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EuxaploTieg

H moapovoa petamtuylakn SUTAWUATIKN Epyacia ekmovOnke oto Epyaotrplo
Avopyavng Xnuetag tou Mavemotnuiou lwavvivwv.

Apxik@, Ba NBeAa va suxaplotnow tov emPAETOVTA TNG SUTAWUATIKAG HOU
AvarmAnpwtn KaBnyntr kUplto Mavo EppavounA yla tTnv apLotn cuvepyaoia,
TNV EUNLOTOCUVN TIOU HoU €8€LEE, TO OUCLAOTLKO eVOLOPEPOV KaL TNV AUEPLOTN
otnpn kad’ OAn tn Slapkela ekmovnong tng epyoocias. Niwbw Pabutata
EUYVW LWV TIOU ATIOTEAW HEAOG TNC EPEUVNTLKAG TOU OUASAC KOBWCE KOl yLot OAEC
TLC YVWOELG TIOU £XW OTIOKOLLLOEL.

Enetta, euxoplotw Oepuad toug kKaBnyntég Xatlnkokol IwTNPlo Kot
KoupkoupéAn NikOAao mou SEXTNKOV val CTEAEXWOOUV TNV TPLUEAN EMLTPOMNA
g€€Taong pov.

To ekmaldeuTikO auto Talidt Sev Ba ntav to i6lo Ywplc Toug cuvadéldouc-
HEAN TNG EPELVNTLKAC opadag Tou epyactnpiou. Katapxag euxaplotw oAU TN
puetadidaktopa Ap. Moupvapa Avaotaocia yia 0An T Bonbeta, Tnv kabBodriynon
KOL TIC OUMPOUAEG TNG Katd tn OLAPKELD OUVEPyOOoilog Hac. |dlaitepeg
guxaplotiec Ba nBela va amsubuvw otov unoPriplo didaktopa EuayyEAou
Anuntpn ywa TNV KabBoplotikp ocupBoAn kat PBonBelwa tou Omote nTav
anapaitntn. AkoAoubwg, Ba nBela va euxaplotiow Tov urtoPrdlo dtdakTopa
Avootaoltadn NikOAa Kol TOUG LETAMTUXLOKOUG oUUdOLTNTEG pou Kapaylavvn
Baola kat Mkika Mavvn yla tnv agoyn cuvepyooia, To UTEPOXO KALMA Kal TV
nOkn otnptén. Atavuooape SU0 UTIEpOXA XPOVLIA UE OTLYMEG TTou dUoKoAa Oa
Eexaow.

TENOG, eLOIKEC eLXAPLOTIEC BEAW Vo ArteUBUVW OTNV OLKOYEVELA LLOU TTOU Elval
TIAVTO 0PpWYOC o€ KABe pou mpoomabetla. H dveu opwv otrplén o KABs pou
Ovelpo anotedoloe avekaBev Kvntrplo SUvapn yla KABE TL TToU €Xw TETUXEL
W¢ TWPO Kal yla To Adyo autd toug adlepwvetal n mapoloa SUTAWUATLKN.
KAeivovtag, BéAw va ameuBuvw apétpnta €uxaplotw otoug ¢iloug pou,
Wdlaitepa otig dpideg pou Anuntpa kat QwtelvA ou anoteAovv Sltelpuvon TG
OLKOYEVELAC HOU, YLOL TIC AUETPNTEC OTLYUEG / EUTIELPLEG TTOU EXOUE LOLPOOTEL,
oLomoleg pe €xouv kabopioel o€ peyalo Babuod. Xwpic kat tn Sk Toug otripLén
/ mapouaoia timota Sgv Ba Atav to 6to...



NepiAnyn

H pumnavon twv uvdatwv amoteAel maykooula avnouyxia Adyw tng taxelog
aoTlkomoinong KoL tng ekBlopnxavions. Ta ovta BapEwv LETAAAWY OOTEAOUV
ONUAVTLKO pUTIO WG amoTtéAeopa avBpwrmoyevwv Spaoctnplotitwy. O poAuBdog
elval éva eEaLpeTika TOELKO, KN BLOSLOOTIWHUEVO HETAANO, TO OTIOLO EUTTAEKETAL
oe Plopunxavikéc Olepyooieg, oupMEPAAUBOVOUEVNG TNG KOTOOKEUNG
UTTATAPLWY, TNG KAUONG OPUKTWY KAUCLUWY KABwE KoL 0TNV KATOOKEUH AAAWV
TPOLOVTWVY. Q¢ CUOTATIKO TWV BLOUNXAVIKWY AUUATWY, KATOANYEL VO pUTTALLVEL
TOUG USATIVOUC TIOPOUG Kal HECW aUTwV ta £UPla ovta. Ztov avBpwrmo, o
HOAUBSOC ELOEPXETAL IE KOTATIOON I ELOTIVON KAl HECW TNG KUKAodoplag Tou
aipotog emnpealet TOAQTAGQ CUCTALOTO, OTIWG TO KEVTPLKO VEUPLKO CUCTNUA,
Omou MpPoKaAel Ta coBapotepa MPOPARUATO, TO AVOATIVEUOTIKO GUOTNUA, TO
VEDPQA, EVW OF TEPUITWOELG XPOviaG HOAuvong odnyel oe Bavoato. H
ETILOTNMOVLKI Kowvotnta £xel Sle€ayel evOeAe)n €peuva yla TNV AVILULETWIILON
auTNC NG amellng. Ta petaAlo-opyoavika mAgypata (MOFs) eivol moAla
UTTOOYOMEVA YlO TNV QImoppUIaVOon Tou vepoU amo tov Pb(ll) xapn otig
€€alpeTIKA KPUOTOAAIKEGC SOMEC TOUG, TOUG MEYAAOUC TOPOUG, TN SOMLKA
mowthopopdia, TNV MOLKIALA TwV AELTOUPYIKWV opadwv KA. Eldikotepa, T
MOFs Zr(IV) mapouoitalouv uyPnAn ubpoAutikr/Bepuikry otabepotnra,
XOPOAKTNPLOTIKA TIOU €lval €mBupNTd yla To OKOmo outo. EmumpoocBeta,
ETUTPENMOUV TNV evowUATwon OSladopwv Aeltoupylkwv opadwv mou Oa
HUropouoayV va auéoouV TNV ATOTEAECUATIKOTNTA TNG OMOUAKPUVONG.

ItV moapolod  MPETOMTUXLOKN  OSUTAWHATIKY Tmeplypadetal  £va  VEO
petaAlopyaviko mAgypa (MOF) Zr(IV), mou ¢pEpet Tnv Kwdikr) ovopacia MOR-
3, Baowopevo oe €va veo OkapBofuliko umokataoctatn 2-((thiophene-2-
ylmethyl) amino) terephthalic acid (H,TATP). To uAtké MOR-3 mtapouaotalel pLa
8-ouvdebepévn dopn Kkal mapouocldlel e€alPeTIKA OTOBEPOTNTO OTO VEPO,
vPnAn KPUOTAAALKOTNTA KOl OXETIKA HeYAAn emudavela. Avtd to MOF
emLtuyxavel ypnyopn (1 Aemtd) kat oxedov moootikn (>99%) anoudkpuvon Tou
Pb(ll) amd uvdatika SwaAvpata. EmumAéov, mapouoctdalet vPnAn kovotnta
arnoppodnong (250mg Pb g MOR-3) kat sival €alpeTtikdg podpntic os Eva
gupl paopa pH kaBwg kot moapouvoia AAAWY AVIOYWVIOTIKWY LOVTWY, OTw¢
Ca?*, Na* kot Mg?*. H ikavotnta armoppodnong tou Pb(ll) ivat amoteAsopatiki
TOOO o€ Melpapata SLAAELTOVTOG £pyOU 00O KOl OE TELPAUATO CUVEXOUG PONG
UTOd popdn odalpldlwv HETA amod Tpomomnoinon HE aAywiko acBéoto. H
avaygévvnon Tou UALKOU Tipoypatomnoleital pe xpnion oflvou SltaAvpoatoc,
ETUTPEMOVTAG TNV EMavaypnotpomnoinon tou MOF o Stadopoug KUKAOUG.



Abstract

Water pollution is a worldwide concern due to rapid urbanization and
industrialization. Heavy metal ions are major contaminants as a result of
anthropogenic activities. Lead is a highly toxic, non-biodegradable heavy metal,
which participates in industrial processes, including battery manufacturing,
fossil fuel combustion as well as in the manufacture of other products. As a
component of industrial wastewater, it ends up polluting the water resources
and through it living beings. In humans, lead enters by ingestion or inhalation
and through bloodstream it affects multiple systems including the central
nervous system, where it causes the most serious problems, respiratory
system, kidneys, leading to death in cases of chronic contamination. Thorough
research has been carried out by scientific community to address this threat.
Metal Organic Frameworks (MOFs) are very promising in Pb(ll)
decontamination of water thanks to their highly crystalline structures, large
pores, structural diversity, variety of functional groups etc. Especially, Zr**
MOFs, presenting high hydrolytic / thermal stability are excellent candidates for
this purpose. This type of MOFs also allows the incorporation of various
functional groups that could increase the removal efficacy.

Here we describe a new Zr(IV)-MOF, named MOR-3, based on a new
dicarboxylic ligand, 2-((thiophene-2-ylmethyl) amino) terephthalic acid
(HoTATP). MOR-3 shows an 8-connected structure and presents excellent water
stability, high crystallinity and relatively large surface area. This MOF could
achieve very fast (1 min) and almost quantitative (>99%) Pb(ll) removal from
aqueous solutions. Furthermore, it shows high sorption capacity (250mg Pb g
MOR-3) and it is excellent sorbent in a wide pH range as well as in the presence
of other competitive ions, such as Ca?*, Na* and Mg?*. The Pb(ll) sorption
capability was efficient in both batch and continuous flow experiments. The
regeneration of starting material from Pb-loaded-MOR-3 was achieved through
acidic treatment, enabling the reuse of MOF in several cycles.
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1.1 Ztox0L TNG MAPOUOOG METAMTUXLOKAG 8 UTAWHLOTIKA G

H pumavon tou udpodopou opilovta pe Boapéa peETalla eival amoppola
avbpwrnoyevwyv Slepyoowwv kot amotedel €va  peillov mePBAANOVTIKO
MPOPBANUa mou TtaAavilel Tov MAAVATN. Z€ QUTA TV KaTnyopla pUMwWV aVAKEL
Kot o HOAUBSOG, €va un PBloamolkodounotpo Kot Toflkd HETAAAO, TO Omolo
QIOVTATOL O BLOUNXAVIKEG Slepyaoieg emetepyaoiag OPUKTWY KAUGLUWY Kal
napoaywync Sladpopwv MPolovVIwv amd OMouU ELCEPXETOL OTO BLOUNXAVIKA
AVpata Kol KaTaAnyeLl va EMLUOAUVEL TOUG USATIVOUC TTOPOUC, EMLPEPOVTOG
ooBapécg ouvemeleg oto mepLBAaAlov kot Tov avBpwro. H uPnAr toflkotnta mou
eudavilel akOpa KoL OE HLKPEG TTOOOTNTEC, €XEL 0ONYNOEL otn B€oTion tou
OVWTOTOU ETILTPEMOMEVOU Oplou Tou 0To vePO ota 10ppb amo tov MaykoouLo
Opyaviopo Yyeiag. H mpooAnyn poAuBdou amd tov avbpwrmo yivetal pe
gelonvon N katamoon kot odnyel oe PAAPec oe Slddopa cuoTAHpATO.
JUYKEKPLUEVA, O HOAUBSOOG elo€pXeTal OTNV KUKAodopla TOu aipotog Kot
TIPOGPBAAAEL TO KEVTPLKO VEUPLKO GUOTNHO TIPOKAAWVTOC 0OBAPEC SLOTAPAXES
oTNV OopaAn avamtuén Kol Aeltoupyia, TO QVATIVEUOTIKO oOUOTNHA, TOUG
vEDPOUC KOl TAL O0TA, EVW OFE TIEPUTTWOELS XpOviac dnAntnplaong mpokaAeitat
Bavatog. EmMopévwe, n eVPECH AMOTEAECUATIKWY PLEBOSWV amoppuTtavong Tou
VEPOU €XEL amaoXoAnoeL Wolaitepa TNV mMayKOOoULA EPEUVNTIKA Kowvotnta[l]—

[3].

Jtnv npoondBela auth, £xeL StepeuvnBel evEEAEXWG LLOL OXETLKA VEQ KaTnyopla
podNTIKWV UALKWV T HeTaAAo-opyavikd TAéypata (Metal Organic
Frameworks, MOFs) xapn o€ €va OUVOAO EYYEVWV XOPAKTNPLOTLKWVY TIOU
amodelkviovtol TTOAAA UTTOOXOMEVA yla TO OKOMO auto. Ta UALKA autd
Slakpilvovtal yia tn HeyaAn e8kn emudpavela, to vPnAo mopwdeg, TN

duvatotnta UETAOUVOETIKNAG TPomomoinong yla evowudtwon &ltadopwv



Aettoupyikwyv opddwv mou Ba evioxVoouv 1 Ba mpoodwoouv eMBUUNTEG
8L0TNTEG, evw Ot TOANEC TEPUTTWOELS €lval €dlKTA N avayEvvnon Kal
gnavaypnotponoinorn touc. EmumAéov mapouoialouv euvelifia otn péBobdo
ouvbeong, O&ivovtag to meplBwplo aflomoinong GAKOTEPWY TPOC TO
nepLBAAov TexVIKwy Kat ouvOnkwv. Eldikotepa ta Zr(IV)-MOFs, petal twy
mapanavw, mopouvotalouvv kat uPnAn otabepotnta O0To VEPO, MpoUmobeon
amapaitnTn yLa Tn Xprion Toug wg armoppUTIAVTECG TOU VEPOU KAl TPOXOTIESN yLa

ToAAQ UALkA[4], [5].

Ztn BBAloypadia €xouv avadepbel moAuaplBua MOFs yia podnon Pb(ll) ta
ornolia pépouv dLadopec AelToUPYLKEG OUASEC, LETOEL TWV OTTOLWV OLULLVOUASEG,
kopPBofulopadec kot opadeg mou épouv atopo BOeiou. Ol TeAeutaleg
napouaotalouv WOlaitepo evdladépov kabBwg To Belo €xel Loyxupn TaAoN
Sdéopevong Bopewv HETAAMWY Onwc eival o poAuBdoc. Me adopun auto,
KUPLOC 0TOXOC TNE tapouoag SUTAWMATIKAC NTav N aglomoinon evog opyavikou
UTTOKATOOTATN TIou PEPeL otn Sour tou Belodévio yla tn ouvBeon evog Zr(1V)-

MOF pe tkavotnta podnong Pb(ll).

Mo CUYKEKPLUEVA, OTNV TOPOUCO HETATITUXLOKA SUTAWHATIKA EAaBe xwpa N
oUvOeEon KAl O EKTEVIC XAPOKTNPLOMOC apPXLKA TOU VEOU OpPYyavLKoU
urnokataotatn 2-((thiophene-2-ylmethyl) amino) terephthalic acid (H,TATP)
Kot otn ouvéxela tou MOF ZrgO4(OH)g(H20)4(TATP)3.33(NH,-BDC)o67(H20)10
(MOR-3) to omoio cuvtéBnke SLOAUTOBEPULKA KoL ATOpoOVWONKE o auTh TN
ovotaon Enelta anod avadsvon pe alBavoAn Kol anmoépwaon UTIO KEVO OTOUC
150°C yia TNV amopakpuvon Twv dtalutwy. Mptv amnod tn HeEAETN TNG POPNTIKAG
LKAVOTNTOG TOU UALKOU, ATOV OMOPOLTNTOC O EKTEVIC XOPAKTNPLOUOG adeEVOC
TOU UTIOKOTAOTATN, 0 omoiog dpuotka mponyndnke tn¢ ouvBeong tou MOF kat
aPETEPOU TOU VEOOUVTIOEUEVOU UALKOU yla TOV TIPOCOLOPLOUO TWV SOULKWV
XOPAKTNPLOTIKWY, TNG KaBapotntag aAAd kot TG otabepotntag os Sladopeg

ouvOnkes. H emloyn tou {lpKoviou w¢ KEVIPLKO UETAANO €ylve Aapfavovtag



uroyn tnv uPnAn kpuotaAAikotnta Kabwg emiong kat tnv afloonueiwtn
avtoxn o€ Slepyaoieg udpoAuong mou apouaotalouv ta MOFs Zr(IV), iblétnta

TIOU €lval amapaitntn otn Xprion yla tTnv onoia nmpoopilovtat TEAKA.

Enetta, akohoUBnoe n PeEAETN TNG Lkavotntag podnong Pb(ll) pe mepapata
SlaAeimovtog épyou. Ta anoteAéopata ATav MoAU evOappUVTIKA Kal avedeLfav
TNV TaXUTOTN KOl oXeSOV MocoTikn podnon pLoAuBdou ano vdatika StaAvpata.
To UALKO MOPOUGCLOCE LKOWVOTIOLNTLKY TLUA HEYLOTNG XWwpNnTkotntog (~250mg
Pb(ll) g?') n omola €ival cuykpiown HE TIG OVTIOTOLXEG TIMEC UALKWV TIOU
unapyouv otn BiBAloypadia. Mailota, n podnTkA LKAVOTNTA UEAETAONKE OF
€va HeyaAo €UPpoC TIHWV pH KaBwg Kal mopousia oVTAYWVIOTIKWY LOVTWY

amodelkviovtag tnv uPnAn anddoaon tou UALKOU O [N LOOVIKEG CUVONKEG.

‘Evac akOpn otoxog tnN¢ mapouoos SUTAWUATIKAG ATTOTEAECE KAl N UEAETN TNC
POPNTIKAG LKOVOTNTOG TOU UAIKOU O TELPAUATA OUVEXOUG PONG ylol TNV
KoAUTEPN SuvaTtr TMPOCOUOLwoN TPAYUATIKWY OUVONKWVY omoppuUmavong.
AOyw NG AeMTOKOKKNG $UONG TOu UAIKOU Kol TnGg &oTtNTOG TOU Vo
SloomeipeTal 0To VEPO, KATEOTN AKATAAANAO WG UALKO TIANpwaONG o€ OTHAN Kal
aduvato va xpnolpornownBel ywo amoppunavon umd por, otn popdn Tmou
T(POKUTITEL ATl TNV avtidpaon cuvBeonc. MNa to Adyo auTo, mpaypatonol)onke
LETOOUVOETIK Tpomomoinon Tou UALKOU pE aAywiko aoBéotio (calcium
alginate CA). To ouvBeto UALkO MOR-3@CA €xeL tn popdn odalpldiwv pRkoug
HUEPLKWV XIALOOTWV Kol €ival KATAAANAO w¢ MANPWTIKO UALKO o otnAeg. Ta
QTMOTEAECHOTA QMO TA TEPAMATA oUTA €8el€av LKAVOTIOLNTLIKA PodNTIKA
LKOVOTNTO KOL O€ QUTEC TIG ouvOnKkeg. Katéotn, paAlota Suvatn n avayEvvnon

TOU UALKOU KOl I ETIOVOXPNOLLOTIOLNCN O TIEPLOCOTEPOUC KUKAOUC.

ATIOOKOTIWVTOC OTNV KAAUTEPN KATAVON O TWV CTOXWV TToU TtpoavadEpOnKay,
oTNV oaywyr mou akoAouBel Ba yivel ektevig avadopd otn pumavon Twv
uvdATWVWVY MOPWV KoL ot cuvelodopad to PLOAUBSou oe auth. EmunpooBbeta, Oa

avaAuBolv ta SOULKA XaPOKTNPLOTIKA, OL LOLOTNTEG KAl oL EPOPUOYEG TWV



MOFs. Téhog Ba yivel pla Eexwplot) avadopd oto mAgypa UiO-66 kal pla
ouvtoun PBBAoypadik) avaokomnon avadpoplkd HE HETAAAO-OPYAVIKA
TAEYHLOTO TTOU TtapoucLalouv Lkavotnta podnong LoAuBdou.

1.2 Punavon twv uSatwv amno Bapéa HETAA

To vepo amoteAel tnyn {wng yia kaBe eidog otov mAavntn. MapotL to 72% tng
¢ KaAUTITETAL A0 VEPO, HOALG TO 0,2% auTtou gival YAUKO VEPO KoL UMOpPEL va
XpnotlpomnolnBel yla TV Lkavomoinon Twv avo pwrivwyv avaykwv. EmmpocBeta,
N TIOLOTNTA TOU VEPOU OAOo Kal ¢pBivel e€attiag mapayoviwy onwc n pumaveon, n
KALLOTLKR aAAayn) Kol n ouvexopevn avénon tou mAnBuopou. Me Baon auta, n
pUTIOLVON TOU VEPOU OMOTEAEL EVal OTTO TA TILO KALPLOL {NTALOTOL TIOU AITAloXOAOUV
™V avBpwnotnTta KaBwG CUVOEETAL APPNKTO HE TNV OUVEXN HELWON Twv
TIAYKOOULWVY amoBepdtwy vepou. Kupla aitia tng pumavong omoteAouv n
ekBlopnxavion Kabwg Kal 0 oUYXPOVOG OOTLKOG TPOTOG (WG TOU EXEL WG
QITOTEAECHO TNV TTApAywyn LEYAAOU Oykou Stadopwy pUTtwY, TTOANOL €K TWV
omolwv KATaAnyouv €UUECO 1] AUECO OTO VEPO. AVAHECO OTOUG KUPLOUG
PUTIOVTEG TWV USATWY CUYKOTOAEYOVTOL QVOPYAVEG EVWOELG, OMWG £ival Ta
Bapéa PETAAAO TIOU QIMOTEAOUV ONUOVTILKI QTELAN TOOO Yl TNV avBpwrivn
uyela 000 kot yla ta Swddopa olkoouoThpata, AOyw tNc uPnAng toug
TOELKOTNTOG TTIOU KOBLOTA TO VEPO TIOU TA EUTEPLEXEL aKATAAANAO yLa xprion. H
npooBacn Hepldag Tou TMANOUCHOU QTOKAELOTIKA OE TNYEC TIOU €XOUV
purtavOei, emipEpel tov Bavato XIALadwv maldlwy eTnoiwg and acbéveleg nou
TIPOKOAEL N KaTtovaAworn Tou. JUVENMWCE, To ¢aAlVOUEVO TNG PUTIAVONG TO
vbpodopou opilovta amoteAel €va olvOeto {RTNUO TOU XPNIEL AUEONC
€UPEONC QTOTEAECUATIKWY HEBOOWV yla TNV amoppumnavor Ttou[6]-[8].
Q¢ Bapéa petalda xapoaktnpilovtal ta oTolxeia pe LEYAAO ATOULKO BAPOC Kall
vPnAn mukvotnTa, MOAU peyaAUTEPN amd auth Tou vepol. Mepikd €€ autwv
glvait o MoAuBdog (Pb), to Apoeviko (As), to Kaduwo (Cd), o Yoépapyupocg (Hg), o
XoAkog (Cu) k.o. Ze avtiBeon PeE opyavikoUG PUTIAVIEG TIOU MUIOPOUV va

BroamoikodopnBolv ce TOANEG TIEPUTTWOELG, QUTA N Katnyopia pumwv Oev



Swaonartal os aBAapn npoidvra[9]. Zuudwva pe tov Maykdoulo Opyaviopo
Yyelag, amod ta 10 xnuikd otolxeia mou amoteAouv mbavo kivéuvo yla v
vyela, Ta 4 €€ avtwv sival Bapéa HETAAAQ KoL OVAUECSA TOUG BploKeTaL KAl O
HOAUBS0¢[10]. ‘Eva oUVOAO YEWPYLKWY, PBLOUNXAVIKWY OAAA KOL OLKLOKWVY
Slepyaociwy emidpépouv emifapuvon Twv USATWYV UE ONUOVTIKEG CUYKEVTPWOELG
QIO TETOLOUC PUTIAVTEC, YEYOVOC TIOU TTPOKAAEL AVNOUXLEC yla TNV avBpwrivn
vyela kaBwg emiong kal ywa TNV emppon te xAwpidag kat tng mavidag.
Avanodeukta, pla moootnta Bapéwv UETAAWY ETHOAUVEL TO TEPLBAAAOV
HEow Ppuolkwv Slepyaciwv mou adopolV SlaBpwoel PUCLKWV TTETPWHATWY,
ekpnéelc ndaloteiwv kat dtadopeg diepyacieg pikpoopyaviopwyv. Qotooo,
LEPLKA Ao aUTA Ta otolxela elval e€alpeTikad emiBAaBn aKOUA KAl OE ULKPEC

OUYKEVTPWOELG[11].

‘Eva apkeTtd uPnAd mooooTto POAUVONG TOU VEPOU TINYALEL Tto TA BLOUNXAVIKA
AOpata. Eldikotepa, n Blopnxavikn Spaotnplotnto eviomileTol Kot KOPoV Ot
TLEPLOXEC OMoU N vopoBeaia sivat Alyotepo avotnpn Kat dev opilovtal cadeic
TIEPLOPLOUOL yLla TN oloTaon Twv arnoPAnTwy. Amdppola autou ival n pidn Twy
Bopnxavikwv Avpdtwv oameuBeiag oto meplBallov xwplc va mponyeital
kamolwat  blaitepn  Olepyacia  kaBaplopol pE  OTMOTEAECUA  MEYAAEG
OUYKEVIPWOELG oo Bapéa HETAAAO va KATAAYOUV OTO VEPO. Evioyutika ot
aUTO Spouv Kol SLADOPEC YEWPYLKES KOL OLKLOKEG SPOOTNPLOTNTEC LLE CUVETIELA
™ dnuloupyia evog KUKAOU empoAuvong Twv udatwy, tou €6Adoug Kot TNG
atpoodatlpag and auvtd to eidog¢ pumaviwyv. Méow autol Tou KUKAoU,
EMIHOAUVETOL N Tpodkl oAucida kol emnpPedletal TOLKIAOTPOMWE TO
olkoouoTnua KoL n avBpwrivn uvyeia kabBwg ta Bapéa pETAAAA TipoKAAOUV
BAABEC OTO OVATIVEUOTLKO, TO KUKAOGDOPLKO, TO KEVIPLKO VEUPLKO CUCTNHO KOl

oe dtadopa opyava[7], [8].



1.3 O MoAuBéoc (Pb)
Avapeoa ota Papéa HETAAAQ TIOU QMAVIWVIAL WG PUTMOL OTO VEPO,

ouuneplhappavetat kat o poAuBdoc. Eival to 37° oe adBovia otolxeio tou
dAowov ¢ I'ng[12]. Artavtatal GuoLKA O EAAXLOTEG CUYKEVIPWOELG OTO VEPO,
To £€60¢d0o¢, Ta PUTA Kal Tov AEpa, eVw N KUpLa GUGCLKN TNy TOu €lval ol
ekpnéelc ndatoteiwv kat ot SaPfpwoelg metpwpatwy. Efattiag, wotooo,
avOpwrmoyevwyv 6paoTnpLloTTWVY €VTOTIIETOL UEPIKEC HOPEG O QUENUEVEG
OUYKEVIPWOELG. Tevika epdavilet vPnAn ToflkOTNTO KAl TO avopyava
oupmAoka HoAUBSou €xouv taflvounBel amd to Alebvry Opyaviopo Epsuvag
tou Kopkivou (International Agency of Research on Cancer, IARC) otnv
katnyopla 2A (mBavwg kKapkivoyova) Twv Kapklvoyovwyv evwoewv[91]. O
Maykooutlog Opyaviopog Yyeiag €xel Oeomiosl WC AVWTOTO EMITPEMOUEVO OPLO
ta 10 pg poAuBdou oto 1 Aitpo (parts per billion, ppb), evw n Eupwnaikn Evwon
arno ta 50 ppb pelwoe to 6plo ota 10, evw to 2021 €60 WG OTOXO TNV EK VEOU

pelwon tng moootnTag LoAuBdou ota 5 ppb £€wg to 2036.[90]

ApaotnpLotnTeg mou oxetilovtal pe Tnv avénon tng noootntag LoAuBdou oto
nieptBaMov eival n e€6pun Kot TAEN OPUKTWY HETAAAEUHATWY KAl N TTapaywyn
OElPAC TIPOIOVIWV TO oOmola eumepléxovv  HoOAuBSo. TMa moapadelyua,
xpnotpornoleital poAuBdog otnv mapaywyn Badwv, KOAAUVTIKWY, TAACTLKWY
OWANVWY, OOUKWV UAIKWY, UIMOTOPLWY, TIUPOUOXLKWY KOL TIPOLOVIWY
npootaciag amd tnv aktwvoBoAia. Me tnv €€apon NG Plopnxoaviag,
onUeELwONKe aloBntri avénon Tou mMooooTtou POAUVONG, KaBwg n mapaywyrn Twv
napandavw ayabwv amodépel amoPAnTa HE ONUOAVILKEG OUYKEVIPWOELG
HoAuBéou ta omola kataAnyouv otov udpodopo opilovta[l3]. Ita vdaTKA
artdopAnta o pOAUBSoc evtonietal pe tn Hopdn LOVTWY Pb?* 0€ CUYKEVTPWOELC
€wc KoL 540 pg/L, ouykévtpwon 54 ¢opég peyaAUTEPN TOU OVWTOTOU
ETUTPETOUEVOU opilou[14]. Av Kal ol Stepyacieg mou empEpouv TN HEYAAUTEPN
HOAuvon &ev €xouv Slakomel, €XEL yivel pia mpoomadela mopaywyns LEPLKWY

anmd TwV TPOLOVIWV OUTWV XwPLg tnv mapoucia poOAuBdou (owAnveg,



KOAAUVTLKA K.0l.) LE OKOTIO TOV TIEPLOPLOUO TNG MEPALTEPW PUTIOVONG KOL TWV
OAEBPLWV ETUMTWOEWY TIOU ETLPEPEL N TTAPOUCILA TOU OTO TEPLBAAAOV Kal Ta

€uBLa ovta[15].

