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ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

1. 2TOIXEIA YMNOEProy
1.1. TitAog utroépyou
Néa MoAupepikd Xpwuo@opa kail MNMoAupepikoi HAekTpoAUTEG yia E@apuoyr e HAIakEG
KuwpeAideg
1.2. EmoTtnpovikég YreuBuvog Yroépyou
Ovoparemmwvupo  KaAAitong lwadvvng
dopéag: MavemoTiuio Marpwyv
O¢on: KaBnyntng
AigtBuvon: MavemoTtAiuio MaTtpwyv, Pio, Tk 26500
TnA.: 2610-962952
E-mail: kallitsi@upatras.gr
1.3. Avddoyog
ETrwvupia:
AigtBuvon:
TnA.:
E-mail:
1.4. Aidpkela UTTOépPyoOu:
MpoBAerépevn (apxikr) cuuBaon kai
TPOTTOTIOINCEIC AUTAG)
Mrveg : 36
Huepopunvia évapéng : 01/11/2005
Huepopunvia AENG : 31/10/2008
XpovikA mTapdracn (ouvoAikd og oxéon :
ME TNV apxIkh ouuBacn)
1.5. Amo@don éyKpIiong EKTEAEONG UTTOEPYOU KOl TPOTTOTTOINCEIS AUTAG
AP,
MPOTOKOAAOY | AMEPOMHNIA AITIA TPOIIONIOTHEHE
APXIKH ATIO®AXH 1-12-2005
1" TPOTIONL. ATIOGASHS 17-3-2007 2)7;7:)(:;{1’1 /Y , Tpomomoinon Anoavév
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2. @YzIKO ANTIKEIMENO

2.1. NepiAnyn TpaypaTOTTOINOECWYV EPYATIWV

(LéyioTo 1 oehida)

lNapouaidleTal CUVOTITIKA TO QUOIKO QVTIKEIEVO TOU €pyou OTTWS OIaUOPQWONKE LE TN UEXP!
Twpa uAormroinan Tou. 210 TAQicIO TNG TEAIKAC éKBeonc avapéperar kai n €miteuén N un  Tou
TEAIKOU OTO)0U TOU €PYOU.

H ovvbeon ovpumhokmv ToOADUEPOVG-UETAAAOL PpIioKETOL ONUEPO GTO EMIKEVIPO TOL
evOl0QEPOVTOG. O GUVOVAGLOG OVOPYOVmV HOVAS®OV TTOL TEPEXOLV HETOAAN LE pakpopdplo. odnyel og
VREPUOPLOKEG OOUES e VEEC Kol EVOLIPEPOVOES PUOIKES Kot yNUkéS WtotTeg. Ot 1810t TEG AVTEG -
NAEKTPOYNIUIKES Kot 1310TNTEG HETAPOPAG NAEKTpOViDY Kot evépyetog- kabopilovtal omd v KaTdAANAN
EMAOYN VIOKATAGTATN Kot T0 KaBLoToOV OnTépmg a&lomomotio VAKG. AT pio peydAn motkiiio
TOAVLEPIKMV GUUTAOK®V OV £ovv cuvtedel péypt ofpepa, ekeiva mov Eyovv w¢ Pdon Tovg to povbnvio
(Ru) mpoocpépovv embBountég 1010tTeg, OMMOG 1N MAEKTPIKY oy@YWOTNTA, 1M QEOTOOYEI Kol 1|
ootodbractikotta. To povbnqvio elvar éva omd To 7O €LVOIKA wOvTa NG TEXVOAOYiNG
GLUTAOKOTOINGTG TOAVUEPOV KAODG emTpénel TNV anevbeiog chHVOEST TOGO OGVUUETPOV GUUTAOK®V
0G0 KOl CUUUPETPIK®OV GLOTNUHATOV. Q¢ vmokatactdteg tov povdnviov, ypnoiponoovviol kvupiog o
ddovTikd¢ vrokaTaoTatng 2,2°-5urupldivn Kot 0 TPOOVTIKOG VITOKOTOGTATNG 2,2°:6°,2° -Tpurupidivy
ggautiog g peydAng cvyyévelag despod mov ovtol epeavifovv pe T LETOAAM HETAmTOONG. TEToleg
GUUTAOKOKES €EVAGELS UmMOpPOLV va ypnoomomBodv g svoucOnromomtés oe vPpdEg MAOKES
KOWEADEG.

Kotd ™) 01apKELo T0V avOTEPOV £pYOV VAOTOMONKOY 01 KUTOTEPM EVOTNTES:

1. ZovBeon, ymuKds, Kol OTTONAEKTPOVIKOG YOPOKTNPIGUOS HOVOUEPIKMV 1 KOl TOAVUEPIKOV Ot
GOUTAOK®V 1OVI®OV TOL povbnviov pe TpuTLPLdIVIKOVE VIokataoTdtes. Ta moALUEPIKE Sl-GOUTAOKN
nmapdybnoav, moivpepiloviag évo Pwvolikd povopepés Tpumuptdivig pe  eheyyopeves pebodovg
moAvpepiopov (ATRP), ypnoponoudvtag dpactikovg ekkivités. To TeEAMKA d1-GOUTAOKA, LLOVOUEPLKOD 1|
TOALLEPTKOD TOTOV, PEPOLV GTU AKPA TOVG OpAdeG KapPoLuAiov kot ypnoponomdnkay ©¢ YPOOTIKEG
gvaicnronoinong vueviov TiO,, og VPPOIKEC NAakég Kuyelideg TOmov Gritzel.

2. ZovBeon, yMUKOC, KOl OTTONAEKTPOVIKOG YOPOUKTNPOUOS LOVOUEP®DY KOl TOALUEPIKMYV TPL-
CUUTAOK®V 1OVI®V Tov povdnviov pe SmupdVIKOVG VITOKATACTATES. Apykd mapnydn éva mpdTumo
Bwvolikd povouepés dmuptdivig To 0moio, 6T GUVEXELD, CLUUTAOKOTOWONKE e popto durvpldivng Kot
wvta povnviov. AkoAloOBmS, TOALUEPIOTNKE YPNOILOTOLDVTOS EAEYYOUEVES HEBODOVG TOAVUEPIGHOD
(ATRP) pe dpaoctikodc | xpOHoPOpovg eKKivTéG. Ta TEAKE TOALUEPIKA TPL-GOUTAOKO GEPOVY GTA
axpa Tovg opddeg KapPolviiov dGTE Vo LTOPOLV va XPNGILOTOMOOVV MG YPOCTIKES evausdnTomoinong
vueviov TiO,, oe vPpdkés Miakég kvyeAideg tomov Gritzel. Téhog to mopomdved GOUTAOKO,
GUUTOADUEPIGTNKE LLE OULADEG TTOV OPOVV MG LETOPOPEIG NAEKTPOVIOY 1| OV KOl TOL TEMKA CVTH VAIKA
pekeTONKaV G TPOG TNV IKOVOTNTA TOVG VO AEITOVPYOUV MG GTORASES EKTOUTNG, G 1000VG EKTOUTNG
ootog (LED).

3. Xnpkmn tpomomoinon Kot ¥nukds Kot oTTonAEKTPOVIKOS YOPUKTNPIOUOS TPOTOTOMUEVOV ETLPAVEIDY
VOVOGOANVOV GvOpaka HovoD Kot TOAAOTAOD TOLYDUATOS UE HOVOUEPT KOl TOAVUEPIKE, S1-COUTAOKO
WVTEOV T0V povBnviov pe Tpmvpdives. Ta copTAoka oL ¥PNCILOTOWONKAY Vol OO0 [LE OVTH TOV
mapnyOnoov oty gvotnta 1. tdyog TV TPOTEWOUEVOV TPOTOMOMGCEMY €ival 1 EKUETAAAELGON TOV
Waltepov pNYovikav, BepUIK®V Kol NAEKTPIKOV WO0THTOV TOV VOVOCOAVGV, Tov Ba Tpocpépovv
TAEOVEKTNOTO, KATA TNV E€QOPLOYT] TOV VOVOGUVOETOV OUTOV GLOTNUATOV, o VPPIOIKEG NAMOKEG
Kuyelideg tomov Gritzel.
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2.2. AvaAuTikn NMepiypaen Twv EvothTwy Epyaciwyv (E.E.) mou uhotroinnkav

(keipgvo 10 AlyoTepo 20 ogAidwv)

Awoare avaAuTikn Teplypa@n kGBs E.E. mou uAotroiiBnke uéxpl onuepa (uebodoAoyia
mou akoAoubnbnke , TTEPIYpA®n,  TTEIPAUATA-O0KIUES,  arroTeAéouara,  TEAIKO
xpovodidypauua uvAotroinonc E.E., eummAekduevol @opeic kai n ouuBoAn Toug,
mapadoréa , TPAYUATIKO KOOTOC TapadoTéou).

MMPOXOXH : H mepiypapn twv E.E. va yivel pye oagnveia Kal va EmMKEVIPwWOEl OTIC
TpayuaroTroineeioss  epyaociec kal  Ta  amoreAéouara xwpic va  mmepiAauBavel
BiBAoypa@ikéC avapopéc Kai avapopéc atn Oisbvn eutreipia. Na avagpepBolv kai va
aimioAoynBouv o1 armrokAioei¢ amrd ra ouuBartika oToixeia.

2uutmAnpwoare 60e¢ OEAIOEC KpivovTal ammapaitnTes

Evotnra 1:

270 KEQAAOIO OVTO TOPUCKEVACTNKOY VEQ TOADUEPIKG YPOUOPOPO, TOADUEPT] TOL EYOLV
avénpévo optio petarroidviov povnviov, avEnuévn SwAvtdOTNTO, VO TOLTOYPOVE VIAPYOLV
KopPoEuAkéG opddec o1 omoieg EMTPEMOVY TNV GUVOEST] TOV VAIKOV OVTAOV OTY VOVOKPLGTOAALKN
Titdvio. 1 omoio Agltovpyel ®G OEKTNG MAEKTpOViV. XvvTEOnKov To KATAAANAG vEa povopept|
TPILVPIVNG, To omoic TOALUEPIOTNKOY OivOVTOG OHOTOAVUEPT KOl GUUTOALUEPT OLAPOPETIKNG
OPYITEKTOVIKNAG TG OmMOi0l KOl GUUTAOKOTOMONKOV YPNCULOTOUDVTAS LOVOSUUTAOKA pobudnviov-
Tpumupdivine. Zovtébnkav emiong, avtioTolyo povopepikd cOpmioka Yo Adyovg cvykpiong. To vAkd
OUTA YOPOKTNPICTNKOY OC TPOG TO SOUIKE TOVG YOPOKTNPIOTIKG KOl TIC OTTIKEG TOVG OOTNTEG EVA
Kamolo amd ot epoprocTNKaY cg povodiaiegs nhokés koyedideg. TENOG, £ytve avaALTIKY HEAETN TG
eMdpaoNG TOV OAKOEL-VTOKATAGTOTOV GTN LOPPOAOYID T®V GLUTAOK®OV HETOAAAO TOAVUEPDV TOL

ouvTEONKav.

1.1. 2¥vOcon ka1 yopoaktypiouds fIvoitkod uovouepovs TpIrvpioivyg

H ympu mopeia yio tn ovvBeon tov povopepos Prvor-Bevivro&u-(2,27:67,2" -tputvpidivn) (3)
eaivetar oto Zyfpa 1.1.1, ko Baciomke oto povouepés 4’-(m-vdpolveaivuro)-2,2":6",2" -tpiruptdivn
(HO-Ph-tpy) (1). To wopo 1, éEmerta and avtidpoon awbepomoinong Williamson pe
yhopopeBurootuporo £€dmwoe 10 TeEMKO PBwvvlikd povopepés tpy (3) oe wavomomriky omnddoon. H
avtidpaon aifeponoinong mpayparomombnke pe ypnon K,CO; g Pdon oe didAvpa axetdvng. O
YOPOKTNPIGHOC TOV 3 MTENYONKE HE PAGUATOCKOTIO, TUPIVIKOD payvnTikod cuvtovicpot (‘H NMR)

ZyMpa 1.1.2).

03EA- 8-3-1 kQ4. YITOEPTOY 1118 3



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY
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Yympo 1.1.1: ZovBeon tov Brvoiikod povopepovg tpy (3).
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Zyfna 1.1.2: déopa 'H-NMR tov Brvodikod povopepodc tpy 3 oe CDCls.

1.2. 20v0son Kot yopaKTypiouoc moOLVUEPOY HE TTAEVPIKEC OUAOES TPIIVPIOivyC néow ATRP

To 4-(3,5-015(nebo&ukapPovoro)patvo&upedvro)Beviviofpopidio (4), ypnopomombnke g
HOVO-0paoTiKOg KKV Yo TV ovvBeon tov molvpepmv P1(i-vv) (IHivexag 1.I) pe v pébodo

ATRP, énog paiveton oto Zyqpa 1.2.1.
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CuBr
2,2'-Bpy
PMDETA
H3;COOC DPE ROOC
110°Cc
0O—CH, CH,—Br + 3 —————>» O—CH, CH,—CH,—CH——Br
NaOH, THF n
H;COOC Reflux 4d ROOC
HCI
4
CH,
P1,R=CHj; |
(o}
P1', R=H
=
|
| A N ‘ A
_N N~

Yypo 1.2.1: Zovbeon péow ATRP tov molvpepadv P1, P1°, mov mepiéyovv opddeg tpy otny TAEVPIKT
aAvcida.

[paypatomombnke ocepd mepapdtov, peTafdiloviog kdOe @opd SLGQOpPEg TEPUUATIKEG
ovvOnkeg, ocvumepiappavopévev g Baong, Tov Adyov ekkivntig/CuBr/Bdon kot tov dwdvtn. Otav 1)
2,2"-0uvpdivn (bpy) ypnoipomomnke g vmokotactdtg tov kataAdtn Cu(l)/Cu(ll), emqebnoav
TOALLEPT] EAEYYOLEVOV HOPLOKOV Papdv kot yaunidv molvdacmopdv (Pli-vii, livakag 1.I). Me
yprion PMDETA o¢ vrokatdotatn Tov KataAdtn, peuwdnke o Pabuog eAéyyov tov moAvpepiopod, pe
amotélecpo va mopoyBodv molvpepn pe peyaAdtepa poplakd Papn kot molvdwacmopés (Plviii-viiii,
Mivaxkag 1.1, Zyqpe 1.2.3). Telkd Swoumotdbnke, 6t pe Adyo [povopepésg 3]o/[CuBr]y/[bpyly =10/2/2
otovg 110 °C kot o cvykévipaoon 10% w/v o dipatvvroBépa (DPE), Aapfdvovtotr molvpepn xoapning
ToALSLoTOPaG, o€ amoddoelg 50-60 %. Emiong, mopatnpnOnke otL dtov 1 ovaloyio, [povopuepég
3]o/[CuBr]¢/[bpylo =10/2/2 dev pmopovoe va tpnbei pe axpifela, Aappavoviay molvuepn pe mwoAd
vynAd poplakd Baprn Kot moALSIICTOPES, VITOSEKVIOVTAS TV ATMAEW EAEYYOL KaTé TO Prpa TPodSOv
TOV TOAVUEPIGHOD, KaOMG emiong kot v evaichncio Ttov eleyyopevev pillkdv TOAVUEPIGHOV

vevikotepa (P1vv, Ilivaxkag 1.1).
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Hivakeg 1.1 Mopiaxd xopokTnpioTikd Tmv cuvtiBEUevmv TOADUEPDV.

Amotgréopora GPC

IMoivpepés  Mn anéd Mn Mw PDI
"H-NMR

P1()"™ 3760 1400 1520 1.08
P1(ii)"™ 4220 1450 1770 1.22
P1(iii)'™ 5230 2379 3070 1.29
P1(iv)" 5780 3220 4240 1.31
P1(v)"* 3170 1470 1730 1.17
P1(vi)! 6260 3650 4700 1.20
P1(vii)! 6120 4090 4500 1.10
P1(viii) ' 6950 4250 6715 1.58
P1(viiii)'"! 8600 5600 9350 1.67
P1(vv)" 11400 7650 13080 1.71
p2 1 - 18450 42435 2.30

el Suvorkec avtidpaonc: CuBr, bpy, DPE, 110 °C. ! Suvenkec avtidpaong: CuBr, PMDETA, DPE 110
°C. " uvoikeg avtidpoaong: CuBr, bpy, DPE yopig ékeyyo. ' Zuvorkec avtidpaong FRP: AIBN, 110

°C. ¥l 5¢ CHCI; ypnoponotdvrag tpdtumo moAvstuporiov. Mn: péco poplakd Bapoc kotd aptoud,

Mw : péco popokod Bapog kotd Bapog, PDI (MW /Mn ): moALSLCTOPAL.

Ta mohvuepn apywd mapeAnedncav pe katafvdion coe n- Hexane, dmOMbnkav kot ot
ovvéyewn kabapiomrav. O kabapiopdc mpaypatomrombnke pe dtaomopd oe o&wd abviestépa (EtOAC)
v 24 dpeg, kKabDS 0 GVYKEKPUEVOS OLOADTNG JLAVEL EKAEKTIKGE TV TTEPIGGELD TOV LOVOLEPOVS 3 Kot
TOV eKKWVNTY, evd mapdAinio katafubilel to moAvpepés. AkorloVBme, To moAvpepn EnpdvOnkav vrd
wynAod kevo. ‘Emeta, emavadiodlvtorombnkov oe THF kot vréomnoav Pacikn vdpdivon pe didivpo
kavotikov vatpiov (NaOH, 10 N), odnydvtag otn UETATPOTH TMV EGTEPIKAOV GKPOV TOL EKKIVITH O
KkapPo&y opddec, omwg gaivetoar oto Xyfpa 1.2.1 (moivuepn P1°). O Adyog yio tov omoio kpibnke
avayKoio 1 TUPATOVE LETATPOTY, £lval OTL Ol YPOCTIKES TOL YPNCULOTOLOVVTOL GE VPPLOKES KLWEAIDES
tonov Gritzel, €govv tétoleg opadeg (OTmG avaEépOnKe KoL 6TV E1G0YMYN), e OKOTO VO UTOPOVV Vo
TPOGOEHOLY TAVEO OTNV EMPAVELD, TNG TITAVING Kot va TV evaitcOntonomcovv. Ailel va onpelmbet, ot
oA ta Todvpepn mpv (P1) kot petd v voporvon (P1°) mapopévouv dtaAvtd oe pio peyain mouiiio
opyavikdv dtolvtév, 6mwg CHCLy, THF ko DMF, emtpémovtag to xapoktnpiopd toug pe GPC kat 'H
NMR, 6nwg topovctdletal ota Tyqpata 1.2.3, 1.2.4 kot 1.2.5, avtictoyo.

Mapddinio, to Prvolkd povopepéc 3 molvpepiomke péow ehevbépov plav (FRP),
ypnowomowwvtag o¢ ekkwnty AIBN kot ¢ dohdtn DMF, dwatnpdviag ) CLYKEVIP®ON TOL
povopepovg 6to daAvtn oto 10% w/v kat tn Beppokpacio otovg 110 °C (Zynpe 1.2.2) (P2, Mivakag
L.I). Ta moivpepn mov mapiydnoav pe ) pébodo FRP, enefepydommrav v tov Kabapiopd tovg, and
TNV TEPIGGEI  TOL  HOVOUEPOVS, KOU TOV EKKVNTH OMMOC TEPLYPAPNKE TPONYOLUEVOS KOt

yapokmpiomkay pe GPC kon 'H NMR, énog aivetar omd to Zyipeta 1.2.3 kot 1.2.6, avtictoyo. O
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€AEYYOG TOL TOAVUEPIGHOD MTOV UEWOUEVOS, OTMG  ovapevotav kot  emPefordveronr amd 1O

ypopozoypdonua GPC.
n
cle2 AIBN, DMF <|3Hz
0
o 110°C o
| X N N N N |
_N N~ ~_N N
3 P2

Xypo 1.2.2: TToAvpepiopdc erevBépmv piidv tov povopepoic 3

H ypopoatoypaoeio amoxieicpod poplokdv peyebov (GPC) ypnowomombnke pe okomd va
amodeydei, 0Tl ota cuvtiBéueva Todvpepr| dev Tapépelve TEPIGTELN EKKIVITY, KaOMOG emiong Kot yio va
motomomBel 1 ATOTEAECUATIKOTNTO TNG GVVOETIKNG dlepyaciog ot Ayn TOAVUEPDV WE TPOYUOTIKA
YOUNAES TOALSOOTOPEG. XTO Ypopatoypaenpa yio to P1(vi) (Zynpe 1.2.3), dev napatnpeital vrolouto
exkiynT N povopepove. Ta popraxd Bapn tov mtorvpepmv P1v-vii kopaivovror peta&d 1400-4100 kot ot
TOALSOCTIOPES (MW / Mn) glvar onv kKhpoko 1.08-1.31 (ITivaxoeg 1.1).

Ta poprokd Bépn mov Aappdvovtor and ) teyviky GPC Pacilovtoar oe Pabuovéunon tov
opyévov pe TPOTLRA TOAVCTUPOAIOL, OHMG, cOUE®v pe TV PipAoypaeic, ot opddeg tpy
OAANAETOPOVY HE TO VAMKG TANPOONG TOV GTNADV, OONYOVTAG GE (POIVOUEVIKG YOUNAOTEPES TUUEG
popakob Bapovg. ‘Etot, ypnopomomidnke 1 avodvtieny teyvikp 'H NMR, dote va mposdioptototy ot
anBwég Tipéc Tov pécov popraxol Papovs kot® apiud (M) TV TOALUEPOV, YPNCLOTOUDVTOS TNV
TEYVIKT OVEAVGTG Kt VITOAOYIGHOD TG «axpaiag ouddacy. Eva aviimposonsvtcd paopa 'H NMR tov

moAvpepdv g doung P1 pali pe v tavtonoinon dAmv tov Kopueov, arsikovifetal oto Zyfqpa 1.2.4.
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ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

13I14I15I16I17
‘Oykog ‘EkAouang (mL)

Yympo 1.2.3: Xpopatoypaenuo GPC tov moAvpepotvg P1(vi) (=), Tov vOpoivpUEVOL
moAvpepovg P1° (=), Tov exkivT| 4 (*°*), TOV poVOpUEPOVS VEPY (°**), TOL TOAVUEPOVG
P1(viii) (=), TOV TOALUEPOVG P2 (=) L€ KOaTOYpOPT TNG ATOPPOPTONG POTOG oTOL 254
nm, Kot ToV TOAVPEPIKOD cLUTAGKOL C1 (=), e Katoypaen e amoppdPNong emTOG

ota 496 nm.
a
a HiCOOC, ¢
HCOOC o e f 3 — d =2
d /9 ! bg O—CH,«}CH,—Br
b —o--cn;@ CHytCH,—CHA—Br
\ n HyCOOC

H\COODC =y

i~z
CHy k

T™MS

T T T
10 9 8 7 & 5 4

2 1

ppr

Tyipa 1.2.4: ®éopa 'H-NMR 100 moAvpepotc P1(vi) oe CDCls. To évBeto Seiyvet to pdopa 'H-NMR

TOV EKKIVITY.
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Ot vroloywopol Tov poptlaxov Bépovg otnpiydnkay ota eotepcd pebvikd tpwtovia (H,) ota
3.9 ppm kot 6t0 ofpa oto 8.57 ppm moL AVTIGTOYEL 0T «37», «3» Kol «6» UPOUATIKE TPOTOHVIO TOV
mevptkdv opddov tpy. To omoteréopota g 'H NMR avélvong Sivoviar otov HMivaxe 1.I
Mopoatnpovpe O6TL dev VILAPYEL CLLE®VIO LE TA AVTIoTOLYO AToTEAEGHATA TTOL AapBavovtal arnd to GPC.
H evoopdtoon tov exkkivnt oTig ToAVUEPIKEG aAVGideG TV P1 Kot 1 0MOTEAECHATIKOTITA EKKIVIIONG
TOV TOAVUEPIGHOD, emPeParddnKe, emione, e pacpatookorio 'H NMR (Zyiqpa 1.2.4 yia to P1(vi)). To
onpa ota 4.5 ppm, mov avtictolyel ot pLebvievikd Tpmtovia dimho 6To dTopo Bpopiov Tov ekKivn,
egopaviletor TANPMG UETA TOV TOAVUEPIGUO, OTOOEKVOOVTOG £TGL TNV OTOTEAECUOTIKOTNTO TNG
ouvBeTIKng dlepyasiog Tov akoAovdnonke.

Opoing peketidnke 1 amotehespatikdmTa TG V3POIVENG Tov P1 6g P1°. To gdopa 'H-NMR
Tov ToAvpepovg P1° mapovoialetar oto Zynpa 1.2.5, dnov 1 kopven ota 3.9 ppm nov avtictoyel oo
gotepikd pebviucd mpotovia (Hy), éxel eEaherpbei, motonowdvtag v dnpovpyio dkpov KapBoLviiov.
Emumiéov, and to ypopatoypdenue GPC tov Zyqparog 1.2.3, gaiveror g n vdpdAivon dev ennpedlet

TOV TOAVUEPIKO OKEAETO, TAPE LOVO TO, EGTEPIKA GKPOL TOL EKKIVITY.

HOOC

¢ d e f g h
b O—CHQOCHQ CH,—CH——Br
n

HOOC i

cDCl,

—rrr - T

T T e abnn A h i T =T T
10 9 8 T 6 5 4 3

3

Zyina 1.2.5: déopa 'H-NMR tov modvpepong P1°(vi) e CDCl; petd ty vdpdivon tmv eoteptcdv
OHAd®V TOL EKKIVNTY.
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g h
CH,—CH
. n

T™MS

T T T T T T T
10 9 8 T 6 5 4

Zyina 1.2.6: ®éopa 'H-NMR tov morvpepoig P2 g CDCls.

1 T T
ppm

w
L+
=

1.3. 29v0Oson ka1 yopoKkTypionos cOUTOAVUEPOY TETOV AB oV TEPIEYOVY UAKPOUOPIAKES AAVTIOES

TPITVPLOIVIIC KOl LHLOVAOIES PLOVOPEVIOV

Me oxomd TNV dNUIOVPYiC VIEPUOPLOKDV CLUCTNUATOV TOV TEPLEYOVY LOKPOUOPLUKES AAVGIOEG
TpmLpdivng, cupumoAvpepicope Ta Tolvpepn Tomov P1°, mov pépovv kapPodviikd dkpa, pe Eva poplo
S1dPOEV-PALOVOPEVIOD, HECH TOAVGLUTOKVMONG. ATMTEPOS GKOTOG TNG EICUYDYNG EVOS YPOUOPOPOV
popiov, 6me¢ etvor 10 @Aovopévio ota moAvpepn, eival M PETOPOAN TOV ORTIKOV TOVG 1O0THTOV.
EmumAéov, o té€tote mpocéyylon Umopel voo 0dMyNoEL GE HEPIKT] QVTO-0pYEvVMGT, 0poD OLGLUGTIKA
dnpovpyovvral evkapmteg (pakpopepn tpurvpldivng)-drapnteg (eAovopévio) meployés. H ouvBetucy
mopeio Tov akoAovdnOnke tapovoidletat oto Tyqpa 1.3.1.

Apywcd, To Toropepés P1° enefepydotnie pe Ostdovoro yAwpidio (SOCL) yuo va petatpomody To
akpa tov and -COOH oe -COCI ouddec, ®ote vo UTOPEGEL VO, GUUUETEXEL GE OVTIOPAGELG
TOAMGUUTOKVOGCTG UE O10AES. XN GLVEYELN, OVTESPAGE LLE TN OLOAT] PAOVOPEVIOV GE TOAD TUKVO StGALUA
aneotaypévov  DMF, ypnowonowdvtag tpunbviapiv og Bdon. To tehMkd ovpmoAvpepés P3
YOPOKTNPIGTNKE MG TPOG TN SOMIKH TOL aKepardTTa pe pacparookonmio 'H NMR dnog @aivetar 6To

Xypo 1.3.2.
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(0] O
OO o
X
CeHiz™ "CeHiz o
\

Dry DMF

Et;N CH,

SOCl, CeHys 100°C, 3d
-
CeHiz P3

CH,
T

CH

Zympo 1.3.1: ZovBeticn mopeia yio v TopacKeLn ToL GupUToAvpepovg P3.

[{=]
—
o
—
=9
(=2

° Lo

o
x

7 8 9 o

A 0

{ Y%
CeHig P " 6

CH, d

P3 f

1.9

T™MS

2*-5'*

5,0,9

COOH

336p M ij,e,10,11

T T T T T T T T T T T T T T
12 1% 10 9 8 7 6 5 4q 3 2 1 PPM

Zyina 1.3.2: daopa 'H-NMR tov svpmoivpepodc P3 oe CDCls.

03EA- 8-3-1 kQ4. YITOEPTOY 1118 11



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

1.4. 2¥vOeon Kot yapaKTypliouos HOVOUEPDY TTOV TEPIEYOVY AKPAIES OudIES Kapfolviiov

Expetalievopevol tig dvvatdmnteg g abepomoinong Williamson, mpoywpicape otn obvieon
LOVOUEPDV TPITLUPSIVIG IOV TEPEYOLV OUddeS KapPoEuAiov ata dKkpa Tovs. Apyikd, e Bpopinon g
4-pebodeatvod-(2,27:6",2" -tpumopidivng),  ypnowonoidviog  N-fpopocovkvipidto  (NBS)  oe
teTpoyAopavipaka, kataAngope oto povouepés g 4-Ppopo-peduipavor-(2,27:6°,2" -tpurupidivng)
(6), n omoio. 6T GVVEKELD GVUPETEXE GE OvTIOpaoT obgpomoinong e To poplo tov S-vdpod&vPevio-1,3-
dtikov 0&éog (7) mopdyovtag T0 HOVOUEPES TPUTLPLSIvIG 8, Tov eépel dVo ondadeg kapPosvriov, dmmg
ooivetar oto Tyfqpa 1.4.1. Emumdéov, ypnoyomoidvrag v 4-puebvloatvor-(2,27:6°,2" -tpiroptdivn) Kot
ofewavovrag v pe yprion KMnO,4 kow HCL, mapnyn n 4-kopfodcveavor-(2,27:6°,2" -tpurvptdivn)
(11), n omoia mepiéyet pio opdda kapBoEviiov, 6mws aivetar oto Zyfpa 1.4.2. Zto Zyfqpata 1.4.3 kot
1.4.4 paivetar | motomoimon péco 'H NMR Tov ynpkdv Sopdv tov Tpumupdivikdy povopepdv 8 kot

11 avtictouyo.

7
Br
I HOOC COOH
CH,
HOOC
OH
| Acetone HOOC
XN AN 18-Crown-6
| I Reflux for 72h
_N N~
6

Tympo 1.4.1: XvvBetikn Topeia yo tn dnpovpyic Tov povopepovg 8.

CHs COOH

KMn04
Pyridine, H,O
Na,SO; HCI

Xypo 1.4.2: XuvBetikn mopeia yo ) dnpovpyic tov povopepovg 11.
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3,36
HOOC g
9
cocl, HOOC
4. m 7
- CDCl,
5
9
A - . L
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 PEM

Zyfna 1.4.3: daopa 'H-NMR tov povopepoic 8 e CDCl,

DMSO

DMSO

3,36

4m
h OH o T™MS
A

T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppn

Zynno 1.4.4: décpo 'H-NMR tov povopepoig 11 ce DMSO-d6.

1.5. XvvOson kol yopokTpiouds TPITVPIOIVIKGDY TOLVUEPIKDY KOl HOVOUEPIKDY Il-CUUTAOKMY TOV

povlnviov (1)

Onwg avaeépdnike oy €160yMOYN CVTOL TOL KEPAANIOVL, Ol HOVASEG TPUTLPLIIVNG ATOTEAOVY
Wwoavikd mpddpopa puopla yioo v avamtuén vreppoplok®v dopmv. Etol, ekpetaddevdpevolr v
EKAEKTIKOTNTO, TNG YNueiog cvpmlokomoinong petdAlov/vrokatdotarr, ta wolvpepn P1°, P3 kot to
povopepn 8 war 11, ypnoipomomnkay @¢ dopukoi AiBot yio v cOVOEST TPOTUPACKEVAGUEVOV
(oOppova pe Onuootevpéveg dladikaoiec) povadwv tpimvpdivng tov  tomov  tpy/Ru(II)Cl;,
VTOKOTECTNUEVOV UE OEVIPO TPMTNG YEVIAG MEPLPEPELOKDOV/EEMTEPIKMV O1-0AKOEL opddmv. Ta
dnpovpyic EvoEOUAUGHEVOY OO~ KOl CUUTOAVUEPDOV KOl LOVOUEPDV Ol-GUUTAOK®V, TOV TEPLEYOLY
HOVAdES tpy-Ru(Il)-tpy emAEYONKE 10 3,5-01(dmdekLAOED )-Peviviparvor-(2,27:67,2" -
tpumupdivn)/Ru(IINCl; (5), to omoio efottiog TV oAkdEL-opddmv mov mepiéyel, e&oooilet
SWALTOTNTO GTO TEMKO TOPOYOUEVE UETOAALOTOAVUEPT] KOl LETAALOLOVOUEPT], GE KOWWOVG OPYOVIKOVG

Sdwdvteg onmwg CHCL;, THF, CH;CN, DMF ko DMSO.
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ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

Ta emBountd todvpepucd courioka C1, C2, C3 ko C4, TopacKeLAoTNKOY LECH AVTIOPACEMY
cupmlokomoinong Hetald Tmv avtictoywv tpoddpopmv morvpepmdv tomov P1°, P3 kot tov povopepav 8
kot 11 pe 115 Sy dwdekvidév)-vmokatactnuéves povades tpy/Ru(Il)Cl; (5), avtictorya. Ot aviidpdoelg
cuumlokomoinong mpaypatonomdnkay oe didivpo areotaypuévov THE/ amdivtng EtOH yo ta C1, C2,
C3 Epmpata 1.5.1, 1.5.2 kot 1.5.3) ko og didhvpo CHCly/ andrivtng EtOH yia 1o C4 (Xynipae 1.5.4). H
afavorn (EtOH) ypnopomombnke pe okomd vo Spdost oG avoyoywkd ovidpactipo kot 1 N-
avAopopeorivn ¢ katodvtng ¢ avoyoyng tov Ru(lll) oe Ru(ll). Ola to moAvpepucd Kot
LOVOUEPIKE O1-GOUTAOKO, GTOUOVAOONKOY HETE omd avTOALOYT TOV AVTICTAOUICTIKOV 10VI®V TOVG amtd
Cl' oe PF¢ pe v mpocbikn mepicoeiog pebovorkod doivpoatog NH4PFs. H mapandve aviorlioym
wvtov gliye ©g otdyo TV enitevén kaAdTEPNG SIAVTOHTNTAG GTOVG KOWVOVG OPYavVIKOUG SLHADTEG, EVHD
AeONKe VIOYN TO YEYOVOG OTL TO. dAata TV avioviav Tov e&apboplodyov pwceopov (PFy) eivar
NAEKTPOYNUIKG adpavT|, 0TOTE OgV EMNPEGLOVV TIG NAEKTPOVIOKEG 1) GAAES OlEPYOTIES LETOPOPAG POPTIOV
ota mapayopeva dt-copmioka. Ipdaypatt, o copmioka epgavilovy Kok doAvtdétTo o€ pict Leydin
mowidia opyavikdv dtaAvtdv (CH;CN, aketovn, CHCL;, THF kot DMF), emitpénovtog £totl tov mAnpn
yopoktnpopd tous. H mepicoeia tov 5 amopakpovinke pe erovadidivon oe CH;CN, katafudion og n-

Hexan, 6mfnomn kot exkmAvoelg pe n-Hexan kot ERpaveon otovg 45 °C vmd vymAo kevo.

HOOC

C12H250 OC12Has 2nPFg
\Q/ OfCHz—@CHZ{CHZfCH%Br
n
HOOC
THF/EtOH
N-ethylmorpholine

P1' + Reflux 6d
MeOH
NH,PFq

Zypo 1.5.1: ZovBeon tov opomoivpeptkod copmidkov Cl1.

03EA- 8-3-1 kQ4. YITOEPTOY 1118 14



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

(0] (0]

O A IO :
X
CeH13

CeH13 o

THF/EtOH ‘
N-ethylmorpholine

Reflux 6d CH,
P3 + 5 ——mm>»

MeOH
NH4PFg Cc2

Ci2H250,
CH,—O

C12H250

Yympo 1.5.2: Zovbeon tov cupmolvpepikod copmAdkov tomov AB, Tov mepiéyel opddeg pAOLOPEVIOL
KoL LOKPOUOPLOKEG AAVGIOEG TPUTLPLOIVIKAV GUUTAOK®V TOV povdnviov.

8+ 5
MeOH THF/EtOH
NH,4PFg N-ethylmorpholine
Reflux 6d

HOOC OC12Has

HOOC OC12H25

Yympo 1.5.3: X0vBeon Tov  povopepkol  Sl-GLUTAOKOL TPTVPdivig, Tov @Epel 600  OpAdEG
KapPo&uiiov.
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5 + 11
CHCI,/EtOH
N-ethylmorpholine Nl\f.fopE
Reflux 6d e

C12H250

C12H250

Tympo 1.5.4: ZovBeon Tov LoVOUEPIKOD S1-GUUTAOKOV TPUTLPLIIVIG, TOV PEPEL i Opado KapPoLvAiov.

O yapoxtnpiopdc pe gacparookomio 'H NMR anédeiée v mMipn ovpmlokomoinon kade
EMOVOAQUPAVOUEVIC OUAONG tPY TOV TPOSPOUMDY TOADUEPDV KOl LOVOUEPDV pe povadeg tpy/Ru(II)Cls,
omw¢ eaiveral ota Zyqpatoe 1.5.5, 1.5.6 ko 1.5.7. ITopatmpovpe, 6Tt petd tn cvpmrlokomoinocm, to
YOPOKTNPLOTIKO ONUa TV «3» Kol «3°» TpoTovimv TV opddwv tpy, petotoniletot ond ta ~8.7 ppm ota
9 kot 9.35 ppm, avtictoyo, eved TO CHHO TOV «6» Tpwtoviev ond ta ~8.7 ota ~7.5 ppm. Ot
HETOTOTIGELG OLTEG Efval YOPAKTNPLOTIKES Yo TETOLOV €100V cvumAoka tpy-Ru(ll)-tpy kot amodeikviovy
v enttvyn dnpovpyia tov embountdv di-cvourthdkov. Ermiéov, dev mopatmpovvtol Kopueég Heta&d
tov 8.65-8.75 ppm, mov aviloTOLOVV GE OUAOES tpy TOL UN GUUTAOKOTOMUEVOL TPOSPOLOV

TOALLLEPLKOD 1) LOVOLLEPTKOD VALKOD.
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HOOC
b c d e f g “ZnPFs'
o ro-chi ron{oi—i)
n
HOOC

)

DMSO

10-17.f

18

Zyina 1.5.5: daopa 'H-NMR tov molupepikod cvpmhokov C1 oe DMSO-dg otoug 100 °C.
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789 9101 o ,
(OO OO~
4* X
CeHid™ = 6* 0
3 o |

CHa d

CH;
i THzg
O—CH;@CHh
k 2
Br
15-22,g
DMSO || DMSO 2% 5+
23,6*
12
5,6,7,8,9,10,11,
m,o,jiefc P d,k,l L

Zyina 1.5.6: Péopa 'H-NMR tov molvpepikod cupmhokov C2 oe DMSO-dg otovg 100 °C.
17 15

BRI
18 16 14
n
Cy2Hzs0
DMSO 10-17
DMSO
18
3, m! k 7
m’ |
” 3 0’°? lﬂs | L 89 ™S
10 9 8 R 4 3 2 i

Zyfna 1.5.7: daopa 'H-NMR tov molvpepikod cupmhdkov C4 o€ DMSO-dg otoug 100 °C.
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H ypopatoypagpio amoxieicpod popuokodv peyebov (GPC) ypnowomombnke og smumAéov
amoOOEEN TNG EMTVYNUEVNG CLUUTAOKOTOINGONG TOV OAKOED-VTOKOTOCTOTMV GE KGe mAgvupikn opdda tpy
oV oALEPOVG. Ommg @aivetal oto Zyfqpa 1.2.3 ywo to C1, pe kataypaer] g omoppodenong eotoc ota
496 nm, AeONKov peydiov poplakod Papovg moAvpeptkd copnioka. Qotdc0, Topotnpsitol pio gvpeia
KOl OVOLLOIOHOPPN KATAVOUN HOPloakodv Papodv, amd tnv ornoia cvumepaivovpe, OTL €KTOC Omd TO
OVOUEVOLEVOD LYNAOD HOPloKoL Pdépovg Tunpate, eAnednoav kot pKpOTEPOL HOPLOKOL Pépovg
moAvpeptkd copmioka. To yeyovog ovtd mbavov ogeihetor o€ PePKO SOYOPICUO TOV GUUTAOK®V.
AlMwote, ocObpemvo pe v BiPAtoypaeio, givar S00KOAO va XOpaKTNPLETOLY GOUTAOKN povdnviov pe
GPC, xafac éxovv oyvpn aAinienidpaon pe ™ otatikn edon tov otniodv s GPC ypopatoypaeiod,

oV anoteAgiTol and ToAvcTVPOALO.

1.6. 2vvOcon Kol yapoKTHpIGUOC GCUOUTOADUEPIKDY Ol-COUTAOKWY Tov povlBnviov (II) mov mepiéyovy

KapPolv Tpimvp1diveg Ko tunuaza wolv(arbBvievoleidion)

Ot ypwotikég Tov ypnoiponoovvol o VRpOKEG Kuwelideg thmov Gritzel, épovv OpAdES
kapPo&uiiov mov Ba Tovg enttpéyouy va Tpocdefodv TAve otV empdvela g Titdviag. Ta molvuepn
OV TOPOVCIAGTNKAY OTO KEPGAao 1.2 Kot ouVIEOMKOV Y vo YPNCIHOTOMBOVV ©C TOAVUEPIKEG
YPOOTIKEG o VPpKEG KvyeAideg tOmov Grdtzel, @épovv pdvo V0 opddeg kapPoSuiiov ava
HOKPOUOPLOKT] OAVGIO0, OQEMOMEVES GTO HOPLo TOL eKKvNnti. Me okomd va ovENocovpe TG OpddEeS
TPOGOEGNG TOV TOAVUEPIKADV S1-GUUTAOK®V, dnpovpynoape Prvoikd dti-coumioka tpy-Ru(Il)-tpy, mov
0épouv opadeg kopPfobuAiov ota GKpPO TOLG. XTI GUVEXEWD TO O1-GUUTAOKC TOALUEPIOTNKOV HECH
elevBépov pillov, 1 ocvpmoivpepiotrkay pe Pwoiikd pokpopoplo, moAv(abvievoeldiov). Apyikd,
dnpovpynnkav Brvvlikd povoovumioko tov tomov vtpy/Ru(Ill)Cls, aviidpdvrog to povouepés 3 pe
£€vudpo RuCl; kot mapdyovrag 1o povosdumioko 9, copemva pe to yfqpa 1.6.1. H povosoumiokn doun
0V 9, TGTOTOMONKE [LE OTOYELOKN OVIALON KOl (OCHOTOCKOTIO AIOpPOPNOTG VIEPLMOOVG-0PUTOD
(UV-Vis), oe d16iopa CHCl; (Zympa 1.6.2). O yapoktnpiopdc tov pe pacparookonio 'H NMR dev

glvar duvarde, Kobmg to TapaydEy d1-cOUTAOKO Elvol TOPALOYVNTIKO.

EtOH/THF
Reflux 72h
3 + RUC|3 X H20

Xyqpe 1.6.1: XvvBetikn mopeia Tov povosvurioxkov vtpy/Ru(II)Cl; 9.
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Atroppéenon (A.U.)

T T
300 400 500 600
Mnkog KUparog (nm)

Xypa 1.6.2: Odopa aroppdenong tov povosvuriodkov 9 (vipy/Ru(Il)Cl;) oe CHCl;.

X1 ovvéyeln, entyelpndnke 1 cuumAokoroinon g povadas 9 pe v Kappocu-tpuupdivn 11,
oAAG og auTV TV Tpoomdbsla avtipetonicope nuate pn embuuntig GLUTAOKOTOINCNG TOV —
COOH opddov avti twv mopdvav pe to Ru(ll). o va avtipetonicovpe to tpoavagepBév mpopfinua,
npoctatéyape 1 —COOH opddeg pe petatponn oe -COOMe avtidpmvrag to povopepés 11 pe MeOH
vrd Vv mopovcio HySO,, 6mwg eaivetal oto Xyfpa 1.6.3, mtapdyovtag to povopepés 12. Ev cuvveyeia

TPOYWOPNOALE GE AVTIOPOOT] COUTAOKOTOINGNG HETAED TV Hovadov 9 kot 12 (Zypa 1.6.4)

COOH COOCH;

H2304, MeOH
Reflux 1d

1 12
Yympo 1.6.3: XvvOetikn mopeia tov povopepovg 12.

9 + 12
CHCI3/EtOH MeOH
N-ethylmorpholine NH,PF;

Reflux 6d

2PFg°

Xyqpo 1.6.4: Anpovpyia tov frvodikod dt-copmdokov Tpurvptdivng 13.
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2nPFg"
AIBN, DMF
13 — > n

Et;N
130°C, 3d

COCH

Yympo 1.6.5: TTolopepiopodg tov Pvoiikod d1-cupmiokov tprupdiving 13 péom ehevbépov plidv kot 1
EMOKOALOVON VOPOAVON TV ECTEPIKMY AKPOV TOV.

To Bwoiikd di-cOpmioko 13, cuppeteiye 6€ avTOPAGELS OLOTOAVUEPIGHOD HECH EAELOEPOV
pav, ypnoponowdviog AIBN w¢ ekkwvnt) xat DMF og¢ dweddt otovg 110 °C, mapdyovtog to
opomoivpepés d-ovumhoko tomov F1 (Zyqpa 1.6.5). Xe po mpoomdbela va g160yovpe TOV TOAVULEPIKO
NAEKTPOALT] Tov ypnowlomoteitor gupémg oTic VPpWég nhokés kvyeAideg (PEO), péoa otig
TOADUEPIKEG  YPOOTIKES, ovumoAvpepioape to Ot-copumioko 13 pe  Prvodikd  poaxpopovouept|
moAv(aBvrevoéeldion), oe ddpopeg avaroyieg (80/20 kar 60/40), dnwc mapovoidletar oto yfqpa 1.6.6,
TAPAyovToG T GUUTOAVUEPIKE GOpTAoKa TOTOL F2.

H mistomoinon g poptokhg averoyiag mpoypotonombnke péoo gacpotockonioc 'H NMR.
JUYKEKPIUEVO, O VTOAOYISHOG Paciotmke oto onua teov  «a» kot «b» TpeToviov Tov
moAv(aBvrevoéeldiov) ota 3.4 kat 3.5 ppm kot 6T0 oNpa TOV «3’» Kot «3» TPOTOVIEOV NG Lovadag tpy
ot0 9.4 kot 9.5 ppm, 6mwg eaiveton ota Xynpote 1.6.8 kot 1.6.9. [Mapatnpndnke Waviky copeovia
OVALUESH GTNV HOPLOKT OVOAOYiDl TNG GVGTOCNG TPOPOSOGING KOl TNG TEMKNG TPOYUATIKNG HOPLUKNG
avaroyiag. Ta ooumhoka F1 kot F2, aviédpoacav otn cuvéyeto pe tpieboviapivn og dtoddvtn DMF ctovg

130 °C, mote va. vdporvBovv ot pebBui-eotep- opbdeg o€ kapPoEv opdades.
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Tyqpa 1.6.6: Xvumoivpepiopdc Tov  Prvokikod  St-cvpmidkov Tpirvpdivig 13 pe  aAvcideg

AIBN, DMF
Et3N
130°C, 3d
CH2

o O

COOH

moAv(abvrevo&eldiov) pécm erevBépmv pldv Kot 1 emakOAoVON VIPOIVON TV EGTEPIKDY AKPOV TOV.

Xopakmpiotiké ¢dopato. 'H NMR, mov moetonolody v emttvyf dnuovpyio Tov opo- Kot
GUUTOADUEPIKDY  GUUTAOK®V, KoO®OG Kol Tn oxeddv mANPN VOPOALCT TOV ECTEPIKAV AKP®V,
nmapovoildlovior ota Tyfqpata 1.6.7, 1.6.8 ot 1.6.9. EmutAéov anddeitn g emruyovg vdpodivong,

dwakpiveton oto eacuata veepvBpov (FT-IR), 6mov 1 kopven ota 1719 ecm-1 petd v vdpodAvon ica

mov dtakpivetatl. H kopoer avtr avtiotolyel oe dovioelg téong tov deopov «O-CH3» (Zynua 1.6.10).
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d
e
Cl:sz
o]
DMSO
DMSO
z
k L
1 I | 1 I I 1 1 I T 1
10 9 8 7 6 5 4 U 2 1 ppm
T e T T T T T T T I !
10 9 8 7 6 5 4 3 2 1 Ppm

Zyina 1.6.7: ®aopa 'H-NMR tov molvpepucod copmhokov F1 oe DMSO-ds otovg 60 °C kot RT, mpiv

petd v vopdAvo™ avTicTor O .
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DMSO
DMSO
m,5,f
6,d,e
1 I I 1 1
10 9 8 3 2 ppm
A LJU}
] I : A : : I ppm

Zyina 1.6.8: ®acpa 'H-NMR 100 molvpepikod cupmhoxov F2 (noproxyg avaroyiag 80/20) ce DMSO-

ds otovg 60 °C.
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—H—
Eoa

Csz

DMSO

DMSO
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I s | T T Y I I I LR

10 9 8 7 6 5 4 3 2 ppm

Zyina 1.6.9: ®acpa 'H-NMR tov molvpepikod cupmhoxov F2 (poproxyg avaroyiag 60/40) ce DMSO-
ds otovg 60 °C.
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Xyqpo 1.6.10: ©dopa FT-IR (KBr) tov moivpepikov cvpmidkov F2 (popraxng avoaroyiog 60/40) oe
nmeréta KBr, mptv (=) Kot petd (=) tnv vdpoéivon.

1.7. OrTIKEC 1010TNTES

TNo va extypnBel ebv ta mopandve dt-copmioka tomov C1 éwg C4 ko F1, F2 pmopodv va
EPUPUOCTOVY Ge VPPOKEG MMOKES KOWEAdEG ®G YpmoTiKéG gvotoOntomoinong vpeviov TiO,,
YOPOKTNPIOTNKOY O TPOG TIG OTTIKES TOVG 1W10TNTES. [0 T0 AdY0 0vTh, TOPACKELAGTNKAV SOAVLOTA
ToVg 68 ovykeviphoelg 10°-10° M, og droddteg 6mwg CHCLy, CH5CN i DMF kat yopaktmpictnikoyv
omTIKG pe Qacpotookonio vreptddovs-opatov (UV-Vis) kot ¢oacpatookonio exkmounng (PL) ko
diéyeponc. Ta @AGHOTO OTTIKNG OTOPPOPTONG KOl EKTOUTNG TOV CUUTAOK®@V Tov TOTToL tpy-Ru(Il)-tpy,
mapovoldlovv kdamoleg ovykekpluéveg kowég (dveg. 'Etol, yopoaktnpiotikég (dveg amoppdeNnong
napatnpodvtal oty mepoyn ~250-400 nm, ot omoieg amodidovtar ce m-n* LC (Ligand Centered-
Yrnokataotdtr) petafdacels v povadwv tpy, Kot oty meployf] ~450-550 nm, 6mov anodidovror og d-
n* MLCT (Metal to Ligand Charge Transfer-Metagopdc Poptiov MetdAlov-Y mokatactdn)
petapdoeig tov copmiokmv tpy-Ru(ll)-tpy.

Yt0 Xyqpo 1.7.1 mopovcidletar to QAcua  omoppdPNnong Tov ToAvpepovg P11, g
dUdwdekvAdEy)-vokatactnuévng povadag tpy/Ru(Il)Cl; (5), kot tov moivpepikod di-copmiokov Cl1.
Mo ta pun ocvpmiokomomuéve moivpepn P1, mapatnpeitor povo n {dvn amoppdenons tov ereddepav
opadmv tpy oto A=287 nm kat TV @uvoMov ota A=254 nm. Ocov apopd 10 C1, mapotnpodviot
KOPLPES amoppopnong ota A=496 nm mov amodidovrar og yopaxprotikés d-n* MLCT petafdoeic tov
ocoumiokev tpy-Ru(Il)-tpy. Emumdéov, yia 10 C1 mopatnpovvtar Kopueég HEYOADTEPNG EVIOONG OTA
A=284 nm kot A=310 nm, mov opsilovtar otig n-n* LC petafdcelg 1oV LTOKATAGTUTOV tpy. £T0 QACHA
Tov povoovuumidkov 5, mapatnpeitor 1 tomikn MLCT {dvn anoppdenong ota A=414 nm kot ot w-n* LC
petafdoeig mov oeeilovtal 6TOVg VIOKATUCTATEG tpy oto A=308 nm kot A=285 nm, avticTorya. XT0

Tympo 1.7.2, TapovcstdleTor T0 @A EKTOUTNG TOL ToAvpEPoVS P1°, petd and diéyepon ota A=287
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nm. Awkpivoviar kopueég ekmounng oto A=380 nm kot oto. A=723 nm, ot onoieg omodidovral GTovg
VIOKOTAOTATEG TPIMLPOivG Kot oty mhavh Onpovpyio. cuocouatOpdtev, avtiotoyo. Emmiéov,
TapovolalovTol Kot To PACUATE SIEYEPGNG TOL TOAVUEPOVS Y10, TIG KOPLPES TOV TTOPATIPOVVINL GTO
A=380 nm Kot ota A=723 nm, dcTE v amoderytel OTL 01 KOPLPEG aVTEG opeilovTal oTig povadeg tpy (280
nm) Kot Oyl og mOAVEG KOPLPES CPUOVIKOV TOAOVIMCE®V NG TNYNS Tov opydvov. Ta gdopota
eKmoUTNG Tov cvumidkov C1, Aappdvovtal petd amod diéyepon tv detypndtmv oto A=284 nm, A=310 nm
Kot A=496 nm avtiotoya, omwg eaiverar oto Xyque 1.7.3 Tlapatnpodvrol yopoktnploTikés CmdVEG
eKmopTNG ota A=377 nm kot 610 A=710 nm, 6tav 1 d1€yepon Aapupdavet xyopa ota A=284 nm 3 A=310 nm,
01 010iec T0didoVTaL GTOVG VIOKATACTATEG tpy Kot ot cvpmioko tpy-Ru(Il)-tpy, avtictoya. [Tapdia
avtd, étav 1 diéyepon tov delypartog yiveral ota A=496 nm, Tapatnpeitot ekmounny eOTOC 610 A=636 nm
Kot A=744 nm, ygyovog mov VIOSEKVOEL OTL TOL GOUTAOKO EKTEUTOVY QMG GTNV KOKKIVI] TEPLOYT TOL

0puTov PAGUATOG.

