV KATOADTN Kot v mapovstdlovv owénuévn mbavomra vo Adfouvv
HEPOG OTIC AVTIOPACELS UE TIG TapayOpeveg pileg [6].

Ymv nepintoon tov N-ZnO deryudtov, Tapatnpeitol Kol 6€ aUTH T GLUYKEVTPMGT POTOL
avENoN oL TOGO6TOD aITodouUNoNG Le TV avénor tov Tocoatod g Tpdowéng pe N [5].
Q61660, GTNV TEPITTOON KOl AVTOV TOV OEIYUATOV TOPATNPEITOL CNUOVTIKY UEI®OT TOV
TOGOGTMV OMOSOUNGNG, GE GVUYKPIGT UE TO OVTIGTOLYA Y10l T WIKPOTEPT] GUYKEVIP®OGT] POTOL
Kot Kopaivovtot amd mepinov 15% £wg 23%. Ot mbavoi Adyot yio Tovg omoiovg AauPavel ydpo
TO POVOLEVO OVTO TEPIEYPAPTKOV TAPOTAV®.

Axéun, omd to Jdypoppo Topatnpeitol 0Tl 1 amoddunon g podauiving B amovcia
KOTOADTN Kot VO oKOTAdL mapapével otabepn kot ion pe ~12% kaboin tn dbpkea g
TEWPAPATIKNG  O10d1K0cI0G, OTMG EMIONG KOL TO TOGOGTO OMOdOUMNGNG TNG KOTA TNV

aKTVOPBOANGY TG HE VTEPIOON akTvoBoAio anovoia kataAdvTn (nepimov 14%).

Ilpotevouevog unyavicuos amooouncns

O uNYaVIGHOG TG POTOKOTAAVTIKAG 0todounong tov pumov and tovg ZnO kot N-ZnO
KOTOAVTEG LITO TNV EMIOPACN TNG VIEPLDOOVG aKTVOPoAiag mapovstaletar oty Ewova 5.7.
Kotd ™ ddpketo e aktvoBoinong, ot eetalOUevol QOTOKATOAVTEG UTOPOVY EVKOAQ, VO
QTTOPPOPTGOLV TNV EVEPYELN OKTIVOBOANGOTG, TPOKEUEVOD VO TTOPAYOVV To NAEKTPOVIL {DVNG
ayoyomtag (cs’) kot g onég Lhvng cbévoug (hve®) [7-8].

21N GUVEKELD, TO PMOTOOIEYEPUEVE, NAEKTPOVIO OAANAETIOPOVV pe TO StaAvpévo o&uydvo
(02), odnyovtag oty mapaywyn plov vaepofediov (¢O2) [9]. Extog avtov, ot
QOTOTOUPUYOUEVEG OTEC  UmOopoVV Vo, 0EEWOMCOVY  GUEGO TOV  OPYOVIKO ovTd pPoTo,
oynuoatilovtag TapamTPoiovTo amodOUnNoNG | HIopovv va aviidpdcovy pe to vepd (H20),

napayovrag pileg vopo&ewiov (*OH) [8,10]. Toéco ot pileg O 660 ko ot pileg *OH,
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OTOdEUKVVOVTOL KOAOT 0EE10MTIKOL TOPAyovTEG, Ol 0moiol TPOoGPAAAovy €0KOA To LOPLOL TNG
podauivng B, mapdyovrag CO2 kar H20 mg telikd mpoidvta.
O1 TPOTEWOLEVEG OVTIOPAGELG OTOdOUNGNG TOL pOTTOL 0mtd Tovg ZNO kot N-ZnO kotaAvTeg

VIO TNV EMOPOCT] TNG VAEPLOIOVG aKTVOPOAinG ivar o1 akolovbeg [8,11]:

ZnO + hv (vep1ddng axtivoPoria) — ZnO (ecs™ + hve?) (5.2)
ecg”+ O2 — <O (5.3)
hve* + OH — «OH (5.4)
*O; + phrog — mPoidVTO AmodOUNOTG (5.5)
*OH + pvmog — mpoidvta amodounong (5.6)
hve"™ + pOmog — mpoidvta amoddunong (5.7)
02 TPOIOVTA
amodounong
002—
) poTOog
VIEPLDING (podapivn B)
aktivopforia