Absorption Target organs Affected cells

Neurons, Endothelium,
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Ewkova 1.1: Nnyég kat Tpomot poAuvong amo LoAuBSo Kal oL EMUMTWOELG OTOV

avBpwrivo opyaviopo[16].

Ytov avBpwro o pOAUBSoG pmopet va eloéABeL pEow TNG Katamoong (vepou n
TPOPNG TOU £XeL EMLUOAUVOEL) f, EVOANAKTIKA, LECW TNG ELOTIVONG OEPLWV
owpatdiwv[16]. Mpokewtal yia PETOANO Tou Sev amoteAel amapaitnto
otolxelo yla tov avBpwrivo opyaviopo, dev dtadpapatilel Kamolo polo os
BloAoylkd ocuoTNUA, WOTOcOo, N UTApEn TOU O AUTOV eTLDEPEL COPAPEC
ETUMTWOELG, OMWG TO YEYOVOG OTL MPOCPBAAEL TO KEVIPLKO VEUPLKO CUOTNUA,
0lwg Twv natdwwy, ennpealoviag TNV opaAn avamtuén kal AEltoupyia Tou
eykedpalou [17]. To yeyovog autd odrynoe otnv Katataén tou we SeUTEPO TILO
emiPAaBéc otolxelo otn Alota twv emiPAaBwyv ovowv amnd tov Opyaviopo
Mntpwou Tofikwv Ouowwv kot AcBevelwv (Agency for Toxic Substances and
Diseases Registry, ATSDR). H £€kBeon akopa Kol o€ XOUNAEG CUYKEVIPWOELS
uropet va odnynoetL oe coBapeg EMUMTWOELG AOYw TNG UPNANG TolkOTNTAC TOU
HETAAAOU[18]. ZuykekpLuéva, o HOAUBSOG eloEpxeTal otnv KUuKAodopla Ttou

aipotog pEow TG omolag pmopel va mpooBaiel moAudplBua opyava Kol



CUOTAMOTO TOU Opyaviopou. Apxlka, katd tnv €lcodd tou oOT0 aiuaq,
aAAnAerudpa pe tnv atpoodalpivn napepfaivovtag oto oxnUATIONO TNG, UE
™V eunodion ¢ mpooAnPng owdrpou[19]. Auto €xel WG AMOTEAECHA TNV
ekdNAwon avatlpiog otov maoyovra. Enetta, pEow tng KukAodopiag odnyel ot
VEDPOTOELKEG ETILOPATELG AOYW HELWHEVNG VEPPLKAG ATTEKKPLONG TOU OUPLKOU
0&€oc. Metafy aMwv pmopel va mpokaAéosl BAAPeC oto KapdlayyeLlako,
OVATIVEUOTLKO, OVATTOPAYWYLKO KAl OTO YAOTPEVIEPLKO cuotnua[20]. H kUpLa
avnouxia mnyalel and v KavoTNTA Vo TIPOCPAAEL TOV OULUATOEYKEDAALKO
dpayuo, ennpealovrag tn AELToupyia TOU KEVIPLKOU VEUPLKOU CUCTILATOG Kal
KOT' EMEKTOON TNEG OUAANG AeLToupylag Kat avantuéng tou eykedalou. Epeuveg
€6eL&av OtL 0 Kivduvog autog av Kat adopd to cUVOAo Tou TTANBUoHOU, TTANTTEL
ouvnBotepa maldld UIKPOTEPNG NAKiag, Ta omola mapouctalouv vonTikA
anwAeLa, SlaTapoxEC OTn CUUTMEPLPOPA TOU VEUPLKOU GUOTAHOTOC, OMWAELN
akong kol AaMeg avamtuflakec Slatapaxég[21]. e TEPUITWOEL XPOVLOG
dnAntnplaong, o pOAuBdoc otadloka umokaBlotd TO aofEotio  Kal
OUOOWPEVETOL OTO KOKKAAQ TIPOKAAWVTOG OOTIKEC TIAPOLOPPWOELG OL OTIOLEG

gvteivovtal pe TNV mapodo Twv Xpovwv([22].

H Bloouoowpeuon Papéwv PETAAWY, HETAEL Twv omoiwv Kat o poAupdog,
otov udpodopo opilovta emnpedlel  ONUAVILKA KAl Ta  udatwva
olkoocuotApata[18]. H pidn twv BLopnxXovikwy Kol TwWV OLKLOKWY AULATWY 0TO
VEPO UE EAAUTA N KAL XWPLE Kapio eme€epyaocia XEL WG ATIOTEAECUA TN pUTIOVON
TOU TEAEUTALOU UE ML OELPA TOELKWV EVWOEWY, Ta omola mpokaAouv BAAPeC
oTNV avantuén Kat tnv eEEALEN TwV OpyaVIOUWYV TTou {OUV OTO VEPO, 0dNYwVTaC
akopa kot og Bavato. EmumAéov, péow NG tpodkng aluvoidag, n pumavon
QUTWYV TWV OPYAVIOUWYV EMNPEALEL EPUEDTA KOL TOUG avOpwTtouc, Sedopévou OTL
avapeoa otoug udpoBLlouc opyaviopous cuyKataAléyovtal Kal Ta Papla mou
KOTAVOAAWVOVTOL €UPEWC Kal Bewpolvtal teodry uvPnAng Slatpodikng

aglag[16]. Zuvenwg, AapBavovtag vnoyn Tig emdpdaoelg Tou poAuBdou mou



arnoteAel éva anod ta MoAAA €idn puTtwy, YIvETAL KOTAVONTH N AVOYKOLOTNTA

QVTLUETWILONG TNG USATLVNG pUTTIOVONG.

1.4 TexvikéC amoppUTaAvVonG TOU VEPOU
‘Ewg onuepa xpnotpomnotovvtat Stadopec péBodol amoppunavong Tou VEPOU,

HUEPLKEC €K TWV Omolwv elval n dwtokatdaAlucn, n eMUMAEUCN, N XNHUWKA
KOTOKPNUVLON, N LovioavtoAlayn, N NAeKTpoxnUikn pEBodocg, o KabBapLopog pe
xpnon HepPBpavwy, pe Stepyaoieg oeidwaonc kat tEAog n podnon. Kabe pia ano
TIC HEBOBOUG AUTEC MO POUCLALEL TAEOVEKTALOTA EVAVTL TWV UTIOAOLTTWY, HEPEL
OUWG Kol TIOAAQ PELOVEKTNHATA, OMWG €ival To uPnAo KOOTOC, N amoucia
€KAEKTIKOTNTAC, N VP NAN Katavalwaon evépyelag, n Snuioupyila AAoTNG Kat n
aduvaplo avayévvnong [23]. AmO TIC ToOpAmAvw TEXVIKEG, n podnon
XPNOLLOTIOLELTAL EUPEWC YLOL TNV ATIOUAKPUVON BapEwv PETAAWY, AOYyW TOU
XoUNAoU KOOTOUG, TNG AMAOTNTAC KoL TNG AMOTEAECUATIKOTNTAC TNG, Kabwg
EMIONC Kal TNG duvatotntag, O TOANEG TEPUTTWOELS, QVAYEVVNONG TOU
podnTkoU UALKOU HE TO MEpag TG Slepyaoiag. Mpokettal yla €va cUVOETO
dawvopevo 1o omolo meplhapPfavel tnv enpavelokr npoopodpnon n/kal os
TIOA\EG TIEPUMTWOELS amoppodnon tou pumou otn doun tou podnty Kol
efaptatal amo mMoAAoUG MapAyovTeg OnwE N Hopdoloyia NG emtpavelag, To
pHEyeboc twv ocwpatdiwv tou podnth, n €8k emipavela-péyebog nopwv
KaBwc emiong koL ol AELTOUPYLKEG opddec mou dépel otn Soun tou[6]. Q¢
podNTEC €Xouv xpnolpomolndel €wg twpa L MANOBwpPa UAKWY, OMwE O
EVEPYOC avOpakag, oL vavoowAnves avBpaka, ta vavoowpotidia ofeldiwv
HETAA WYV, TOo ypadevio kal ofeidla tou ypadeviou, ol LedAiBol, dtadopeg
UOPOYEAEC KOl TO UETAAAO-OPYAVIKA TIAEYUATO, TO OTOLO KOl QTTOTEAOUV

QVTIKELPEVO TNG MAPOVCOC LETATITUXLAKAC SUTAWUATIKNAG Epyaciac [24]-[26].
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Ewkova 1.2: AmoppuUmavaon Tou vepoU e T xprion MOFs[27].

1.5 MetaAAo-opyavikad mAgypata (Metal Organic Frameworks, MOFs)
Mia oxetika mpoodatn koatnyopia mopwdwv UALKWV 1N omoila  £xeL

QTO.OXOANOEL LOLOLTEPA TNV ETMLOTNHUOVLKA KOWVOTNTO TIG TEAEUTALEG SEKAETIEG
elval ta petaANo-opyavika MAEypaTa 1) TIOAUHEPN EVTOENG, OPOC YEVIKOTEPOG
TIou ULoBeTABNKE KUPLWG Ta TTPWTA XPOVLa. MpokeLtal yla UBPLOIKA OTEPEQ e
doun VP NANG KPUOTOAALKOTNTAG TOL OTIOLA TTPOKUTITOUV OO TNV €VWON EVOC
HUETAAAOU 1 LETOAAKWV TIAELAS WV (HeETaAALKWY KOUPBwWV oL omolol eivat yvwaoTtol
w¢ Secondary Building Units, SBUs 1} evaAlaktikd Molecular Building Blocks,
MBBs) e opyavikoU ¢ UTIOKATAOTATEC e Seopou evtaénc. Mapouatalouy Eva
peyalo evpoc edapuoywv Tou adopolv otnv amobrnkeuvon aepiwv, TO
SLaYWpPLOUO XNUIKWY OUCLWY, TNV KATAAUOHN, TNV avixveuon kaBwc Kal tnv
amopdkpuvon  Sladopwv  XNUWKWV  ouowv  péow  podnong  /

tovtoavtaAAayng[28], [29].

Tot UALKA 0UTA TTAEOVEKTOUV EVAVTL TWV CUUPBATIKWY TTOPpwWOWV UALKWV (Omwg
T.X. {€OABOL) WG MPOG TN HEYAAN €Ok emidavela, To uPnAo MopwdEC, TN
nowAopopdia otn doun TWV MOPWV Kal TWV OVOLKTWV UETAAALKWY BEoewv.

E€apeTikd eniong yvwplopa eivat n eveliéia mou Sivetal pe tnv Tpomomnoinon
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™M¢ Soung Twv UAKKWY AOyw TNG OVTLOTPENMTAG £VWOoNG HETAAAOU-
UTTOKQTOL.OTOTWY, YEYOVOC TTOU adrVEL TO TIEPLOWPLO ELOAYWYHG OTIOLOUSHTIOTE
Hoplou w¢ umokataotdtn, Sivovtag kabe ¢dopd SL0POPETIKEC eMOUUNTEG
18L0TNTEG O0TO UAIKO. TO yeYovog autd o0 oUVOUOOUO HE TIG TOAUAPLOUEG
eVepYEC BEoelg podpnoNng Kal TNV EUKOALD oUVOECNC AKOUO KAl O BLOUNXAVLKN
KAlpoka koaBlota ta MOFs €alpetikd wG podnTtéC Papéwv PETAAWY amo
vdatika SlaAvpata Kol mBava pEca  Kabaplopol Twv  USATIKWV

armoBAntwv([1], [29]-[31].

Itnv mopovoo SUTAWHATIKNA To evlladEpov emikevipwvetal ot MOFs tou
{lpkoviou (Zr-MOFs), evog PeT@A\OU TNG TETAPTNG OMASAC TOU TEPLOSIKOU
Tiivaka. Xpnolpomotntnke yia mpwtn popa to 2008, otn cuvbeon tou UiO-66
KOl EKTOTE XPNOLUOTIOLE(TOL EKTEVWC OTn ouvBeon avaloywv MOFs Aoyw Twv
efalpeTikwy LOLOTATWV ToUu adopoUV KUPLwC OTn XNULKA Kol Bepuikn
oTaOepOTNTA, XAPAKTNPLOTIKA YVWPLoOHATA TIoU HEXPL TOTE amoteAovuoav

tpoxomedn otnv alonoinon twv MOFs[32].

1.5.1 Aopka xopaktnELoTKA Twv MOFs
Onw¢ npoavadEpONKe, To LETAAAO-0PYAVIKA TAEYUATA TIPOKUTITOUV OO TO

ouvluaoUO METOAAKWY LOVIWV 1 HETOAAKWV TAELAOWV HE OPYOVLKOUG
TLOAUTOTILKOUC UTTIOKATAOTATEC. H emtAoyrn Twv KATAAANAWY SOULKWV OTOLXELWV

kaBopilel kal T 16LOTNTEC TOU cuvtiBEpevou MOF.

1.5.1.1 Aeutepevouosc boutkeg povadec SBUs
To xopaktnplotikd tng Oeutepelouvocag Soukng povadag dalvetal va

Stadpapatifovv onuaviikd polo otn Soun Kat tn cupnepidpopad evoc MOF[33].
Ao TN HEAETN Twv SopwV TIOU €XOoUV OUVTEDElL WG Twpa €Xouv MPOKUYEL
OPLOUEVOL EUTIELPLKOL KAVOVEG, N TPNON TwV omoilwv pmopel va mpoodwoel

EMBUUNTA XAPAKTNPLOTIKA, OMwG €lval ywa mopddelypa n wWdotnta tng
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dlavoléng twv nopwv (breathing). Etol, paivetat va emnpedlet n avaloyia C/M,
ornou C o aplBuég atdépwv avpaka twv kKapBofuliwv Tou MAEypatog kot M o
apLOUOC TWV HETAAAWY, UE TNV EMBUUNTH TIUN va elval peyaAUTepN 1) Lon Tou
2. Akopa, ennpealel o peyalo Babuod to idlo 1o pétarro kabwg Stadépouv
OTa XOPAKTNPLOTIKA, OTIWE 0 apLlOUOC acUleUKTWV NAEKTPOVIWY, AAAA Kal OToV
TPOMOo cupumepLdopac o SLaPOPETIKEG OUVONKEC oUVOEONG aKOUA Kot LETOED

HETAA WYV (8lag opadag tou meplodikou mivaka[34].

Eva oKOMQ ONUAvTlkO onueio eival n otabepotnta tng doung. MoAlol
daivetal va gival ol mapayovteg mou ennpealouv tn otabepotnta evog MOF,
HEPLKOL amd toug omoiou¢ adopolVv TO XPNOLUOTOLOUPEVO HETAAAO. Mo
OUYKEKPLUEVA, N OEELOWTIKN KATAOTOON, N LOVTLKN OKTva, TO SUVOULKO
avaywyng Kol n nAektpoviakn mukvotnta ennpealouv TNV alAnAemidpaon
HLETAAAOU-UTIOKOTOLOTATN KoL KATA CUVETELA TN oTtaBegpotnta tng Soung Tou
mAgypatoc[35]. Me Baon ouTtég TIC LOLOTNTEC, Ol SOWULKEC HOVASEG TOU
TIEPLEXOUV WG KUPLO METOAND To {LpKOVIO €Xouv aflomolnBel euputata, Aoyw
™M¢ uPnNAAG OEEOWTIKNC KOTAOTAONG TOU £vavil AAAwWV HETAAAWV Tou
Bpiokovtal otnv ofeldwtiky kataotaaon (1), (I1) n (11)[36]. To Upkovio €xel
vPnAn taon mpoodeong pe ta ofuyova kapPBofuliwy, Ta omola arnoteAolv pa
ouvnOn AELTOUPYLKN ORASA UTTOKATAOTATWY, AOYw TNG UPNANRC NAEKTPOVLOKNG
TLUKVOTNTAC KAl TIOALKOTNTAC TOU deopoU petall Zr-O[37]. Auto Enyeital kot
ano t Bswpia okAnpwv / podokwv ofEwv Kat Baocswv (Hard Soft Acid Base,
HSAB). To Zr (IV) kat ta kapPofUAla Bewpouvtal okAnpo ofL kal Badaon
avtiotolya, emMopevwe dnuioupyolv Seopol¢ HeYAAng otaBepotntag. Auto
gfnyel tn otaBepotnta Twv Zr-MOFs o€ opyavikou¢ SLAAUTECG, OTO VEPO aAAA
Ko o€ 0va StaAvpata. H otaBepotnta auth HELWVETAL O BAOLKEC OUVONKEG,
KaBwe to doptio Twv uSpofUAiwv elval peyaAlTEpO autol tou ofuyovou
UTTOSELKVUOVTAC TNV LOXUPOTEPN EVWOHN TWV TPWTWV HE TO {LPKOVLO, TIou odnyetl

KoL otnv anooctabeponoinon twv MOFs[38], [39].
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1.5.1.2 Opyaviko( urtokQTAOTATES
Q¢ umokataotateg emAéyovtol TOAUSOVTIKEG EVWOELG ToU  dEPOuV

AELTOUPYLKEG OUAdEC OMwC slval ta vitpidla, ot apiveg, ta wwidaloAa Kot
moAukapBoulika of€a, ta omoia Snuoupyouv SECUOUC UE TA ATOLO TOU
HETAAAOU ocuvBEtovtag ta mAgypata [92]. Ewbikotepa ot moAukapBofulikol
UTTOKQTOOTATEG XPNOLUOTOLoOUVTAL CUXVA AOyw TNG LKAVOTNTAC TOUG Vo
oxnuatilouv Seo0poUg Evtaéng pe Ta LETOAALKA LOVTa Kal va §pouv wg SOTEC
Kot 6€ktec Sdeopwv vdpoyovou[40]. H emihoyr) TOU EKAOTOTE UTIOKATOOTATN
eNMNPEAlEL TOOO TN Soun 000 KAl TA XOPOAKTNPLOTIKA TOU TEALKOU TIPOLOVTOG.
Onw¢ avadepbnke mponyoupévwg, n otabepotnta tng doung tou MOF
anoteAsl KOpBLKO onpeio otn Snuwoupyla Kot Tn Xprion Tou. 1o MAALCLo aUTO,
EXEL SLATLOTWOEL OTL UTIAPXOUV OPLOUEVA XOLPOAKTNPLOTIKA TWV UTIOKATOOTOTWY
TIOU MTopoUV va evioxUoouv Ttn otaBepotnta tng Sounc. ApxLKa, eivol
TIPOTLUOTEPA  HOpLA  PEYAANG oAucidac otopwv avBpaka, T omola
napouactalouv udpodoPLKOTNTA KAl KATA CUVETIELQ ATTOTPETIOUV TNV USPOAUCN
Tou MOF. Enetta, onoudaio poho otn otabepodtnta tou MOF daivetal va
Stadpapatilel koL n otabepd pKa, peyaAltepn TLUA TNG omolag oxeTileTal pe
evioxuon tnc¢ otaBepotntag oe Paocilkég ouvOnkec. EmutAéov, n xpnon
ETEPOKUKALKWV SIKAPPOEUALKWY EVWOEWY, OTNV Katnyopia Twv omolwv
EVTAOOETAL KOL O UTIOKATOOTATNG TIOU XPNnOLHomolnenke otnv mapouoa
SutAwpatikn, Gailvetol va MPOTIULATOL OPKETA AOYW TWV POLVOUEVWV OTEPLKNG
TIAPEUTTOSLONG TToU auéAvouv TNV BEPULK Kal XNULKA otaBepotnta. NMépa anod
Tn otaBepotnta, n doun €vog umokataotdtn kabopilel tn Slapopdwon tou
TIAEYLATOC OMWG KAl TO MEYEDOC TwV TIOPWV UE O,TL UIMOPEL VO CUVETIAYETAL
auTO yla TIg Wotnteg tou MOF, evw tautdxpova Ta ATOHO TIou GEPEL O
UTTOKOTALOTATNG UITOPOUV VA TTPOGSWOOUV ETIITAEOV LELOTNTEC OTO UALKO, OTIWG
ouyyévela ywa Stddopa pEtaAlda. Mo mapadslypa eivat moAU ouxvh n
uLoBétnon umokataotatwyv nmou ¢épouv Saktulioug Belodeviou, oL omoiol

xapaktnpilovtat and akoappia, €xouv evdladEpouoeq GUOLKEG KoL XNULKEG
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18LoTNTEG, VW TO Hovnpeg {elyog nAektpoviwv Tou Belou amevromniletal otov
ETEPOKUKALKO  SakTUAlO, moapouctaloviag KoAn KOvOtNTo HETADOPAS

doptiov[30], [41].

Dicarboxylic acids Tricarboxylic acids

C 0. .OH o]
HO HO
14- bLﬂZLnLdlCﬂrbl)X}h( 4-(4-c 'TbUXVPl‘L”‘])bLHIUK
acid acid
HO naphlhatenel 4- benzene-1,3,5-
O dicarboxylicacid 2 - tricarboxylicacid
(E)-but-2- thiophenedicarboxylic

enedioic acid  HO, acid

=N N=
g N HO 0% oH

e

~ OH o 44" 4"-(5)- trLa?me—246 4,4'4"benzene-1,3,5-
5,5"bis(carboxylateethenyl)-2,2’ triyl-tribenzoicacid triyl-tribenzoic acid
-bipyridine
Tetracarboxylic acids Imidazolates
i g i
o COOH %’W/\ [ —
N N
HOOC OH O
o 0 2-ethyl-1H-imidazole 2-methyl-1H-imidazole
benzene-1,2,4,5- O O‘ H
tetracarboxylicacid \©:N>
p
(LT T o ;
HO O (0] 2-methyl-1H-benzimidazole
HO
nieso-tetrakis(4-carboxylicphenyl) 4,4'4"4"-(pyrene-1,3,6,8-
Porphyrinacid tetrayl)tetrabenzoicacid

Elkova 1.3: AVTUTPOCWTTEUTIKA TTAPASELY AT UTTOKOTACTATWY TTOU
XpnoLomnolouvtal otn cuvBeon MOFs[42].

1.6 M£B0oboL ouvOeonG LETOANO-OPYAVIKWY TIAEYUATWV
H avtidpaon ouvBeong twv MOFs e€aptatal and dtddopoug mMopAyoVvIEG,

OMw¢ n Bepuokpacia, o xpoOvog, oL xpnaotponotolpevol SLaAUTEC, To PEyEDOC, N
dUoN KoL T SOPLKA XOPAKTNPLOTIKA TWV UTTIOKATOOTATWY KOl TWV HLETAAAKWY
TAELAS WV, N TOPOUGCLA OVTLOTAOULOTIKWY LOVTIWVY KAl N KLVNTLKA TToU aKoAouBetl
n kpuotdAAwon. H emdoyn tou StaAutn yivetatl Aappdavovtac urtogn dtadopa
XOPOKTNPLOTIKA TOU OnwG lvatl n Spaotikotnta, n StaAutotnta, To SUVAULKO
avaywyns, evw daivetol va emnpedlel TNV EVEPYELD EVEPYOTIOLNONG YLOL TO
oxXnUatopo tou MOF. H ouvBeon eival duvatd va mpayupatonolnbel kat og

OTEPEA KATAOTAON, WOTOo0 Oev elval eUkoAn n AqPn KpuoTtdAAwv. Mia GAAN
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HnEBodog mou xpnolpomnoteital ya tn AnPn MOFs uPnAng KPUOTAAALKOTNTOG
elval n apyn dtaxuon. H péBodog mou UTEPLOYVUEL TWV UTIOAOIMWY €wC Kall
onuepa elvat n  SlaAutoBepuikny  pEBodog (1 ubpoBepuikn, oOtav
xpnotgormnoleitat wg SlaAlTnG To VEPO) TIOU TIPAYLOTOTOLE(TAL O CUVONKEG
uPnAng mieong kat Bepuokpaciag. Népav auvtwy, €xouv aflomolnBel Kt AANEG
HEBodOL, OMWE N PNXAVOXNHULKA, N NAEKTPOXNHLKH, N XPON MIKPOKUUATWV N
UTtEPAXWYV, KOBWC UTIEPLOXVOUV WCE TTPOC TO XA UNAOG KOOTOG, TNV TaXUTNTA Kal

v uPnAn anodoon npoioviwv uPnAng kabapotntag[43], [44].

( Microwave

( Solvo
thermal

Slow ( Electro
evaporation chemical

( Mechano
chemical

Ewkova 1.4: ZuvnBéotepeg péBodol ouvBeong MOFs[45].

H pnxavoxnuikn LEBodog meplypAddel tn XNKULKN aviidpaon mou Ste€ayetal pe
Aelotpifnon xuénv otepewv xelpokivnta ) He tn Bonbela opatpopuAou. Itnv
Katnyopla autr cuykataAéyovtal n Aslotpifnon os oteped KatdoTaon, Xwpeicg
6nAadn tn xprion SlaAutwv oAAA Kal Tapoucia KATAAUTIKNAG TTOOOTNTOG
SLaAuTtn 1 cuvduaopoUl SLaAuTn Kal LOVTLKWY AAATWYV TOU CUVELGPEPOUV OTNV
gmtayuvvon tng avtidpaong. Baowkd mAgovektipata tng peBodou eival ol
NMIOTEPEG OUVONRKEG Kal O WUIKPOTEPOG XPOvog avtibpaong[46]. Emetta,
UTIAPXOUV oL NAEKTpOXNULKEG LEBOSOL ou Slakpivovtal o€ EUUECEC I AUEOEG.

Itnv apeon nAektpoouvBeon €xoupe Tov oxnuatiopd MOF aneuBeiag mavw
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otnv enidavela tou nAektpodiou e nAektpoxnuLkn avtidpaon (m.X. avoywylkn
nAektpoouvBeon, avodiky OwdAuon). Itnv €upecn nAektpoouvBeon, n
NAEKTPOXNULKNA avTidpaon elval éva amnod ta otadla cuvBeonc kal epAapPavet
™V nAektpodopntiky evamobeon, T yaABoviki HETATONMION KAl TNV
autornaAwvdpoutkr) ouvBeon [47]. Kot og auth tn nEBoSO emituy)xAvovTal TLo
ATILEG OUVONKEC KOl UIKPOTEPOC XPOvoC avtidpaong. MoAAa Zr(I1V)-MOFs €xouv
ouvteBel pe auto Tov TPOTO KOBWCE To {LPKOVLO ETUTPEMEL TN SLAAUCH TOU HE

epapUOyr CUYKEKPLUEVNC TAONC PEULOTOC.

AVUO akopo pEBodol mapopoLeg HETAEL TOUG lval n apyn Slaxuon Kat n apyn
e€atuion. Kat ot Suo mpaypatonolovvtal o Bepuokpacio dwuatiou Kat dgv
QITOLTOUV TNV KOTOVAAWGCN EVEPYELAC. 2TNV apyn €EATULON TPAYUOTOMOLETAL
avapEn tTwv dtoAvpatwyv avtidpaotnpiwv ta onoia adrvovtal yo e€atuon
HUEXPL HLOG KPLOLUNG CUYKEVIPWONG OTMOU KOl TIOPATNPELTAL O OXNUATIOUOC
KPUOTAAMWV. Q¢ SlaAUTeg, OMwG €ivol gUAOyo, XPNOLUOTIOLOUVTOL EVWOELG
XopunAol onueiov Téoswg ywo TaXUTEPO OXNUATIOMO. 2Ttn Sldyxuon, T
avtidpwvta TtomoBetolvtal To £€va TMAVW OTO GAAO EVW OVAHUECA TOUC
napepBarletal cuvnBwc €va otpwpa SltaAvtn 1 YEANG WG LECO KPUOTAAAWGONG
Kot Slaxuong. EvaMloktika, Olaxgovtal omeuBeiag Slamepvwvtag Toug
duokolg Ppaypouc. To mpoiov oxnuatiletal otn Siemipavela PeTAlD Twv

avtidpwvtwv([43].