—5
—C1

ATtroppoenaon (A.U.)

T T T T T T T T T T T T T T T T T T |
250 300 350 400 450 500 550 600 650 700
Mnkog Kuparog (nm)

Iypo 1.7.1: ®acpotookonioo UV-Vis tov moivpepovg P1° (=), tov povo-coumidkov tpy/Ru(lll)Cly
(5) (=) ka1 tov ToALUEPLKOV GLUTAGKOL C1 (=), e CHCl;.

‘Evraon ®wropwrTauvyelag (A.U.)
Aiéyepon (A.U.)

L

T T T T T T T
200 300 400 500 600 700 800 900
Mrkog KUpatog (nm)

Yypo 1.7.2: doocpoatookonio. PL (=) tov moAvpepovg P1° petd omd diéyepon ota 287 nm kot To
odopata S1€yepong tov (=), ce CHCI;.
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‘Evraon ®Pwropyrtavyeiag (A.U.)
Aiéyepon (A.U.)

J N2

- -

T T T T T T T T T T T T T T
300 400 500 600 700 800 900
MnAkog Kiparog (nm)

Yympo 1.7.3:®ocpatockonio PL tov cuumoivpepikod copniokov C1 oe CHCI;, petd amd diéyepon ota
284 (=), 310 (==) ka1 496 nm (=), avtictorya, pali pe To pdacpata diéyepong (=).

To ovpmoAivpeptkd cvumioko C2, Tapovctdlel OT®G eival avaplevoLEVO OLOOTNTES GTO PAGHL
aroppoenong e to C1. To Zynpa 1.7.4, nepiéyel 10 pacpo amoppoéenons tov cupumidkov C2 kot g
povadag Aovopeviov mov ypnoylomomdnke. H povado provopeviov amoppoed évtovo ota A=271 nm
Kot wapovotdlet Evav opo oto A=322 nm. ['a 10 cdpumioko C2, TapatnpovvTal TIAL Ol YOPUKTNPIOTIKEG
KOPLOES 0moppdENONG Yo GVUTAOKE ToV TOToL tpy-Ru(ll)-tpy ota A=496 nm, A=310 nm kot A=284 nm,
omwg eniong ko pio dtevpvvon ota A=330 nm, 6nw¢g anocPével | Kopven pe péyoto ta 310 nm, mov
opeidetat o povada Tov pAovopeviov. I'evikd, n amoppdPNon TG LOVASAG GAOVOPEVIOL EMKOAVTTETOL
amo TNV aToPPOPNGT] TOL GLUTAOKOV. AVTO gival AVOUEVOLEVO, KAODS 1) KOTA BAPOG TEPLEKTIKOTNTO TNG
HOVAdaG GAOVOPEVIOL G6TO GLUTOAVUEPES VIoAoYileTan mepimov oto 27% «.B. To PdcpoTo EKTOURNG
peTa amd d1€yepon ot PEYIGTO TG AmopPOPNoNG, mapovotdletal oto Tynua 1.7.5. Metd and diéyepon
ot A=282 nm kot A=310 nm, Topatnpodvtol KopLPES ekmoumig ota A=396 nm ot A=773 nm. Otav n
diéyepon Aopfdvetl yopa ota A=496 nm, mopatnpeitor o oYV KopuEN EKTOUTNG oTo A=745 nm Kot
pio SimAn|, peyaAddtepng évtaong oty meployn A=630 nm ka1 A=568 nm, mTov o@eilovTol GTO GOUTAOKO

tpy-Ru(ID)-tpy xat tnv evopévn pe antd povado pAoLopeViov, avtioTolyo.
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Armroppégnon (A.U.)

: I : I : :
300 400 500 600 700
Mikog Kuparog (nm)

Xypo 1.7.4: ®acparockonic UV-Vis tov cupmoivpepkod cupmidkov C2(==) Kol TOU HOVOUEPOVS
Aovopeviov(==) e DMF.

‘Evraon ®wropwrauvyeiag (A.U.)

T T T T T T T T T T T T T
300 400 500 600 700 800 900
Mrkog KOparog (nm)

Xyqpe 1.7.5: @acspatockornio PL tov cupmoivpeptkod copmroxov C2 oe DMF, petd and diéyepon ota
282 (=), 310 (=) ka1 496 nm (==), avticToryo.

Ta @dopota amoppdenong tov povopepik®v cvumidkov C3, C4 ko F1, mapovoidlovv
opotdtnreg petald tovg, 6mwe avapevotav. ‘Etot, omwg eaivetar oto Lynpa 1.7.6, mopoatnpovvtat ot
YOPOKTNPIOTIKEG KOPLPES TOV GUUTAOK®Y povBnviov-tpurupdivng kot yio to Tpio avtd covpmioka. H
Tk {dvn anoppoéenong MLCT mopatmpeitar ota A= ~494 nm, gvéd mapovces eival Kot ot TUTIKEG
Kopueég oto A=310 nm kot A=284 nm, mov o@eilovial o T-T* HETUPACELS TOV VIOKATACTAUTOV
tpumoupdivine. Ta AcHaTO EKTOUTNAG TOV TPLOV OVTOV CUUTAOK®V, EAQONCAV HeTd amd d1éyeporn oTa
péytoto g amoppoepnons. Onwg eaivetar omd 1o Tyqpa 1.7.7, ya v nepintoon tov C3 evromilovron
KOPLOEG eKmopng ota tepimov A=390 nm kot A=725 nm, ot omoieg 0PEIAOVTIOL GTOVEG VTOKOTOCTATEG
TPILPOIVNG Kot 6T COUTAOKA TPITLPOIVNS-povBnviov avtictoyo, evd 6tav 1 diéyepon AapPavetl ydpa
oto A=496 nm, mapoatnpeitol ekmouny) oto A=745 nm. Opoiwg, otV nepintmon tov C4 (Zyqpa 1.7.8)
TapaTNPOVVTIOL Ol avtiotoyes (mdveg ekmoumng oto mepimov A=417 nm kot A=774 nm, evd Otav 1

diéyepon Aappavetl xopa oto A=496 nm, napartnpeitor ekmopnt ota A=569 nm kot A=748 nm. Emumiéov,
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v ta C3, C4 napovcialovtor ko ta edopata diéyepone. Ocov apopd 1o mToivpepkd cvumioko F1, ot
Coveg ekmopmng emtog Topovsidlovtal oto Xynpe 1.7.9. Metd and diéyepon oto A=285 nm, A=308 nm
Kot A=494 nm, mapatnpeiton ekmouny] ota A=376 nm kot A=740 nm, wov amOSIOETUL AVTIGTOL(O GTOVG

VIOKOTAGTATES tpy Kot ot svupmhoka tomov tpy-Ru(1l)-tpy.

_ —c3
5 ——c4
< —F1
f=y
b
f=—y
S
Nl
Q
Q
]
E
<
T T T T T T T T
300 400 500 600 700

Mnkog Kbparog (nm)

Iypo 1.7.6: ®acpotookonio UV-Vis tov copniokev C3 (=),C4 (==)xat F1 (=), e CHCI;.

Aiéyepon (A.U.)

AN

\ _\-@AQQ

—T— — — — — —
200 300 400 500 600 700 800 900

"Evraon ®Pwropwravyeiag (A.U.)

Mnkog Kdparog (nm)

Yypo 1.7.7: ®acpotockomnioo PL tov moivpepikod cvpmidkov C3 oe CHCl; petd ond diéyepon ota
285 (=), 310 (=) ka1 497 nm (==), avtictorya, pali pe 10 Pacpo d1Eyepong (=).
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‘Evraon Pwropwrtavyeiag (A.U.)
Aigyepon (A.U.)

T T T T T T T T T T T T T T
200 300 400 500 600 700 800 900
Mnkog KUpartog (nm)

Iypa 1.7.8: docpotockonion PL tov moivpepikod cvumiokov C4 oe CHCl; petd omd diéyepon ota
286 (=), 313 (=) ka1 496 nm (=), avtictorya, pali pe 10 Pacpo diéyepong (=).

"Evroon ®wrogwrauvyeiag (A.U.)

/\‘Ag

T T T T T
400 600 800

Mrkog Kuparog (nm)

Yympo 1.7.9: dacpatookonio PL tov modvpepicod cvumidkov F1 oe CHCI; petd amd diéyepon ota 285
(=), 308 (==) kot 494 nm (==), avticToL)O.

Ta cvumolvpepikd dt-copmioko tomov F2, éyovv mapOUOl0 GUUTEPLPOPE HLE TO GUUTAOKO
tomov F1 kotd Tov QacpOTOGKOTIKO TOVG YopokTnpiopd. Amoppopovv oo oty MLCT {ovn ota
A=505 nm, kot ota A=310 nm kot A=285 nm, amoppOPNCELS TOL OPEiAovTal o€ T-T* PETAPACELS TV
VIOKOTAOTOTOV Tputuptdivg (Zype 1.7.10). Ot dwpopés tov @acpitov oe oxéon ue to F1
gvromifovtol 6TV PETATPOTN| TNG KOPLONS ota A=310 nm 6€ GPO Kot 6TV PEl®OTN TG CYETIKNG EVTAONG
g Kopueng ota 505 nm. Eniong, n {ovn amoppdenong MLCT ektdg TG HeTatdmons tov HEYIoTou
katd mepinov 10 nm, Ttapovstdlel Evrovn diedpvvon, Tov Kopaivetot omd To 421-556 nm. [Mapodia avtd,
OGS dlamioT®@voupe and to Tyfpe 1.7.11, ta pdopote ekmopmng Petd and diéyepon ota A=283, A=312
Kot A=505 nm, wapapévooy dpota pe avtd Tov F1. 'Etol napovcidlovv kopueég ekmopunng oto A=376 nm

Kot ota A=731 nm.
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Atroppoenon (A.U.)
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Mnkog Kuparog (nm)

Yympo 1.7.10: dacpatockonio UV-Vis tov moivpeptkod cvpmidkov F2, ce DMF.

.

T T
400 600 800

‘Evraon ®wropwravyeiag (A.U.)

Mnkog Kuparog (nm)

Typa 1.7.11: dacpatooskonic PL tov molvpepicod copnidkov F2 ce CHCL; petd amd diéyepon ota
283 (=), 312 (=) ka1 505 nm (=), avticToryo.

1.8. Egpapuoyij twv counidkwy og uovadiaics niiaxés kowelideg (DSSCs)

O an®dTEPOC GKOTAG TNG dNULOVPYING TV TOAVUEPIKADOV KOl LOVOUEPIKOV d1-GUUTAOK®V, ivol
OTMG OVOQEPETAL KOL OTNV 0GPy TOL KEQOAOIOV, 1 EQOPLOYN TOVG MG YPOOTIKEG ELAGONTOTOINGNG
Aent@v vpeviav titdviog (TiO,) og vBpdkég nAtakég kKoyelideg tomov Gritzel, 6mov o Agttovpyodv we
«Kepaies ovykoUIONS ¢ nlioxng oxtivofoliocy (light harvesting antennas).

I'a to Adyo awtd, ta sopmroka C1, C4 kot F1, ta onola enéder&av tig KOADTEPES AMALTOVUEVEG
WotNTEG Yo mBovn epappoyn o povadtaieg nitokég koyehideg (DSSCs), aneotdAnocav oto Ivotitodto
ducwoynueiog Tov «E.K.E.®.E. Anuoxpirogy, oto gpyactiplo «Pmto-O&eidoavaywykng Metatpomng
kot Amobnkevong ¢ HAwakng Evépyswagy tov Ap Iloivkapmov ®PaAdpa. Exkei, 10 e&eidikevpévo
EPELVNTIKO TPOCONIKO HETPNOE TNV andd00Y] TOV TOPATAVE YPOCTIKOV G povadloieg MAKEG

KOWEAIDES.
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Apyicé mapockevdotkoy Staddpata Tov ypootikdv o CH3CN, cuykevipdoeng 10*-107 M.
‘Emetta, yo va emrevyfet 1 evaisbnronoinon g vavo-kpuotodikng TiO,, vpuévid g eppantiotray
0T0. SLOADLOTO, TOPAYOVTOS TO AVTIGTOL0 PMTO-NAEKTPOSLO, HETA OO TNV TPOGOEST] TOV YPDOOTIKMV.
Ta evaoOnromompéva vpévia ewonydnoov oe povadioieg MAOKES KLWEAIDEG TOTOL «GAVIOLLTGY,
APNOWOTOLDVTAG €va. GUVOETO GUGTNUE TOALUEPIKOD MAEKTPOAVTN TVTOV (PEO/TiOz/i/I; Kot éva
avtifeto nAektpoodio (counter electrode) mAativag. To cuvoAkd oypa TG Tpog pétpnon ddtagng £xet
oc &g TEC15/TiO,-Cx/Electrolyte/P/TECLS5. Q¢  kvyeAida  avopopds Kol GOYKPLONG,
KOTOOKEVAOTNKE pPe Opol0 Tpdmo pio mov mepieiye wg ypwotikn v ovoio «N719» g etaipiog
«SOLARONIX», pe yvoot anddoon amd t Pprioypapia (11 %).

Ytov Hiveka 3.11, tapovcidlovtot To amoteAéopate GOTOROATAIKNG ATOS0CNG TMV GUUTAOK®V
C1, C4, F1 xou ¢ ypwotikng N719, mov ypnotponoteitar yo oVykpion. Ot mopaeTpotl TV KuyeAidmv
OV PETPOVVTOL KOl aEL0AOYOVVTAL, €ival O) 1) TUKVOTNTO TOV QMTO-EMAYOUEVOL pedpatog (Jsc- short
circuit photocurrent density, ) to dvvaukd avorytov kvkAopatog (Vec- open circuit potential), y) o
mapdyovtog TAnpwong (ff-fill factor) kai ) n amddoon petatponng evépyelag [PCE- power conversion
efficiency, n(%)].

Iopatmpovpe 611, 10 povopepwd ocvumioko C4, emédelle v KaAOTEPN QOTOPOATOIKN
amddoon amd OAo To cvothpota Tov dokipdotnkay. [Hopovsidlel SuTAdolo amdd00N LETATPOTNG G
oyxéon pe 10 Cl1, evd eivan ovykpiown pe 1o F1. To yeyovog avtd mbavov opsiletol ot dtopopeTikn
poptakr dopn tov. ITo cuykekpéva, oty TePinTOON ToV TOAVHEPIKOL cupmAdkov C1, o peTtadiikd
Kévtpa givar pakpld and to onpeio Tpdcsdeong oty emipdvela g TiO,, 0dNYOVTOG £TGL G OTUOVTIKY
peimon g gvotcHnromoinong, apod 1 AToPPOPNOT POTOG GO TNV YPWOOTIKN dEV GLVOOEVETUL OO
gpoon niektpoviov ot (dvn ayoyng g TiO,. Avtifeta, and tov Mivake 3.11 @oaiverar nog 1o C4
S1EVKOADVEL ETOPKAG TNV UETAPOPE NAeKTpovioy, kabdc ta petaAlikd kévipa Pplokovtar dimha otnv
nuyoyyn emedvew g TiO,. To molvpepwd cvumroxo F1, avapevotov va €xer v kaidtepn
am6doa, kabds ovolactikd tvat éva moivpepiopévo coumhoko C4. H povn dtopopd peta&d tov F1 ko
tov C4 gival o115 d1-aAko6Ey vokatactdoels mov épet o C4 Kot LoIKA 610 poplakd Tovg péyeboc. H
TpmTN dpopd, eivar onpovtiky d0TL ot OAKOEL opddeg pmopovv va dtayvBodv péca 6To GO TOL
NAEKTPOADTY], PEPVOVTOG TO 0EEB0-avay@yiko {evyog I/1; og mo Gpeon emoaen pe To LETOAAKA KEVTPA,
MOTE VO, VITAPYEL YPYOPN avayévvnor g xp®oTikng. Ocov agopd tn dgvtepn d10popa, 1 0Toia ExeL Vo
Kéver pe to popraxd péyeboc, oiyovpa moiler onpoviikd poro, £pOCOV TO LOVOUEPKE COUTAOKA
pmopodv vo mpocdefodv mo gOKOAM OTN VAvo-cPapovMTiky emipdvela ¢ TiO, oe oyéon pe o
moAvpeptkn aAvcida. Enopévog, n anddoon icwg eEoptdtat omd TV TUKVOTNTA-UETOAMKOD POPTIOV avd

povada empaveiog TiO,.
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Mivaxeg 1.1I: Xopoaktnpiotikd eotofoitaikng anddoong twv C1, C4, F1 kot N719.

Compley Jse (p,A/cmz) V,. (mV) ¥id n (%)
Cl1 32 211 0.42 0.003
C4 54 248 0.44 0.006
F1 63 263 0.39 0.005

N719 9290 583 0.53 2.87

Jse (TUKVOTNTO TOL POTO-EMAYOUEVOD PEOUATOS), Voe (SUVOUIKS avolyToD KUKADNHOTOG), ff (TapdyovTog
Tpwong) kot r (amddoon petatponnig evépyetag PCE)

MHopd tic pikpés Twég amddoong mov perprinkav, Kot omodidovtal Kupimg otn younin
TUKVOTNTO PEVILOTOC, 1) TAPOVCA TPOCTADELD PTOPEL VO YOPOUKTIPLOTEL EMLTUYNG 6€ Eva Pabpd. Topemva
pe v mo mpdoeatn PiAoypaeio, TpoKeLTaL Yio THY TPOT TPooTadela evaicOntonoinong vueviov
TiO, pe moivpepwcés ypwotikés tov Ru(Il). To yeyovdg avtd, avoiyel icmg to dpdpo yia to oyxedooud
Kot T oVVOEST) TOAV-AEITOVPYIKOV TOAVUEPIKAOY CUUTAOK®V, OV Ba £YovVv TN SLVATOTNTO VO HPOVY MG

CKEPOIES CUYKOUIONG THG NALOKHG OKTIVOPOLIOCH GE EPUPLOYES OTIMG TO. PMTOPOATATK KEALE.

1.9. Tpomomoinon tov opitfuot Ty aikéEv-0TOKATACTIGCEDY TOV _JEVOPOY TPAOTHS YEVIAS TV

HOVAOWY TPITVPLOIvS, 6To_oburioxa tov tomov Cl kKai uelétn tng ovvardtntas avto-0pYavweHs

TOoV

Onwg mpoava@épbnke otV €l6aymYN, 1 LOPPOLOYID. TOV EMOEIKVIOVY TO. O1APOPO. SOUIK
VAMKE oG evonsONTOTOMUEVIG NAMOKNG KOWEAIDNS, O™ 0 NUY®YOS KOl 1 Xp®OTIKY, ennpedlovv og
peyddo PBabpo v tehkn anddoomn g ddtaéng. Zvvendg, kpidnke okémpo va peietnBei n duvatdra
OVTO-0PYAVOONG KOl 1 HOPQOAOYiD. 7OV TAPOoVCIAlovY Ol YPMOTIKEG TOALUEPIKOD TOMOV TOL
mapnyOnocov 6to Tapdv KeQUAULO.

And m BProypaoio etvar yvootd 6Tt evOpOLOPEO OPYOVIKA GLGTHHATO Kot SEVIPOLOPOA
TOAVLLEPT], TOL OTTOT0L TEPLEYOVY LOKPLEG AAELPATIKEG VITOKOATACTAGELS, TOPOVGIALOVY T dLVOTOTNTO AVTO-
0pYAvV®OONG OTN WIKPO- KOl VOVO-KAMUOKO, GE HOPPEG Ol0QOp®V TOUTMV OTMG KLOVOEWNG, OLOKOTIKT,
enminedn, eMkoeldng kat GAiec. H oamoktdpevn HOpQOAOYid TOV TAPOUTAVEO GLOTNUATOV KOTO TN
petdfaon amd to SdAvpa 6T GTEPEN KATAOTACN, Evol SUVOTOV VO TPOAYEL TIG KWNTIKOTNTES POPEDV
@optiov (OTOV Kot NAEKTPOVI®OV) KATA INKOG TV TOPUTPOVLEVOV LOPPOLOYIKOV SOUMV, GE SAPOPES
OTTONAEKTPOVIKES EQOPLOYEC. ZVYKEKPIUEVA, LETUALOTOAVUEPT] TTOV TTEPLEYOVY GUUTAOKO TOV povdnviov
HE TPUTLPLOIVES TOV PEPOVY VITOKATACTAGELS OAEIPATIKOV aALGIdmV £yovy pehetOel amd v opdda Tov
G.N. Tew, Tapovctalovtog KPUGTAAAIKOTNTA Kot SLVATOTNTO CVTO-0PYAVAGTG.

Ta molvpepikd ocvumhoka tomov C1 ta omoion mapovsoidcnkav oty mapdypago 1.5, eivor
petaAlomoivpepn tov tomov tpy-Ru(ll)-tpy, mov @épovv vrmokateostnuéveg Tpmupdiveg pe dévipa

TPDOTNG YEVIOG TOV QEPOVV TEPLPEPELOKES/EEMTEPIKES O1-OAKOED OMAOEG. ZUVERMG, 1 WEAETN NG
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duvatdTog aVTo-0pyAvOoNS TOVS, 10MG AmOKAADYEL Vo TPOTO Yo TNV EMITELEN UETAPOPAS POPTIMV
amd OAO TO, LETOAAKA KEVIPO TTPOG TOV MUAY®DYO, BEATIOVOVTOG TNV amOd06T TG NAOKNG KOWeEAdOG
mov peletnOnke oty mopdypapo 1.8.

Mo vo wpaypotorondel (o eXTETAUEV LOPPOAOYIKT] EPEVVA, TOPACKEVACTNKAY TOAVUEPIKA
cvumioka Tov tOomov C1, ta onoio dtaPépovy oTov aplBud TOV TEPLPEPEINKDY OAKOEL-VTOKATUCTAGEDY
TOV HOVAd®V TPmupdivng Kot 6to €100¢ Tov avTioTafoTikod 1OVTog Tov HETAAAOL. ZVYKEKPLEVQ,
TAPACKEVACTNKAY GOUQPOVE HE YVOOTEG Piproypapicés peBddovg povosuUmAoke Tov  TOHTOL
tpy/Ru(IIl)Clz, ta omoia @épovv povo- (R1), d1- (R2) kot tpt- dmdekvroty (R3) vmokateotnuéveg
tpumupdiveg (Zypa 1.9.1). Avtég ot povadeg cuopmiokomombnKoy HECH NG TEXVIKNG TPOCEYYIONG
evoeOoALUGLOD, e TIG eEAeVBEPES LOVADES TPUTLPLIIVIG TOL TOAVUEPIKOV okeAETOV TV P1, mapdyovtog
Ta avtioTolya moivpepikd copmioke D1, D2 kor D3 (Zynfpa 1.9.1). Ot avtidpdoels Gupumlokomoinomng,
NTOV TAPOUOLES LE AVTEG TOV 0KOAOLONON KAV otV Tepintwon mapaywyng tov C1, pe povn dtapopd )
ypNoYomoinon yAwpoopiov ®g daAdtn Y v cdvBeon towv D1 ko D3, énwg mapovoidletar oto
Tyqpo 1.9.1. Xt ocvvéyelo, TpaypoTono{dnke 10vTo-avioaAiayn Tov oviieTofotikoy wvtov Cl oe
PF¢ pe v mpocOnkn mepiocetag pebavorikod draavparog NH4PF. O kobopiopog tov D1 emrevydnke
pe dwdivon tov e THF kau dmbnom ywo v xatakpdtnon g nepicosiag tov R1, eved ta D2 kot D3
kaBaplotkav amd T1g mepicoeteg Tov R2 kot R3 avtictoyya, pe v idwa dwodikacio mov akolovdnnke

otV mepintwon tov C1.

CHCI;  THF/EtOH H3COOC

N-ethylmorpholine 2nX"
Reflux 6d O*CHZOCHZ CH,—CH——Br
| mefwxdd o
n

MeOH
NH,PF HzCOOC

f SDS

D1: R=R1, X=PFg", D1': R=R1, X=SDS
D2 : R=R2, X=PFg", D2': R=R2, X=SDS

D3 : R=R3, X=PFg", D3': R=R3, X=SDS

?
I N N N
(6]

X= PFg, SDS _07%:?7
(¢}
OC12H25 OC12H25
OCy2Ha5
R1= OCy2Hzs R2 = —@o R3 = OO
OCyoHos OC12Hos

Yympo 1.9.1: ZovBeon molvpeptkdv di-copmiokmv tpirvpdiving/Ru(Il), mov pépovv povo-,dt- kat tpt-
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dmdekLAOEL vToKaTESTNEVES LOVAdES TPITVPdivg avtictorya. Ta aviiotabpotkd wvta tov Ru(Il)

elvan eite 16vta PFg eite dmdekvi-covipovikd wdvta (SDS).

H motomoinon g emtuyovg dnuovpyiog tov copmidkev D1, D2 kot D3, xabdg kot 1
cvoumlokomoinon kdéfe emavorapPoavopevng Hovadag TPUTLPLIIVNG TOL  TOAVLUEPKOV GKEAETOV,
emBeParddnke pe pacpatoskomio 'H-NMR, énog napovoidletor oto Zyfipa 1.9.2. Tapatpodus, 6t
HETA TN GLUUTAOKOTOINGT, TO YUPOKTINPIOTIKO onua Tov «3» kot «3’» TPOTOVioV TOV OpAd®V tpy,
petatomifetal and ta ~8.7 ppm ota 9 kot 9.35 ppm, ovTicTo(0, EVEO TO GNUA TOV «6» TPOTOVIOY ard Ta
~8.7 ota ~7.5 ppm. Ot petatonicelg ovTég eival YopuKTNPIOTIKES Y10, GOUTAOKN TOL TOTOL tpy-Ru(ll)-tpy
Kot amodekviouy TV emtuyn dnpovpyio TV emBLUNTOV TOAVUEPIK®V HETOAAOGVUTAOK®V. EmimAéoy,
dgv mopaINPOLVTOL KOPLEEG HeTtaly Ttwv 8.65-8.75 ppm, TOL OVTIIGTOLOVV GE OUAdES tpy TOL un
GLUTAOKOTOMILEVOL TPOSPOLLOV TOAVUEPIKOD VAKOV P1.

Ta petoddhomolvpepn avtd, dtaxpivovtol Yo Tov vopoéPofo yapaxtpa tovg. H dvvatdmmra
OVTO-0PYAVOGCNG OUMG YO TO GULYKEKPLUEVO VAIKG, MTopel vo emnpeactel omd to €idog TOL
avTIOTOOUIOTIKOD 1OVTOG KOt 0md OAANAETOPACES VOPOPIAOV-VIPOPOPOL YAPAKTNPA. XVYKEKPLUEVO,
petafdAlovtag avTéS TIG TaPAUETPOLS, givatl duvatov va mapayxBovv SaEopeTikoy £id0VE HopPOLOYieg
Katé T peTdfocn omd To SGAVHE OTN OTEPER KATAOTAON, gVOEMG E0PTOEVES ammd TO SLOAVTN TTOL
ypnoyonoteitol Kot to mepPdAtov eEdtpiong (Vo6 KeVO, adpOvVy ATUOCEULPO, ATHOCPULPO KOPECKIEV
cg Kamoto St K.a.). I'a To Adyo avtod, oe pio mapdAAnAn TpocEyyion, SOKIUAGTNKE 1 AVTOALOYY|
tov avtiotafotikov wvtov ClI pe dmdékvro-covipovikd ovta (CpH,5S0,), mpogpyodpeva and )
dudotaon Tov dmOEKLVAO GovAPovVIKoD vatpiov (SDS), to omoio eivar yvootd yuo. tov vOPOPLLO
yopoktipa tov. H aviodiayn emredydnke pe mapopole teyvikég Onmg oty nepintmon avtaAlayng He
wvta PFg, pe v mpoochnim avti m gopd mepicoetag pebavorikov dwivpatog SDS. O kabopiopdg tav
nmapayouevov D1, D2’ kot D3’ (Zympa 1.9.1), emredyOnke pe tig idieg dradikacies mov axorovdnOnkay
o115 meputooelg twv D1-D3. H miotomoinon g emttuyovg dmpovpyiog towv cvumhdkeov D1°-D3’,
Kafdg Kot 1 1ovro-oviodlayy pe SDS, emBeParddnke pe poaopotoskonio 'H-NMR, 6nmg mopovstdletat
oto Xyfqpa 1.9.3 ya v mepoyn and ta 0.0 éog ta 4.5 ppm. ITopatnpovvtal ot yopoKTNPIOTIKEG
Kopveég tov SDS ota ~3.6 (2H), 1.45 (2H), 1.15 (18H) kot 0.8ppm (3H), avtictoyya. [Ipénet emiong va
avaeepbel to yeyovog Ot Ao T cvpmioka D1-D3 ko D1°-D3’; givar dodvtd og peydin motkidia
opyavik@v daivtdv énwg CH;CN, aketovn, CHCl;, THF, DMA kot DMF, kabiotdvtog €dkoro to

YOPOKTNPIOUS KO TO YELPIOUO TOVS Vit OLAPOPES AVAAICELC.
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H.COOC
o b d e y
. ] y 2nPF;
a o—CH,Om, cH,—CH-—8r
n
H.CO0C @h
i
DMSO 10-17f
—OCq2Hzs
| |
CyaHze0 OC12Hag
OC1zHzs
18
8g 9
T T T T T
10 9 8 6 D 4 3 2 1 0 ppm
18
10 05 pm

1 ppr

Zyipna 1.9.2: @aopa 'H-NMR tov molvpepikdv cvpmhdxkov a) D1, B) D2 kot y) D3, o DMSO-dg
otovug 80 °C.
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a DMSO
311
18 T™MS
12°
a 3 2 1 e
B
7 T
3 3 2 1 ppr 9’
DMSO 10-17,f 10’
v 11’
311
12
™S
18
9,2 12’
7 1 8,9
a 3 2 1 AR

Iyipna 1.9.3: ®aopo 'H-NMR 1tov molvpepikdv copmhokov oty meproyfi 0.0-4.5 ppm, petd v
avtoddoyn tov aviotaduotikdv oviov PFg pe SDS yio ta: o) D1°, ) D2’ kot y) D3, oe DMSO-dg
otoug 80 °C.

Ta coumioko D1-D3’°, pekemOnkoav @g mpog Tig 110TNTES AmopPOPN OGNS TOL NALUKOD POTOG, LLE
QOCUATOCKOTO VIEPIDSOVC-0paToV. X10 Xynpe. 1.9.4, mapovoidloviat To KavVOVIKOTOmUEVO QAGHLOTO
UV-Vis tov D2, D1°, D2’ ka1t D3’ 6 cuykévipoon 0.05 mg/mL. Ot ontikég 1510t Tes TmV TopoyoUeEvev
SUUTAOK®V, paivetal Tog dev ennpedlovtol kaBorov and Tov apBud TV aAKOEV-VTOKOTACTACEMV TNG

HOVAdaG TpLTLPLdivig M TO €id0g TOV aVTIGTAOGTIKOD 1OVTOC TOL YPNCILOTOLEITAL.
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Atroppopnon (A.U.)

T T T T T T T T
300 400 500 600 700
MnAkog Kiparog (nm)

Zypo 1.9.4: dacpotookonio UV-Vis Tov ToAvpepik@dv cOUTAOKGOY D2 (=), D1°(=), D2’ (=) kot
D3’(=) o DMF.

Ocov agopd tn popeoroyia TV mapoyOLeEVOY HETOAAOTOAVUEPDV, HEAETHONKE pe TEXVIKES
Om®G 1M kpookomio atopkng ovvaung (AFM-Atomic Force Microscopy) kot 1 HIKPOGKOTIQ
niextpovikng obpwong (SEM-Scanning Electron Microscopy). [apd tic ariendAinieg mpoonddeles,
petafdAlovtag TG TEYVIKES EMIOTPMONG TOV OELYUATOV KOl TOVG YPNOLLOTOOVUEVOVS JAVTES, OgV
TapaTnPNONKE 0VTO-0pYAVOOTN TOV VMKAOV 011 PiKpo- 1 vavo- kKAipoko. Avtd 1o yeyovog, Oempndnke
OTL OQEIAETOL OTIS YPNOLUOTOLOVUEVEG TEYVIKEG Kol Ol ot W10TNTeg TV derypdtov. 'Etol, og
oLVEPYOOIa LE TNV EPELVNTIKY opdda Tov kafnynt R. Mezzenga tov maveniotnpiov tov Fribourg oty
EXBetia, ta delypata egetdomnkav ¢ mpog TN SvvaTOHTNTE OVTO-0PYAVOCNS TOVG LE TEXVIKES OTMG
oKkédaor okTivov-X vmd pkpn kot peyain yovia (S/W AXS-Small/Wide Angle X-Ray Scattering) kot

pkpookonio niektpovikng domepatotrog (TEM-Transmission Electron Microscopy), avtictotya.
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Aentd vpévia tov derypdtov mopiybnoov omd dwAdpoto yAopoeoppiov. Akorovbnoce
avOmTNoN TOVG GE TEPIPAAAOV KOPEGUEVO LE OTHOVG YAMPOPOPLIOL Yo o pHEPa Kot Emetta Enpabnkav
Vo VYNAO KeVO Y va ovaAvBodv pe okédaon axtivov-X. Zto Xynpe 1.9.5 mapovcialovror to
anoteléopoto SAXS tov D1-D3. Ta ¢dopata évtaong g okedaldpevns axtvoBoliag g mpog v
OmOCTAGY, EMOEIKVOOVY TNV IKAVOTNTO 0LTO-0PYAVMOGCTG TV VAIKOV G KIOVOELST JOUN, TO €100 NG
omoiog e€aptdral omd tov apBud tov aikdéu-vrokatacticemv. Katd v pedém tov D1°-D3’, dev
mapatnpNOnKe Kamola 10laitepn aAAayn oV HOPPOAOYia, €KTOG amd TV mepintwon tov D3’ (Xypa
1.9.6), 6mov eiyape petdPaocn oamd v efayovikn kovoedn tov D3, oe enimedn popeoroyio. Ta
aroteléopoto g perétg SAXS ya ta vikd D1-D3 kot D3’°, cvvoyilovtot otov Mivaxae 1.II1. H
Vrapén N 1Un KPLOTOAMKOTN TG GTA LETOAAOTOAVUEPT] AVTA, EEAPTATOL ATOKAELGTIKA and ToV aplfud Kot
TO UNKOG TV AAKOEL opddwv. H pelémn tov vAkdv pe okédoon aktivov-X vmd peydin yovie (WAXS),
TEPLOYN OTNV OO0 TOPUTNPOLVTOL Ol AAKOEV-HOVAdES (TapaTeTapévol dpot oty mtepoyn 8.0-12.0 nm’

1, £8e1Ee OTL Kavéva amd To LAMKE eV Topovstdlel KpUOTOAMKOTHTO.

Scattered Intensity (a.u.)

gt 280
1 2 3 4
q (nm)

Xyqpo 1.9.5: ddopota SAXS tov moAvpepKOY GUUTAOK®V D1 (==) D2 (==) Kot D3(=).
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I*q (a.u.)

2q*

—D3'

2

a (nm™

3

Zympo 1.9.6: Zvykprrikd edopoto SAXS tov moivpepikdv copuniokmv D3 (PFg) (=) ka1 D3’ (SDS)

(=)

Mivakag 1.II1: Xapaxmmplotikd TG Lopeoroyiag Tov HeTOAMKOV cupmidkov D1-D3 kot D3’ pe

pehétn SAXS.

Agiypo 1 Aopn q (nm™) Avaloyia Amnéotacn Ernavoinqynpétnrog
Kopvoov Kopvoav (nm)
(92/91)
D1: 1 (~16%) Kexkhmpévn  |q=1.03, =191 1.85 6.1,3.3
Krovoedng
D2: 2 (~28%) Eéayovwkr  |q=1.13, q;=1.94 1.72 5.6,3.2
Krovoedng
D3: 3 (~37%) Eéayovikr,  |q;=1.04, q,=1.89 1.82 6.0,3.3
Krovoednig
D3’: 3 (~28%) Eninedn q:=1.01, q»=2.02 2.02 59,33

19 A p1O1LOC BOBEKVAOED VIOKOTACTAGEDY (~ TEPLEKTUOTNTOL % K. . 6TO HETOANOTOAVUEPES)

Ymv mpoondfeln va peretnBovv ta detypoto pe pukpookomion TEM, avékvyoav onpovtucd

mpoPAqpata. Avtd elyov vo kdvouv pe TV Tpocnmdfela enioTpmong TV detypdtov kot T pebodoroyio

OV aKOAOLONONKE Yoo TNV EKAEKTIKN emonpavon Tovg («staining»), ypnoyomowdvtag RuO4 H

dradtkacio Tov «staining» NTov TOAD SVGKOAT KOl EAAYIOTO OTOTEAEGHOTIKT. AVTO TO TPOPANLLL EiYE G

ouvémela va unv gtvot dSuvatdv va amoktnBolv ewdves vynAng avtibeong kot gukpivelag. Iapdia avtd,

petd amd moAréG mpoomdfeieg ANEONKavV wavomomTikés ekdveg yuoo To petarromorvpepéc D3. Xto

Xyqpo 1.9.7, mapovoidletor to pkpoypdonue TEM Aentod vueviov tov D3, 6mov dakpivovral poTevé

onpeia (SwdekLAGEL-VTOKATACTAGCELS) O £VOL GKOTEWVO GUVEXES OIKTLO, TO 0010 £ival Ol EMICTLACUEVEG

pe RuO, meproyés (moAvpepikodg oxeretog kot povadeg tpy-Ru(Il)-tpy). Zvykpivovtag v amdotaoT g

EMOVOATYNUOTNTOS TOV SOUDV OV TapaTnpodvTol oto pikpoypaenupo TEM, pe to anotedéopota g

avéivong SAXS, ocvumepaivovpe ot ovt oviietotyel omnv devtepn KopveN ToL epPaviletar ota

Swypappota SAXS.
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20 nm

Xyqpo 1.9.7: Mucpoypaenpo TEM tov petaiiomorvpepovg D3. H andotaon petald tov yertovikov
KLOVOEW®V doUdV vIToLoYioTnke oTo 3.6nm.

1.10. Dvurepacuarzoa

210 TOPOV KEPAAOLO TOPOVGIACTNKE APYIKA 1) GUVOESN Kol O YOPOKTNPIOUOC OLOTOAVUEPDV
TPILPOIVNG TOV PEPOVV aKpaies opades KapPoviiov, péow ereyyopuevov pefddwv ToAVUEPIGHOD OTMG
10 ATRP. To moAvpepn avtd mopnyOnoov 6€ KOVOTOMTIKEG OTOSOGEIS KOl TOPOVGIOCAY YOUNAEG
TOAVOOOTIOPEG  VITOSEIKVOOVTAG TOV  emttuyn  éAeyyo Tov  pilikod moAvpepiopov. EmimAéov,
gvaALacoolevo cupmoivpepn) Tomov AB mov mepielyav pokpopoplokéc aAvoideg Tpumuptdivig Kot
povadeg provopeviov cuvtédniay pe emtvyio. H motomoinon tov ynpikdv Sopdv Kot TOL TOAVUEPKOD
YOPOKTAP TOV Topamive VMKGOV emttedydnke pe texvikéc 6mog 'H NMR kar GPC. Ze o mapdinin
TPOGEYYIOT, TOPUCKELAGTNKOV LOVOUEPT TPTLPISIVIG OV GEPOVY povo- Kot Ot-kapPo&y dxpa. H
gmTvyio TG 6HVOEGNC Toug StamictdOnke e pacpatockomnio. 'H NMR.

To emdpevo Prpa NIV 1 TOPAYOYN CUUTAOK®OV TV TOPATAVEO VAMKOV, oV £Xouv eAevBepeg
opLadEG TPIMLPSIvIG, HE 1OVTa, TOL povbnviov. AvTo £yve €QIKTO, YPTCULOTOLDVTOS TO, TAEOVEKTILLOTO
OV TPOGPEPEL 1| ¥MUElD cuUTAOKOTOINoNG HeTdAlov-vVTToKaTaoTat. Etotl, ypnoyomoidvtag £va povo-
ocvumioxo tpy/Ru(IlI)Cls, to omoio dopeitan omd VEOKATEGTNUEVES TPUTVPISIVES [ HEVTIPOL TPMTNG YEVLOG
OV  QPEPOVV  TEPLPEPELOKES/EEMTEPIKES O1-0AKOEL Opddeg Kol To TpoovapepBEvta ToAvpepr] Kot
povopepn povadwv tpy, mapnydncav gvkoia dtoAvtd di-coumioka tov tomov tpy-Ru(ll)-tpy. H mAnpng

GUUTAOKOTOINGT OAMV TOV HOVESmY tpy moTomoiOnKe e pacpatookonio 'H NMR.
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e o GAAN TPOocEyyIoT, TaPACKEVASTKAY PvoAkd dt-copmioka Tov TOmov vipy-Ru(Il)-tpy
mov Pépovy kapPodv dkpa. Avtd eite opomoivuepiotnkay pe ™ péEBodo Tov PLLIKoy TOAVUEPIGUOV
(FRP), gite cupmoivpepiotnkay opoing pe Pvolikd pakpopovouepn moiv(aibvievoéeidion). Ola ta o1
GUUTAOKO TTOV TPOEKLYAV, NTOV EVKOAN SLOAVTA GE KOOV OPYOVIKOVG SLOAVTEG KOt YOPAKTNPIGTNKAV
e 'H NMR, GPC, @aopotockomio. amoppoenong vreplddonc-opatod Kol @oTopoTonysioc. Ot
TOPATIAVED TEYVIKEG OTTOKAADYOV OTLOVTIKEG GAAAYES OTIG OIOTITEG TOV TEMKMV EMBVUNTOV VAMKAOV, GE
OYE0T LE EKEIVEG TV TPOOPOL®Y HOPIDY KOl TOAVUEPDV.

Ta mo KatdAAnAo amd To TOPUTAVE VAKE, EPAPUOCTNKOV O YPMOTIKEG evoucOnTomoinong
vpeviov TiO,, mopdyoviag QOTO-nAekTpddia, to omoio. amotéAecav T Pdon y 1 Snpovpyio
povadtaiov vppdikdv niakdv koyehidov tomov Gritzel. Ot omoddCEl; TOV CLOTNUATOV TOL
doxkpdotnkay NTov TOAD YOUNAEG, BGTOCO TO YEYOVOG OTL €ival 1 TPAT (OPG TOL TOAVUEPIKA
ovumioka tov Ru(ll) gpappootnrav pe emtvyio og ypootikéc evarsOntonoinong vueviov TiO, elivon
waitepa oNUAVTIKO.

TéAog, pe oxomo va pereTnBel 1 IKOVOTNTO AVTO-0PYAVAOCT|G TOV LETOAAOTOAVUEPDV TOV THTOV
tpy-Ru(I)-tpy, emyelpnbnke n GLUTAOKOTOINGT OUOTOAVUEPOV TPLUTLPLOIVIG HE HOVO-, d1- KoL TPl-
dmdeKLAOEL VITOoKATESTNUEVA LOVO-COUTAOKA TPLPOivnc-povBnviov. Ta telkd moivpepucd cOUTAoKA
peAeTONKaV ¢ TPOGg TNV IKOVOTNTO AVTO-0PYAVMONG TOVG [E TEXVIKEG OnmG okédaoT aktivav-X vrd
puepn Kot peydin yovia (S/W AXS-Small/Wide Angle X-Ray Scattering) kot pkpookomio NAEKTPOVIKNIG

dwumepototmtog (TEM-Transmission Electron Microscopy)
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Evotnra 2:

2y evotnta. auTh TEPLYPAPETAL 1 cVUVOEST €VOG VEOL BIVOAIKOD HOVOUEPOVG dITVPdivig Kot
TOV OVTIGTOLYOL LOVOUEPLKOD GLUTAOKOL ToL povbnviov pe dtmvupidives. To cOHUTOAOKO AVTO HOVOUEPEG
TOALLEPIOTNKE TOGO e TN Ypnom eheyxdpevov moAivpepiopov ehevBépov pldv (ATRP) bdivovtog
TOALUEPIKA Yp@Ho@dpa Poacilopeva oto povbnvio kol ot dmupdivn Kol Ta omoio £X0VV OAdEG
kapPoéuiiov Yo v mpodcdeon Tovg otnv Titdvia. Emiong, 1o oOumAoko PBvoAikd pOvOuEPEG
GUUTOAVLEPIOTNKE e GAAOL LLOVOLLEPT] TTOV £XOLV OLOTNTEG LETAPOPAS OTAV 1) NAEKTPOVIOV LLE TN XP1oN
moAvpepiopov elevbépmv pillov. Ta opomoivpepr| Kol TO GUUTOALUEPT LEAETHONKOV ©G TPOG TIg
dopukég Kot omtikég Tovg 1010tNTeS. Tol TOAVUEPIKE XPOHOPOPE EPUPLOCTNKOY GE LOVASIALEG NAOKEG

KOWEAIDEG VD ToL cLUTOAVpEPT] € d10d0VG ekmopmng emtdg (LED).

2.1 XvvOson ka1 yaporxtnpicuoc fivolixot uovouepoig 2,2 °-0imvpidivyc

H ymuwr mopeia yioe T ovvbeon tov povopepovg Prvvr-@avoro-2,2’-dimopidivig (6) eaivetor
oto Xynpa 2.1.1, ko Paciotnke oto povopepés g 4-Ppmpo-2,2°-ourvpdivng (4), éva Ppopopévo
mapdymyo dutvptdivng. Méypt tdpa, n ocbvBeon povo-Bpotopévov Tapaydymy dimupdivig, faciiotav
oe amevbeiag Ppopdoelg kato and o&eieg cLVONKEG, YEYOVOG TOL 00NYoVoE GE WKPEG OMOOOGELS G
npoidv. [Ipdoeata, 1 ¥p1oN OVIIOPASTNPIOY KAGGLTEPOL, TPOCEPEPE L0, EVAALOKTIKY peBodoroyia yia
TNV TOPUY®YN HOVO-PPOLLOUEVOV SITUPWOVIKOV TOPAYDY®V, YXPTCULOTOLOVTAS NTOTEPES GLVONKEG
avtidpaong, AapPavovtog TavTdYpova Ta TEAKE TPOIOVTA 68 VYNAOTEPES AMOOOCELS.

2V Tapovco EVOTNTA, Yo TV TOPOy®YT TOV LOVOUEPOVG 4, akoAovONnOnKe pio evoAAOKTIKN
mopelo. and ovtyv ¢ Piphoypapiag, pe ypnion 2-(tpfovtvroctavvoro)mupdivng (2) avti g
(Tp1ebLAOGTAVVLAO)TUPLOIVIG, EKUETOAAELOUEVOL TN OLOPOPETIKY] OPUCTIKOTNTO TV V0 ATOU®V
Bpopiov g 2,5-difpoponvpidivng, kotd ™V o&Ed®TIK TPOoGHNAKN 6TO0 KOTOAVTIKO KOKAO TNg
avtidpaong ocvlevéng Stille.

Apywcd ovvtédnke n 2-(tpiovtvroctavvoro)muptdivn (2) pe Mbimon kot TpavoUeTdAA®OT TG
2-Bpopomopdivig, axoAovBdviag €vo  ONUOCIELVHEVO TPOTOKOAAO Yo TV obvBeon g 2-
(tpruebBvroctavvoro)mupdiving. ‘Etot, pe dwadoykry mpocsbnkn n-fovtvioibiov (n-Buli) (1.6 M og
€&avio) kat (tpipovtvroctavvoro)ylmpidiov oy 2-Bpoporvpdivy, o anectayuévo dlabviatdépa Kot
vt adpoveig cvvOnkeg, Aopfdvetar n évoon 2 og Tohd vynAn anddoon (Zyqpe 2.1.1). H avtidpoaon
mpoypatonoleitan o yapnhéc Beppokpooieg (-80 °C) yio TNV amo@LY TOPATAEVP®V AVTIOPACEDVY. X1
ovvéyxewn, pe avtidpaon ovlevéng Stille g 2-tpifovtvroctavvvromvpdiving (2) pe ™ 2,5-
diPpopomvpdivny (3), mapovoia 2.5 % mol teTpakig(tpipavoro-emc@vo)moirado (Pd(PPh;),) g
KataAOTn o Gvudpo EVAOAo otovg 130 °C, n 2,5-01fpoponvpdivn avtédpace oyeddV AmTOKAEIOTIKA
omv 2-0éom, divoviag to emBountd mpoidv (5-Bpopo-2,2°-dumvptdivy, 4) oe kobopn Hopen Kot
vynAdTEPT amddoon and avtn ™G Opowns Pproypapikng avtidpacns. Avtd copPaivel Ady® Tov 6t M
TPPOVTVAOGTOVVVA-ORAdH EVOL KOAVTEPT OMOY®POVGO OpLAdA amd TNV TPLEBVAOGTAVVLA-OUAdL KOTA
TNV OVAYOYIKH omOoTACcT 6T0 TEA0G TOV KOTOALTIKOD KUKAOL g avtidopaong ovlevéng Stille (XZynpa

2.1.1). Iapatnpnbnke mog 6tav 1 2,5-diPpopomvptdivn xpnoonoteital o€ APl TEPIGELN GE GYEon
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pe 1o 2, dev oymuariCovral onuavtikd mapanpoiovre. H mepiooewa g 2,5-01poponvpidivng propel
g0KoAN va amopakpuvlel omd To piypa TG avTidpaong pe ypopatoypaeic sTAANG. O xapaKTnpIGHOS TOL
4 emredydnke pe pacparookomio 'H NMR (Zympa 2.1.2). Tt covéysia, 1 5-(m-Brvorogarvoro)-2,2 -
Sdurvpdivn (vbpy) (6), mapnydn pe avtidopaorn cvlevéng Suzuki peta&d g S-Ppopo-2,2 -dimupdivng (4)
Kot tov 4-ctupvrofopovikod o&gog (5), mapovsio 2.5 % mol PA(PPhs)s (Zympa 2.1.1). To tehkd
povouepéc 6, sppavifel kaAn StoivtdotnTo og pic peydAn mokidia opyavikdv daAvtodv (m.y CHCIL,
MeOH, EtOH, aketovn, n-Hexane, DEE). Oa npénet va onpewmbet, 6t1 | Tpoonddeio, amopdkpuveng g
nepiooelag Tov 4-ctupvrofopovikod 0&éog (5) pe T péBodo TG eKAEKTIKNAG OOALTOTNTOG dgv MTaV
emtoyng, egoutiog g mapopolag doAvToéHTNTAg Tov pe To PBvolikd povopepég dutvpldivig 6, Omwg
dromiotdvovpe kot ot pacpatookonio. 'H NMR oto IZyfpe 2.1.3. Emiong, efartiag g mopdpotog
KWNTIKOTNTOG TOV 5 pe v vbpy otig mhakeg ypopotoypagiog Aemthg otofadag (TLC) kot mopd
YPNOWOTOINCT TOADV SLOPOPETIKDY GCLGTNUATOV SHAVTOV MG SAVTOV avamtuéng, Bewpndnke ot
po Tpoomdbelo Yoo AmOUAKPUVGT TNG TEPICCELNG HE YPOUATOYpapio. OTAANG, emiong dev Ba Mtav

EMTUYNG.

C4Hg 3

| —
CI_S|'"_C“Hg CiHy BrOBr
\ B Sn C4H9 — > / Br
N B Pd(PPhs), =N

1 Diethy ether Dry Xylene 4
2 Reflux for 24h
7
Pd(PPh;),
Toluene
K,CO3 2M 5
Reflux for 3d
v B(OH),
2= /
=N N

Xyqpo 2.1.1: ZovBetikn mopeia yia TNV TOpay@Y TOV LOVOUEPOVS S-(TT-PtvoAo@atvLA0)-2,2 -5uTvpdivn
(vbpy) (6).
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TMS
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Zyina 2.1.2: ®éopa 'H-NMR g 5-Bpopo-2,2 -duupidivig (4) oe CDCl,.
43 34789
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Iyipa 2.1.3: @dopa "H-NMR ¢ 5-(n-Brvorogoivvro)-2,2 -dupidiviig (6) oe CDCly, émov paivetar
Ko 1 TEPIcoELD, TOV GTVPLAOPOPOVIKOD 0EEMG.

—

~
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‘Exer avagepbel ot Piproypaepio 6t ot mopdiveg kobapiloviar pe ypopotoypagio. oTHANG,
ypNoyomomvtag ®¢ otafepn edon arodpva (AlLOs3), kKabdg oAniemdpovv pe ) oidka (Si0,) Kot
KOTOUKPUTOOVTOL ¢ AmOTEAEGHO, OEV EKAOVOVTUL EKTOG EAAYICTMV TEPITTMGEDY, OTMG Y10 TOPASELYLLO
katd Tov Kabopiopo tov 4. To povopepég vbpy mov cuvtédnke KatokpatovvTay ETiong omd TNV GIAKAL.
To yeyovog avTd LETATPATNKE GE TAEOVEKTNLLA, KAOMG e KATAKPAETNGN TOV LOVOLEPOVG OO TNV GilKa
gxhovoape Terelg TV mepicoeta Tov S Kot émetta pe peBavoin, n omoia «wadey) TIC AAANAETOPACELS
g dumupdivng pe v cidka, ekhovcope o entopnto kabapd tpoidv 6 (Zynpoe 2.1.4).

Qo1600, 0&ilel va onpewwbdei 6TL T0 akabdapioto povopepés vbpy pmopet va ypnoiorombei mg
€XEL O€ AVTIOPAGCEL; CUUTAOKOTOINOTG e HETAAAL PETATTOONG, KOOMG TPOKELTAL YIol TOAD EKAEKTIKEG

avtidpacelg kot o kabapiopdc amd Ty TEPIGCELN TOL oTVPLAOPOPOVIKOL 0&E0g Vo emttevyBel pe avtdv

TOV TPOTO.
4334 789 bl
6 6 Hq1
8
6 3,3
10 4,
ol 44 S’ CDCl,
9 T™MS
NAJUUN Y A _L__,JL A i
5 e : H : 2 1 ppn

\
S

0

i 1

7
sl l-llel -l E-\I‘.-J.-I ~-l e
Tyipa 2.1.4: ®aopa 'H-NMR g 5-(n-Prvokopaivoro)-2,2 -suopidivng (6) oe CDCly, petd omd
kabapiopd pe ypopatoypapio omAnNg, Omov  @oivetor 1 OMOUAKPLVOY NG TEPIGGELNS TOV
oTVPLAOPOPOVIKOD 0EEMC.