TPOIOVTA

amodopuoNg
*‘OH
poTOog OH-
(podapivn B)
] npoidvro
puTOg 0T0d0poNG
(podanivn B)

Eiwxova 5.7: Zynuotixo o1dypappa too unyavicuov 9ToKaTalOTIKHG AT0dOUNGHS THS POOAUIVYG

B ané tovs ZnO ka1 N-ZnO kotoldTes 0o THY EMIOPAGH DIEPUDIOVS AKTIVOSOLIAS.
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MeAET POTOKATAALTIKNG 0TOS00NG VIO TNV EMIOPOCT 0pATHC OKTIVOBOAaG

Apyikd, mapockevdotke vooTkd SdAvua  podapivig B (RhB), CasHz1CIN2Os,
CLYKEVTP®ONG S PPM, Tpochétovtag v katdAAnin mocdtnta pumov o€ 300 ML amovicuévou
VEPOL KOl AvVAOEDOVTOG VIO GKOTAOL, He T Ponfeta poyvnTikod avadevtipa, LEYPL TANPOLS
dtdlvong tov pumov (PA. Ewova 5.1).

AxoroObwe, T0 didAvpo Tov pvmov TtomobeTnOnke oe katdAAnio dSoyxeio (bubbler),
TPOKEEVOL va TparypatomomBel oEuyovmon| Tov pe vrepkdBapo aépto O2 yia 1h vd crotdol
(BX. Ewcova 5.2).

o ™v zmpoypotomoinon TOV @OTOKATOAVTIKOV SOKIH®V Ypnotpomomdnkay edikd
YodAwa doyeia/kuyelides, Onmg meptypapnke avoAvTIKA maparndve (PA. Ewova 5.3).

Mo v évapén 1oV EOTOKATAAVTIKAOV TEPAUAT®V, VOATIKA dteAvpata podapivig B tov 5
mL, mopovcio 0.005g tov vo e&étaon katodvtdv (ZnO kot N-ZnO, ue meplektikdtnto, 6
apocuién N ion pe 0.2wt.%, 0.4wt.%, 0.8wt.% xor 1.6wt.%), mpootébniav oTig €1d1KEG
Kuyelideg. To mpog perétn cvo e ToTodeTEITAL GE EIOIKO YMDPO LE AVOKAUCTTIKG TOLYMLLOTO
amo Pyrex (Acuoff =320 nm), eEomAicpévo pe 4 TapdArAnAovg Aaurtipeg 0patod emtog (Osram
15W/865, LUMINUX Cool daylight, 900 Im, 19 kwh/1000h), mov mapovoidletar otnv Ewdva
5.8, evd kaBOAN TN JldpKeln TG POTOKATAALGNG TAPOUEVEL VIO Guveyn ovdoevorn. H
OTOCTOOT HETOED TOV AQUTTNPMV Kol TOV GUGTHATOS KATAAVTN-podapivne B ntav emiong 10

CM c¢ Kb KOKAO TEPOUATOV.

Eixova 5.8: Melétny potoxaralvtikic anodoons ZnO kar N-ZNO karalvtdv mapoveia

V0ATIKOD O1aAbpuaTOS podauivys B vmo tyv emidopacn opatijs axtivofoliag.

YV mepintoon g opatg akTivoPoriag emiong, 1 @OTOKATOAVTIKY dpUoTIKOTNTA TMV
UEAETOUEVMV KOTOADTMOV, KOl KOTE GUVETELD 1] OPLKTOTOINGT TOL POTOV, AELOA0YOVTAV LE TN