H ouvBeon twv MOFs pmopel va yivel kol pE TN XPAON MIKPOKUMATWV N
UTtEPNXWV. AmoteAoUv Tlo oUyxpoveg peBOdouc mou  moapouctalouv
ToXUTATOUG XPOVOUG avTidpaong, HIKPOTEPN KATOVOAAWGON EVEPYELOG KOl
peyaAn amodoon. Itn MEBOSO TWV  HULIKPOKUHATWY aflomoleitat n
oaAAnAenidpaon TG NAEKTPOUAYVNTIKAG OKTIWVOBOALOC HE TA KLWVOUMEVA
NAEKTPLKA PpopTia | Ta TTOAKA popLla evog SLaAlTn R Ta aywyLlpa Lovta o€ éva
oteped. H olvBeon MPOKUMTEL Ao TNV avaplEn TPOdPoUwWY OUCLWV HE

Kata@AAnAoug SLaAUTeC o kAelotd Soxeio To omoio tomoBeteital yLo OpLoUEVO
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XPOVO 0€ BAAAO UIKPOKUUATWYV. X€ avtiBeon He TIg mponyoULeveg puebodoug,
ebw n Oeppokpacia avridbpaong umopel va eival apketa uvynAn. To
TIAEOVEKTNUO TIOU MELWVEL TO XPOvo avtidpaong elvat otL n B€puavon
gmTtuyxavetal and tnv ancubeiag aAAnAenidpacn ¢ aktwvoBoAiag pe ta
HOPLO TWV avIOpwVIWV. ATo TNV aAAn, n ocuvbeon pe tn PonBela umepnXwV
EKUETAAAEVETAL TO GALVOUEVO TNG AKOUOTLKNG OMNAaiwong HEOw TOU omoiou
TIPAYUATOTOLELTAL SLAdOXIKOC OXNUATIOUOC Kal Kataotpodr ducaiidwy, To
omolo £XEL WG ATIOTEAECHA TNV £vTOVn aUénon tng BepUokpaoiag Kal Tng mieong
KOTAL TOTIOUC TOU oUOTHUATOC. Kat edw ta TAgovekTpata a.dpopouv 0To XPOVOo
avtidpaong mou elvol OPKETA HLKPOC KOOWC Kol OTn HLIKPR KOTavaAwaon

evepyelacg[48], [49].

H o dtadedopévn, wotdoo, uEBodog Ewe Kal orpepa eival n SLAAUTOBEPULKD
HEBodoG. AvtiBeta pe TMOAMEC amo TG Tponyoupeveg pebodoug, edw n
Bepuokpacia UTOpeL va €lvol avwTePn ToU onpelou (E0Ewg Tou SLOAUTH,
BonBwvtag otn OwadAuon OSUCSLAAUTWY EVWOEWV OE QUTOV, OMWG O
UTIOKATAOTATNC. Q¢ SLHAUTECG XPNOLUOTIOLOUVTAL KATA KUPLO AOYO EVWOELG UE
uPnAd onueio (éoswg, onwg to Suebulodopuapibio (DMF), pebavoln,
alBavoln, StatBuAddopuapidio, vepo kat moAAol alot. Itnv avtidpacn €xouv
To polo tou OSlapopdwtr) (modulator), emnpedlovtag Tnv TMopsia NG
KpuoTAA\wonG. Autd ouvABwc Yivetal €lte PE TNV amompwtoviwon Ttou
OPYQVIKOU UTIOKOTOOTATN TIOU ETUTAXUVEL TNV TOPELX OXNUOATIOMOU TOU
TIAEYUATOC ELTE YE TNV eLoaywyn StaAutwy 6€wvou pH ot omoiot aAAnAemidpolv
LE T METAAALKA LOvVTa Kal emnpPeAlouv To HEYEBOG Kal TNV KPUOTAAALKOTNTA
twv MOFs[50]. H Beppokpaocia avtidpaonc kupaivetal cuvnBwe amnd 80 £wg
260°C, uropei OHWC o€ OPLOUEVEC TIEPUTTWOELC va Eemepdoel Toug 400°C. H o
apyn B€ppovon TOU ATMOTEAEL €V UEPEL PELOVEKTNUA TNG HEOOSOU KaBwWC
au&avel To xpovo avtidpaong, cuUBAAEL TapAAANAQ OTNV apy KPUOTAAAWON
KoL €Tol otnv amopovwon MOFs pe tn popdr) HOVOKPUOTAAAWV KOANRG

roLotntag kat mopwdelg Sopég. H Suvatotnta mARpoug eAEYXOU TwV cuvONKwv
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avtibpaong emTpEneL Tn SnuLoupyla avamapoywyLlLwy TPWTOKOAAWY W¢ TPOG
™ ouvBeon. H Suvatdtnta tpomomoinong Kat AEYXou TwV ouvOnkwv tng
avtidpaong yla TNV amopovwaon POVOKPUOTAAAWY Kat N amAdtnTa tng uebodou
o€ ouvbuOOUO HE TO YEYOVOG OTL €lval epappooiun ya kabe tomo MOF
anoteAouv Bactlkol¢ Adyoug emihoyng tTng w¢ kupLa pEBodo ouvBeong pEXPL

Kot Twpa[43].

1.7 Edappoyéc twv MOFs
H mowkAia otig Sopgg, Tn popdoloyia kot To HEyeBOC TG ELOLKAG EMLPAVELAG

KoL TwV TIOpwV KaBwg emiong koL n eueAlflo TNV TPOMOMOLNCN AUTWV TWV
XOPOAKTNPLOTIKWY UTTOSEIKVUOUV TNV MPOOTTIKI TNG alomoinong autwy Twy
UALKWV OE €vVal TEPAOTLO EVPOC edappoywy. Mpaypatt, anod tn HEAETN TTOAAWV
Slapopetikwv MOFs €xouv amodelyBel ol e€QLPETIKEG LKOVOTNTEC AMOBNKEVONG
KoL OloXwplopol oepiwyv, KatdAluong, amobnkeuong Kot HETOPOPAG
dapuakwy, avixveuong ouclwv Kal podnong Toflkwv EVWOEWV O agpla

KOTAOTOON KOL OTO VEPO.

1.7.1 AnoBnkevon aepiwv
3TNV MPOOTIABELO AVTIKATACTACNG TWV N OVAVEWOLUWV TINYWV EVEPYELOC UE

o Puwolpeg, Onwe elval to udpoyovo, €va amd Ta TMPOPAAUATA TIOU
TPOKUTIToUV  adopd otnv evpeon aocdalolg Kal amodoTikoU HECOU
amoBnkevong twv agpiwv. NapaAAnAa, n ekmounn Stoediov Tou avBpaka
otnV atpuoodatpa amoteAel anelAn yia to mepBAAAov Kol Tov AvBpwTto Kat n
gupeon HEOWV SEoELONC TOU pUTIOU aToU Ba pmopoloe va eival po Avon
oto MPOBANUA. Ta HETOHAAO-OPYAVIKA TAEYHOTA TIOPOUCLA{OUV EEQLPETIKA
TUPOOTITLKI), AOyw TN MEYAANG €LOLKNG eTidAveLag Kol Tou opwdoug Soung
mou OlaBétouv Kal pmopouv va SecpeUOOUV PEYAAEC TOCOTNTEG aepiwv

HETAEL TwV omoiwv udpoyovo, pebavio kat Slofeidlo Tou avBpaka.
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1.7.1.1 Yépoydvo
To ubpoyovo Bewpeital to KAUOWO TOUu HEAAOVIOC AOYw TNG HEYAANG

EVEPYELAKNG anodoong Kot Twv afAaBwv mpoidoviwv kavong Tou os avtibeon
LE TOL OPUKTA KAUGCLUQ TIOU Xpnolpomolouvtol PEXpL onuepa. Eva amd ta
{nTuata mou akopa PBplokovtal umo e€€taon adopd otnv eUPeCn €VOG
amodoTIkoU Kol QVILOTPEMTOU CUOTAHATOC amoBrnkeuong oe Bepupokpoaocia
nieptBarlovtog. 2to mAaiolo auto, ta MOFs £xel anodelyBel and SOKLUEG OTL
elval kKataAAnAa w¢ péoa amobrnkeuong Ue KOTAAANAEG TPOTIOTIOLNOEL OTN
nopdoroyia toug. Exouv Sokipaotel duo miBavol tpomol anobrkeuong, os
XOUNAEC Bepuokpaoieg kal oe Bepuokpacia meplBailovioc. H Kpuoyovikn
HEB0SOG €xel peAeTnBel MeEPLOOOTEPO, PE EVa HEYAAO aAPLOUO SLadOPETIKWV
MOFs ta omoia €xouv cuvteBel yla auto To okomo. Qotooo, n anobrkeuon os
ouvOnkeg meptParliovtog ival mpotipuntéa, Wolaltepa otn Xprnon os oxnuata,
KOl EXEL KEVTPLOEL TO EVOLAPEPOV OTIG EPEUVEC TTAVW OTO CUYKEKPLUEVO BEpQL.
AMO TNV UEALTN TwV UAIKWV £xouv PBpebel Slddopol TapPAYOVIEC TIOU
AapBavovtal untoyn oto oxedlaouo Twv MOFs oUTwE WoTe va mapouotalouvv
NV KOAAUTEPN duvath XwpeNTKOTNTA, LETOEL TwV omoiwv n UTapén OVOLKTWV
HETAAALKWY BE0ewyY, N elooywyrn aAKaALWVY 1 HETAAWY vPNARG TTUKVOTNTAC
(r.x. Mg, Pd, Pt) Ta omoia mapouctalouv Lo CUYYEVELD HE TO USPOYOVO Kal
HLETOOUVOETIKEG TPOMOTMOLNOELS Yyl PeAtlwon tNg emupavelag Kal TNng

nopdoloyiag twv nopwv[51], [52].

1.7.1.2 MeGawvio
To peBavio amoteAel Paolkd ocuotatikO Tou ¢uolkol oaepiou, TO oOmoio

XPNOLUOTIOLE(TOL WC KAUOLHO onuepa Aoyw tng oadboviag tou Kol Twv
ULKPOTEPWV EKTIOUTIWV SLOEELSIOU TOU AVOpOKA CUYKPLTIKA LE TA AAAQ OPUKTA
kabolpa. OAa autd kaBlotouv To GUOLKO A€PLo KATAAANAO WG peTaBaTiKO
KOUOLUO OTO SLAoTnua LETABaONG O Tn XprHon METPEAALOU 0T AMOKAELOTLKA

XPoN AVAVEWOLUWYV TINywV. Q0TOC0, €Va CNUOVTIKO EUMOSLo ival n xaunAn
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OYKOLLETPLKI) EVEPYELAKI TIUKVOTNTA TOU PeBaviou Tou mepLopllel nUAVTLKH TN
Sduvatotnta xpriong tou. Ta MOFs untodetlkvuouv tn duvatotnta aflomoinong
TOUG yla TNV amnobnkeuon pebaviov Aoyw tng uPnAng podnTKAG LKAVOTNTAC
mou mapouctalouv yla autd oe ouvOnkeg meplfailovioc. H kavotnta
npoopodnong pebaviou efetaletal wg MPOG TN OTABUIKA XWPNTKOTNTA,
dnAadn tn pala pebaviou mou anodnkeveTal ava povada Bapoug tou podntn,
KAl WG TPOG TNV OYKOMETPLKI XWPNTLKOTNTA TIOU avadEPETOL OTOV OYKO
pnebaviou mou umopel va petadepBet anod tov podntr. Kat ot Suo mapapetpol
elval emBuPNTO va €XOUV CUYKEKPLUEVEC TILEC OTIWG OLUTEG £XOUV OPLOTEL Ao
TO TUAMa evépyelag twv H.M.A. Mpayupaty, €xouv ouvieBel dtadopa MOFs,
onwc¢ to HKUST-1 pe oykopetpikn xwpntikotnta 230 kat 270cm? (STP) cm3 og
Bepuokpacia meplBarlovto¢ kot mieon 35 kat 65 bar avtiotowa,
nipooeyyilovtog moAU ta emBupntd Kputipta mou opilovtat ota 350cm3

(STP)/cm?3[53].

1.7.1.3 Awoéeibio tov avipaka
H unepBéppavon tou mAavntn odelletal KOtd KUPLO AOYO OTIC QUENUEVEC

eKTIOUTEC SLo€eldiov Tou aAvBpaka Tou eival ATOTEAECHA OVOPWTIOYEVWV
Siepyaoctwy. H xprion vAlkwv 6€opeuong peyaAwyv moocothtwy dlogeldiov Ba
uropovoe va eival pa Bavi Avon. Mo to Adyo auto, €xel HeAeTNOeL KoL N
podnon CO, amd ta MOFs avadelkviovtag tnv LKOVOTNTA TOUG va TO
Sdeopevouy avrtiotpentd. ElOIKA o€ pikpr KALLAKA UITOPOUV va AELTOUPYHOOUV
€EALPETIKA WG KOOAPLOTEC ECWTEPIKWY XWPWV, SECUEVOVTAC TO TIOPAYOUEVO
CO, kal eA€yyovtag Ta eminedd tou otnv atpoodatpa. Itnv npatn £xetL Bpebel
otL ta MOFs yapaktnpilovrat and vpnAn xwpntikotnta yla CO, mou Eemepvael
TNV avtiotolyn XwenTtkotnTo cupuPatikwy (eoAlBikwv VALKWY. Avadoplka, To
MOF-177 £€xeL péylotn xwpntkotnta ion pe 33.5mmol/g, evw To gUmopLka
dlaBéouo Zeolite 13 X poAlg 7.4mmol/g. Av Kal oL TIHEG AUTEG QTALTOUV

UNAEC TLUEG TTLEONC, £XOUV YLVEL KOLL OPKETEG LEAETEG O€ UALKA yLa TN SEOELON
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Sdofeldlou o0e yaunAotepn Tmieon HE  LKAVOTIOWNTIKEG TIMEG MEYLOTNG
XWPNTLKOTNTAC OL OTOLEG CUVEXWE KoL auEAVOVTaL UOTEPA OO TPOTIOTIOLOELG

otn doun twv MOFs[54].

1.7.2 KataAvon
Y€ pa KaTaAUTIKNA Slepyaoia Ta eyyevr) XAPAKTNPELOTLKA Tou KataAutn ailouv

ONUOVTLKO pOAO otnv Topeia ¢ avtidpaong, mou nepthapPfavet tn dtaxuvon
KoL V oUVEXELQ TN pOdnon Twv avtdpwvtwy, TNV emidpavelokr aviidbpaaon, Tnv
ekpodnon kat teAlkd tn Slaxuon tou mpoiovtoG. Ta MOFs w¢ KAaTtaAUTEG
ouvbualouv TO TIAEOVEKTHUOTA HOPLOKWY KOL ETEPOYEVWV KOATOAUTWV
vebupwvovtag To xAopo HeTofl OopoyevoUC Kal €TEPOYEVOUC KATAAUONC.
ApPXIKA, OL TTOPOL TOU UALKOU UTOPOUV VA TPOCOPHOCTOUV KATAAANAQ oTo
HEyebocg tou phofevolpevou popiou KaBwe Kat va To HETAdEPOUV OTO EVEPYO
KEVTPO Omou Ba AaBel xwpa n avtidpaon. EMumA£ov, Snuioupyeital KatadAAnAn
YVEWUETPLA Kol NAEKTPOVLIOKO TiepIBAAAOV YUPW a0 TIC EVEPYECG BECELG YO val
guvonBel n kataAutikr toug Spaocn. MapdAAnAa, sival Pkt n scaywyn
TIOAMOAMAWY HOPLWV OTOV TIOPO YL CUVEPYLOTIK O&pdon, evw n Kald
KoOoplopévn KPUOTOAALK) Sopn HE OMOLOMOPPEC KATAAUTIKEC O£0oEelg
ETUTPETMOUV TOV akplBr] OOUIKO XOPOAKTNPLOMO KAl TNV  UTTOAOYLOTLKA
povtehomnoinon twv aAAnAerdpacswv mou AapPBavouv xwpa. Télog, ivat
Boolkd MAeoveEKTNHA N SuvaTOTNTO AVAKTNONG KAl EMAVAXPNOLUOoIoinong Tou
UALKOU. OAa ta mapomavw XOopoKTNPELOTIKA Kablwotouv ta MOFs moAAd
UTTOOXOUEVO OTOV TOMEQ TNG KATAAUONG, 0 avTLOpAOELS OTIWG N udpoyovwoan,
n ofeldwon, n ovleuvén avBpaka-avBpaka Kal AVOPAKA-ETEPOATOUWV Kol
TIOAAEC AAAEC[55]. MNa mapadelypa, To MOF-5 mapouvotdalel kataAutikr) Spaon
oe avtibpaoelg tunou Friedel Crafts[56]. EmumAéov, to UiO-66 kataAUeL tnv

adudpoyodvwon tng atbavoing oe dtatBulalbépa otoug 200°C[57].
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E¢etalovtag t™ Sdounl twv MOFs yivetal avtlAnmei kat n duvatotnta
epapuoyng Tou¢ w¢ dwrtokatalutes. Auto e€nyeital amod To yeyovog otL: 1)
HETAEL kaBe povadoag petaAlou-ofuyovou Onuoupyouvral aveéaptntol
nULaywyol mou guvoouv To SlaxwpLlopd nAektpoviwy, 2) to uPnAd mMopwdeg
KOTOLOTEAAEL TOV AVAOUVOUAOHUEVO OYKO TwV PwTOSLEYEPUEVWV NAEKTPOVIWV
AOYWw TNG ULKPNG amootaong petadopds Twv ¢popswv doptiou, 3) oL mopotl
eTULTPEMOUV TN Pplofevia GWTOEVEPYWV CUUTTAOKWY WG KATAAUTIKA KEVTpA, 4)
N €moyn KATAAANAWVY UTIOKOTOOTATWY Kol METOAAKWY KEVIPWVY UMOPEL va
evioxUoeL TNV anodoon anoppodnong kat aflomoinong Tou nALakoU GwToc.
Y10 m\aiolo auto €xouv peletnBel dtadopa UALKA, Loodopika tou UiO-66, ota
orola £xouv yivel aAAAyEC OTOUC UTIOKOTOOTATEG 1] TO UETAAALKO KEVIPO KOl
gxouv Oeifel  kavotnTa PWTOKATOAUTIKAG OpAcnNC O  AVAYWYLKEC

avtidpaoslg[58].

1.7.3 Metadopd bapuakwyv
Ta cuppatika cuotiuota petadopds GopUAKwyY £xouv amodelyBel AN

otV amnobnKeuon EMApPKoOUC ToooTNTAC GAPUOKEUTIKAG ouciag yla tnv
anoteAsopatikny Bepameia Stadpopwv aoBevelwv. Tig TeAeutaieg SekaeTieg £xel
e€etaotel evoehexwe n aflomoinon twv MOFs otn BLoiaTpLkr) KoL CUYKEKPLUEVA
N XPrnon touc w¢ HeTtadopeic papudkwy OTOV OpyavIiopo, Xapn ota SoULKA
XOPOKTNPLOTIKA TouC. H Sduvatdtnta xpnong toug emodpayiletal and tnv
amouoia ToflkOTNTAC, TN CTOXEUMEVN XOPNyNnon, TNV LKAvoTtnTa TAUTOXPOVNG
petadopdc moANATMAWY GaPUAKWY KAl TN CUVEXOUEVN aneAeuBépwan poplwv
ToU PAPUAKOU OTOV OPYaVIOUO. To evlladEpov TTOAWY OXETLKWY EPEUVWV
nupodoteital amod tnv kavotnta twv MOFs va aAAnAemibpouv pe dtadopa
BloAoyika cuotpata. EmutAgéov, mpoodEpouv TO MAEOVEKTNHA SLAAUTOTNTOG
Stadopwv apopdwv Kot SUCSIAAUTWY OUCLWV KOl TIPOOTACLN TOUG OfF
uetafarlopeveg ouvOnkeg BOepuokpaociag, mieong, pH kat aA\wv. la

napAadelypa, to HeTA vatpiou ahag tng PBoumpodEvng eival avaAyntikd Kot
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QVTLUTUPETIKO PAPUAKO, TO OTOL0 OUWG €lval aotaBég oto ofvo meplBaiiov
TOU OTOHAXO0U, OTou Kataotpedetal N Sour tou. Na to Adyo auto, n SpacTikni
ouaia elonxbn oto MOF UiO-66-PDC (6mou PDC 1o 2,5-mtuptSivodikapBouAikod
0o&l) pe mooootd petadopdg doapudkou 27.6% w/w. H ameheuvBépwaon tou
dapuakou SOKLUAOTNKE OTN OUVEXELD Ot Sladopeg TIMEG pH petafy Twv
omoiwv KaL n Tun pH=2 mou avtiotolel oto mepLBAANOV TOU OTOUAXOU, OTIOU
napatnendnke 10% anelevBEpwon tou dapuakou. Xe oudétepo pH wotdoo
TO MOCO0OTO PETOPOPAG ATAV TIOAU HEYAAUTEPO. AV KOL OTOV TOMEQ QUTO T
MOFs o1drpou eival ta UAKA Tou €xouv PeAETNBel meploocotepo, ta Zr-MOFs
€xouv kepbioel €dadocg tedsutaio we petadopeic papuakwy, Aoyw vPnAng
otaBepotntag, Hn TtofkotnTtag kKat PloocupBototntag Tou  UETAAAOU.
YroAoyiletal 6tL oto avBpwrivo cwpa meptexovral 300 mg {ipkoviou, evw n
OUVLOTWHEVN NUepnola tpocAnyn toovutal pe 4.15 mg. Etol, £€xouv alomoinbet
Sdladopa UAIKA Ot QUTO TOV TOMEQ ME TIOAU €VOAPPUVTIKA OTOTEAECHATA.
Meyaho evladépov mapouaotalel emiong Kat n duvatotnTa Xpriong autwy oTnv
QVTLKaPKLVIKA Bepameia. Mapadslypa amoteAetl n xprion tou UiO-66-NH,/PB
(Prussian Blue) yia tn petadopa tou papudakou dofopouPikivng (DOX) to omolo
EVWVETAL HEOW OOV USPOYOVOU LLE TO UTTOOTPWHA Kal armeAeuBepwveTtal
OTa KOPKLVLKA KUTTOpA. AUTH N TPOMOoTmoilnon Kablotd pLKT TNV KATAAUTLKN
Sdpacon tou UALKOU yLla TN petatporh tou H,0; og O; pe mapdAAnAn mapoywyn
pl{wv *OH mou 06nyouv otn BavAatwon MEPLOCOTEPWYV KAPKLVIKWY KUTTAPWV. H
mapaywyr ofuyovou eAEyxeL TauTOxpova T GaLvOpEVO UTTOELOG TTOU TTPOKAAEL
n mapoucia KOPKLVIKWY KUTTAPWYV KoL va evioxUoeL T dpdon Tou dapUaKou.
ErumAéov, ta MOFs mou eilval gvaicOnta otn petafoArl pH, ota omoia
OUYKOTOAEYETAL KOL TO OUYKEKPLUEVO, €XOUV UEAETNOEL OTNV QVTIKOPKLVIKA
Bepamneia. AnoteAéopata epsuvwy £xouv Oeiel otL To DOX dev pmopel va
aneAevBepwBel oe Tun pH=7,4 (T mou oavtiotolxel oe meplBailov
duololoylkwyv Kuttdpwv), evw o€ pH=5.8 (pH meptBAAAovtog KapKLVLKWV

KUTTApwV) aneleuBepwvetal o€ ooootd 78% petd amod 40 wpec. To yeyovog
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auto umodnAlwvel adevog tnv emtuxia  petadopdg, adetépou TNV
EKAEKTIKOTNTA auTAG adou dev kataotpdadnkav vyl Kuttapo. To TOCOOTO
aneAevBépwong umopel va au€nBel pe xprion aktivoBoAiag. Me aktivofoAnon
ota 808nm amneleuBepwObnke 87.5% tou DOX o€ pH=5.8 og HOALG 5 Aemta. Ta
QTOTEAECUOTO EKAEKTIKAG KUTTAPOTOELKOTNTOG dailvovTal KoL OTO TOPAKATW
SLaypappo Oou amneLlkovileTal To TooooTO GUCLOAOYLKWY KUTTAPWYV TUTOU HL-
7702 Kal KOPKIVLKWY KUTTApwV Tumou Hela mou emiBiwoav ano tn dpacn tou
dapuakou[59]-[61].
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Elkova 1.5: BLwolpotnTa Twv KUTTapwyv tunou Hela kot HL-7702 petd amod emwaon
oto UiO-66-NH,/PB yia 24 wpeg[59].

1.7.4 Avixveuon (Sensing)
Mua akoun epappoyn Twv MOFs adopd otnv Xprion Toug ws NAEKTPOXNHULKOUC

aloOntApeg N alodntipec pwtavyelag yla tnv avixvevon Sltaddopwv oucLwy,
uypNe N agplag popdnc. H nAektpoxnuikn avixvevon Stadpopwv emiPAlaBwv
LOVTWV €lval pLat ormAn Kol OLKOVOULKA MEBOSOC evw €XEL KOl XOLNAOTEPOL OpLAL
aviyveuong évavitl Ttwv Tapadoolokwyv peBOdwv  avixveuvong  (m.x.
daopatookomnia atoulkng anoppodnons, GACHATOOKOTILO ATOLKI G EKTTOUTTNG
K.0l.) Kol EMOUEVWC lval eAKuoTIKA. MoAAd MOFs €xouv peAetnBel yla auto to
OKOTIO, WOTOCO HELOVEKTOUV WG TMPOG TO YEYOVOG OTL TApoUcLAlouV XaunAn

NAEKTPLKN Oywyluotnta. To mpoBAnua OVTIPMETWT(ETAL €UKOAQ HE TNV
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€l0AYWYN aYWYLLWV UALKWY otn doun, Snuoupywvtog véa ocUVOeTa UALKA.
Mapadelypa amoteAel €va oUVOETO UALKO QmOTEAOUUEVO amd OEPOYEAN
ypadeviou (Graphene Aerogel, GA) kat to MOF UiO-66-NH,. Adou
TonmoBetnOnKe To CUVOETO UALKO 0 YUAALVO NAEKTPOSLO AvBpaka PeAETAONKE
N LKAVOTNTA yLot NAEKTPOXNILKA avixveuon oviwy Hg?*, Pb?*, Cu?* kat Cd?* amno
puBulotiko Slalupa pe tn Bonbela SladoplknG MOAUIKAG AVASLHAUTLKAG
BoAtappetpiag (DPSV). Ta amoteAéopata emBefaiwoav TNV LKAVOTNTA TOU
UALKOU val OVLXVEUEL TAUTOXPOVA TNV TOPOUCIO TWV TECCAPWYV LOVIWV OTO
SlaAupa og Bepupokpaocia dwuatiou, Sivovtag tEooepa EExwpPLOTA orUATa, EVal
yla KaBe 10v, Onwc palveTol oTnV MapoKkATw elkova[45].
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Ewkova 1.6: BoAtappoypadnua DPSV amnoé nAektpodio mou pépeL To cUVOETO UALKO
CA-Ui0-66-NH2 petd thv mpooBrkn SLadopeTikwv cuykevipwoswv Hg?*, Pb?*, Cu?*
kat Cd?* og puBuLOTIKO SLdAupal45].

Mua umokatnyopiac MOFs eilval ta dwtauvyry HETAANO-OpYOVIKA TIAEYHATA
(Luminescent Metal Organic Frameworks, oto &&n¢ LMOFs). Ta LMOFs
napouotdalouv Poavopeva PwTAUYELOG TIPOEPYXOUEVA KUPLWE amod TOUG
OPYQVIKOUG UTIOKOTOOTATEC HE EKTETAUEVN ouluyla TwV T nAEKTpoviwv. H
aAlayn EKTIOUTMAG HETA TNV swoaywyn $profevolpevou popilou to omoio
AAANAETLOPA E TOUG UTIOKATAOTATEG UTTOOELKVUEL TN Suvatotnta alomoinong

Twv LMOFs og edapuoyeg avixyveuong. Av KoL n EKMOUN KATA KUPLO AOyw
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TIPOEPXETAL OO TOV UTIOKATAOTATH, N AViXVEUCN UMOPEL va elval amotéAeoua
: 1) aAAayng Twv SLOPOPLOKWY OTMOCTACEWV HETAEU HETAAALKWVY LOVIWV Kal
UTIOKOTOLOTOTWY, 2) aAANAenidpacnc Tou avaAltn pe UETAAAO / HETOAALKNA
mAELada pEow oxnUatopou Seopou kat 3) aAAnAsnidpaong Tou avaAutn Ue
Tov unokataotatn. Ta LMOFs mapouaotdlouv peyalo evéladEépov wg mpog tn
XPNonN TOUG WG alobntipeg avixveuong HETOAAKWY LOVIWV, EKPNKTLKWY,
uypaolag, Beppokpaoiog, TTINTIKWY OPYyOVIKWY eVWOoewV (BevioAio kot
TIAPAYWYEC EVWOELG), Toflkwv aeplwv (H2S, NO, NO,), Blopopiwv, Toflvwv Kot

pH[62], [63].