0

L)
6
oy
=
o

32

0

—

2.2 XvvOson ka1 yapoKTnpicuoc SImVPLOIVIKOY TOLVUEPIKDY COUTAOKWY Tov povlnviov (I1)

Ynrdpyovv 600 péEBOdOL TOPACKEVT|G TOAVUEPIKMY GUUTAOK®V: () M €upeon 1 cvykAivovca
péBodog (convergent synthesis), amd TPOCSYNUATICUEVO TOAVDUEPN Kol 0KOAOLON cupmAokomoinor e
povbnvio, kot (B) n Guueon M amokAivuoa pEBOSOC, LE ¥PNOT LOVOUEPDV OV TEPLEXOVLV PovONVIO
(divergrent synthesis), dGnmg NN £xel TOPOLCIACTEL. LTV TPOKELUEVT TEPITTMOT, EMAEXONKE 1 devTEPN
péBodog yo v ovvleon tov emBuuNTOV TOAVUEPIKMOV GLUTAOK®V. Apyikd, cuvtédnke to dtylwpo-

d15(2,2"-dumupidivn)-povdnvio(Il) 8 (Ru(bpy),Cly), pe avtidpaon peta&d g 2,2 -dmoptdivig Kot Tov
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£évudpov Tpryroprotyov povnviov [Ru(Il)Cls], og dSitihvpa DMF (Zppa 2.2.1). O yopaktpiopds Tov
8 emtedyOnke e ooy EWKN AVAALOT KO PACULATOGKOTIO amoppodPNong vepuddovc-opatod (UV-Vis),
droddpotog Tov og EtOH (Zyfpe 2.2.2). O yapoxtnpiopds pe gocpatookormio 'H NMR Sev eivon
duvatde, Kabmg to mapaybEv d1-cOUTAOKO gival TAPAPAYVTIKO.

Expetolievopevor  tic  dvvatdtnteg mov  WOPEYOVIOL OO T yNMMElo  EKAEKTIKNG
cupmlokonoinong  petdAlov/vmokatdotatn, ovvBécape To  PvoAikd cOumioko povdnviov 9
([Ru(bpy)2(vbpy)](PF¢),), pe avtidpaon peta&d tov aviictoryov PvoAdikold povopepovg vbpy (6) pe to
Ru(bpy),Cl,, oe didAvpo EtOH (Zype 2.2.3). To cOumrioko amopovodnke petd and 1OvVTo-avtailoyn
Tov aviotabuotikdv Woviov ond ClI' oe PFg pe v mpostikn vdatucod doiduatog NH4PFs. H
TOPATAVEO OVIOAAOYY OVI®V €yve LE OKOTO TNV emitevén kaAdTEPNS SAVTOHTNTOS GTOVS KOWOUG
0pYaVIKOUG JSLOADTES Kot EMTALOV, ENTEWN TO AAUTA TV avidVI®OV Tov ££apBoplovyov emcedpov givat
NAEKTPOYNIIKE adpovT|, OTOTE OgV EMNPEGLOVV TIG NAEKTPOVINKEG 1] GALEG dlEpYUTiEg LETAPOPAG POPTIOL
o010 moAvpepés. H mepicoein tov 6 amopoakpovinke petd omd €viovr EKTALGY TOV GUUTAOKOL e
SBvradépa. To cdumioko Aopfaveral o vynAn anddoon (~90%) kot epeavilel kaAn dSahvtodTTO GE
plo peydin mowida opyavik@v daivtov (my CH3CN, aketdévn, MeOH, DMF, DMSO), eve givon
ad1dAVTO GTOVG KOOGS YAWPLOUEVOVS S10ADTES. O YOpaKTNPIGHOG TOL EMTEDYONKE [LE POCUATOGKOTIN
'H NMR (Zyqpa 2.2.4). To gdopa 'H NMR kot 1) 6YeTik 0AOKAPOGT TOV QUCHOTIKOV KOPLOGOV,

oLpHEoVEL amdAvTa e TV dopn ToL GLUTAOKOL 9.

RUC|3 X Hzo
DMF
— — Reflux for 48h
/ N\
\ N /
7

Xyqpo 2.2.1: Zovletikn mopelo yloo TNV TOPAYy®YY TOL HOVOUEPOVS S1-CUUTAOKOL StyAwpo-015(2,2’ -
durvpdivn)-povdnviov(Il), (cis-(bpy)RuCl,-2H,0) (8).
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Absorbance (a.u.)

| ! |
400 600
Wavelength (nm)

Xyqpo 2.2.2: @éopa amoppoéenong UV-Vis tov 8 ce DMF.

X
X
EtOH
Reflux for 3d

| X + >

_N NH,4PFg
2\
S |

Tympo 2.2.3: Zuvletikn mopeia yio TV mopaymyn Tov PvOAMKOD HOVOUEPOVG TPI-GUUTAGKOL Tp1g(2,2 -

durvpdivn)-povdnviov(Il), [Ru(vbpy)(bpy):l(PFs), (9).
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a,ss,sn‘s!u
|4
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Zyina 2.2.4: daopa 'H-NMR tov frvodicod copmidkov povdnviov 9 o DMSO-d;.

2.3 2Vvfson Kol yopoKTHPICUOS TOAVUEPMY UE  TASUPIKES  OMAIES  OOUTAOK®Y _ [Tpig

(Orvp1divyg) Ru(ll)] uéocaw ATRP

To emduevo Prpo petd v dnpovpyia tov cvpmddxov [Ru(bpy)(vbpy)](PFe), (9), frav va
emyepn0ei o moAvpepiopds tov pe peBOdOVg EAEYXOUEVOL TOALUEPIGUOV, OTMG Yo TOPAOELYHO LE
plucd molvpepiopd pécw petopopds otopov (ATRP). O Adyog mov emhéyOnke 1o ATRP, givon yati
oG £xel NON avopepbei, ot pEBodot eleyydevoL plikoh TOAVUEPIGHOD EMTPETOVY TV TOPACKELT], OYL
poévo KoAd KoBOPIoUEVOV TOALUEPDY HE YOUNAEG TOALOOOTOPEG, OAAG KOl VEOV TOATAOK®OV
TOADUEPIKMV OPYLTEKTOVIKAV, TToVL dgv o pmopovcav va Anebodv pe ypriomn mopadoclokdv uedddmv
moAvpepiopov. Ewdwotepa, n pébodoc ATRP emtpémel v ohvBeon molvpepikdv dopmv, eheyxOpLevou
HOPLOKOV BAPOVE KOl GTEVIG LOPLOKNG KATAVOUNG, and pio peydAn mowidio Bvoiikdv povopepdv. H
PO O10POPOY TOAVSPACTIKAOV EKKIVITOV UTOPEL Vo 00MyNoEL 0TV GOVOESN VEMV TOALUEPIKDV

GLUTAOK®V, T omoia Bo PEPOLY EMBVUNTEG AELTOVPYIKEG OUADEG GTO (KPOL 1} GTO HEGO TOVG,.
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ROOC
O—CHgOCHz—Br O
Cl(H3C)OCO Q N y O OCO(CH;z)Cl
W,
R=H, CH, 1 O I
CuBr
+ 9 PMDETA
DMF or CH;CN
110°C/ 60°C
ROOC, 2nPFg"
@*O—CHzOCH2~<CH2—CH>~Br
n

ROOC

Xyquo 2.3.1: X0vBeon TV opomolvpepdV GLUTAOK®OV TOTOV [Ru(vbpy)(bpy)z]%) P1 xou P2,
ypnotpororwvtos tovg ekkivntéc I IT péow ATRP.

Apywcd emdéybnkav ot 600 ekkvntég I ko I (Zympa 2.3.1), évag povodpacTikdg Kat Evog
ddpaotiog exkivntig ATRP, avtictoya. O I Ba mpocddoet petd and Pacikr vdpdivon twv pebvi-
E0TEPIKMV AKPOV TOV, GKpo KopPouAiov 6To TEAKO TOALUEPIKO cvumAoko. Me Bdon ta KapPfoviikd
axpa, Bo pmopécel vo ypnoiporombei gite @g TOAVUEPIKO YPOUOPOPO GE VPPIIKES NAAKEG KOWELIDEG
tomov Gritzel, gite vo gumlakel o€ TEPUITEP® AVTIOPAGELS, OTMOG Y10 TOPASELY LD TOAVGUUTHKVMOGNG LE
doheg, 0dNYDOVTOG G€ TOALTAOKO VLTEPUOPLOKA ocvotiuota. O dedTepog exkivntig amotehel éva
YPOLOPOPO, EVPEMG YPNOILOTOLOVUEVO GE OTTONAEKTPOVIKESG OLOTAEELS, OTWOG POTOPOATOIKA KEALL Kot
S1000VG EKTOUTNG PAOTOG, Yio 0TO Kat emAEyOnKe. Q¢ KATAALTIKO GVOTNUA apyIKd ¥pnooTombnke to
mo dwdedopévo o avidpdoelg ATRP: Bpoutovyog yaiikods kon 2,2°-dumuptdivn. Avetoy®dc Opmg dev

pmopécape va AdPovpe ToALIEPIKO TPOoLdV, KaOMOG 1 avtidpaon moAvpepiopod dev ekkivovoe. Metd and
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oAAETAAANAES TpoomdBeleg Kot SOKIUESG KOTOAVTIKOV cvotnudtov (CuBr, CuCl / bpy, PMDETA,
HMDETA), stohvtov (DMF, DMSO, avicoin, CH;CN, axetdvn) kot fondntikdv HEcmv TOAVUEPIGHOD
onw¢ 1o EC (ethylene carnonate) og didpopeg avoroyieg, kataAn&ope ota 600 Hovadikd CLGTHUATA TOV
Aettovpynoav, ta ekkivneig (I, II)/ CuBr/ PMDETA/ DMF kot exkivneig (I, IT)/ CuBr/ PMDETA/ DMF
/CH;3CN og avaroyia 1/1/2/2 kot yio o 800 cvotipota (Zynpa 2.3.1).

[paypatoromdnkav moivpepicpol cOUE@VO pe To TOPATAVED oYNpate, HeTafdiloviog v
avaAoyio. TOv HOVOUEPOVS ®G TPog Tov ekkivith amd 5/1 émg 20/1, dote va mapoybovv molvuepn
Sdrapopetikod popakod Bapovg dmws mapovoidletar otov Mivaka 2.1. Ot molvpepiopol die&nybnoay oe
anoeptopévo DMF 11 CH3CN otovg 110 kot 60 °C avtiotoya, e GUYKEVIP®OT HOVOUEPOVG 0T Hala
tov SwAvtn 25 % w/v, hapPavovtag oamodocels e taEng tov 15-20 %. To moAvuepn opyika
nmaparappavovav pe katafvdion ce MeOH, n onola dtaddel ekhekTikd TO LOVOLEPES KO TNV TEPIGTELN
TOV EKKIVNTAOV, Kol 61N cuvéyeln kabapifovtav pe emavakotafvbion andé CH;CN 1 DMF oe DEE, o
omoiog emiong daAbEL ekAekTIKA TOVG ekkvTég. A&iet va onpeiwbel, 6Tt A0 Ta TOAVpEPN Vol SLOALTA
o€ pio PEYAAN TOIKIAIL OPYOVIKOY TOMK®V un mpotik®v daivtdv, onmg CH;CN, axetdvn, DMF,
DMSO, axolovBdvtag TG OS0AVTOTNTEG TOV HOVOUEPOVG, EMTPEMOVTOS [E TOV TPOTO OVTO TO
XAPOKTNPIoHS Tovg pe goopotoskornioc 'H NMR. Zta IZyipata 2.3.2 xa 2.3.3 mapovoidloviar to
(AGLOTO TUPTVIKOD HOyVNTIKOD Guvtoviopol ywo to. molvpepn P1 ko P2, avtictoya, ce DMSO-d6
otovg 60 °C. Me Paon 10 dopa 'H NMR yia 10 P1 (Zyfpa 2.3.2), omodsikvistor o emtvyfic ATRP
TOAVUEPIOUOC, KABDS 01 KOPLPEG TOV OAEPVIK®V TTp@TOViV dev gpeaviCovtal ota 5.33, 5.94 kot 6.75
ppm. Emiong, n mepintmon evog tuyaiov Beppikod mOALUEPIOUOV amoKAElETOL, KOODG 01 KOPLPEG TOL
amodidovtat oto pedui- kot peburevikd Tpwtovia tov exkkvnt I, eivarl mopodoeg ota 3.90 kot 5.30 ppm
avTioTol 0, YEYOVOG TOV OTOOEIKVOEL TNV EVOOUATOON TOL EKKIVITH OTNV TOADUEPIKY oAvcida. Ot
TOPATAVEO KOPLOEG UTOPOVV EMIOTG Va YpNotponomBolv Yo Tov VToAoYIopd Tov Hoplakol Bapovg Tov
moAvpepovg (Mn), pe v texvIKn TG avdAvong axpaiog opddag (end group analysis). Ta anoteléopota
VTOAOYIGU®V TOV HoplakdVv Papdv, cuvoyilovtar otov IMivaka 2.1, 6mov @aivetor 1 KoA cupeovia
peta&y g oOoTOoNG TPOPOSOGIaG EKKIVITI/HOVOUEPOVG KOl TOL VTOAOYILOHEVOL pHoplaKoD Bapovg.
Avt) M TEYVIKN dev UTmopEl ®OTOCO, VO EPAPUOCTEL 6TV TEPITTOOT TOL ToAvpepovg P2, kabdg dev

VIAPYOLY EKAEKTIKEC KOpLPEG ToV ekkvth IT 610 @hopo 'H-NMR (Zyiqpa 2.3.3).
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Mivaxog 2.I: Xapakmpiopds péco 'H NMR kot Eodopetpiog tov opomolvpepdv P1 kot P2 yio
SLPOPETIKEG GLGTAGELS TPOPODOGIaG.

la]

Movopepi) Rreq
Yvotaon Tpogodosiog Mn an6
Holvpepég otV 6€ GUYKEVTPOOT
Exxiwvntiic/Movopepég "H-NMR
oAlvoida C=0,5mg/ml
Pla 1/15 15 ~14800
P1b 1/10 13 ~12900 41,77
Plc 1/10 10 ~10000
P1d 1/10 9 ~9000
Ple 1/05 7 ~7100
P2a 1/06 - - 11,19
P2b 1/10 - - 21,92
P2c 1/20 - - 51,80

[a] Xpnowomowdvtag DMF wg dtoivtn, otovg 45 °C

EmumAéov, yw va amodeyytel o eleyyouevog yapaktpoag tov moivpepicpod ATRP twov
moAvpepdv Tomov P1, mpaypatomomfnie kivntikn peiétn. Emiéytnke 1o cOotno LOVOLEPEC/EKKIVIITIG
I/CuBr/PMDETA (15/1/2/2) ko1 Kotd TV SépKed TOV TOAVUEPIOHOV, eEMeOncav 7 delypota tov 0.30
mL.Ta deiypata katafvdiomkoav oe 20 mL vepd, étol dote va katafuBictody 10 TVYOV GYNUATICOEY
TOAVUEPEG, TO LLOVOUEPEG KOL 1 TEPIOOELD TOV EKIVNTN EVA TOVTOYPOVO VO TOPAUEIVEL OLOAVTO TO
katoltikd ocvumhoko Cu(Ill)/PMDETA @ote va amopakpovbel. To  doddpoto  katapfdbiong
QLYOKEVIPNONKAY, TO VIEPKEIIEVO OTONOKPUVONKE KOl TO OMOUEVOV OTEPED EMOVEKTAVONKE OpoimG,
tpelg eopég pe vepd kot DEE. Me outd tov TpOmo amopokpOVETOL TO KOTOAVTIKO GUUTAOKO Kol 1|
nepioosr tov  ekkwvnti. Téhoc ta deiypota yopakmpiodnkav pe ¢acpatookomic 'H NMR.
XPNOUYOTOOVTAG TNV TEYVIKN TNG «akpaing opddacy vmohoyiotnke n adEnon tov poplakov Pépovg
Kot v ddpke Tov ToAvpepiopod. O vmoroyopds emtuyydvetotl ond 10 onpa ota 3.90 ppm, Tov
avtiotolyel ota pebvA-tpotovia Tov ekkivner| (6H), kat g meproyng 7.30-8.90 ppm mov avtictoryel ota
TPp®TOVIO, TOVL povopepovs (27H) kat tov moAvpepovg (27H), 6nmg paivetot oto Zynpe 2.3.4. H ypoeikn
mapdotacn g avoloyiog povouepmv mpog ekkivith (M/I) évavtt Tov gpdvov Exet T popen evbeiog,
VROJEKVVOVTOG OTL 0 aplBpdc avortuocouevay pliav mapapével otadepog Kab OAn ) ddpkeln Tov
moAvpEPIoHOL (Zympa 2.3.5).

Xmv mpoondbeia va vroloyicovpe ta Loplakd yopaktnpotikd (Mn, Mw, PDI) tov P1 ko P2,
EMLYEPNCUE VO EKTEAECOVUE TEPApTA XpOLaTOYpapiag amokdeiopov poplokdv peyebmv (GPC). Asv
otddnke Opmg dvvatd, kaBdc T opomoivpepn givar adldAvTo 6TOLG KAMGWKOVG dtoAvteg g GPC
ypopatoypaeiog, 6mwg CHCIl; kow THE. Emimhéov, pe Baon ™ Pipioypapio ta cOumioka povdnviov

£€xouv 1oyvpn OAANAERIOpAON HE TN OTATIKY GACN TOV GTNAMV TOL OTOTEAOVVIOL OO TOAVGTUPOALO.
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Qo1600, £x0vv dnpoctevdel emtuynpéva TOPAdEYLLOTA YOPAKTNPIOHOL cuumAdKmV pue GPC, oA povo

Y10 TEPIMTMOGELG YOUUNAOD HETAAALKOD QOPTIOL GTNV TOAVUEPIKT AAVGIdA.

HZCOOC b ] 2nPFg
DO—CHZOCHE—{CHZ—CH%&
H,C00C 4"
4.4 4" 4 785
6,6,6",6" 5",

3,3,3",3”

L ST IRl I e TRk AR el I R B i
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0ppn

Zynpo 2.3.2: déopo 'H NMR tov molvpepotg P1 oe DMSO-d6 stovg 60 °C.

[}
a

CE%CH—CHA—(HJCJOC(J@CN
n\ | / = e

4,41,4”,4"1 ?,8,51'5“'5""
a,b,ed
6,6,,6”‘6"'

Tyfna 2.3.3: déopa 'H NMR tov molvpepoig P2 o DMSO-d6 otoug 60 °C.
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Zyina 2.3.4: ®dopata 'H NMR tov molvpepovg P1 katd v kel perém (2 dpec) oe DMSO-d6
otoug 60 °C.

7

795

1]

I'oa va emPefardoovpe Tov morvpepikd yopoaktipa t@v P1 kot P2, mpoywpnoape oe petpnoeig
avNYHEVOD 1EDOOVE Y1 TOL TOAVUEPT KOl TO LOVOUEPES 9 OE JAPOPES CLYKEVIPADGELS, XPTOLLOTOIDVTOG
¢ 610AvT DMF otovg 25 °C. Hopoamnpnbnke adénon ommv ) tov avnypévov Emdovg kabds n
OCUYKEVIP®OT TOV OSWAVHATOV HEWWVOTAV, YEYOVOG Tov e&nyeital omd TOV TOAVTAEKTPOAVTIKO
YOPOKTAPAL TOV TOADUEPOVS, AOY® TNG Tapovsiog Tmv Wvtov Ru?’ kot tov aviiotaduotikdv 1oviev
PFs (Zympo 2.3.6). H cvykpion tov tipwedv avnypévov 1Emdovg yioa ta P1 koar P2 pe avtég tov
Lovopepovg 9 kot TG Ttfic Mn 1o to P1b amd 1o "H NMR (IMivakag 2.1), amodeikvieL Tov oynuotiopno

-1,
w_-
[

0.935

(=1 (] Ind
L] k=d D
oo

[=3

(=]
(=]
2 Current Data Parameters
 NAME LP-179-
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20080630
Time 3.37
INSTRUM spect
PROBHD 5 mm Multinu
PULPROG zg
D 32768
SOLVENT DMSO
NS 64
DS 2
SWH 4921.260 Hz
FIDRES 0.150185 Hz
AQ 3.3292787 sec
RG 2580.3
DW 101.600 usec
DE 6.50 usec
TE 313.0 K
D1 4.00000000 sec
s=========== CHANNEL f] =====
NUC1 1H
Pl 6.33 usec
PL1 0.00 dB
SFO1 400.1323335 MHz
F2 - Processing parameters
SI 65536 .
SF 400.1300024 MHz
WDW EM
|_SSB 0
LB 0.60 Hz
"GB 0
ppmpC 3.00

VPPISIKOV TOADUEPIKDY GLOTNUATOV Kot 6TIG dV0 TEpT®celg Tov P1 kot P2.
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-
[o)

M/ ("H-NMR)
s 3 N = 3
1 1 " 1 " 1 " 1 "

o2}
n 1

4 T T T T T T T T T T T
0 5 10 15 20 25

Time (hours)

Zyipna 2.3.5: Xapoxmpiopde péow 'H NMR kot Ewdopetpiag, tov opomolvpepdv P1 kon P2 i
SLPOPETIKEG CLGTAGELS TPOPOSOGIaG.

60

50 *
T ® Movopepég (9)
A Pla
404 A ® P2a
¢ P2b
§ * P2c
-1 304
é *
- A
< 2. .
¢ *
104 ° *
® ]
1 Movouepég (9) . ° ° ¢
0 T n T T T T T T T T
0,5 1,0 1,5 2,0 2,5
C (mg/mL)

Tyqpo 2.3.6: Awypoppo avnypévov 1EMO0VG £VAVTL TNG CLYKEVIPWOONG Yo TO HOVOUEPEG Pvuiikd
ocvumioxo [Ru(vbpy)(bpy).](PFe); (9) kot t@v modvpepadv P1 ko P2, ce DMF otoug 25 °C.

O opomorvpeptopds péow erevfépav pilav tov [Ru(Il)(vbpy)(bpy):1(PF¢): (9) (Xympa 2.3.7)
N o0 ovumolvpuepopds tov  pe v 2-{4-[(4-Bwvrogarvvro)pnedoéu]patvoro}-5-patvoro-1,3.4-
o&adwtorn (10, OXD, Zyfqpa 2.3.8), pe v 9-PrvvrxkopPaloin (11, CARB, Zynpa 2.3.9), pe myv 2,4-
Spaivor-6-(4-frvoreaivor)kivorivny (12, SDPQ, XZympa 2.3.10), kot pe 10 4-(4-poivor-6-(4-
Bworeavor)kvorwv-2-vA)Beviovirpido (13, CN-SDPQ, Zympa 2.3.11), emredydnke oe DMF pe yprion
tov AIBN o¢ exkivnti. Zmv Biploypapio ava@épovior TOAAE TOPASEIYLOTO GUUTOAVUEPDV UE
mAevptikéc povadeg [Ru(bpy)s]*'. Zmv mapovoo epyacio mpayporomoidnke pic celpd TEPAPGTOV
petapdilovrag kdbe popd TIc cLVONKES TG AVTIOPACNS KOTA TETOWO TPOTO, MOTE VAL TPOKVYOUV TVYaia
GUUTOAVLEPT] e SoPOPETIKE TOG00TH 68 TAeVPKES povhdeg OXD, CARB, SDPQ, CN-SDPQ ko
oopumhokov Tomov [Ru(vbpy)(bpy),]*.
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2nPFg
DMF, AIBN 4<CH2_ CH%
n

110°C, 5d

Xyqpo 2.3.7: X0vleon 1oV OPLOTOAVUEP®Y GUUTAOK®V TOTOL [Ru(vbpy)(bpy)z]2+ P3, péow erevBépav
piiov.

Ot poplokés cuoTdoelg TPoPodociag mov emAéyOnkay ywo ta cupmoivpepr) Tomov P4, givar ot
95/05, 90/10, 85/15, 75/25, 50/50, 15/85 wor 10/90 ce cdumioko povOnviov, dnmMG PaiveTol Kot GTOV
Mivaxa 2.I1. T o cvpmolvpepn tomov PS, emdéybnkav ot cvotdoelg 95/05, 85/15, 75/25, 50/50,
25/75, 15/85 ko 10/90, énw¢ mapovoidletar otov Hivake 2.111. T ta cupmolopepn tov tonov P6 kot
P7, emidéyOnkav ot poprakég ovotdoeg 90/10, 80/20, 70/30, 50/50, 25/75 war 10/90 (Ilivakeg 2.1V kot
2.V). Ta molvpepn 6LV TV THTOV TOPAyoVToL HETO amd ovTidpacn ToAvpeplopod erevBépav plidv
(FRP- Free Radical Polymerization) mov mpoaypatonoleitor o€ daddt DMF pe  ypion AIBN g
exkvnT, v 5 pépeg otovg 110 °C. Ta cvpmorvpepn tomov P4 maporopfdavovior pe kotofodion oe
20mhdolo  Oyko OoAvT. To duwdvpa kotopodong efaptdtor amd TN HOPLOKN GUOTOCT TOV
cvpmolvpepdv Tomov P4. I mopdadetypa, tor cupmorvpepn katapvbifoviar o MeOH, piypo MeOH/
EtOAc 1 piypo MeOH/ vepov, 660 av&dvel to popakd 1ocootd o&adialdine. T cuvéyeta, dmbovviat
kot KoBopilovrar pe ékmivon tov otepeol e MeOH kot EtOAc yio v amopdkpuven mepicoeag tov
povopep®dv 9 kot 10, avrtictoyo. Ta emBountd moivpepikd cvumioka kabapilovior mepartépw e

enavakatafvdion and CHCl; 1 CH3CN o DEE. Ta amotedéopata cvvoyiloviar otov Mivakae 2.11.
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74
DMF, AIBN CH,—CH CH,—CH
—>
9 + 110°C, 5d n m ] X
T
o} (|3H2
0
N0 10
-
N0
\—

P4

Xyqpo 2.3.8: XovBeon tov cvumolvpep®dv cvumAdkov tomov P4- n/m, mov mepiéyovv opddeg
oEadlaldoAng kot svpmhoko Tomov [Ru(vbpy)(bpy)s]*" oty mhevpikh alvoida, e GUUTOAVUEPIOHO HEC®
erevBépmv pLidv.

Mivakeg 2.11: Mopakd Y0paKTNpIioTiKa TV ToAvUepOY TOToy P4.

2vunoiouepés P4 2voraony Mn® Mw® PDI®
Ru/OXD 'H-NMR

P4i 05/95 04/96 3100 6900 2.22
P4ii 10/90 06/94 4100 5100 1.24
P4iii 15/85 14/86 2700 3200 1.18
Pdiv 25/75 20/80 [B] (B] [B]
P4v 50/50 40/60 [B] [B] (B]
P4vi 85/15 78/22 [B] [B] (B]
P4vii 90/10 87/13 [B] [B] (B]

l%le CHCI; ypnotponoldviag Tpdtuma ToAvsTupoAiov, Mn: Héco poplokd BAapog katd apliuo, Mw :
péco poploxd Papog xotd Papog, PDI (Mw /Mn): moivdiacmopd Bl Sev eneOnoay LLETPNOELS
g&artiog g dvodtaAvtdTTag Tovg o CHCl;.

To m0600TO TG OHOTOAKE cVVdedepévng povadac [Ru(vbpy)(bpy).]*" oty molvpepikh
aAveida, kabopilel TNy dwAvtdTTa TOV TOALUEPIK®DV cvumAdkwv P4. Etopévag, 6o ta cuumolvpuepn
glvar d10AVTA 68 MOMKOVG ampwTkoVg dtahvteg, Omwg DMF kor DMSO, gEattiag tng mapovciog twv
ovtikov copmidokev Ru(ll) oty molvpepwkn odvcida. Emiong, sivor dwwivtd oe CH3CN, pepikdg

Sl Td o8 aKeTOVI, VD OTOV 1] CVGTOOT £ival TAovola o€ 0&adtaloin eivar edkora dwwAvtd oe CHCI;.
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H xaAn S10AvtdTo OAOV TMV TOAVUEPIKOV CGUUTAOK®V GE KOWOUG OpYavIKoUG SloAVTEG TPOKOAE
BeTikn| evtdmwon, KoBmg TOAAG amd To YVOGTH VPPOKE ovOPYOVa-0pYOVIKE GUGTHLOTO TOPOVGLALOVY
UELDUEVES OLOAVTOTNTEG, KAOIoTMVTOG SUGKOAN TV emeéepynaia TOvG.

Ta cvumolvpepn tomov P5 maparapupdavovrol opoiog, pe kotapvdion oe 20mAdcio dyko
SwAvt. To dddvpa katapobione oe avt v mepintmon eivon pebavodn, kabmg doivet kot Tor dVo
povopepny 9 kot 11, eved dev SwAvel T TOALUEPT. XTr CULVEXEW., TO TOALHEP OmBodvton Kot
kaBapifovtar pe ékmivon Tov otepeov pe MeOH yio v mepattépm omopdkpuvon TG TePIGOELNS TOV
povopepdv 9 war 11, avtictorya. Ta embountd molvpepwd ocvumioka kabapifovtor emimAéov e
enavakatafvdion ondé CHCl; 1 CH;CN og DEE. Ta anoteAéopato cvvoyilovtat otov IMivaxa 2.111. Ta
TOPATAVEO CUUTOAVUEPT], TAPOVSLALOVY TOAD KaAn dtaAvtotnTe 6 DMF, DMSO, CH3CN kot aketovn,

EVO Otav 1 cvotao eival mhodota o€ kapPaldin, eival dtaAivtd kot e CHCI;.

é
N DMF, AIEN o
9 + — — CHy—CH
O O 110°C, 5d n |
D

1"

P5

Tyqpo 2.3.9: Xovleon TV cvumolvpep®v cLUTAOK®V TOmov PS- n/m, mov mepiéyovv opddeg
rkapPalding kot coumrioka THTOL [Ru(pry)(bpy)z]% OTNV TAELPIKY| AAVGION, [LE CUUTOAVUEPIGHO UECH
erevBépmv pLidv.

Mivaxoeg 2.111: Moptokd YopoKTnploTiké TV moAvLeEP®V TOTO0L PS.

2vumoivuepéc P5 2votaocn

Mn* Mw* PDI*

Ru /CARB "H-NMR

P5i 05/95 10/90 17400 22300 1.28
P5ii 15/85 27/73 14500 19300 1.33
P5iii 25/75 33/67 29100 47600 1.63
P5iv 50/50 46/54 [B] [B] [B]
P5v 75/25 67/33 [B] [B] [B]
P5vi 85/15 77/23 [B] [B] [B]
P4vii 90/10 86/14 [B] [B] [B]

l%lse CHC; ypnotponoldviag Tpdtuma ToAvsTuporion, Mn: Héco poplokd BAapog katd apliuo, Mw :
péco poploxd Papog xotd Papog, PDI (Mw /Mn): moivdiacmopd Bl Sev eneOnooy LLETPNOELS
g&artiog g dvodtaAvtdTTag Tovg o CHCl;.
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Ta cvpmoivpepn tonwv P6 ko P7 ntapaiappdvovral opoimg, pe katapfvbion oe 20mAdoto dyko
Sdwdvtn. To didAvpa Katafvdiong Kot oe avth TV mepintwon givar pebBovorn, Kabmg dtadvel TAPOG To
povopepéc 9 kot peptkdg to povopepn 12 kot 13, evd dev dtadvetl o moAvpep. Xt cvvéyela dnbovvron
kot kaBapifovrar pe ékmivon tov otepeod pe MeOH kot EtOAc yuo v amopdkpuven mepicoslog Tmv
povopepodv 12 kot 13, avtictorya. Ta emBountd moAvpepikd copmioka kabapilovior mepottépm e
enavakatafvdion andé CHCl; 1 CH3;CN oe DEE. Ta amoteAéopato cvvoyiloviar otovg IMivaxkeg 2.1V
kot 2.V. Ta cvuroropepn tomov P6 xar P7 mopovsidlovv yevikd mold kain dweAvtdétrta oe DMF,
DMSO ka1 koA dtoivtotnta o CH3CN kot akeTov, evd dtov 1 6votach ival mthodota ota SDPQ kot
CN-SDPQ &ivai swoivtd ko o CHCl.

7

DMF, AIBN
— CH,—CH CH,;—CH
9 + O 110°C, 5d 2 n 2
ove >
N
~

12

P6

Xyqupoe 2.3.10: XOvBeon tov cvpmolvpepdv cvumhdkeov tomov P6- n/m, mov mepiéyovv opddeg
Kwvolivig ko odpmhoka tomov [Ru(vbpy)(bpy).]*" otnv mhevpikh ahvoida, pe CLUTOAVHEPIOUO HECD
erevBépmv pLidv.

Mivakeg 2.1V: Moptlokd yapaxtnplotikd TV Tolvuep®mv tonov P6.

2ouroivuepés P6 2voraony Mi® Mw? PDI®

Ru /SDPQ "H-NMR

P6i 10/90 16/84 2380 3070 1.29
Pé6ii 25/75 35/65 [B] [B] (B]
Pé6iii 50/50 40/60 [B] [B] (B]
Péiv 70/30 64/36 [B] [B] (B]
Pév 80/20 77/23 [B] [B] (B]
P6vi 90/10 85/15 [B] [B] (B]

19l 5¢ CHCl; pNoomotdvTag Tpdtume ToAvGTupoAiov, Mn: péco popako Papog kotd apiud, Mw :

péco poplokd Papog katd Papoc, PDI (MW/ Mn): nohvdiacmopd P! dev edopdnoav LLETPNOELS
gartiog g dvodtaAvtdTTag Tovg o CHCl;.

03EA- 8-3-1 kQ4. YITOEPTOY 1118 60



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

7
O DMF, AIBN CHQ—CH>—<CH2—CH
—_
9+ 110°C, 5d n m] x
N

) "y
L »
P7
13 CN

Yypo 2.3.11: X0vBeon 1@V CUUTOAVUEPDOV GUUTAOK®V TOTOV P7- n/m, mov Tteptéyovy opades Kuoavo-
Kwvoliviig kou odpmhoka tomov [Ru(vbpy)(bpy).]*" oty mhevpikh ahvoida, pe CUUTOADUEPIOUO HECH
erevBépmv pidv.

Mivaxoeg 2.V: Moplokd yopakmpilotikd v tolvpep®v tomov P7.

2oumolvuepés P7 2iboraocn _ Mw® PDI®
Ru /CN-SDPQ "H-NMR
P7i 10/90 12/88 3780 4970 1.31
P7ii 25/75 33/67 [B] [B] [B]
P7iii 50/50 47/53 [B] [B] [B]
P7iv 70/30 65/35 [B] [B] [B]
P7v 80/20 74/26 [B] [B] [B]
P7vi 90/10 87/13 [B] (B [B]

1l 5& CHC; pnoomotdvtag pdtume ToAvGTupoAiov, Mn: péco poprako Papog koatd apdud, Mw :

péco poplokd Papog koatd Papoc, PDI (MW/ Mn): nolvdiacmopd P! dev edipbnoav petprioeic
e&artiog g dvodlaAvTOTNTAS Tovg o CHCl;.

H motomoinomn g dopng kat 1 e&axpifwon g TpayHaTiKig 60oTAoNS TV GuUToivepdv P4
- P7 Poociomke e PETPHGELS TUPNVIKOD HOYVITIKOD GUVTOVIGHOD. AVIITPoc®nevTikd @dopote H-
NMR y1a ta supmoAvpepn tomov P4 napovsialovior ota Zynpata 2.3.12 (A—A) kot avtiotolyobv ot
P4ii-10/90, P4iv-25/75, P4v-50/50 kor P4vii-90/10. H amovcio oAe@vikod OMLOTOG, OTOJEKVOEL TNV
OTOTELEGLOTIKOTNTO TG GLVOETIKNG diepyaciag, mov akoAovbnbnke Yo v AMyn TOV TOAVUEPIKOV
SLUUTAOK®@V, KoOmG emiong kol Tov emituy) KoBopopd TV TEMKOV TTpoidoviev. Ot vroloyicpol g
ovotaong onpixdnkav oto onua petald 8.4-8.9 ppm, mov avriotoyyel oe 6 APOUATIKA TPOTOHVIL TOV
opadmv bpy g povadag [Ru(vbpy)(bpy),]*" kot 610 ofpa ota 5.0 ppm, mov avticTorsi 6To. pefvAeviKd
TpoTOVIO, otV a-0¢0m Tov 0&VuYOvoy TV TALLPIKAOV opad®mV o&adtaldoAnc. Ta mol % tng povadog
[Ru(vbpy)(bpy),]*" tv P4i-05/95, P4ii-10/90, P4iii-15/85, P4iv-25/75, P4v-50/50, P4vi-85/15, ot
P4vii-90/10 vroioyilovtot ota 4, 6, 14, 20, 40, 78 ot 87 %, avtictotya, dev Bpickoviatl dSNAadn 6€ TOAD
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KoM} GUHEOVIOL pE TIG GUVORKES TOAVUEPIGHOD OV epappocmkay. Ta amoteréopota g 'H-NMR

avdivong cvvoyifovtat otov Mivake 2.11.
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(4)

(B)
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T)

CHZ—CHHCHZ—CH
40 60| x

4)

Zynpoe 2.3.12: Gaopata 'H NMR tov copmolopepdv A) P4ii-10/90, B) P4iv-25/75, T') P4v-50/50 ot
A) P4vii-90/10 ce DMSO-d6.
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Hopopoing, yia to. cvpmolvpepny Tomov P5, mapovsidlovial aviimposmmevtikd epacpata H-
NMR octa Zypata 2.3.13 (A-A), ta omoio avtictoyodv ota PS5i-05/95, P5ii-15/85, P5v-75/25 wou
PSvi-85/15. H amotelecpotikdtra e cvvOeTikng dtepyaciog Kot 0 emTuyng Kabopiopos Tov TeMKdV
TOAVUEPOV OO MEPIOOELEG LOVOLEPDV, OMOJEIKVVETAL OO TV EALEWYN TOV KOPLO®V TOV PVOAIK®V
npotovioy ota edopate 'H-NMR. O vroloyiopog me Hoplakic 60GTAGTS TMV GUUTOADUEP®Y THTOV
PS5, Baciotke oto onpa ota 8.4-8.9 ppm, to onoio avtictoyel o€ 6 UPOUATIKG TPOTOVIQ TG LOVADUG
[Ru(vbpy)(bpy),]*" kot 670 6fjpa oTa 5.6-7.3 ppm, OV OVTIGTOYYEL EMIONG GE 6 APOUATICE TPOTOVIAL TG
povéadog e kapfaloine. Hopatnpodpe dpmg and to paopota 'H-NMR, 611 10 £0pog TG KOPLOHS GTaL
5.6-7.3 ppm &ivor onUOvVTIKO, HELOVOVTOG £TGL T OOKPLTIKOTNTA TNG VTOAOYIOTIKNG Hefddov Kot
00MYDVTOG G PETPLOG EUMIGTOCVVIG OMOTEAEGHOTO LOPLOKNG avoAoYiog TV cvpmorvpepmv. Ta mol %
™G povadag [Ru(vbpy)(bpy)2]2+ tov PSi-05/95, PSii-15/85, PSiii-25/75, P5iv-50/50,15/85 P5v-75/25,
P5vi-85/15 xon P5vii-90/10 Bpiokovtal va givar 10, 27, 33, 46, 67, 77 ko 86 %, avtictoryo, Sniadn oyt
6€ TOAD KOAT GUUE®VIO LE TIG GLVONKEG TOAVUEPIGHOD TTOV EPUPUOCTNKOY, GAAG OTTG TPoavapEpOnKe
N owkpurkdmTa g HeBddov meploplotav Ady®m TOL €0POVE TV EKAEKTIKOV Kopuvedv. Ta

amotedéoparo g 'H-NMR avdivong cvvoyilovor otov Hivaka 2.111.
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(4)
%{cm—m%—(cm—m
10 | 90| x
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2nPF6| ~ A
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Ru2+
| SN
= N 0l >
I ==
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(B)
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T

Zyfpa 2.3.13: ®dopata 'H NMR tov copmolopepdv A) P5i-05/95, B) P5ii-15/85, I') P5v-75/25 kot A)
P5vi-85/15 o DMSO-d6.
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"o to. supmolvpepy Tmov P6 kon P7, mapovsidlovial aviimposonsvtikd edopota 'H-NMR
oto Xynuorta 2.3.14 (A-A), ta omoila avtiotoryovv oto P6i-10/90, P6iv-70/30, P7i-10/90 kot P7iv-
70/30. H omotelecpatikodtra g ovvletikng depyaciog Kot o emtuyfg kabapiopdc Tov TeMKOV
TOMVHEPGOV, OMOSEIVOETOL AT TV EAAEWYT TOV KOPLOGOV TOV PvvlikdV Tpotoviov ota gdcpata 'H-
NMR. O vmoroyopdg TG HOPLOKNG GVUOTACNG TV GLUTOAVUEP®Y TOTToL P6 kau P7, Paciotnke oto
ofjpo ota 8.4-8.9 ppm, 10 0moio avTicTOlEl GE 6 apmUOTIKG TPOTOVIA TS povadag [Ru(vbpy)(bpy).]*"
Ko 610 oiua ota 6.2-8.3 ppm, mov avtictorsi oe 21H' ¢ povadag tov cvumhdxov kar 18H' tng
povadog SDPQ kot 17H" g povadag CN-SDPQ avrictotya. Mopatnpodpue dpog ard 1o péopato. 'H-
NMR, 611 ot mteployn 6.2-8.3 ppm vdpyeL ONUAVTIKT OAANAETIKAAVYT TOV KOPLOADV TV AVTIGTOLMV
povadwv mov dopovv to cvpmoivpepn P6 kot P7, peidvoviag Tl onpaviikd ) SlokpiikdTo TG
VTOAOYIOTIKNG HEBOSOV Kot 001 YDVTAG GE PETPLOG EUTICTOGVVIG ATOTEAEGLATO, LLOPLOKNG OVOAOYIOG TMV
ovpmolvpepdv. Ta mol % g povédag [Ru(vbpy)(bpy).]*' tov covpmolvpepdv avthv, mov
vrohoyiomkav Bdon tav eaopdtov 'H-NMR, mapovetdloviar otovg avtiotoyove Mivakeg 2.1V «at
2.V. Elvau gpoavéc 0nmg Kot 6Ty Tepintmon tov coumolopepmv P35, 41t ot Telkéc poplokés GuoTdoelg
dev glvar og MOAD KoA| cvue®vio HE TG GLVONKEG TOALUEPICUOD TOL €PAPUOCTNKAYV, OAAE OTmG

mpoavaeipnke N StakprrikdnTa ™G HeBOSOL NTOV TEPLOPICLLEVT.
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ot R et

'I!I'Illllllll'l'l_ -------- llll‘!llIIIIII'IIIII_lilIII!I!‘III!!I

9 8 7 6 5 4 ppm

Zynpo 2.3.14: ®aopata "H NMR tov sopmolopepdv A) P6i-10/90, B) P6iv-70/30, T') P7i-10/90 «at A)
P7iv-70/30 o DMSO-d6.
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I tov Tpocdopiopd Tov Hoplok®v Papdv Kot TV ToAvdacTopdv TV cupmoivpuepdv Ru(Il),
kaBdg kot Yoo vo omodeybel OTL dev mopépeve LTOAEYUO LOVOUEP®V, TPOCTAOCOUE VO
YPNOYLOTOMGOVLE YPOUOTOYPUPio, amokAelcod poplakdv peyeddv (GPC). Onwg mpoovapépbnke yio
ta P1 kot P2, 1 GPC dev Oewpeitor gkt Ady® G xpNonsg 6TNA®Y TOAVGTUPOAMOL MG OTUTIKN (Ao
kot CHCl; o¢ kivnt @dor, Kabdg moAvpeptkd cOpmioka e VYnAd eoptio petdAiov dev pumopoldv va
dtdvtomomBodv 6e avtd to SAvTn. Qotdco, ot PifAloypaeic. VEEPYOVY APKETH TOPASEYHOTA
enmttuyovg yapakmmpiopot pe GPC mopodpoiwv copnldokmyv, mov gite EPovy YaUnAd @optio PETGALOVL,
glte ypNOWOTOOVY GTHAEC SUPOPETIKAOV TPOSYPUPD®Y. AVOAOY®OG, OTNV MEPIMTOON HAG, TO
CUUTOADUEPY] UE HIKPY] HOPLOKY avoAoyie ot povédo [Ru(vbpy)(bpy)z]2+ propodoav  va
dwivtomomBodv oe CHCl; kor ovvenwg yapaxmmpiomrav pe GPC. Ta amotedéopata g
ypopatoypaeiog tapovsidlovtar otovg Iivakeg 2.1 - 2.V yia TIC CLOTACEL TOV GLUTOAVUEPDV, Ol
omoieg 6TAONKE SVVATOV VO OPOKTNPLETOVV.

Ta xpOUATOYPAPTLOTO TOV CUUTOADUEPDVY, ATOOEKVOOVY OTL KabopioTnkay TANPmG KaTd TV
TEWPALOTIKT dtadtkaoio mov akolovOnOnke. Evdeiktikd moapatifeviar to ypopotoypaenpoate tov P4-
05/95 (Zympo 2.3.15), P5-05/95 (Zympa 2.3.16), P6-10/90 (Zyqpa 2.3.17) ko1 P7-10/90 (Zynqpe
2.3.18). 10 onueio avtd Ba wpémel vo onuetmbel o6t kot ot dvo avyvevtég (UV kot R.1.) tov opydvov
KaTEYpOPOV oNpa, 0AAG TpoTnONKe 0 aviyvevthg deiktn 61abiaong (R.1.) yuo to moivpepn P4 kot P5,
eva o aviyveutng UV yia ta P6 kot P7, Aoyw kaidtepng amoxpione. Onwg eoivetar amd tovg IMivakeg
211 - 2.V, ta poplaxd Bapn tov veoovvtifépevav cvoprnoivpepov P4, P6 kot P7 dev eivor apketd
peydia, aAAd aprkovV yio va TapackKeLacToOVV OLodop@a Aentd viévia. Ot Telpopatikés cuvinKes mov
aKoAovBNOnKay Yo TNV TAPACKELY TOVG OV SIKOLOAOYOUV TIG TAPATPOVUEVEG TIHEG LOPLOKDV Bapdv
(etvon pikpdTepeg amod Tig BepnTikd avapevopeveg), omote dev yvopilovpe pe amdivtn Befordtra ov ot
TOPATNPOVUEVEG TILES OVTIOTOLYOVV OTIC TPUYUATIKEG TULES Y10 TO GUUTOAVUEPT. AAMW®OTE, OTmG £XEL
NN avaeepBei etvar dvokoro va yapaktnpiotovv moivpepkd courioka tov Ru(Il) pe v pébodo GPC.
Emurdéov ta P4, P6 xat P7 oépovv opddeg 0&adtaldAng kot Kivorivng, Yeyovog mov Tpokaiel meparttépm
VOTEPNOT KATA TNV EKAOLGT AUTAOV TOV TOAVUEPDV ONO TIC GTNAES NG YPOUOTOYPAUPING, AdY® T®V
erevBepmv aTopOV aldTOL TOV PEPOVY. To PAVOEVO VOTEPNONG OEV TTAPATIPEITOL GTNV TEPITTMGT TOL

PsS.
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Xypa 2.3.15: Xpopatoypdenpe GPC tov cupmoivpepos P4i-05/95 ne kataypagr g amdkpiong tov
aviyvevt R.L.
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Iympo 2.3.16: Xpopatoypaenue GPC tov copmoivpepovg P5i-05/95 e kataypagr tng amdKpiong Tov
aviyvevti R.L
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Ammokpion UV (A.U.)

. T . T .
14 16 18 20
Vvko¢ 'Exhouong {mL)

Xypa 2.3.17: Xpopatoypaenue GPC tov cupmoivpepos P6i-10/90 e kataypagr tng amdKpiong Tov
aviyvevt U.V.

Attoxpion UV (A.U.)

15 18 21
Vyko¢ "Exhouong (mL)

Iypa 2.3.18: Xpopatoypaenpo GPC tov cupmoivpepovs P7i-10/90 e kataypagr g amdKpiong Tov
aviyvevt U.V.
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2.4 OntikéC 1010THTEC

INo va ektunBet edv 10 Topandve molvpepikd tpl-cOpmAoka tomov P1 pmopodv va Ppouvv
EQAPUOYN GE VPPIOKEG NAMOKES KOWEADEG ETPETE VO, YOPUKTNPIGTOVV OC TPOG TIG OTTIKES TOVG OLOTNTEG,
KUPI®OG UE PAGUATOOKOTIO OmoppoOPNoNg LIEPLU®IoVG-opatoy (UV-Vis) kot eotopmtavyeiag (PL).
Eniong, ta ocvumolvpepn tomov P4-P7 émpeme va yopoxinpiotovv opoimg, ywo va dwmotodel edv
pmopel va vdpEet EAEYXOC TV OMTIKMOV TOVG WOTNT®V Yo whOvY] OTTONAEKTPOVIKY €pappoyn. O
OMTIKOG YAPUKTNPIOUOG TOV PvuAlkoD povopeptkov cupmAdkov 9 {[Ru(vbpy)(bpy),](PFs),}, kobbg kot
TOV OPOTOAVUEPDOV Kot cvpmoivpep®dv P1-P7, mpaypatomomOnke oe dwdvpoato DMF, cuykevipdoemv
10°-10° M, ypnowonowbviag @oopatookonio vrepiddovc-opatod (UV-Vis) kot @acpotockomio
exnmoumng (PL). Xe d)eg Tig mepurtdoelg mapatnpinkay ot yopaktnplotikég {Oveg amoppoenong Kot
ekmoumng ¢ povadag [Ru(vbpy)(bpy):](PFe),. Ztig meputtdoelc tov  copmolvuepdv  P4-P7,
mapatnpnOnkay {dves amoppdENOoNG Kol EKTOUTNG TPOEPYOUEVES OO TO CUVEPYELNKO (QUVOUEVO TMV
ONTIKAOV WO0TATOV TV povopepdv 10-13 kot Tov cuumAdKov 9, pe KOHOVOUEVES EVTACES KOl UNKN
KOpatog mov speavifovray, eaptdpeva amd TNV HOPLoKY 6VoTacn Tovug. OAd To TOpaTdve Opo- Kot
GUUTOAVLEPT] TOPOVGIALOVY €VTOVN EKTOUTN GTNV TEPLOYN TOV TOPTOKOAL-EPVOPOD PAGUATOG TOL
POTOC.

INo ™ povada [Ru(vbpy)(bpy),](PFs), kar to opomorvpepny P1-P3, n gacpotookomio
anoppdeNong anédmoe mapoOUol AcHATO, TO omolo Tapovstalovy pio KopveY AToppPOENOoNS GTA
A=292 nm kot éva ®po ota A=320 nm (Zyfqpa 2.4.1). Ot topondve Kopueég amodidovtar o€ petaPdoetg
n-n* LC (Ligand-Centered - YZTOKOTOGTATN) TOV VTOKOTAGTOTOV NG 2,2’ -01muptdivig Tov GUUTAOKOVL.
Enmiong, ota A=458 nm mopatnpeitor pEYIOTO NG OmOPPOENONG, TO ONoio OQPEiAeTol OTIg
yopoktnpotikés d-n* MLCT (Metal to Ligand Charge Transfer- Metagopdg @optiov MetdAiov-
Ynokataotatm) petafdocec t@v povadov [Ru(vbpy)(bpy).](PFe), (Zypa 2.4.1). v mepintwon tov
P2, 6mov cov ekkivntig €xet ypnoponomBel n povada d1-6TupLAO-0VOPAKEVIOV, AVOUEVOVUE KOPLON
aroppdenong ota A=414 nm, opelopevn ot povado avOpakeviov. Avti 1 KOPLPT OUOG ETKOADTTETOL
amd TNV KOpuen omoppdeNong Tov GLUTAOKOL ota A=458 nm, a@oy 1 GYETIKN GLYKEVIPMOGN TOL

avBpakeviov oto moAvpepég P2 etvar wwaitepa pkpn (~3% x.p.) (Eympa 2.4.1).
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Yympo 2.4.1: ®acpotookonio UV-Vis tov 9 (=), Tov exkivn II (=), tov P1 (==) ka1 tov P2 (—), o¢
DMF.

Katé tov @acpoTocKomiKe YOpaKINPIoUO EKTOUTNG TV opomolvpepdv P1-P3 kot tov
ouumAoKkov 9 petd amd diéyepon ota A=290 nm kot A=320 nm, amToKOAVPONKOY TAPOLOIEG KOPLOEG
exkmopmns ota A=380 nm kot A=615 nm, ot omoieg anodidovior 610 COUTAOKO povdNViov-dtTvpdivng.
AvoAOY®G TOL PNAKOVG KVOHOTOG 6T0 omoio ywotav 1 Oi€yeporn mapatnpnnkoy KopueEG EKTOUMNG
SpopeTikng évtaong. Xta Tyfpata 2.4.2 - 2.4.5, eaivovtal GUVILAGTIKE YPAPHLOTA ATOPPOPNONG,
eKTOUTNG Kot dtéyepong, v ta 9, P1, P2 ko tov exkwntn II, avtictoyya. EmmAéov, oty mepintmon
tov P2, 6mov (0nmwg mapatnprinke ota pACHATA 0TopPOPNONG) VINPYXE AAANAOETIKAALYT TG KOPLONG
Tov ekkvnt) avOpaxeviov (A=414 nm) omd T0 GOUTAOKO 9, TO. PACHATO EKTOUTNG HETA amd S1€yepon
o010 A=414 nm 7 ota A=458 nm anEdMGOV OUOLEG KOPLPES eKTOUTNG oTa A=520 nm kot A=615 nm,

OTOJEIKVOOVTAG TV EMLTUYI ECAYMYN TOV EKKIVITH OTIV TOAVUEPIKT aAvoida (Zynpa 2.4.6).
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Atroppoéenaon / Aicyepon (A.U.)
('N’v) pi3AnoLMbOLMGD
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Yypo 2.4.2: Oacpoto UV-Vis (==), diéyepong (=) kot PL (=) tov 9, ce DMF.

(‘N"v) p3AnpLndorM@

Atroppoenon / Aicyepon (A.U.)

300 400 500 600 700 800

Mrkog Kuuartog (nm)
Yympo 2.4.3: ®acpota UV-Vis (=), diéyepong (=) kot PL (=) tov P1, ce DMF.
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(‘N’y) piBAgOLIOdOLNGD

Atroppéenan / Aicvepon (A.U.)

—

200 300 400 500 600 700 800
Mnrkog Koparog (nm)

Typo 2.4.4: @acpota UV-Vis (=), diéyepong (=) kot PL (=) tov P2, ce DMF.

(‘'N’v) pi3AnpLndormd

Atroppoenon / Aicyepon (A.U.)