Mym detypatog ové TokTd YpoviKa Olootinpota, omiadn kdabe 15 min. H ambddoon
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ATOYPOUATIGLOD TNG podapivng B mpocsdiopilotay pécm petafBoing tng amoppoenong TG 6To
UEYIGTO UAKOG KOMATOG (Amax) ME TO PacpatopmtopeTpo UV-Vis Thermo Scientific Evolution
200. To péyioto UAKOG KOUOTOG OmoppOPNoNG TOL LOOTIKOV OloAduatog podapiving B
npocdlopionke ota 554 nm, pe ) Porbeia tov pacpatopoTopsTpovr UV-Vis. Enueidveton
OTL TPV TNV aKTVOPOANGT, TO ekdoTote e£€TAlOUEVO GVGTN O KATOADTN-pOTOL TOPEUEVE VIO
avadevon amovoio eoTog Yoo 30 min, mpokewévoy vo emttevyBel 1 1ooppomion pOPNGNG-
eKPOPNONGS TOV PUTTOL GTNV ETLPAVELN TOL EEETOLOUEVOL KATOADTN. AKOUT, KOTA TN OLAPKELL
TOV  UETPNOCE®V, TPAYLOTOTOMONKE  TOPUAANAOG  EAEYXOS TNG  (QOTOKATOAVTIKNG
dpaCTNPIOTNTOS TOV KOATOAVTOV KOl VIO GKOTAOL, KOOMS Kot TPOGO0PIGUOG TG 6TAfEPOTNTOGC
TOV POTOL VIO OKOTAOL KOl VWO TNV emidpact opatng oktvoPoriag (pwtdrvom). H
(OTOKOTOAVTIKY] 0Tdd00T VITOAOYioTNKE G KUBE mepinTwon pécw g oyéong S.1.

To dbypappa arnoddpnong (%) g podapivne B (5 ppm) cuvaptioet tov ypdvov (ce min)

napovotdletor oty Ewova 5.9 mov axorovdel:

DoToKaTdive] vl TNV eidpact opatig axtivofoirivg (Cyyp=> ppm)
1005

905

B0

= N-Zn0 {1.6wt.3% N}
0%

g —o—N-Zn0 {0.8WL% N}
e
E 603 N-Zn0 (0.4wt.% N}
_g 05 —o—N-Zn0 {0.2wL% N}
"3 0% g pure ZnQ
'lé =g i otolysis RNB
0% —g=—pure RN {dark}
20%
10%
®h

0 50 100 150 200 250
Xpdvog (min)

Eixova 5.9: Amodounon podouivys B (5 ppm) moapoveio ZnO kot N-ZnO katalotdy vwo tHv

emiopacn opatys axtivofoliog.

2yolia6uds anoteieoudTmy

SOUQmVO HE TO OVOTEP® OAypPOpid, TO VLYNAOTEPO TOCOGTO (PMOTOKOTOAVTIKNG
amodouUNoNG Tapatnpeiton amd 1o delypo o&ewdiov Tov yevdapydpov pe 1.6Wt.% npoécuén oe
aCmT0. AVOALTIKOTEPO, TO TOGOGTO ATOOOUNGNG TOV dtoAvpaTOG podapivig B yio to delypa
N-ZnO (1.6wt.% N) éptace 10 74.6% petd 1o mépag 225 min. To yeyovdc owtd ogeiletan 60
OTL M TPOGSLUEN TOL KOTOADTN pe dropa aldtov BEATIOVEL dpacTIKA TNV amoppopnor tov ZnO
070 0paTO TUNLLO TOV PAGUATOC TNG NALaKTS akTivoBoliag [4]. Ot Klingshirn et al. (2007) [12]

amédel&ay 0t Katd v mpocén pe alwto, ta 1dvta tov evioyut (N) evrnpetodv g afabeic
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(shallow) Béoeic mayidevong yio TOVG POTOTAPAYOUEVOVG POPEIG POPTION (MAEKTPOVIDV Kot
OTMV) Kol aLEAVOUY TN POTOKOTOAVTIKY KOVOTNTA, Oloympiloviog To ¥povo apiéng tov
NAEKTPOVIOL KOl TNG OTNG OTNV EMPAVELQ.

Yy mepintoon tov N-ZnO detypdtov, Topatnpeital Kot o€ auTh TV Tepintoon adénon
TOV TOGOGTOV AmodOUNoNG (Kupavopevo and mepinov 45% Emg 74.5%) pe v adénon tov
moGooToV NG mpocuéng pe N, mov mBoavd ogeidetor otV eAappds Pehtiopévn
KPLOTOAMKOTNTO TV OEYUATOV OVTAV, 1| 0Tole. UTopel Vo KATAGTEIAEL TOV AVOGLVIVAGUO
TOV QOTOTOPAYOUEVOV (ELYDV MAEKTPOVIOV-OTMV Kol KOTO GUVERELL Vo EVICYVGEL TN
QOTOKOTOAVTIKY] amddoon Tov  efetaldpevov TPOGUIKTOV  derypdtov  o&ewdiov  Tov
yevdapyvpov [5].