1.8 BiBALoypadLkr) avaoKOmnNGon OXETIKI LE TNV MapoUoa SUTAWATIKN
TNV mopoloo SUTAWUATIKN TIPAYHOTOToW0nKE n oUvBeon, XOPAKTNPLOUOG

KoL UEAETN evog Zr-MOF ywa tn podnon poAuBdou Pb (II) amd uvbdatika
StoAUpata. Mapakdtw, Aowutdv, Ba yivel avoadopd O XAPOKTNPLOTIKA
napadeiypata MOFs tou Zr(IV) mou €xouv avadepBei otn BLBAoypadia, pe
OPLOMEVA ATIO AUTA VA TopouctalouVv CNUAVTLKA Lkavotnta ya podpnon Pb?*.
1.8.1 To mAéypa UiO-66

Mapolo mou n ocuvBeon kat n peAétn Twv MOFs eixe Egkwvnoel nén amo tn
dekaetiae tou 90, HEXpL MOAU mpoodata n aflomoinon ouUTwv ATV
TIEPLOPLOUEVN. AUTO oUuVEPN efattiag t™NC XAunAAg otabepotntag Tmou
napoucialav oe vdatikd meplBaillov kKabBwg kot oe Swadopou¢ AGAAOUG
StaAUtec. Eva amnod ta mpwta MOFs pe e€alpeTiky otabepdtTnTa 0TO VEPO NTOV
10 Zr¢04(0OH)4(BDC)s 1 Ui0-66 (akpwvupio tou University of Oslo) (BDC?*
=tepedBaALKO avidv), To omoio cuvteBnke ylwa mpwtn ¢popad to 2008[32].
Mpokettal ywo €va PETAANO-0pyavIKO TAEypa {lpkoviou To omoio eivat
QATMOTEAECHO ouVOUAOHOU TNG g€amupnVikng HETAAAKAG TAsladag (cluster)
[Zrs04(0OH)4] wg beutepevouoca Souk povada (SBU) kal Tou opyavikou
urnokataotatn 1,4-BevioAobikapBofuliko ofu (1,4-benzenedicarboxylic acid,

H,BDC). ZuvBétovtag ouvoAlkd pia KuPBlkd edpokevipwpévn Soun (Face
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Centered Cubic, FCC), kaBe Zr eival okta-evtayuévo pe O 1 OH kat 6 tétola
HETAAALKA KEVTpa amaptilouv pia deutepelouoa Soukn povada [ZrgO4(OH)4)
HE KaBeplo amd AUTEC TIC MOVAOEG va EVWVETAL HE AAAEG 12 péow TwV
umokatootatwyv BDC?. Eva tétolo mAEypa ovopaletal Swdeka-cuvoedepévo
(12-connected net). E¢etalovtag tn mopwdn Sdour tou MOF, mapatnpeitat ot
To MAéypa amnaptiletal and 4 oktasdplkoug Kal 8 tetpasdplkol mopoug. H
uPnAn ouvdeolpotnta ¢ doung (12-ocuvdedepévo mMAEypa) Kal ot Loxupol
Sdeopol Zr'V-0 odnyolv og uPnAn XNULKN, BEPULKR KoL HNXaviKy otabepdtnta
TOU UAWKOU. Mpaypatt péoa anod peAéteg tou UiO-66 mapatnpnBnke n Heyain
QVTOXI) TOU OTO VEPO Kal o€ MANBwPA 0pYyaVIKWY SLOAUTWY KABWG KoL LETA TNV
epappoyn) uvPnAnc efwtepkng mieong. EmumAéov, n Soun Siatnpeitat
avaAlolwtn og peyalo eVPoG cuvonkwv, Tapouctalovtog WoTOoo AANAYEG OE

Loxupa Baotko meptBaiiov[29], [64].
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Ewkova 1.7: a) Amtelkovion tng kpuoTalAikng Soung tou UiO-66. B) Tetpaedpikotl
niopol. N Oktaedpikol mopot. OL KITPLVEG Kot UITAE 0daALPEG AVIUTPOCWITEVOUV TOV
KEVO XWPO EVTOG TWV OKTAES PLKWV KOl TETPAESPLKWV TOPpwV avtiotolyxa[29].

H oUvBeon TOU OUYKEKPLUEVOU TIAEYPATOG MIMOpPel va  emiteuyBOel

QTOTEAECHOTIKA OKOMO KOl UE TIOAAEG TApAAAQYEG TIOU QTOCKOTIOUV OTN
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xpnon nmotepwv ouvOnkwv, peBOdwv mou esival ¢GAKOTEPEG TPOG TO
nieptBarlov, kaBwg kat otn xprion dtadopeTikwv SLaAAUTWY Kal BEPUOKPACLWV.
Ot aA\ayEC auTEC av Kal Sev emnpealouV ONUAVIKA TNV KPUOTAAALKOTNTA TOU
TIAEYHOTOC, €XOUV QVTIKTUTIO oTNnV €8Ik emipavela. Qaivetal, wotdoo, va
KupLapxel n StalutoBeppuikr) HEBodog ouVOeaNG e XPriON OPYOVLKWY SLOAUTWV
(6lueBurodopuapidio, Sipuebuloaketapiblo Kk.a.), pe Oepuokpacia TOU
Kupaivetal ano 70 éwg 120°C, péow tng omolag ouvtiBevtol UALKA PE €LOIKN
emupaveLa ou prnopei va ptaoet kat ta 1580 m?/g. EmunpocBdeta, gival edikti
KOL N Tapoywyrn o€ UeyAaAn KAlpoko tooo pe avtibpoaotnpeg Slaleimovrog
£€pyou 000 Kol pe peBodoug ocuvexopevng cUVBEONC TTOU Elval TPOTLUOTEPOL OF
Bropnxavikn kAtpako Aoyw vPnAotepng anodoong, XapunAOTEPOU KOOTOUG Kall

peyaAutepou OyKou mapaywyng[65].

Ta xopaktnplotikd tou Ui0-66 kKaBwg Kal OAwV TwWV LOOSOULIKWY OVOAOYWV
TIou TtPoEéKuPav e Xpron SLadOoPETIKWY UTIOKOTOOTATWY Ta KaBLoToUV MOAAG
UTIOOXOUMEVO Of MEYAAO €UPOG edaApPUOYWY, OMWC OTNV KATAAuon, TNV
anoBrkeuon Kal petadopd Gapuakwy, TN pOdnon Kol To SLaXwWPLOUO OUCLWY
UYPNG KoL a€PLag paong aAAd KoL 0Tn XPron ToUuG we alobnTRPEeG KAl TUKVWTEG.
Meyaho &g evliadépov mapouctalel n otabepdtnTa OTO VEPO n omola
anoteAsl LOYUPO TPOCOV yla TNV aLlomoilnar Toug oTnV amoppumavcen Tou
VEPOU OO XPWOTLKEC, BapEa LETAAAD, POPUAKEVTIKA TTPOTOVTA KL TTOpAywya
aUTwWV Kot AAAeg emiPAapeic ovoieg[29].

1.8.2 MOFs pue kavotnta podnong Pb?t

AntoteAwvtag omoudaia anelAn yla tnv avBpwrivn vyeia kot to meptBailoy,
€XouV yivel mpoomaBeleg Ta TEAEUTALO XPOVLA VLA TNV AVATITUEN UALKWV TIOU
StaBEtouv TNV Ikavotnta va podolv poAUuBdo. Avatpéxovtag otnv npoodatn
BBAloypadia TPOKUTTEL AUECA €VOC PEYAAOG aplBuoc tétowwv MOFs mou

€xouv ouvteBel Ewg onuepa, Ke MOANA ano auta va sivat MOFs Zr(IV).

» MOF-808-EDTA
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To Zrs07.76(0OH)0.24(CoH306)2(EDTA)2(HCOO)o.24 1 MOF-808-EDTA eivat éva 6,3-
ouvdedepévo mAgypa {ipkoviou To omoio mepLeExel Suo Ttumoug KAwPwv (cages).
O tetpaedpikol ouvtiBevral and tig deutepelouoeq SOUIKEC LOVASEG OTLC
KOPUGEG TOUG Kal Tov umokataotatn Bevioho-1,3,5-tpikapBolulikd ofl oTig
eTLPAVELEG, EVW OL peyalol kKAwBol oxnuatilovtal amo Toug TETPAeSPLKOUG
KAwPoU¢ ou opyavwvovtal ot KopudeG. To oUVOETO UALKO MPOKUTITEL OO
NV elcaywyn moootntag tou MOF og udatiko SLAAUpO AAATOC HETA vVATpilou
Tou alBulevodiaptvotetpaofikol of€oc (EDTA-2Na). H emthoyn tou EDTA yua
TN UETACUVOETIKN TPOTOTOLNGN TOU OPXIKOU UALKOU €ylve SLOTL Slabétel £€L
Bcoelg mpoodeong, 4 KoPPBOEUALKEC OUABEC KOl 2 TPLTOTAYELS QULVOUASEC
auvéavovtag Tn ouyYEVELa TPOOSECNG TOOO LAAAKWY OCO0 KAl OKANPWV LOVIWV
S6lvovtag t™n Ouvatotnta OSéopevonc Swadopwv  PapEwv  PETAAWV.
Atlomowwvtog to €va KapPofUAlo yla tn ouvdeon tou EDTA pe to MOF,
TIAPOPEVOUV 5 Keveég Béoelg évtatng otn doun tou EDTA yia tn 6€opeuon

BapEwv HETANWV[66].

+EDTA

~HCOOH

MOF-808 MOF-808-EDTA

Ewkova 1.8: Ixnuatikn anetkévion tng doung tou MOF-808-EDTA[66].

Nelpapata Staleimoviog €pyou oe pH=5 £€6sifav taxutatn podnon 22
SLaPOoPETIKWV LOVIWVY, HETAEY TWV OMOLWV Kol LOVTIWV HOAUBSou o€ TooooTO
pHeyaAutepo amnd 90% ota mpwta 5 Aemtd kat 99% UETA TNV LOOPPOTILA, EVW N
KLVNTLKA akoAouBnoe povtédo Peudo-6eutepng taéng. H 10008epuog KOUTTUAN

podnong npooopoiale pe to PoviéAo Langmuir evw n LEYLOTN XWPNTIKOTNTA
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Lovtwv poAuBdou unoloyiotnke ton pe 313 mg/g. Akoun, katéotn duvath n
avayévvnon Tou UALKOU KoL n Xprion tou yla 4 akoun KUkAoug¢ podnong
Statnpwvtag mavw and to 90% TN¢ podPnTKAG TOU KavotntaGs. EmumAfoy,
€ywav melpapata podnong oe otnAn Ue VALKO TARpwong to MOF-808-EDTA
U0 ouvexn pong SlaAupoato¢ mou Tmepleixe MOAUBSO kal AMAa Ovta o€
OUYKEVTPWON 5ppm pe pon 0.25mL/min, amod Omou n TeEALKT) CUYKEVTPWON TOU
HOAuBSou oto e€epxOpevo Slalupa mou PetprBnke pe tn BonBeta ICP-MS ntav
3-5 Ttafelc peyéBoug UIKPOTEPN TNG APXIKAC umoypappilovtag tnv
QTOTEAECLLOTIKOTNTA TOU UALKOU[66].
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Ewkova 1.9: Ta mooooTd amopdkpuvong BapEwv LETAAAWY oo Ta USOTKA
StaAvpata pe tn xprion tou MOF-808-EDTA[66].

> Fe30,@Si0,@Ui0-66-NH; (MFC-N)

H oUleuén HoyvNTIKWV VOVOOWHATIOlwY HE HETAAAO-0PYOVIKA TIAEYHATA VIO
™ podnon Popéwv UETAANWY €XEL ATIAOXOANOEL OPKETA TNV EPEUVNTIKA
kowotnta. Metal twv oUVOETWV UALKWVY TIou €Xouv ouvtebel wg Twpa elval
KOLL TO UALKO P TNV Kwdikn ovopacio MFC-N (6mou MFC amo to magnetic MOF
composites) Tou MPOKUTITEL Ao TNV MPOCOAKN HLAYVNTIKWY VOVOCSWHATIO WY
Fes0,@SiO, otn ouvBetikl mopeia tou ZrgO4(OH)4(NH,-BDC)s 1 UiO-66-
NH,[67].

&
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Ewkova 1.10: Nopeia ouvBeong tou MFC-N[68].
3TN CUVEXELA, HEAETABNKE N KavoTtnTa podnong Lovtwv Pb?*. BpéOnke OTL o€
pH peyalutepo Tou 4 yivetol oxeSOV TIOCOTIKI OMOUAKPUVOHN Tou HOAUBSou
and to SlaAupa, mBavotata AOyw aviovikoU emidavelakol ¢optiou tng
€VWOoNG TToU eUVOEL NAEKTPOOTOTIKN AAANAEMIOpaAON UE KOTLOVIKA LOVTA, OTIWC
QUTA Tou MOAUBSou. EmumtAéov, oL apwopadeg eival okopa pla B€on
npoodeonc. H KNtk tng podnong akohouBnoe povtédo Peudo-6elTepnC
TAa&NC evw n Loopportia erttevxOnke petd amo 20 Aemtd. H 1066gppog KapmuAn
podnong akoholBnoe to HOVTEAO TNC WOBeppou Langmuir, evw n pEylotn
xwpntikotnta Pb?* umoloyiotnke oOtL Looutal pe 102 mg/g. Télog, Katéotn
duvatn n avay£vvnon Tou UALKOU KOl 1N QTTOTEAECHOTIKY EMOVAXPNOLLOTIOINON)
TOU ylo 6 KUKAOUG XWwpLlg¢ onuavtiki oAlayry otn podntTilkh LKOVOTNTO TOU
UALKOU, Omw¢ dailvetal KoL oTo Tapokatw Oiaypoppa. H ekpodnon tou
HOAUuBSou Tou eixe deopeutel og kKABe KUKAO Xpriong katéotn duvartr) votepa
ano £kmAuon tou UALKOU pe HNOs 0.5M. Ot TeAIKEC OUYKEVTIPWOELG TOU
HOAUBSou og kABe Slepyaoia urtodoyiotnkayv pe tn BornBsla GacpaTOoKOTLOG

ICP-OES [68].
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Ewova 1.11: Ikavétnta podpnong Pb?* yia kdBe kUKAO TOU avayevvnuéVou
UALKOU[68].

» HKUST-1

Ewkova 1.12: Mopdoroyia tou HKUST-1 amnd elkéva pikpookorniov SEM[69].
MpoKeLTal ylo €va OUOETEPO TPLOOLAOTATO UETAAAO-OPYQAVIKO TAEYUO HE
XNUWKO tUmo [(Cu)s(BTC),(H,0)3] 6mou BTC* to 1,3,5-BeviohotpikapBoEuliko
aviov, to omoio dépel TNV KWK ovopacia HKUST-1. Ito mAéypa auto
HEAETNONKE n kavotnta podpnong HoAuBdou pe tn PonBesia umepnxwv. H
aflomoinon Twv UNMEPAXWV PaoloTNKE OTO YyeEYOVOC OTL N EVEPYELDL TIOU
TIPOKUTITEL Ao TO PALVOUEVO TNG omnAaiwong guvoel tn petadopa palog,
OUVETIWG Mmopel va emtayuvel t Swadlkacia podpnong. Mapatnpridnke
BéAtiotn podntik kavotnta oe pH=5 akolouBwvtag kiwvntikn Yeuvdo-

beltepnG Taéng, evw n Loopportia eMNABE o€ XpOvo UIKPOTEPO TwV 25 AemTwv.
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H 1066gppog kapmuAn npocopoiale oto povtéAlo Langmuir pe Bdon to omoio n
HEYLOTN XwpnTkotnta Bpébnke ion pe 333 mg/g ywa to HKUST-1. TéAog,
katéotn Ouvat n emovaxpnolgomnoinon ywa 3 KUKAouGg podnong He
TIAPOTNPOVUHEVN HELWON, WOTOCO, TNG POPNTLKAC LKavoTNTaG. H ekpddpnon Tou
HOAUBSoU TpayupatomolnOnke Pe avadeuon LE QTMLOVIOUEVO vepO yla 20
Aemtd. OL TEAIKEC CUYKEVTPWOELG LOAUBSOU o€ KABe Slepyaoia umoloylotnkav
ue tn Bonbela paocpatookorniag ICP-AES[69]. QoTOC0 0 UNXAVIOUOS podnoNng
Pb?* yia To ouykekppuévo MOF sival adteukpiviotog, AapBavovtag umoyn ot

To MOF auto ival aotabeg og udatika Stalvpata.

» DUT-67

To OUYKEKPLUEVO MOF E XNHULKO Tumo
Zrs06(OH),(TDC)4(CH3C0O0);:6.5H,0-4.7DMF TtepLEXEL WG UTIOKOTOLOTATN TO 2,5-
Be10deviodIkapPoEUALKO avioV, HE TO omolo ta Lovta Pb?* evdexopévwe va
UITopoUV va. aAANAETILOpAOOUV TOCO HECW TOU SAKTUALOU OCO Kal TOU OTOUOU
Belou mou £xeL uPnAn taon déopevonc pe Bapca pétalla[70]. To UALKO auTto
HEAETABONKE yLa TNV POPNTLKA TOU LKAVOTNTA TO0O o€ Telpapata Sltaleimovtog
€pyou 000 KOl OE OUVEXOUG PONG OE OTAAN. ITOV MPWTO TUTIO TELPAUATWY
Bp€Bnke OTL N XWPNTIKOTNTA TOU UALKOU avepyetal ota 38.2mg /g MOF yua
podnon oe Bepuokpaocia dwpatiou dapkelag 24 wpwv Kal amd StaAvpa
Pb(NOs), apxikng ouykévtpwong 2100 ppm. 16wag ouykévipwong StdAlupa
S1AABe amnd otAn otnv onolia iyav eloaxbeil 250mg MOF w¢ MANPWTIKO UALKO,
pe pon 0.5 mL/min. Ao tn pETpNoNn TNG TEAKNC CUYKEVTPWONG LOAUBSOU 0TO
e€epxopevo Stalvpa BpeBnke OTL N XWPNTLKOTNTA TOU UALKOU Atav (on HE
98.5mg / g MOF. Ot teAlkéC OUYKEVIPpWOELC HOAUBSoOU o kABe Siepyacia
uTtoAoyiotnkav pe tn BonBela tng dacpatopetpiag ICP-MS[71].
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Ewkova 1.13: Oéoelg aAAnAemnidpaong tou poAuBSou a) pe ta KukAomevtadlevuiia
kol B) pe to Bslodévio. ) Avanapdaotaon doung tov DUT-67[71].

» Fe303NPs@HKUST-1 1y i-MOF
MPOKeLTAL yla €va HOyVNTIKO OUVOETO UAIKO TO OTOL0 TPOKUTTEL ano TO
ouvduaopo payvnTIKwy vavoowpatdiwv Fes0s kot tou HKUST-1. H
katepyaoia twv MOFs pe payvnTIKA UALKQ OTTOOKOTIEL OTNV €UKOAOTEPN
QTMOUOVWOT] TOUG HETA TN pOdnon HE TN XPHon HayvAtn, onwe Gaivetal Kat

OTNV MOPAKATW £KOVA[72].

Before After

Ewkova 1.14: Anopovwon i-MOF amo to awwpnuo LeETa tnv podnon[72].
Ou bokiuég podnong HoAUBSou €6elav OtTL emiTUyXAVETAL WEYAAUTEPO
TLOOOOTO ANMOUAKPUVONG 0€ XaunAotepo pH, umodnAwvovtag otLn podnon dev

yilvetal péow nAektpootatikwyv aAAnAemidpdoewyv, 0w ota AAAA UALKA, 0AAG
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HEOW UTOKATACTAONG 1 AAANG XNUIKAG avTidpaong. EmutAéov, n podnon dev
guvoeital oe uPnAotepeg Bepuokpaocieg. Etol wg PEATIOTEC OUVONKEC
nipoteivovtat ot 25°C kat pH=4. H 1066eppog KapmuAn podpnong npocopolalst
LE TO HoVTEAO Langmuir Kal n PEYLOTN XWPNTKOTNTA TOU UALKOU UTTOAOYIOTNKE
lon pe 610mg/g MOF. MapdAnAa, to UALKO Ttapouciooce afloonpeiwtn
EKAEKTLIKOTNTA WG POG TN podnon HoAuBdou og Slalupa O6mouU cuvuTRPXAV
avtaywviotika wvta Na*, Ca?* kot Mg?*. Qotoco, AOyw TOU UNXOAVIOHOU TNG
pOdnong mou MePABAVEL TNV AVILKATACTOON TOU XOAKOU LE TO HOAUBS0 oTn
doun, av Kol n amopakpuvon UMopel va yivel eUKOAQ KOl OTTOTEAECUATIKA,
AOoyw oAlayng tng Soung kot tng ovotacng Oev elvat duvatn n

EMOVAXPNOLLLOMOLNOoN TOU UALKOU O€ EMOUEVOUG KUKAOUG[72].

» MOF-MA

MOF-MA

> Mercaptosuccinic acid /
» Ewova 1.15: Aoun tou MOF-MA[73].

To ouykekpluéVo UALKO elval évae MOF pe xnuitko tumo ZrgO4(OH)i(MSA)e
(H2MSA= 2-pepkamntoooukiviko ofU). Ou Seopol S-H mou ¢épel n Evwon autn
npoodidouv peyaAn ouyyévela ywo Séopeuon Popéwv HETAAwWY OMwe O
HOAuBSoc. O kapPBofulopddecg dnuilovpyolv emiong LOXYUPoUCS SECUOUG LE TO
{lpKOVLIO Snuoupywvtag €va UALKO uPnAng otabepotntag n doun tou omoiou

dalivetal otnv mapandavw eikova[73].
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H podntiki tkavotnta tou UALKOU nAtav BEATotn o pH=4 evw MOpPEUELVE
LKOLVOTIOLNTLKK) YLOL TNV TIEPLOXH TLHWV armo 3 €wg 7. To mMooooTo amopdKpuvong
Atav navw amnod 92,6% oe 960 Aemtd akoAouBwvtag KNtk Peudo-6eutepng
Taénc. H 10006eppog kKaumuAn npooopoiale oto poviéAlo LooBeppou Hill amo
OOV N HEYLOTN XWPNTLKOTNTA UTtIoAoyioTtnKe o€ 510mg/g MOF. TEAOG, TO UALKO
avayevvnOnke kot Slathpnoe AVEMNPEAOTN TN POPNTIKNA TOU LKOVOTNTA yla 5

KUKAoUC podpnong[73].

» UiO-66-EDA

H atBulevodiapivn (ethylenediamine, oto €€ng EDA) ¢pEpel dUo apvikoug
UTTOKOTOLOTATEG OL Omoiol pumopouv va. aAAnAemidpacouv pe Bapea HETAAAQ
OMwG 0 HOAUBSOG KAl YL AUTO XPNOLUOTOLELTAL EVPEWC OTNV amoppUTIAvVon
TOU vepoU AOYW OXNUATIOMOU OUUTAOKWV He PBapéa pétala. Etol
XPNOLLOTOLNBNKE YLl LETAOUVOETIKN Tpomormnoinon tou UiO-66-NH, divovtag
TeAKa to UiO-66-EDA. H KlvnTikn tng podnong akoAouOnoe to poviélo Peudo-
SelTEPNC TAENG EVW TO TOCOOTO ANMOUAKPUVONG NTAV TAVW arnd 80% UeTa amnod
150 Aemtd. Q¢ BEATiotn T pH BpEBnke n T 6 kKaBwc eival mMavw ano to
LOONAEKTPLKO ONnUelo Tou UALKOU (amompwtoviwon Twv SpacTikwyv opddwy,
apo apvnTiko GopTio mou eVVoEL tn S€opeuon KOTLOVTIWY Pb?) kot katw amno
v TR pH otnv onoia o poAuBdog kataBubiletal wg Pb(OH),. H 1008gppog
KOUTTUAN TiPOoOUOLAlEL 0TO pHoVTEAD Langmuir armo tnv omola umtoAoyioTtnke n
HEYLOTN XWPNTLKOTNTA Tou UALKOU Kal Bp€Onke ion pe 243,9mg/g MOF. TéAog,
Katéotn duvatn n avayévvnon Kol €MOvVOXPNnOoLUonoinon tou UALKoU yla 4

OUVEXOUEVOUC KUKAOUC SLtatnpwvtag tn podnTikA Tou tkavotnta[74].
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Ewkova 1.16: MocooTto amopdkpuvong Bapéwv HETAANWYV yLa KaBe KUKAO podnong
tou UiO-66-EDA[74].
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2.Mewpapatiko Mepoc



2.Mepapatiko LEPOG

2.1 Avtidpaotipla
OAa  Ta YNUIKA ovtldpaothpla Kol oL  opyavikol SLoAUTeEC  Tou

xpnotgornowénkav Atav eumoplkd Sltabéoipa Kal xpnoluonotnonkav onwe
eAndOnoav. To vepd MoU XpnoLULOTIOLONKE ATOV ATLOVIOEVO KaL TIPoNABe amo

LOVTOQVTAAAOKTLKI) OTAAN.

Mo tn ouvBeon Tou opyavikou umokataotatn H,TATP xpnotpomnotnénkayv to 2-
apwvotepedBaiikd ofU (NH,-BDC), 2-Bsiodévio-kapBofardeiidn (C4H3SCHO),
pneBavoin (MeOH), Bopoidpidio tou vatpiou (NaBH;), StaBuhaibépag (Et,0),

QTILOVLOHEVO VEPO Kal 0€LkO o€U (CH3COOH).

Mo TNV AmopovVwWon Tou UETAANO-0pYaVIKOU TIAEYUATOC XPNOLUOTIOWOnKe o
EPYQOTNPLOKA  OUVTIOEUEVOG  OPYOVIKOC UTTOKOTOL.OTATNC H,TATP,
teTpaxAwplovxo {ipkovio (ZrCls), N-N’ Sipeburodopuapidio (DMF), o€lko ol
(CH3COOH), amloviopévo VEPO Kal AKETOVN. Ma TNV MEPALTEPW KATEPYOOLO TOU
UALKOU ylOl TNV OmMOMAKPUVON Twv SLOAUTWV Xpnolpomolndnke atbavoin
(EtOH). N ™ ouvBeon twv odalpdiwv (beads) xpnowuomou}Bnke toO
gepyaotnplaka cuvtiBepevo Zr(IV)-MOF otnv anagpwpévn Tou popdr, To LETA
vatpiou aAag alywikoU of€og (sodium alginate acid), amioviopévo vepo Kot

Stahupa YAwpLovyxou acBeatiov 2%%/,, (CaCly).

OAa ta vdatika StaAvpata Pb(ll) mou xpnoluomoln®nkav o€ TElpAUATO
pPOdNONG MAPACKEUAOCTNKAV ATIO EUMOPLKA StaBgotpo mpotumo dtaAupa Pb(ll)
ouykévipwong 1000ppm kot amd to AAog vitptkol HOAuBdou Pb(NOs),
SLaAupévo o€ QmLOVIOUEVO VEPO. ol TN HEAETN €KAEKTIKOTNTAC TNG pOPNoNg
XPNOLUOTIOLNONKE EKTOC ATIO ATILOVIOUEVO VEPO KOl GUGCLKO LETAAALKO VEPO yLa
TV  JeAETn  emidpaocng TwV  OVIAYWVIOTIKWV  LOVIWV. EmutAéov,
xpnotgorotBnkav kot dAata YAwptouxou vatpiou (NaCl), xAwplouxou

aoBeotiou (CaCl,) kat vitpikoL vatpiou (NaNOs).
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Télog, n T pH ota &wddopa SlaAvpata pubuiotnke pe StaAvpata
udpoxAwpikol of€og (HCI) ouykévtpwong 0.1M kat 1M kat StaAvpata

udpoteldiou tou vatpiov (NaOH) cuykévipwong 0.1M kat 1M.