T T | I ! I
200 300 400 500 600 700 800
Mnko¢ Kuparog (nm)

Yypo 2.4.5: ®acpoto UV-Vis (=), diéyepong (=) kot PL (=) tov exkivnt I, ce DMF.

03EA- 8-3-1 KQ4. YITOEPTOY 118



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

Aigyepon oTta
458 1 414nm
——290nm

——320nm

‘Evraon dwro@wrtalyeiag (A.U.)

T T T T T T T
400 500 600 700

Mnkog Kiparog (nm)

Yympo 2.4.6: ®acpotookomnio PL tov P1, petd and diéyepon oto 290nm (=), 320nm (=) kot 458 1
414nm(==), c¢ DMF.

Xmyv mepintoon tov ocvumoivpepdv P4 kot PS5, o @oopatooKomkdg yopoKTnplopog
amoppOENoNG Kot EKTOUTNS Tapovatilel opotdtres pe ovtdv tov moivpepov P1-P3. Onwg gaiveton
oto Xyqna 247, n  yapaxmplotiky {ovn  amoppoégnong d-n* MLCT g povadog
[Ru(vbpy)(bpy).1(PFs), Bpiocketor ota A=458 nm. EmmAiéov, ta moivpepn P4, speoaviCovv pia kopoen
amoppdeNoNg HeyaAdTEPNG £vTOomS, TN omolag to péyloto evtomiletal gite ota A=296 nm (péyioto
amoppoenong e OXD), ite oto A=292 nm (L€Y1oTO OTOPPOPNONG TOV VIOKATAGTATAOV bpy) Kol Evav
dpo ota A=320 nm, wov arodidovrat o€ n-n* LC petafdoeic Tmv vmokatastat®@v Smuptdivig, avoloywg
™G Hoplakng ovotacns Tov cvopmolvpepdv. To péytoto avtig ™g {dvng aroppdenong tov P4i-vii,
Kopaivetoar Katd ovt v cepd and to 296-292 nm, avrtictowyo, evd 0 ®po¢ oto A=320 nm eivon
EULPAVIG LOVO OTIC TEPUITMCELG LEYOANG TEPLEKTIKOTNTOG cLUpTAOKOV. H évtaon g {dvng anoppdenong
MLCT ota A=458 nm ov&avel Kobdg avEAVEL TO TOGOGTO TOV GUUTAOKOV GTO GUUTOAVUEPESG, EVD 1|
&vtaon g Kopuoeng oto tepimov A=294 nm pével oyxetikd otadepn, EPOGOV 0OPEIAETUL GTO GUVEPYIOTIKO

YOPOKTAPA Kot TV 600 povadmv 9 kat 10.
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[Ru(l)(bpy),](PF,),/OXD
5 —o—OXD
< —«—05/95
= 10/90
3 —1—15/85
3 —o—25/75
S 50/50
o —-—85/15
< —=—90/10
T T T T .\&E—' T
300 400 500 600

Mnkog Kupatog (nm)
Xypo 2.4.7: ®acpotookonio UV-Vis tov copnoivpepdv tomov P4, ce DMF.

Ta pdopotoa ekmopnng yio to P4, eAjpbnoov petd and diéyepon ota A=290 nm kot A=458 nm.
Hapatpnbnkav kopveég exkmounng ota A=382 nm kot A=615 nm, 0nwg paiveton ota Xynpota 2.4.8 kot
2.49, avtictoyo. H mpd xopuen ekmoumng, opsiletal oty m-n* (VN anoppdeNong g Smuptdivng
kot tng o&adtaloAng, evd n debtepn givar yopoktnplotiky povo g d-n* MLCT {dvng anoppdenong
tov [Ru(vbpy)(bpy),](PF¢),. EmumAiéov oto Zymqpo 2.4.10, mopovcidloviol GLYKPLTIKG QAGLOTO
diéyepong tov opomoivpepdv P3 kot o&adialoing kot tov cvumoivpuepotc P4v-50/50, to omoio Kot

opotdlovv pe To PACHOTO ATOPPOPTONC.

[Ru(ll)(bpy),](PF,),/OXD

—+—05/95

10/90
—e+—15/85
—2—25/75

50/50
—o=—85/15
—=—90/10

Evraon dwrtopwrtauyeiag (A.U.)

\
P
40 50 60 700
Mnkog KopaTtog (nm)

Typo 2.4.8: dacpotookomnio PL tov cupmoivpepdv tomov P4 petd and diéyepon ota 290 nm, og
DMF.
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5 ) [Ru(ll)(bpy),](PF.),/OXD
< {A —+—05/95
" / \ 10/90
v / \ —+—15/85
® J —:—25/75
3 \ 50/50
S —s—85/15
3 o\ —=—90/10
9 .D A A
: I\
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[=p
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Iympo 2.4.9: Gocpatockonio PL tov copmoivpepdv tomov P4 petd and diéyepon ota 458 nm, og
DMF.

[Ru(il)(bpy),](PF),/OXD

—100/0
—50/50
—0/100

Aiéyepon (A.U.)

r T ]
300 400 500
Mikog Kuparog (nm)

Xyqpo 2.4.10: Gocpatockomnio SEYEPCNG TOV OLOTOAVUEP®Y KOl TOL cvuumoivpepovc P4v-50/50, og
DMF.

Ta ¢ebdopato amoppéenong twv cvpnoivpepov PS5, mapovcidlovv opowdtntes pe avtd tov P4.
Yuykekpéva, mopatnpeitar n yopokmpotikny {ovn aroppoenong d-n* MLCT ota A=458 nm, énwg
oaivetar oto Zynpa 2.4.11. Mio kopven vynAdtepns €viaong, He To PEYIOTO NG Vo gvtomileTal 6Ta
A=292 nm ka1 évag dpog oto A=320 nm, mov ogeihovtor o d-n* LC petafdoelg tov povédwv 9 ko 11,
glvar gppavig. Oa mpénetl va onpewwbel 01, OTmg kol otV mepintwon tov P4, n évtaon g {dvng

MLCT avé&avetar kabmg anEAveTal To TOGOGTO TOV GLUTAOKOV GTO GUUTOAVUEPEG.

03EA- 8-3-1 kQ4. YITOEPTOY 1118 80



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

[Ru(ll)(bpy),J(PF,)/CARB

—x*— Carbazole
—+—05/95

] —+—15/85
< | 11 —s—25(75
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b —e—75/25
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Xyqpo 2.4.11: @acparoskonio UV-Vis tov cupmoivpepdv tomov PS, ce DMF.

Metd and diéyepon oto A=290 nm,(Zynpa 2.4.12), A=340 nm (Zyqpa 2.4.13) kot A=458 nm
Empa 2.4.14), eqednoav 1o @dopoto ekmopumng yw ta cvumolvpepn PS5, Kopuveéc exmoumng
mapatnpOnkay oto A=382 nm kot A=615 nm o6tav 1 diéyepon ywotav ot A=290 kot 340 nm (péyioto
aroppdenong g KopPaloing), ot omoieg amodidovor otig T-n* LC petofdcelg g dimouptdivng kat g
kapPaloing, kot otig d-n* MLCT petafdogig tov cupmAdkov, aviictoya. Otav 1 6i€yepomn ywvotav ota
A=458 nm (Zyqpa 2.4.14), tapatnpidnkay Kopueés ekmopmig Lovo oto A=615 nm mov opeihovtor pdvo
otg d-m* MLCT petofdoeig tov cuoumidkov [Ru(vbpy)(bpy),](PFs),. Emmiéov oto Zympa 2.4.15,
mapovoldloviol cuykputikd @dopato déyepong TV opomoivpepdv P3 kot xapBalding kot tov

cvpumoivpepovg P5v-50/50, ta omoia kot opotdlovv e ta pacpata anoppdPeNnons.

[Ru(Il)(bpy),](PF,),/CARB

—»—05/95
—»—15/85
—+—25/75

50/50
—e—75/25
—=—85/15
—=—90/10

‘Evraon ®dwropwTrauvyeiag (A.U.)

400 500 600 700
Mnikog Kuparog (nm)

Yypo 2.4.12: doopatockonio PL tov courolvpepmv tomov PS petd and diéyepon ota 290 nm, og

DMF.
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‘Evraon dwrtopwauyeiag (A.U.)

[Ru(ll)(bpy),](PF,),/CARB
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Yypo 2.4.13: doopatockonio PL tov cvourolvpepmv tomov PS petd and diéyepon ota 340 nm, og

DMF.

[Ru(ll)(bpy),](PF,),/CARB

05/95
—>—15/85
—+—25/75

50/50
—e—75/25
—=—385/15
—=—90/10

‘Evraon Qwropwravysiag (A.U.)

Mnikog Kuparog (nm)

Xypo 2.4.14: ©oopatookonio PL tov cvpmolvpepmv tomov PS petd and Siéyepon ota 458 nm, og

DMF.
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[Ru(l)(bpy),](PF,),/CARB
=
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s —— 50/50
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Xyqpo 2.4.15: Gocpatookomnio dEYEPCNG TOV OLOTOAVUEP®Y KOl TOL cvumoivpepods PSv-50/50, o¢
DMF.

Ta cvumolvpepn Tomov P6 ot P7, e€etdotniay opolng g mpog Tig ontikég Tovg widtntes. Ta
QAacHaTE ATOPPOPNONG KOl EKTOUTNG Topovctdlovy Omme ftay avapevouevo pe avtd tov P1-P5. Etot,
oto Zynpata 2.4.16 — 2.4.21, mtapovctaletor 0 onTKOS YOPUKTNPIOUOS TOV GLUTOAVEP®Y TOTOL P6,
YPNOUYLOTOLDVTAS POCHLOTOCKOTIL OmToppOENoNG, (POTOPOTAVYEWNS Kol OEYEPONGC. ZTA QACLOTO
EKTOUTNG, AOY® TOL PNKOVG KOUOTOG 7OV YwoOTav 1M SEYEPCN, ELQPAVIGTNKOV KOPLOES OPLOVIKNG
TOAGVTOOTG. AVTEG Y10 TTOPOVCIAGTIKOVS AOYOVG EX0VV apatpebel.

‘Ocov agopd to, pAcHATH 0ToppOENoNG TOV GVUTOAVUEP®Y TOov P6 (Zymjpa 2.4.16), avtd
napovctdlovv  yopakmpiotikny {dvn amoppoenong d-n* MLCT ota A=460 nm, 1 onoia opeileton ot
povada [Ru(vbpy)(bpy).l(PFe), kot m éviaon g avédveton kabdg avidverar 10 m0ocootd TOL
GUUTAOKOV GTO GUUTOAVLUEPES. Mia Kopven LYNAOTEPTG £viOong, HE TO HEYIOTO NG va gvtomileton
peta&d tov A=280nm (H€YloTo amoppoOPNoNG TS Kvorivig) kot A=292 nm (U€YloTo amoppOenoNg TV
VIOKATAGTOTMV bpy) Kot évag dpog oto A=320-350 nm (péyioto amoppoPNong Kivorivng, A=330nm),
ov ogeilovtar oe m-n* LC petafdoeig ov povadmv 9 Kot 610 GuVEPYELKO POIVOLEVO IOV OTOPPEEL
amd Tov cuvdvaoud TV povadwv 9 kot 12, avtictoya. O dpoc avtdg avkdvel oe diedpuvon mpog Ta

A=350nm, 660 aLEAVEL 1) LOPLOKT] OVOAOYIO TOV CUUTOAVUEPDV GE KIVOAIV.
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[Ru(ll)(bpy),J(PF,),/SDPQ
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Xyqpo 2.4.16: ©oacpatoskonio UV-Vis tov copmoivpepdv tomov P6, ce DMF.

Ta edopato ekropmng yo to P6, eAedncav petd and diéyepon oto A=288 nm, A=347nm Ko
A=460 nm. [opatnpndnkoav Kopveég ekmopunng oty meployn A=382-440 nm, A=615 nm kot A=780nm,
Omw¢ eaivetol oto Xynpota 2.4.17, 2.4.18 kot 2.4.19 avtictoyya. H mpdtn kopuen eKmoumng, opeiietot
omv w-m* (dVn GULVEPYEIOKNG OmOoppOENONG TNG OWTLPLSIVIG KoL TNG KIVOAIVIG, EMOVKVOOVTOG
SQOPETIKO PEYIOTO avVOAOYMG TNG HOPLOKNG oVoTAoNS TV cvurolvpepmdv. H dedtepn kopuer ota
A=615nm, givon yapaxtmpiotikny poévo g d-n* MLCT {dvng amoppoenong tov [Ru(vbpy)(bpy).1(PFs),.
Otav n diéyepon ywotav ota A=460 nm (Zyqpe 2.4.19), mtopatnpnnkay Kopueég EKTOUTNG LOVO oTa
A=615 nm mov oesgihovtar amoxkigotikd ot d-i¥ MLCT petofdoslg 100 GLUTAOKOL
[Ru(vbpy)(bpy),](PF),. H tpitn xopve1| ekmoumng mov mopoatmpeitor ota A=780nm, mbavmg opeiletan
€ GLCOUOTMOUOTO TOL ONUOLPYOVV TO. TOALUEPY], KOBMG dev TPOKELTAL Yo KOPLOEG OPUOVIKNG
TAAGVTOONG TNG TNYNS Tov opyavov. ['a va emPePformbel To yeyovog OTL 1 KOpLPN oL 0PeiAeTal GTO
TOAVUEPES KOl O)L G€ KATOoV GALO aoTabunto mopdyovta, ANeOnKav T pacpota diéyepong yio kade
TOPATNPOVUEVT] KOPLOYT, OT®G mopovctdloviar oto Tyfqpa 2.4.20. To Zynua 2.4.21, mapovcidlet
CLYKPUTIKA Qdcpata S1€yepong TV opomoAvpep®dv P3 kot kivolivng kol tov cvpmoAivpepovg P6ii-

25/75, ta. omola ko etvon Opowa Le Ta AGHOTA ATopPOPNONG.
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- [Ru(l1)(bpy),](PF,),/SDPQ
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Yypo 2.4.17: doopatockonio PL tov cvourolvpepmv tomov P6 petd and diéyepon ota 288 nm, og
DMF.

[Ru(ll)(bpy),](PF,),/SDPQ
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Yypo 2.4.18: doopatockonio PL tov cvurolvpepmv tomov P6 petd and diéyepon ota 347 nm, og
DMF.
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[Ru(iT)(bpy),](PF,),/SDPQ
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Xyqpo 2.4.19: ©oopatookonio PL twv cvpmolvpepmv tomov P6 petd and Siéyepon ota 460 nm, oe
DMF.
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Typo 2.4.20: ®acpoatockonio diéyepong tov cupmoivpepovg P6ii, yio Tig mapatnpodueveg Kopueig
tov pacpatov PL, ce DMF.
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7/
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Typa 2.4.21: ®acpatookonio S1EYEPCTG TOV OUOTOAVUEP®V Kol TOL Gupmolvpepovg P6ii-25/75, oe
DMF.

O QUOHATOOKOTIKOG YOPOKTNPIOUOS TV cvumolvpep®dv tomov P7, mapovoidletor ota
Yympoto 2.4.22-2.4.26. To pdopata aroppoéenong (Zyqpa 2.4.22) mtapovctdlovv T yopoKTNPIoTIKN
Lovn amoppognong d-n* MLCT ota A=460 nm, 1 omoia opegiretan otn povada [Ru(vbpy)(bpy),](PFs),
Kot M €vtacn g avEdvetar kabdg av&dvetal T0 TOGOGTO TOV GLUTAOKOV GTO GULUTOALHEPES. Mia
KOpLEN VYNAOTEPNG €viaong, He To HEYOTd g va evromileton petald tov A=276nm (péyioto
AToPPOENONG TNG KLAVO-KIVOAIVIC) Kot A=290 nm (L€YIGTO 0moppdPNONG TOV VTOKATAGTATOV bpy) Kot
évag opog ota A=320-360 nm (péyioto anoppdPnong Kvavo-Kivorivng, A=350nm), mov opsirovral o -
n* LC petofdcelg Tov povddwv 9 kol 6To cuvepyeElokd QOVOLEVO TOV amOppPEEL OO TOV GLVIVAGUO
Tov povadwv 9 kat 13, avtictorya. O dpog avtdg, avdvetl oe diedpuvon mpog ta A=360nm, 660 avdvet
N TEPLEKTIKOTNTO TOV CUUTOAVUEPDY GE KVAVO-KLVOAIVY], GOVOLEVO OLOO e 0VTO OV TTapatnpeitot
KOl TNV TEPITTOOT TOV GLUTOALLEPOY TOTOL P6. H dapopd otnv meployn mov evtomiletar avtdg o
apog ywo ta moAvpepn P6 kot P7, opeiletar oty mapovsio g Kvavo-ouddag otny tepintoon tov P7,

OV LETOTOTILEL TNV AOPPOPNGN TTPOG TO €PLOPO.
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[Ru(Il)(bpy),](PF,),/CN-SDPQ
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Yympo 2.4.22: doacpatockornio UV-Vis tov cvpumoivpepdv tomov P7, ce DMF.

Ta edopata ekmopnng yo. to P7, eAqodncav petd and diéyepon oto A=287 nm, A=333nm Kot
A=460 nm. [Hopoapndnkav kopveés ekmounng otnv neployn A=430 nm, A=615 nm kot A=800nm, dénwg
eaivetar oto Xyfpata 2.4.23, 2.4.24 kon 2.4.25, avtictoya. H tpdt Kopuen ekmouni|g, opeidetan otnv
T-1* (OVN CLVEPYELOKNG AmOPPOPNONG TG dTupdivng Kat Tng Kuavo-kivoAivng. H dedtepn kopuen ota
A=615nm, givon yapaxmpiotikny poévo g d-n* MLCT {dvng amoppoenong tov [Ru(vbpy)(bpy),](PF),.
Téhog, petd amd diéyepon tov derypdtov ota A=460nm (Zyfpa 2.4.25), mopatnpndnkoy Kopveég
EKTOUTNG HOVO oTo. A=615 nm mov o@eidovior amoxkieiotikd ot d-n* MLCT petofdocelg tov
ocvumhokov [Ru(vbpy)(bpy),](PFs),. H tpitn kopven exmopnic mov topatnpeitor ota A=800nm, mbavadg
OPEIAETOL GE GUCMUATOUATO TOV ONULOVPYOVV TO TOAVLEPT], OTMG TAPATNPNONKE KAl GTNV TEPITTMON
tov P6. 1o Zypa 2.4.26, mopovcidlovtal GuyKpTikd edcpata di€yepons Tov opomoivpepdv P3 kot

KLOVO-KIVOAIVTG Kol TOV cupmoAvpepovs P7ii, ta omola kot eivat dpota pe to pAcHoto amoppdenong.
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[Ru(ll)(bpy),1(PF,),/CN-SDPQ
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Yypo 2.4.23: doopatockonio PL tov cvurolvpepmv tomov P7 petd and diéyepon ota 288 nm, og
DMF.

[Ru(ll)(bpy),](PF,),/CN-SDPQ
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Yypo 2.4.24: Ooopatookonio PL tov cvprolvpepmv tomov P7 petd and Siéyepon ota 333 nm, og
DMF.
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Yypo 2.4.25: doopatockonio PL tov courolvpepmv tomov P7 petd and diéyepon ota 460 nm, og
DMF.
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Typa 2.4.26: Pacpatookomnio SiEYEPCNS TOV OLOTOAVUEPOV Kot TOL cupmoivpepovg P7ii, ce DMF.
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2.5. Epapuoyij Ty moivouspik@y coumiokwy os uovadiaiss niaxés koyelidsg (DSSCs)

O and1EPOG OKOTOG TNG ONUOVPYING TOV TOAVUEPIKAOV GUUTAOK®OV NTOV, OT®S ovapépinke
oTNV apyf TOL KEPAANIOV, 1 EPOPLOYH TOVG OG XPOOTIKEG ELOICONTOTOINGNG AETTOV VUEVIOV TITAVING
(TiO,), oe VPp1OIKEG NAakég KuyeLideg Tomov Gritzel. T to Adyo avTd, Ta TOAVUEPIKE GOUTAOKO
tomov P1, ta omoia @épovv dkpa kapPoSuriov, emiAéyOnkav yio epapuoyn o povodiaieg MAakég
koyerideg (DSSCs). Ameotdncav oto Ivotitovto Puowkoynueiog tov «E.K.E.Q.E. Anudkprrocy,
ovykekpéva oto gpyactiplo «Pwto-O&swdoavaywykng Metatponig kot Amodrkevong e Hiwxng
Evépyelogy tov Ap Tlodvkopmov Dordpa. Exel, 10 eEeidikevpévo epeuvnTiKO TPOCHOTIKO UTOPESE VOl
UETPNGEL TV aOS0CT| TOV YPOCTIKDY OVTOV GE HOVASIOIES NAOKEG KOYWEMDEG.

Apywd mapackevdotkay deAdpata tov ypootik®v o CH;CN, cuykevipdoemg 104-10° M.
TlNo vo emrevybel n evawsOntomoinon vpeviov vavo-kpvotoddikng TiO,, vuévio ta omoio eivon
EMOTPOUEVO. TTOVO o oydyo yvoii tomov TEC 8, epfomrtiotnkov ota Sl0ADHOTO YPOOTIKGV,
TOPAYovVTOG TO  OVTIOTOWO QMOTO-NAEKTPOSID, HETE omd v 7Tpdcedeon Tov ypootikdv. To
gvatcOnromompéva vpévia glonydnoav oce povadioieg MAMOKES KOWEADES TOMOL  KGAVIOLLTGY,
YPNOWOTOLDVTAG €va. GUVOETO GUGTNIE TOALUEPIKOD MAEKTPOAVTN TVTOV (PEO/TiOz/i/I; Kot éva
avtifeto nAektpoodio (counter electrode) mAativag. To cuvoAkd oypa TG Tpog pétpnon ddTagng £xet
o¢ e&ng: TEC8/Ti0,-P1/Electrolyte/Pt/TECS. Qg kvyeAida avo@opds Kol GVYKPLONG, KOTACKEVAGTNKE
pe mapopoto Tpdmo pio mov meplelye wg xpwotiky v ovcia «N719» g etoupiog «S SOLARONIX», pe
yvoort anédoon and ™ Prwoypaeia (11 %).

Ot mopdpeTpotl TV KOWEAd®V TOov HETpOLVTOL Kol agloloyovvtal, givatl o) 1 TuKvOTNTA TOV
owto-emayopevov pevpatog (Jsc- short circuit photocurrent density, B) to Svvopkd avorytod
KukAopatog (Voc- open circuit potential), y) o mapdyovtag minpwong (ff-fill factor) kot §) n amdédoon
petatpomng evépyetag [PCE- power conversion efficiency, n(%)] kot mapovsidlovior otov Hivaka 2.VI

ywo o cvpmioko P1 kat tn ypootiky N719, mov ypnoyLomoteitol g avopopd.

Mivakeg 2.VI: Xapaktpiotikd gotofortaikng anddoons tov C1, C4, F1 kot N719.

Compley Jie (nA/em’) V,e (mV) Via (%)
P1 39 350 0.39 0.005
N719 9290 583 0.53 2.87

Jsc TokvOTNTO TOL POTO EMOYOUEVOL pedaTOS), Voc (duvapkd avolytod KUKA®IOTOC), ff (Tapdyovtag
Tpwong) kot # (amddoon petatponnig evépyetag PCE).

IMopatnpovpe 61t to cdumioko P1, enédeite pmtoPoitaixn anddoon TapOLoLo Le TIG YPOOTIKEG
mov perprinkav oto Evétnra 1.7 g mapodoag ékBeone. Zuykekpiéva, 1 YpMOTIKY OVTH EMOEIKVVEL
mv T 39 mA/ecm’ Y10, 10 POTO-ETAYOUEVO PEdiLD, SUVOLLKS avoLyToD KUKAGUATOG TG TAENG Tov 350
mV, napdyovto tAnpoong ota 0.39 kot tedikn anddoon petotponng evépyelag 0.005%. Kot oe oot v

TEPIMTOON, OTMG KAl Ylo. TO TOAVUEPT TOL peAetOnkav oto Evotnta 1.7, | pukpn arddoon pnopei va
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Bewpnbel amodppola Tov YeYOVOTOG OTL ToL HETOAAMKE KEVTPOL Elval LaKpLd omd TO onueio TPOGOEGNG GTNV
emeavela g TiO,, 0dNydvTog oe GNHAVTIKY HEIDOT TNG EVOLoHNTOTOINGTG, 0EOD 1) UTOPPOPNCT POTOG
oo TNV YPOOTIKT 6V cLVOdEVETAL 0T EKYLOT NAeKTpovioy atn (dvn aymyng ¢ TiO,. Ot pukpég Tiég
amddoong mov petpnnkay, Kot amodidovior Kuplowg otn yYopnAn mokvOTnTa PEVUOTOS, OV TPEMEL VAL
Bewpnbodv amoyontevtikés. H ovykekpiuévn epyacio, omoterel, cOpeova pe Ty mo TpdoEOTN
Broypagio v mpmdtn Tpoondbeia gvaicOntomoinong vueviov TiO, pe TOAVUEPIKEG YPMOOTIKEG TOV
tomov Ru(Il) (bpy)s. To yeyovog avtd, anotelel kavotopia yio ta vEpdikd pmtoPoitaikd KeAd THTOL

Gritzel.

2.6 LED yapoxtnpioTikd Ty OImvplovik@y cOUTA0KwY Tov povlnviov (1)

AxkolobOnoe m KoTOOKELY] OO0V EKMOUTNAG QOTOG, HE YPNON TOV GCUUTOAVUEPIKOV
dumupdvikdv copmtAdkov tov Ru(Il) pe o&adraloreg (P4) kot kapPaloreg (PS) wg otofddwv ekmoumng.
Ta cvumolvpepn mov enedéynoav sivar yo to P4: P4iv (20/80), P4v (40/60), P4vi (78/22) xor P4vii
(87/13), evd yw to PS: P5vi (77/23) xon PSvii (86/14). Eniong, yia va vrdpyet dpeon obykpion tov
amotelecpiTmV, pehetbnke to opomoivpepés P3 kot to povopepés 9. H kotookeun tov datdéewmv
enttevynke péom pebodoroyiag mov €yel avantvybel oto gpyactiplo tov kadnynm I'. Marlidpa, Tov
tunpatog Emotung tov YAwkev, tov [Mav/piov Cornell g N. Yopxng tov H.ILA. Xvykekpipéva, ta
vAkd draivtonomnkay ce CH;CN kot emotpdbnkayv oe emoedveteg ITO (Indium Tin Oxide - O&gidio
Ivdiov/Kaootépov), a&lonoidviog t pébodo emictpmong HES® TEPLOTPOPnG. AkorovOnoe Beppikn
avommon otovg 60 °C Yo 2 Opec Kal 0T cvvéxela svomotédnkay mepimov 400A alovpwviov. Ot
mapayopeves dtatatels dokpdotniay an’ evbeiog.

Yto Zyqpata 2.6.1-2.6.3 mapovoidlovior ot KopmvAeg akTvoBolriag, pediaTog Kot amddoong
tov P3 kot 9. To opomorvpepés P3 kot to povopepéc 9 eppavifovv tdoeig apng ota 3 V kat 2.5-3 'V,
avtiotoya, evd ot amodocels Tmv dwtdéewv givar 0.02 % kot 0.35 %, avtictoryo. Amd TIC KAUTVAES TOV
Xyqpotog 2.6.1 dwumotmdnke eniong 0tt ot 6iodot twv P4iv-25/75 ko P4v-50/50 eppavifouv tdoeig

apng ota 7-8 V ka1 4.5-5 V, evd ot amodooeig tov datdéewv givatl 0.0082 % kat 0.01 % avtictoyo.
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Zypa 2.6.1: Koprdreg (o) g axtvoPoriag (W) kot (B) tov pedpotog (A) cuvapticeL TOL SuVOLLKOD,
Yo 51000V¢ EKTOUTNG POTOG, TOL KOTOOKELAGTNKOV LE TNV Ypnoomoinon tov P4iv-25/75(e), P4v-
50/50 (m) ka1 9( ), ®g 6TOPAd®V EKTOUTNC.

Yvumepacpatikd, ot moAvpepkég diodol Pdiv ko P4v mapovcialovv Peltiopéves ayoyldteg o€
yopmid dvvopikd, cvykpriikd pe tnv diodo tov [Ru(vbpy)(bpy)2](PF¢)2, Opog yio v «avayem 1
dudtaén amartovvtay moAd vynidtepa duvapkd. To yeyovog avtd mbavov opeiletol o mapepmdiion

™G 10VTIKNG oyoywotros, eéouticg g avénuévng ovykévipoonsg tov opddov ofadialding oto
TOAVUEPES.
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Current (A)

Radiant Flux (W)

0.0 1.0 2.0 3.0 4.0 5.0
Time (min)
Xyqpo 2.6.2: Kopumoreg tng oktivoPoriog (W) kot tov pevpotog (A) Guvaptiosl TOv (povov, Yo
S1000VG EKTOUTNG POTOG, TOV KOTOOCKELAGTNKAV UE TNV YPNOIHOnoinoT tov opomoivpepovg P3, wg
oTORAd0 EKTOUTNG.
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L IIIIII

—
S,
.

107
0.0 . ) 3.0 4.0 5.0

Time (min)

Tympo 2.6.3: Kapmdreg g anddoong (E %) cuvapticet Tov ypdvov, yio 510800G EKTOUTNG POTOS, TOL
KOTOUGKEVAGTIKAY [LE TNV YPNCILOTOINOoT TOL oporolvpepovs P3, g otofdda ekmoumrs.
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Avtifeta, ot diodot tov P4vi-85/15 kot P4vii-90/10 gppavifovv tdcelg apng ota 1-2 V kot ot
amodooelg toug givar 0.1 % xar 0.05 %, avtictoya, dnwg eaiveton oto Xyfpata 2.6.4-2.6.7. Adyw
KoAOTEPNG 0modoong Kot pikpotepng thong aeng, to P4vi xor P4vii peletOnkav ektevéotepo.
SUYKEKPLUEVO EMOAVOUETPONKOV LETA TO TEPOG 24 WPDdV, STnpdVTAG TIG THEG aKTIVOPOANG, PEOLOTOG
Kot anddoong Tovg. Otav Aowmdv ypnoiomomdnkay ToAVUEPIKE GOUTAOKO [LE TOAD HUKPOTEPH TOCOGTA
oe opadeg o&adaloing, (P4vi ko P4vii), mapatnpndnke adénon tng omddoong Kot HeiwoN TOL
SUVOUIKOD OV amaLTeEiTaL Yio v aKTvoBoANcovuy ot 8iodol, TapapévovTag KOADTEPEG Kol amtd TNV
dudtaén tov opomoivpepovc P3. Emopévmg, dlamiotdveral OTL 1 €100Y®YN MHOYDYUOV HLOVAS®V
0&ad10l0ANG, TOL dPOVV MG PETAPOPEIG NAEKTPOVIKVY, TPETEL Va givar gleyyOpevn, Kobdg pikpd 1 ToAd
peydlo mocootd dev empépel emtBountd amotedéopata. Bédtiota amotedéopato enttvyydvovial otnv

nepintoon tov P4vi-85/15.

Current (A)

Radiant Flux (W)

| 1 | | ] | ] |

0 20 40 60 8 100 120 140 160 180
Time (min)
Iyqpa 2.6.4: Kopmdreg g oktvoPforiog (W) kot tov pedpotog (A) GuvapTiGEL TOV YPOVOL, Yl
S1000VG EKTOUTNG PMTOG, TOV KATAGKEVAGTIKAY [LE TNV YPTCUYLOTOINGCT) TOV cupmoAvpepovs P4vi-85/15,
®¢ 6TOPASOG EKTOUTNG.
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Efficiency (%)

0.001 &8 L L 1 | 1 I L
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Xyfpa 2.6.5: Kaprndreg g anddoong (E %) cuvapticet Tov xpdvov, yio S10600¢ EKTOUTNG POTOG, TOV
KOTOGKEVAGTIKAY LLE TNV YPNOIHOTTOINoT TV cupmoAvuepdv P4vi-85/15, wg otolpddag ekmounis.
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Xyqpo 2.6.6: Koumoreg g oktivoPoriog (W) kot tov pegopotog (A) Guvaptiosl Tov (povov, Yl
S1000VG EKTOUTNG MTOC, OV KOTOOKEVAGTNKAV WE TNV YPNOLOTOINGT ToLv cvumoivuepovs P4vii-
90/10, ®g ctoBadag EKTOUTNG.
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Yympo 2.6.7: Kapmdreg g anddoong (E %) cuvapticet Tov ypdvov, yio 10300G EKTOUTNG POTOS, TOL
KATOAGKEVAGTNKAY [LE TV YPNOLOToinoT TV cupmoivpep®dv P4vii-90/10, og otolfddag ekmopmngs.

H avtifetn mpocéyywon, pe swoaymyn nuayoypov povidov kapBaloAng, mov dpovv g
petapopeic ommv, emredydnke e ta cupmoAivpepn tomov P5. Onwg paivetal ota Zyqpote 2.6.8-2.6.11,
vy o0 ToAvpepn PSvi-85/15 kou PSvii-90/10, ot tdoelg apng kopaivovtal ota 1-2 V kat ot anodocelg
toug gtvor 0.0085 % won 0.023 %, avrtiotorya. Ot TiHég T0V PEOUOTOC TAPAUEVOVY TOPOUOIEG LE OVTES
tov P3, evdd m oaktwvoPorio tovg eivar apkeTd pikpoOTEPN. Ze oUYKplon pe TiG 010dovg twv P4,
SOTIGTOVOVE OTL 1] ELGOYOYT TOV HOVAd®V kapPaloding dev éxel ta emiBountd omoteléopota, TapoAo
mov ot KapPaloreg ypnoonolovvol Kotd kKopov oe datatelg OLEDs, og evioyutikég 6to1fddes yio
HETOPOPA oMV, PeAtidvoviag TG 0modocel; Tovs. Qotdco, Bo mpémer va onueiwbel o611 ot Tég
am6doong TV dtaEemy Tov moapnydncav, gival moAd Kovtd oTig PIPAOYPaPKEG TIEG Yo TapOHOLN

ovotfiuoato (0.05-0.2 %).
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Xyqpo 2.6.8: Koumoreg g oaktivoPoriog (W) kot tov pevpotog (A) Guvaptiosl Tov (povov, Yo
S1000VG EKTOUTNG PMTOC, TOV KATAGKEVAGTIKAY LLE TNV YPTCUYLOTOINGT TOV GVupmoAvEPOVS PSvi-85/15,
®G 6TOPASOG EKTOUTNG.
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0.01
§

Efficiency (%)
=
o

0.0001 1 | L 1 1 | 1 | 1 | I
0 10 20 30 40 50 60

Time (min)

Zynpea 2.6.9: Kauroreg g amoddoong (E %) cuvaptioet tov xpovov, yia 510600G EKTOUTAG GMTOG, TOL
KOTOGKEVAGTIKAY [LE TNV YPNOILOTTOINOoT TV cupmoAvpepdv PSvi-85/15, og otolfddag ekmounng.
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Zypa 2.6.10: Kopmdreg g axtvoPoricg (W) kot tov pedpotog (A) cuvaptiost Tov xpovov, yio

S1000VG EKTOUTNG MTOC, OV KOTAOKEVAGTNKAV WE TNV YPNOLOTOINCT Tov cuumoivpepovs PSvii-
90/10, ®g cToPAdAG EKTOUTNG.
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Zypo 2.6.11: Kopmoieg e anddoong (E %) cuvapticet tov xpdvov, yio 10600 EKTOUTHG G®TOC,
OV KOTOGKEVAGTNKAY L€ TNV YPNOLUOTOINoT TV cupmoivpepdv P5vii-90/10, oc otolBddag ekmopmng.
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2.7 Zvunepdouora

Ytov mopov KEPAANO, TOPOLGLACTNKE 1) cOVOeoN €vOg vEOL BvoAkoD TPLS-OuTuptdtvikon
cupumAdkov Tov povdnviov [Ru(vbpy)(bpy)»(PFe)2]. Avtd ot cuvéyela moAvUEPIOTNKE, Y0 TPDOTN POPA
coppova pe v Biproypaeio, péom g pebddov ekeyydevov moivpepiopod ATRP, ypnoponoidvrog
£VaL LOVO-0paoTIKO KOt VO XpOHOPOPO d1-dpaoTikd ekkivnty. Etot mapdybnkay opomodvpepikd Kot tpt-
TOALUEPIKA GUUTAOKA, TO OTOia TOPOVGIACHV TOAD KOAEG SLOAVTOTNTEG, TAPA TO VYNAO UETOAAMKO
@optio Tovg. H kvitiki 100 moAvpepiopod peketidnke pe pacpatoskomio 'H NMR, amodetcviovog
ToV €Aeyyo NG HeBOdOV KOl GLVETMS TNV TaPAY®YN KOAL KOOOpIoUEVEV PHETOALO-TOAVIEPDV. EmimAéoy,
0 TOMHEPIKOS KoL 0 TOAVTAEKTPOALTIKOC XapaKkTpag Tov Todvpepdv (Ru?'/2PFs) peletifnke pécw
petpnoemv avnypévov E@dovc. Ta moivpepn moapovsiocov pi avénon oty T TOL OV YHEVOL
OO0V LLEIOVUEVIG TNG OCLYKEVIPMOONG, EMOVKVVUOVTIOS TULTMIKN GUUTEPLPopd mAektpolvtr. Téhog,
YLPNOYLOTOLDVTAG PUCLUTOCKOTIO AITOPPOPNOTG, POTOPOTAVYELNG KOt SIEYEPONG, EMLTELYONKE O ONTIKOG
YOPOKTNPIOUOC TOV Tapayouevmy opomoAvpepdv. Ta  petodAio-mtolvpepn Topovclalovy  TUTIKEG
amoppoproelc MLCT petafdoemv petdAlov/vrokatactdtm ota nepintov A=460nm Kol EKTOUTH O®TOG
oto. mepimov A=610nm, OomAadr omnv mepoyn Tov epvbpold edopatos. H vmopén telkdv
KapPoELAOUAS®OV GTO TOAVUEPT QVTA, TO KAVEL IKOVOVG DITOYNPIOVG Y10 PO G VOGO TOTOMUEVEG
niokég koyelideg (DSSCs). H epappoyn tovg o povadiaieg nhokés koywelideg TOmov «advrovitey giye
G OMOTELEGLOL TV TOPOTIPNOT POTOPOATATKOD PAvOLEVOL e TNV amdOO00T| LETOTPOTNG VO PTAVEL TNV
T 0.005%. H tipn avtr dev glvor andlvtn aAld cuykpitikn, eved dev vanpye kopd Beitictonoinon
mg O0Taéng. Avtd 10 YEYOVOG GE GLUVOLAGUO HE TO OTL TPOKELTAL YO TNV TPMTY EMTUYNUEVT
nwpoomdfeln epapproyng petolho-rorvpepmdv o data&elgc DSSCs, amoteAdel to Evavopa yio TEPUITEP®
£€peuva 6ToV TOHEN aVTO.

e o wapdAIAn mpoordbetla, To TpoavapepBiv  Prvudikd TPIG-OUmLPIIVIKO GUUTAGKOL TOL
povOnviov [Ru(vbpy)(bpy).(PFs),], cvpumoipepiotnie péow ehevbépov piliov (FRP) pe povopepn mov
Tapovolalovy 1010TNTEG UETAPOPAS NAEKTPOVIOVY 1| 0mtdV, O0TtmG o&adialdies, Kivoriveg kat kapPaloreg
avtiotoya. 'ETol, TopacKeELAGTNKAY TUYAI0. GUUTOAVUEPT OPYLTEKTOVIKNG dopung d0Tn/6€km, Ta. omoia
NTOV €OKOAOQ OlOALTA GE KOWOUG OpPYOVIKOUS SADTEG aveEapTnT®Mg TG Hoplokng avaioyios. Ta
AopPavopeva toxaio sopmoivpepy Ru(Il), yapakmpiotkay pe pacpatookonio 'H-NMR kot GPC yia
va motonomBel 1 Hoplok cHGTUGCT), 0 TOAVUEPIKOG XOPAKTNPOS Kot 0 EMLTUYNS Kabapiopdc tove. Kot
pe Tig 000 avTéG TEYVIKES damoTdinke andkiion TV VIoAoylotevoy TIH®V (Tng cVGTUCNG Kol TOV
poplakov Bapovg, avtictorya), cuykpitikd pe gkeiveg mov Ba avopévoviay pe Baon Tig mepapaTKég
cuvOnKeg Tov akoAovOnOnKav.

H pehém tov ontikdv 1810t)tev ypnoiponotdvtag eacpatockonic UV-Vis, PL kot diéyegpong,
amédelle 6Tl OAO TO GUUTOAVUEPY| EKTEUTOVY PO GTNV KITPWVO-KOKKIVY TTePLoyn Tov ¢dopartos. Etot,
Bepnbnke 611 T0. MOALLEPT LTA Bl LTOPOVGAV VO EPUPLLOGTOVV GE OMTONAEKTPOVIKES daTdEelS Ommg
LED. Akolo0Once AOWmOV 1 KATOGKEVLT TOALUEPIKMDY OOTAEEMV EKTOUTNG POTOC, EMAEYOVTOS TO
ocvopmohvpepn o&adtaloang kot kopPfaloing. Ot dwtdéelg yapoktpiloviay amd oxetikd VYMAEG

0m0dOGELS, GLYKPLVOLEVEG LLE TIG AVTEG TapOUOIV dlatdEewv amd T BAtoypapio.

03EA- 8-3-1 kQ4. YITOEPTOY 1118 99



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

Evétnra 3:

e o wpoomdbelo dlepevVNONG GAAWDY GLGTNUATMY TO OO0 TOPOVGIALOVY YOUPOUKTNPIOTIKA
30t Kot Okt mAekTpoviwv, oxedidotnkov Kot cvviédnkoav véa vppudwd vVAKE mov mepEyovv
coumioka povdnviov to omoid WG YVOGTOV EYOVV WOLOTNTEG OOTN NAEKTPOVIOV TAV® GE VOVOGMANVEG
avBpoKa OV PUTopovV va dpacovy w¢ 6ékTeg NAekTpovieyv. H clhvBeon kat o yopaktnpiopds v VMKOV
QUTOV TEPTYPAPOVTAL GTO KEPAANLO AVTO OTTOV SIVETUL EUPOOT] OTIS OLOPOPETIKES GLVOETIKEG HeBddoVg

OV UTOPOVV VO XPNGLLOTOMOoVV Y10 TOV GKomd oTd.

3.1 Tpomomoincy TS EMPAVEIAS VAVOGWINVWY _avOpoaKxa amliov TolyduaTos UE Ol-CUUTIOKO,

TPITVPIOIVHS-POVONVIOV, HOVOUEPLKOD 1] TTOLVUEPIKOY TVTTOV.

Apywcd covtédnie éva povopepikd di-cOPTAOKO TPILPLWivG-povBnviov T0 omoio PEpet GKpo
BevluA-Bpopidiov, pe ondTeEPO 0KOMTO Vo TPOGOENEL GTNV ETPAVELD TOV VOVOGOANV, YPTCULOTOLDVTOS
avtidopaon Tpochnkng péow petapopds atdpov ATR (Atom Transfer Radical Addition), axolovOmdvTog
™ oTpatnykn «grafting to». e 10 okond avtd Tpomomomdnke n 4’'-(m-peBvipoivoro)-2,2":6",2""-
tpumvpdivn (CH;-Ph-tpy) (1) og 4-(2,27:67,2" -1pimopidiv-4’-vio)Beviurofpopioto (2), xpnolHonoidvog
N-Bpopo covkwvipidio (NBS) og avtidpactipo PBpopioong, mapovcsio BeviodAio-vmepoleidiov oe
tetpayropavipaxa (Zyfpae 3.1.1). H motomoinon g ynpkng dopng tov 2, mpaypotomombnke
ypnoonodvtog pacpotoskonic 'H NMR, énwg gaivetar 6to Tyfpe 3.1.1.

Br

CHj

NBS, BPO, CCl,

Iyqpo 3.1.1: XZvvBetikn mopela yioo TV mopoy®yn TOL povopepovg  4-(2,27:6°,2" -tpimupdv-4’-
vA0)BeviuAioBpoptidto (2).
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3,36

© T™MS

9 8 7 6 5 4 3 2 1 ppr

Zyina 3.1.2: déopa 'H-NMR tov povopepoig 2 o CDCl;.

AxohoVBmg, T0 povopepég Tpmupdivig 2, GUHLETENE o8 avTidpaoT CLUTAOKOTOINONG LE WOVTa
povbnviov Kol pHOPlO  TPUTLPWIIVIG, VTOKATESTNUEVO WE OEVIPO TPMTNG YEVIAG TOL  (QEPOLV
TEPLPEPELOKES/EEMTEPIKEG O1-0mOEKVAOEY opddes (3), mapdyovtag to di-coumioko 4. H cvumhokonoion
npoypoatonomdnke og dtdAvpo anectaypévov THF/ amoivtng EtOH. H aboavorin ypnoonomdnke pe
oKomd va Opdost ¢ ovaymywd avidpactiplo Kot 1 N-atBvAopopeoiivn ®g KoTaADTNG TG Avay®myng
tov Ru(Ill) e Ru(Il). AkorovOnoce avtailoayn Tov aviiotafuotikev wvtov toug ond Cl” oe PFy pe v
mpoctnkn mepiooewg pebovoiucod doAidpatog NH4PFg, o6nog oaivetar oto Xyfqpa 3.1.3. H
pacparockonio. 'H NMR tov 4 (Zyfpa 3.1.4) amodeucviel TV emTuyy GUUTAOKOTOMGT OADV TV

LOVAS®V TPLTLPLSivg TOV LOVOLEPOVG 2.
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OC12Hzs
2 +
OC12Hys
THF/EtOH
N“f_f?:';:' N-ethylmorpholine
avve Reflux 6d

OC12Hzs5
OCy2Hzs
1017
18
7
| k
33 4 Mg 8 9
o 5 n a T™MS
T I T T I L | T T T T vk
10 ] 8 7 6 5 4 3 2 1 Ppm

Zynna 3.1.4: déopa 'H-NMR tov povopepoig dt-cupmhdkov 4 o DMSO-d6.

To emduevo Pruo Mtav 1 avtidpaon mpooHikng tov 4 o€ vavoo®Aveg dvBpoka omAov

ToY®UOTOG, Topdyovtag T0 Tpoioy 5 [SWCNT-tpy-Ru(Il)-tpy-2xCi,H,s] ( Zynpe 3.1.5). H avtidpaon

emTuyyaveTan mapovcia kataAvtikod cvuriokov PMDETA/CuBr o dtaddtn DMF otovg 110 °C, 6mog

napovotdletar oto Zyfpa 3.1.5. H anopdéveoon tev Tportortompuévoy vOvoSmOANV®V Tpayatoromonke

pe dmbnon omd eiktpo pepPpavng tomov Millipore, Stapérpov ndpwv 0.2 pm. Akorovdnce ékmAvcn tov
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otepeot pe CHCl;, DMF kon THF ywo v amopdxpuven tng mepicoelog tov 4. o v anopdkpuven
TOV VOVOSOANVOV TIov dgv €xovv tpontontonfel, akolovfnbnke dadwkacio dacnopds oe DMF péowm
TOTOBLTNGNG TOVG GE AOVTPO VIEPTY MV, PVYOKEVTPTONG Kot d11BNo1G TOV VIEPKEINEVOD SLAADIOTOG ATd
oirtpo pepPpavng. H drodikacio erovainednie tpelg popég yio va cuAAexOoHY OA01 O TPOTOTOUEVOL
vavocoives. H mopandve pebodoroyia kabapiopod PBaciletor oto yeyovog Ot o1 pun TpOmTOTOUHLEVOL
VOVOGMOANVES OgV LIopovV va dtacmapBodv Kot cuVET®S Katd v uyokévipnon Oa katafvbictovv.

Ye o TopdAANAN mpociyylomn, akoAovbnOnke m oTtpatnywn «grafting fromy», yio v
TPOTOTOINGT EMPAVEIDY VAVOCOANVOV UE TOADUEPIKH O1-GOUTAOKO, TPTLPLdivig-povdnviov. Apyikd
TPOTOTOM BN KAV 01 VOVOGMANVECS, LLE LOVADESG TOV HTOPOVV VO AELTOVPYNCOLV MG EKKIVNTEG EAEYXOLLEVOL
ToALLEPIOHOL HES® peTapopds atopov (ATRP-Atom Transfer Radical Polymerization), coppova pe
dnpoctevpéves dadikaoies, onwg mapovoidletar oto yfpa 3.1.6. AkoloVOms, Kot ¥PNCLLOTOIDOVTOG
TOVG VOVOOMAVEG MG EKKIVNTEC, ToAvpepiotnke 10 Pwolikd povopepés tputuptdivg pe ATRP
TAPAYOVTOG TOV TPOTOTOMUEVO VavocsAva 7. To mpoidv kabapiotnke cOUP@VA LE TIG S10OIKAGIEG TOL
mpoypoatonomdnikay yio tov kabapiopd tov 5. Eneita coppeteiye o€ avtidpaon cuUmAokonoinong pe
VIOKUTESTNUEVEG HOVAdEG SUOwdeKVAOED)-tpy/Ru(II)Cl;, ypnoonoidvtag atbovorn o¢ ovoyoylkd
avtdpactiplo kot N-arfvhopopeoiivn g Katarivt) g avayoyns tov Ru(lll) oe Ru(Il) ce DMF, énog
eaivetar oto Xyfqpa 3.1.6, mapayovrag tov Tporonompévo vavocoiva 8 {SWCNT-poly|[tpy-Ru(IT)-

tpy-2xCq2Hys]}. O xaBapiopdc tov 8 kot 1 amopdvmon Tov EMTVYYAVETAL OTMS KO Y10, TO 5.

OC12Has
+
OCy2Hazs
CuBr, PMDETA
DMF, 110°C
OC12Hazs
i)
OCy2Hzs

SWCNT-tpy-Ru(ll)-tpy-2xC1,Has

Iympo 3.1.5: XuvBetikn Topeia Yo TNV Tpay®y TOL TPOTOTOMUEVOL LE HOVOUEPLKA d1-GOUTAOKO tpy-
Ru(Il)-tpy vavocoinva SWCNT-tpy-Ru(Il)-tpy-2xC,Hys (5), péow avtidpaong mpocdning ATR.
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=
b o P !
i 0 SO
DMF, 120°C, 5d
WO i) cPC, Et;N, DMF K H o \
120°C, 5d
6
CuBr, PMDETA -
DMF, 110°C |
NS
| X N | S
_N N~
3 n
DMF, EtOH 0
N-ethylmorpholine

110°C, 5d

Xyqpa 3.1.6: XvvBetikn Topeia ylo TNV Tapoy®yr| TOL TPOTOTOMUEVOL LE TOAVUEPLKA d1-GOUTAOKA tpy-
Ru(Il)-tpy vavocoiive SWCNT-poly[tpy-Ru(Il)-tpy-2xC,H,s] (8), pécw moivpepiopod ATRP kot
EMOKOALOVONG AVTIdPOUOTG CLUTAOKOTOINGONG.
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3.2 XapoaKxtipiouog Ty TpomomTomuivey vavoswivoy avipaxa 5 kor 8

Ot pébodot moOL YPNOLOTOOVVIOL YL TO YOPOKTNPIOUO TOV VAVOCOANVOV  AavBpaxa
neptlapfdvouy BepuocTabLUKT aVAADGT], QOGHOTOCKOTIO VTEPIOIOVG-0PATOD KOl (OCUATOCKOTIO
pucpo-Raman. H Bgppootobuikn avéivon, mopéyet évav e0KoAo Kol Yp1yopo TPOTO Yl TOV TOGOTIKO
TPOGOIOPIGHO TOV TOCOGTOV TPOTOMOINCNG MOV eMtTLYYAveTAl. O TPocdopiopdg KabioTator eQKTOg
EMEWN M OTOAEW PApovg TV KabBapdv vavocOANVOV Kotd v Oeppootadiuxn oaviivon eivot
mePOPIGUEVT, MOy NG efaupetikng Oepuikng tovg otabepdtnrag, evd ovtibeto ot HOVAdEG
TPOTOTOINGNG MOV YPNCILoToVVTUL YAvouv Pépog (SomdVTOl) OpKeTd ypryopo kot og peyddo
mocootd. Emopéveg, vmoloyilovtag tn dw@opd TOL OmOVOPOKOUATOS GE OPICUEVEG EMIAEYUEVEG
Oeppoxpacies, pmopel va VTOAOYIGTEL TO AVTIGTOLYO TOGOGTO TPOTOTOINGG.

Yuykekppéva, oto Zynpe 3.2.1 eaivovrar ta dtaypdppote OepprocTabUikng avaivong Tov un
tpomomompéveoy vovosoAveov (SWCNT) kot tov wpoidviog 5 (SWCNT-tpy-Ru(Il)-tpy-2xCi,H,s).
Ao ™ dpopd tov amavOpaxkdpatog peta&d tovg otovg 800 °C, pmopel va ektiunbel 10 T0G0GTO
TPOTOTOINONG. X& QLT TNV TEPImTOO™, 1 dlopopd, vroroyiletal mepimov oo 28,5% katd Papog. Me

Bé&on Tov ToTo:!

% Avépaxag / A.B. AvOpara

$ Movada Tpomomoinong / M.B. Movadag¢ Tpomomoinorng

omov A.B. 10 atopukd Bapog kot M.B. 10 poplaxd Pépog, vmoroyiletor O0tL vmwhpyst 1 povada
tpomomoinong ava 400 drtopa dvBpaka, avaroyio mov Bempeitar kovomomtikodg fabuodg tporomoinong
€dv ovvumoroywotel 0o Oykog ¢ povadog tpomonoinong (MB = 1577). e v tpomomoinon twv
VOVOCOANVOV LE TOAVUEPIKE Ot-cuumAoka Tov povBnviov (8), oto Xynpe 3.2.2, eoivovtor ta
Swypappota Bepprootadkng avaivong yio Tovg U tpomomoniévovs vovoswAnves (SWCNT), tovg
tpomomompévovg pe mpddpopa ekkvnt (SWCNT-precursor), pe povades mov Opovv G EKKIVNTEG
ATRP (6, SWCNT-initiator) kot tovg Tpomomompévoug vavoowinveg tomov 8 {SWCNT-poly[tpy-
Ru(ID-tpy-2xCi,H,5]}.  H dapopd Bépovg tov tpomonompuévav e mpddpopa eKKvnTi amd Tovg L
TPOTOTOMUEVOVG VavosmAnveg glvan ion pe 7,5% xatd Bapog. Edv Odec o1 opddeg avtidpodoav pe to
YAOPO-TPOTLOVVAO YAWPIdL0, OTTMG paivetal 6To Zyfqpa 3.2.2, Yo Vo LETATPOTOVY GE LOVADES EKKIVITY,
Bo avapevotay emmAéov dtapopd Bapovg ion pe 27,6%. H dwapopd Pdpovg mov vmoroyiletat, givat ion
pe 26,5%, yeyovog mov vrodeikvoetl 94,4% petotpont| og povaodeg exkivn]. Ot telikoi tpomomompévot
vavocoAves 8, mapovoidlovy anmdAelo fApovg oe oyEon e TOLG VOVOS®ANVEG 6, TG TaEng Tov 21%
ratd Papog. ‘Exet avapepbel 611 otoug morvpuepiopodg ATRP, dev aviidpovv dia T pdpta Tov eKKvnTi,
mapatnpnon mov emiPePordverarl kol o avTy TV TEPINT®OON. QoT1060, andAg Pdpovs TG TdENG Tov
21%, VTOONADVEL KOVOTOINTIKY TPOTOTOINGN TOV VOVOCOANVOV LE TOADUEPIKO Ol-GOUTAOKO TOL

povbnviov pe Tpimvpidives.
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100]
90
80
70.]
60

50

40

30

SWCNT

SWCNT-tpy-Ru(ll)-tpy-2xC12H25

AtrwAeia Bapoug (%k.B.)