To yapnmAdtepo TOGOGTO POTOKATAAVTIKNG amodounong (~43%) mopoatmpeiton amd to
detypa kabopov 0EEBI0V TOV YEVSUPYVLPOL LETE TV TapEAevon 225 MiN, Kabmg OTwS £xel MoN
avapepbel 10 0&eld10 TOL WeLdapYOpOL pmopel va evepyomomBel povo vd v emidpaon
VIEPLOOOVS akTvoforiog e&attiog Tov gVpEmG evepyelakoD Tov dlakévou (3.3 eV) [1].

Téhog, and T0 Sdypoppo mopatnpeitoar OTL 1 amodounon g podauivig B amovcia
KOTOADTI Kol VIO oKOTAdL mapopével otabepn kot ion pe ~13.8% kabodn tn didpkelo g
TEWPAPATIKNG  O1001K0cI0g, ONTMG EMIONG KOlL TO TOGOGTO OMOJdOUNGNG TNG KOTA TNV

axTvofOAncn g He opath aktvoPolrio amovcic kataivt (mepimov 16%).

12424

Ev cvveyeia, mapackevdotnke vootikd diddlvpo podapiving B (RhB), cvykévipwong 7.5
ppm, mpochétovtag v KoT@AANAN mocdmrta pomov o 300 ML amovicuévov vepod Kot
avadevovtag vTd oKOoTAdL, pe TN Pondeio payvnTiKoD avadeLTHP, UEXPL TANPOLS SAAVGNC
tov pvmov. H mepapatikn dtodikacio mov akolovnbnke yio T HEAETN TG POTOKATAAVTIKNG
amod0oNs TV eEETAlOUEVOV OEYIATOV KOTOALTOV glval 1 {10 LE QLT TTOV TEPLYPAPNKE
OVOTEP® KOTA TN XPNOT SAVUATOG pOTOV GLYKEVIp®ONG S ppm. Xy Ewoéva 5.10 mov
akoAovbel, mapovoldletar o ddypoppe amodounons (%) g podopiving B (7.5 ppm)

GLVOPTHGEL TOV YPOVOL (o€ MIN) VIO TNV EMIBPACT OPATHS aKTIVOPOriAG:
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DoToxkaTdloen vad TV emidpact oputis akTivofoiiug
(Crpg=7.5ppm)
100%
a0%
B0%
705
3 —a—N-Zn0 [L6wit5 N)
£ 60% suit.
g —a—N-Zn0 [0.8wt.3% N)
= 50%
kg_ —o— N-Zn0 [0.4wt.5 N)
‘S 40% —o— N-Zn0 [0.2wt.% N)
5 30% —a— pure Zn0
205 —a— photolysis RhE
pure RhB [dark)
10%
05
0 50 100 150 200 250
Xpévog (min)

Eiwxova 5.10: Amodounen podauivys B (1.5 ppm) wapoveia ZnO xar N-ZNO kataivtdy vmo Ty

emopacn opatyc axtivoffoiiog.