2.2 JuvBéoelg
Mapakdatw meplypadovtol OAEC Ol MELPAUATIKEG TIOPELEC YLA TNV ATOUOVWON

TOU UTTOKOTOLOTATN KOl TOU HETAAAO-OPYOVIKOU TIAEYHOTOC TTOU HEAETAONKAV
oTNV MoPoU oA LETATITUXLAKH SUTAWUOTLKA.
2.2.1 30vBeon tou opyavikou urnokataotatn 2-((thiophene-2-ylmethyl) amino)

terephthalic acid
H 2-Bsiodevio-kapBolardeiidn (1.5mL, 16.5mmol) mnpootébnke o¢

avadeuopevo alwpnua 2-aptvotepedBalikol of€og (1.2g, 6.62mmol) oe
pneBavoAn (60mL) to omolo epnepléxovtav o KWK GpLain twv 100mL. Eneta
ano 2 wWPEeC elxe oxnUATLOTEL yOAOKTWOEG UTIOKITPIVO SLAAUMA OTO Omolo
npootebnke meploosia tou avaywylkol Bopoudpldiou tou vatpiov (2.5g,
66.08mmol) oe MIKPEC TMOCOTNTEC Kol adol OTAUATNCE N Tapoywyn
duooAibwv H,;, 1o SldAupa mwpoatiotnke odebnke va avadevetal oe
Bepuokpacia dwpatiov 6Ao to Bpadu. Tnv enoOpevn HEPQA, OTO UTIOKLTPLVO
StaAvpa mpootéBnkav 60mL StalbulaBépa ywa tnv KataBubion Asukou
W{UATOG TO Omoio amopovwOnke pe SnBnon. Xtn ouvéxela, To Inua
enavadlaAuBnke oe 50mL armtoviopévou vepou Kal paypatonoldnke 6&vn
kataBuBion pe otaydnv mpoobrikn mocotntag oflkol of€og 6M péxpL to pH
Tou piypartog va ¢ptaocel oto 5.1 (~13mL). Auto eixe wg amotéAeopa tn cuvOeon
TOU OpYyaVLKOU UTTOKOTOOTATN O omoiog €ixe tn popdn Kitpwvol lApatog, To
omolo amopovwOnke pe dOnon, ekmALONKe 2 dopéc pe 5mL amoviopévo
vEPO, pLa e 5mL piypatog pebavoing / vepou os avaloyia 1:5 kat pa pe 2mL
KaBapn¢ aketovne. To oteped o€ Hopdr OKOVNG EVTOVOU KITPLVOU XPWHOTOG
TonoBetNOnke yla Enpavon 24 wpeg oe poupvo 60°C. Andédoon: 1.3g / 70.9%
(wg mpog NH,-BDC) .
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2.2.2 MeTaAAO-0pyaVLKA TAEY AT
MOR-3 (as synthesized): ZrCl; (0.06g, 0.257mmol) kat H,TATP (0.100g,

0.36mmol) tomoBetolvtal oe yudAwo o¢laAidio kat StaAvovral o piypa
Stahutwv 8mL DMF / 1.2mL CH3COOH 17M. To ¢laAiblo odpayiletal pe
KOTAAANAO WA KOl TOTOBETEITOL APXLKA OTOUC UTIEPNXOUG yLat 5 Aemtd. 2tn
OUVEXELA, TO PLOALSLO pe To SLaAupa KITPLVOU XpWHATOG ELOEPXETAL O GOUPVO
120°C 6mou adnvetal yia 4 wpec. AKoAoUBwWC, To piypa PLE TO TEALKO TTPOIOV TNG
avtibpaong, mou Bpiloketal o popdr UTIOKITPLVOU LAMATOC OTOV TIEPLEKTN,
pUxetal oe Oepuokpacia Swpotiou Kal TO TPOIOV ONMOUOVWVETOL HE
duyokeévtplon. Mpaypatonolovvtal 2 ekMAUCELS Ue 5mL DMF kat pa pe 3mlL
KoBaprc aketovng. To TEAKO mpoidv, Tou eival o€ popdr) okdvng UToKitpLVOoU
XpwHaTtog, Tomobeteital yia £npavon og poupvo 60°C yia 12 wpeg. Amodoon :

0.095g.

MOR-3 (solvent free/degassed): la tnv oamopdkpuvon Twv popiwv
SLoAuTwV amo tnv enipavela f/Kat Toug MOPOUC TOU UALKOU OTTOLTELTAL ML
pHeTaouVOEeTIKA Katepyaoia. 0.5g amo to cuvtiBépuevo MOF tomoBetolvtal os
yuaAwo ¢pLaAidio to omolo epneptéxel 10mL EtOH, to pLaAidio mwpatiletat Ko
To piypa adrvetal va avadevetal og Beppokpaocia dwuatiov yia 1 pépa. Tnv
ETOUEVN UEPQ, TO Hiypa UYOKEVTPELTAL, TO OTEPED EKMAUVETOL Lol opa UE
alBavoAn Kol otn CUVEXELX emavarmnpootifetal o yuaAlvo doxelo pe tnv idla
nocotnta StaAutn kot n o Sadkacia emavalapfdavetatl yia 3 HEPEG
OUVOALKA. TO TEALKO TTPOIOV ATOUOVWVETAL HE GUYOKEVTPLON Kol EKMAUVETAL 1
dopa pe 5mL atBavoAng kot 1 dopd pe 3mL kabBaprig aketovng. Emelta,
adnrvetat va EnpavBet o poupvo 60°C yla 12 wpeg. H TeALKn Katepyaoia yla
TNV amopdkpuvon twv SlaAutwv yivetol oe avtAia kevou, omou to MOF
Beppaivetal umo kevo otoug 80°C yia 1 wpa kat otoug 150°C yia 8 wpeg. H
anodoon eival mepimouv 350mg adevog ylatl amopokpUVovVTaL Ta LOPLO TWV
SloAutwy, adetépou SLOTL mapatnpeital anwAela moootntag tou MOF oTig

duyokevtploeLg.
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2.2.3 ZUvBeon odapdiwv Tou MOR-3 yLa xprion we MANPWTLKO UALKO

othAng
Z0vBeon MOR-3@CA beads: 0.51g anaspwpévou MOF mpootiBevtal os

10mL armioviopévou vepou Kal avadevovrtal os Beppokpaocia dwuatiou yua 30
Aemtd. AkoAoUBwc, mpootiBevtal 60mg aAyLvikoU vaTtpilou Kal To OAo Hiypa
avadevetal yio 2 wpeG (awpnua A). e motipt (oew¢ Ttwv 150mL
napaockevaletat udatiko dStahvpa CaCl, 2% w/w. 3 auto mpootiBetal otaydnv
ue tn BonBela munétag Pasteur to altwpnua A yia tn dnuwoupyia odatptdiwv
(beads) peyeBouc pepkwv xAlootwv. Ta odapidla adrivovral va
otaBeponoinbolv oto Stalupa yia 30 Aemtd Kal €netta SinbBouvtal og NOBUO
Blchner kal ekmA€évovtal HUE QATILOVIOUEVO VEPO YLO TNV QTTOHAKPUVON TNG
neplooelog YAwplovxou acPeotiov. TéEAog, adrivovtal 12 wpec ywa €npoavon

otoug 60°C. Anodoon: 0.542¢g

2.2.4 MeTaA\o-opyaviko UALKO TO OO0 TIPOEKUE ard TN podnaon Tou
avaAutn (Pb(Il)@MOR-3)
H amopdvwon tou UALKOU HETA Tn podnon Tou avaAUTn mpaypotomnot)nke

HE Telpapa SlaAsimoviog £pyou xpnotlpomolwvtag udatiko dtaAvpa Pb(ll)
OUYKEVTPWONG 250ppm pH~4.3. H Stadikaoia amopdvwong yivetal we e€nc: 2e
10mL vdatikov SdtaAupatog tou pocg podpnaon Pb(ll) mpootiBevtal 10mg tou
ATMOEPWHEVOU UALKOU Kol To OAo TiBetal mpog avadevon ywa 10 Aemrtd. 2tn
OUVEXELD, TO UALKO OTTOLOVWVETOL HE PUYOKEVTIPLON KOl EKTTAEVETOL HE
QTILOVIOMEVO VEPO Kal aKeTovn. AkoAouBel Enpavon otoug 60°C. Alodoon: 9
mg.

2.3 MeBodol xapaktnplopou-Opyavoloyia

NepiOAaon AKTivwv-X ZKOvNnG: O HeTproelg mepiBAaong akTvwv-X o€ oKovn
npayupatonowionkav oe éva meplOAaocipetpo Bruker D2-Phaser XRD (mnyn

CuKa, A=1.5418 A). H texvikn auth eival amapaitnTn yla Tty TaUTonoinon tnge

41



Sdoung kat g otabepotntag tou cuvtiBepevou MOF oe Stadopeg cuvOnKeg.
Ta 6edopéva mepibAaong tou Zr(IV)-MOF xpnoiponoliOnkav yla tnv eVpecn
™¢ povadiaiag kupeAidag, tTnv avaluon Le Bail kat tnv BeAtiotonoinon tng

Sdoung pe tn uéBodo Rietveld.

Daocpatookonia Mupnvikov Mayvntikou Zuvtoviopou (NMR) : H pébodog
QLUTI XPNOLUOTIOLELTOL YLO TO XOPOKTNPLOUO TOGO TOU OPYAVIKOU UTIOKATAOTATN
000 KOl TOU HETAAAO-0pYyOVIKOU MAEYUATOG. A To oKkomo auto, eAndOnoav
daopata nmpwrtoviou oe StaAuteg D,O/NaOH. 10mg tng mPog XapaKTNPLOUO
€vwong npootiBevtal o 0.5mL D,0 oto omoio £xouv MPonNyoupEVWE pooTeDel
20mg NaOH. To 0Ao tomoBeteital yio 5 AEMTA OTOUC UTMEPAXOUG KO, OTN
OUVEXELX, HUYOKEVTPEITAL QMO OMOU TEALKA OTIOUOVWVETOL TO UTIEPKELUEVO
StaAupa yia tn Ste€aywyn tng HETPNoNG. OL LETPAOELG TpayLOTOTOLBnKav og
daopatodwtopetpo 400 MHz tn¢ Bruker.

Qdaopatookonia YmépuBpng AktwvofoAiag (FTIR): Ou petprioelg ATR-IR
OTEPEWV UALKWV Kataypadnkav otnv meplox 4000-400 cm™ oe Agilent Cary

630 FTIR.

Metpnoeig Podpnong Alwtou: Ot 1o6Beppuec podnong N, mpaypatonotnénkav
otou¢ 77 K og mopooipetpo Quantachrome Novatouch LX;. Mptv tnv avaAuon
Tou KABe delypatog mponynOnke amagpwon UTO KEVO apxLlka otoug 80°C yia 1
wpa Kal €netta otoug 150°C yia 8 wpec. H eldikn emudAaveLla UTTOAOYLOTNKE UE
T HEBoSo Brunauer-Emmett-Teller  BET amnod ta debopéva podnong alwtou

o€ OXETIKEG TLEoeLg 0.05-0.2 (P/Po).

Oeppootaduky Avaduon (TGA): Ou peléteg BOepuikng otabepotntag
Sie€nxbnoav oe BepuoBapupetpikd avaiutr SETSYS Evolution. H Bepuikn
avaluon €ywve o atpoodalplko agpa (pubuoc pong 50 mL/min), ano toug 20

£€W¢ Ko toug 780°C, pe tn Beppokpacia va avéavetatl 10°C/min.
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Métpnon {-duvapikov: To (-6uvauikd petpnbnke oe éva Malvern Zetasizer
Nano ZS, ot tpiyoeldny kupeAidba Vo nAektpoblwv HE TNV TEXVIKN HLKPO-

nAektpodopnong Laser-Doppler.

Daocpatookonia oTEPEAG Kataotacng uneplwdoug-opatou (UV-Vis solid
Spectroscopy): Ta ¢daopata unmePLWOOUG-0pOTOU OE OTEPEA KOATAOTAON
eA\ndOnoav os Beppokpaocia Swuatiov o éva pacpatoPwtopeTpo Shimadzu
UV-2600i pe odaipa oAokAnpwong yla UETPNOEL avakAaong, tumou ISR-
2600Plus, pe eUpog pEtpnong amod 200 €wg 1400 nm.

daopatookomnia Atopkng Amoppodnong: O TMPoodLopLoPOG apPXLKWY KoL
TEAKWV CUYKEVTPWOEWV OTIG HUEAETEC podnang Pb(ll), mpayuatonoBnke os
dACUATOPWTOUETPO OTOULKNG amoppodnong Shimadzu AA-6800, pe koiln
Auxvia kaBodou ota 12 mA. MNa cuykevtpwoelg Pb(ll) Tng tafewc Twv ppm n
atopomnoilnon mpaypotonowtnke oe pAoya pe piypo agpo Kol akeTuAeviou,
EVW YLlO OUYKEVTIPWOEL TNG TAfewg Twv ppb xpnolpomowiBnke ¢dolpvog
ypaoditn. Mpwv amd tn Slevépyelo TwV UETPAOEWVY, TIPAYHLOTOMOLNONKE Hia
TPOTUTIN KOUTIUAN avadpopag amo TNV apaiwaon epmoptkou Stalvpatog Pb, pe

OKOTIO TN CUCXETLON TNG LETPOUUEVNG AopPOdNONG LE TNV CUYKEVTPWON.

2.4 MeA€tn podpnong Pb(ll) pe mepapata dwaAeinovrog Epyou
OAec oL peAéteg podnong Pb(ll) pe mewpdapata SwaAeimovtog €pyou

npaypatonondnkav o Beppokpacia dwuatiov Slatnpwvtag otabepn Tnv
avaloyia podpntikol UAkou/SlaAvpatog, V/m~1000 mL/g. H mopsia
QTOMOVWONEG TwV OLAAUUATWY TIPAYHOATOTOOUVTAV HE PUYOKEVTIPLON Kol
TIEPALTEPW KABAPLOUO e por) amo GIATPO KATAKPATNONG OTEPEWYV CWHATLO LWV
(6lapetpoc mopwv 0.22um). Emetta, ta StaAvpata Atav €Tolua ylo TOv

TIPOOOLOPLOUO TNG TEALKAG CUYKEVTPWONG TOU avaAuTn.

H pelétn tng podnong &ekivnoe pe tn Sle€aywyn OELpAG MEPAUATWY TIOU

amookomoloav otn UEAETN TNG KWVNTIKAG TNG podnong. MNa To okomod auTto,
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mapookeuaotnke vdatikd Stalupa Pb(ll) 1ppm, amod tnv apaiwon eumopika
SlaBéaipou mpotumou Stalvpatog cuykEvtpwong 1000ppm, Tou omolou N TLUA
pH puBuiotnke oto 7 (amd 3.3 mou Atav n Tt pH tou SlaAvpatog Onwg
npogkuPe amnod tnv apaiwon). AkoAoUBwg, €ylve mpostolpacia 12 plaidiwv
ota omoila mpootédnkav amd 10mg uAltkoUu kat 10mL tou mopamnavw
SloAUpatog kat to kabéva tEBnke uno avadesuon yla SLapopeTkd XPOvo, O
omnoio¢ kupavonke amo 1 €wg 10, 20 kot 40 Aemtd. Metd 1O MEPAG TNG
avadeuong, ta StaAlvpoata kaboplotnkov Kol LETPONKE N TEALKH CUYKEVTPWON
HOoAuBbdou pe tn BonBela pacpatookomniag atoulkng anoppodnong oe poupvo

ypaoditn.

Itn ouvéxela, HeAetnOnke n enidpaon tou pH otn podntikn LKAVOTNTA TOU
MOF. H meploxn Tipwv pH mou emiAéxOnke kupaivovtav ano to 0 £wg to 11,
KaBw¢ og uPnAotepeg TIHEC pH €xoupe TNV KataBuBlon tou pHoAuBdou oto
StaAvpa wg ahoag Pb(OH),. Kat edw xpnotpomnotndnke vdatiko dtahvpa Pb(ll)
lppm, evw w¢ xpovog avadeuong emAéxOnkav ta 10 Aemtda. To pH twv
SLOAUMATWY PUBUIOTNKE HE UEPLKEC OTAYOVEG o apatd dtoAvpata HCl kot
NaOH. Ot TeAlKEC OUYKEVTPWOELG MOAUBSOU TMpoadloplotnkav Kal TAAL UE

daopaTooKOT ATOULKAG amoppodnong o poupvo ypaditn.

H 1006eppoc KaumuAn podnong mpoodloploTtnKe e MEPAUATA aVASEUONC
TOU UALKOU o€ StaAvpata StadopeTikwy ouykevtpwoewyv PoAuBdou (50, 100-
1000ppm, pH~5) ywa 10 Aenttd. Ta StoAvpata mpoékupav amod tnv apaiwon
mukvoU StaAUupoatog poAuBdou to omolo mapackevdotnke pe StadAuon Tou
aAatog Pb(NOs), og amtoviopévo wote n cuykévipwon Pb(ll) va eivat 1000ppm
(pH~5.1). Meta NV amopdévwon TtTwv OSlaAupdtwv Kal tnv edappoyn
KOTAAANAWY OPALWOEWY, EYLVE TIPOCOLOPLOUOC TNG TEALKNG OUYKEVIPWONG

HOAUBSOoU pe daopaTtooKomia AToULKAG anoppodnong o pAOya aKETUAEVIOU.

ErunpooBeta, €fetdotnke n podnTKN KOVOTNTA TOU UALKOU Topoucia

QVTAYWVLOTIKWV Oviwv Nat kat Ca?* og ypoppopoplakn mepicosta 100 kat
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1000 ¢opég peyaAlTepn TNG AVTLOTOLXNG TOU OTOXEUOUEVOU Lovtog Pb(ll).
XpnotuornowBnke dtahupa Pb(ll) cuykévtpwong 0.0048mM | 1ppm oto omoio
EKTOC TOU UAWKOU Tmpootedbnkav kot StaAvpata NaCl, CaCl,, NaNOs; oe
KOTAAANAEC TOOOTNTEC Yyl TNV EMITEVEN TWV EMBUUNTWY  OVAAOYLWV.
MapAdAAnAa, TPAYHOTOTIOONKE KoL LEAETN EMISPAONG TWV OVTOYWVIOTIKWV
LOVTWV O€ Tpayuatiko Oelypa, pe v apaiwon (100 ¢opég) mukvou
StoAUpatog poAuBdou 4.8mM i 1000ppm o€ pUOLKO LETOAALKO vepPO. O XpOvoCg
avadeuong OAwV Twv SLoAupaTwy Atav 10 AeMTA Kl oL TEALKEG CUYKEVIPWOELC
HOAuBSou mpoaodloploTnkav HE POOCUATOOKOMIA ATOMLKNAG amoppodnong os
doupvo ypaditn.

2.5 Mehetn podnaong Pb(ll) umo por

MNa tnv HeAETn podpnong HOAUBOOU HE TELPAUOTA OUVEXOUG PONG,
xpnotpornotenke 1o cuvBeto UALKO MOR-3@CA o€ yuaAivn otAn SLopEtpou
0.7cm amo tnv omnoia dtABe dStalupa Pb(ll) cuykévipwaong 0.48mM r; 100ppm.
2.5.1 Awadwaoia podpnong Pb(ll) umo pon

1.03g tou MOR-3@CA (beads) akivntomolndnkav wg MANPWTLIKO UAIKO O€
yudAwvn otiAn pe teAko vPog 7cm. O oykocg kAivne (bed volume=hmr?, érou h
1o UPoc Twv beads otn otnAn) umoloyiotnke ota 2.7mL. Etol, Siépyovtav
TooOTNTEC TWV 2.7mL amod 1o StdAuvpa poAuBdou otn otnAn pe tn Bonbela
olpwviou, Ta omola eEEpyovtav pe pon mepimouv 1.5mL/min kat culAéyovtav
o€ YuaAwvoug Soklpaotikol¢ owAnves. O TPoodLoPLlopOS TNG TEALKAG
OUYKEVTpWONG  HMOAUBSou  ota  Oelypata  mpoypatomowOnke  pe
daopatookonia atopkng anoppodnonc os pAdya akeTUAEVIOU.

2.5.2 Aadkaoia avaygvvnong tng otnAng

Ma TNV avayévwnon tou MANPwTLKoU UALKOU tn¢ otnAng SinABe mooodtnta
10mL HCI 0.1M amo tn othAn yia ekpodpnon touv poAuBdou amo 1o UALKO. It
OUVEXELQ, EYLVE EKTTAUGCHN TNG OTAANG UE OTILOVIOMEVO VEPO UEXPL N TR pH Tou

e€epxopevou SLaAupatog va eival peyadutepn amo 4. H ékmAuon €yLve yla tnv
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QMopAKpUVON TNG Teplooslag oféog amo ta beads. AkoAoUBwg, n otAAn

UTTOpoUCE va EmavaypnotpomnotnBel yla emopevous KUKAOUG.
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3.AntoteAéopata-Zuintnon



3.AnoteAeopata-2ulntnon

3.1 ZUvBeon Kal AmoUOVWon UALKWY

3.1.1 2UvBeon opyavikoU UTIOKATOOTATN
H emloyn tou umnokataotatn 2-((thiophene-2-ylmethyl) amino) terephthalic

acid mpaypotomolOnke Pe OTOXO TN oUVOeon &vog HETAAAO-OpYyOVLKOU
MAEypoto¢ TO omolo Ba  ¢dépel  TOANOTMAEG  AELTOUPYIKEG  OHASEC
aAAnAenidpaong pe wovta Bapewv petaAwy, Onwe ta ovta Pb(ll). Eldikotepa
o mevtadlevulikog OaktUuAlog tou Belodeviou mapoucitalel dlaitepo
evéladépov Aoyw ¢ uPnAnc cuyyEVeLaG TTou Ttapoucilalel To Belo pe Bapéa
HETAAAQ, cUpdwva pe TN BLBAloypadia.

OH o)

(o] OH

Elkova 3.1 : IYNUATIKA OITELKOVLON TNG SOWNE Tou opyavikoU umokataotdtn H,TATP.
H ouvBeon tou umokataotatn ekwa pe tn dSnuoupyia plag Baong Schiff
(luivng) avapeoa otnv aptvopada tou 2-tepedpBalikol of€oc Kal otnv
kapBovulopdda tng 2-6elodevio-kapPfofardelibng pe tnv mpoobnkn NG
TeAeuTalag o aLWPNUA TOU TIPWTOU o€ PEBAVOAN.

OH (0}

+ o S H
MeOH (o}

NH, ‘ —_— N/ $
0™ “OH / 07 “oH \E}

2-aminoterephthalic acid thiophene-2-carbaldehyde  (E)-2-((thiophen-2-ylmethylene)amino)terephthalic acid

Ewkova 3.2 : Mpwto otadlo avtidpaonc - Snuoupyia tng Baonc Schiff.
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ITn OUuVEXEla, yivetal otadlakn mpoodnkn tou avaywylkol NaBH; yiwa tnv
avaywyr tou dumAol deopou C=N Kal Tn LETATPOTH TNG LKivNG o€ apivn. Emeldn
n avtidpaon mou AapBavel xwpa eival loxupd e€wBepun AOyw tnN¢ mapaywyns

H,, N mpooBnkn Tou avaywylkoU HECOU YIVETAL OE ULKPEC TTIOCOTNTEG.

® e
OH o Na O o
H H
2 NaBH 2
= S 4 c s
o |
o OH / o o Na /

(E)-2-((thiophen-2- . . .
ylmethylene)amino)terephthalic acid sodium 2-((thiophen-2-ylmethyl)amino)terephthalate

Ewkova 3.3 AsUtepo otddlo avtidpaong — avaywyn LHUWLKoU dgouou.

H xprion tou StatBulatBépa £€xel WG 0TOXO TNV KATaBUBLON TOU HETA vaTplou
AAOTOC TOU UTIOKOTOOTATN TO oOrmoio adou amopovwBdel pe bnbnon,
enavaSlaAUETAL OE QTILOVIOUEVO VEPO KOl LETATPEMETOL O 0EU UE TPOCONKN
o&lkoL 0€€oc 6M péxpLTo pH va eival mepimou (oo pe 5.1. I€ xapunAOTEPEG TIUEC
pH mapatnpnBnke dltaomaon tou eo0poU HeTAlL apivng Kat pebulevopadacg,

yU auTO Kol Tpaypatomnolovvtav otadlakn mpoobnkn of€og e TAUTOXPOVN

HeTpnon pH.
® o
NaO_ _O HO_ _O
H2 22
N/ c S H,0 / CH;COOH N/ S
N — = H
o2 \ / H=5.1 \ /
07 No Na pH=S. 07 oH

sodium 2-((thiophen-2-ylmethyl)amino)terephthalate  2-((thiophen-2-ylmethyl)amino)terephthalic acid

Ewkova 3.4 : To teAikd otadlo olvBeong tou opyoavikol umokotaotdtn HoTATP — petatpori

TOU HETA voTpiou dAatog og ofD.
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3.1.2 20vBeon MOR-3 (as synthesized)
210 MAQLOLO TNG MAPOUCAC UETATITUXLAKAG SUTAWUATIKAG TTPAYLOTOTOoW0nKE

n ouvBeon evog VEou PeTaAlo-opyavikoU MAEypatog Zr(lV) He umokaTaoTatn
to H,TAPT. To UAIKO ouvtéBnke pe tn StaAutoBepuikn néBodo, cuudwva pe

TNV MAPAKATW aviidpaon:

DMF/CH;COOH
ZrCl, + H,TAPT ——— 3 [Zr0,(OH),(H,0)4(TAPT); 33(NH,BDC)( 7](DMF),(HCI)(H,0),
120°C, 4h

Ewova 3.5 : Avtidpaon olvBeong tou MOR-3.

MapotL O OXNUATIOUMOGC TOU TPOLOVTOC E£XEL TIPOXWPNOEL OPKETA OF
OUVTOUOTEPO XPOVO, TO MiyHa Tapapével oto ¢polpvo ylo TNV auvénon
anodoonc tng avtidpaonc. H umokitpivn okovn tou MOR-3 amopovVwVETaL UE
duyokEvtplon ou cuvoSeleTal Ao eKMAVCELG e DMF, armloviopévo vepO Kall
aKeTOVN. AKkoAouBel Enpavon otoug 60°C. To MPoidV OMWE TPOKUTITEL OO TN
ouvBeon pEpel popla StaAutn DMF, HCI (mou mpokUmTeL amod tnv udpoAuach Tou
ZrCls) kot CH3COOH. MNa tnv evepyormoinon Tou UALKOU, TIPOKELUEVOU Val Elval
anoteAeopatikO otn podnon Pb?t, udlotatal mepaltépw KotEpyooia

QTOMAKPUVONG TWV LOPLWV SLOAUTWV KoL UTIOAELUUATWY OEEWV.

Ewkova 3.6: To MOR-3 6nwc cuvtiBetal.
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3.1.3 Anopdévwon MOR-3 (degassed/solvent free)
Itnv npoonadadela BeAtiotonoinong tng podntikng tkavotntag tou MOF, mpv

TNV XPNon Tou O TMElpApATA podnong, mponynbnke kotepyacia yla tnv
amopakpuvon Twv Sltalutwy. Apxlkd, To UALKO avadeltnke pe albavoAn oe
Bepuokpacia Swuatiou yia 3 nUEPEC (kABe pépa pe Kawvoupyla moootnta
alBavoAng) pe okomd tnv avtoAlayn tTwv poplwv Twv SLOAUTWV HE HopLa
alBavoAng, n omoila €xel XapnAotepo onueio l€oswg Kol gival gUKOAN n
QIOMAKPUVOH TNG LE NILOTEPN BEpUIKN KaTtepyaoia. QoTd00, yla TNV OPLOTIKN
QIOMAKPUVON TWV Hoplwv Slalutwyv Kal tng atbavoAng amod to UALKO (tnv
ETLPAVELO KOL TO ECWTEPLKO TIOPWV), KABWG KoL TWV UTTOAELUUATWY OEEWYV,
TIPAYLATOTIOLNONKE amagpwaon Umo Kevo pe avénaon tng Bepuokpaciag os SUo

BAuata.

Zr(IV)-MOF (as synthesized) DEtOH,x3 days, 25°C, [Zr0 4(OH)g(H,0),(TAPT); 33(NH,BDC)y ¢71(H,0)

2) degass 80°C, 1h /150°C, 8h

Elkova 3.7: ZUVOTTLKN Tteplypadr] TG KOTEPYACLOG AMOUAKPUVONG SLAAUTWV.

Me 1O MEpag TNG KateEpyaoiag To UALKO Xpnolpomoleital ansuBeiag evw n
KPUOTAAALKOTNTA TOu dlotnpeital aképoln Onwcg mpoékue amd Tov

XOPAKTNPLOUO TOU.

Ewkova 3.8 : H tehikr popdr tou MOR-3 PETA KO TNV AMOUAKPUVON TWV SLaAUTWV.
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3.1.5 Anopdvwon Pb(I)@MOR-3 petd tn podnon
H otaBepdtnta Tou UALKOU OTO VEPO Kal N UTapén AELTOUPYLKWY OPASWY OTN

doun tou pe taon Oféopeuong Papéwv HETAANWV ATavV  KATAAAnAa
XOPOAKTNPLOTLKA YL TN UEAETN TNG LKAVOTNTAC PODPNONG KATIOVIWV OMWC TO
Pb(Il). Ma Tov XapaKTNPLOKO TOU UALKOU PETA TN podnon, emavaAndinke Eva
neipapa Slalelmovtog €pyou pe TNV avadeuon MoooOTNTAC TOU UALKOU OfF
SLaAupa tou mepleixe Tov avaAUThn 0TN CUYKEVTPWOT TIOU TO UALKO TOPOUCLOoE
™ héylotn xwpntikotnta. O xpovog avadeuong ntav 10 Aemtd Kat akoAovBnoe
N AMOUOVWOoN TOU UALKOU UE GUYOKEVTPLON KAl EKTTAUCELG LLE QTILOVIOUEVO VEPO
KoL KETOVN. MEeTa Kal tnv Enpavon otoug 60°C, To UALKO amopovwBOnKe umo T

Hopdn OKOVNG EVTOVOU KITPLVOU XPWHATOG.

Ewkova 3.9: To Pb(Il)@MOR-3.