20+
104

T— '+ T ‘+ T ' T ' T + T + T 7
100 200 300 400 500 600 700 800
O¢eppokpaoia (°C)

Typo 3.2.1: Awdypoppa OeppoctadpiKig avaivong pn TPOTOTOMUEV®Y VOVOCOANVOV (=) Kol TV
SWCNT-tpy-Ru(II)-tpy-2xCi,H;s (5) (=) (atpdoeapo Ar).

100 £
] SWCNT
90 \

SWCNT-precursor

40+ SWCNT-poly[tpy-Ru(ll)-tpy-2xC12H25]

AmrwAegia Bapoug (%k..)
a
s

1(|)0 ' 2(|)0 ' 3(IJO ' 4(|)0 ' 5(|)0 ' 6(|)0 ' 7(|)0 ' 800
OepuoKkpacia (°C)
Xyqpo 3.2.2: Awdypoppe 0gplocTaftkig avaADoNG TOV LU TPOTOTOUUEVAOV VOVOCOANVAOV (=), T®V

TPOSPOUOV EKKIVITOV (=), TOV eKKIWNT®OV 6 (=) Kot Tov 8 {SWCNT-poly[tpy-Ru(Il)-tpy-2xC,H,5]}
(=) (aTpdopoipa Ar).
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O YopaKTNPIOUOS TOV TPOTOTOUUEVOV VOVOSOANVOV LE QACHOTOCKOTIN VIEPLDOOOVS-0PATOV
(UV-Vis), amoteiel emmAéov Evoeién g elcoy@yng cuumtidkov tpy-Ru(Il)-tpy otovg vavocsmAnves. 1o
Zympo 3.2.3, mtapovcidloviol To AcpaTe TV un Tpomonompévey vavocolvev (SWCNT-pristine),
tov povadwv tpomonoinong BrCH,Ph-tpy-Ru(Il)-tpy (4) kot TV TPOTOTOMUEVOV HE OVTEG
vavocsoAnveov tomov 5 kot 8, og dwwivpata DMF. Zta pdopoto mapatnpeitol pio Kopuen mepinov ot
A=500nm, n omoio opeiretar oty (dvn amoppoenong d-n* MLCT petofdceny T@v cUUTAOK®OV tpy-
Ru(Il)-tpy, ot évoag dpog mepimov oto A=320nm mov ogeidetan oe m-n* LC petafdoces tov
VIOKATAGTOTAOV TPUTLPLIIVNG, OMOdEKVDOVTOG TNV VIAPEN Hovadwv cLUTAOK®V Tov TuTovL tpy-Ru(Il)-

tpy GTOVG VOVOGMOATNVEG.

BrCH,Ph-tpy-Ru(ll)-tpy-2xC,,H,s

— SWCNT-pristine
— SWCNT-poly[tpy-Ru(ll)-tpy-2xC,,H,]
—— SWCNT-tpy-Ru(ll)-tpy-2xC,,H,:)

Atroppoéenon (A.U.)

500 600 700 800
Mnkog Kopatog (nm)

300 400

Typa 3.2.3: dacpatockonio UV-Vis tov 4 (=), 5 (=), 8 (=) Kol U1 TPOTOTOMUEVOV VOVOCOANVOV
(=) oe dStdAvpo DMF.

H ooopatookonic Raman oamotedel dwitepo ypnowo epyodreio vy tov 7Apn Kot
AVOLELGPNTNTO YOPAKTNPICUO TOV TPOTOTOUUEVAOV — LE COUTAOKO — VAVOCOANVOV. 10 odopo Raman
VILAPYOLV YAPAKTNPLOTIKEG (MVEG OOV TAPATNPOVVIOL Ol KOPLPES TOV VOVOSOAV®V. EEKIVOVTOG amd
TOVG HIKPOVG KVUOTAPOHOVE Ko cuykekpuéva amd to 150 émg ta 350 cm™ Sokpiveron 1 meproyf mov
glvar yvoot] g RBM (Radial Breathing Mode) kot ova@épetar ¢ mEPIOYN «OVOTVONG) TOV
vavocorvov. Ot Kopu@éc oe ot TV TEPLoyn Ogiyvouv TNV akTwiKy 00vnon Tov atdp®v Tov
vavocoiva. [pénet va toviotel 6Tt o1 Kopveég ota. RBM, efaptdvtal dueca omd v axtiva Tov
VOVOGOAN VO KOl GUVETMS OTOV TPOTOTOIMOOLV 0l VAVOCMANVES, 01 KOpLEES Ba dlapopomotnfovy kabdg
B £xet aAAGEEL 1| OXETIKT «avamvory, Adym drapopomoinone g aktivag tovg. Tta mepimov 1600cm™
Swakpivetar n Aeyopevn Lovn-G (G-band). H {dvn-G amodidetonr otV €pamtOpevn €AooTiK) dOvnon
Tdong Tov decpmv avlpaka-dvBpaka ce OAAL ypagitn kot 1 €vtaor, Kabdg Kot 1 akpPrg g Béon

eEaptdviar amd TV SGUETPO TOV COANVA Kol TNV gvépyeln Tov laser axtivoBoinorg tov opydvov,
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avtiotoya. H tedevtaio {ovn mov mapatnpeitol kot Bewpeitor og 1 KuptoTeptn amddeEn Tpomomoinong
givar 1 {odvn-D (D-band) kot Bpioketon mepimov ota 1300-1400 cm™. H {dvn D, apopd mv drotépoén
NG GLUUETPIOG KOTA UNKOG TOV GEOVO TV vavosoOAvey. H eppdvion g, tpokoieitol omd to onpeio
OTELELOV TTOV VIAPYOVV GTOVG COANVEG amd TNV KATAGKELY] TOVG, OTMOG Y10 TOPASELYLLOL GTO GKPOL TOVG.
EmumpooBétwe, pio tpomomoinom evicyel T0 MOGOOTO TOV OTEAEIDV TMOV VOVOCOAV®OV, 0QOV GTd
onueia avté emTuyGveTol oAlayr Tov VPPISIGHOD TV aTOUMY GVOPUKE TOV VOVOSMATVL amd Sp” oe
sp’, HE GuEcO amotéheopa vo oAMGlEl 1| oYETIC éviaon TG kopuphic avtic. Emopévac, n (dvn-D,
amotelel £va POCLOTOGKOTIKO «OTOTOTMUOY Yot TV amOdEEn EMLTLYOVG TPOTOTOINGNG TG EMPAVELNG
TOV VOVOGOANVOV.

Ta edoparo Raman ywo tovg pn tpomonompévons vavooswinves kot o SWCNT-tpy-Ru(Il)-
tpy-2xCpHys (5) xar SWCNT-poly[tpy-Ru(Il)-tpy-2xCy,H,s5]  (8), ypnowomowwvtag laser mov
axtivofolrel ota 632.8 nm, mapovoidloviar ota Zyfqpata 3.2.4 kot 3.2.5. Zuykekpyéva, 6To Zynpo.
3.2.4 mapovcidlovior To. edopoato Raman yw TOvg [N TPOTOTOUMUEVOVS VOVOCMOANVEG KOL TOVG
vavosoMves 5 kot 8 oty meproyf amd 1100 éog 1750 cm™. Te avtiv my neployh Stakpivovron kadapd
ot {Gveg D ko G ota 1321 em™ kon 1592 em™, avtictorya. Me 11 mpoavagepeiceg avipidpdoelg
TPOTOTOINGNG TMV VOVOSMANVOV, Tapatnpeital po avaioyn avénon g évtaong g (dvng D oe oyéon
pe ™ Lovn G (Empe 3.2.4). Atd v olokAnpwon tov oxetikdv (ovov D, G kot vroroyilovtog To
AOY0 NG oYeTKNG €vtaong peta&d tov 6vo (ovav (Ig/lp), evromiletar pa woyvpn dwpopomoinon e
OYE0N LE TOVG UM TPOTOTONUEVOLG VavocsmAnves. Kavovikomoidvtag to edopo Raman o¢ mpog v
Kopvoen g Lovng G, 1 éviaon g kopveng g {dvng D petafddretatl amd 5.4 T@v pn TpOTOTOMUEV®V
vavocovov, oe 3.0 yw Tovg vavoowAnveg Tomov 5 kot 2.4y toug 8. Xto Zymqpa 3.2.5,
mapovotlalovtat To pdopato Raman yio Toug pn Tpomomompuévoug VOVOSMATVES Kot TOVG VOVOSMANVEG 5
kot 8 oV TEptoyn omd 150 émg 300 cm™, (pdopa RBM). Onwg mpoavapépbnke, 1 meptoyn outi Seixvet
TNV OKTWVIKY 80vNon Tov atdpmv tov vavocoinva. Ot dtopopomomoelg Tmv kopvedyv RBM yia tovg
vavocoAves 5 kol 8 oe oyéon pe TOVG PN TPOTOTOMUEVOLS &ival Tpo@avig oto Zymqupa 3.2.5,
VTOJEKVVOVTOG TN UETOPOAN TNG GYETIKNG KOVOTVONGY.

Ta oveTépm® OTOTEAECHOTO GUVIIYOPOUV GTO GULUTEPOCHUO OTL 1 TPOTMONOINCY TOL
TOPOVCLAGTNKE NTOV EMTUYNG OE KavomomTikd Pabpd, mapatipnon mov emPefoardverar Kot amd To

aroteléopoto TG BeprooTadkng aviivong.
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&
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% i
- SWCNT-[poly(tpy-Ru-tpy-2xC_H, )] %
o] & A
g SWCNT-tpy-Ru-tpy-2xC H,, %
- A
%
2
SWCNT-pristine A
1 1 I 1 T 1 I 1 1 I I
1200 1500 1800

KupardpiBpol (cm™)

Yyqpo 3.2.4: Odopa  pikpo-Raman tov pn  tpomomomuévey  vavocoAnvav (-A-), Kol ToV

TPOTOTOMUEVEOV vavosmAfvay 5 (-0I-) kot 8 (-O-) omv meploxi1100-1750 cm™, ypnorponoidvrag laser
010 632.8nm Yo T S1€yEPON TOV SEIYUATMV.

03EA- 8-3-1 KQ4. YITOEPTOY 118 109



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY
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Iypo  3.2.5: ®ddopo  pikpo-Raman tov U TPOTOTOMUEVOV  VOVOCOANVOV (==), KOl T®OV
TPOTOTOMUEVOV VOVOSOMIVOV 5 (=) Kot 8 (=) otV meptoxy RBM, 150 - 300 cm™, ypnotponotdvrag
laser ota 632.8nm yio ) S1€yepon TV SEryUATOV.

3.3 Tpormomoinon tne emQAvEIOS VAVOCWARYWY avOpaKo mollomiol TolyduaTos HE Ol-CUUTAOKO,

TPITVPLOIVYC-POVONYVIOD, 1HOVOUEPIKOU TOTTOV, TTOV QEPOVY HOVO- 1] O1-0LKOED VITOKATOCTATES

H tpomonoinon mov mopovsidleral oty mopovoa evotnta Paciletar oty dwoulmviakn ynueio.
Apykd cLVTEONKOV OUIVO-TEPUATIKA, HOVO- KOl O1-0AKOED VTOKATEGTNUEVO O1-GOUTAOKO, TOV TOTOL
NH,(CH,)s-tpy-Ru(Il)-tpy-1x 1 2xCi,Hps (11), 6mwg @aivetor oto Zyqpe 3.3.1. To povo- kot ot-
dmdekLAOEL vrokateaTéVE povosvumioke Tputuptdivig-Ru(lll)Cly (10), mapdyovrar cdup@vo, pe
avtdpdoelg mov €yovv meptypagel ot Piploypagio. Xt CLVEXEW, CULUUETEYOLV GE OVTIOPACELS
GUUTAOKOTOINGNG UE TOV S-0pvomevTuA-(2,2°:6°,2° -tpimupdvor)obépa (9). O abépag 9 mapdybnke
emiong HEC® ONUOGIELVUEV®V SlEPYOOIOV KL 1] TLGTOTOINGN TNG YNLUKNAG OOLNG TOL TpayaToTombnke
pe pacpatookomio. 'H-NMR (Zympa 3.3.2). H cvpmhokomoinon petaéd tov 9 kor 10 emedydnke os
plyno Swhvtov THF/ amdéiving EtOH, mapovcic N-aBviopopeorivng. Ta telkd Si-copmloxa
amopovankay peTd amd avtoliayn Tov avtiotafpotikdv wvtev tovg, and ClI' oe PFg pe mv
mpocOnkn mepiooeiag pebovoiucol daidparog NH4PF¢. H mapambve avioiioyn dviov iye og otdyo

™V emitevdn KoAOTEPNG OSAVTOTNTAG OTOLG KOWOUS opyavikoOs OwAivtes. Ov mepiooeieg TV
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avTPOVIOV amopokpbivinkav énerta and mAvorn pe aBavorn Kot enavokatafioion Tov GuUTAOK®V

ond CHCI; og n-Hexan.

\ 7
H2N\/\/\/O / O—1x or 2x C12H25
9
THF, EtOH
N-ethylmorpholine
110°C, 5d
7
HoN _~_~_0O 7 N—Ru?*—N O—1x or 2x Cy,Hys
Ci2H250
C12sto©J
C12H250

2x C45Hy5 1x Cq2H2s

NH;(CHz)s-tpy-Ru(ll)-tpy-1 4 2xC1;Hy5

11

Xyquo 3.3.1: XvvBetikny mopeia yioo TNV TOPOYOYY] TOV OUVO-TEPUOTIKAOV, HOVO- KOl Ol-0AKOEL
VIOKATESTNUEVDV S1-cLUTAOK@V TOToV NH,(CH,)s-tpy-Ru(Il)-tpy-1x 1 2xCi,Hys.
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™S
cocl,
.
3,6 4 a e
JLJJ l T
9 8 3 6 5 4 I 3 2 ! ' pom

8 10 12 14 16 18
7 9 11 13 156 17

™S
DMSO
10-17
m,5,5%,
6,6* 18
» 3,3° 447
33’* o
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 PEM

Zyipna 3.3.3: ®aopo 'H NMR 100 povo-oAk6ED vmokatestiuévon St-cupmidkov NH,(CH,)s-tpy-
Ru(ID)-tpy-1xC,,H,5 ce DMSO-d6.

O yapoxtnpiopde pe eacpatookormio 'H-NMR tov cvpmiokov 11, omnédeiée v mhipn
cvumlokomoinom kéfe opddag tpy pe wvra Ru(ll), 6mwg eaivetar oto Zyqperta 3.3.3 kot 3.3.4 yuo T1g
OLLVO-TEPUATIKEG LOVADES TPUTLPLSIVIIG TTOL PEPOVV LOVO- KOl d1-0AKOED VTOKATAGTAGELS, OVTIGTOLYA.

Onwg avopévetat, LETA TV GUUTAOKOTOINGT TO YOPUKTNPLIOTIKO CNUA TOV «3» Kot «3'» TpOTOVIOV TV
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opadmv tpy, petatomietror and ta ~8.7 ppm ota 9 kot 9.35 ppm, avtictoya, VO TO oNUA TOV «6»
mpotoviov amd o ~8.7 ota ~7.5 ppm. Ot HETOTOTICEL OLTEG EIVOL XOPAKTNPLIOTIKES Y10, TETOLOV €IO0VG

ooumioka tpy-Ru(Il)-tpy kot 0modeikcvoovy Ty exttoyn dnpovpyio Tov ETBVUNTOV GOUTAOK®V.

| OCzHzs

n
8 10 1214 16 18

o}
7 9 111315 17

DMSO
10-17]
18
B:
c,
b,f 9
T T I 1 T T T T T T L)
10 9 8 ) 6 5 4 3 2 1 ppr

Zynna 3.3.4: daopo 'H NMR 1ov d1-0AkdED vrokatestpévoy di-copmhokov NH,(CH,)s-tpy-Ru(Il)-
tpy—2xC12H25 oe DMSO-d6.

AxolovBdvtag T otpatnywkn «grafting to», oxedldonKe 1 TPOTOMOINGT EMLPAVEIDV
VOVOGOANVOV TOAAATAOD TOLYMUOTOC LE TO TOPATAVE Ol-COUTAOKO, HUECH AVTIOPOOTNG TPOGHNKNG,
expetaAlevopevol Tig duvototnteg g dwloviakng ynueiog. Onog eaivetor oto Zymqpoe 3.3.5, n
TpOTOTOiNGoT EmMTELYONKE TOPOVGin 160-apVAO-VITPOioL 6ToVg 65°C, T0 omoio YpNoLoToONKE ©G
SoATNG 0AAG Kot Yio va PETATPEWYEL Ta dt-oOumhoko og dtal@viakd dAiata (X-NH, — X-N=N). Otav
emrevyfel N mopomdveo petatpomn, To SlOViakd GAoTe UTOPOLV VO, GUUUETAGYKOLV GE AVTIidpaoT
TPOGONKNG OTNV EMPAVELD TOV VOVOCOAMVOV, HECH eE0y@yNg £vOG NAEKTPOVIOL OO TO T-TPOYLOKA

TOVG.
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O—1x or 2x C12H25

isoamy!l nitrite
65°C

O—1x or 2x C12H25

C12H250
C12sto©J
C12H250
2x C12H25 1x c12H25

MWCNT-tpy-Ru(ll)-tpy-1 A 2xC1,Hys
12

Yypo 3.3.5: Zovbetikn mopeiol Yoo TV TOPAYOYN TOV TPOTOTOUUEVOV VOVOCOANVAOV TOAAUTAOD
TOYOUOTOG HE pHovopepkd Ot-cvumioka Ttomov tpy-Ru(ll)-tpy {MWCNT-[tpy-Ru(ID)-tpy-1 1
2xC,Hys}, péow «dralmviokng ynueiog.

H omopdveon tov Tpomomomuévov vavoo®AMvev erttevydnke pe dmdnon omd ¢iktpo
pepPpavng tomov Millipore, dwapétpov nopwv 0.2 um. AxoroOOnce ékmivon tov otepeov pe CHCl;,
DMF «or THF yi v amopdkpoven g mepicoelog tov dt-copumiokov. o v omopdkpouven tomv
VOVOGOANVOV mov Ogv €yovv tpomomombei, akolovdnOnke Swdikacio Swwomopdc oe DMF péowm
TOTOOETNGNG TOVG GE AOVTPS VIEPTY DV, PVYOKEVTPTONG Kot SN Tov VIEPKEINEVOD SIHADIOTOG aTd
oiktpo pepppavng. H dwudwkacio emovainednie tpelg popés ya va cuddeyfodv 6Lot ot Tpomomotnuévol

VOVOGMOANVEC.
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3.4 Xoparxtypiouoc Ty Tpomomomuivey vavooswiijvwy avlpaxa tomov 12.

Onwg mpoava@épnke, 0 YOPAKTNPICHOG TOV VOVOCOANVOV AvOpake, ETLTUYXAVETOL LE
Oeppoctaduiky aviivon, EacUATOCKOTIO VIEPIOIOVC-0paTOD Kol PocuaTooKomio pikpo-Raman. Xto
Yyqpo 3.4.1 ooivovtar ta Staypdupote  OeplocTOOMIKAG AVAALONG TV U] TPOTOTOUMUEVMV
vavocovov (MWCNT) kot tov mpoidviov 12 {MWCNT-[tpy-Ru(Il)-tpy-1x 1 2xC;,H,s|}.
Avotoyde, o avtn TV TepinTmon dev vrdpyel TAot®d® otovg 800°C, dnmg mopuTNPOodUE GTO TyqNe.
3.4.1, cuven®dG WUMOPOVUE VO, £YOVUE HOVO o EKTIUMON NG omdAelng Papovg. Me Pdon v
mponyobuevn Odwamictwon, emdéybnke m mepoyn otovg 500°C, ywoo va ektunbei 10 wOGOGTO
tpomomoinong. H dwopopd v v mepintoon tov MWCNT-[tpy-Ru(II)-tpy-1xC;,Hys|, vroroyileton
nepinov oto 12,7% katd Papoc. Avardywe, yio to MWCNT-[tpy-Ru(Il)-tpy-2xC,H,s] vroloyictnke
ion pe 8,7% xatd Papoc. [Mapd 1o yeyovog 011 dev gpeoviletor mlatd otovg 800°C, n amdAgto Pdpovg
GE QLTNV TNV TEPLOYN GE GXECN LLE TOVG LY TPOTOTONUEVOVS VOVOSMANVES, eppaviletal ion pe mepimov
42% xatd PBapog. Zvumepaivovpe Aowmdv, OTL Ot VOVOSOANVES £x0vV Tpomononfel He KOVOTOUTIKO

apBpo copmiokmv tpy-Ru(ll).

100 -} — — —— 1
80 -
70 -
60
50
40 | MWCNT-tpyRu(ll)tpy-2xC_H,,
22 MWCNT-tpyRu(II)tpy-1xCqus
10 2xC_H

0

AtrwAeia Bapoug (% K.B.)

100 200 300 400 500 600 700 800
Oeppokpacia (°C)

Tyqpo 3.4.1: Awypappate Ogppoctadiikig avaluons LU TPOTOTOMUEVOV VAVOSOANVEOV (=) KoL TV
MWCNT-[tpy-Ru(II)-tpy-1 1 2xC;,H»s (12) (atpdéceorpa Ar).

O YopaKTPIGHOG TOV TPOTOTOMUEVOY VOVOGOANVOVY LE QOCUATOCKOTIO VIEPIOOOVS-0PATOD
(UV-Vis), amoterel emmAéov £€vdelln g ewoayoyns oLUTAOK®OV Tpimuptdivng-povdnviov otovg
vavocoives. 1o Xynpe 3.4.2, mopovctdlovial To GAGHOTO TOV U] TPOTOTOUUEVAOV VOVOSMOANV®Y
(MWCNT-pristine), tov povédov tpomomoinong NH,-tpy-Ru(I)-tpy-1xCi;Hps  wot  tov
tpomomomuévey  pe  avtég vavoocoinvev tomov 12 {MWCNT-[tpy-Ru(ID)-tpy-1xCi,Hys]}, o¢
Swdvpoata DMF. Xta edopoto mopatnpovpe pio Kopuen mepinov oto A=496nm, n onoia opeiletar otnv
Covn d-n* MLCT petafdoceov tov copnidkov tpy-Ru(Il)-tpy, kot évav dpo nepimov oto A=310nm mov
opeiretan o w-n* LC petafdoeic v vIoKaTasTotdy Tpurupldivne. amodeikvhiovtag TV TPOTOToinon

TOV VOVOGOAVOV e HOVEASES GLUTAOK®V ToL TOToL tpy-Ru(Il)-tpy.
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1xC_H__tpyRu(ll)tpy-MWCNT

127 28

1xC_H, tpyRu(ll)tpy-NH,
MWCNT

Amroppoepnon (A.U.)

300 400 500 600 700 800 900
Mnikog Koparog (nm)

o 3.4.2: ®acpotockonioo UV-Vis TV 9 (== ==), 10 (==) KOl U1 TPOTOTOIUEVOV VOVOSOAVOV
(==) o€ d1dAvpo DMF.

Ta edopata Raman yio tovg pn tpononompévous vavocornves (MWCNT-pristine) kot o
MWCNT-[tpy-Ru(II)-tpy-1xCy,H;,s] kot MWCNT-[tpy-Ru(II)-tpy-2xC;,Hys] (12), xpnoiponotdvtog
laser mov axtvoPolel oto 514.5 nm, mapovoidloviar oto Xynpe 3.4.3 yo v meproyn amd 1100 wg
1750 cm™. Ze avtiqv v neploy Stakpivovron kabapd ot {hveg kopuedv ota 1348 cm™, ota 1580 cm™,
kot ota 1611 ecm’, yvootég og (dvec-D (D-band), G (G —band) kou D’ (D’-band). Onwg
mpoavoeipnke, n (dVN-G amodidetar oty QPATTOUEVT] EAAGTIKT HOVNON TACNG T®V dECU®V GvOpaa-
avBpoka og EOALO Ypapitn, evd ot {dveg D ko D’ apopodv v drotdpaén g ovppetpiog. Emopévag,
OTOV TPOTOTOLEITAL 1) EMUPAVELN TOV VOVOCSMANVOV, Ol OL0POPOTOUCELS OTIG OYETIKES EVTACELS TV
Lovav D kor D’ yivovtor omtikd aviyvevolueg ot gacpatockonicc Raman. Me tig mpoavagepbeioeg
TPOTOTMOMGELG TOV VAVOCOANVOV, TOpATNPEiTOL pio ovdAoyn avénon g évtaong g {dvng D oe oyéon
pe m {ovn G (Zympa 3.4.3). And v olokAnpmon TV oyetik®v (ovav D, G, kot vrohoyilovtog To
Adyo G oyetikng éviaong peta&d tov dvo (ovav (Ig/lp), dapaivetarl pio woyvpn dagoponoinon oe
OYE0N LE TOVLG UM TPOTOTONUEVOLG VavocsmAnves. Kavovikomoibvtag to ¢dopo Raman o¢ mpog v
kopven ™G Lovng G, n évtaon g kopuveng g {dvng D petafdiietar kot o Adyog évtaong lg/lp
Bpiokertat icog pe 1.6 kot 2.1 yio toog MWCNT-[tpy-Ru(II)-tpy-1xCy,Hps] kot MWCNT-[tpy-Ru(II)-
tpy-2xC,Hys], avtictorya. T'a tovg pun tpomomompévoug vavosminveg o 1010¢ Adyog vtoroyiletat icog
pe 2.8. Emiong, n {ovn D’ ota 1615 cm-1, evd givar ducdidkpitn yio TOLG WUN) TPOTOTOUEVOLG
VOVOGOANVES, glval avapeiopitnto epeovng petd v tapovcialdpevn tpononoinon. H cuykekpipévn
Kopuen avtikatontpilel v dwatdpatn mov mpokaAeitor and Tov sp° vPpopd tov atdpmy dvipaxa
oto onpeio g Tpomonoinonc. Emmiéov, 10 «evpog Kopueng 6to [icd g évtaoney FWHM (full width
at half maximum) yio TOvG W1 TPOTOMOUUEVOLS VOVOSMANVEG vroloyiletar ico pe 29 cm-1 kot
ovédvetoan onpaviikd oe 49 cm’ kar 39 cm” yio ta MWOCNT-[tpy-Ru(II)-tpy-1xC,H,s] ko
MWCNT-[tpy-Ru(Il)-tpy-2xC,Hs], avtictoya. Ta wopomdve omoTteAECUATO  OTOSOEIKVOOLV
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6LVOAIKG, OTL M) Tpomoroinom otV mepintmon tov MWCNT-[tpy-Ru(II)-tpy-1xC,H,s] emtedybnke og

EMAPPMG LEYOADTEPO TOGOCTO, TOPATHPNCT MOV CULUPMVEL LE To amoteAéopata TG Oeppootadpkng

avaivong.
MWCNT-tpyRu(ll)tpy-1xC_H,
>
<
o
g MWCNT-tpyRu(ll)tpy-2xC_H,, .
= :
(14
=
e
O
™
>
i

. G A - 2 OO S AU IO S B, S N, S JN S [N
1200 1300 1400 1500 1600 1700
Kupartdapifpor (cm-)
Tympa 3.4.3: Odopo pikpo-Raman tov pn tpomomomuévev  vavocoivev (-O-), kot tov
TPOTMOTOMUEVOV VOVOoOARVeoY 12 ue povo-adkdéu vrokatactdteg (-L1-) woar 10 pe Sr-aAixdév

vrokotaotdteg (-A-) oty mepoxy 1100 éog 1750 em™, ypnoonowdvrag laser ota 514.5nm yio0
diéyepomn T@V dEYUAT®V.

3.5 Mixpockormia Hiextpoviknc Xapwong

H ontikn mapatipnon tov vovocoAvev pe nhektpovikny pikpookornio SEM kot TEM, sivol
duvatdv vo omodelEel TIG EMYEPOVUEVEG TPOTOTOGELS TG EMUPAVELAS TOVG, KOOMG 01 GUVETOYOUEVEG
dpopomomcel; 6T popeoAoyio tovg o eivol opoTég. ZVYKEKPIUEVO, HETE TNV AmOdESELYUEVT|
tpomomoinon (avdivon pe TGA, UV-Vis kot Raman), avapévetor va mapatnpnfel petafoln ot
diapetpo TtV  vavoocoAvev. ‘Etol  emyeipnOnke 1 MAEKTPOVIKY HKPOOKOTIO GAPWOOTNG TOV
tpomomomuévev vavocolnvayv. Ta delypata emotpd@bnkav oe petaAlikéc paoeig tov opyavov SEM, pe
™V TEYVIKY enioTpmong péow e&dtpiong (drop casting), omd SLOAVUOTO TOVG OE TETPAVIPOPOVPAVIO. Oa
npénel vo onpelmdel oe avtd To onpueio, 6TL dev axorovONGE 1 GLVNONG ETLYPVCMON TOV SEIYUATOV YioL
NV emiTELEN VOGS OYDYLLOL JEIYLOTOG DOTE Vo €ival 0paTOd KATA TNV NAEKTPOVIKY HKPOGKOTIO, KOOMG
0l VOVOO®AVEG €ival 0o T1 QUGN TOVE APKETA AyDYULOL, EVD UETE TNV TpoToToinon gival duvatdv va
petwBel aALG Oyt Ko vor EadelpBel 1 ay@yun VoM TOVG.

AvoTU®G, Ol VOVOGMANVEG OTAOD TOLYMUATOG Oev gival €0KOAN OpATOL XPTCULOTOLOVTAG TV
teyvikn pikpookoniog SEM, Aoym g pukpng dtatopng tovg (~1-5 nm). ‘Etor dg katéotn dvvatd va

ANEBovV gkdVEG Yo TOVG VOVOSMANVEG TOTOL 5 Kot 8. Avtifeta o1 VOvOoS®ANVEG TOAAATAOD TOLYDUATOG
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gyovv dudpetpo mov kvpaivetoar amd 10-50 nm, kdvoviag £Tol €QIKT TNV TOPATAPNCN TOVG UE
pikpookonioc. SEM. Xta Xynpara 3.5.1-3.5.3, oaivovtor ta pkpoypoaenpotoe SEM  tev  pn
TPOTOTOMUEVOVY Kot TV Tpomomomuévey vavocoinveov 12 (MWCNT-[tpy-Ru(Il)-tpy-1xCy,H,5) oe
puepn Kot peyddn peyébovon, avtiotoyyo.

To Zynpe 3.5.1, sivar mpoopopd g etaupiog NANOTHINX S.A. kot mapatnpodpe OtL 1
SIAUETPOG TAOV 1) TPOTOTOMUEV®Y VAVOCOANV®AV, Kupaivetot pnetabd 15 kot 27 nm, eved T0 UNKOG TOVG
vroloyiotnke vo, gival ¢ TAENG TOV UEPIKADY WKPOUETpOV. Xto Xynpa 3.5.2, mapovcidletar évo
pikpoypaenpa SEM tov vavocoinvav tomov 12 oe peyébovon 4.000 popdv, 610V TopoINPOdUE TO
OYNUATIGHO GLGCOUATOUATOV VOVOGOAMVOVY, Kabmg kot v Omopén eledfepov vavocoinvev. H
Omapén ToAA®V eAEVBEP®V VOVOCOANVOV, DTTOJEIKVOEL OTL TO, GUGCMUUTMOUATO JNLOVPYOVVTAL AOY®
NG CLVEXOUEVNG EVATODESTG GYETIKA TUKVOD SLHAVIOTOG SIECTOPUEVAOV VAVOCOANVOV GE GUYKEKPLULEVO
onpeio 6to VIOGTPOUA Kol O GUVIGTO TN OMLOVPYID EVOG AEYOUEVOL «OAGOVE VOVOCOANV®VY». XTO
Yympo 3.5.3, topovctaletot éva pkpoypdoenue SEM tov vavocolMvev timov 12 og peyébovon 40.000
QopaV, OmOV TAPATNPOVUE OTL M SGUETPOC TV TPOTOTOMUEVOV VOVOCOANV®V, Kopoivetal mAéov
peta&d 50 kot 55 nm. H dweopomoinon avty tng Swopétpov, omoterel pio emmiéov amddelsn g

EMLTLYOVG TPOTOTOINONG.

>

—

L —

Iypo 3.5.1: Mwpoypdonuo SEM TtV pn TPOTOTOUUEVOV VOVOSMOAVOV TOAAOTAOD TOLMHOTOG.
Mopovsidovtal HETPNGELS THG SLAUETPOV TOV VOVOSMOANVOV, 1 ortoia Kupaivetor amd 15 éog 27nm. H
gwova etvar Tpooopd g etapioc NANOTHINX S.A..

03EA- 8-3-1 KQ4. YITOEPTOY 118 118



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

Iympa 3.5.2: Mwpoypapnue SEM tov tpomomompévav vovos®ANVOY TOAAITA0D Toy®patoc 12
(MWCNT-[tpy-Ru(Il)-tpy-1xC,H;s). Ilopovcidloviar meployés cvocopotopdtov kot glevdepov

VOVOGOANVOV.

"

Yympo 3.5.3: Mpoypaonue SEM 1@V TpOTOTomuévoy voavosOANVOY TOALUTAOD Tolyduotog 12
(MWCNT-[tpy-Ru(I)-tpy-1xC;,H,s). [Tapovoidlovtot petpnoeig g SIoUETPOL TMV VOVOCOMVOV, 1|

omoia Kvpaiveratl and 50 £wg 55 nm.

03EA- 8-3-1 KQ4. YITOEPTOY 2118 119



ElMAN- METPO 8.3.1. ANAAYTIKH EKOEZH lNMPOOAQY ®@YZIKOY ANTIKEIMENOY

3.6. Zvunepaocuaro

210 Ke@AAOO ALTO EETAGTNKE 1) dLVOTOTNTO GVVOEONC VEMV VEPOIKAOV VAIKOV TOL TEPLEYOVY
TUAHOTO 00T Kot SEKTN NAEKTPOVIEV.

v TpAOTN EVOTNTO TOL TOPOVTOG KEPUAXIOV, EMYEPNONKE 1 TPOTOTOINGN TNG EMLPAVELNS
VOVOGOANVOV LOVOD TOLYDUOTOG [LE LOVOLEPTKA Kol TOAVUEPIKE GUUTAOKA TPITLPLOivNG-povbnviov. Ot
GTPATNYIKEG TPOCEYYIOELS TOV EPAPUOCTNKOY givor 1 «grafting to» kot n «grafting fromy». ' v TpdT
TPOGEYYION, TUPUCKELATTNKE £va dt-cvumAoko tpy-Ru(Il)-tpy, to omoio amoteleital amd TPUTLPOWVIKES
S1c-0mAeKLAOEL OevdpLTIKEG ONAdES omd TN Wit TAEVPE TOL Kol GTNV GAAN QEPEL GKPO TPUTLPLOVO-
BevluA-Bpodiov. Avtq n okpaio opddo etvor vrevBovn Yo v TPOGOEGT TOL CLUTAOKOL GTOV
VOVOGOAN VO, OEOTOOVTAS TIG duvatdTNTeS TG avTOPAce®s Piikng mpooHnkng HECH HETAPOPES
atopov (Atom Transfer Radical Addition), kataAvopevn and €va evepyd ocdumioko PMDETA/CuBr.
Katd ) devtepn mpocéyyion, dnuiovpyndnkay evepyd onueio TAVM GTNV ETPAVELD TOV VOVOCOANVA, TO
omoio pmopodv va dpdoovv mg exkvntég ATRP. AxkorovBwg molvpepiotnke t0 Bvolikd povopepég
TPULPLOIVNG, YPNOLLOTOIDVTOG TOVG VAVOCMANVEG OC EKKIVITEG KOl OTH GLVEYELD Ol eAevbepeg opddeg
TPILPWIVIG TOV TOAVUEPDY TOL CYNUOTICTNKOV TOVEO OTOVG CGMANVEG, CLUTAOKOTOMONKAY e Ot-
dmdekvAOEL vtokatesTUEVA povocvumAoka Tptruptdivig-Ru(II)Cl;.

21 de0tePN EVOTNTO, EMLXEPNONKE 1) TPOTOTOINGT VAVOSOANVAV TOAAATAOD TOLYDUATOG [LE O1-
coumloka tputupdivng-povdnviov. H mpocéyyion mov mpotiunifnke frav n «grafting to», oAAd og
avtifeon pe v mpd™ evotnto aflomombnkav ot duvatdmmreg g Swlovikng ynueiag. Apykd
napackevdotnkay dt-ooumioko tpy-Ru(ll)-tpy amoterovpeva amd Tpummupdvikés povo- Kot O1g-
dmOeKLAOEL devipitikéc opddeg omd tn pio mAevpd Kot omd TV GAAN TEPUOTIKES OpVO-OUAOES.
AkolovOnoe avtidpaon e 100-OpLAO-VITPIO0 HE GLVEMEWL TNV WETATPOM TOV OULVO-TEPHOTIKOV
ocopmAokov og dalovikd dAag. 'Etol umdpece vo CULUETEYEL GE avTIOPOOT TPOGONKNG GTNV EMLPAVELQ
TOV VOVOGOANVOV, HEGH eEAY®mYNG EVOC NAEKTPOVIOV A0 T T-TPOYLOKA TOVC,.

Ta vBpWIKE VKA VOVOGOAVOV/CUUTAOK®V TPLTLpdivig-povnviov yopoktmpiomnkov pe
KOwd ypnotponotovpeves pebBodovg 6mws BeplooTadiuky avaiuon, PaCGLATOCKOTIO VTEPLOOOVS-0PUTOV
kot eoopoatookonio. Raman. Ta dedopéva TV avoAldoe@v omédel&av TV EMTVYN TPOTOMOINGCT TV
VOVOGOANVOV LOVOD KOl TOAATA0D TOYMUATOG e cOUmAOKE Tov Tumov tpy-Ru(Il)-tpy kot pélota o€
KOVOTOmTikd m0ocootd Tpomomoinons. Emmhéov, 1 pelétn 1oV TPOTOTOMUEVOV VAVOCOAVOV
TOAAUTAOD  TOLYMUOTOG WE TMAEKTPOVIKN LUKPOCKOTIO GOP®ONG, £KOVE O0pOTH [ GNUOVTIKY
dtpopomoinomn ot JSAPeTPd TOVG, 1 0Toid OPEIAETOL OTNV TPOGOEST] TOV GLUTAOK®V TOV TOTOV tpy-
Ru(ID)-tpy, ota TorydpaTd TOVG.

O Adyog mov ypnoionomdnkay VTOKATESTNHEVES TPUTLPLILVES HE dEVIPU TPDTNG YEVIAG TTOL
QEPOVV TTEPLPEPELIKEG/EEMTEPIKES O1-aAKOED OULAdES, Elvat Yio Vo TPOGIDOGOVY oTa TEAMKE VRPLOKE VAKA
wKavoTTeG doAvtomoinong/dwaomopds. [pdypatt, 6o Ta tehkd LVAKE pmopodv va dacmaphodv ce
Kowovg opyavikovg dwdvteg 6mwg DMF, THF, CHCI; kot CH;CN ywopig dvckoria, kabiotdviog tov

YOPOKTNPIoUS Kot TV Stoyelplon| Tovg o pia mhovi TeEXVOLOYIKY| EQAPLLOYY, WOiTEP EVKOAN.
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2.3. ZuvoAikd atroteAéopaTa Kal TrTapadoTéa Tou €pyou

Avogépoviar a)to. amoteAéouato o, omoio. emTevYOnKay oTo Toioio Tov Epyov, PB)n mibavh ueAloviikn
al10moinon T0vg Kol P)KaTAA0YOS TV ONUOGIEDGEMY TOV OPOPODY EPEVVHTIKES OPAGTHPIOTHTES OTA TACLOLA
o0 épyov. Eivar amapaityto n Etijeio/Teliky ‘Exfson Oioxiijpwons Epyov va cvovodebetol amo ta.
avtioTolya mapadotia Tov EPyov mov Exovy 0lorinpwlei kot givar dvvorh n omootorn tovg oty ITET .

(1 avtitomo+ n. uopgiy)

210 €pyo avtod €ytve mpoomhfela cVUVOESG VEMV TOAVUEPIKDY YpoLOoPdpmV Tov Pacilovtal ota
ooumAoka povbnviov OMMOC KAl 1 APYIKN EPAPUOYN TG o€ NAMakéES Kuyelideg tomov Gratzel. To
avoALTIKO TEpapaTikd pépog mapovoidletor oto IMapadotéo 1. Ta véa viAkd €8wcav yopmAég
OMTOPOATATKEG OTOSOCELG KATL AVOUEVOLEVO Y10 OPYIKEG OOKLUES, OUMG Ol GLVOETIKEG O10d1KOGIEG TTOV
avartoyOnkav arotelodv oyvpn Paon yio mepaltép® peAETN Tov Bépatog kat divovv tn duvatdnTa
ovvBeong LG peydAng ToKiMog VEOV VMKOV OT®S ovtd mov cuvdLalovv Tantdypova W10TNTEG 301N
Kot 06kt mAektpoviov kot Oa pmopodoav vo OTOTEAEGOLV L OLOPOPETIKY TPOYEYYION Yo TNV
avantoén eotofoltaikdv keM®dv mov Pocifovtar oe opyavikd LAKE. Amd TV mpoomdbeln ovth
TPOEKLYOAV O TOPUKATOV EMGTNUOVIKEG dNUOGIEVTELS, Ol omoieg mapovaidalovial oto Mapadotéo 2, oe

TePLod1Kd 51€0vV0VE KOPOLE LLE GVGTNIO KPLTDV :

1. Elefterios K. Pefkianakis, Nikolaos P. Tzanetos and Joannis K. Kallitsis.
"Synthesis and Characterization of Novel Vinyl-2, 2’-bipyridine Monomer and its
Homopolymeric/ Copolymeric Metal Complexes”
Chemistry of Materials, 2008, 20 (19): 6254 — 6262.
(I.F 2007 4.883)

2. Elefterios K. Pefkianakis, Nikolaos P. Tzanetos, Christos L. Chochos, Aikaterini K. Andreopoulou,
Joannis K. Kallitsis.
"End-Functionalization of Semiconducting Species With Dendronized Terpyridine-Ru(Il)-
Terpyridine Complexes”

Journal of Polymer Science Part A: Polymer Chemistry, 2009, 47: 1939-1952
(I.F.2007: 3529)

3. Andreas A. Stefopoulos, Elefterios K. Pefkianakis, Nikolaos P. Tzanetos, Constantinos Papagellis,
Aikaterini K. Andreopoulou and Joannis K. Kallitsis.
"Carbon Nanotubes Decorated with Terpyridine-Ruthenium Complexes”

Journal of Polymer Science Part A: Polymer Chemistry, 2009, 47: 2551-2559
(I.F.2007I 3529)

4. Marc R. Hammond, Aikaterini K. Andreopoulou, Elefterios K. Pefkianakis, Nikolaos P.
Tzanetos, Joannis K. Kallitsis, Raffaele. Mezzenga, "Metallosuprapolecular Side-Chain

Polymers and Polyelectrolyte-Metallosupramolecular Surfactant Complexes”
Chemistry of Materials, 2009, 27 (11): 2169 —2172.
(I.F.2007I 4883)

OM®G €MIONG KO 1| GUUUETOXN HE TPOPOPIKN opdic ota mopakdto cvvédpla (Ilapadotéo
3A):

1. Elefterios K. Pefkianakis.
"Synthesis and characterization of nanostructured functional polymer-metal complexes via ATRP
and polycondesation and their applications”
«3" International Symposium Nanofunpoly», Corfu, Greece, 13-15 May, 2007.
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E. Pefkianakis, N.P. Tzanetos, A.I. Philippopoulos, P. Falaras, J.K. Kallitsis.

"Polymeric Ruthinium(II)-Tris-2,2'-Bipyridine Complex produced via Atom Transfer Radical
Polymerization and their Application in Solar Cells”

«Euromat 2007 — European Congress and Exhibition on Advanced Materials and Processes»,
Nurnberg, Germany, 10-13 September, 2007.

E.K. Pefkianakis, J K. Kallitsis.
"Synthesis and Characterization of Polymer Chromophors and Polymer Electrolytes for Application

in Organic Solar Cells”
«2003 PENED Meeting», Patras, June 3, 2008.

E. K. Pefkianakis, N. P. Tzanetos, T. Stergiopoulos, P. Falaras and J. K. Kallitsis.

"Synthesis and Characterization of Polymeric [Ru2+] Complexes and their Application as Dyes in
Solar Cells”

«1* International Symposium on Flexible Organic Electronics (IS-FOE)», Halkidiki, Greece, 9-11
July, 2008.

E. K. Pefkianakis, N. P. Tzanetos, T. Stergiopoulos, P. Falaras and J. K. Kallitsis.

"Synthesis and Characterization of Polymeric [Ru2+] Complexes and their Application as Dyes in
Solar Cells”

«7" Hellenic Polymer Conferencey, loannina, September 28 — October 1, 2008.

KaOdg Kot vd popen ypartdv avakowvacemv (Ilapadotéo 3B):

E .K. Pefkianakis, N. P. Tzanetos, T. Fillipopoulos, P. Fallaras, J. K. Kallitsis.

"Synthesis and characterization of [Ru(bpy)32+] complex and its polymerization via ATRP
method”
«6™ Polymer National Conference», Patras, November 3—5, 2006.

E.K. Pefkianakis, A.A. Stefopoulos, A.K. Andreopoulou, C.L. Chochos, V.G. Gregoriou and
J.K. Kallitsis.

"Development of new Polymers and Composite Materials for Organic Photovoltaics and Dye
Sensitized Solar Cells”

«Lios at Linz», Austria 2008.
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Ioapodotéo 1
Iewpapatikd Mépog
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Evotnra 1:

XvvOeon Tov povopepovg 3

Ye o mpolnpapévn oealptkn @An tov 250 mL, spodiacpévn pe kdOeto yoktpa,
dwPfactikd Ar kot poyvntikd avadevtipa npootifevrar 2.40 g (7.38 mmol) 4’-(m-vdpo&vpaivuro)-
2,27:6",2" -tpurupdivng (1) kot daddovrar oe 150 mL amdIvtng aketdvng. Zn cuvéyela, Tpootifeviat
2.04 g (14.76 mmol) K,CO; kot 0.39 g (1.48 mmol) 18-crown-6. To piypa g avtidpacng Beppaivetot
péyxpt reflux yw 2 dpeg. ‘Eneta, kot apod yuybel pe mayodorlovtpo, mpootifevron 1.69 g (11.08 mmol)
yhopopeBourostuporiov. AkorovbBei Bépuavon oe reflux, vnd atpdoeapa Ar yuo 72 dpeg Kot o piypa
g avtidpaong apnvetot va yoybei o Beppokpoacio mepifdriovtog. To Agvukd oteped (Ghag) dnbeitan
Kot ekmAévetol emavelnppéva pe aketovn (2 x 50 mL), THF (2 x 50 mL) xox CHCI; (2 x 50 mL). Ta
dmOnpata  ocvykevipdvovtor Kot cvumvkvavovtal péxpt Enpod. ‘Emeita, to oteped vmdieippa
petapépetan pécw H,O, dmBeitar, ko ekmAiévetar pe mepicoein HO wor 150 mL MeOH, ywo v
OTOULAKPUVOT TNG TEPICTELOG TOV YAwpopeBvAocTUpOAioL, Kot Enpaivetatl vTd VYNAO keVO oTovg 45 °C,
v 24 opeg. Anddoon: 2.86 g (96 %).
'H NMR (CDCL): 5.10 (OCH,, s, 2H), 5.25 (CH,, d, 1H), 5.80 (CH,, d, 1H), 6.74 (CH, q, 1H), 7.10
(CaH, d, 2H), 7.35 (CaH, t, 2H), 7.44 (CaH, m, 4H), 7.85-7.90 (CaH, m, 4H), 8.65-8.75 ppm (Cs,H,
m, 6H).
BC NMR (CDC1,): 69.86, 114.15, 115.24, 118.30, 121.34, 123.74, 126.46, 127.74, 128.55, 131.04,
136.23, 136.42, 136.83, 137.43, 149.09, 149.70, 155.84, 156.37, 159.63 ppm.

ATRP 10V frvolkod povopepovg tpy 3 pe ypnon tov dspactikov ekkvnti 4 (P1)

Mia wpo&npapévn oaiptkny OLIAN €QodlacUéV) He HayvNTIKO avadeuTtnpa, dafifactikd Ar
/kevod kol €laoTiKO mopo (septum) mAnpoveror pe Ar. 26.73 mg (0.068 mmol) tov ekkivnTi
npootibevtan oty PLain, mov mepiéxet 19.50 mg (0.136 mmol) CuBr kot 21.24 mg (0.136 mmol) 2,2"-
Sdumoup1divn 1 14.2 pL (0.068 mmol) PMDETA. To chotnpo anaeptdveTol TPELS POpEG Kot TANPOVETOL EK
véou pe Ar. Xtnv cvvéyela mpootiBevtal dapopeTikés TocOHTNTES TOV HOVOUEPOVS 3 Kol OTOEPMUEVOS
SrparvoraBépag (4 mL). H udin amaepidvetar ek vEou Kot TANpdveTat pe Ar (Tpelg KOKAOL KEVOU—AT).
To piypa tng avtiopaong PubiCetor oe ghatdrovtpo kot Beppaivetor otovg 110 °C yuo 24 dpeg. Metd
amd yoén og Beppokpacio meptPdiiovtoc, oto piypo wpoctifevrarl 3-4 mL CHCl; pe oxomd v minpn
dutlvon tov morvpepovc. To tehkd adpnua dmbeitan amd oTAn ypopatoypapiog pkpol punkovg [(4
cm, d=6 mm) (silica gel 60, 230-400 mesh, ASTM)] ywa Vv amopdkpuven g LEYOADTEPTG TOGOTITOG
TOV 0vevepyol, MALOV, KOTOAVTIKOU cupumAdkov. To molvpepéc mopoiopfavetar pe katafvbion oe
nepiooeta e&aviov (20mhdoia mepicoeia katd Oyko) kot Enpaivetal vd VYNAO kevd, oe Bepuokpacio
nepPaiiovtog, yio 24 mpeg. O kabapiopdc tov emitvyybvetor pe daomopd tov otepeod oe 80 mL
EtOAc yia 24 dpec, kabdS 0 cuyKekpEVOS SLOADTNG SLHADEL EKAEKTIKG TNV TEPIGGELX TOV LLOVOULEPOVG
KOl TOV EKKIVITH, VO TopdAinia Katapubilel to molvpepéc. H avoroyia v mmol ekkivner: CuBr:bpy

gtvar 1:2:2, exxivnm):CuBr:PMDETA etvon 1:2:1.
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'"H NMR (CDCL) yw. to molvpepéc P1: 1.5-2.4 (CH,-CH, m, 3H moivpepoig), 3.83 (COOCHs, s, 6H
exkwnt), 4.95 (OCH,, s, 2H tpy kot 2H exkwntn), 6.5-7.4 (CoH, m, 8H tpy ko 6H exxivnty), 7.7
(CaH, s, 4H tpy), 8.2 (CaH, s, 1H exkivntn), 8.6 ppm (CaH, s, 6H tpy).

Yopoéivon ToV 0TEPIKOV AKp@V TOV Tolvpgpovs P1 o P1°

Ye o mpo&npapévn ceopikn oWAn tov 10 mL, epodioopévn pe KaBeto Wuktipa,
SwPiPaocticd Ar kot poyvntikéd avadevtipa mpootifevror 0.150 g (37.5 pmol) tov P1 kot Sweddovton og
3 mL THF. Zm ovvéyeia, mpootifevtar 0.3 mL (0.70 mmol) NaOH 10N kot to piypoa g avtidpacng
Oeppaivetor péypt reflux yio 4 pépeg. ‘Emetra, kot apov yoybei oe Beppokpocio dopatiov, tpootifeviat
0.3 mL HCI 37% w/v ywo v mpn g&ovdetépworn tov NaOH. To didivpa g avtidpacng
CLUTLKVOVETOL UEYPL ENPol kol To oteped mov amopével Swoneiperar oe 200 mL H,O "Emerta
petapépetar Kot dmbeitor pe peydAn moocdTnTa vEPOD Yo TNV AMOUAKPUVON TOV OAATOV KOl TNg
nepiooetag Tov HCL Téhog exkmiévetan pe n-Hexan kot MeOH, kot Enpaivetatr vd vymio kevod otovg 45
°C, v 24 dpec. Anoddoon: 0.100 g (67 %).
"H NMR (CDCl,) yi0. to mohvpepég P1’: 1.5-2.4 (CH,-CH, m, 3H molvpepovc), 4.95 (OCH,, s, 2H tpy
kot 2H exkivnt), 6.5-7.4 (CaH, m, 8H tpy ka1 6H exkivnt), 7.7 (CaH, s, 4H tpy), 8.2 (CaH, s, 1H

exkivnt), 8.6 ppm (CaH, s, 6H tpy).