2Y0M106UOS ATOTEAECUATOV

SOUQmMVO  [E TO OVOTEP®  OAYPOpUO, TO VYNAOTEPO TOCOGTO (PMOTOKOTOAVTIKNG
OmOdOUNoNG TOPATNPEITUL Kol GE VTN TNV 7epintoon omd 1o deiypo ofewdiov Tov
yevdapyopov pe 1.6wt.% mpocuén oe alwto. Qo6t6G0, TO TOGOGTO OTOSOUNGNG TOV
drodvpatog podapiving B yia to delypa avtd €ptace oty mepintmon ot 6to 53.1% petd o
wéPAg TV 225 MIN, TOGOGTO ONUOVIIKG UEIOUEVO O OYECN HE TO OVTIGTOLO TOL
nopoTnPNONKe otV TEPiTT®ON TOL LAV OTOC podapivig B cuykévipmonc 5 ppm. To yeyovog
ovtd mOava osileTal, OTMG AVOPEPONKE KOl OVOTEP®, GTNV TO EKTETOUEVN KOAALYN TNG
EMPAVELNG TOV KATOAVTY LE TA HOPLO. TOV POTOV, 1| OTOl0L UTOPEL VO UELDGEL GNUAVTIKE TNV
amodoUNoT, KAOMC OmMOTPEMETOL I TOPOYOY KOvOD aplduod dpaoTtikdv pldv, mov eivat
avaykaieg Yoo TV GUEST AmOdOUNoT TOV amoppoPovueveoy €W0dv. 'Etol, to gufadd g
OPOOTIKNG EMPAVELNG TOV EEETALOUEVOD KOTAADTY] LEWMVETAL, LE ATOTEAEGLLO VO ETNPeAlETOL
0 pLOLOG amoddUNoNG TG podapivng B. Emuriéov, to yeyovog avtd Ba propodoe va opeiieton
OTNV KOTAVIA®ON OpaoTIKOV PV, AOY® TOV OAANAETOPACE®V UE TO TOPUTPOIOVIO TNG
OTOOOUN GG, £XOVTAG MG GUVETELN TNV TEPLOPIGUEVT] SLODEGLOTITO CVTAV Y10l TNV OTOdOUNCN
TOV YpNoomolovpevoy pimov. To @awvopevo avtd evioyvetal, eottiog Tov yeyovoTog OtL
uopio Tov poToL Oa ETPETE VO ATOPPOPAOVTOL GTIV ETLPAVELL TOV KOTAADTN, TPOKEUEVOL VO
emToamodounfovv, MGTE TO. TAPAUTPOIOVTO TNG OTOOOUNCNG VO, TOPAYOVTAL TOAD KOVIQ OTN
OPOOTIKN EMPAVELD TOV KATOAVTN Kot vo wopovotdlovv avénuévn mbavotnto va, Adfovv

UEPOG OTIG AVTIOPACELS UE TIC Tapayoueves pileg [6].
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Ymv nepintoon tov N-ZnO derypdtov, Tapatnpeitol Kot € VT T CLUYKEVTIP®GT PUTOL
avENoN TOL TOGOGTOD ATodOUNoNG Le TV avénor tov Tocoatod g Tpdowéng pe N [5].
Qo1660, OTNV TEPITTOGN KOl AVTOV TOV OEYUATOV TOPATNPEITUL CNUOVTIKY HEI®ON TV
TOGOGTMV OTOOOUNCTG, GE GUYKPLION LE TO OVTIGTOLYO Y10 T UIKPOTEPT) CUYKEVTP®GT POTOV
Kot Kopaivovtot oo 36.6% mg 53.1%. O mbavoi Adyot yio Tovg 0moiovg AapPAavel xdpo To
(QOVOLLEVO OVTO TTEPLEYPAPTKAY TOPATAVE®.

Téhog, amd 10 ddypappa Tapatnpeitol akoun, 6Tl n amwoddunon g podapivng B arnovcia
KaToAVT Kol VIO oKOoTAdL mapapével otabepn kot ion pe ~12% kabBoin  dbpkeln g
TEWPAPATIKNG Oladikaciog, OnmG €mMioNG KOl TO TOGOGTO OmOdOUNGNG NG KOTA TNV

axtvoBoAncn g pe vepLdon aktvoPforia anovsio Kataidtn (17.2%).

Ilpotevouevog unyavicuos amooouncns

O uNYaVIGUOG TG POTOKOTAAVTIKAG 0odounong tov pumov and tovg ZnO kot N-ZnO
KOTOAVTEG VIO TNV eMidpaoT TNG 0pathg akTvoBoiiog Tapovaialetar oty Ewova 5.11. Katd
™ Jbpkeln g oKTvoPoAnong, ot &£etalOUEVOl QOTOKATOAVTEG UTOPOVUV EVKOAO VO
QTTOPPOPTGOLV TNV EVEPYELN OKTIVOBOANOTG, TPOKEUEVOD VO TTOPAYOVV T NAEKTPOVIL {DVNG
ayoyoémtag (cs’) kot g onég Ldvng cbévoug (hve®) [7-8].