3.1.6 2UvBeon tou MOR-3@CA

Evag amod tou¢ PBaolkOTEPOUC OTOXOUG TNG Tapoloac epyaciag ATav n
enitevén Ole€aywyng podnong HE TEPAUATA OCUVEXOUG PONG, TO omoia
TIPOoOUOLAlOUV TIC TIPOYMATIKEC ouvBnkeg amoppumavonc. H dnuioupyia,
WOTO0O0, OLWPNUOTOG TOU UAIKOU OTOo VepPO, Kablotovoes aduvatn TNV
aneuBelog xprion Tou w¢ MANPWTLKO UALKO o€ otnAn. Etol, mpaypatonow)onke
gl Tpormomoinon Tou UAIKOU HE aAylvikO aoféotio oUTw¢ wWOoTE va
dnuoupynBouv odatpidla anod to UAKO ta omola dev SlaoTelpovtal oTo vepo
AOyw erukaAuPng e éva Aemto otpwpa alywvikol acfBeotiou, evw datnpouv

avaAdoiwtn tn podPnTikn tkavotnta Tou UAKoU. Atilel va onuelwBel mwg to
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OUVOETO UAIKO pmopouce va xpnotpomnolnBel mAéov unmo auth tn popdn o€
otAAn, pe tnv avaloyia MOR-3/aAywvikol acBeotiou va sival ion pe 8.5,

ovaAoyio TETOLO WOTE VAL NV EMNPEATETAL ONUAVILKA N KLVNTIKA TG podnong.

% Ca%*
% Ca?*

CacCl, 2% bath

Ewkova 3.10: Aplotepd n OXNUATLKA QITELKOVLON TiposToLlaciag Twy beads. As€la n Soun Tou

oAywikoU acBeotiou.

Ewkova 3.11: MOR-3@CA beads.
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3.2 XopaKTNPLOUOG UALKWVY

3.2.1 XapaKTnpLoKOG OpYOVLKOU UTIOKATAOTATN

3.2.1.1 ®aouatookortia NMupnvikou Mayvntikou Zuvtoviouou (NMR)
H ¢aopatookoniac NMR amotéAece pla amd TIC KUPLEG TEXVLKEG TIOU

€papUOOTNKAV VLA TO XOPAKTNPLOMO TWV UALKWY OTWE KAl TOU UTIOKOTOLOTATN.
Mpokelpévou va eival ouykpiolpa ta paocpata yia OAa ta UALKA, wg SlaAUTeg
xpnotporowt®nkav D,O kat NaOH. Itnv mepintwon TOU UTIOKOTOOTATH TO

daopa nou eAndON ATAV TO MAPAKATW:

oH o \
I H H
|
' |
H, S ’
H nH—"C i / !
o Ho H/ \\H 6
y 4
1 5
‘3 726 H
I i
' [ ”
I\ J" I h ]
— /! JVIL_ UL e S |
8 85888 &
— ~

Ewikdva 3.12: To ddopo *H NMR tou opyavikol umokataotdtn.

Amo ta Sedopéva tou dpacpatog Aappavovtal MANPOPOPLEG OXETLKA LE TNV
entuxia Tng cuvBeONC, TO TOCOOTO EVATOUEIVOVTOG avTlOpwVTog Kabwg Kal
TUXOV TTPOCULEELG 0TO POoioV. H TalTon TwV mopatnpoUUEVWY KOPUDWV LIE TLG
avtioTtolxec oto BewpnTiko dpaopa emBeBatwveL TNV emttuyxia tng ouvOeoNnG Kal
TNV AMopOVWaon ToU UTTOKATOOTATN XwpeLg TNV UTtapén avitdpwvtog Kot AAAwY
npoopiéewv. OL KOPUPEG avTLOTOLXOUV OTa 8 TMPWTOvVIa TNG £vwong, 2
aAelpatika Kal 6 apwpatika. H emumAéov kopudr ota 4.75ppm avILOTOLXEL OTO

SLoAUTN. TéAOG, amouoldlel To MPWTOVLO TNG aplvouddag eneldn kabiotatal
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evalafluo oto vepd, evw TA TPWIOVIA Twv KapBofulopdadwv bev
eudavilovratl ylati oe aAkoAlkd StaAupa ot kapBofulopadeg udiotavral

anonpwTtoviwaon.

3.2.1.2 ®aouatookortia unépudpnc aktivoBoAiac (FT-IR)
Ml aKOUn TEXVIK TIOU XPNOLUOTONONKE GCUUMANPWHATIKA Ylo TO

XOPOAKTNPLOHUO TOU OPYOVIKOU UTIOKATOOTATN ATtov N GacUaTOoKOTIo
unEpuBpng aktivoPBoAiag. Ito dacua unepuBbpou evrtomilovral MOAUAPLOUEC
KOPUGDEG, OL TIEPLOCOTEPEC €K TWV OMOLWV QVTLOTOLXOUV Ot OOVAOELG TWV
kapBoulopadwyv Kat tTng aptvopadag. >ta 3395 cm evroniletal n d6vnon
Taong tou deopol N-H tng deutepotayoug apivng. AkohouBel ota 2800-2900
cm™? n 66vnon taong twv dsopwv C-H tou apwpatikov daktuliou. Emetta n
kKopudpry ota 2600-2700 cm? amobibetat otn Sdvnon TAONG TNG
pnebulevopadac. H ofsia kopudr ota 1677 cm™ avtiotolyel otn S6vnon tdong
Tou KapBovuliou Twv kapBofulopddwy. Aro tn dovnon kapudng touv dsopouv
O-H npokumtel kopudn ota 1453 cm™. ‘Evtovn ival kat n kopudr ota 1237 cm-
! mou avtwotowel otn &dévnon tdong tou &sopol C-N. Télog, Suo
XOPAKTNPLOTIKEG TaLViEG YLa To Belodévio evtomiovtal n pa ota 698 cm™ mou
avtiotolxel otnv 6ovnon tou deopou C-H ektoc emumédou tou daktuAiou (out
of plane vibration) kat n &\\n ota 574 cm™ mou avtiotolketl otn dévnon tdong

tou Seopou C-S-C [75].
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Ewkova 3.13: To paopa untepuBpou Tou opyaviIKoU UTTOKATAOTATH.

3.2.2 XapaKtnpLopOG LETOAAO-OPYAVLKOU TIAEYLLOTOG

3.2.2.1 MNepidAaon aktivwv-X akovng (PXRD)
Ao T OTLYUN TIou eV KATEDSTN SuvaTh N ATIOUOVWGON LOVOKPUOTAAWY KATA

TN ouvBeaon TwWV UALKWY, xpnottomoltnke n mepiBAaon aktvwv-X okovng yla
TO XOPAKTNPELWOUO Tou MOR-3 KOl CUYKEKPLUEVA YLO TOV TIPOCSLOPLOUO TNG
KPUOTAAALKOTNTAC, TNG otaBepotntag o Stadopeg oUVONKES, TwV SOUIKWV
XOPOKTNPLOTIKWY TOU KABWG EMioNG KAl TUXOV AAAQY WV TWV TTOPATIAVW UETA TN
podnon. To tedevutailo €ylve HE TN OUYKPLON TWV TEPLOAACLYPAUUATWY TOU
MOR-3 mtpLv Kot HeTa ) podnon. Ta dedopéva nepiBAaong akTivwv-X okovng
yla to MOR-3 xpnolpomow}Onkav yla Tov Mpoodloplopd tng povadiaiog
kupeAidag kat tnG opadag cuPUETPLag XWPOU (la/m) LE XPriON TOU AOYLOULKOU
TOPAS [76]. Mwo akpBric mpoodloplopdg tng povadiaioag KupeAldag Kat tng
kaBapotntag Ttwv Oelypdtwyv €ylve HEow avaiuong Le Bail, pe ta

anoteAéopata va eivat moAU kaAd, emiBePfalwvovrtag tnv opBotnta Ttou
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npoodLoplopou tn¢ povadiaiag kupeAidag kat Tnv e€alpeTIkn KABapoTnTa TWV

Sdelypatwy (ewkoveg 3.14, 3.15 kat 3.20).

H néBodoc Le Bail xpnoiponolOnke kabwg emitpénel tn BeAtiotonoinon g
povadlaiag kupeAibag, Twv TAPOUETPWV KOL TWV EVIACEWV TOU
nepBAactypappotog evw Bonba otn Ste€oywyr) CUUMEPACUATWY OXETIKA UE
v kobBapotnta Tou Oelypatog. Emeldny mpokettal yia  po pEBodo
BeAtiotomnoinong, ot dlaotaocelg tng povadiaiag kuPeAidag kabwg kal pa
TIPWTN EKTLUNON TNG OUASAC CULLETPLOG XWPOU ELVAL TIPOATIALTOUEVA YL TNV
epapuoyn ™. Ta Sedopéva auta mpoodlopilovral amd to cell indexing.
MpOoKeLTaL YeEVIKA yla pia ypriyopn HEBodo BeAtiotomoinong n omoia Sivel tn
Sduvatotnta npoodloplopol TNG akpLBouc opadac CULHETPLOC XWPOU, OTOLXELO

Kplolpo yia tnv eniluon tng doung tou MOF.

Le Bail
| MOR-3 as synthesized
Rp = 3.67%, pr =4.97%

Intensity (a.u.)

10 20 30 40 50 60
2 theta (degree)

Ewkova 3.14: Awaypoppa Le Bail tou MOR-3 6nwg mpokUmtel amo th StaAutoBepuikn ouvBeon.
MwB otaupol: Tmelpapatikd meplOAaciypappa.  Kokkivn  ypapun:  Bswpntiko

nieptOhaoiypappa. Malpn ypoauun: Stadopd petafd mepapotikol Kot Bewpntikol
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neplBAaoclypappatog. Mpaclveg umapeg: Kopudeg Bragg. Awootdaoelg  kupeAidog:
a=b=14.712(2) )A, c=20.782(2) A, v=4498(1) A3 .

Le Bail
MOR-3 degassed
R, =3.32%, R, = 4.54%

Intensity (a.u.)

I I 1 1

10 20 30 40 50 60
2 theta (degree)

Ewkova 3.15: Awaypappoa Le Bail tou MOR-3 HeETA TNV OQMOUAKPUVON TWV SLOAUTWV LE
anaépwon. MwpB otaupol: melpapatikd meplBAaociypappo. KOkkivn ypopun: Bewpntiko
neplOAaoiypappa. Mavpn ypouun: Sladopd petafl melpapotikol Kol Bewpntikol
neplOhaolypappatog. Mpaowveg Umapec: Kopudeg Bragg. Alaotdoelc kupeAidag:
a=b=14.698(2) A, c=20.787(5) A, V= 4490(2) A3 .

Me Baon ta dedopéva amnod tnv avaluon Le Bail emiBeBatwvetot 6tLn doun Tou

MOF Slatnpeltal HETA TNV QMAEPWON).

H puéBodog Rietveld amoteAel pia mo e€elbikeupévn pEBodo mpooapUoyng-
BeAtiotomoinong evog Bewpntikol eEPLOAACLYPAMUOTOC HE TO TIELPAUATLKO,
Baolopévn og éva Sedopévo povteAo SoUNnG e oplopévn povadiaia kupeAida

(6laotdoelg, ywvieg) kot cupuetpia opdadag xwpou. Ouolaotikd, Slvel tn
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Sduvatotnta, HEoWw TNEG CUOXETLONG HLOG TIPWTNG EKTINONG TNG SOUARG TOU UTO
TPOOSLOPLOUO UALKOU HE TO TELPAUATIKO TeplOAaciypappo autol oe €va
LKOLVOTIOLNTLKO €Up0CG 20 ywviwy, va TpokVUPouv XpnoLUeg TAnpodopleg yla ta
Soplkd  Xopaktnelotika Ttou. H  mpooapuoyry Ttou  BswpnTikou
TMEPLOAACLYPAUUOTOC OTO TELPAUATIKO oTnpiletat otn apxn eAaxiotwy
TETpaywvwyv. H amoteAleopatikotnta tng PBeAtiotonoinong emnnpedlstal
ONUOVTLKA armo oAAoUG apAYOVTEG, EVOG OO TOUC omoloug eival n umapén
vpnAol unoBaBpou (background) oto melpapatikd meplBAaciypappa mou
Xpnotlpomnoleital kat dnuioupyel opaipa. H amoteAeopatikotnta TG HeBodou
€VKELTOL OTO YEYOVOC OTL KABe BeATioTomoinon ivat povadikn Kat dev UTIAPXEL
nipokaBoplopévn aAAnAouvxia Twv mMapapeTpwy ou Aappavovtat umoyn. M’
QUTO £lval KPLOLUN N CWOTH) EKTIHNGN TOU apXLKoU SOULKOU LOVTEAOU OTO OTtoilo

Baaoiletal n BeAtiotomnoinon.

To ap)Lkod povteAo tne doung tou MOR-3 dnutoupynBnke Baon tng Sopurng tou
MOR-2 10 omnoio mapouctaletl eniong dSopun 8-cuvOECEWV Kal KPUOTOAAWVEL
oTNV TeTpaywviky opada xwpou l4/m (No. 87) pe Siaotaocelg kuPeAidag
a=b=14.660(2) A, ¢=20.709(3) A [77]. Itn ouvéxela, okohouBnoe
BeAtiotomoinon tou SoplkoU povtéAou pe tn HEBodo simulating annealing
(BeAtioTomoinon yLo LAKN Kat ywvieg deopwv, diedpeg ywviec-torsion angle yla
v opdada NH-CH,-thiophene kAm.), kaBwg koL eUpeon TwV BECEWV TWV HOPLWV
VEPOU TOU TAEYHATOC OTOUC TOPouC tNG SopNAG (Ta popla auTd apxLlKA
tormoBetouvtal o Tuxoileg B€oelg otoug ToOpouc). To PeAtiotomolnpévo
HOVTEAO XpNoLlUoTolnOnNKe w¢ apxiky doun yla tnv avaluvon Rietveld pe tn
Xprion tou Aoylopikou TOPAS, omou npaypatomnol)fnke BeAtiotonoinon yLo Tig
B£0elg TwV atOpwVv TNC TAeupLknG opadag NH-CH,-thiophene (ektog amo ta
atopa H) KoL Twv TEPUATIKWY OTOUWV 0EUyovou, KaBwg Kol yLa T OE0ELS TwV
pHoplwv vepoU tou TAEypatoC. Aev €ywve BeAtiotomoilnon yla ta umoAouta

Sdoptka pépn tou MOF (ZrgOg mAewada kot tepedOAALKOC UTTOKATAOTATNG).

ErumAéov, AapBdavovtag untodn to moocooto SLaoTacnG ToU UTIOKATOOTATN OTO
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TMAéypa, Onmwg umoAoyiotnke amo to ¢acpa H-NMR, ot mAnpotnteg
(occupancies) ywa ta atopa TG HeBuAevopdadag koL Tou Belodevikol
SdaktuAlou oplotnkav oe 0.8325. Ta dedopéva NG avaluong autng ATav
efalpetika (elkova 3.16) emiBefatwvovtag tnv opBOTNTA TOU TPOTELVOUEVOU

SdoptkoU povtélou.

Rietveld
| MOR-3 degassed
Rp = 4.30%, pr =7.35%

i iia
e o

32 36 40 44 48 52 56 60

Intensity (a.u.)

10 20 30 40 50 60

2 theta (degree)

Ewkova 3.16: Alaypappa Rietveld tou MOR-3 HeETA TNV AMOPAKPUVON TwV SLOAUTWVY LE
anaépwon. MwpB otaupol: melpapatikd meplBAaociypappo. KOkkivn ypopun: Bewpntiko
neplOAaoiypappa. Malpn ypouun: Sladopd petafld melpapotikol Kol Bewpntikol

neplOAaolypappatog. Npdolveg undpeg: kopudEg Bragg.

AkoAouBel mapdBeon tou apyxeiou CIF pe mAnpodopieg yia tn dopr tov MOR-
3:

data_MOR-3

_chemical_formula_moiety '2(C8 H3 N 08 Zr1.50), 1.664(C5 H5 S), 4.992(0)"'
_chemical_formula_sum 'C24.32 H14.32 N2 021 51.66 Zr3'
_chemical_formula_weight 997.42

_chemical_compound_source 'see text'

loop_

_atom_type_symbol
_atom_type_description

_atom_type_scat_dispersion_real

59



_atom_type_scat_dispersion_imag
_atom_type_scat_source

C C 0.0033 0.0016

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'
H H 0.0000 0.0000

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'
N N 0.0061 0.0033

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'
O O 0.0106 0.0060

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'
S S 0.1246 0.1234

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'
ZrZr -2.9673 0.5597

"International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'

_symmetry_cell_setting tetragonal
_symmetry_space_group_name_Hall -1 4
_symmetry_space_group_name_H-M 4/m'
_symmetry_Int_Tables_number 87
loop_

_Space_group_symop_id
_Space_group_symop_operation_xyz

1xy,z

2-y,X,2Z

3 -X,-y,z

4vy,-x,z

5-x,-y,-z

6V,-X,-z

7 Xx,Y,-Z

8 -y,X,-Z

9 1/2+x,1/2+y,1/2+z

10 1/2-y,1/2+x,1/2+z

11 1/2-x,1/2-y,1/2+z
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12 1/2+y,1/2-x,1/2+2
13 1/2-x,1/2-y,1/2-2
14 1/2+y,1/2-x,1/2-2
15 1/2+x,1/2+y,1/2-2
16 1/2-y,1/2+x,1/2-z

_cell_length_a

_cell_length_b

_cell_length_c
_cell_angle_alpha
_cell_angle_beta
_cell_angle_gamma
_cell_volume
_cell_formula_units_Z
_exptl_crystal_density_diffrn
_exptl_crystal_density_method
_exptl_crystal_F_000
_exptl_absorpt_coefficient_mu
_diffrn_ambient_temperature
_diffrn_radiation_wavelength
_diffrn_radiation_probe

_diffrn_radiation_type

_diffrn_measurement_device_type

_computing_cell_refinement

_computing_structure_refinement

_computing_publication_material

loop_
_atom_site_label

_atom_site_type_symbol

_atom_site_thermal_displace_type

_atom_site_fract_x

_atom_site_fract_y

14.6883(13)
14.6883(13)
20.765(2)
90
90
90
4480.0(9)
4
1.479
'Not Measured'
1955.2
6.973
298
1.54184
'x-ray’'
'Cuk\a'
'BRUKER D2 PHASER'
'TOPAS V.6, BRUKER'
'TOPAS V.6, BRUKER'

'PLATON (Spek, 2003)'
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_atom_site_fract z
_atom_site_occupancy
_atom_site_U _iso_or_equiv
_atom_site_calc_flag
_atom_site_refinement_flags
_atom_site_disorder_assembly

_atom_site_disorder_group

Zr24 Zr Uiso 0.11960 0.11960 0.00000 1.000 0.0258. . ..
Zr27 Zr Uiso 0.00000 0.00000 0.11930 1.000 0.0001 . . ..
$15 S Uiso 0.28639 -0.04613 0.34850 0.416 0.0500. . . .
01 O Uiso 0.00000 0.11200 0.05580 1.000 0.0500. . ..
02 O Uis0 0.17010 0.17010 0.09490 1.000 0.0001 . . ..
03 O Uis0 0.09510 0.09510 0.16960 1.000 0.0500. . ..
025 O Uiso 0.11900 0.26260 0.00000 1.000 0.0380.. . . .
026 O Uis0 0.27030 0.11390 0.00000 1.000 0.0448.. . . .
N9 N Uiso 0.12960 0.11020 0.28360 0.500 0.0500. . ..
C4 CUiso0 0.15340 0.15340 0.15300 1.000 0.0500. . ..
C5 C Uiso0 0.20220 0.20220 0.20070 1.000 0.0500. . ..
C6 C Uiso 0.26680 0.26680 0.18330 1.000 0.0022 . . ..
C8 C Uis0 0.18520 0.18520 0.26520 1.000 0.0066 . . . .

0O 0 Uiso0 0.187750.35493 0.12087 0.416 0.0500.. . . .
C11 C Uiso 0.13140 -0.04010 0.30900 0.416 0.0500. . . .
C14 C Uis0 0.22126 -0.00067 0.28682 0.416 0.0500. . . .
C16 C Uiso 0.38660 0.00736 0.32759 0.416 0.0500.. . ..
C18 C Uiso 0.36792 0.04663 0.26881 0.416 0.0500. . ..
C20 C Uis0 0.27827 0.04349 0.24465 0.416 0.0500.. . . .
022 O Uiso 0.33252 0.04944 0.13333 0.416 0.0500.. . . .
023 O Uiso 0.34779 0.41932 0.05279 0.416 0.0500. . . .
H7 H Uiso 0.27910 0.27910 0.14020 1.000 0.0026 . . . .
H10 H Uiso 0.12180 0.07490 0.24870 0.500 0.0500. . . .
H12 H Uiso 0.08090 -0.00060 0.29570 0.416 0.0500... ..

H13 H Uiso 0.13090 -0.04670 0.35600 0.416 0.0500.. ..
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H17 H Uiso 0.44080 0.00929 0.35074 0.416 0.0500. . . .

H19 H Uiso 0.41393 0.07500 0.24542 0.416 0.0500. . . .

H21 H Uiso 0.26017 0.06787 0.20536 0.416 0.0500. . . .

loop_
_geom_bond_atom_site_label_1
_geom_bond_atom_site_label_2
_geom_bond_distance
_geom_bond_site_symmetry_1
_geom_bond_site_symmetry_2
_geom_bond_publ_flag

Zr24 01 2.1074(2)

24 02 2.2324(2)

Zr24 025  2.1005(2)

Zr24 026  2.2151(2)

Zr24 01 2.1074(2) . 4555
Zr24 01 2.1074(2) . 6_555
Zr24 01 2.1074(2) . 7_555
Zr24 02 2.2324(2) . 7_555

Zr27 01 2.1083(2)
Zr27 03 2.2346(2)

Zr27 01  2.1083(2) . 2.555
Zr27 03 2.2346(2) . 2.555
Zr27 01  2.1083(2) . 3555
Zr27 03 2.2346(2) . 3555
Zr27 01  2.1083(2) . 4 555
Zr27 03 2.2346(2) . 4555

S15 C16  1.7241(2)
S15 C14  1.7325(2)
02 C4  1.2553(1)

03 C4  1.2591(1)

yes

yes

yes

yes

yes

yes

yes
yes
yes

yes

yes
yes
yes

yes

yes
yes
yes
yes
yes

yes
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N9
ca
5
5
6
N9
6
c11
c14
C16
C18
c11
c11
C16
C18
€20

loop_

C8
C5
C8
C6
C8
H10
H7
Ci4
C20
C18
C20
H12
H13
H17
H19
H21

1.4236(1)
1.4173(1)
1.3851(1)
1.3897(1)
1.4621(1)
0.9000
0.9300
1.5132(1)
1.3743(1)
1.3776(1)
1.4099(1)
0.9800
0.9800
0.9300
0.9300
0.9300

_geom_angle_atom_site_label_1

_geom_angle_atom_site_label_2

_geom_angle_atom_site_label_3

_geom_angle

_geom_angle_site_symmetry_1

_geom_angle_site_symmetry_2

_geom_angle_site_symmetry_3

_geom_angle_publ_flag

01
01
01
01
01

o1

Zr24
Zr24
Zr24
Zr24
Zr24

Zr24

02  79.00(1)
025  92.84(1)
026  146.20(1)
01  67.01(1)
01  102.36(1)

01  66.71(1)

13_555

yes

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

yes

4_555
6_555

7 555

yes
yes
yes
yes

yes

64



o1
02
02
o1
o1
o1
02
025
o1
o1
o1
02
o1
o1
01
02
01
01
01
01
01
01
01
01
01
01
01
01
01
01
03

o1

Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
Zr24
r27
r27
r27
r27
r27
r27
r27
r27
Zr27

Zr27

02
025
026
02
02
02
02
026
025
025
025
025
026
026
026
026
01
01
02
01
02
02
03
01
03
01
03
01
03
03
03
03

141.25(1)
70.68(1)
71.37(1)
79.00(1)
141.25(1)
141.25(1)
123.95(1)
92.41(1)
146.45(1)
146.45(1)
92.84(1)
70.68(1)
91.23(1)
91.23(1)
146.20(1)
71.37(1)
66.71(1)
102.36(1)
141.25(1)
67.01(1)
79.00(1)
79.00(1)
78.73(1)
66.97(1)
78.73(1)
102.57(1)
141.27(1)
66.97(1)
141.27(1)
141.27(1)
77.38(1)

141.27(1)

4_555
6_555
7_555

4_555
6_555
7 555
7_555
4 555
6_555
7_555
7_555

4_555
4 555
4 555
6_555

6_555

7_555

2555

3555

7_555

yes

yes

yes

7 555

yes
yes
yes

yes

yes

6_555
7 555
7 555
7 555
7 555
7 555

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

yes

yes

2555
2555
3 555
3 555
4 555

4_555

2555

yes
yes
yes
yes
yes
yes
yes
yes

yes
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03
01
03
01
01
01
01
01
01
03
01
03
01
01
01
01
03
01
Cci4
Zr24
Zr24
Zr24
Zr24
r27
02
03
02
c4
C6
c4
c5

N9

Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
Zr27
S15
01
01
01
02
03
c4
c4
c4
c5
c5
c5
C6
C8

03
03
03
03
01
03
01
03
03
03
03
03
03
o1
03
03
03
03
C16
Zr24
Zr27
Zr27
c4
c4
C5
c5
03
C8
C8
Cé
C8
Cé

124.27(1)
78.73(1)
77.38(1)
78.73(1)
66.97(1)
78.73(1)
102.57(1)
141.27(1)
141.27(1)
77.38(1)
141.27(1)
124.27(1)
78.73(1)
66.97(1)
78.73(1)
141.27(1)
77.38(1)
78.73(1)
96.29(1)
112.94(1)
112.66(1)
112.66(1)
135.93(1)
136.25(1)
118.30(1)
119.78(1)
121.93(1)
119.57(1)
119.84(1)
120.59(1)
117.93(1)

116.97(1)

4_555

2555
2 555
2 555
2555
2 555
3 555
2 555
4 555
2 555
3 555
3 555
3 555
4 555
3 555
4 555

2555

3_555 yes
yes
4 555 yes
2 555 yes
3 555 yes
3 555 yes
4 555 yes
4 555 yes
2_555 yes
3_555 yes
2_555 yes
4 555 yes
3_555 yes
4 555 yes
4 555 yes
3_555 yes
4 555 yes
4 555 yes
yes
2_555 yes
yes
yes
yes
yes
yes
yes
yes
no
no
no
13 555 no
13 555 yes

66



C5

N9

C8

C5

C8

515
515
C11
515
Ci6
Ci14
Ci14
Ci14
H12
S15
C18
Ci16
C20
Ci4
C18

loop_

C8
C8
N9
C6
C6
Ci14
Ci4
Ci4
C16
C18
Cc20
C11
C11
C11
Ci16
C16
C18
C18
C20
C20

Cé6
C5
H10
H7
H7
C11
C20
C20
C18
C20
C18
H12
H13
H13
H17
H17
H19
H19
H21
H21

122.23(1)
120.16(1)
108.00
121.00
121.00
96.27(1)
108.45(1)
154.97(1)
104.12(1)
119.18(1)
110.97(1)
110.00
110.00
109.00
128.00
128.00
120.00
120.00
125.00
125.00

13_555

_geom_torsion_atom_site_label_1

_geom_torsion_atom_site_label_2

_geom_torsion_atom_site_label_3

_geom_torsion_atom_site_label 4

_geom_torsion

_geom_torsion_site_symmetry_1
_geom_torsion_site_symmetry_2
_geom_torsion_site_symmetry_3

_geom_torsion_site_symmetry_4

_geom_torsion_publ_flag

13_555

no
yes
no
no
no
yes
yes
no
yes
no
no
no
no
no
no
no
no
no
no

no
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02 Zr24
025 Zr24
026 Zr24
01 7Zr24
01 7Zr24
01 7Zr24
02 Zr24
02 Zr24
02 Zr24
01 7Zr24
025 Zr24
026 Zr24
01 7Zr24
01 7Zr24
01 Zr24
03  Zr27
01  Zr27
03  Zr27
01 Zr27
03  Zr27
01 Zr27
03  Zr27
03  Zr27
01 Zr27
01 Zr27
03  Zr27
01 Zr27
03  Zr27
01 Zr27
03  Zr27
Zr24 02

Zr24 02

01
o1
01

01

01

01

01

01

02

02
02
02

02

02

02

01

01

01

01

01

01

01

01

03

03

03

03

03

03

03

c4

Cc4

Zr27
Zr27
Zr27

Zr27

Zr27

Zr27

Zr27

Zr24

ca

Cca
ca
ca

ca

ca
ca

Zr24

Zr24

Zr24

Zr24

Zr24

Zr24

Zr24

Zr24

ca

ca
ca
ca
ca
ca
ca
03

C5

-75.99
-145.68
-47.08
6.62 4_555
64.43 6_555
122.45 7_555
152.20 7_555
154.97
179.98 7_555
34.22
131.20
-129.30
-34.22 4 555
-61.88 6_555
61.88 7_555
75.81
-122.57 2_555
155.00 2_555
-64.60 3_555
-152.19 3_555
-6.62 4_555
23.00 4 555
-155.00
-34.24
-61.87 2_555
-115.05 2_555
61.87 3_555
180.00 3_555
34.24 4 555
115.05 4_555
0.02
180.00

. no

. nho

. nho

. no

. no

. ho

. ho

2_555no

. no

. nho

no

no

. no

. no

. ho

no

. no

. no

. nho

. no

. ho

. no

255

. ho

5no

. nho

. no

. ho

. no

. ho

. no

. ho

. no
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Zr27 03 C4 02 0.00 . . . . ho

Zr27 03 C4 G5 180.00 . . . . no

02 C4 C5 C6 000 . . . . no

02 C4 C5 cC8 180.00 . . . . no

03 C4 C5 C6 180.00 . . . . no

03 C4 C5 cC8 002 . . . . no

c4 C5 C6 C8 180.00 . . . 13.555n0
c8 C5 C6 C8 002 . . . 13.555n0

C4 C5 (C8 N9 942 . . . . no

c4 C5 C(C8 C6 17998 . . . 13.555n0
6 C5 C8 N9 -17058 . . . . no

c6 C5 C(C8 C6 002 . . . 13.555no

C5 C6 C8 N9 -170.86 . . 13_555 13_555no
C5 C6 C(C8 C5 0.02 . . 13_555 13_555no
loop_

_geom_hbond_atom_site_label_D
_geom_hbond_atom_site_label_H
_geom_hbond_atom_site_label A
_geom_hbond_distance_DH
_geom_hbond_distance_HA
_geom_hbond_distance_DA
_geom_hbond_angle_ DHA
_geom_hbond_site_symmetry A
_geom_hbond_publ_flag

#

#D H A D-H H..A D..A D-H...A symm(A)

#

N9 H10 O3 0.9000 1.7100 2.4310(2) 135.00
6 H7 O 0.9300 1.7900 2.1690(2) 101.00

#===END

. yes

. yes
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Me Bdon ta amoteAéopata amno tn BeAtiotonoinon Rietveld kataAryoupue oto
HOVTEAO SOUNAG TTOU TOPOUCLATETAL OTIG TOPAKATW ELKOVEC. Kabe mAeslada
(cluster) amoteAeitat amo 6 Zr(IV) to omoia ocuvdéovtol pe yeDUPWTIKA
ofuyova Kal udpofUALO SnULOUPYWVTOG EVa OKTAESPO. X& AUTO cuvdéovtal 8
pnopla urmokataotatn (Ew. 3.17) kot kaBe mAeldda ouvdeéstal pe aAAeg 8
mAeladeg (Ewk. 3.18) Snuoupywvtag TEALKA TO MAEyUa Tou ¢alveTol otnVv

gkova 3.19.