FRP tov frvorikod povopepovg tpy 3 pe yprion AIBN og ekkivnti ehev@épov pullov (P2)

Mia mpo&npapévr cQapikn QLA QOJAGHUEVT] LE LayVNTIKO avadevthipa Kot dofiBactikd Ar
/xevod TAnpavetal pe Ar. 0.400 g (0.906 mmol) tov povopepovg 3, 3.0 mg (18.26 umol) AIBN ko 4
mL DMF mpootifevtar otv @oéAn. To chompo amoeptdvetal TPELS QopES Kot TANPAOVETOL EK VEOL LE
Ar. To piypo g avtidpaong Pubiletar oe ehardlovtpo kot Oeppaivetar otovg 110 °C ya 5 pépeg. Metd
amd yoén oe Beppokpacio meptPaiiovtoc, oto piypo mpootifevrar 3-4 mL CHCI; pe oxomd v mAnpn
dilvon tov moAvpepovg. To molvpepéc maparapuPaveror pe katapvbion oe mepicosia n-Hexan
(20mAdora mepiooeta kotd dyKo) kot Enpaivetar vrd VYNAS Kevod, oe Beppoxpacia mepiBdiiovtoc, yia 24
opes. O kKaBaplopog Tov enttvyyavetal pe dtacmopd tov otepeod og 80 mL EtOAc yia 24 dpeg, kabmg o
GLYKEKPYEVOG SOADTNG OloADEL EKAEKTIKA TNV TEPIGGEWN TOV HOVOUEPOVG KOL TOL EKKIVNTI, EVA
mapdAinia katafobiCel to modlvpepéc.
'"H NMR (CDCL) yw. to moivpepéc P2: 0.8-2.1 (CH,-CH, m, 3H moAvpepovg), 4.85 (OCH,, s, 2H
tpy), 6.3-7.2 (CaH, m, 8H tpy), 7.62 (CaH, s, 4H tpy), 8.48 ppm (Ca,H, s, 6H tpy).

XovvOeon ovpumoiopepdv Tomov AB mov mepiEyovv povddeg TPUTLPLIIVIIG Kol PAovopEVioy, NEGE
molvovpnokvoong (P3)

e o Tpo&npapévn ceapikn elaAn tov 5 mL, epodiacuévn pe kdbeto yoktipa, dafifoctikd
Ar kot payvntikd avoadevmpa mpootifevior 0.050 g (0.111 pmol) tov moivpepovg P1’kor peydin
nepiooeta Beovoro yAwpidiov (SOCI,) (1 mL, 13.7 mmol). To chomua anaepLdVETOL, TANPDOVETOL e
Ar xon PuBiletar oe ghadAovtpo, otovg 80 °C ywr 24 @pec. ‘Emerta, 1o ddhvpa g aviidpaong
CLUUTVKVOVETOL pPEYPL ENpov, TO oTePed TOL OMOWEVEL Kpateitar LRO odpavels ocuvOfkeg Kot

ypnoyomoteitol anevbeiog 6NV avTidpooT TOAVGLUTOKVMOGNG.
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2m oeuptkny AN g mponyoduevns avtidopaong mpootifevtor 7.6 mg (0.116 pmol) g
S1oAng eAovopeviov (Zynpa 4.4.1), 6 uL (0.444 pmol) Et;N kot 2 mL aneotaypévon diylmpo-aibaviov.
To piypa tg avrtidpaong OBeppaivetor oe reflux yw 2 pépeg. ‘Emerta yoyxetor oe Oeppokpacio
nepiParrovtog, katapubiletar oe €dvio, dinbeiton ko ekmAévetar pe MeOH wot 10 mL THF yio v
amopdkpuven G S10ANS PAOLOPEVIOL Kot TV PN avTOp®VTOV 0Avcidwv tpuupdivne, avtictoya. To
TeMKO oteped Enpaivetor vTd VYNAO Kevd otovg 45 °C. Anddoon: 40 mg (69.5 %).
'H NMR (CDCl;): 0.88 (CH3, s, 6H fluorene), 1.30 (CH,, s, 2H tpy ko 4H fluorine), 1.90 (CH,, s, 6H),
2.30 (CH, s, 1H) 4.95 (Ca; O-CH,, s, 2H ptpy kou 2H ekxivnt ptpy), 6,40-7.30 (CaH, broad, 14H ptpy
kot 12H fluorine), 7.41 (CaH, d, 4H fluorine), 7.53 (CaH, m, 2H fluorene). 7.74 (CaH, s, 4H ptpy),
8.02 (CaH, s, 1H exkivntn ptpy), 8.58 (CaH, s, 6H ptpy),12.02 (s, teppatikéc opdadeg COOH) ppm.

20vOgon Tov povopugpovg TpuTLPLdivig 8

Ye o mpolnpapévn opailptkn @dAn tov 100 mL, spodiacpévn pe kdBeto yoktpa,
dwPfacticd Ar kot payvntikd avadevtipa mpootifevral 0.200 g (0.497 mmol) tov 6, 0.136 g (0.646
mmol) tov 7, 0.326 g (2.35 mmol) K,CO;, 0.025g (0.095 mmol) 18-Crown-6 kot 30 mL andivng
aketovng. To piypo tng avtidpoaong amoepidveral, TAnpmdvetol pe Ar kot Oepuaivetar oe reflux yio 3
pépec. Xt ovvéyeta, apnvetor va yoydel oe Beppokpacio tepipdirovtog kot dmbeitar. To Aevkd oteped
(éAag) dmbeiton kKo exmAéveron emavelnupéva pe axetdévn (2 x 50 mL), THF (2 x 50 mL) ko CHCI; (2
x 50 mL). To dmBApato GLYKEVIPOVOVIOL Kol CUUTLKV@OVOVTOL pExpt Enpov. 'Emeita 10 o1eped
vroreppa petapépeton pécw H,O, dinbeitor kot ekmdévetan pe mepicoeio HO, 150 mL MeOH «ot 50
mL DEE yio thv amopdikpuven g mepiocelag tov 6, kat Enpaiveror vd vynd kevd otoug 45 ° °C, ya
24 dpec. Amodoon: 0.15 g (60 %).
"H NMR (CDCLy): 5.44 (O-CH, s, 2H), 7.36 (CaH, dd, 4H tpy), 7.60 (CxH, d, 2H tpy), 7.87 (CoH, m,
4H tpy),7.91 (CaH, d, 2H tpy), 8.32 (CaH, s, Ca, 1H), 8.67 (CaH, d, 2H tpy), 8.73 ppm (CxH, s, 4H

tpy).

YovOeon Tov pedvieotepa TG PovOr0 -2,27:6 7,27 ~TpuTvpdivyg (12)

Xe mpoEnpapévn ceopik] eriAn tov 100 mL, epodiacpévn pe kédbeto yoktipa, dafifoctikd
Ar kot poyvntikd avadegvtipo mpootifevior 2 g (6.180 mmol) g 4’-(uebvi-@awvodr) -2,27:67,27'-
tpumoupdivng 10, 2.93 g (18.55 mmol) KMnO,, 20 mL mopdivng xor 10 mL H,O. To piypa g
avtidpaong amaeplovetal, mAnpovetor pe Ar kot Bgppaivetoar otovg 100 °C yuo 24 dpec. ‘Emetta,
npootifevrar 2.33 g (18.55 mmol) Na,SO; vy e€ovdetépwon tov KMnO,4. Akolovbel duinon kot
eKTAVGEL TOL 6Tepeol pe S0 mL wopdivng. Ta dOMLoTe CLUTLKVAOVOVTOL KOt TO OTEPED TOL ATOUEVEL
npootifetal oe opapiky eudn pe 80 mL EtOH, 20 mL H,O xou Oeppaiverar oe reflux. Meta v
mpoctnkn 1.5 mL HCI 37% w/w. oynuotilovtot Aevkol kpOhoToAhot, ot omtoiot dnbovdvral, TAévovTal e
nepiooeta vepod Kot Enpaivovral vtd VYNAS kevd otovg 60 °C. Arddoon: 1.100g (50 %).
"H NMR (DMSO-dg) tov 11: 7.54 (CAH, t, 2H), 8.05 (CH, m, 4H), 8.14 (C,H, d, 2H), 8.68 (C,H,
d, 2H), 8.76 (CaH, s, 4H)
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Eoteponoinon tov 11

Ye o mpo&npapévn ceopikn @A tov 50 mL, spodwopévn pe kabeto yoktpa,
dwPfipactikd Ar kot poyvntikd avadevtipa tpoatifevrar 0.50 g (1.410 mmol) tov 11, 15 mL MeOH ot
0.06 mL (1.05 mmol) H,SOy. To piypa g avtidpacns anoepidveral, TAnpavetal pue Ar kot Bgppaiveton
otovg 70 °C yuo 24 wpeg. AxorovBet anopdipovor g MeOH pe cupmdkvmon kot To oteped Tov PEVEL
mapaiapPdvetor pe ) Pondela vepov, dinbeitor Kot ekmiévetal pe mepicosio Bepprov vepod Yo TNV
amopdkpoven tov HySO,. Téhog, éxkndévetan pe DEE kot Enpaivetor vid vynid kevd. Anddoon 0.30 g
(58 %).
"H NMR(CDCl,): 3.95 (COO-CHj, s, 3H), 7.36 (CaH, m, 4H tpy), 7.87 (CaH, t, 2H tpy), 7.96 (CaH,
d, 2H tpy), 8.17 (CaH, d, 2H), 8.65 (Ca,H, d, 2H tpy), 8.74 ppm (CaH, m, 4H tpy).

XvvOeon Tov Tolvpepikov dr-cvpumrokov C1

e mpo&npapévn ceopikn eriAn tov 100 mL, epodiacpévn e kédBeto yoktipa, Stafifoctikd
Ar kot poayvntikd avadegvtipa tpootifevrar 0.050 g (0.113 mmol) tov vdpoivpévov moivpepovg Pl,
0.209 g (0.211 mmol) tov povoovumrokov tpy/Ru(lll) (5), kot 30 mL evdg piypatog anestoypévou
THF/ardéAvtng EtOH (4/1). Xt cuvéyela axorovBel Oéppaveon og reflux, vwd atpodceatpa Ar yuo 2 dpeg.
Metd and yo&n tov ocvomuatog pe T Ponbeln maydAovtpov, mpootiBeviar 5 otaydvec N-
afvlopopoiiving kot to piypo g avtidpacng aenveror il og reflux yio 6 pépeg. Axorovbwmg,
apnvetar va youyxBel oe Beppokpacio meptBdiioviog kot To Pabv koOkKvo ddAvpe onbeitan amd yn
STOU®V, Y10 TV OTOUAKPLVOT) TV adIAVTOV Tapampoidvtov. AkoiovBovv nivcelg pe THF (80 mL)
kot CH;CN (100 mL). O 6ykog tov S1aAdT) GUUTVKVOVETOL PE EEATIION VIO KEVO KOL TO OIIOUEVOV
oteped dadvetar oe 8 mL CHCI; ko dwaoneipetan og dtdAvpa 100 mL MeOH/H,0 (10/1), mov mepiéyet
0.400 g (2.45 mmol) NH4PF¢ dote va emrevybei 1ovro-avtaiiayn tov Cl pe PFyg. Avti 1 diepyacia €xet
®G AMOTEAEGLO TV KOTOPOOIGT TOL GLUTAOKOV HE TNV HOPPT| KOKKIVOL GTEPEOD, TO omoio dinbeitot Kot
exmAévetor pe EtOH, omovicpévo vepd kot tohovoito. To emBountd molvpepwkd cvumioko C1
Aappaveton pe dihoon oe S mL CH3CN, d10non o Kotakpdtnon toxdv Tepiccelag tov 5, katafvoion
o€ €avio (100 mL) kot ENpavon vd vYNAd kevd otovg 40 °C. Ardédoon: 110 mg (60 %).
'"H NMR (DMSO-d¢) 6tove 100 °C 110 to C1: 0.86 (CH3, s, 3H), 1.27 (CH, CH;, m, 34H), 1.43 (CH,,
s, 4H), 1.72 (CHa, s, 5H), 4.00 (OCH,, s, 4H), 5.23 (C,,CH,0, m, 6H), 6.46 (CH, s, 1H), 6.66 (C,H,
s, 2H), 7.00-7.50 (CaH, m, 16H tpy, 6H exkivnt), 7.96 (CaH, m, 4H), 8.2 (CH, s, 1H exxivnrn), 8.34
(CaH, m, 4H), 8.98 (CsH, s, 4H), 9.29 ppm (Ca,H, s, 4H).

XvvOeon Tov Torvpepikoy dr-cvpumTiokov C2

Ye o mpofnpapévn oealptkn @An tov 100 mL, spodiacpévn pe kdébeto yoktpa,
SwPiPacticd Ar kot payvntikd avadevtipa tpootibevron 0.040 g (7.63 umol) tov cvpmoivpepovg P3,
0.120 g (0.121 mmol) tov povocvumidkov tpy/Ru(Ill) (5), kot 30 mL evog piypoatog anestoypuévou
THF/améAvtng EtOH (4/1). AxoiovBet Béppavon oe reflux, vid atpdceapa Ar yo 2 opeg. ‘Ensra, kot
petd amd Wo&n tov ocvotiuotog pe T Pondeln maydlovtpov, mpootifevioaw S5 otaydveg N-
atBvAopopeoAivng kat to piypo g avrtidopaong aenvetal wdAl o reflux yio 6 pépeg. X cvvéyela,

apnvetar va yoylel oe Beppoxpacia mepPariovtog, kot to Babv koékkvo Sidivpa dmbeitar omd yn
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STOU®VY, Yo TNV ATORAKPUVOT TOV aSIAVTOV TapampoidvTov Kot akoiovBovv mivcelg pe THF (80
mL) kot CH;CN (100 mL). O 6yKx0g Tov S10A0TI GUUTVKVOVETOL Le EEATIION VIO KEVO KOl TO OTOUEVOV
oteped daivetor oe 8 mL CHCI; ko dwacmeipetar og didlopo 100 mL MeOH/H,0 (10/1) mov mepiéyet
0.400 g (2.45 mmol) NH,PF¢ ®ote va enttevyBei 1ovio-avtaiiayn tov Cl pe PFg. Avti 1 diepyacio €yt
®¢ anotéheopa TV Katafobion Tov GUUTAOKOL HE TNV HOPEN KOKKLVOU-KOQE GTEPEOV, TO Omoio
dmOBeitan ko exmAéveron pe EtOH kot amioviopévo vepd. To embBountd molvpepkd cdumioko C2
Aappaveron pe dthvon oe S mL CH3CN, d1r0non o Katakpdnon toxdv tepiccelag tov 5, katafvdion
oe €avio (100 mL) ko ENpaven vd vynAd kevd otovg 40 °C. Anddoon: 110 mg (60 %).

'"H NMR _(DMSO-d,) otovg 100 °C ywo o C2: 0.84 (CHs, s, 6H ptpy xar 6H fluorene), 1.26 (CH,,
broad, 32H ptpy kot 16H fluorene), 1.42 (CH,, s, 4H), 1.69 (CH,, t, 6H ptpy kot 4H fluorene), 3.99 (O-
CH,, s, 4H ptpy), 5.25 (Car O-CH,, m, 6H ptpy), 6.43 (CsH, s, 1H), 6.64 (CsH, s, 2H), 7.00-7.50
(CaH, m, 22H ptpy, 22H fluorene), 7.96 (CaH, m, 4H ptpy), 8.17 (CaH, m, 4H ptpy), 8.39 (CsH, m,
4H ptpy), 9.04 (Ca.H, s, 4H ptpy), 9.34 ppm (CxH, s, 4H ptpy).

XvOeon Tov povopepkov dt-coprlokov C3

Ye o mpo&npapévn oealptkn @An tov 100 mL, epodiacpuévn pe kdbeto yokmpa,
dwPipactikd Ar kot payvntikd avadevtipa mpoctifevral 0.050 g (0.099 mmol) tov 8, 0.137 g (0.138
mmol) tov povosvpmriokov tpy/Ru(Ill) (5), xar 30 mL evog piypotog ameotoypévovr THF/amdivng
EtOH (4/1). X1t ovvéyeia axoAiovBel Béppavon oe reflux, vid atpodceapa Ar yuo 2 opeg. Metd and
yo&n Tov cvotpatog pe T Ponbela TaydAovtpov, mpootibevtotl 5 otaydveg N-cBvlopopeoiivng Kot to
plyno g ovtidpaong aenvetar midt oe reflux yu 6 pépeg. Axorovbwg, agnvetar va yoydel oe
Oeppoxpacio mepiPdiiovtoc kot to Pobd koOkKivo OStdAvpa dmbeitor amd yn SaTOp®V, Yoo TNV
amopdkpuvon Tev adtdAvtev taparpoidviov. Akolovbodv mivoeg pe THF (80 mL) kow CH;CN (100
mL). O 6yK0g Tov SLOAVTI GUUTVKVAOVETOL e EEATIION VIO KEVO KOl TO OTOUEVOV OTEPED OLOADETAL O 8
mL CHCI; kot daoneipetan og didiopo 100 mL MeOH/H,0 (10/1), mwov mepiéyet 0.400 g (2.45 mmol)
NH4PF¢ date va emitevydei 1ovro-aviorihayn tov Cl” pe PFg. Avti ) diepyacio xel @¢ anotéleopo T
Katafvion Tov GLUTAOKOVL pe TNV LOPPT| KOKKIVOL 6TEPEOD, TO omtoio dmBeital kan exmAéveron pe EtOH
Kot anoviopévo vepd. To emBountd dt-cvpmioxo C2 AapPavetor pe ddAvon oe 5 mL CH;CN, dmOnon
Y Katakpatnon toxov mepicoeag tov 5, katafvdion o e&dvio (100 mL) ko Efpavon ved vynid Kevod
otovg 40 °C. Anddoon: 50 mg (30 %).
'"H NMR (DMSO-dg) otovg 100 °C ywa to C3: 0.86 (CH;, s, 6H tpy), 1.27 (CH, CH3, m, 34H), 1.43
(CHy, s, 4H), 1.72 (CHy, s, 5H), 4.00 (O-CH,, s, 4H), 5.23 (Ca, O-CH,, m, 4H), 6.46 (CaH, s, 1H), 6.66
(CaH, s, 2H), 7.00-7.50 (CoH, m, 16H tpy), 7.96 (C5H, m, 4H), 8.04 (CoH, s, 2H),8.42 (C5H, m,
4H), 9.08 (CaH, s, 4H), 9.29 ppm (CH, s, 4H).

XHvOeon Tov pHovopEPIKov d-cuopmidkov C4

Ye o mpolnpapévn oealptkn @dAn tov 100 mL, spodiacpévn pe kdbeto yoktpa,
SwPfpactikd Ar kot poyvntikd avadevtipo mpootiBevratl 0.050 g (0.099 mmol) tov 11, 0.137 g (0.138
mmol) Tov povoocvuridkov tpy/Ru(Ill) (5) ko 30 mL evdg piypoatog CHCL/amdivtng EtOH (4/1), ko
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akolovBel Béppavon oe reflux, vmd otpodceapa Ar yu 2 dpec. ‘Emerta, kot petd amd yoén tov
GLOTHHOTOG [E TN Pondela maydrlovtpov, Tpootifeviar 5 otoydveg N-atBvAopop@oiivng kot To piypa
g avtidpoong apnvetot wdAl og reflux yio 6 pépeg. Lt cvvéyela, apnvetot vo Yyoydei o Beprokpacio
nmepPaiioviog Kot o Pabv kokkvo Sdhvpa dmbeital and yn STOR®VY, Yo TNV OTOUAKPLVOT TMV
adtdAvtov mapanpoidvtov. AkorovBovv tivoelg pe THF (80 mL) xor CH;CN (100 mL). O dykog tov
S0t ovpmukvavetal pe eEdTiion vd Kevo, Kot To anopévov oteped dlaAvetal o 8 mL CHCl; ko
dworneiperal o dtdivpo 100 mL MeOH/H,0 (10/1) mov mepiéyet 0.400 g (2.45 mmol) NH4PF4 dote va
emevydei wvrto-avrorrayn tov Cl” pe PFs. Avt n diepyaoia €xel og anotédespa v katafvdion tov
GUUTAOKOV LE TNV HOpeY KOKKIVOL o©Tepeol, To omoio dmbeiton ko exmAéveron pe EtOH ko
amovicpévo vepo. To emBountod di-coumioko C3 Aappdveron pe didAvon oe 5 mL CH;CN, dmbnon yw
KOTOKPATNOT TUYOV mepiooelag Tov 5, katafvbion oe eEdvio (100 mL) ko ERpavon vd vyniod Kevd
010G 40 °C. Amtddoon: 50 mg (30 %).

"H NMR (DMSO-d) otovg 100 °C yi0. t0 C4: 0.85 (CH3, t, 6H), 1.26 (CH, CH;, m, 34H), 1.42 (CH,,
m, 4H), 1.73 (CH,, m, 5H), 3.99 (CH;-O, t, 4H), 5.25 (Ar CH,-O, s, 4H), 6.46 (CsH, s, 1H), 6.67
(CaH, d, 2H), 7.27 (CaH, q, 4H), 7.36 (CsH, d, 2H), 7.52 (CsH, d, 2H), 8.05 (CsH, q, 4H), 8.28
(CaH, d, 2H), 8.38 (CaH, d, 2H), 8.45 (C4H, d, 2H), 9.04 (C4,H, dd, 4H), 9.40 ppm(Cs,H, two s, 4H).

2vvOBeon Tov Brvorikov povo-cupmriokov 9

Ye o mpo&npapévn ceoplkn QAN tov 50 mL, epodwwopévn pe kaBeTo Wuktipa,
SwPfpactikd Ar kot payvntikd avadevtipa mpoctifevtal 0.500 g (1.130 mmol) Tov 3, 0.282 g (1.36
mmol) tov RuCl;xH,0, kot éva piypoa 30 mL EtOH/THF (2/1). £ cvvéyela, to piypo g avtidpacng
Beppaivetar otovg 85 °C yuo 3 pépec. ‘Emetra to S1dhvpo cupmukvavetot LExpt Enpov, LeTapEPETL e TN
Bonbeio EtOH 95 %, dmbeiton, exmiéverar pe 40 mL EtOH 95 %, 150 mL H,O, 50 mL DEE xo
Enpaivetat vird vYMAO kevo atovg S0 °C. Anddoon: 0.675 g (92 %).
ddaopa armoppopnong oe CHCl;: 416 kot 290 nm.
Ytoygewkn ovaivon tov Ci;oH,3CLN;ORu (648,95) ypnowonoidvrag npdtumo delypo mov mePEyeL
avBpaxa 30% «.p.
Yrohoyiopdg: C30Hp;CI3N;ORu C 55.52; H 3.57; N 6.48
Métpnon: C 55.87; H 3.98; N 6.28

XvvOeon Tov Prvorikod povopepikov dr-copumwiokov 13

Ye o mpofnpapévn oealptkn @An tov 100 mL, spodiacuévn pe kdbeto yoktpa,
SwPiPacticd Ar kot poyvntikd avedevtipa tpootibevrar 0.150 g (0.231 mmol) tov 9, 0.071 g (0.193
mmol) tov 12, koar 45 mL evog piypatog CHCly/amoivmg EtOH (3/1). Zn ovvéyewn axorovBel
0éppovon oe reflux, vod atpocEapa Ar yuo 2 ®pes. ‘Emetta kot petd amd yocn Tov GUGTAHRATOC LE TN
Bonbelo. maydrovtpov, mpootifeviar 5 otaydveg N-aivAopopeoAivng kot 1o piypo TG avtiopoong
apnvetot TaA o€ reflux yio 6 pépec. Akolovbmg, apnvetar vo yoybel ce Beppokpocio meptBAAAovTog
kot to Pobd KoKKivo SwAvpa dmbeitor amd yn STOH®V, YO TNV OTOUAKPLVGT TOV AdGALT®V
mapanpoiovtov. AkorovBodv mhvoelg pe THF (80 mL) xoar CH;CN (100 mL). O 6ykog tov dtaddtn

CLUUTLVKVOVETOL He €EATIUON VIO KeVO Kol TO amopévov oteped dwodvetor o 8 mL CHCly ko
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Sdwomeipetar og ddAvpa 100 mL MeOH/H,0 (10/10 mov mepiéyet 1.200 g (7.36 mmol) NH4PF¢ dote va
emtevyOel wovro-avtodrayn tov Cl pe PFg. Avt) n diepyacia £yl og omotédecpa Ty Kotof00ion Tov
BvoAikod S1-CUUTAOKOD pE TNV LOPPT KOKKIVOL GTEPEOD, TO 0omoio dnbeitan kau ekmAéveton pe EtOH
Kot amioviopévo vepd. To emtBountd morvpepikd cvopmroko 13 happavetor pe didlvon oe 5 mL CH;CN,
dmOnon yuw Katakpdnorn toyov mepicoelag tov 9, katafvbion o e&avio (100 mL) ko Enpaven vrd
wynAod kevo otovg 40 °C. Anddoon: 50 mg (22 %).

'H NMR (DMSO-dy) yio 1o 13: 3.93 (O-CHs, s, 3H), 5.34 (Ar CH,-O, s, 2H), 5.91 (d, 1H-vinyl),
6.21(d, 1H-vinyl), 6.78 (dd, 1H-vinyl), 7.28-7.62 (CaH, m, 16H), 8.04 (CsH, m, 4H), 8.35 (CaH, 2d,
2H), 8.54 (CaH, m, 2H), 9.05 (Ca,H, m, 4H), 9.45 ppm (CaH, d, 4H).

XovOeon opo- Kol copTolvopep®v pécm ehevbipmv priav (FRP) tov 13.

e o Tpo&npapévn ceatptkt] euaAn tov 5 mL, spodiacuévn pe Stafifactikd Ar Kot poyvntikd
avadevtnpa mpootiBevtor 0.150 g (0.125 mmol) tov 13, 3 mg (18.27 umol) AIBN, kot 2.5 mL DMF.
Axolovbei Béppavon otovg 110 °C, vd atpdécseapa Ar yio 5 pépec. ‘Emetta kot petd and yoén tov
oLOTHHOTOG akoAoVOEl katafvbion oe vepo. I'a ta cupmodvpept| pe ToAv(aBvAevoeidio) akoiovbeitat
mapopotlo dadikacio, tpocshitovtag kdbe @opd, TG avarloyes mOGOTNTEG TOV PvuAlkod HOVOUEPOVS
moAv(oreBuievoteidon), dote va emtevyBodv ot embBountéc cvotdoeic. H xatafvbion oe vty v
nepintoon yivetar og dtabviaBépa. To didivpa 6mov £yve 1 kotofodion aprnvetot otovg 0 °C yo 24
opeg Kot petd dinbeiton ko ekmiévetan pe MeOH. Ta tedikd mpoidvta mepEyovy LG0T TEPIGOELN

Bwoulik®dv povopepdv, OTdTE XPTCLOTOLOVVTOL TNV EXOUEVT AVTIOPAGCT) VIPOAVONC WG £XOVV.

Yop6ivon TOV E6TEPIKAOY AKPOV TOV TOAVPEPIKDY d-copmiokov F1, F2

Ye o mpo&npapévn oeaptkn euain tov 50 mL, spodacuévn pe SwPifoactikd Ar Kot
poyvntikd avadevtipa wpootifevtar ta cvpmioka F1 1 F2, 15 mL DMF, 5 mL tpioneboiapivny kot
akolovBel Bépuavon otovg 140 °C, vrd atpoceapa Ar yo 4 pépeg. ‘Emetta, kot petd omd yoEn tov
GLOTHHOTOG, akoAovOel katafudion oe 20mAdoio 6yko vepoL Yo o F1 kot DEE yw 1o F2. AkolovBotv
exmvoelg pe MeOH kot DEE kot Enpaven otovg 50 °C vtd vynio kevo.
'H NMR (DMSO-dg) 60 °C y1a 10 F1: 5.32 (Ar CH,-O, s, 2H), 7.21-7.62 (CoH, m, 10H), 8.06 (C,H,
s, 2H), 8.29 (CaH, s, 4H), 8.43 (CaH, s, 2H), 8.54 (CaH, s, 2H), 9.10 (CaH, s, 4H), 9.43 (CaH, s,
4H)9.52 ppm (Ca,H, d, 4H).
'"H NMR (DMSO-dg) 60 °C yra 70 F2: 3.48 (m, 4H tov VB-PEO xou 3H tov O-CHj3 dxpov tov), 5.32
(Ar CH,-O, s, 2H), 7.21-7.62 (CaH, m, 10H ot 4H tov VB-PEO ), 8.06 (CaH, s, 2H), 8.29 (Ca,H, s,
4H), 8.43 (CaH, s, 2H), 8.54 (CaH, s, 2H), 9.10 (Ca,H, s, 4H), 9.43 (CaH, s, 4H)9.52 ppm (CaH, d,
4H).

XHvOeon TV ToAUEPIKAV dt-cvumidokmy D1, D2 ko D3.

e mpoénpapévn ceotpkn eain tov 100 ml, epodracpévn pe kabeto yoktpa, dafiPacticd
Ar kot poyvntikd avodevtpa tpootifevtat 0.070 g (0.158 mmol) tov moAvpepovg P1 ko 0.166 g (0.237
mmol) tov povoosvurioxov tpy/Ru(lll) (R1), 11 0.235 g (0.237 mmol) tov povocvumidkov tpy/Ru(Ill)
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(R2), 7 0.278 g (0.237 mmol) tov povoovumiokov tpy/Ru(Ill) (R3) wxor 30 mL piypotog
CHCls/amoAvtng EtOH 3/1 ywo ta D1, D3 ) 30 mL piypatog aneotaypévov THF/andivg EtOH 3/1 yu
10 D2, ko1 ot cvvéyela axorovbel Oépuavon oe reflux, vd aTpdoEapa Ar yuo 2 dpeg. Metd amd yoén
TOV GLOTNATOG [E TN PorBeta Taydhovtpov Tpootifeviat 5 otaydveg N-avAopopPoAivng Kot To piypo
g avtidpaong aenvetar wiAl og reflux yio 6 pépeg. AxorovBmc, 10 Pabd kdkKvo SidAvpa 7oL
mpokvntel dmbeitor and yn dwatdpmv (Celite 545), yio TNV KATokpdTnon TOV AdIGAVTOV UETOAAK®V
TAPATPOIOVTAOV Kot okoAovBohv exkmAvcelg g yng datdpwv pe THF (80 mL) kow CH;CN (100 mL)
TNV avAKTNon Tov Tpoidvtog. O 6ykog Tmv dmnudtov coumvkvavetol pe e&dton vnd Keve Kat To
amopévev Pabld kokkvo oteped emavadtarvetal oe 8 mL CHCI;. 'Enerta dwoneipetor o didiopa 100
mL MeOH/H,0 10/1 mov mepiéyet 0.400 g (2.45 mmol) NH4PF¢ dote vo enttevydei 1ovto-avtaiiayn tov
wvtov ClI' pe w6vta PFs. Avt n depyacio €xet o¢ amotélecpa ) petaforn ot dwAvtdtnro Tov
TPOo1dVTOG Kot TV KaTafvdior] Tov pe TV Hopen AETTOKOKKOL KOKKIVOU GTEPEOV, TO omoio dmBeitan kot
exmAéveton pe MeOH, amoviouévo vepd, n-Hexan kan Enpaivetor og Beppokpocio dopatiov vwd vynio
kevo. To emBountd molvpepwd covopmioxo D1 kaBapiletor mepartépw pe ddivon oe S0mL THE,
dmBnon yw kotokpdrnon tov adidivtov R1, coumokveon kot enavokatafvoion andé CHCIl; oe DEE.
Enpoavon vrd vynAd kevd otovg 45 °C divel to emBountd copmioko D1. Ta molvpepicd copmioka D2
kot D3 kobopilovion pe didAvon oe CH;CN, omfnon yo katakpdtmon tov adwivtov R2 kot R3
avtioTtolya, copmdkvoon kat enavakatapvdion arnd CHCI; og DEE. Efpaven vid vynid kevo otovg 45
°C bivet to emBountd ovumioko D2 kot D3.

Amnddoon: D1 - 90 mg (43 %), D2 - 115 mg (45 %), D3 - 140 mg (49 %).

'"H NMR (DMSO-d¢) 110 T0 D1: 0.85 (CH3, s, 3H), 1.27 (CH, CH3, m, 10H), 1.43 (CH,, s, 2H), 1.79
(CH,, s, 3H), 4.14 (OCH,, s, 2H), 5.30 (Cs,.CH,0, m, 4H), 7.00-7.60 (CAH, m, 16H tpy, 6H ekkwntn),
7.94 (CaH, m, 4H), 8.22 (CaH, s, 1H exkivnt), 8.39 (CaH, m, 4H), 9.06 (CH, s, 4H), 9.39 ppm
(CaH, s, 4H).

"H NMR (DMSO-dq) yio To D2: 0.86 (CHs, s, 3H), 1.27 (CH, CH3, m, 34H), 1.43 (CH,, s, 4H), 1.72
(CH,, s, 5H), 4.00 (OCHy, s, 4H), 5.23 (C5,CH,0, m, 6H), 6.46 (CH, s, 1H), 6.66 (CaH, s, 2H), 7.00-
7.50 (CaH, m, 16H tpy, 6H ekxivnrn), 7.96 (CaH, m, 4H), 8.2 (CaH, s, 1H exkivnt), 8.34 (CaH, m,
4H), 8.98 (CH, s, 4H), 9.29 ppm (CaH, s, 4H).

"H NMR (DMSO-d) yia 10 D3: 0.83 (CHj, s, 6H), 1.24 (CH, CHs, m, 34H), 1.41 (CH,, s, 4H), 1.71
(CH,, s, 5H), 3.90 (OCH,, d, 6H), 5.17 (m, 6H), 6.77 (CaH, s, 2H), 7.00-7.50 (Cs,H, m, 16H tpy, 6H
exkivnt), 7.91 (CaH, m, 4H), 8.30 (CsH, s, 1H exkivnt), 8.34 (CaH, m, 4H), 8.96 (C4H, s, 4H),
9.29 ppm (CuH, s, 4H).

Avtoiroyn TOV avtictafpioTikav 1Wvtev PFg pe SDS (6mdekvio 60VAPOVIKO VATPLO) GTA
ooumioka D1, D2 kon D3.

AxolovBeiton 1 1010 depyacio mov TEPLYPAPNKE TPONYOLUEVOS LEYPL TO ornueio T dudnong
amd T YN STOU@V. ZTN GUVEXELD, TA SLOADUATA GLUTVKVAVOVTAL Kot eravadtoivovtol og 8 mL CHCl;.
Axolovbei daomopd o MeOH/H,0O 5/1, 6mov €yovv mpootebei 0.450 g (1.56mmol) SDS. Metd amd

Alyn opa apyilovv va oynpatifovrar kokkwvol kpdotorrot. AkorovBel tomrofétnon tov deAvpotog oe
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TayolovTpo Yo 3 dpeg VO avadevon kot Enetta SmBnon. I'a to D1°, axoAovBovv ekmAvcelg pe vepd
Kot pebavodn, Enpavon vmd kevo kot emovadidivon oe THF. Amfnon yw va amopokpuvlel toyxdv
adéAvto R1, exmAdon pe vepd yuo amopdkpuvon tov SDS, ekmivon pe DEE kot Enpaven vwd vynio
Kkevo otoug 45 °C. Ocov apopd ta D2’ kot D3’ akolovBoldv ekmdivcels pe vepd kot pebBavoin, Enpovon
VIO KeVO Kol emavadidivon og akeTovr. Amnon yw va amopokpuvBodv tuyov adidivto R2 kot R3,
EKTAVON e amovicpévo vepd yia amopdkpouvern tov SDS, exnidon pe DEE ywo to D2’ kot pe n-Hexan
vy o D3’ kot ERpaven vd vymAo kevo otovg 45 °C.

Amodoon: D17 - 89 mg (43 %), D2’ - 120 mg (47 %), D3’ - 168 mg (59 %).

'H NMR (DMSO-dg) 11a t0 D1’: 0.78 (CHs, s, 3H SDS), 0.85 (CH3, s, 3H), 1.15 (CH, CH3, m, 18H
SDS), 1.27 (CH, CH;, m, 10H), 1.43 (CHy, s, 2H kot 2H SDS), 1.79 (CH,, s, 3H), 3.66 (OCH,, s, 2H
SDS), 4.14 (OCH,, s, 2H), 5.30 (CA,.CH,0, m, 4H), 7.00-7.60 (CsH, m, 16H tpy, 6H exxwnty), 7.94
(CaH, m, 4H), 8.22 (CaH, s, 1H exkwvntn), 8.39 (CaH, m, 4H), 9.06 (CaH, s, 4H), 9.39 ppm (CxH, s,
4H).

"H NMR (DMSO-dg) y1e To D2°: 0.86 (CHs, s, 3H tov P1 kot 3H tov SDS), 1.27 (CH, CH;, m, 34H
kot 18H SDS), 1.43 (CHo, s, 4H xou 2H SDS), 1.72 (CH,, s, 5H), 3.66 (OCH,, s, 2H SDS), 4.00 (OCH,,
s, 4H), 5.23 (Ca.CH,0, m, 6H), 6.46 (CsH, s, 1H), 6.66 (CaH, s, 2H), 7.00-7.50 (CsH, m, 16H tpy, 6H
exkivnt), 7.96 (CaH, m, 4H), 8.2 (CaH, s, 1H exkivntn), 8.34 (CaH, m, 4H), 8.98 (CaH, s, 4H), 9.29
ppm (CaH, s, 4H).

'H NMR (DMSO-dy) 110 t0 D3’: 0.83 (CHs, s, 6H), 1.15 (CH, CHs, m, 18H SDS), 1.24 (CH, CH;, m,
34H), 1.41 (CH,, s, 4H wou 2H SDS), 1.71 (CH,, s, 5SH), 3.63 (OCH,, s, 2H SDS),3.90 (OCH,, d, 6H),
5.17 (m, 6H), 6.77 (CsH, s, 2H), 7.00-7.50 (CaH, m, 16H tpy, 6H exkwvntm), 7.91 (CaH, m, 4H), 8.30
(CaH, s, 1H exkivnen), 8.34 (CaH, m, 4H), 8.96 (CaH, s, 4H), 9.29 ppm (C4H, s, 4H).
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Evotnra 2:

XovOeon g 2-TprfovTvrocTavvvromvprdivig (2)

e mpo&npopévn Tpidaiun oealptkn eLaAn, oty onoio &yl TonobeOel ecwtepikd BeppuopeTpo,
GTOYOVOUETPIKO ywVi pe septum, kdBetog yoktpog pe Soffactikd Ar Kot HoyvnTikog ovadenTPog
mpootifevtar 8.49 g (52 mL, 53.8 mmol) 2-Bpopomvpdivng. AxoiovBel mpoobikn 50 mL
amECTOYIEVOD  dlonBvAaBépo HEC® TOL GTAYOVOUETPIKOL y®vioh. To JidAvpe mov TPoEkvye
OTOEPIOVETAL KOl TANPDVETOL P AT (TPELG KOKAOL KEVOV-Ar). 10 Y®Vvi mpoatifetar n-BuLi (didivpa 1.6
N o¢g €&avio, 42 mL, 67.24 mmol). To cvoTpa Yoyetor otovg -78 °C pe m Pondeta Aovtpov abavoing
Kot vypov almtov, To n-BuLi mpootiBetar otdydnv (n didpkelo mpoochning frav mepinov 30 Aemtd) Ko
To piypa g avtidpaong ovveyilel va avadedetar yia 2 dpeg otous -75 £o¢ -80 °C. AkolovBel otdrydnv
TPocnk, LEG® TOL GTOYOVOUETPLKOV Ywviov, 18.24 mL (67.24 mmol) tpiovtvioctavvuroyimpidiov
(dwdpkewa mpoobnkng mepimov 30 Aemtd). [Mopotmpodpe OTL evd mPwV amd TNV TPOGHNKN TOL
avTIOPAGTNPIOL TO YPDUO TOL SLOAVUATOC NTOV KOQE, LETH TO TEPAG TNG TPOGONKNG TO YpdLO YiveTot
Babv koKkkvo. Yotepo amd 3 dpeg otovg -75 €mg -80 °C, 1o piypo g avtidpaong agrvetol vo, Wyoydel
oe Beppoxpoacio mepPdrlovtoc. To ypodpa tov dwwAvporog yivetar mpdowo. Tnv emduevn pépa, ot
Stdvteg ovpmukvdvovtat Kot akolovBel TposBnkn 60 mL anestaypévouv drabvraBépa, avédevon ya
30 Aemtd, OSmbnon tov alwpNpaTog pe TTVY®TO MOUO ot TPoluylopéVn OQOIPIK QLA Kot
amopaKpLUVEN TOL dloADTN pe e&dtuion Vo kKevo. Oleg o1 TapATdve SIEPYACIEG TPAUYILUTOTOIOVVTAL VITO
atpoceapa Ar kot péco oe amaymyd, AOGY® &viovng OLGAPESTNG OCUNG Kol TNG TOEKOTNTAS TOV
avipactpiov kKot T@v mpoidvtov. To teMkd mpoidv ypnoyomoteiton oto emnduevo Prua ympig

nepartépe Kobaptopd. Amodoon: 27 g (152 %, Aoym akabopoidv).

Yovleon g S-ppopo-2,2 -durvprdivng (4)

Ye mpolnpapévn  povoralun COOPIKY  QIAN, oty omoia £xet Tomofetnfel kdabetTal
GTOYOVOUETPIKO YVi, Slafifactikd Ar Kot payvntikdg avodevtpog tpootifevratl 14.34 g (60.52 mmol)
2,5-81Bpopomupdivng kot 1.397 g (1.21 mmol) kotodd TETPAKIG(TPLPAVOAOPOGPLVO)TaAAGS0. H
OLIAN OTTOEPLDOVETOL Kot TANPOVETOL Pe AT (TpEg KOKAOL KEVOU-AT). XTNV GQAIPIKN PLAAT, TOV TEPLEXEL
ta 27 g (max 17.82 g, 48.41 mmol) 2-tpiovtvioctavvoronvpdiving 2, tpootifevtar 100 mL dvvdpov
EvAdoliov kot akorovbel anagpimon “bubling” otov 0yKko ToL dtaAdpaTOg e Ar Yo 1 dpa. To diddlvpa
VTG, UETAPEPETUL TNV QLIAN TG OVTIOPACNS HECM TOL GTOYOVOUETPLIKOD, VIO OTHOGPALPE AT Kot
apyiler n otéydnv mpocOnkmn tov. XN cvvéyela, To piypa g avtidpaong Bepuaivetot Yo 45 dpeg oTOVG
120 °C, vnd atudéceapa Ar. Evd apyicd 1o ypdpo tov StoAdpatog Ntav Koeé, petd amd 12 opeg
0éppovong yivetatl povpo. Metd amd avBopunt wHén ot Beppokpoacio nepifariovtog, mpootiBevrar 127
mL vdatikov daddpatog NaOH 2M. H opyavikn ototfddo dtoywpiletot Kot eKTAEVETAL [LE OTLOVIGUEVO
vepd (2x40 mL). Metd and ekyviiorn g voatikng otolPadoc pe tohovoio (3x50 mL), ot opyavikég
oTo1Adeg evdvovtol Kol cvpmvukvavovtal. To oteped mov mpokvmtel dStahvetan pe tn Pondea 100 mL
CHCL; kot Enpatveror pe MgSO,4 yio 6 dpeg. O d10A0TNG amopakpuveTol pe eEdtiion vrd kevd Kot To

VROKITPIVO 6TEPED OV TPOKVTTEL ENpaiveTal vid Kevo otovg 45 °C vy 24 dpes. To akatépyasto tpoiov
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kaBapiletor pe ypopotoypagic otning tomov “flash” ypnowonoidvrog silica gel 60 (pore size 0.04-
0.063, 230-400 mesh, ASTM) kot g dtodvtn ékhovong va piypo e€avio:o&ikoc atbviectépag, 6:1 £mg
Kot kaBapd o&ucd abvrectépa. To emBountd mpoidv 4 mopolapfavetorl 6€ LOpPT AEVKNG KPUGTAAAIKNG
oKOVIG, Votepa amd Efpavon otovg 45 °C yia 24 dpeg. Amodoon: 8.18 g (72 %). X.T. 74 °C.

"H NMR (CDCLy): 7.33 (ddd, 1H), 7.82 (td, 1H), 7.94 (dd, 1H), 8.32 (d, 1H), 8.37 (d, 1H) 8.67 (dt, 1H),
8.72 ppm (d, 1H).

BC NMR (CDCL): 120.92, 121.09, 122.29, 123.96, 136.97, 139.45, 149.21, 150.15, 154.58, 155.13

XovOeon g S-(T-frvvro@arvvro)-2,2 -dutvpLdivig (6)

e mpo&npopévn TplAatn ceopikn eLaAn, oty omoia &yel tonobetnBel kdOetoc Woktpag pe
dwPfactikd Ar kot poyvntkdg avodevtnpog mpootifevtar 0.800 g (3.40 mmol) 5-Bpopo-2,2°-
duvpdivng, 0.755 g (5.10 mmol) 4-ctupvrofopovikod o&éog kar 0.147 g (0.130 mmol) kataAdtn
TETPAKIG(TPLOUVLAOPOGOIVO)TaALdd0. H @uidn omoepidveral kot minpovetatr pe Ar (Tpelg KOKAOL
Kkevov-Ar). AxolovBel mposbnkn 70 mL ameotaypévov THF ko 6.37 mL vdatucod dtaddpatog K,CO;
2M, mov &iye Tponyovpévas amo&vuyoveobel kot To piypa g avtidpaong Bepuaivetor péypt reflux yio 72
opeg vnd oTpoceapa Ar. Metd omd ovBopuntn Wo&n TOL GUGTHOTOS, 1) OPYOVIKY oTOlBAda
Swyopiletor kot exmAéveror pe amovicpévo vepd (2x20 mL). AkolovOel exydAion TNg VOATIKNG
otoadog pe CHCl; (3x50 mL), ov opyavikéc otoifadeg evavovtal, Enpaivovtar pe MgSO, kot o
Sodvtng amopakpvveton pe eEdtuon vrd kevo. To vrokitpvo 61eped MOV TPOKVTTEL, AvadevETOL Yo 12
opeg pe e€avio, dmbeitar Kot 0 S1oADTNG Tov dtONOTOG omopakpOveETaL e eEATIIOT VTTO Kevo. Y otepa
and Enpavon otovg 45 °C yuo 24h, maporapfdvetor Aevkd oteped. Me v TOPATAV® KOTEPYAGIQ
EMTVYYAVETOL PEPIKOG KUBUPIoUOS TOL emtBupunTtod Tpoidvtog. QoTt060, 0vTd propel va ypnoiporotndei
010 €MOEVO GTAd0 YWpic Tepartépm kabapiopd. Anddoon: 0.750 g (85 %). Kabapdtmra mov mpokintet
amd 'H NMR:89 %.

Emumhiéov koBapiopdg Tov TpoidvTog EMTUYXAVETOL [LE ¥PNOT YPOHOTOYPAPING GTHANG TOTOV
“flash” pe ypnowonowdvrog silica gel 60 (pore size 0.04-0.063, 230-400 mesh, ASTM). I'a va
gxhovotovv ot akabopacieg ypnoomoteitan dtylwpopeddvio eved yio va ekhovotel to mpoidv Eva piypa
dyhopopedaviov: pebovoing pe mepiektikdmro oe pebavoin omd 5-50 %. To emBopntd mpoiov 6
TapoAapuPlveToar  Pe CLUTOKVOCT TOV  OOALTOV  ©C AEVKO KpLoTOAAKd oteped. Amddoon
ypopotoypapiog 85 %, kabapdtnra and 'H NMR: 100 %.

"H NMR (CDCL): 5.32 (d, 1H), 5.83 (d, 1H), 6.78 (q, 1H), 7.33 (ddd, 1H), 7.53 (d, 2H), 7.63 (d, 2H),
7.84 (td, 1H), 8.03 (dd, 1H), 8.45 (q, 2H), 8.71 (d, 1H) 8.93 ppm (d, 1H).

XovOeon Tov Sy hwpo-015(2,2 -ourvprdivny)-povBnviov(Il), cis-(bpy),RuCl-2H,0 (8)

e po&npapévn LOVOLULUN COULPIKT QLOAT, otV omoia £xel TomoBetnOel KaOeTOg YVKTHPAG pE
Swfpactikd Ar kot poyvntikdg avadevtnpag tpootifevrot 1.00 g (6.40 mmol) 2,2 -6urvpidivng, 0.830 g
(4.00 mmol) RuCl;-3H,0 ot 30 mL onaepropévor DMF. H ¢udAn anagpudveral Kot TAnpodveTol pe Ar
(tpeg kOkAot kevov-Ar). To piypo g avtidpaong Oeppoaivetoar péypt reflux yw 72 dpeg, vnd

atpoceapa Ar. AxolovBel amevbeiog andotoén tov mEPLocOTEPOL GYKOL TOV dlaAdT. To diddvpa
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apnvetat va €pbst avBopunta oe Beppokpacio meptBdiiovioc, akorlovbel mposbnkn 30 mL andiving
akeTovng kot yoén otovg 0 °C ya 24 dpec. Ot padpot kpdoTarrot mov oynpatitoviol GuALEYovTOL e
dmBnon kot ekmAévovtar pe vepd. LTO aKATEPYAOTO MPOIOV NG avtidopaong mpootifevror 125 mL
piynotog HoO/EtOH (1/1) ko akoiovBei Bépuavon péxpt reflux yuo 1 dpa. Xtn ovvéyeto okolovbel
dumbnon, v v anopdkpuven tov adtdAvTeV Topoarpoidvimy, tpoctnkn 15 g LiCl kot avadevon yuo 1
opa. H EtOH eEatpiletar vwd Kevd Kot T0 Topapéveov voatikd dtdivpa yoyetol o€ mayorovtpo. Ot
poavpot kpvotoAdot mov KotaPubilovial, cuAAéyovtal pe O1ONGCT, EKTAEVOVIOL LE OTLOVIGUEVO VEPO
(3x30 mL) kot dtanBvrobépa (3x15 mL) kot Enpaivovral vid vynAd kevo yio 24 dpec. Anddoon: 1.060
g (64 %).

Yroyegokn avdivon tov CroHyN4O,CLRu (520.38) ypnoiomoidvtag mpoTumo Jdetyplor Tov TEPLEXEL
avBpaka 50% «.p.

Ynoloyiotnke: C 46.15, H 3.84, N 10.76, Cl 13.65. Bpébnke: C 46.29, H 3.48, N 10.45. ®ddopa
aroppdenong o EtOH: 510 kot 360 nm.

XvvOeon Tov Prvvrikod cupmidkov povOnviov, [Ru(vbpy)(bpy):l(PF), (9)

Ye o mpoEnpopévn pHovoraiun ceOpky] @dAn, otnv omoio €yel tomobetnOel kdaBetTog
yoktpog pe dafifactikd Ar kot payvntikdg avadevtipog mpootifevror 0.120 g (0.47 mmol) 5-(m-
Bwvlopavvro)-2,2 -imvupdivig (6),0.161 g (0.31 mmol) [cis-(bpy),RuCl,:2H,0] (8) kor 30 mL
aroeptopévng anodivtng EtOH. H ¢uddn amaepidvetor Kot TAnpovetat pe Ar (Tpelg KOKAOL Kevoy-Ar).
To piyno g avtidpaong Oeppaivetar péypt reflux yio 72 mpeg, vad atpdoeupa Ar. To ypodpa Tov
Swdvpotog petafdireTor and pof mov NTav apyikd, o€ kKOKKwo avowktd. To piypo g aviidpaong
apnvetat va Yyoybei oe Beppokpacio meppdirovtog, o dStoddtng amopoakpbvetal pe eEdtiion ved Kevo,
mpootifevtal 45 mL amoviopévov vepod kot akoAovBel SmMbnomn yio TV AmTOUAKPLVOT TV AdAAVT®V
napanpoidvtaov. [Ipochnkn nepicoeiog vooTikoy draAvpotog NH4PF¢ (20 mL) €xet cov amotélecpua tnv
rkatafudion Tov emBuUNTOL GLUTAOKOV, HE TNV HOPEN AEMTOKKOKOVL TOPTOKOAL oTEPE0V. To oTEPED
exmiévetan pe amoviopévo vepd (3x30 mL) ko SwoBviaBépa (3x15 mL) kot Enpaivetor vd VyNAS
Kevo atovg 45 °C, yua 24 dpeg. Amodoon: 0.288 g (93 %).

'H NMR (DMSO-dg): 5.33 (d, 1H), 5.94 (d, 1H), 6.75 (q, 1H), 7.46 (d, 2H), 7.51-7.58 (m, 7H), 7.71-
7.78 (m, 4H), 7.86 (d, 1H), 7.91 (d, 1H), 8.14-8.23 (m, 5H), 8.51 (dt, 1H), 8.79-8.92 ppm (m, 6H).

BC NMR (DMSO-d): 116.57, 124.92, 124.97, 125.05, 125.14, 127.53, 127.61, 128.27, 128.32, 128.46,
134.03, 135.82, 136.12, 138.43, 138.76, 138.88, 148.39, 151.70, 152.16, 152.30, 155.71, 156.82, 156.91,
157.02, 157.12, 157.21 ppm.

ATRP tov Prvvlko0 povopepods bpy 9 pe v ypnolpomoincn SpacTik®OV 10 YPOROPGOP®V
exavnrov L 11 (P1, P2)

Mia mpo&npapévn ceapikn edAn pe poyvntikd avodevtpa, Safifoctikd Ar /kevod kot
elaoTikd Topa (septum) mAnpdvetor pe Ar. 5.72 mg (0.02 mmol) tov exkwvmty I (5-[[4-
(Bpopopetor)Beviur]o&u]Bevio-1,3-0uKkd 0&0) 1 11.95 mg (0.02mmol) tov exkivnm I (mopdywyo tov
dtotupvro avBpokeviov) mpootiBevion oty ELIAY, Tov Tteptexet 5.75 mg (0.04 mmol) CuBr kon 8.4 pulL
(0.04 mmol) PMDETA. To clOotHo OTOEPIOVETOL TPELS POPES Kol TANPAOVETAL €K VEOL pe Ar. Ztn

oLVvE el TPOGTIOEVTOL SLPOPETIKEG TOCHTNTES TOV HOVOLEPOVS 9 Kat amagpimpévo dyebviopoppapidlo
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N axerovirpiho (1.5 mL). H @uiin amoepidvetor ek vEOou Kol TANP®OVETOL Le AT (TPELG KOKAOL KEVOU—
Ar). To piypo g avtidpaong Pubiletan oe ghadrovtpo kot Beppaivetar otovg 110 °C 7 otovg 80 °C,
avtioToya Yo 24 dpeg. Metd and yoén oe Beppoxpacio teptBdiioviog to piypo dinbeitor amd oTMAn
YPOUATOYPOEIOG HiKpoD pnikovg [(4em, d= 6mm) (silica gel 60, 230-400 mesh, ASTM)] ywa v
OATOUAKPVVON TNG LEYOADTEPNG TOGOTNTAG TOV OVEVEPYOD TAEOV KOTOAVTIKOD GupmAokov. To molvpepé
maporapPavetor pe kotapfvbon oe mepicosin MeOH (20midown mepicosia kotd O6yko), dwmBeitan,
exmiéveton pe DEE kot Enpaivetor vmd vynAd kevo, otovg 45 °C, yuo 24 opeg. O kabapiopog tov
emrvyyavetor pe emoavokotofodion ond CH3;CN oe DEE. H avoloyla tov mmol ekkwvnm) I
CuBr:PMDETA etvan 1:2:2, exkivnt I1:CuBr:PMDETA eivou 1:2:2.