AxoroHOwC, To @OTOdIEYEPUEVA NAEKTPOVIO, OAANAETIOPOHV e TO dtodvpévo 0&uyovo (O2),
odnymvtog oty mapayoyn piov vrepoéediov (¢O2) [9]. Exktdg awtov, ot poTtomapoyoueves
oméG UIopohV va 0EEWOMGOLY GUEGH TOV OPYOVIKO avTd pOmo, oynuatifovtag mapampoiovta
OmOdOUNoNG N WITopovV Vo, avtidpdcovy pe 1o vepod (H20), mapdyovtag pileg vopo&etdiov
(*OH) [8,10]. Téco ot pieg *O2 660 Kkar ot pileg *OH, amodeucvdovtar KoAoi 0&edmTikol
TaPAYoVTES, Ol 0moiol TpocsPdAlovy gvkoia ta udpila g podauivng B, mapdyovtag CO2 kot
H20 w¢ telikd mpoidvta. Ot TpoTevOeVES OVTIOPAGELS OTOSOUNONG TOL PUTTOL omtd TOLg ZNO
kot N-ZnO kataAvteg Vo TV emidpacn Tng VIEPUOOOVS aKTVOPoAing gival ol akOAovbeg

[8,11]:

ZnO + hv (opatr axtvoBoria) — ZnO (ecs” + hvs’) (5.8)
ecg” + Oz — Oy (5.9

hve* + OH — «OH (5.10)

*O," + pOog — TPOIOVTO OITOSOUNONG (5.11)

*OH + pdmog — mpoidvTa amodOUNoNG (5.12)

hve* + pbmog — mpoidvta amodounong (5.13)
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0o, mpoiovTo
amTodopunc
.02_ pnong
. pomog
opoTn | (podapivn B)
akTwvoforia
TPoidvTa
amodopunong
*‘OH
poTog OH-
(podapivn B)
pomog TpoidvTa
(podapivy B) amodopneng

Eiwcova 5.11: Zynuatixo oiaypoppa tov unyavicuov pOToOKATALVTIKHS ATOIOUNGHS THS POOAUIVIS

B ano tovs ZnO kar N-ZNO katalvtes vmo thy exiopacy opatijs axtivofioliag.
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Kepdaioao 6°:

2ovumepdouoto — ov{ntnon

I'evikd copmepdopota

o v mopackevy] TV vovoooUoTdiov ypnolpomombnke g mpoddpourn £voon o
S1EVLOPOG 0EIKOG Weuddpyvpos, KaBdS Kol TEGGEPIS SPOPETIKEG GLYKEVIPADGELS OLPIaG Yia
™V Topaymyn TPOCUIKTOV vavocsouatdiov pe dloto (0.2wt.%, 0.4 wt.%, 0.8 wt.%, kot 1.6
Wt %) vyl T pelétn g poToamoddunong g podauivng B 6o cuykevipodcemv (5 kot 7.5
ppm). Ot péBodot omTIKoD YOPAKTINPIGUOD TOV EPOPLOGTIKAV, 0OYNGAV GTO GUUTEPAGLO OTL
T0 1060 10 Kafapd OGO Kol TO VIOTOPIGUEVE VOVOCSOUATIOW TOV TOPACKEVAGTKAY EXOVV
eEapetikn modtta. H pétpnon DLS €6g1&e 611 0Aa Ta delypata Tapovuctalovy o 6TevoTEPN
KOTOVOUT OYETIKA UE TO LEGO péEyeBog oty teployn 23-38 nm. To amoteléopato TG LETPMNONG
BET éde1&av eniong 611 T0. SElyIOTA TOPOVGINGAY EVIGYVIEVT EWOIKT EXPAVELD. ZOUPDOVO |E
ta daypdppota XRD oha to detypota yopoktnpilovior omd TV TOPOVCIo KOPLOOV
nepibiacnc, Aoym ¢ mapovsiag kpuoTdAhoy ZnO, amoTéAecLa TTOL ETAANOEVETOL KO OTTO TOL
@aopato Raman. Ot 600 ovtég teyvikég emPefaidvovy mmg ot kpvataArol ZnO &yovv
eEayovikn doun Bovptoit. Ta eaouata FTIR exainfevcav tic {dveg amoppdenong tov ZnO.
Ta amoteréoparto tov SEM taipralovv pe ekeiva mov Aappdvovton amd to DLS, og 611 £yl va
Kdvel pe 10 uéyebog TV coUaTIdimV, Kol T0 TEVTE OEIYUATO ATEKTNGAV TO KOTOAANAO Gy
TOV VOvopaPomv Tov amatteitot yio Ty dlepyasio TG pOTOKATAAVONG.