Ewkova 3.17: Amelkovion tnG TOAUMETOAALKNG MAELASAG e 8 UTIOKATOOTATEG Ot eminedo
KABeTo oTOV X GfoVal.

Ewkova 3.18: Juvdeotuotnta piog moAupetadAkng mAstadoc (kabepio cuvdéetal pe dAeg 8
mAeladec). Atopa Zr: kuavd, C: ykpt, N: yohddia, O: kOkkwva. Xtn anewkovion dev epdavidovral

To dtopa udpoyovou yLa AOYouG EUKPLVELAG.

R —




Ewkova 3.19: Anetkévion tou MOR-3 og eninedo kabeto otov atova b. Itn amekévion dev
eudavifovral ta atopa uSpoyovou yla Adyoug EUKPIVELAC.

E¢loou onNUavTIKOC ATOV KAl O XAPOKTNPLOMOC TOU UALKOU HETA Tn podnon
Pb(I) yia va e€akptBwBel n Statrpnon tng Sopng tou PETA TNV avadeuaon Ue
StaAuvpa ouykévtpwong Pb(ll) 250ppm. Mpaypott, Onwe MPo£KUPe amo To
neptBAaciypappo Kot tTnv availuon autol pe tn pEBodo Le Bail, To UAIKO

TIOPEUELVE AKEPALO LETA TN podnon.

ErumAéov, e€etdotnke n otabepotnta tou MOR-3 og SLapopeTIKEG cUVONKEG
pH. Bp€Bnke otL amo pH=-0.6 (4 wpeg avadeuaon Tou UAKOU pe HCI 4M) péxpt
kot pH=11 (avadeuvon 1 pépa pe vdatikd StdAluvpo pH=11) to UAKKO &gv

VSPOAUONKE Slatnpwvtag avaAlolwtn TNV KPUOTAAALKOTNTA TOU.

Téhog, n OBepukny otabepotnta  smiPefalwvetal  EUPECA  amO  TO
neplBAaciypappo Tou anmoePWUEVOU UALKOU, TO OTOLO HETA amd Oepuikn

katepyaoia otoug 150°C Statnpei avallolwtn TNV KPUOTAAALKOTNTA TOU.

I O




_ Le Bail
T Pb**-MOR-3
Rp = 3.22“/0, pr =4.39%

Intensity (a.u.)

2 theta (degree)

Ewkova 3.20: To diaypappa Le-Bail tou MOR-3 petda t podnon Pb(ll) oe udatikd Stalupa
ouykévtpwong 250 ppm (1.2 mM). Mwp otaupol: melpapatiko neptbAaciypappa. Kokkivn
ypouun: Bewpntikd neplBAaciypappa. Mavpn ypapun: Sltadopd HeTafl TMEPAUATIKOU Kot
BewpnTikoL teplOAaolypdppatod. Mpdoveg undpeg: KopudEg Bragg. Alaotdoslg KuPeAidag:

a=b=14.684(2) A, c=20.773(3) A, v=4479(1) A3

'—— MOR-3 as synthesized
— MOR-3 at pH=0

|—— MOR-3 at pH=11

Intensity (a.u.)
-
-

10 20 30 40 50 60
2 theta (degree)

Ewkova 3.21: JUykplon Twv neptbAaotypoppdtwyv tou MOR-3 oe SLadopeTIKEG TIHEG pH yia

ToV £Aey)o SLatPNOoNG TG KPUOTAAALKOTNTOC.
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3.2.2.2 @aouatookornia nupnvikoU uayvntikou cuvroviouou (NMR)
H xpnon tng daocpatookonia NMR ylo Tov XOpaKTNPLOUO TWV UETAANO-

OPYOVIKWV TIAEYUATWY amookomel otn &lepevvnon TNG aPTLOTNTAC TOU

UTTOKQTOLOTATN LETA TN OUVOETIKN Ttopeia. MNa To AOyo auTO oL MOPAUETPOL TNG

HETPNONG €lvatl oL (LEC HE TIC aVTIOTOLXEG TTOU XPNOLUOMOoLROnNKav KATA Tov

XOPOAKTNPLOUO TOU UTIOKOTOOTATN HUE QUTA TNV TEXVIKN. Me tn StdAucn tou

UALKOU O€ KOUOTIKO VATPLO OTAEL TO TAEYUA KOAL O UTIOKATAOTATNG

QTMOSECUEVETAL KOL AMOUOVWVETOL LE GUYOKEVTPLON OTO UTIEPKELEVO SLAAL A

To omolo kal aflomoleitat otn AnYn touv pacpatoc. To dacua nou AndOnke

ano to MOR-3 (as synthesized) paivetal mapokatw.

F2E+07
F2E+07
* NH,-BDC peaks I‘ ) . [2E+07
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Ewkova 3.22: ®dopa H-NMR tou MOR-3 as synthesized. EvBeto: EmoAuavon tng

ohokApwon¢ Twv pwtoviwy Tou NH,-BDC? mou nipokUrttel amd tn Sidomnaon tou TATPZ.

Ao ta dedopéva Tou GACUATOC TAUTOTOLELTAL N UTIAPEN TOU UTTOKATOOTATN

TATPZ. Ao tat OAOKANPWHATA WOTOCO TWV APWHOTLKWY TIPWTOVIWV daivetat

otL éva 13% Ttou umokotootatn €xeL umootel Sidomacn mpog 1O 2-

apwvotepedBaiikd ofU (oL kopudEG TOU emLonpaivovtal oto €vOeTo mavw defLa
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NG €lkOvaG). EmutAéov, To UAIKO Onw¢ cuvtiBetal ¢pépet popla DMF. Auta oe
aAKOALKO pH udpoAlovtol PEPIKWE O MUPUNKLIKO 0V Ko StpueBulapivn. To
TIPWTOVLO TOU HUPHNKLIKOU evtomiletal ota 8.32 ppm, EVW T TPWTOVLA TNG
SipueBulapivng evromilovtal ota 2.12 ppm, €vw N TELPOMATIKY ovaioyla
QUTWV TWV TPWTOVIWV (6.7) pooeyyilel apketa tn Oewpntikn (6). Ta mpwtovia
Tou DMF mtou &¢ev €xeL udpoAuBel evtonilovtal ota 7.8ppm (1 H), ota 2.70 (3 H)
Kot ota 2.85 ppm (3 H). TEAOC, 0TO MAEYUO CUMMETEXEL KOl OELKO 0L TOU omoiou
n uebuiopada Sivel onpa ota 1.80ppm. To MPWTOVLO TNG OpLVOUASAC TOU
umokataotatn Kadiotatal evaAla&ipo, evw ot kapPBofulopadec os Baotko pH

BplokovTol 0TNV QMOTPWTOVIWHEVN TOUC popdn.

ddopa *H-NMR AndOnke kat yta to MOR-3 petd tnv avtaAAayr pe atBavoln.
Onw¢ ¢aivetal mapoakatw (elkova 3.23), MoPouoLAlEL ONUAVTLKEG OLOLOTNTEG
HE To PpAoHO TOU UAIKOU QUECWC UETA TN oUVOEDN, WC TIPOG TIC KOPUDES TWV
MPWTOVIWY TOU UTOKATAOTATN Tou evtormilovtal OAec. Mapatnpeitat n
napoucia alBavoAng, n omoia mMAfov amoteAel tn Baoikn akabapoio Tou
Sdelypatoc. Evéladépov mapouolalel n PoLvopUeVIK avénon OTO TTOOOOTO
dldonaong tou umokataotdatn oto 20%. Autd mibavotata odeiletal oe
TLOOOTNTO TOU UTTOKOTOLOTATH TIOU BPLOKOTOV OTO E0WTEPLKO TWV TOPWV H Kol
otnv efwteplkn emupAvelo Kol HETA TNV Katepyaoia pe  otBovoAn
anobeopelTnKe. Katd ocuvenela, v mpokeLtal ywo avénon tng diaomaong
oAAQ ylo HElwon TNG TAPATNPOUKEVNG TTOCOTNTOG TOU UTIOKOTOOTATN TIOU
obnyel oe peiwon ¢ avaloylag HETAEY TOU AUTOUCLOU UTIOKOTOOTATN Kol

autoU Tou €xeL SlaomaoTel.
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Ewkova 3.23: Odopa *H-NMR tou MOR-3 petd tnv avtoAhayr StaAutwv pe atbavoAn. Evoeto:

1.0

F1E+07

r1E+07

F1E+07

FOE+06

8E+06

r7E+06

r6E+06

FSE+06

F4E+06

3E+06

r2E+06

r1E+06

F-1E+06

Erorjpavon tg oAokAApwong twv mpwtoviwv tou NH-BDC* mou mpokUTTeL amd tn

Sidomaon tou TATPZ,

3.2.2.3 Qaouatockortia Yrépudpnc aktivoBoAiag

Onw¢ daivetal kat oTNV LKOVA TTOPAKATW, CUYKPLvovTag ta dedopéva amo ta

daopata urtepuBpoU yLa kKaBe ekdoxn otnv omola £xel anopovwOel to MOR-3,

n KupLa Stadopd petafL toug adopd otnv UTAPEN pia tawviag ota 1654 cm™?

oto ¢aopa tou MOR-3 as synthesized, n onoia anodidetal otn 6évnon taong

tou deopol C=0 tou DMF mou umndpyel otn dopn Tou MAEYHOTOC. Emopévwe,

yla Adyou¢ ocuvtopiag, Ba yivel avadluon povo oto ¢ddacpa tou MOR-3 as

synthesized.
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—— MOR-3 (as synthesized)
—— MOR-3 degassed
— Pb(I)@MOR-3

T (%)

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-)

Ewova 3.24: Odopata umepuBpou yia to MOR-3, énwg ouvtiBeTal, LETA TNV AMOEPWON KoL
MeTa ™ podnon Pb(ll). Me BéAog umtodetkvUeTal n Tawvia mou avtiotolyel otn 66vnon Tdong

Tou KapPovuldiou Tou DMF.

]- MOR-3 as synthl

/
N-H

stretch.

T%

C=0 (DMF)

- f \
coo stretc./asym coo"
stretc./sym.

1 ) 1 1 1 ) 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Ewova 3.25: Qdaopa uneplBpou yia to MOR-3 6nwg cuvtiBetal. Emonuaivovtal oplopEVES

XOPAKTNPLOTIKEG KOPUDEC.
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Mapatnpwvtog To ¢AcUA YLo TO CUVTIOEUEVO UALKO, eviomileTal pLa pKpn
Tawia ota 3347cm™ mou avtiotolkel otn d6vnon taong tou deopol N-H tng
deutepotayouc apivng. AkoAoUBwG eival gudlakpltn n tawvia ota 1654 cm™?
TIOU avTLoTOoLXEL oTn §Ovnon taong tou kapBovuliou Tou DMF kal amoteAst kat
v eldomold Sadopd HeTAlU TwV TPLWV Pacudtwyv mou AndOnkav. Eva
XOPAKTNPLOTLIKO (VYOG TALVLWYV TTOU Ttapatnpouvtal toco oto MOR-3 600 Kal
oe @Ma MOFs nou €xouv avadepBel otn BLBAoypadia lval oL ACUUUETPEC
KOLL OUHETPLKEG SOVAOELG TAONG TOU KapBofuAlkol aviovtog ota 1572 kat 1379
cm! avtiotoya. H Stapopd tou kupatapdpol twv dVo dovrioewy ival ion pe
197 cm™? kal umtoSNAWVEL To YEDUPWTIKO TPOTO £VTaEng TwV KapBoEuAkwv
aviovtwy [78]. TéAog, evtomiletal Kal n Tawvia tng 66vnong taoncg tTwv Secpwy

avOpaka tou apwpatikol Saktuliov ota 1505 cm™.

3.2.2.4 Metprioe(c popnaonc alwtou
Ot petpnoelg podnong alwtou MPAyUATONOoLOnNKav OTO AMAEPWHEVO UALKO

oTo omolo elyav amopakpuvBel Ta popla StaAutn amod tnv enipAvela Kol TO
E0WTEPLKO TWV MOPpWV. H 1000eppog podnaong N, mpaypatomnotndnke otoug 77K

KOlL TOL aIOoTEAEopOTA paivovTal MapaKATW.

340 -

320 - -

Ads. Volume (cm®/g)
nN N w
DG

220 -

T T

T T T T
0,0 0,2 0,4 0,6 0,8 1,0
Relative Pressure (P/Po)
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Ewkova 3.26: H 1o60eppog pddpnong-skpodnong N, otoug 77K yia to MOR-3 (degassed/solvent

free).

Me Baon ta dedopéva TnG LooBEpUou, TPoodloploTnKe N eLOLKN EMLPAVELA IE
™ nEBodo Brunauer-Emmett-Teller (BET). Mpoékue OTL TO UALKO Ttapouaotalsl
LKovoronTikr €18k emidpavela ion pe 838 m?/g. H MelpaAMATIKN T TG
eldkng emdpavelag spdavilel amokAon and v Bewpntikn T (n omola
umoAoyiletal pe Baon to SOULKO HOVIEADO TNG EVWong Xwpeig SLHAUTEC OTOUG
TLOPOUG LLE XPNON Tou AoyLopLIKoU poreblazer) mou BpéBnke mepinou lon pe 687
m?2/g[79]. Autr| n amnokAwon sivat Aoyikry dsdopévou OtL To SOULKO HOVTEAO
umoAoyiletal pe dedopéva XRD mou AapBavovtol os Beppokpacio Swuatiou
Kol o€ atpoodalplkéc ouvOnkeg, evw ta dedopéva BET kataypadovrtat pHeTa
Qo AMOEPWON KOL UTIO KEVO, OTIOTE 1 Sour TIou €XeL TPoodLloploTel pe Baon
ta Sedopéva mepiBAaong aktivwv-X okovng Sev pmopel va eival amoAutwg
QVTUTPOCWTIEUTLKN TNC SO UTIO CUVOIKEG KEVOU, OTIOU UIMOPEL VOl UTIAPXOUV
aAayéc otn  SleuBEéTnon TWV UTIOKOTOOTATWY OTOV XWPO AOYyw TNG
TIEPLOTPOPIC Tou Seopol avapeoa otn pebulevoudda kal to Belodpeviko
SaKTUALO (swkova 3.17), pe amotéAsopo tnv alAayr Tou KEVOU XWPOU OTO

TIAEY L.

3.2.2.5 @epuootaduikn avaluon
KaBoplLoTikn yla ToV XAPAKTNPLOUO TOU TIAEYUATOC ATOV N XPAON TNG TEXVIKAG

¢ Beppootabuiknc avaluong. O XopaKTNPLOUOC TOU UALKOU £YLVE HETA TNV
anaépwon. Me Baon ta MOcooTA anMwAelG palog o OeSOUEVEG TIUEG
Bepuokpaciag Kol TN HETAEY TOUG CUYKPLON YLOL TNV EVPECH TWV AVAAOYLWV
TOUG, UmopoUV va mpokUPouv BACLUA CUUTEPACHATA YLa T oUVOECLUOTNTA
ToUu TMAEypatoc, mAnpodopia mou BonBa onuavtikd otn mPocdloplopd TNG
Sdoung. Autd yivetal ouykpivovtog To mooooto {lpkoviou Tou umoAoyiletal
TIELPOOTIKA HE TO avtiotolyo Bewpntikd Too0oTo yla Sebopévo TUMO

ouvdeolpotntag. Etkalovrag otL to UALKOS eivat Souikd avaloyo tou MOR-2, ot
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BewpnTikol UTIOAOYLOUOL £YLVOV TIPWTA YLO OKTACUVOESEUEVO EVW EEETAOTNKE

KOlL TO eVOEXOUEVO £€OUVOESEUEVOU TTAEYLOTOC.

Ao TN OTLYUR TIOU N TEXVIKN €POPUOOTNKE OE UALKO OTO OToio eixe yivel
amopakpuvon Twv SlaAutwy, Katd tnv &vapén tng METPNONG TO TAEyUA
TEPLEXE PLOVO HOPLO VEPOU (TTOU €K TWV TPAYHUATWY TO ANMAEPWHEVO UALKO Ba
anoppodrostL otav Ppebel oe atpoodalplkéC ouvOnkeg). Me Baon auto, otnv
nmepoxn Twv 144°C, omou mopatnpeitol pla mpwtn otabepomoinon g
anwAeLlog palog £Xouv anopakpuvOel OAa ta popLa vepou amnod tn doun (téco
eAeVBepa 00O KOl EVIAYUEVO HOPLA VEPOU). ITO ONUELO AUTO €XEL ONUELWOEL
ouvoAlkn anwAsta palag 12.3%. Enetta, akoAouvBouv 2 KUpla oTadLa AmwAELAG
padag, €va ou oAokAnpwvetal otoug 535°C kal avtiotolxel otn dtdomaacn tou
MOF mpog ZrO; kat urtoAeippata C kat éva SeUTEPO TTOU OAOKANPWVETOL OTOUC
635°C oOmou £xeL amopeivel povo ZrO, oto Selypa oe moocooto 36.2%.
Avayovtag¢ TO TTOCOOTO TOU UALKOU Tou elval MARpw¢ amaAAaypévo armo
SloAUtec oto 100%, to Mocootd tou ZrO, avepxetal oto 41.28%. Autod
avtLotolXel o€ mooooto {pkoviou (oo pe 30.55% av MOAAQTIAQGLACOULE LIE TNV
avaloyia Zr/ZrO, = 0.74. Zuykpivovtac, AOUtoVv, TO MELPAUATIKA UTIOAOYL{OUEVO
Too0oTO {IpKoviou He Ta avtiotolya Bewpntikd mocootd {lpKoviou ot 8-
ouvbebepévo (30.68%) kal 6-cuvdedepévo cuotnua (35.1%) xwpig SlaAuteg, Ta
anoteAéopata npooopolalouvv Eekabapa o 8-cuvdedepuévo cuotnua. Meta
KoL tn dlamiotwon auTtr, €Xovtag opiloel To Hoplakod BApog Tou UALKOU Xwpig
Toug SLaAuteg (1784.01 g/mol) givat Suvatov va uTtoAoyLoTOUV Kol T HopLOL
VEPOU TIOU amopaKkpUVONKav amo tn doun. TUYKEKPLUMEVA, N anwAsla palag
12.3% avtiotolel otnv amopdkpuvon ~14 popiwv vepou (4 popla vepoul

evtayuéva pe Zr(1V) kot 10 pn-evtoypéva popla vepou).
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Ewkova 3.27: Aldypoppa Beppootadbuikng avaiuong yia to MOR-3 peta and katepyooia e

alBavoAn.

3.2.2.6 Métpnaon {-buvapikou
To -6uvapikd umoAoylotnke yla Tov TMPoodloplopd Tou EemidpavelokoU

¢doptiou Tou MOR-3 to omoio BpeBnke oo pe -0.465mV, T ou utoSNAWVEL

oxeb0v oudEtepo emipavelako GopTio yLa TO UALKO.

3.2.2.7 Qaouatookoria Yreptwdouc Opatou
Lot TO XOPAKTNPLOUO TWV UALKWV AndBnkav kot pacpata uneplwdoug opatol

0€ OTEPEQ KatAotaon Ue tn HEBoSO SLaxuTng avakAaong Kal oTn CUVEXELA N
avAakAaon HETOTPATINKE Ot amoppodnon pe tnv etiowon Kubelka-Munk.
JuykpiBnkav ta dAopaTA TOU OMAEPWHEVOU UALKOU KOl TOU UALKOU UETA TN
podpnon Pb?* (Pb?*-MOR-3). Onwg ¢paivetat kat otnv ikova 3.30, ta paopata
elval mavopoldotuna kot epdavilouv 3 KUPLEC KOPUPEC OTNV TEPLOXH TOU
uTtepLwdou¢, pa ota 370nm Kot AAAEG 2 Ttou eTtkaAumtovtal (225 kat 270nm).
2TO UAIKO UETA TN pOPNON MapaTnPELTAL L0 LETATOTILON TOU UEYLOTOU MRKOUG
KUMATOG TNG MPWTNG Kopudng armo ta 370 ota 380nm mou e€nyet kal TNV pLKpR

aAAayr TOU XPWHATOG TOU UALKOU. OL KOPUGDECG UTEC OVTLOTOLXOUV OE QTTAEG TT-

80



T KAl N-Tt* PETANMTWOELS TOU OPYAVIKOU UTIOKATAOTATN UE TNV TEAEUTAlO VO

odeiletal otnv apvouada.

—— Pb*-MOR-3
—— MOR-3 degassed

Absorbance (a.u)

T T T T 1
200 400 600 800 1000
Wavelength (nm)

Ewkova 3.28: Kavovikonotnpéva paopata UV-vis otepedg kataotaong ya ta MOR-3 degassed

kat Pb%*-MOR-3.

3.3 MeAgteg podnong Pb(ll) pe tn peBodo daheimovtog Epyou
3.3.1 Kwvntkn peAétn podnaong Pb(ll)
Adetnpla yia tn diepevvnon ¢ podnong Pb(ll) amd to UAIKO amotéleos n

HEAETN TNG KWNTIKAG. H TeAK ouykévtpwon HOAuBdou ota StaAvpata
LETPNONKE e POOUATOOKOTILO ATOULKA G amoppodnaong o poupvo ypaditn. Ta
amoteAéopata NTav Mol evBappuvtikad urtodelkvuovtag tn duvatotnta Tou
UALKOU va amopakpUVeL mavw amod 99.5% tou poAuBdou (apxLkry CUYKEVTPWON
1ppm) Ao To MPWTO HOALS AeTtTo TNG avtidpaonc. To TocooTod AMOUAKPUVONG
dev napouotdlel onpavtikn avénon Heta ta 10 Aemtd. € OAeg TIC Slepyaoiec n
OUYKEVTPWON €evamopeivavto¢ HoAuBdou Atav TMOAU KOATWTEPN amno TO
ETUTPETOPEVO Oplo Twv 10 ppb. Qotdco, n ealpetikd ypriyopn éduvon tng
Slepyaoiog Oev EMITPEMEL TNV TAUTOTOINON TWV MELPAUATIKWY SeSOUEVWVY UE
KAToLo armo ta BewpnTikd HOVTEAQ KLVNTIKAG. MapOAo TOU OUGCLOCTIKA N
podnon ohokAnpwvetal oto 1 Aento, oTIG LEAETEG pOdPNONG TTOU akoAouBnoav

ETUAEXTNKE WG XPOVOC Katepyaoiag ta 10 Aemta.
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Elkova 3.29: Alaypoppa TwV TEALKWVY CUYKEVTPpWOEWV Pb (ppb) og cuvaptnon e tov xpovo.

3.3.2 MeAétn enidpaong tng TWng pH otnv tkavotnta podnong
Enetta, peAetnOnke n emidpacn NG TS Tou pH oTn podpnTIKI LKAvVOTNTA TOU

UALKOU. H peAétn €yve pe Stalupa Pb(ll) 1ppm otnv meploxn Tipwv 0-8 otnv
orola Statnpeital kot n dopun otabepn (onmwg emiPeBatwvetat and ta PXRD
HETA TNV avadeuon), evw pEXpL pH=8 Sev mapatnpeital katafubion tou
HOAUBSoU we Pb(OH), yila TNV apxikr cuykévipwaon Pb (1 ppm) mou ertA€xOnke
yla ta melpapata podnong os Stapopetikd pH. Tuykekplpuéva, pe Baon tnv
otaBepd Ksp, n Twnn pH otnv onola o poAuPBdog kataBubiletal wg Pb(OH), o€
StdAupa cuykévtpwonc 1ppm eival n tiun 8.74. Ano TI¢ LETPAOELG TNE TEALKNG
OUYKEVTPpWONG MOAUBOoU ota SwAvpata mpoékuPe n dlatripnon NG
POdNTIKAC LKAVOTNTOG TOU UALKOU LLE TO TTOCOOTO ATIOUAKPUVONG VO TIAPALUEVEL
mavw amo 99.9% o€ €vpog pH amd 4 €wg 7 kat 97.4% otnv TR 8§,
urtodelkvuovtacg T duvatotnta XPnong Tou o€ OELVEC €wWC NTILAL AAKOALKEC
ouvOnkec. Xe MOAU Ofwvec ouvOnkeg pH (0-3) to UAKO Suotuxwg &ev
napouciace podntikrn Lkavotnta KaBwc n TeALKr) cuykEvtpwon Pb ntav ton e

™V apxLKn.
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Ewkova 3.30: To mocootd anoupdkpuvong Pb(ll) cuvaptriost tou pH.

3.3.3 lo0B¢eppog podnong Pb(ll)
Ye enopevo BApa, EYve n HEAETN TG Lo0BEpUoU KAUTUANG podnonc. Autn

Tipaypatonolnonke pe avadsuon tou UALKOU ot SltoAlpata SLodopeTKwY
ouykevipwoswv Pb(ll) and 50 €wg 1000 ppm oe wun pH mepimou 5,
TIPOKELHEVOU va PBpeBel n HEYLOTN XWwPNTIKOTNTA TOU UALKOU. AmoO Tta
QMOTEAECOTA, TIPOEKUYPE OTL N 1000epUog TNG pOPNoNg Mpooopolalsl oto

HOVTEAO Sips To omoio ekppaleTal e TNV MAPOAKATW OXECN:

1

_ Gm(bsCe)n
- 1
1+ (bsCe)n

qe

omou ge (Mg/g) = n moodTNTa LOVTOG Tou £Xel podnBel otn cuykévTpwon
toopportiag Ce (ppm), dm (Mg/g) = n HEyloTn TOCOTNTA LOVTOC TOU EXEL

podpnBel, b (L/mg)=n otaBepd Sips KoL N O MAPAYOVTIAC ETEPOYEVELAC.

H 1008epun Sips eivat pla cuvduacpevn popdn twv ooBepuwv Langmuir kat
Freundlich. Ze xaunAég ocuykevipwoelg podntikol, avAyETalL oTNV LoOOepuN
Freundlich, mou meplypadel tnv Loopporia o€ etepoyeveis emipaveleg Kal Sev
npoUmnoBéteL tn SnpLoupyla LOVOUOPLAKOU OTPWATOG KATA TNV poopodnon,

eVw o€ UPNAEC OUYKEVTPWOELG TPOPAETEL HLa LKAVOTNTA LOVOOTPWHATLKAG

oe3 [




podnNoNG TOU €lval XAPAKTNPLOTIKY TNG WoBepung Langmuir. Katd yevikd
Kovova, oL tapapeTpol tne eélowong emnpealovtol KUPLWE amod TG ouVONKEeQ
™m¢ podnong, omwg n petafoAnn tou pH, g BOepuokpaociag KoL TNG

OUYKEVTPWONG. H 100Bepuog mou mpoékuPe mapatiBetal otnv ewkova 3.31.