"H NMR(DMSO-d¢) y1o to mohvpepéc P1: 3.90 (s, 6H exxwvnty), 4.55 (s, 2H exxwvnt),5.30 (s, 2H
gkknt), 7.55 (br), 7.74 (br), 7.95 (br), 8.17 (br), 8.81 ppm (br)

'H NMR(DMSO-d) Yo to moivpepéc P2: 6.87 (br), 7.54 (br), 7.74 (br), 7.95 (br), 8.17 (br), 8.81 ppm
(br)

XovOeon copmoivpep®v Ru(ll) pe mrevpkég povadeg o&adraloing, kappalding, kivorivig, Kvavo-
KIvoAIVIG Ko [Ru(vbpy)(bpy)2]2+ (9) ne ovpmorvpepiopd pécom erevBipav priav

e pio, LoVOAQUUT GOALPIKT) QLOAT, 1) OTTOi0 TPONYOVEVMG gixe omaept®bel Kot TAnpwOel pe Ar,
mpootifevtal d1dpopeg mocdTeS amd Vv 2-{4-[(4-Bwvrogarvvro)puedoév]patvoro}-5-patvoro-1,3.4-
ofadwlorn (10, OXD), 7 wv 9-Pwvi-kapPaldéin (11, CARB), M mv 2,4-dipovor-6-(4-
Bworeawvor)kvorivny (12, SDPQ), 1§ 10 4-(4-@atvor-6-(4-Brvoreavodr)kivoitv-2-vd)Beviovitpidio (13,
CN-SDPQ) «oat dtapopetikés mocdtes Tov PrvoAdkod covpmidxkov 9, avardyog g embountig
avoroyiog. AxorovBel mpooOikn AIBN (5 % mol og mpo¢ o GLVOAKAE mole TV HOVOUEPOYV) Kot
aroeptopévov DMF (3 mL). H @iédAn anaepidvetor ek vEOU Kot TANpOVETAL te Ar (TPELg KOKAOL KEVOU—
Ar). To pilypa g avtidpaong Pubiletor oe eAardlovtpo Kot Beppaivetar yo 5 pépeg otovg 110 °C. Metd
amd avBopun WHEn oe Beppokpacio mepiPdiiovtoc, To cvumoivpepn katafvbiCovral oe 20mAdoio
oyko Tov daAvTn wov amatteitan kibe Popd. Ta cvumorvpepn tomov P4 katafvbifoviar e MeOH 1
MeOH/ EtOAc 11 MeOH/H,0, 6co av&dver 10 mocootd ce OXD. Ta cvumolvpepn tomov PS5
katafvbiCovrar ce MeOH, evd to supmorvpepn tomov P6 katafubioviar ce MeOH | MeOH/ EtOAc
600 avéavel to mosootd oe SDPQ, kabhg etvar dwoivtd oe EtOAc. Opoimg napaiappdvovrol Kot ta
cvumoivpepn) tomov P7. Téhog Enpaivovtar vd vynAd kevo otovg 45 °C yua 24 dpeg. O kabapiopdg
TOVG EMTVYYAVETAL LETA amO avadevotn TV otepeov pe EtOAc, ya v anopdkpouvor mepiccelng tmv
povopepdv OXD, SDPQ, CN-SDPQ, d10non, ékmAvon Tov otepeod tov nopod pe EtOAc kot Enpavon
otovg 45 °C, vrd vynAd kevd. Ta emBountd moAvpepikd cOUTAOKO TapoAapPdvovTal He TV Hopen
KPUGTOAMKOV otepedv, e emavakatafudion arnd CHCl;, CH;CN 11 DMF og dtoiBvAiaibépa.
"H NMR (DMSO-dy) o 10 P4: 1.5-2.4 (br m, 3H 9 xou 3H 0&ad10LoAnc), 4.9 (br s, 2H ofodaldoing),
6.2-8.3 (br m, 21H 9 ko 13H o0&ad1aldAnc), 8.4-8.9 ppm (br m, 6H 9).
"H NMR (DMSO-d,) yia to P5: 1.5-2.4 (br m, 3H 9 ko 3H xapBalding), 5.7-8.3 (br m, 21H 9 kon 13H
kapPaloing), 8.6-8.9 ppm (br m, 6H 9).
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'"H NMR (DMSO-dg) ywo to P6: 1.5-2.4 (br m, 3H 9 kor 3H xwvorivig), 6.2-8.3 (br m, 21H 9 xou 18H
KwoAivng), 8.4-8.9 ppm (br m, 6H 9).

'"H NMR (DMSO-d¢) ywa 10 P7: 1.5-2.4 (br m, 3H 9 ka1 3H o&adiaorng), 6.2-8.3 (br m, 21H 9 kot
17H xvavo-kwvoAivng), 8.4-8.9 ppm (br m, 6H 9).
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Evétnra 3:

XovOeon tov 4-(2,27:6",2" ~Tpuruprotv-4 -vio) eviviofpopiono

e mpolnpapévn coapikn euoAn tov 100ml, epodiacpévn pe kabeto youktipa, Safifoctikd
apyo¥ (Ar) kot poyvntikd avadevtpa, mpootifevrarl 1.000 g (3.096 mmol) tov 1, 0.62 g (3.374 mmol)
NBS, 30 mg (0.124 mmol) BPO xot 30 mL CCl,. To piypo g avtidpacng Pubiletor o elardrovtpo
otovg 110°C, vd atpdseapa Ar yio 2 PEPES. TN CUVEXELD, LETA O WOEN TOV GUOTNHATOG AKOAOLOET
OTOUAKPUVET TOVL Ol0ADTN, HECH GLUTOKVOONG, WEXPL Enpov. To kapé oteped moOv amOpEvel,
Swoomeipeton o€ vepd (200 mL) xon Emerta dmbeiton ko ekmiéveton pe vepd ko 100 mL MeOH n omoia
Stodvet eEAdytoTa T0 TEAKO TPOLdV AALA TOAD KaAd TG mepiooeteg. Efjpavon otovg 45°C vmd vymAo kevd
dtvel 10 telko pmel-donpo oteped. Amddoon: 1.032 g, (83%).
'H NMR(CDCl): 4.57 (CH,-Br, s, 2H), 7.35 (CaH, 4d, 2H), 7.53 (CaH, d, 2H), 7.90 (C4H, 2d, 4H),
8.67 (CaH, d, 2H), 8.73ppm (CaH, m, 4H)

2Hv0eon TOV HOVOUEPIKOD O1-GOUTAOKOD 4.

Ye o mpo&npapévn oceoipik oA tov 100ml, epodiwuopévn pe kdBeto yoktpa,

SwPfactikd Ar kot poyvntikd oavadevtipo mpootiBevrar 0.050 g (0.113 mmol) tov 2 kot 0.160 mg
(0.161 mmol) tov povoovumidkov tpy/Ru(lll) (3), xkou 30 mL evdc piypotog omeSTOYULEVOL
THF/améAvtng EtOH 4/1 wou ot ocvvéyeto axorovbel 8éppuavon oe reflux, vmd atpdocoapo Ar yio 2
opec. ‘Ererto kot petd omd Wyoén tov cvotiuatog pe ) fondeia moydrovtpov, tpootifeviarl 5 otoydveg
N-aBviopopeorivng kot to piypo g avtidpaons apnvetar tai oe reflux ywo 4 pépec. AxorovBwg
yoyetor o Beppokpacio nepifdriovrog Kot To Babv kokkvo didAvpo dinbeitor amd yn Sutdpwv, Yo
TNV OTOUAKPLVOT] TOV adIAVTOV Tapampoioviay. AkolovBolv exmivoelg pe THF (80 mL) ko CH;CN
(100 mL). O 6ykog Tov S10ADTN CLUTVKVAVETOL pE EEATIION VIO KEVO KOl TO ATOUEVOV GTEPED dLoAvETL
oe 8 mL CHCI; kou dweoneipetan o€ didivpo 100mL MeOH/H,0 10/1 mov nepiéyet 0.400 g (2.45 mmol)
NH4PF¢ dote va emtevyfet 1ovto-aviariayn tov Cl” pe PFg. Avti n diepyacia €xet og anotéleopo v
Katafuoion Tov GLUTAOKOL HE TNV HOPET KOKKIVOL 6TEPE0D, TO omoio dnbeitatl kot mAévetan pe EtOH,
amovicpévo vepd, 20 mL n-Hexan kot 20 mL DEE. To emBountd povopepikd copmioxo 4 Aappdvetot
peta oo Enpaveon vo vynAd kevo otovg 40°C. Anddoon: 100 mg (51%).
'"H NMR (DMSO-d,) yio 10 4: 0.85 (CHj, s, 6H), 1.27 (CH, CHs, m, 34H), 1.45 (CH,, s, 4H), 1.75
(CHy, t, SH), 4.00 (O-CH,, t, 4H),4.97 (CH,-Br, s, 2H), 5.26 (CsH, s, 2H), 6.48 (CsH, s, 1H), 6.68
(CaH, s, 2H), 7.28 (CaH, m, 4H), 7.38 (CaH, d, 4H), 7.52 (Cs,H, m, 4H), 8.04 (CsH, m, 4H), 8.42
(CaH, m, 4H), 9.05 (CaH, m, 4H), 9.38 ppm (CaH, m, 4H)

Tponomoinon tov vavoocwinve SWCNT-tpy-Ru(II)-tpy-2xC,H,s (kataivopevn npocOikn pécw
peta@opdc atopov, ATR addition).

[po&npopévn ceaptkn ELEAN QoSIOGUEVN LE LoyVNTIKO avadevthpa, dtefifacticd Ar /kevod
Kot EAoTIKO TOpa (septum) mAnpodveton pe Ar. 50.00 mg tov vavocoinva mpoctifevtal oty QdAn,

mov mepéyet 12.30 mg (86.17 pmol) CuBr wxor 17.9 pL (86.17 pmol) PMDETA. To ocvotnpa
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OTOEPADVETAL TPELS QPOPEG KAl TANPAOVETAL k> VEOL pe Ar. Zmnv cuvéyela mpootifevtor 60 mg (43,08
pmol) tov povopepovg 4 kot anaepopévo DMF (3 mL). H giéAn amaepdvetat k2 vEOL Kot TANPOVETOL
pe Ar (tpeig koKhot kevov—Ar). To piypoa g avtiopaong Pubiletar oe glardrlovtpo Kot Bepuaiveron
otovg 110°C yw 24 dpeg. Katd taxtd ypovikd Stactipate 1 cQoipikn elaAn totobeteitar o€ Aovtpd
VIEPNY@V Y10 VO VIAPYEL KOAT SlOGTOPA TOV VOVOSOANVOVY, MGTE VO, avTidpohv Kaivtepo. Metd amd
yo&n oe Oeppoxpacio mepPdriovtog, 1o piypa g oviidpacng dmbeiton and ¢idtpo pepPpdvng
Swpétpov mépov 0.2um (Millipore PTFE, 0.2 um) kot 10 pavpo oteped mov amopével mAEvetat
dwdoywd pe DMF, CHCIl; xor THF ywo amopdkpoven g mepicosiag Tov 4 Kot e apotd voaTikd
dudopa HCI yio TV amopdkpuven Tov KaTaAvTIKOD GUUTAOKOL.

Akohlovbwg T0 61EPEd TOL MOV dacneipetar oe DMF kot tomobeteitan oe Aovtpd vepiy@v
vy 30 Aentd. Ttn cvvéyel, To dtddvpa tomobeteitan o PuYOkeVTPo, 6Tig 3.500 otpoéc Yo 20 Aemd,
Kot maporapfdvetar to vrepkeipevo. H dwdkacio emovarappdvetar yio to katafvbicpévo oteped
dAdeg dvo popég. Ta vrepkeipeva cuyKeVIpOVOVTAL, d1nBovvtat and eiktpo puepfpdvng kot TAEvovTol pe

DEE ywo va Enpabovv ehappms. H avaroyia tov mmol CuBr:PMDETA: povopepég givan 1:1:0.5.

Tpomomoinon vavocwifnva pe mtoivpepn] tproprdiviig SWCNT-p(tpy)- pécow ATRP.

Mia mpoénpopévn ceaipikn QLA EQOSIOCUEVT LE LOYVITIKO ovadenTnpa, dofipactikd Ar
/kevoy kot ghOOTIKO ToOpo (septum) mAnpovetor pe Ar. 25.00 mg tov tpomomouévov pe Bécelg
exkntq vavoocoiiva (5) (83.05 pumol oe 6éoeig exkivnong) mpootifevior oty @dAn, Tov TEPLEXEL
11.90 mg (83.05 pumol) CuBr kot 17.35 pL (83.05 pmol) PMDETA. To cUGTNUO OTOEPOVETOL TPELG
QOPEG KoL TANPOVETOL €K2 VEOL Ue Ar. Xtnv cuvéyelo mpootiBevtal 0.366 g (0.83 mmol) Tov Prvoiikod
povopepovg Tpumuptdivrg kot aroepwpévo DMF (4 mL). H @idAn anagpdveTal k> VEOL Kol TAPOVETOL
pe Ar (tpeig kokhot kevov—Ar). To piypoa g avriopaong Pubiletar oe ehardrlovtpo Kot Oepuaiverol
otovg 110°C ywo 24 dpeg. Katd taktd ypovikd doactipate 1 cQoipiky laAn torobeteital g Aovtpd
VREPNYWV Y10 VAL VILAPYEL KAAT O10GTOPA TV VAVOSCOAVAV, OCTE VO AVTIOPOUV KOADTEPO.

Metd amd yo&n oe Beppokpacio mepipdirovtog To piypa g ovtidpacng ombeitar and eidtpo
pepppavng dwpétpov woépov 0.2um (Millipore PTFE, 0.2 pm) kot 10 povpo o1eped MOV OTOUEVEL
exmAévetor dwdoywd pe DMF, CHCI; kouw THF yo amopdkpoven g mepiocelng tov PrvoAikod
povopepovg tpmupdiving Kot pe apatd voatikd dwivpa HCl yuo v amopdkpuven tov KoTtaALTIKoD
ouopumAokov. AkorovBwc to oteped Tov MOUOL daomeipeton o DMF kot tomofeteiton 6e Aovtpd
vrepy@v ywo 30 Aemtd. ‘Enerta to diddvpo emoavadmBeiton ko exmiévetor pe DEE yio va Enpabovv
EMAPPMG Ol VOVOCMANVEG TTOV YPTCULOTOLOVVTOL GTNV ETOUEVT avTidopaoT yopis Tepattépm depyoosio. H

avaroyia tov ekkvnt):CuBr:PMDETA etvon 1:1:1:10.

LUUTAOKOTONGT TOV TOADUEPIKAV GAVGIO®MV TOV TPOTOTOUUEVOL VAVOS®Ave pe 16vro Ru(ll)
{SWCNT-poly[tpy-Ru(IT)-tpy-2xC,,H)s]}.

e mpoénpapévn ceapikn euoAn tov 100ml, epodiacpévn pe kabeto youktipa, dofifoctikd
Ar xor payvntikd avadevtipa mpootifeviar 25.00 mg tov 6 wor 0.209 g (0.211 mmol) tov

povoovumidkov tpy/Ru(Ill) (3), xoar 30 mL evdg piypatog aneotoypuévov THF/amdivtng EtOH 4/1 won
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o1n ocuvvéyelo akorovBel Béppavon oe reflux, vnd atpdcEapa apyod ya 2 dpec. Metd and yoén tov
GLOTAHOTOG [E TN Pondela maydlovtpov, Tpootifeviar 5 otoydveg N-atBvlopop@oAivng Kot To piypa
mg avtidpaong oaenvetar moA oe reflux yio 6 pépeg. AkoroOBmg WoOyetar oe Oepuokpacio
nepPdArovtog ko dmbeitar and eidtpo pepPpavng dwapétpov mopov 0.2um (Millipore PTFE, 0.2 um)
Kot T0 papo oteped mov amopével mAévetat dtadoyikd pe DMF, CHCl; kot THF ywo amopdicpovvon g
nepiooeag Tov 3. To amopévov oteped dlaoneipetar oe ddivpa 100mL MeOH/H,0 10/1 mov mepiéyet
0.400 g (2.45 mmol) NH,4PF4 dote vo emitevyBel wovro-avtodrayn tov Cl” pe PFq.

¥ ovvéyela, dmbeiton ko mAévetal pe EtOH kot amioviopévo vepd yio amopdkpuven tov
aldtov. AxolovBng To oteped ToL NPV dracneipetar oe DMF ko tomofeteiton o Aovtpd vepniywv
vy 30 Aentd. ‘Enerta 1o S1dAvpa tonobeteitar oe guyokevipo otig 3.500 otpoeéc yio 20 Aemtd won
maparappdvetar to vrepkeipevo. H dadkacio emavarappdvetot yio to katafubicpévo oteped GArEG
dvo popéc. Ta vrepkeipeva ocvykevipdvovtat, Smbodviat omd eidtpo pepppdvng kot mAévovtot pe DEE

Y va EnpaBodv eraepac.

I'evikn} pébodog mapackev|s TV 1x- kot 2x-C,H,s-tpy-Ru(1l)-tpy-(CH,)sNH,.

Ta povo- kot 816-6mdekvAdEL vokatesTNUéve povoovumioka Tpuupdivic-Ru(Il)Cly 1.02
mmol kot 1 S-apvomevtuod-(2,27:6”,2” -tpurupdvur)abepag 1.00 mmol, poctiBevtal 6e TpoEnpapévn
OWIAN, €Qodlacuévn pe kdBeto yokthpa, dafifactikd Ar kot poyvntikd ovadevtipo. To cvotnpa
OTOEPIOVETAL KOl TANpoOveTal TPelg eopég pe Ar. ‘Emerta mpootifetor évo piypo omestoypuévou
THF/améAvtng EtOH 2/1, kou 10 ovomua oroepidveral Eavd. Axohovbel Béppavon oe reflux, vmd
atpoceatpa apyov v 2 dpec. ‘Ensurra kot petd amd yHEn tov cvotipatog pe ) Pondeta moydAovtpov
mpootifevtal 5 atayoveg N-atBvlopop@olrivg kat To piypo g avtiopaong apnvetot tdAl og reflux yo
4 uépec. Axohovbwg aprvetal vo yoydei oe Oepuokpacio mtepiPdArovrog Kot to Pabd kdkKvo dtdivpa
dmBeitar amd yn JTOU®VY, YOO TNV OTOHAKPLVCT TOV OddALTOV Topanpoidovimv. AkolovBodv
exmvoelg pe THF (80 mL) kot CH3CN (100 mL). O 6ykog tov 810A0TN cupmukveveTot pe eEdtucn vrd
Kevo kot to amopévov oteped doivetor e 8 mL CHCI; kot diooneipeton og €ve ddAvpa 100mL
MeOH/H,0 10/1 wov mepiéyet 0.400 g (2.45 mmol) NH4PF4 dote va enttevydei tovto-avtaiioyn tov CI
pe PF¢. Avt n Oepyooio €xet og anotéreopo v katafvdion tov Pvoiikod d1-cupumidkov pe v
HOpON KOKKIVOL 6TePE0D, To omoio dnbeitan kou mAéveton pe EtOH, amoviopévo vepd kar e€dvio. Ta
emBountd dr-cvoumioka Aopfavetar pe eravadidivon o SmL CHCl;, kotapvOion og e&dvio (100 mL)
Kot ERpavon vd VYNAS kevd otovg 40°C. Ot armododoeig nTov 80% kot 85% avtictoya.

"H NMR (DMSO-dy) 110 10 1x-C;,Hys-tpyRu(IDtpy-(CH,)sNH,: 0.87 (CH3, t, 3H), 1.2-1.5 (CH,
CH;, m, 18H), 1.6 (CH,, m, 6H), 1.92 (CH,, NH,, m, 4H), 2.9 (CH,, m, 2H), 4.16 (OCH,, t, 2H,),
4.54 (CH,, t, 2H), 7.2-7.55 (C4H, two m, 10H), 8.06 (CH, m, 4H), 8.43 (C4H, d, 2H), 8.78-8.88
(CaH, m, 4H), 9.1 (CaH, s, 2H), 9.4ppm (C4H, s, 2H).

"H NMR (DMSO-d,) 10 10 2x-C,Hys-tpyRu(IDtpy-(CH, )sNH,: 0.8 (CH;, t, 6H), 1.1-1.4 (CH, CH3,
m, 36H), 1.67 (CH,, m, 8H), 1.9 (CH,, NH,, m, 4H), 2.87 (CH,, m, 2H), 3.95 (OCH,, t, 4H), 4.55 (CH,,
t, 2H), 5.22 (Cs,CH,0, s, 2H), 6.4 (CaH, s, 2H), 6.44 (CAH, s, 1H), 7.2-7.5 (CAH, m, 10H), 7.97-8.03
(CaH, m, 4H), 8.38 (CsH, d, 2H), 8.75 (C4H, s, 2H), 8.84 (CaH, d, 2H), 9.04 (C4H, d, 2H), 9.37ppm
(CaH, s, 2H).
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Tpomomoinon 7tov vavocoiive MWCNT-tpy-Ru(Il)-tpy-1x 1 2xCp;Hys (wpooOikn pécw
owmvikig ynueiac).

e o Tpo&npapévn ceatpikn eaAn tov 100ml, epodiacpévn pe kabeto yoktipa, dtufifacticd Ar
Kot poyvntikd avadevtipo mpootifevioar 50.00 mg tov MWCNT (Nanothinx S.A.) kot 0.050g
(0.041mmol) tov NH,-tpy-Ru(Il)-tpy-1xC;,H,s 7 0.050g (0.033mmol) tov NH,-tpy-Ru(I)-tpy-
2xC;Hys ko ImL 1coapvi-vitpidiov vwd atpdéceapa Ar kot cvvOnkeg okotovg. To piypo g
avtidpaong amoepidveTanl Kot TANpoveTol Eava pe Ar tpelg eopés, kol tomobeteiton o AadA0LTPO
otovg 65°C y 5 pépeg. Kotd taxtd ypovikd dactipota 1 oeopiky] euiAn tonobeteitar oe Aovtpd
VREPNY@V YO VO VILAPYEL KOAN S0OTOPA TOV VOVOSMOAVOVY, MOGTE v ovTdpovv KoAvtepa. Ensita to
dilopo g avtidpoaong apnvetal vo épbet o Beppokpacia mepifdriovtog kot dmbeitor and @iltpo
pepppavng dwpétpov mopwv 0.2pum (Millipore PTFE, 0.2 um) kot 10 pavpo 61eped TOL AmOUEVEL
exmAévetarl dadoykd pe DMF, CHCI; kot THF ya amopdkpoven g nepicoeiog twv 11. Akorlovbwmg to
oteped T0L MOpoY Saomeipetan o DMF kou tomoBeteitar oe Aovtpd vrepniyov ywo 30 Aemtd. Xtn
ouvéyeln, To dtdlvpa tonobeteital og PuYOkeVTpo oTig 3.500 otpoég Yo 20 Aentd Kot mapaiapPiveton
10 vmepkeipevo. H dadwacio emavarappdveror yio to katafobicpévo oteped drieg 600 @opéc. Ta
vrepkeipeva cuykevipdvovtal, dmbovviar and @iltpo pepPpdvng kar mAévovtor pe DEE yuo vo

EnpaBolv era@pas.
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Novel hybrid materials, based on polymeric ruthenium complexes, have been synthesized and
characterized. The preparation of a new vinylic tris(bipyridine)ruthenium complex in high yields enabled
the synthesis of soluble polymeric materials with high metal loading, using a controlled polymerization
technique such as atom transfer radical polymerization. Moreover, combination of this monomeric complex
with other monomers, known for their electron or hole transporting properties, led to soluble copolymers
of various desired ruthenium loadings. Characterization of the synthesized polymers and copolymers
was performed using NMR, SEC, and viscometry. The polymer—metal hybrid materials’ optical properties
were studied in detail through UV —vis and photoluminescence spectroscopies, showing the [Ru"(bpy)s]
complexes’ intense optoelectronic characteristics, also in combination with the optical properties of the
oxadiazole or carbazole units in the copolymer case.

Introduction

The introduction of metal—ligand bonding into polymers
brings novel and potentially useful physical and chemical
properties to the final polymeric complexes.' > These
properties arise from the combination of both the metal ion
(oxidoreductive, optoelectronic, catalytic) and the polymers’
characteristics (processability, mechanical strength, thin film
formation, etc.). The incorporation of metal binding sites into
polymers can be performed either along the main chain®~ "’
or as side group functionalities.'*”?*> To enable metal
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the creation of coordination polymers. Terpyridine end-
functionalized oligomers or well-defined polymeric chains
that are afterward linked together through metal—ligand
coordination bonding, forming supramolecular block co-
polymers, have mainly been reported by the group of
Schubert.®~%!7-'¥ Tn addition, preformed block copolymers
produced by controlled polymerization techniques that are
being postmodified with side tpy—Ru(Il)—tpy complexes
have been synthesized and extensively studied by Tew’s
group.'*?%3? Tnitially, low metal loadings were reported, to
ensure the solubility of the final hybrid material. This
methodology was later extended to copolymers with higher
metal loadings, using alkyl-tail-functionalized terpyridines,
which further increased their solubility and self-organiza-
tional ability.'*?® In another approach, our group reported
on the synthesis of soluble homopolymers bearing side chain
tpy—Ru(Il)—tpy moieties. Atom transfer radical polymeri-
zation (ATRP) of a tpy-containing vinylic monomer and the
subsequent complexation, using alkoxy-decorated tpy—Ru(II)
monocomplexes, resulted in highly metal loaded soluble
homopolymers.*-* All the above-mentioned approaches are
mainly based on tpy ligands, and the solubility was assured
either by low metal loadings'*"'* or by the use of aliphatic
units either as spacers or as decorating tails.*’

As far as the ruthenium tris(bipyridine), [RuH(bpy)3]2+,
coordination polymeric complexes are concerned, various
attempts have also been described. Polymers and copolymers
with main or side chain [Ru”(bpy)s]*" units and their
possible applications in optoelectronics have been report-
ed.!~3121720 Rehahn’s group was the first to report on well-
defined, high molecular weight, soluble coordination poly-
mers of [Ru’(bpy);]** complexes and their UV—vis and
viscosity properties.” '! The polymerization of [Ru'(b-
py)sl*t complexes using reductive polymerization techniques
was first described by Murray’s group,’ while copolymers
where the ruthenium complexes were attached to a preformed
polymeric backbone through a nucleophilic displacement
were produced by the group of Meyer.'!?2%2% Later,
Fraser’s group used [Ru"(bpy)s;]*" cores as initiators for
ATRP (divergent synthesis) or as coupling agents of ATRP-
prepared polymers (convergent synthesis) to produce well-
defined linear and star-shaped polymers (e.g., polystyrene,
poly(methyl methacrylate)),”>*°3! a procedure also per-
formed by Ghiggino utilizing RAFT polymerization tech-
niques.>*3¢

However, up to now, besides the free radical polymeri-
zation (FRP)'® and ring opening metathesis polymerization
(ROMP)'® of vinyl [Ru"(bpy)s]** complexes, there have
been no attempts to apply other controlled polymerization
techniques, though control over molecular architecture is one
of the most important scopes in this field of polymer science,
since it determines to a great extent the properties of the
final supramolecular material.'~* Especially for optoelec-
tronic applications such as light-emitting diodes (LEDs) and
photovoltaics (PVs), the charge transport and the electron
donor/acceptor phase separation and interactions are the
major issues determining their efficiency. Well-defined
polymeric metal complexes for such applications can be
prepared through controlled polymerizations of precursor
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polymeric chains and their complexation thereafter®'*!-1?

or polymerization of preformed monomeric complexes.'’
Among the different controlled polymerization techniques,
the ATRP methodology’”*® is tolerant of a number of
functional groups, located on either the initiator or the vinylic
monomers used, thus being a useful tool in providing
homopolymers or copolymers of well-defined molecular
characteristics. However, the ATRP methodology for pro-
ducing homopolymers of monomeric complexes having
[Ru"(bpy);]** moieties has not been presented up to now.
This work focuses on the synthesis and characterization
of a vinyl-2,2'-bipyridine monomer and its resulting metal
complex with Ru(Il) ions and is the first report on atom
transfer radical homopolymerization of such complexes using
functional initiators.>***#! The use of the initiators reported
here will help in the further functionalization of these
polymers, allowing their implementation in other reactions.
As an example, the synthesized homopolymers could be
introduced in polycondensation reactions or even be used in
hybrid solar cells as ruthenium-containing polymeric dyes.
Also FRP was applied to this new [Ru"(bpy);]** complex
in combination with electron or hole transporting monomers
such as oxadiazoles and carbazoles, respectively. All poly-
mers produced were fully characterized and evaluated with
respect to their structural characteristics and optical properties.

Experimental Section

Materials. Dichlorobis(2,2'-bipyridine)ruthenium(Il) [cis-(bpy).-
RuCl,+2H,0],?® tetrakis(triphenylphosphine)palladium [Pd(PPhs),],**
4-styrylboronic acid,** and 2-{4-[(4-vinylphenyl)methoxy]phenyl }-5-
phenyl-1,3,4-oxadiazole** were produced according to the literature.
2,2'-Azobis(2-methylpropionitrile) (AIBN) was recrystallized from
MeOH, diethyl ether (DEE) was distilled from Na wire, and tetrahy-
drofuran (THF) was distilled from Na wire in the presence of
benzophenone. All other reagents and solvents were purchased by
Aldrich and used as received. All reactions and polymerizations were
carried out under an inert argon atmosphere.

Instrumentation. The structures of the synthesized monomers,
polymers, and copolymers were clarified by high-resolution 'H
NMR and '*C NMR spectroscopy with Bruker Avance DPX 400
and 100 MHz spectrometers, respectively. The samples were
dissolved in deuterated chloroform (CDCls) or deuterated dimethyl
sulfoxide (DMSO-d), using tetramethylsilane (TMS) as the internal
standard.

In the case of copolymers with low metal complex content,
molecular weights (M,, M, PDI) were determined by gel perme-
ation chromatography using a Polymer Laboratory chromatograph
(Ultrastyragel columns with 500 and 10* A pore sizes) calibrated
with polystyrene standards using CHCl; (filtered through a 0.5 um
Millipore filter, analytical grade) as the eluent at a flow rate of 1
mL-min~" at room temperature (rt) and equipped with a UV
detector (254nm) along with a “Schodex RI-101” refractive index
detector.
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The UV spectra were recorded on a Hitachi spectrophotometer,
model U-1800. Photoluminescence spectra were obtained using a
Perkin-Elmer LS45 luminescence spectrometer by excitation of the
sample at the absorption maxima of the UV—vis spectra. All
spectroscopic measurements were performed in quartz glass cuvettes
(1 cm) at concentrations of 107°—10"° M with respect to the
repeating units. Viscosity measurements were carried out in DMF
solutions with an Ostwald-type viscometer at 30 °C in a Scott Gerate
AVS 310 apparatus.

Monomer Synthesis. 2-(Tributylstannyl)pyridine (a). To a
degassed three-necked round-bottom flask equipped with a reflux
condenser, an addition funnel, and a magnetic stirrer under an argon
atmosphere was added 4.25 g (2.56 mL, 26.90 mmol) of 2-bro-
mopyridine. Through the addition funnel 50 mL of distilled DEE
was added dropwise. Then the system was cooled to —80 °C
followed by the dropwise addition of n-BuLi (1.6 M solution in
n-hexane, 21 mL, 33.60 mmol). The reaction mixture was kept at
the same low temperature for 3 h. Afterward, 9.12 mL (33.60 mmol)
of tributylzinc chloride was added through the funnel, and the
reaction mixture was stirred at —80 °C for another 3 h and then at
rt for 12 h. Then all solvents were evaporated under vacuum, and
60 mL of distilled DEE was added. The mixture was filtered to
remove any solid impurities, and the filtrate was evaporated under
reduced pressure. The resulting 2-(tributylstannyl)pyridine was used
in the following reaction without any further treatment. Yield: 8.41 g
(85%).

5-Bromo-2,2'-bipyridine (b). To a degassed round-bottom flask
equipped with a reflux condenser and a magnetic stirrer under an
argon atmosphere were added 6.77 g (28.60 mmol) of 2,5-
dibromopyridine and 0.66 g (0.57 mmol) of Pd(PPhs),. The system
was degassed again, and the solid from the previous reaction, 8.41 g
(22.90 mmol) of 2-(tributylstannyl)pyridine, was added dissolved
in 50 mL of dry xylene under an argon atmosphere. The reaction
mixture was then heated at 120 °C for 14 h. After the reaction
mixture was cooled to rt, 60 mL of aqueous NaOH (2 M) was
added. The mixture was extracted with toluene and dried over
MgSO,. The solvent was evaporated under vacuum, and the crude
solid product was purified via column chromatography (silica gel,
230—400 mesh, ASTM) using n-hexane/ethyl acetate (5:1) as the
eluent. The desired product was obtained as a white crystalline
powder which was dried at 45 °C under vacuum. Yield: 3.51 g
(65%). "H NMR (CDCl3): 7.33 (ddd, 1H), 7.82 (td, 1H), 7.94 (dd,
1H), 8.32 (d, 1H), 8.37 (d, 1H) 8.67 (dt, 1H), 8.72 (d, 1H) ppm.
3C NMR (CDCl): 120.92, 121.09, 122.29, 123.96, 136.97, 139.45,
149.21, 150.15, 154.58, 155.13 ppm.

5-(p-Vinylphenyl)-2,2'-bipyridine (¢). To a degassed three-necked
round-bottom flask equipped with a reflux condenser, an addition
funnel, and a magnetic stirrer under an argon atmosphere were
added 0.80 g (3.40 mmol) of 5-bromo-2,2'-bipyridine, 0.75 g (5.10
mmol) of 4-styrylboronic acid, and 0.15 g (0.13 mmol) of Pd(PPh;),.
The system was degassed again, and 70 mL of distilled THF and
6.37 mL of K,CO3 (2 M) degassed aqueous solution were added.
The reaction mixture was refluxed for 48 h. After being cooled to
rt, the mixture was extracted using toluene and dried over MgSOy.
The solvent was removed under vacuum, the resulting yellow solid
was stirred for 2 h in n-hexane and filtered to remove any impurities,
and the filtrate was evaporated. A white powder was obtained after
the residue was dried under reduced pressure at 30 °C for 24 h.
Yield: 0.75 g (85%). Purity by "H NMR: 90%. The product was
further purified via column chromatography (silica gel, 230—400
mesh, ASTM) using dichloromethane, which elutes the impurities,
and then dichloromethane/MeOH (20:1), which elutes the desired
clean product. The yield by chromatography was 85%, and the
purity of the product was estimated as 100% by 'H NMR
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Scheme 1. Synthetic Route toward
[5-(p-Vinylphenyl)-2,2'-bipyridine]bis(2,2'-
bipyridine)ruthenium(II), [Ru(vbpy)(bpy).1(PFe). (d)
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spectroscopy. '"H NMR (CDCls): 5.32 (d, 1H), 5.83 (d, 1H), 6.78
(g, 1H), 7.33 (ddd, 1H), 7.53 (d, 2H), 7.63 (d, 2H), 7.84 (td, 1H),
8.03 (dd, 1H), 8.45 (q, 2H), 8.71 (d, 1H) 8.93 (d, 1H) ppm.

[5-(p-Vinylphenyl)-2,2"-bipyridine Jbis(2,2'-bipyridine)ruthe-
nium(II), [Ru"(vbpy)(bpy)2](PFs); (d). To a degassed round-bottom
flask equipped with a reflux condenser and a magnetic stirrer under
an argon atmosphere were added 0.12 g (0.47 mmol) of ¢, 0.16 g
(0.31 mmol) of [cis-(bpy),RuCl,*2H,0],%® and 30 mL of absolute
EtOH. The reaction mixture was degassed once again and refluxed
for 72 h. The resulting red-colored mixture was cooled to rt, and
the solvent was evaporated under reduced pressure, affording an
orange powder. Afterward 40 mL of deionized water was added,
and the mixture was stirred for 0.5 h, followed by filtration to
remove solid impurities. To the filtrate was added 20 mL of an
aqueous solution of NH4PFs, which caused the formation of orange
crystals to precipitate spontaneously. The crystals formed were
filtered and washed with deionized water to remove the excess
NH,4PF; and consecutively with DEE. Drying under vacuum at 45
°C for 24 h afforded the final product. Yield: 0.270 g (87%). 'H
NMR (DMSO-dg): 5.33 (d, 1H), 5.94 (d, 1H), 6.75 (q, 1H), 7.46
(d, 2H), 7.51—7.58 (m, 7TH), 7.71—7.78 (m, 4H), 7.86 (d, 1H), 7.91
(d, 1H), 8.14—8.23 (m, 5H), 8.51 (dt, 1H), 8.79—.92 (m, 6H) ppm.
13C NMR (DMSO-de): 116.57, 124.92, 124.97, 125.05, 125.14,
127.53, 127.61, 128.27, 128.32, 128.46, 134.03, 135.82, 136.12,
138.43, 138.76, 138.88, 148.39, 151.70, 152.16, 152.30, 155.71,
156.82, 156.91, 157.02, 157.12, 157.21 ppm.

Polymerizations. Atom Transfer Radical Polymerization
using Functional Initiators. A round-bottom flask equipped with a
rubber septum, a magnetic stirrer, and a gas inlet/outlet was flamed
under vacuum. Initiator 5-[[4-(bromomethyl)benzyl]oxy]benzene-
1,3-dioic acid (Ia),***' 5.72 mg (0.02 mmol), or the distyrylan-
thrcene derivative I1,>* 11.94 mg (0.02 mmol) (shown in Schemes
2 and 3), was added to the flask which contained CuBr, 5.75 mg
(0.04 mmol), and 8.4 uL (0.04 mmol) of N,N.N',N" ,N"-pentam-
ethyldiethylenetriamine (PMDETA). The system was degassed three
times and flushed with argon. The solvent dimethyl formamide
(DMF) and 385 mg (0.4 mmol) of monomer d were added to the
flask, and the mixture was immediately degassed and flushed with
argon three times. The reaction mixture was then immersed in an
oil bath and heated at 110 °C for 24 h. After the reaction mixture
was cooled to room temperature, 2 mL of DMF was added to
dissolve the polymer. The suspension was filtered from silica gel
to remove most of the catalyst. The resulting polymer was
precipitated as a dark-orange crystalline-like powder in 20-fold
excess by volume of methanol. Filtration and excessive washing
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Scheme 2. Atom Transfer Radical Polymerization of
Monomer d and Its Kinetic Study (I/M versus Time)
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Table 1. Characterization of Polymers P1 and P2
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Table 2. Molecular Characteristics of Copolymers P3

copolymer, OXD/Ru  composition, 'HNMR  M,* My“  PDI?

P3i, 95/5 96/04 3100 6900 2.20

P3ii, 90/10 94/06 4100 5100 1.25

P3iii, 85/15 86/14 2700 3200 1.20
P3iv, 75/25 80/20
P3v, 50/50 60/40
P3vi, 15/85 22/78
P3vii, 10/90 13/87

“ My, My, and PDI (M/M,) from GPC measurements using CHCl3 as
the eluent and polystyrene standards.

Table 3. Molecular Characteristics of Copolymers P4

copolymer, CARB/Ru composition,‘H NMR M My  PDI¢
P4i, 95/5 90/10 17400 22300 1.30
Pdii, 85/15 73/27 14500 19300 1.35
Pdiii, 75/25 67/33 29100 47600 1.65
Pdiv, 50/50 54/46
Pdv, 25/75 33/67
Pdvi, 15/85 23/77
P4vii, 10/90 14/86

feed ratio, no. of
initiator/ monomers M, estimation  7rq” at C = 0.5
polymer  monomer attached by '"H NMR mg/mL

Pla 1/05 7 ~7100
P1b 1710 9 ~9000
Plc 1710 10 ~10000
P1d 1710 13 ~12900 41.77
Ple 1/15 16 ~16300
P2a 1/06 11.19
P2b 1710 21.92
P2c 1720 51.80

“In DMF at 30 °C.

with MeOH and DEE removed any remaining impurities. The final
polymeric material was dried under vacuum at 45 °C overnight.
The results for the different prepared polymers are summarized in
Table 1. '"H NMR (DMSO-ds) for polymers P1: 3.90 (s), 4.55(s),
5.30 (s), 7.55 (br), 7.74 (br), 7.95 (br), 8.17 (br), 8.81 (br) ppm.
'"H NMR (DMSO-dg) for polymers P2: 6.87 (br), 7.54 (br), 7.74
(br), 7.95 (br), 8.17 (br), 8.81 (br) ppm.

Free Radical Polymerization: General Procedure. To a degassed
round-bottom flask equipped with a magnetic stirrer and a gas inlet/
outlet were added the desired amounts of monomer d and of
oxadiazole monomer (2-{4-[(4-vinylphenyl)methoxy]phenyl}-5-
phenyl-1,3,4-oxadiazole, OXD) or carbazole monomer (9-vinyl-
carbazole, CARB), along with the respective amounts of AIBN.
Then 3 mL of DMF was added, and the system was flushed with
argon and immersed into an oil bath at 110 °C for 4 days. Then
the reaction mixture was allowed to cool at room temperature and
was precipitated in 20-fold excess by volume of the solvent required
in each case.

For copolymers P3, the synthesis of P3iv (feed ratio 15/85 OXD/
monomer d) is presented as an example: A 16 mg (0.042 mmol)
portion of the OXD monomer and 240 mg (0.250 mmol) of
monomer d were added to the flask along with 1.23 mg (0.003
mmol) of AIBN and 3 mL of DMF. The reaction mixture was
immersed into an oil bath at 110 °C for 4 days and then precipitated
in 60 mL of methanol. Depending on the molar ratio of the
copolymers, they were precipitated in methanol or methanol/ethyl
acetate or methanol/water mixtures as the percentage of the
oxadiazole unit increased, respectively. After filtration the polymers
were further washed with methanol and ethyl acetate, to remove
any excess of monomers, and consecutively with DEE and dried
under vacuum at 45 °C overnight. The copolymers obtained were
further purified by reprecipitation from CHCl; or acetonitrile in
DEE. The results are summarized in Table 2. '"H NMR (DMSO-
dg) for copolymers P3: 1.5—2.4 (br, 3H of d plus 3H of OXD), 4.9
(br, 2H of OXD), 6.2—8.3 (br, 20H of d plus 13H of OXD),
8.4—8.9 (br, 7H of d) ppm.

“ My, My, and PDI (M/M,) from GPC measurements using CHCl3 as
the eluent and polystyrene standards.

For the P4 copolymers an example for the synthesis of P4iv
(for a feed ratio of 50/50 CARB/monomer d) is presented: A 29
mg (0.015 mmol) portion of the CARB monomer and 144 mg
(0.015 mmol) of monomer d were added to the flask along with
1.23 mg (0.003 mmol) of AIBN. The system was degassed and
flushed with argon again. Then 3 mL of DMF was added, and the
reaction mixture was immersed in an oil bath at 110 °C for 4 days.
The copolymers were obtained by precipitation in 20-fold excess
by volume of methanol and were further purified by reprecipitation
from CHCI; or acetonitrile in DEE. The results are summarized in
Table 3. '"H NMR (DMSO-dy) for copolymers P4: 1.5—2.4 (br,
3H of d plus 3H of CARB), 5.7—8.3 (br, 20H of d plus 13H of
CARB), 8.6—8.9 (br, 7H of d) ppm.

Results and Discussion

The synthesis of the vinylic ruthenium complex d (Scheme
1) was based on the novel vinylphenyl-2,2'-bipyridine
monomer ¢, produced from the brominated bipyridine
derivative b.**7>* The synthesis of monobromobipyridine
derivatives in the past, was mainly based on bromination
under harsh reaction conditions,*’ resulting in low yields.
Recently the use of stannyl reagents has provided another
way to produce these derivatives in better yields and under
milder conditions.* In this work, for producing derivative
b, we employed a procedure slightly modified with respect
to the use of (trimethylstannyl)pyridine,*’ by utilizing
2-(tributylstannyl)pyridine (a) under the same mild condi-
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Scheme 3. Molecular Representation of Polymers P1 and P2“

ROOC

ROOC 4nPFg ]
*
o—c:riz«i%m2 CHZ—CH%—Br 504
n P1d

40

30

= monomer d
A
A e P2a
¢ P2b
* P2c
*
A
*
* *
. *
¢ E
monomer ° ° ®
- =
T u T T T T ¥ T ¥ T
0,5 1,0 1,5 2.0 2,5
C (mg/mL)

O T .
CI<<CH*CH2 (mC)HCOCO@CH:CH O CH:CHOOCOCH(CH3) CHZ*CH%CI
n L) ,,

P2

tions. Taking advantage of the Stille coupling reaction™>**->

between compound a and 2,5-dibromopyridine, combined
with the different reactivities between the bromine atoms,
we obtained higher yields for the desired monobromobipy-
ridine b. As a consequence, the vinylbipyridine monomer ¢
was produced via a Suzuki coupling reaction*-3%>* between
compound b and 4-styrylboronic acid.** Finally the vinyl
complex monomer d was produced after a complexation
reaction of compound ¢ with dichlorobis(2,2'-bipyridine)ru-
thenium(II),*® followed by counterion exchange from a
saturated aqueous solution of NH4PFs. Clarification of its
chemical structure was performed by 'H and '*C NMR
spectroscopy (Figure 1; see also the Experimental Section).

Homopolymers of monomer d were synthesized via ATRP
using functional or chromophoric initiators (Ia, dicarboxylic
acid, and Ib, dicarboxylic acid methyl ester,”>*! or the
distyrylanthracene II derivative,** respectively, Schemes 2
and 3). On the other hand, free radical copolymerization of
monomer d with oxadiazole or carbazole monomers resulted
in electron/hole transporting polymeric architectures (Figures
3 and 4).

In particular, using different initiators (monofunctional Ia
and Ib and bifunctional II) and the [Ru(vbpy)(bpy).](PFs)2
unit (d), we performed controlled ATR polymerizations that
produced well-defined, easily soluble homopolymeric (P1)
and polymeric triblock (P2) complexes. Monomer d and the
synthesized polymers were characterized via 'H NMR,
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Figure 1. '"H NMR spectra of monomer d in DMSO-ds.
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UV —vis, and photoluminescence (PL) spectroscopy. These
polymeric complexes exhibit excellent solubility properties
in polar nonprotic solvents, such as acetone, CH;CN, DMF,
and DMSO. The functional initiators of P1 homopolymers,
having dicarboxylic acid methyl ester or dicarboxylic acid
functionalities, allow the design and synthesis of more
complex architectures (e.g., comb- or starlike structures) since
they can be utilized in subsequent reactions such as poly-
condensations or they can even be directly applied in hybrid
solar cells. Additionally all copolymers produced by the FRP
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Figure 2. 'H NMR spectrum of polymers P1 and P2 in DMSO-ds.
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Figure 3. Synthesis of copolymers P3 and 'H NMR spectrum of P3iv in
DMSO-ds.

technique exhibit the same solubility properties and were
similarly characterized.

On the basis of the "H NMR spectra of polymers P1 and
P2, shown in Figure 2, the successful ATR polymerization
is proved, since the olefins’ peaks at 5.33, 5.94, and 6.75
ppm of the bpy monomer are not present. The case of thermal
polymerization is also excluded, since the protons of the
initiators are evident. Thus, in the case of P1, as shown in
Figure 2, the peaks at 3.90, 4.55, and 5.30 ppm attributed to
the methyl and methylene protons of the initiator Ia can be
used to calculate the polymers’ M,. The results of these
calculations are presented in Table 1, showing the close
agreement between the feed ratio of initiator to monomer
and the calculated M,. This is another piece of evidence of
a successful ATR polymerization and not just a conventional
radical or thermal polymerization. Moreover, to prove the
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Figure 4. Synthesis of copolymers P4 and '"H NMR spectrum of P4ii in
DMSO-d.
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Figure 5. UV—vis absorption spectra of monomer d, polymers P1 and P2,
and the anthracene initiator II used in P2 in DMF.
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Figure 6. PL spectra of polymer P2 after excitation at 1 = 290, 320, and
458 nm in DMF.

controlled character of these polymerizations, we performed
kinetic studies that were carried out analogously to the
general polymerization procedure. We selected the monomer
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Figure 7. UV—vis absorption spectra of copolymers P3 and of the
oxadiazole monomer in DMF.
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Figure 8. PL spectra of copolymers P3 after excitation at A = 290 nm in
DMF.

d/initiator Ia/CuBr/PMDETA (15/1/2/2) system for a kinetic
study. During the reaction time, seven samples of 0.30 mL
were withdrawn, and each one was precipitated in 20 mL of
deionized water. This way, the catalytic complex of copper/
PMDETA was diluted; the samples were centrifuged and
washed again with water three times. Finally the same
procedure was repeated three times with diethyl ether to
remove any trace of unreacted initiator. Thus, the "H NMR
end group analysis technique was used to estimate the true
M, values of our polymers during the polymerization. The
M, values were determined by "H NMR spectroscopy from
the signal at 0 = 3.9 ppm corresponding to the methyl
protons of the Ia initiator used (6 protons) and the whole
region from 7.3 to 8.9 ppm corresponding to the aromatic
protons of both the monomer (27 protons) and the polymer
(27 protons). A representative '"H NMR spectrum of the
a-dicarboxylic acid methyl ester Ib initiated polymer P1 for
the kinetic study, with the assignment of all peaks, is depicted
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Figure 9. PL spectra of copolymers P3 after excitation at A = 458 nm in
DMEF.
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Figure 10. UV—vis absorption spectra of copolymers P4 and of the
carbazole monomer in DMF.

in the Supporting Information (Figure S1). The plot of
initiator monomer (M)/(I) versus time is linear, indicating
that the number of growing radicals remained constant
throughout the polymerization (Scheme 2). Concerning
polymer P2, there are no selective peaks for both the initiator
IT and the polymer to obtain the M, value through the 'H
NMR technique in this case.

For the copolymers of the ruthenium complex with
oxadiazole units (P3), the composition ratio could be
calculated from the "H NMR spectra, since selective peaks
can be observed. Composition calculations were based on
the "H NMR peak at 8.4—8.9 ppm, attributed to six of the
bpy aromatic protons of the [Ru(vbpy)(bpy),]*" unit, and
the peak at 5.0 ppm, attributed to the methylene protons in
the a-position to the oxygen atom of the side oxadiazole
unit (Figure 3).

In the case of copolymers of the ruthenium complex with
carbazole units (P4), the composition ratio could once again
be estimated by the '"H NMR spectra, though roughly, due
to the low discrimination of the respective monomers and



Vinyl-2,2'-bipyridine and Its Metal Complexes

CARB/[Ru(li)}(bpy),I(PF,),

N —»—95/05
5 —o—85/15

< —+—25/75 R

> —2—50/50 7N

2 —+—75/25 o\
o} VAN
2 —o—15/85  JJ %%
- —.—q0i0 {0 b
5 AN

o 5
F  a-A-A-a OO\\’E\\-
,,,,, JETET W
T d T v T d T
400 500 600 700

Wavelength (nm)

Figure 11. CARB/[Ru(II)(bpy)3](PFe),: 95/05 = %, 85/15 = A, 75/25 =
A, 50/50 = O, 25/75 = @, 15/85 = [0, 10/90 = M.

/-/'\. CARB/[Ru(!l)(bpy),J(PF,),
\ —+95/05

—o—85/15
. ‘\ —+—25/75
/D/ . —»—50/50
\D\. —+—75/25

It \\ —o—15/85

i/ L ——10/90

PL Intensity (A.U.)

/. S A . o
V- Y _ LAY
3 AR AT W .\\\
% S = *x N 12, G,
> Sy ey
a0 —— - 0aTF @) * S .- .

Wavelength (nm)

Figure 12. CARB/[Ru(II)(bpy)3](PFg): 95/05 = %, 85/15 = A, 75/25 =
A, 50/50 = O, 25/75 = @, 15/85 = [0, 10/90 = A.

the broadness of the spectrum peaks. The 'H NMR peak at
8.4—8.9 ppm, attributed to six of the bpy aromatic protons
of the [Ru(vbpy)(bpy)2]>" unit, and the broad peak from
5.6—7.3 ppm, attributed to six aromatic protons of the
carbazole unit, were used for this estimation (Figure 4).

In an attempt to calculate the homopolymers’ P1 and P2
molecular characteristics (M,, M, PDI), we tried to perform
GPC measurements with UV detection at 254 nm. This was
unsuccessful, whichis justified according to the literature, 15,16,28
since there are strong interactions of the ruthenium complexes
with the polystyrene stationary phase of GPC columns.
However, there are examples of successful GPC character-
ization of metal-containing polymers with comparatively low
metal loading.®?'*2° In our case, the high metal complex
loadings of most of our polymers did not allow their
characterization using GPC. Despite that, to prove once again
the polymeric nature of these complexes, viscometric char-
acterization was applied.'®!'> These measurements were
performed for P1, P2, and d in DMF at 30 °C, and the results
are summarized in Table 1. In addition, the inset in Scheme
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3 shows the viscosity values obtained for polymers P1d,
P2a—c, and monomer d for different concentrations; an
increase in the reduced viscosity values is evident as the
solution concentration decreases. Such a behavior can be
explained in terms of the polyelectrolyte nature of the
polymers due to the presence of Ru(Il) and the PFs
counterions. Comparison of the viscosity values with those
of the vinylic monomer d, as well as the relation of the
viscosity value of polymer P1d with the M, value obtained
by 'H NMR, fully supports the formation of polymeric hybrid
materials in both the cases of P1 and P2.

On the other hand, the copolymers of ruthenium complexes
with oxadiazole units (P3) could be successfully character-
ized with GPC, but only for those having low metal loadings
(less interaction with the polystyrene columns used). It was
observed that in the cases of higher oxadiazole loadings (feed
composition ratios of 95/05, 90/10, and 85/15) the copoly-
mers were soluble in CHCls and their GPC characterization
was possible, as shown in Table 2. A representative GPC
trace of P3iii copolymer is provided in the Supporting
Information (Figure S2). Similarly, for the P4 copolymers,
GPC characterization was successful for high carbazole
loadings (feed composition ratios of 95/05, 85/15, and 75/
25), as shown in Table 3. A representative GPC trace of
P4iii copolymer is provided in the Supporting Information
(Figure S3) as well.

Optical Characterization. The [Ru(vbpy)(bpy).](PFs).
unit (d), homopolymers P1 and P2, and copolymers P3 and
P4 were thoroughly characterized with respect to their optical
properties in dilute DMF solutions (107°—107¢ M), via
UV—vis and PL spectroscopies. In all cases the characteristic
absorption and emission bands of the [Ru“(bpy)3]2+ com-
plexes were observed. On the other hand, for copolymers
P3 and P4, bands due to the synergistic effect of both the
monomer d and OXD or CARB coexisting moieties could
be detected, with varying intensities depending on the ratios
of the comonomers. All homopolymers and copolymers
present intense red light emissions.