Ocov agopd 115 potokatolvtikég W0t Tés Toug afiler va onuewwbel oTt 100 MO
OTOTELECLLOTIKA JETYHLOTO TNV VIEPLDON oKTIVOPOoAIn TV TO delypa amovsio TpOSUENG Kot
Yo TG 000 OCULYKEVIPMGES TOL PUTOV, EVA ONMG MNTOV OVOUEVOUEVO 1 1KOVOTNTO
Q®TOOTOodOUN oG VIO opaTh axTvoPoria avéndnke pe avénon Tov ToGocsToH TPOSUENG O
almto, emiong kol Yy TG OV0 CLYKEVIPMGOEL; POTOL. YO TNV €midpoct LAEPIDOOVG
axtivoPoiiog, o ddivpa podapiving B Sppm pe kaBapd kotaidtn (omovsio mpoouitng)
YPEWICTNKE TPELG DPES KOl CAPAVTO TEVTE AENTA Yo va. amodounfel TANp®S, Kol OTmG MTav
avapevouevo, to ddivpa pvmov 7.5 ppm ypedotnke oxedov 1 duthdcia dpa. YO v
emidpacn ¢ opatng aktvoforiog, mapatnphiinke avénorn e amdd06eNC TOV TPOCUKTOV
KOTOAVTOV, Kol QUOIKA, peioon g amddoong tov kotoAivtn ZnO. Térhog, 1060 oTnV
TEPITTOOT TNG VIEPUDOOVG, OGO Kol TNEG OPATNG AKTIVOPOAING, e aOENCT TG CLYKEVTPMONG
TOV POTOVL TOPATNPEITOL UElMOT TG amddooN Kol TV wEvte eEeTaldueveov delypatoy

KOTOAOTY.
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[Ipotaoeic mepetaipm Epevvog

[epartépm Epguva pmopel va TePIAapPAVEL TN HEAETN POTOKATAALGONG UE VAVOSOUOTIOW
(aviovikd 1 Kotovikd) ZnO viomapiopéva e AR LETOAAD 1 AUETOAND, 1) VOVOCOUATIO tE
wpocOnkn Zn dpopetik®dv cvvhécemv (m.y. TiO2). Mia dAAn vy ™G épevvag givar va
EPUPHOCTOVV OSLOPOPETIKEG TOCOTNTEG TOV KOTOADTN GTOV POTO KOOMG KOl OLOPOPETIKES
OVYKEVIPMGELG TOV 1810V pHmov 1 kot AoV (m.y. Rhodamine 6G). Emutiéov, mpotdoeig ivat
ot kétwou:

= Awevépyela petpricev TEM, mpokeévov va mpocdopiotel 1 popeoioyio tov
TOPAYOLEVOV KOTOAVTMV.

= Mehét ™G emidpacns GAL®V TPOSPOU®Y EVHOGEMV WYeLdapyLpov, dmtmg zinc sulfate,
zinc nitrate ko zinc chloride, ot E®TOKATAAVTIKY] OTOSOUNOT OPYOVIKDV POTOV.

= Melétn g enidpaong tov PH ot potokaToAvTIKY dtepyacia.

= JIpaypatonoinon peietov XPS ko TEM-EDAX, mpokewévov va depevvndel o
TPOTOG e TOV 0moio cuvteleital | Tpocén pe almro.

= JIpécén f/xor cuv-tpocéEn o&ewdiov Tov YevdopyvpoLv pe Ao pETaAAD /Kol

OUETAAND.
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