300 Sips fitting

250 .

200 —

150 /

100 /

q (mg of Pb*'/ g of MOR-3)

50 /

T ) T 1
100 200 300 400

Equilibrium Concentration C_ (ppm)

Ewkova 3.31: H 1060eppog kapmuAn podnong Pb(ll) yia to MOR-3.

Me Bdon tov tUomo mou Oivel tnv eflowon tNG KAUmMUANG, n HEYLOTN
XWPNTKOTNTA ToU UALKOU Bpednke ton pe 290.65 + 13.56 mg/g, Tiun mou Sev
QTOKALVEL TTOAU Qo TNV MEPAUATIKN TTou BpEdnke ton pe ~250 mg/g onwg
mapaTiBeTaL OTOV EMOUEVO TIivOKA Holl LE TIG UTIOAOUTEC TTAPAUETPOUG.

Mivokag 3.1: Ol TLHEG TWV TTAPAUETPWY KAL TWV CUVIEAECTWV MO TNV MPOCOHoiwaon TwV

Sebopévwv podnong pe To HovTEAo Sips.

Sips Standard Error
Om=290.65 mg/g +13.56
bs=1.94L/mg +5.96x10*
n =0.009 +0.001
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R?=0.984 -

3.3.4 MeA£Tn eKAEKTIKOTNTAC
Eva akopa INtnua mou xpetaletal Olepevvnon eival n Swatipnon tng

POPNTIKAG LKAVOTNTAG TOU UALKOU yla TOo LOAUB S0 mapousia avTaywvIoTIKWY
Lovtwyv. Avaloyllopevol tnv Umapén MoAUAPLO WY LOVTWY, BETIKA KAl apvNTLKA
dopTiopévwy, o mpaypatika AUpata Pb(ll), sivat Baowkn mpodmoéBeon n
Umapén E€KAEKTIKOTNTOG TOU UALKOU yla T XPnon Ttou o€ Olepyaoieg
anoppumavone. Mo To okomod auto dlevepynbnkav melpapata popnong oe
uiypata Pb(Il) / Na* kat Pb(Il) / Ca?* pe tn cuykevtpwon HoAuBSou va eival ion
e 0.0048 mM (1ppm) oe OAa ta Selypato Kol TO QVIAYWVLIOTIKA LOVIA Vol
Bplokovtol oe CUYKEVIPWOELG £w¢ Kal 1000 dopeg peyaAUtepeg. EmumAcoy, n
HEAETN eKAekTIKOTNTOG £ylve KoL o O&Uo OSlalvpata poAuBdou mou
TIapooKeEVAOTNKAV PE SUo Selypata Puolkol HeTaAALKOU vepol Ta omola
TiEPLEXOUV TToAUApLOpa Katlovta o SLadpOPETIKEG CUYKEVIPWOELS TO KaBéva
(Ma to delypa 1: Nat 0.11 mM /2.51 ppm, Ca?* 2.05 mM / 82.2 ppm, Mg?* 0.11
mM / 2.67 ppm, K* 0.02 mM / 0.82 ppm. lNa to deiypa 2: Na* 0.07 mM / 1.53
ppm, Ca?* 0.86 mM / 34.6 ppm, Mg?* 0.08 mM / 1.98 ppm, K* 0.005 mM / 0.18
ppm). ATtO TIG LETPHOELG TNC TEALKIC CUYKEVTPWONG LOAUBSOL o KABE Eva amo
To mopanavw Selypata mpoékudav TTOAU LKAVOTIOLNTIKA OTTOTEAECUOTO TO
omola moTomnoloVV TNV ekAekTik podpnon Pb(ll) andé to MOR-3 og mocootd
peyaAutepa tou 99% otnv mAsloPndia twv deypdtwy. E¢loou evBappuvtika
ATAV KOl TO ATTOTEAECUATO OTO TPAYHOTIKA Selypato vepol OMoU TO UALKO
podnoe 1o 93.7 kal 95% tou PoAuBdou. OAa ta anoteAéopata mapouoialovral

QVOAUTLKA 0TNV €lkova 3.32.
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Ewkova 3.32: AnoteAéopata podnong Pb(ll) mapoucia aviaywvioTkwy WOVTWY. ITtov dfova X
QUELKOVIZETAL TO OVTOYWVLOTIKO OV KOBWE Kal N YPAUUOUOPLAKA TOU avaAoyia OTO €KAOTOTE

Selypa.

3.4 MeA€tn podnong Pb(ll) pe mepdpata cuvexoug pong oe
oTNAN.

H efatpetikn) popntiki Lkavotnta mou mapouciace to MOR-3 ota melpapata
SlaAelmovtog €pyou, wC TPOC TO XPOVo Kol tnv amnddoon, mupodotnoe To
evlladEpov yla tn HeAETN afLOTIONCNC TOU O MELPAUATA CUVEXOUG PONG KOOBWG
LE TOV TPOTMO QUTO, elval 1o mbavn n xprion tou o Blopnxavikn KAipaka. To
TPOPBANUA TNG SNULOUPYLAC EVOLWPNUATOG O VEPO YL TO UALKO O€ pHopdr) oKOVNG
AUOBNKe €UKOAQ HE TNV UETAOUVOETIKA TpOTomoinon tou UALKOU o odalpidla
ETUKOAUUEVA E OAYLVIKO aoBE0TLO o€ ypappopoplakn availoyia MOR-3 / CA lon
pe 8.5. Xto mAaioclo NG mMapouoag epyaciag €yweE Ula TPWTN UEAETN TNG
anoteAeopatikotntag tou MOR-3@CA o€ MEPAUATO CUVEXOUG PONG, N omoia
nepAApBave Tov TPocSLOPLOPO TNG LEYLOTNG XWPNTLKAG LKAVOTNTOG TOU UALKOU UE
xprion StaAvpatog poAuBSou 100 ppm, TNV €€TAON TNG LKAVOTNTAG AVOYEVVNONG

Kal Tng SLatpnong tng podnTIKNAG LKAVOTNTOG O TIEPLOGOTEPOUG KUKAOUG.
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Ewkova 3.33: ZTtAN pe mMANPWTLKO UALKO MOR-3@CA beads.

H otatikn daon tng otnAng amotedovvrav ano 1.03g twv odatptdiwv MOR-3@CA
kataAapBavovrag Upog 7cm otn otnAn (Ew. 3.33). O oykog KALlvng urtoAoyiotnke
ota 2.7mL, evw n por tTn¢ oTAANG XPOVOUETPABNKE MpLv TNV €vapén tng podnong
Kot Bp€Onke ton pe 1.5 mL / min. Katd tov mpwto KUKAO cUAAEXONKOV CUVOALKA
112 oykol KAlvng HEXPL va mapatnpnBel KOPEOUOG TOU UALKOU Kal N TEALKN
OUYKEVTPWON TwV SEYHATWY HETPNONKE UE ATOULKA amoppodnon oe GpAdya
aKeTUAeviou. To UAIKO mapouciaoce breakthrough peta amo 26 oykoug KAlvng
(amopdkpuvon >96%) KATA TNV MPOCOUOIWAN TWV TIELPOUATIKWY OTTOTEAECUATWY
pe tnv eflowon Thomas. H eflowon Thomas mou xpnowuomow)Bnke yla tnv

EPUNVELX TWV ATtOTEAECUATWY SiveTal armod Tov yeVIKO TUTO :

Cc 1

- K
Co 1+eXp(%h (Qmaxm_CoVeff))

Kth: n otaBepd Thomas , gmax: N HEYLOTN XWPNTLKOTNTA UAKOU, m: palo tou
UALKOU, Q: puBuocg pong, Co: apXLKA CUYKEVTPWON avaAlTh, Ves: TO ABpolopa Twv

OYKWV KALVNG.

AUTO TO poOVtéAo umoBétel OtL n avtiotaon otn petadopd palag toéoo oTn
e€wteplkn emipavela 600 KAl OTO ECWTEPLKO TwV cwpatidiwv dev emnpealel tn

podnon umo pon.
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Ao tn mpooopoiwon Twv dedopévwy pe tnv e€lowon Thomas (ewkova 3.34,
Mivakag 3.2) n YEYLOTN LKavOoTnTa podnong tou UAKOU o popdn odatpldiwv
uroAoyiotnke ton pe 13.4 mg/g MOR-3@CA. N'vwpilovtog TNV MEPLEKTIKOTNTA TWV
odalpldiwv oe MOR-3 (875.5 mg) TO gmax Elval oo pe 15.8 mg/g MOR-3.

» CJC,
1,24 Thomas Fitting

0,2- /
y
S——
0!0 F-i-i-r-r-l T T T T T 1
0 50 100 150 200 250 300 350

Bed volume (mL)

Ewkova 3.34: H breakthrough kaumUAn ywa tov mpwto KUkAo podnong Pb(ll) apxikng
ouykévtpwaong 100 ppm amo to MOR-3@CA (pH=4.5 kat puBuog pong 1.5 mL/min). H KOkkwn
ypopun Seiyvel tTnv nmpooopoiwon twv dedopévwy Ue thv e€iowon Thomas.

Enelta, mpaypotonoldnke avayévvnon Tou UAWKKoU pe O6fvo  Slalupa
uvdpoxAwplkol of€oc 0.1M yia tnv ekpodnon tou HOAuBSou. AkolouBnoe
€KTTAUON TNG OTAANG LLE ATILOVLIOUEVO VEPO HEXPL N TLU Tou pH oto StaAupa EKPOoNnG
va EemepAoel TNV TR 4. TN OUVEXELA, N OTAAN XPNOLUOTOLONKE O EMOUEVO
KUKAO pOdNOoNG KOTA TOV OTIOLO TO TTOCOOTO ATIOMAKPUVONG NTAV LEYAAUTEPO ATO
93% yLa 26 Oykou¢ KAivng 6mou Kal To UALKO tapouciace breakthrough. H péylotn
TIUN pOPNONG TTOU UTIOAOYLOTNKE Ao TNV tpocopoiwon He tnv e€locwon Thomas
(~12.1 mg Pb/g MOR-3@CA/ 14.2 mg Pb/g MOR-3, Mivakac 3.2) sival kovta os
aut Tou PBpEOBnKe KatA TOV TPWTO KUKAO podnong, To omoio Oelxvel tn

Sduvatotnta avayévvnong Kal emavaypnotponoinong tng otning.
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Ewkova 3.35: KapmuAn breakthrough yia to dgUtepo kUkAo pddpnong Pb(ll) ané to MOR-3@CA. H

KOKKLVN ypaupn Seixvel tnv mpooopoiwaon Twv dedopévwy e tnv e€lowon Thomas.

Mivakag 3.2 OL mopapetpol TG e€iowong Thomas OMw¢ umoAoyiotnkav amo ta SLaypapupaTa

KaBe KUKAOU.

AnoteAECHOTA TTPOCOLLOLWONG Napapetpotr
KokAog glowong Thomas
Xpnong
KTh qmm KThCo R? KTh dm
Q Q (Lmg* min™) | (mg/g)

1°¢ 4.51416+0.29674 | 0.03522+0.00255 | 0.9818 | 0.000414 | 13.4077

2°¢ 6.21045+0.54846 | 0.04848+0.00398 | 0.9893 | 0.0007272 | 12.0750

Emewta anod tnv avayévvnon tng oTtAANG mpaypatonoonke Kot po SoKLpn tpitou
KUKAOU Katd tnv omoia StnABav 26 oykol KAlvng OoToug Omolou¢ To MOCO0oTO
QTIOUAKPUVONG OMWE TPOEKUPE amo TN HETPNON TNG TEAKAG OUYKEVTPWONG
HOAUBSoU Atav kol TAAL MAvw amo 94%, umodnAwvovtag OtL N podnTikn
KavOTNTO. TOU UALKOU e€ixe O&latnpnBel. Meta Tt OSladkacia podpnong
TIAPOTNPELTAL LA CNUAVTLIKA XpwHaTkA aAAdayn yia ta odatpidia mouv odeiletal

o€ 6éopevuon peyaing noootntag Pb (Ewk. 3.36).
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Ewkova 3.36: Ta beads petd tov 3° kUkAo podnong. Elval epdavng n aAlayr Tou XpwHATOG.

3.5 Zuykplon tou MOR-3 w¢ podntr Pb(ll) pe GA\a uALka tou podolv
HOAUBSo otn BBAloypadia
JTo onuelo autd Ba nNTav XPAOLWMO va Yivel ot olyKplon Twv KUPLWV

XOPOAKTNPLOTLKWY TOU UALKOU TIOU OUVTEBNKE oTa A Ao TNG MooV oG EPYoiag
pe aAAa UALKA Ttou amoteAolv e€alpetikolg podntec Pb(ll) kat €xouv avadepBOel
w¢ twpa otn PBBAloypadia. Onwg dPaivetal avaAutikd otov mivaka 3.3
TapokAtw, tTo MOR-3 mapolo mou Sev mapouclalel TN HEYAAUTEPN TN Qmax
e€akoAouBel va avraywviletal Ta avaAoyo UALKA. JUYKEKPLUEVA, TIAPOUGCLATEL
ToXUTATN KWNTWKA podnong €mituyxavovtag oxedOV TIOCOTIKI) OTMOUAKPUVON
HOAUBOOU o0 POALC 1 AemTO, €VW TA TEPLOCOTEPA UALKA QTALTOUV TIOAU
TLEPLOOOTEPO XPOVO (5 Aemtd €wg KAl 24 WPEC), XOPAKTNPLOTIKO TIOU ATOTEAEL
TEPAOTLO TIAEOVEKTNHA yloL TN XPAON TOu o€ Blopnxavikn kAipaka, Adoyw Twv
HUEYOAUTEPWYV OYKWV AUHUATWY TTOU UITopoUV va KaBapLlotouv ava povada xpovou.
ErumAéov, n duvatotnta Xpriong Tou UAIKOU w¢ otatiki ¢daon oe melpapata
OUVEXOUG pon¢ o€ oTNAEC amoteAel (OWC TO ONUAVTLKOTEPO XAPOAKTNPLOTIKO TOU
MOR-3 1ou 1o B€tel o€ e€€xouoa B€on Evavtl TOAAWY poPpNTIKWV UALKWV Tou Sev
€xouv peletnBel oe tétoleg Slepyaoiec. Ta AmMOTEAECUATA TTOU TTOPOUCLATEL Kall

0€ QUTOV ToV TUTo Slepyaoiag eival e€alpetikd KabBwg N HEYLOTN XWPNTIKOTNTA
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TOU €lval HEYOAUTEPN QO TNV AVILOTOLXN TLUA O AAAQ UAIKA KOl MAALOTA HE

TOXUTNTEG PONG £WG Kal 3 GopEC LEYAAUTEPEC ATIO AUTEC TTOU XPNoLomolonkayv

yla dAAa UALKA.  T€Aog, n Suvatotnta avayEvvnong Kol EmovaxpnoLlonoinong

CUUMANPWVOUV TN AloTa TwV EMIBUUNTWVY XAPOKTNPLOTIKWY TOU VEOCUVTLOEEVOU

UALKOU YLO TN CUYKEKPLUEVN XPHON.

MNivakag 3.3. Zuykpttikd dedopéva podnong Pb(ll) yia to MOR-3 kot aAla

podnTKA UALKA TTou €xouv avadepBel otn BLBAloypadia.

Podntrg Xwpntikotnta | Xpovog EKAEKTLKOTNTOL Enavaypnot- | Nepdpata uvnod | Avadopad
(mg/g) wooppomiag | (Q¢ mpo¢ avtaywv. | pomoinon por
ovta)
MOR-3 250 1min Na*, Mg?*, K*, Ca?* @ 3 kUkAot | Mapoloa
, podnong ue | epyaoia
(umé ™
qmax11=13.4

00

Hopdn Omax2=12.1 mg/g

beads)
MIL-53(Al) MFC | 492.4 120min - - N/A [80]
TMU-5 251 5min - - N/A [81]
Thiol- 215.05 120min | Evavt TIOMWV N/A [82]
functionalized KOTLOVTWY @
Fe304@Cus(btc):
MCNC@2Zn-BTC | 558.66 30min Cu?*, Zn?*, Cd?* @ N/A [83]

o




[ZnsL3(BPE)1s]n | 616.64 10min Na*, Mg?*, K*, Ca?*, N/A [84]
MnZ*, Co?*, Ni%*, @
Cd?*
Ca-MOF 522 5min Na*, Mg?*, Ca%, Anoppurnavon [2]
Ni%*, Zn%*, Cu?* @ &/to¢  Tpocoy.
puTL. uToY.
vddtwv
KMS-1 377 5 min ANKAAL0/ OAKOALKES ® N/A (85]
yaleg
Mg-MTMS 365 120 min | - @ N/A [86]
MoS.-LDH 290 30 min Co*, Ni¥*, zn?, ® N/A [87]
Cd2+
S« -LDH 483 - Zn2*, Co?*, Ni2* @ N/A [88]
Na*-MOR-1- 334 <1min Na*, Mg?*, Ca?*, K* N/A [1]
NHCS; @
DUT-67 38.2 24h - @ 5 kUkAoL pe 6/ua | [71]
Pb(NOs); 21ppm.
Omax=0.96mg
Pb(NOs),/g MOF
MOF-808- 313 >5min - @ Melwon 3-5 | [66]
EDTA TAgELg
HEYEBOUC TNG
OUYKEVTPWONC
Pb(I1) ano
Ci-5ppm
nmapouoia
ovtay. L.ovtwv

e L




3.6 MNpoTEWVOUEVOG UNXOVIOHOG podnong Pb(ll) yia to MOR-3
To UALKO TOU CuVTEDNKE Kol HEAETNONKE otV mapovoa gpyacia mapouciace

€€ALPETIKEC LKAVOTNTEG podnong LOAUBSouU oL omoieg obriynoav otn dtepelivnon
TOU UNXQVIOMOU Ttou Tn OLEMEL. AvaTpEXOVTOG OTA AMOTEAEopATA TOOO TWV
XOPOAKTNPLOUWVY 000 KOl TWV HEAETWY pOdNOoNG UImopouv va pokUPouv KamoLa
Baowa cupmnepaocpata. Katopxag, to -6uvapikd Tou UAKOU UTtoSnAwVEL TNV
oubEtepa GOPTIOHEVN ETILHAVELA TOU, YEYOVOC TIOU OTTOKAELEL TIG NAEKTPOOTATLKEG
aMnAemdpaocslc tou MOF pe ta tovta Pb?*. Asbdopévou otL to MOF eival
oubétepo, n podnon Pb?* amd to MOF cuvemadystal Kol podnon oviovIwv

(vitpikwv) yla va mapapével to MOF oub€tepo Kal PETA T podnon:
MOR-3 + Pb(NO3), > MOR-3-Pb(NOs);

Ta mapanavw Ba pnopovoav va eniBefatwbdolv ano to pacua urepuBpou Tou
UALKOU peTa tn podnon, kabwe n Sévnon taong tou dsopou N-O mapouaotalet
€vtovn tawia mepimou ota 1380cm™ (otov vitpikd poAuBSo mapatnpeital pa
gupeia pravra and ta 1000 £wg ta 1500cm™?, onwg paivetal otnv swkova 3.37).
Q0TO0O0 OTNV MEPLOXA AUTH UTIAPXEL KOpudr Kal ota Tpia dacpata mou AndOnkav

omnote dev eivat Suvatn n Slakplon tne yoti mbavotata eMKAAUTITETAL.

Lead nitrate \

0,0

3000 2500 2000 1500 1000 500

Wavenumber(cm™)

Ewova 3.37: Daopa umeplBpou yLa Tov VITPKO LoAuBdo.
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‘Eva. akopn kpiolpo ZAtnua mou adopd 0To UNXOVIOUO TNG podnong oxetiletal
LE TO €l60¢ TG pOdnong. YobEtovtag OTL TNV MPOYHATIKOTNTA YivETaL podnon
[Pb(H,0),]?* kaBiotatatl adUvato To yeyovog va GUHUBAIVEL OTO ECWTEPLKO TWV
TIOPWV TOU UALKOU AOyw peyéBouc. Me BAon Tov UMOAOYLOUO HE TO AOYLOULKO
poreblazer ot tdpot tou UAkoU €xouv péyeBog mepimou (oo pe 7 A, evw o évudpoc
HOAUBSOC €xel péyeboc peyahutepo amd 8 A[89]. Apa, n pddnon meplopiletat
Hovo otnv emipavela tou MOR-3. Auto emiBefalwvetal kot amd tnv €8LKN
emudavela n omola umoAoylotnke pe tn HEBoSo BET amo petproslg podpnong-
ekpodnaong N, yla To UALKO KopeopEvo og Pb. Juykekplpéva, n edikn empavela
TOU UALKOU META T podnon Pb?* mapouociaoce pikpry Stadopormoinon oOmwg
daivetal kat otnv ekova 3.38 (uelwon og mTooootod ~16%), o€ oXEon UE TNV €L8LKNA
emudavela Tou apxtkol UALkoU. Mia teétola Stadopomnoinon pmopet va e€nynOetl
ard tnv al€non Tt MUKVOTNTOC TOU UALKOU Adyw TNE apouciog Twy Loviwy Pb?*,
AuTH n OXETIKA KPR oAAayr otnv ek emidpavela uTtoSelkvUEL podnon otnv
e€wtepLkn emipAveLa TOU UALKOU, SESOUEVOU OTL O€ EPLTTTWON KATA TNV omola n
pOdnoN yWoTavV 0TO EOCWTEPLKO TWV TOPWV, N €L8IKN emipavela Ba sixe oxedov

ekun&evioTel.

m  MOR-3 Degassed
® PbH”-MOR-3

400 .
5350
§ .
g3°°‘ BET surface = 838 m%g _§
= gan® " e
§250_ -_.'.|llll
@ o .'Olll""'
S0 [ o
<200 ' -® BET surface = 705 m?/g
150 .

T T T T
0,0 0,2 0.4 0,6 0,8 1,0
Relative Pressure (P/Po)

Ewkdva 3.38: 1068eppol podpnonc-ekpddnong N, yio to MOR-3 ripLv Kot HETA amd Th podnon Pb?.
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O MPOTELVOUEVOC TPOTIOG oUVOEDNC Tou HOAUBSOU otnVv emidpavela Tou UALKOU
napatiBetal otnv eikéva 3.39. Onwe £xel Nén avadepbel, anod t Bewpia HSAB o
HOAUBS0C w¢ paAakn Baon mpotiud Tt Snuoupyia Seopwyv Evtaéng Le LAAAKOUG
60tec onmwc eival to atopo Beiov kat to alwto. H odaipa évraéng tou

HETAAAOIOVTOC CUUTTANPWVETAL OTTO VITPLKA OVLOVTA KoL TiLBava HopLa vepou.

Ewkova 3.39: MiBavn B€on olvdeong tou poAuBSou otnv emidaveta tou MOR-3. TV elkova Sev

eudavitovral ta dropa H. H odbaipa évtagne tou Pb?" cUUMANPWVETAL ME VITPKA LOVTA KoL

mBava popla vepou.

95



4,3UUTIEPACLATOL



4.Zuunepaopara
TNV mMopoUoo UETAMTUXLOKN SUTAWMATIKY) OUVTEBNKAV KoL Xopaktnpiotnkav

€vag véog umokataotatng (H,TAPT) kot €va HETAAAO-OPYAVIKO TIAEYHO LE TO
OUYKEKPLUEVO uTtokataotatn, [Zre04(OH)4(H20)4(TAPT)3.33(NH,-BDC)o67]:10H,0,
To omolo mnpe TNV Kwdk ovopoocioc MOR-3. To UAIKO amopovwBnke kot
XOPAKTNPLOTNKE TOOO UETA Tn oUVBeon 000 KOL PETA ATMO OMOUAKPUVON TWV
SloAutwv pe  Katepyaoia pe  aBavoln kol amaépwon. H wkavotnta

anopakpuvong Pb(ll) peAetiBnke oto MOR-3 degassed.

To UAKO auTO Ttapouciaoe e€AlPETIKN XNUIKN Kal BgpuLkr) otabepdtnTta Onwg
emBefaiwbnke amd Sedopéva mepiBAaong aktivwv-X okovng. AmoteAel
LoOSOMIKO HOVTEAD Tou MOR-2 pe TTOPOUC OXETIKA piKpoU peyéBouc (7 A) mou
nieplopilouv tn podnon Pb?* atnv emitdpaveia tou UAKoU. QoTO00 TO UALKO pUrtopet
v SeopeVEl €EALPETIKA OMOTEAECUATIKA TO LOovta Pb?*, 6sbopévou otL o Pb?*
UTopel va oxnUaTtilel Loxupoug Se0p0UC, HEOW KATA Ttaca mBoavotnta XxnAtkou

TPOTOU £vtaéng, Le TIG Aettoupykeg opadeg NH katl Belodpeviov tou MOF.

Mpayporty, to MOF w¢ podpntic Pb?* mapouciaos s€alpetikd amoteAéopota o
Sdladopec ouvOnkeg, and ofva €wg eAadppwe aAKaAlka StaAvpota Kabwg Kot
TIAPOUGCLA HEPOVWHEVWY AVTOYWVLIOTIKWY LOVTWY | LIYUATWV autwv. EEeTdotnke
N Kavotnta podnong toco oe Melpapato SLaAEmovTog €pyou 000 Kal Of

TLELPAUATO UTIO POr), OTIOU TA AMOTEAECHATA TAV TTOAU EVOAPPUVTIKA.

Ooov adopad ta nelpapata Staleimoviog €pyou, To UALKO tapouciaoce Taxutatn
KLVNTKA podnong, anopakpuvovtag >99% tng apxLlkng cuykevtpwaong LoAuBdou
KoL ¢ravovrac oe ooppormia o€ POAG 1 Aemto. MoapdAAnAa, Siatpnoe T
podNTLKA TOU LKAVOTNTO O€ TOCOOTO PeyaAUTEPO ToU 97.4% o€ éva eUpog pH 4-8.
E¢loou uPnAd (>99% otnv mAswoPndia twv delypdtwyv) mMapéuswvav Kal ta
TIOCOOTA ATOUAKPUVONG LOAUBSOUL, TTapouGia AVTOYWVLOTIKWY LOVIWV QKOO KOl
oe 1000 ¢opég peyoAUTEPN YpPAUUOUOPLAKN TEpiooela. AKOMQ KOl OTnV

neplmtwon piypatog wvtwy oe Selypata eUPLOAWUEVWY VEPWY TA TTOCOOTA
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QMopAKpUVONG NTav mavw oo 93%, umoypappiloviag TNV EKAEKTIKOTNTA TOU
UALKOU otn Oéopeuon HOAUBSou. AmO tnVv 1060gpuo KAUTUAN podnong
TPOOSLOPLOTNKE N LEYLOTN XWPNTIKOTNTA TOU UALKOU Kot Bp€Bnke lon pe ~250 mg
Pb(Il) /g MOR-3 (povtéAlo Langmuir-Freundlich f Sips), TLun mou givatl cuykpiotpn
LE TG avTioTolxeg AAAwV VAKwV ot BLBAloypadia. Afloonuelwtn gival emiong n
Sduvatotnta aflomoinong Tou UALKOU w¢ TANPWTLKO UALKO o€ OTAAN, UETA amod
Kat@AANAn tpomomnoinon pe aAywiko acBéotio (CA), yia tn Sie€aywyn podnong
umo pon. Kat og autn tnv nepimtwon ta anoteAéopata ATav e€QLPETIKA UE TO
UALKO va mapouctalel xwpntikotnta ton pe 13.4 mg Pb(ll) / g MOR-3@CA beads
Kot va Statnpel oxedov avaAlolwtn T podNTIKN TOU LKAVOTNTA YLot TOUAGXLOTOV
3 KUKAougG. AmoteAel Aoutov €va UAKO pe eUKoAn Swadikaocia ouvBeong,
€€QLPETIKA XOPAKTNPLOTIKA Kol TTOAAQ UTTOOXOUEVO o€ Slepyaaieg amoppumavong
Tou vepoU amd Papfa HETaANQ, TOavotata KoL O BLOUNXOVLKA KALHQKO.
MapdAAnAa, O VEOC UMOKATAOTATNG TIOU OUVTIEBNKE ota TAAiol  TNG
HUETAMTUXLOKAG SUTAWHATIKNAG £pyaciag Umopsl va xpnowdomownBel yia tnv
anopovwon pLag mMAstadag amod MOFs pe molkiha petaAloiovta mou €KTOC amo
evlladEépovia SOULKA XOPAKTNPLOTIKA UIOPEL v €XOUV KoL EVOLOPEPOUOEC
dLotnteg podnong i Kat aviyvevonc Bopewv petaAlwy, Aoyw ¢ mopousiag
opadwv apivne- Bslodeviov MOU AvVAUEVETAL VO EUVOOUV TNV Loxupn S€oUeuoN

HOAOKWY LETOAALKWV LOVTWV.
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