Concerning the monomer d and the polymers P1 and P2,
UV —vis spectroscopy revealed identical spectra, exhibiting
an absorption peak at around 4 = 292 nm and a “shoulder”
at 4 = 320 nm, attributed to w—a* LC (ligand-centered)
transitions of 2,2'-bipyridine, and an absorption maximum
at A = 458 nm, which is characteristic of the d—z* MLCT
(metal to ligand charge transfer) of the [Ru(vbpy)-
(bpy)21(PFe), complexes (Figure 5). In the case of P2, where
the anthracene unit is used as the initiator, one should expect
an additional absorption peak at A = 414 nm attributed to
the anthracene unit, as shown in Figure 5, but particularly
this peak is overlapped by the ruthenium complex absorption
at 458 nm, since the concentration of the anthracene initiator
in P2 is very low.

Photoluminescence investigation of monomer d and
polymers P1 and P2 after excitation at A = 290 nm and A =
320 nm revealed identical emission peaks located at around
A = 380 nm and A = 615 nm attributed to the [Ru-
(vbpy)(bpy)2](PFs), complex. Depending on the excitation
wavelength, varying emission intensities were observed as
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shown in Figure 6. Additionally, in the case of P2, due to
the overlapping of the absorption band of monomer d and
the anthracene moiety, after being excited either at A = 414
nm (where the absorption maxima of the anthracene initiator
is located) or at A = 458 nm (attributed to monomer d),
emissions at A = 520 nm and A = 615 nm were observed,
proving the incorporation of the anthracene group along the
polymeric backbone (Figure 6).

The UV—vis optical characterization of copolymers P3
revealed similarities with those of polymers P1 and P2. As
shown in Figure 7, the d—z* MLCT absorption band of the
[Ru(vbpy)(bpy)2](PFs), unit is evident at A = 458 nm.
Moreover, P3 copolymers exhibit a peak of higher intensity,
with maxima either at 4 = 296 nm (absorption maxima of
the oxadiazole unit) or at A = 292 nm (absorption of bpy
ligands), plus a shoulder at around A = 320 nm attributed to
the w—x* LC transition of 2,2'-bipyridines, depending on
the molar ratio of the copolymer. In that order, the absorption
maxima observed for P3i—vii vary from 296 to 292 nm,
whereas the shoulder at 4 = 320 nm is observed only in
cases of high metal loadings. Furthermore, it should be
outlined that the intensity of the MLCT absorption band at
458 nm increases by increasing the ratio of the metal complex
to the copolymer, whereas the absorption band at ~294 nm
remains relatively constant.

Photoluminescence spectra of copolymers P3 were ob-
tained after excitation at A = 290 nm and A = 458 nm with
emission maxima at A = 382 nm and A = 615 nm (Figures
8 and 9). The first peak is attributed to the m—n* LC
absorption band of both 2,2'-bipyridine and the oxadiazole
unit, while the latter is characteristic only of the d—s* MLCT
absorption band of the [Ru(vbpy)(bpy).](PF¢), unit.

Concerning copolymers P4, their optical properties re-
semble those of P3. In the UV—vis spectra of copolymers
P4i—vii, one can observe absorption peaks at A = 458 nm
characteristic of the d—z* MLCT absorption band of the
[Ru(vbpy)(bpy)2](PFe), unit as shown in Figure 10. More-
over, P4 copolymers exhibit a peak of higher intensity, with
a maximum located at A = 292 nm and a shoulder at around
A = 320 nm, originating from the w—s* LC transition of
2,2'-bipyridine, as well as the carbazole units. Furthermore,
it should be pointed out that the absorption intensity of the
MLCT band increases compared to that at ~292 nm,
similarly to that of P3, by increasing the ratio of the metal
complex to the copolymer.

Photoluminescence spectra of P4 were obtained after
excitation at A = 290 nm (Figure S4, Supporting Informa-
tion), A = 340 nm (Figure 11), and A = 458 nm (Figure 12).
Emission peaks were observed at 4 = 382 nm and A = 615
nm. The first peak is attributed to the 7—s* LC absorption
band of 2,2'-bipyridine and to the carbazole unit, while the
latter is characteristic of the d—s* MLCT absorption band
of the [Ru(vbpy)(bpy).](PF¢), unit. All copolymers P4i—vii
exhibit similar spectral characteristics after excitation at the
absorption maxima of the carbazole and the bipyridine unit
at ~290 nm. The emission wavelength range consists of
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bands at A = 380 nm and 4 = 615 nm. If excitation takes
place at A = 340 nm, where the carbazole moiety absorbs,
the same emission bands appear (Figure 11). When the
excitation wavelength is 458 nm, only emission peaks at 4
= 615 nm are observed (Figure 12). All of the above optical
data ensure the incorporation of the [Ru(vbpy)(bpy).](PFe)2
unit into the polymeric chains and the ability of these types
of polymers and copolymers to incorporate the optical
properties of the metallic complex.

Conclusions

The newly developed vinylbipyridine monomer ¢ used in
this work was synthesized from bromopyridine derivatives,
taking advantage of the combination of Stille and Suzuki
palladium-catalyzed coupling reactions. Complexation of this
monomer with ruthenium ions resulted in the high-yield
preparation of the [Ru(vbpy)(bpy).](PFs). complex (d). This
vinylic complex was successfully employed in atom transfer
radical polymerization, demonstrating for the first time the
ability of such complexes to be polymerized via ATRP.
Moreover, it was copolymerized via FRP with oxadiazole
and carbazole monomers, producing copolymers with electron/
hole transporting architectures, respectively. All polymers
and copolymers were soluble in common organic solvents,
despite their high metal loadings. A complete characterization
via '"H NMR, GPC, and viscosity measurements was
performed. On the basis of the “architecture” of these
polymers and copolymers, and their optical characteristics
(UV—vis and PL), applications in optoelectronic devices
seem quite feasible. The key advantage of this work, besides
the high-yield synthesis of the new vinyl monomer d, is its
direct ATR homopolymerization, using various functional
initiators. These homopolymers bearing [Ru"(bpy);]** com-
plexes on every single repeating unit were easily soluble in
common organic solvents, allowing their thorough charac-
terization with respect to their structural and optical char-
acteristics. Moreover, the combination of the optical char-
acteristics of the metal complex with the polymers’ properties
and more importantly with the electron or hole transporting
characteristics of the comonomers employed is expected to
further contribute to the balanced charge mobility of these
materials.
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ABSTRACT: Surface functionalization of CNTs (SWCNTs or MWCNTs) with dendron-
ized alkoxy terpyridine-Ru(II)-terpyridine complexes has been accomplished using
either the “grafting to” or the “grafting from” approaches. Different sets of easily
processable hybrid metallo-CNTs composites have been efficiently synthesized
bearing either monomeric or polymeric side chain tpy-Ru(ID)-tpy dicomplexes. Their
characterization through TGA, UV-Vis, and Raman techniques revealed various mod-
ification degrees depending on the methodology employed. © 2009 Wiley Periodicals, Inc.
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INTRODUCTION

The combination of metal ions with polymers,
semiconducting species, and furthermore with
carbon nanotubes is a promising route for nano-
structured composite materials with properties
required in many modern, highly demanding
technological applications.! Metal-ligand coordi-
nation bonding, especially bi- and ter-pyridine
transition metal complexes, has been extended
into a particularly useful tool toward supramolec-
ular structures. Development of dendrimers and
dendronized polymers, coordination, block, and
star-like polymers are some of the areas’ achieve-
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dendrimers; functionalization; metal-polymer

ments, providing materials with enhanced cata-
Iytic, electrochemical, optical, and magnetic
properties.?

Carbon nanotubes (CNTS),3 single (SWCNTs)
or multi (MWCNTs) walled have attracted aca-
demic and industrial interest due to their extraor-
dinary mechanical, electrical, and thermal proper-
ties.* Their surface modification to increase their
dissolution and processability properties has been
the top priority of material scientists during the
past decade. Several methodologies have been
reported using covalent or noncovalent modifica-
tions of CNTs with polymers, organic, inorganic,
or biological molecules.” The CNTs’ noncovalent
functionalization is mainly based on supramolecu-
lar complexation using various adsorption forces
like van der Waals’ and n-stacking interactions,
or through polymer wrapping around the CNT,
without risking the disruption of their extended
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n-network.® On the other hand, covalent’ func-
tionalization of CNTs using addition chemistry
has also been developed either through the “graft-
ing to” or the “grafting from” approaches. Among
the wvarious modifications exploited, dendron
decoration of CNTs was initially attempted by
Hirsch®® and Sun®® using mostly carboxylic
acid functionalized CNTs, whereas direct attach-
ment or development of dendrons onto the CNTS’
surface have also been reported by the Prato
group 5@

Herein, both the “grafting to” and “grafting
from” routes were utilized for the functionaliza-
tion of CNTs with terpyridine-Ru(II)-terpyridine
moieties (tpy-Ru(Il)-tpy). Dendritic terpyridines
of the first generation (G1l) bearing mono- or
dialkoxy groups were employed to assure process-
ability of the final hybrid CNT-metallocomplexes.
Additionally, the CNTs utilized were either
SWCNTs or MWCNTs. SWCNTs exhibiting sim-
pler and more controllable structures have been
preferred during laboratory research. However,
MWCNTs are cheaper and produced in larger
quantities, whereas maintaining most of the
desired properties found in SWCNTSs. Therefore, it
is important to develop efficient and precise meth-
odologies for their modification if such hybrid-
CNTs are to be scaled up or commercialized.

RESULTS AND DISCUSSION

Following the “grafting to” and “grafting from”
approaches, three types of CNTs-tpyRu(I)tpy
composites were prepared in this study. The bro-
momethyl terminated monomeric tpyRu(ID)tpy
complex (BrCHyPh-tpyRu(Il)tpy-2xC,sHs5) of
Scheme 1 was directly attached onto SWCNTs
[Scheme 2(a)] using atom transfer radical addition
conditions (ATRA).? On the other hand, the amino
terminated complexes (1x- or 2x-C;.Hss-tpy-
Ru(IDtpy-(CH3)sNH,, Scheme 1) were attached
onto MWCNTSs through solvent-free diazonium
chemistry [Scheme 2(c)].1° Moreover, side chain
polymeric tpyRu(Il)tpy complexes were developed
onto SWCNTs employing ATR-polymerization'!
and subsequent metal complexation [Scheme 2(b)].

SWCNTs’ functionalization with monomeric
dendritic tpy-Ru(Il)-tpy complexes bearing dido-
decyloxy groups using the “grafting to” approach
is presented in Scheme 2(a). Metal-mediated atom
transfer radical generation/addition (ATRA)?
of complex BrCH;Ph-tpyRu(IDtpy-2xC;2Has
(Scheme 1) onto the SWCNTSs surface was accom-

2xC |2H;5 ~Q

1x or 3!(:12“35 0

1%- or 2¢-C4zHastpyRu(ltpy-(CH2sNH2

CHag0
CyH 50‘@—/
C 1:Hos0
2XC 4 oHo5 1xCzHzs

Scheme 1. Alkoxy tpy-Ru-(II)-tpy bromomethyl and
amino functionalized complexes.

plished using CuBr/PMDETA as the catalytic sys-
tem. This catalytic system is also commonly used
in ATRP reactions. Based on the thermogravimet-
ric analysis (TGA) results (Fig. 1), the SWCNT-
tpyRu(IDtpy-2xC,oHy5 presented a 28.5%
weight loss corresponding to 1 functional group
per 400 carbon atoms.

Using the “grafting from” approach, SWCNTs
were decorated with polymeric side chain dendri-
tic tpy-Ru(Il)-tpy complexes [Scheme 2(b)]. Ini-
tially, the reaction of pristine SWCNTs with
2-aminoethanol in DMF produced the SWCNT-
precursor that was afterwards converted to the
SWCNT-initiator.'? The functional sites of
SWCNT-initiator were used for the ATRP poly-
merization of the vinyl-tpy'>® monomer produc-
ing SWCNT-Poly(tpy). Even though, the poly-
merization was performed using CuBr/PMDETA
in DMF at 110 °C, which is typical for ATRP; it is
likely that the disproportionation step is very
significant thus creating Cu® species that act as
catalyst under SET-LRP conditions (single elec-
tron transfer living radical polymerization).'* For
that reason, it is possible that both polymerization
cycles (ATRP and SET-LRP) are present during
the preparation of SWCNT-Poly(tpy) either in
competitive or in cooperation modes. The free
side-terpyridine groups of SWCNT-Poly(tpy)

Journal of Polymer Science: Part A: Polymer Chemistry
DOI 10.1002/pola
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Scheme 2. Alkoxy tpy-Ru(I)-tpy functionalized CNTs.

were then complexated with the didodecyloxy-tpy-
Ru(II)Cl; monocomplex (II)*? affording the final
hybrid  nanotube-metallopolymeric complex
SWCNT-Poly (tpyRu(IDtpy-2xC,5H>5). Based
on the TGA results of Figure 1, at 800 °C the pris-
tine SWCNT presents a 9.5% weight loss and the
SWCNT-precursor an additional 7.9% weight loss.
Assuming that all the hydroxyl groups of
SWCNT-precursor had reacted with 2-chloro-
propionyl chloride, a total weight loss of 27.6% at
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800 °C would be expected. The actual SWCNT-
initiator’s weight loss of 26.5% indicates that a
94.4% conversion of hydroxyl to ATRP initiator
sites was achieved. The final SWCNT-Poly
(tpyRu(Dtpy-2xC,,Hy5) presented a 20.9%
weight loss compared with the SWCNT-initiator.
Its total weight loss compared with the
pristine SWCNT at 800 °C was found to be
47.4%. Comparing the polymeric functionalized
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Figure 1. TGA thermograms of pristine and modi-
fied SWCNTSs of Scheme 2(a,b).

the monomeric one, SWCNT-tpyRu(ID)tpy-
2xC,2Hs5, we can observe the same decomposi-
tion stages, with the main weight loss obtained
between 300 °C and 550 °C. Thus, we can con-
clude that a considerable Ru(Il) loading was
achieved also for the metallopolymer modified
SWCNT.

On the other hand, MWCNTSs having dendritic
tpy-Ru(ID)-tpy complexes with one or two dodecy-
loxy groups were prepared directly from the
aminopentyl'® functionalized dicomplexes 1x- or
2x-CyoHas-tpyRu(IDtpy-(CHz)sNH; (Scheme 1)
using isoamyl nitrite, Scheme 2(c).!° Representa-
tive TGA thermograms of the MWCNT-tpyRu-
(IDtpy-2xC2Hs5 and 1xC,oHys are given in
Figure 2. The same transitions were observed for
the 2X-C12H25-tpyRu(II)tpy-(CH2)5NH2 and the
MWCNT-tpyRu(IDtpy-1x or 2xC;3Hz5 samples
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é

&
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Figure 2. TGA thermogramms of MWCNT-tpy-
Ru(IDtpy-2xC,3Hs5 and 1xCoHss.

at 450 °C and ~650 °C. Since the TGA diagrams
of the functionalized MWCNTs didn’t reach a pla-
teau up to 800 °C, we can only get an estimation
of their weight loss at 500 °C that equals to 8.7%
for MWCNT-tpyRu(IDtpy-2xC,5,Hz5 and 12.7%
for MWCNT-tpyRu(Il)tpy-1xC,sHy5. Thus, a
higher-degree of functionalization was accom-
plished for the MWCNT-tpyRu(IDtpy-1xC2Hos.

All hybrid CNT-metallocomplexes prepared in
this study were easily dispersible in organic sol-
vents like DMF, THF, or DMSO, allowing charac-
terization of their optoelectronic properties in so-
lution. The UV-Vis examination in DMF solutions
of the functionalized SWCNTs [Fig. 3(a)] and

a)
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Figure 3. (a) UV-Vis spectra in DMF solutions
of SWCNT-tpyRu(IDtpy-2xC,2Hs5 and SWCNT-
Poly(tpyRu(ID)tpy-2xC,2Hs5) (b) UV-Vis in DMF
solutions of MWCNT-tpyRu(ID)tpy-2xC,,Hs5 and
-1X012H25.
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MWCNTs [Fig. 3(b)] showed typical absorption
bands corresponding to the MLCT (metal to
ligand charge transfer) of the tpy-Ru(Il)-tpy moi-
eties at ~495 nm as well as the n-7* transitions of
the terpyridine ligands at ~310 nm. The UV-Vis
spectra of the SWCNT-Ru(Il) complexes were
recorded only up to 800 nm since for the
“NANOCYL” SWCNTs optical transitions
between the van Hove singularities can be hardly
observed.

Raman spectroscopy is a valuable tool used to
characterize the functionalization of CNTs.'¢ The
Raman spectra of pristine SWCNT, SWCNT-
Poly(tpyRu(IDtpy-2xC,oHs5), and SWCNT-
tpyRu(I)tpy-2xC,2Hs5, excited with the 632.8
nm laser line, are presented in Figure 4(a). For
pristine SWCNTs, the G band is comprised
mainly of two peaks located at 1592 cm ! and
1554 cm !, whereas the D band appears at 1321
cm . The G-band originates from in-plane tan-
gential stretching of the C—C bonds in graphene
sheets. The D and D’ bands are disorder activated
modes. It is well-documented that sidewall func-
tionalization breaks the translational symmetry
along the tube axis causing those modes to
become Raman active. Therefore, an increase of
the D-band intensity comprises a fingerprint for
successful sidewall functionalization. Upon func-
tionalization, an increase of the D-band intensity
relative to the G one is clearly observed. By inte-
grating the areas of the D and G peaks in Figure
4(a), the intensity ratio (I(GM+I(G))/I(D) is ~5.4
for the pristine material while it reduces to ~3.0
and ~2.4 for SWCNT-tpyRu(I)tpy-2xC,2Hs5
and SWCNT-Poly(tpyRu(IDtpy-2xC,5H55), res-
pectively. Also, it should be noted that a small
contribution to the collected Raman scattering
intensity of the SWCNT-Poly(tpyRu(IDtpy-
2xC,2Hs5) material from the polymeric chains
cannot be discarded.

Figure 4(b) depicts the radial breathing modes
(RBMs) for the pristine and modified samples
using the 632.8 nm excitation wavelength. The
frequency positions of the main peaks obtained
with Lorentzian lineshapes are also shown. As it
is apparent from Figure 4(b) significant changes
of the Raman excitation profiles takes place in
this part of the spectra most probably as a result
of alterations in the resonance conditions of the
hybrid materials due to covalent functionaliza-
tion. Furthermore, the peaks located at 193 and
218 cm ! for the pristine sample shift to 198 and
220 cm™ ' for the SWCNT-Poly(tpyRu(ID)tpy-
2xC5H,5), respectively. The observed hardening
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Figure 4. (a) Raman spectra for SWCNTs in the
tangential mode frequency region and (b) Radial
Breathing Modes (RBMs) for (i) SWCNT-Poly(tpy-
Ru(IDtpy-2xC2Hs5), (ii)) SWCNT-tpyRu(IDtpy-
2xC,52Hy5, and (iii) pristine SWCNT. The vertical
lines mark the main peaks of the studied materials.
[Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]

of the modes indicates that the decoration of
SWCNTs with the polymeric chains affects consid-
erably the force constant strength of the C—C
bonds. Finally, for the SWCNT-tpyRu(IDtpy-
2xC5Ho5 hybrid minor frequency shifts can be
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Figure 5. Raman spectra in the tangential mode
frequency region of pristine MWCNTs and of
MWCNT-tpyRu(IDtpy-2xCsHss and 1xCoHjs.
[Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com. |

observed in the Raman spectrum suggesting less
pronounced interactions between SWCNTs and
the functional groups.

The Raman spectra of pristine MWCNT,
MWCNT-tpyRu(IDtpy-2xC,2Hs5, and MWCNT-
tpyRu(IDtpy-1xC,oHs5  excited with  the
514.5 nm laser line are shown in Figure 5. For the
pristine material, three characteristic bands,
namely the D-band at 1348 cm ™%, the G-band at
1580 cm ™!, and the D’-band at 1611 cm ! have
been detected. By integrating the areas of the D
and G peaks for both samples, the G- to D- peak
intensity ratio (IG/ID) for MWCNT-tpyRu
(IDtpy-1xC;2Hos and MWCNT-tpyRu(IDtpy-
2xC,oHo5 are ~1.6 and ~2.1, respectively. For
pristine MWCNTSs, a considerable enhancement
of the corresponding ratio IG/ID (~2.8) is esti-
mated. Those findings further support the disrup-
tion of the graphitic integrity due to the proposed
covalent functionalization. Also, the D’ which can
be barely observed in pristine tubes as a shoulder
at 1615 cm 1 is clearly detectable after functional-
ization, reflecting an enhancement of the tubes
structural disorder caused by sp® hybridization of
the sidewall carbon atoms. Additionally, it should
be stressed that for the MWCNT-tpyRu(ID)tpy-
1xC;5Hys sample a blue shift of ~3 ecm ! was
found for the G band relative to the pristine
one, whereas a negligible shift is observed for
the MWCNT-tpyRu(II)tpy-2xC,5Hs5 compound.
Moreover, the full-width at half maximum
(FWHM) of the G-band is significantly affected
upon functionalization. The FWHM for the pris-

tine material is 29 ecm ' and increases signifi-
cantly to 49 cm ™! for 1xC12Hos- and to 39 cm ™!
for MWCNT-tpyRu(I)tpy-2xC,5Hs5. These
results show that a more efficient functionaliza-
tion was achieved in the case of MWCNT-tpyRu
(IDtpy-1xC,2H55 in agreement with the results
obtained from TGA.

It is evident that using the above methodolo-
gies, we succeeded in decorating various types
of CNTs with terpyridine-ruthenium complexes,
combining the complexes’ properties with those
arising from CNTs. For solubility reasons of the
CNT-metallomonomers and CNT-metallopolymers
used herein, long aliphatic chains were attached
on the terpyridines which effectively acted as sol-
ubilizers of the final hybrid metallo-CNTs. As it
is well-known, such long aliphatic substituents
located on the outer sphere of dendrimers and
dendronized polymers lead to enhanced organiza-
tional features.'” Certainly, such self-organization
phenomena are not expected for the functional-
ized CNTs of this study, due to the inherent
and predominant, long and rigid nature of the
central graphene core. However, the solubility
enhancement that these substituents bring to the
system is of significant importance for the crea-
tion of prossessable CNT based nanomaterials.

CONCLUSIONS

It has been demonstrated that CNTs can be effi-
ciently functionalized with terpyridine-Ru(Il)-
terpyridine complexes either as monomeric dicom-
plexes or as polymeric chains bearing side tpy-
Ru(IDtpy moieties onto every repeating unit. The
employment of both pristine SWCNTs and
MWCNTs in combination with the efficiency of
either the “grafting to” or “grafting from”
approaches reveals the effectiveness and tolerance
of the above functionalizations toward processable
hybrid metallocontaining CNTs. All characteriza-
tion techniques employed proved the herein porise
CNTs modifications. This methodology enables the
CNTs functionalization in desirable degrees and
can be extended in the attachment of other com-
plexes and different metal ions as well.

EXPERIMENTAL

Materials

The SWNTs used in this work were obtained from
NANOCYL S.A. (SWCNT 90+% C purity) and the
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MWCNTs from “NANOTHINX S.A.” 4-(2,2':6',2"-
terpyridin-4’-yl)benzyl bromide,'® didodecyloxy-
and mono-dodecyloxy-terpyridine/ruthenium(III)
trichloride mono-complexes,'*®  vinyl-tpy,*®
5-aminopentyl  4'-(2,2:6/,2"-terpyrydinyl)ether'®
and SWCNT-initiator'?® were synthesized
according to literature procedures. CuBr
(Aldrich), 2,2/-bipyridine (bipy, Aldrich),
N,N,N',N',N"-pentamethyldiethylene triamine
(PMDETA, Aldrich) and all the other reagents
and solvents were used as received. All the poly-
merization and complexation reactions were car-
ried out under an argon atmosphere.

Instrumentation

The structures of the synthesized monomeric com-
pounds were clarified by high-resolution *H and
130 NMR spectroscopies with Bruker Advance
DPX 400 MHz and 100 MHz spectrometers,
respectively. UV-Vis spectra were recorded using
a Hitatchi spectrophotometer model U 1800 in
quartz glass cuvettes (1 cm). The TGA experi-
ments were performed on a TA Instruments Q50
series. Raman spectra of MWCNT and SWCNT
samples were recorded using a microscope
equipped triple monochromator combined with
a Peltier cooled charge-coupled device detector
system. The spectra were acquired in the back-
scattering geometry using the 514.5 nm and the
632.8 nm excitation lines. The light was focused
on the samples using an 80x objective. The data
were recorded at the laser power of 0.4 mW, mea-
sured directly before the samples, to minimize
heating effects. The phonon frequencies were
obtained by fitting Lorentzian lineshapes to the
experimental peaks.

BrCh2Ph-tpyRu(|I)tpy-2xC1 2H25

A round bottom flask equipped with a reflux con-
denser a magnetic stirrer and a gas inlet/outlet
was flamed under vacuum. 50 mg (0.124 mmol) of
4-(2,2":6',2"-terpyridine-4'-yl)benzyl bromide and
184 mg (0.186 mmol) of didodecyloxy-terpyridine/
ruthenium(IID)trichloride = monocomplex were
mixed in 30 mL of a 4:1 mixture of THF and
EtOH. Five drops of N-ethylmorpholine were
added, and the mixture was heated to reflux for 2
days. After the removal of insoluble byproducts by
filtration through Celite, the resulting deep red
filtrate was evaporated to almost half its volume.
The addition of an excess of a saturated NH,PF¢/
MeOH solution caused the complex to precipitate
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as a dark-red powder, which was filtered and
washed with EtOH, H,O, and toluene. The
desired dicomplex BrCHyPh-tpyRu(l)tpy-
2xC.Ho5 (120 mg, 69%) was obtained by repreci-
pitation from CHCl; (10 mL) into n-hexane (100
mL) and then dried under vacuum at 40 °C. og
(400 MHz; DMSO-d6; Me4Si): 0.86 (CHs, s, 6H),
1.27-1.40 (CH,, s, 32H), 1.45 (CH,, s, 4H), 1.74
(CHy, s, 4H), 4.00 (OCH,, s, 4H), 4.97 (CHy-Br, s,
2H), 5.26 (OCHg, s, 2H), 6.47 (Ca,H, s, 1H), 6.68
(CarH, s, 2H), 7.28 (CaH, d, 4H), 7.40 (Ca.H, d,
4H), 7.52 (Ca.H, s, 4H), 8.00 (Cp,H, s, 4H), 8.41
(CarH, m, 4H), 9.04 (C.H, s, 4H), 9.42 ppm(Cx. H,
s, 4H).

Synthesis of SWCNT-tpyRu(ID)tpy-2xC;H>s5

A round-bottom flask equipped with a rubber
septum, a magnetic stirrer, and a gas inlet/outlet
was flamed under vacuum. 11 mg (0.077 mmol) of
CuBr and 160 uL (0.077 mmol) of N,N,N',N",N"-
pentamethyldiethylenetriamine (PMDETA) were
added along with 25 mg of SWCNTs. The system
was degassed and flushed with argon again. The
solvent DMF (degassed) 3 mL and 100 mg (0077
mmol) of BrCH;Ph-tpyRu(IDtpy-2xC;2Hos
were added to the flask and the reaction mixture
was immediately degassed and flushed with ar-
gon. The reaction mixture was then immersed in
an oil bath and heated at 110 °C for 24 h. After
cooling to room temperature, the suspension was
filtered through a Millipore PTFE 0.2 ym mem-
brane and consecutively washed with CHClI;,
THF, Acetone, and DMF to remove any unreacted
materials. The solid remaining onto the mem-
brane was dispersed in DMF with an ultrasonic
bath and consecutively filtered through a PTFE
0.2-um membrane. The procedure was repeated
three times. The CNTs were finally filtered,
washed with Acetone and Diethyl Ether and then
dried under vacuum at 50 °C overnight.

Synthesis of SWCNT-Poly(tpyRu(Il)tpy-2xC;,H>5)
SWCNT-Poly(tpy)

The same system/procedure as for SWCNT-
tpyRu(ID)tpy-2xC,oHy5 was followed using the
modified SWCNT-initiator (25 mg, 0.946 ymol
of initiator sites), 82 mg (0.19 mmol) of vinyl-
tpy, 5.5 mg (0.038 mmol) of CuBr, 8 uL (0.038
mmol) of PMDETA, and 3 mL of degassed DMF.
The SWCNT-Poly(tpy) were equally treated as
before to remove impurities and excess of
reagents.
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SWCNT-Poly(tpyRu(IDtpy-2xC;2Hs5). A round
bottom flask, equipped with a reflux condenser a
magnetic stirrer and a gas inlet/outlet was flamed
under vacuum. The modified SWCNT-Poly(tpy)
were added to the flask along with a double excess
in molar ratio of the didodecyloxy-terpyridine/
ruthenium(III) trichloride monocomplex (com-
pared with the terpyridine amount formerly
used), a 30 mL mixture of THF/EtOH 4/1 and five
drops of N-ethylmorpholine. The reaction mixture
was refluxed at 70 °C for 5 days. Then the suspen-
sion was filtered through a Millipore PTFE 0.2
um membrane and consecutively washed with
CHCl;, THF, Acetone, and DMF to remove any
unreacted materials. The solid remaining onto
the membrane was treated with ultrasonic bath
in DMF and consecutively filtered through a
PTFE 0.2-um membrane. The procedure was
repeated three times. The SWCNT-Poly(tpyRu
(IDtpy-2xC12Hs5) was finally filtered and
washed with Acetone and Diethyl Ether and then
dried under vacuum at 50 °C overnight.

1x- or 2x-C12H25-tpyRu(||)tpy-(CH2)5NH2

General procedure for the synthesis of 1x- or 2x-
C12Hos-tpyRu(IDtpy-(CH3)sNH, complexes as
follows: The didodecyloxy- or mono-dodecyloxy-
terpyridine/ruthenium(III) trichloride monocom-
plexes (1.02 mmol) and 5-aminopentyl 4'-
(2,2':6',2"-terpyrydinyl)ether (1.00 mmol) were
mixed in 30 mL of a 2:1 mixture of THF/EtOH.
Five drops of N-ethylmorpholine were added and
the mixture was heated to reflux for 2 days. After
removing insoluble byproducts by filtration
through celite, the resulting deep red filtrate was
evaporated to almost half its volume. Addition of
excess of a saturated NH,PF¢/MeOH/H>O solu-
tion caused the complex to precipitate as a red
powder, which was filtrated and washed with
EtOH, H50 and n-hexane.
2x-C12H25-tpyRu(II)tpy-(CH2)5NH2 Yield
85%. 0 (400 MHz; DMSO-d6; Me4Si): 9.37 (s,
2H, ArH), 9.04 (d, 2H, ArH), 8.84 (d, 2H, ArH),
8.75 (s, 2H, ArH), 8.38 (d, 2H, ArH), 7.97-8.03 (m,
4H, ArH), 7.2-7.5 (m, 10H, ArH), 6.4 (s, 2H, ArH),
6.44 (s, 1H, ArH), 5.22 (s, 2H, ArCH;0), 4.55 (t,
2H, CH,), 3.95 (t, 4H, OCHy), 2.87 (m, 2H, CHy),
1.9 (m, 4H, CH,, NH,), 1.67 (m, 8H, CH,), 1.1-1.4
(m, 36H, CH,), 0.8 (t, 6H, CHj).
1x-C12H25-tpyRu(II)tpy-(CH2)5NH2 Yield
80%. 6z (400 MHz; DMSO-d6; Me4Si): 9.4 (s, 2H,
ArH), 9.1 (s, 2H, ArH), 8.78-8.88 (m, 4H, ArH),
8.43 (d, 2H, ArH), 8.06 (m, 4H, ArH), 7.2-7.55

(two m, 10H, ArH), 4.54 (t, 2H, CHy), 4.16 (t, 2H,
OCHy), 2.9 (m, 2H, CHy), 1.92 (m, 4H, CHy, NHy),
1.6 (m, 6H, CHy), 1.2-1.5 (m, 18H, CH,), 0.87 (t,
3H, CHjy).

Synthesis of MWCNT-tpyRu(I)tpy-2xC;,H5
or -1XC12H25

To a degassed flask equipped with a reflux con-
denser and a gas inlet/outlet, 50 mg of MWCNTs
(Nanothinx S.A.), 50 mg (0.041 mmol) of
1xC,oHos-tpyRu(IDtpy-(CHy)sNH,; or 50 mg
(0.0331 mmol) of 2xCi3Has-tpyRuDtpy-
(CHy)5NH,, and 1 mL (7.44 mmol) of isoamyl
nitrite were added under argon atmosphere and
in absence of light. The reaction mixture was
degassed and flushed with argon again and
refluxed at 65 °C for 5 days. Then, it was left to
cool down to room temperature and filtered
through a Millipore PTFE 0.2-ym membrane. The
MWCNT-tpyRu(IDtpy-2xC5Hs5 or -1xC;oHos
remaining onto the membrane were washed with
excess of Acetone, followed by ultrasonic bath in
DMF and consecutively filtered again through a
PTFE 0.2-um membrane. The procedure was
repeated three times to remove any excess of
unreacted  materials. The  functionalized
MWCNTs were finally filtered, washed with Ace-
tone and Diethyl Ether, and then dried under vac-
uum at 50 °C overnight.
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ABSTRACT: Semiconducting oligomers and polymers decorated with two or one
dendronized tpy-Ru(I)-tpy metallocomplexes are presented. Initially, free terpyridine
end-functionalized semiconducting oligomers (distyrylanthracene, quinquephenylene,
mono- and trifluorenes) were prepared while in a second approach, atom transfer
radical polymerization was employed for the preparation of side-chain oligomeric and
polymeric (oxadiazole)s using a terpyridine initiator. These terpyridine-bearing
oligomers and polymers were complexated with a Percec-type first-generation (G1)
dendronized terpyridine—Ru(III)Cl; monocomplex, having two dodecyloxy groups. All
oligomeric and polymeric metallocomplexes were characterized via NMR spectroscop-
ies for their structural perfection and via UV-Vis and PL spectroscopies for their opti-
cal properties. The existence of the organic semiconducting blocks in combination
with the terpyridine-Ru(II)-terpyridine groups afforded hybrid metallo-semiconduct-
ing species presenting the optical features of both their components. Moreover, their
thin-film morphologies were investigated through atomic force microscopy, revealing,
in some cases, an organization tendency in the nanometer scale. © 2009 Wiley Periodicals,

Inc. J Polym Sci Part A: Polym Chem 47: 1939-1952, 2009
Keywords: dendrimers; heteroatom-containing polymers; metal-polymer complexes;
semiconducting oligomers; supramolecular structures

INTRODUCTION

Metal ions incorporated into typical carbon-based
organic systems result in materials with redox,
magnetic, optical, or reactive properties, not eas-
ily accessible otherwise. Metal complexes of the
2,2/-bipyridine (bpy) and 2,2":6',2'-terpyridine
(tpy) ligands have proven most useful not only
due to their complexation ability with different
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metal ions such as Ir, Rh, Os, Ru, Cu, Fe, Zn, Ni
and so forth but also due to their ease of synthe-
sis, and in various substitution patterns, thus, a
great number of metal-bearing systems have been
developed.! In recent years, they have been stud-
ied widely in solar energy conversion,? light-
emitting electrochemical cells,® luminescent and
electroluminescent materials,* nonlinear optical
devices,” and organic light-emitting diodes.® In
general, the optoelectronic properties of polypyri-
dine—transition metal ion complexes can be tai-
lored to create semiconducting multicomponent
systems in combination with known fully organic
semiconducting oligomeric or polymeric species.
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Particularly, the stability and the ease of syn-
thesis of Ru(Il) complexes have favored intense
research.”® Ru(II) complexes based on bidentate
bipyridine ligands have excellent photophysical
properties.'*~'? However, these complexes are chi-
ral whereas the tridentate terpyridine ones are
achiral, offering stereochemical and purification
advantages.’>?° On the other hand, the main
drawback of tpy—Ru(Il)-tpy complexes is that
they are practically nonluminescent at room tem-
perature, which has triggered efforts toward the
improvement of their optoelectronic proper-
ties.?1?2 Nonetheless, the possibilities that tpy—
Ru(Il)-tpy complexes offer for the formation of
metal-based systems using metal-ligand coordi-
native bonding have led to a large number of self-
assembled hybrid supramolecular systems. Thus,
tpy—Ru(Il)-tpy complexes have extensively been
introduced into backbones,?® side-chains,?*?® as
well as chain ends and centers2®3° of (co)poly-
mers; into the core, periphery, or branching points
of dendrimers and dendronized polymers;>'=33 as
well as various other symmetric or asymmetric
architectures.?* Additionally, the self-assembly of
terpyridines under complexation with metal ions
can produce discrete semiconducting hybrid
oligomers with well-defined chemical structures
and electronic properties.®®

Taking the above into consideration, we pre-
pared a series of semiconduncting p-conjugated
oligomers end-functionalized with two free terpyr-
idine moieties that were selectively complexated
with a dendritic dialkoxy tpy—Ru(III) monocom-
plex®? of the first generation (G1). Secondly, semi-
conducting oligomeric- and polymeric-(oxadia-
zole)s were synthesized under atom transfer
radical polymerization (ATRP)® using a free ter-
pyridine as the initiator, a method affording end-
functionalized tpy—(oxadiazole)s that were also
selectively complexated with the dendritic
dialkoxy tpy—Ru(III) monocomplex. The didodecy-
loxy—tpy—Ru(IIT1)Cl3 monocomplexes were selected
to assure the solubility for the final hybrid sys-
tems due to the long alkoxy groups and also to
investigate the self-organizational ability of such
dendritic moieties onto the metal-loaded materi-
als. On the basis of previous findings of dendron-
ized systems, such long aliphatic substituents
located on the outer sphere of dendrimers and
dendronized polymers lead to enhanced organiza-
tional features. Dendronization of rigid or flexible,
macromolecular or oligomeric specimens has
extensively been employed to induce the self-
assembly to the final materials. Impressive helical,

ribbon-like, columnar, or cylindrical architectures
have been demonstrated due to the dendritic parts
and also in combination with H-bonding, n—n
stacking, and hydrophobic-hydrophilic interac-
tions. Especially, self-assembled p-conjugated oli-
gomeric entities are expected to influence the mor-
phology and performance of optoelectronic and
photovoltaic devices.>”*?* Thus, the dendritic
tpy—Ru(Il)-tpy-modified semiconducting materials
presented herein were characterized with respect
to their structural perfection, optoelectronic pro-
perties, and self-assembly in solid state.

EXPERIMENTAL

Materials

4'(2,2':6',2"-Terpyridin-4"-yl)benzyl bromide (I),*
compounds R1,** R2,*5 R3,*® and R4*" (Scheme
1), 2-[4-(4-vinylbenzyloxy)phenyl]-5-phenyl-1,3,4-
oxadiazole (vinyl-oxadiazole)**®***® (Scheme
2) and didodecyloxy-terpyridine/ruthenium(III)
mono-complex (II)*> were synthesized as
described in the literature. Diphenyl ether
(Merck) was stored over molecular sieves (4 A)
and purged with argon for 30 min before the poly-
merization was started. CuBr (Aldrich), 2,2-
bipyridine (bpy, Aldrich), N,N,N',N'.N'-pentame-
thyldiethylene triamine (PMDETA, Aldrich)
and all the other reagents and solvents were used
as received. All the polymerization and complexa-
tion reactions were carried out under argon
atmosphere.

Instrumentation

The structures of the synthesized compounds
were clarified by high-resolution 'H and *C NMR
spectroscopies with Bruker Avance DPX 400 MHz
and 100 MHz spectrometers, respectively. Molecu-
lar weights (M,, and M,,) were determined by gel
permeation chromatography [GPC; Ultrastyragel
columns with 500 and 10* A pore size; CHCl; (an-
alytical grade) was filtered through a 0.5-um
Millipore filter and samples were passed through
a 0.2-um Millipore filter; flow 1 mL min !; at
room temperature] using polystyrene standards
for calibration. UV-Vis spectra were recorded
using a Hitatchi spectrophotometer, model U
1800. All spectroscopic measurements were per-
formed in quartz glass cuvettes (1 cm). Photolumi-
nescence was measured using a Perkin—Elmer
LS45 spectrofluorometer in CHCIl3 solutions of
107® M concentrations. Imaging of the surface
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N-Ethylmorpholine
THF/EtOH

Scheme 1. Synthetic procedure for dendronized ditpyRu(IDtpy-R semiconducting
oligomeric dicomplexes with R1 = distyrylanthracene, R2 = didodecyloxy-quinque-
phenyl, R3 = fluorine, and R4 = trifluorene segments.

morphology of the spin-coated samples was
accomplished via atomic force microscopy (AFM),
using a Topometrix Explorer SPM Microscope
(Theromicroscopes) with Electronic control unit
ECU-Plus TM and Explorer SPM head with
Truemetrix Scan Linearization having two dry
scanners.

General Procedure for the Synthesis of the
Compounds ditpy-R (R1-R4)

A mixture of the compounds R1-R4, 4'-(2,2":6/,2"-
terpyridin-4'-yl)benzyl bromide (I), KyCOs;, and

Journal of Polymer Science: Part A: Polymer Chemistry
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18-crown-6, in acetone (30 mL) was refluxed for
48 h under argon atmosphere. After cooling to
room temperature, the resulting precipitate was
filtered off, washed with water (3 x 10 mL), addi-
tional acetone (3 x 5 mL), and dried under vac-
uum at 40 °C.

Compound ditpy-R1: 0.100 g (0.242 mmol) of
R1, 0.243 g (0.604 mmol) of I, 0.067 g (0.483
mmol) of K;CO3, and 0.013 g (0.048 mmol) of 18-
crown-6. Yield: 0.210 g (82%). 'H NMR (CDCls,
ppm): 5.23 (OCH,, s, 4H), 6.88 (CH, d, 2H), 7.10
(CarH, d, 4H), 7.37 (Ca.H, t, 4H), 7.47 (CaH, q,
4H), 7.63 (Ca.H, t, 8H), 7.80 (CH, d, 2H), 7.88
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i
CubBr
PMDETA or bpy
+
DPE
N

Br

110°C

O
Sf ]0
2
N
vinyl-oxadiazole tpy-OXAD N )\O

N-Ethylmarpholine
THF /EtOH

OC 12Hzs

CiaH2s0

M
-\.N )
tpyRu(ll)tpy-OXAD A\©

Scheme 2. Preparation of tpy-OXADs via ATRP and subsequent complexation
toward tpyRu(l)tpy-OXADs.

(CarH, td, 4H), 7.96 (Ca.H, d, 4H), 8.40 (CA.H, q, Compound ditpy-R2: 0.100 g (0.128 mmol) of
4H), 8.69 (CaH, d, 4H), 8.75 (Ca,H, d, 4H), 8.77 R2, 0.129 g (0.320 mmol) of I, 0.035 g (0.256
(CaH, s, 4H). ¥C NMR (CDC1;, ppm): 69.79, mmol) of K4COs, and 0.007 g (0.026 mmol) of 18-
115.20, 118.86, 121.40, 123.87, 126.90-128.40, crown-6. Yield: 0.145 g (80%). "H NMR (CDCls,
132.02, 134.11, 136.93, 149.09, 149.82, 155.92, ppm): 0.89 (CHg, t, 6H), 1.24 (CH,, s, 32H), 1.39
156.12. (CH,, s, 4H), 1.72 (CH,, m, 4H), 3.96 (OCH,, t,
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4H), 5.22 (OCH,, s, 4H), 7.05 (CAH, s, 2H), 7.10
(CarH, d, 4H), 7.37 (CaH, t, 4H), 7.62 (CA.H, d,
12H), 7.69 (Ca.H, d, 4H), 7.88 (CA H, td, 4H), 7.96
(CarH, d, 4H), 8.69 (Ca.H, d, 4H), 8.75 (CA.H, d,
4H), 8.77 (CaH, s, 4H). 3C NMR (CDC13, ppm):
14.12, 22.72, 26.15, 29.41, 29.63, 31.94, 69.77,
69.79, 115.31, 116.32, 118.91, 121.40, 123.84,
126.28, 127.64, 127.97, 128.18, 129.91, 134.01,
136.87, 138.01, 138.28, 139.30, 149.20, 149.94,
150.50, 156.07, 156.33, 158.34.

Compound ditpy-R3: 0.100 g (0.193 mmol) of
R3, 0.194 g (0.483 mmol) of I, 0.053 g (0.386
mmol) of K;CO3, and 0.010 g (0.039 mmol) of 18-
crown-6. Yield: 0.170 g (76%). "H NMR (CDC13,
ppm): 0.77 (CHyCHs, m, 10H), 1.08 (CH,, m,
12H), 2.03 (CH,, m, 4H), 5.23 (OCHs, s, 4H), 7.11
(CarH, d, 4H), 7.37 (Ca.H, t, 4H), 7.53 (Ca.H, m,
4H), 7.62 (Ca.H, m, 8H), 7.73 (Cs.H, d, 2H), 7.89
(Ca.H, td, 4H), 7.96 (Ca.H, d, 4H), 8.69 (Cx.H, d,
4H), 8.75 (Ca,H, d, 4H), 8.77 (CaH, s, 4H). '°C
NMR (CDC13, ppm): 13.94, 22.54, 23.78, 29.70,
31.44, 40.48, 55.20, 69.83, 115.29, 118.94, 119.81,
121.10, 121.42, 123.83, 125.60, 127.61, 127.91,
128.23, 134.74, 136.95, 138.04, 138.19, 139.49,
139.64, 149.06, 149.91, 151.60, 155.92, 156.17,
158.17.

Compound ditpy-R4: 0.100 g (0.085 mmol) of
R4, 0.085 g (0.212 mmol) of I, 0.023 g (0.169
mmol) of K;CO3, and 0.005 g (0.017 mmol) of 18-
crown-6. Yield: 0.105 g (68%). 'H NMR (CDC1s,
ppm): 0.78 (CH,CHs, m, 30H), 1.11 (CH,, m,
36H), 2.05 (CHy, m, 12H), 5.24 (OCHa,s, 4H), 7.12
(CarH, d, 4H), 7.37 (Ca.H, t, 4H), 7.55 (Ca.H, m,
4H), 7.60-7.70 (Co,H, m, 16H), 7.79 (CaH, q,
6H), 7.90 (CA.H, td, 4H), 7.96 (Cs.H, d, 4H), 8.69
(CarH, d, 4H), 8.75 (Ca.H, d, 4H), 8.77 (CA.H, s,
4H). 13C NMR (CDC1,, ppm): 14.01, 22.56, 23.77,
29.68, 31.45, 40.41, 55.25, 69.77, 115.25, 118.87,
119.93, 121.13, 121.41, 123.49, 123.88, 125.64,
126.08, 127.62, 127.94, 128.25, 134.65, 136.95,
137.95, 138.16, 139.59, 139.96, 140.34, 149.11,
151.68, 155.93, 156.17, 158.14.

ATRP of Monomer Vinyl-Oxadiazole Using the
Terpyridine Initiator |

A round-bottom flask equipped with a rubber sep-
tum, a magnetic stirrer, and a gas inlet/outlet was
flamed under vacuum. The initiator I, 56.76 mg
(0.141 mmol), was added to the flask containing
CuBr, 20.25 mg (0.141 mmol), and 2,2'-bipyridine,
44.11 mg (0.282 mmol), or PMDETA, 29.50 uL
(0.141 mmol); or CuBr 40.50 mg (0.282 mmol) and
PMDETA 50.00 uL (0.282 mmol). These corre-
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spond to ratios in mmol, of initiator I:CuBr:bpy of
1:1:2 and initiator I:CuBr:PMDETA of 1:1:1 or
1:2:2. The system was degassed three times and
flushed with argon. The solvent diphenyl ether
(2 mL) and different amounts of the monomer
vinyl-oxadiazole were added to the flask and
the mixture was immediately degassed three
times and flushed again with argon. The reaction
mixture was then immersed in an oil bath and
heated at 110 °C for 18 h. After cooling to room
temperature CHCl; (3—4 mL) was added to the
reaction mixture to dissolve the polymer. The sus-
pension was filtered for removing most of the cat-
alyst. The polymer was precipitated in a large
excess of methanol (20-fold excess by volume).
The obtained tpy—-OXAD was purified by repreci-
pitation from CHCIl; into ethyl acetate and dried
under vacuum (for molecular characteristics see
Table 1). 'H NMR (CDC1;, ppm) for polymer tpy-
OXAD-ii: 1.4-2.4 (m, 3H oxd polymer and 2H tpy
initiator), 5.0 (s, 2H oxd polymer), 6.3—7.6 (m, 9H
oxd polymer and 4H tpy initiator), 8.0 (s, 4H oxd
polymer and 4H tpy initiator), 8.6 ppm (s, 6H tpy
initiator).

General Procedure for the Synthesis of the
Semiconducting Dicomplexes ditpyRu(Il)tpy-R
(R1-R4) and of the Oxadiazole Complexes
tpyRu(1)tpy—OXADs

The compounds ditpy-R1-ditpy-R4 or the poly-
mer tpy-OXAD-i, and the didodecyloxy-terpyri-
dine/ruthenium(III) mono-complex II were mixed
in 25 mL of a 3:1 mixture of THF/EtOH. Five
drops of N-ethylmorpholine were added and the
mixture was heated to reflux for 5 days. After
removing insoluble byproducts by filtration
through celite, the resulting deep red filtrate was
evaporated to almost half of its’ volume. Addition
of excess of a saturated NH,PFsMeOH solution
caused the complex to precipitate as a red powder,
which was filtrated and washed with EtOH,
H,0 (ditpyRu(IDtpy-R1-R4 and tpyRu(IDtpy-
OXAD) and toluene in the case of ditpyRu(II)
tpy-R4 and tpyRu(II)tpy-OXAD. The final com-
plex was obtained by reprecipitation from CHCl;
(56 mL) into hexane (50 mL) and dried under vac-
uum at 40 °C.

Complex ditpyRu(IDtpy-R1: 0.040 g (0.038
mmol) of ditpy-R1, 0.094 g (0.095 mmol) of II.
Yield: 80 mg (62%). 'H NMR (DMSO-d6, ppm):
0.86 (CHg, s, 12H), 1.11-1.51 (CHsy, m, 72H), 1.72
(CHg, m, 8H), 4.02 (OCHs, s, 8H), 5.25 (OCHs,, s,
4H), 5.44 (OCH,, s, 4H), 6.46 (CA.H, s, 2H), 6.67
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Table 1. Reaction Conditions and Molecular Weight Characteristics of the Synthesized tpy-OXADs

Polymer? Amine M, (*H NMR) M,° M M /M,P
tpy—OXAD—i° bpy 21785 2080 2825 1.36
tpy—OXAD—ii¢ bpy 4065 2095 2895 1.38
tpy—OXAD—iii¢ bpy 2455 2190 2745 1.25
tpy—OXAD—iv® bpy 3820 2815 3700 1.31
tpy—OXAD-v¢ PMDETA 6960 4765 6300 1.32
tpy—OXAD-vi¢ PMDETA 5155 6065 1.18
tpy—OXAD-vii® PMDETA 43440 99400 2.29

Reaction conditions:
2 CuBr, diphenyl ether 10% w/v, 110 °C.

b Molecular weights and polydispersity indices M /M, were determined with size exclusion chromatography (CHCls, room
temperature) using polystyrene standards and UV detection at 254 nm.

“Ratio of [monomer]yI/[CuBrly/[bpyly = 10/1/1/2.
4 Ratio of [monomer]y/I/[CuBrly/[PMDETA], = 30/1/1/1.
¢Ratio of [monomer]y/I/[CuBr]y/[PMDETA], = 30/1/2/2.

(CarH, s, 4H), 6.91 (CH, d, 2H), 7.15 (Cs.H, d,
4H), 7.28 (Co.H, m, 8H), 7.43-7.85 (CA.H, CH, m,
26H), 8.03 (CaH, m, 8H), 8.38 (Ca.H, m, 12H),
9.05 (Ca.H, t, 8H), 9.38 (CA.H, d, 8H).

Complex ditpyRu(IDtpy-R2: 0.035 g (0.025
mmol) of ditpy-R2, 0.061 g (0.061 mmol) of II.
Yield: 50 mg (54%). 'H NMR (DMSO0-d6, ppm):
0.87 (CHs, s, 18H), 1.11-1.51 (CH5, m, 108H), 1.72
(CHg, m, 12H), 4.01 (OCH,, s, 12H), 5.26 (OCH,,
s, 4H), 5.42 (OCHo,, s, 4H), 6.48 (CA.H, s, 2H), 6.68
(CacH, s, 4H), 7.20 (CaH, s, 2H), 7.28 (Ca.H, m,
12H), 7.38 (Ca.H, d, 4H), 7.53 (Ca.H, m, 8H), 7.71
(CarH, s, 12H), 7.87 (Ca.H, d, 4H), 8.04 (Cs.H, m,
8H), 8.40 (Cx.H, dd, 8H), 9.06 (CaH, t, 8H), 9.39
(CacH, d, 8H).

Complex ditpyRu(IDtpy-R3: 0.030 g (0.026
mmol) of ditpy-R3, 0.064 g (0.065 mmol) of II.
Yield: 82 mg (90%). 'H NMR (DMSO-d6, ppm):
0.73 (CHyCHjs, m, 10H), 0.87 (CHs, m, 12H), 1.08
(CHy, m, 12H), 1.15-1.51 (CHy, m, 72H), 1.74
(CHy, m, 8H), 2.12 (CH,, m, 4H), 4.01 (OCHo,, t,
8H), 5.23 (OCH,, s, 4H), 5.42 (OCH,, s, 4H), 6.48
(CacH, s, 2H), 6.68 (CA.H, s, 4H), 7.21-7.32 (Ca.H,
m, 12H), 7.38 (Cx.H, d, 4H), 7.52 (Co,H, m, 8H),
7.59-7.77 (Cs.H, m, 8H), 7.88 (Cs.H, m, 6H), 8.04
(CacH, m, 8H), 8.42 (Ca,H, dd, 8H), 9.06 (C.H, t,
8H), 9.39 (CA.H, d, 8H).

Complex ditpyRu(IDtpy-R4: 0.065 g (0.036
mmol) of ditpy-R4, 0.088 g (0.089 mmol) of II.
Yield: 105 mg (71%). "H NMR (DMSO0-d6, ppm):
0.67-0.92 (CH,CHs3, m, 42H), 1.08 (CHy ,m, 36H),
1.15-1.51 (CH,, m, 72H), 1.73 (CH,, m, 8H), 2.13
(CHs, m, 12H), 4.01 (OCHs, t, 8H), 5.24 (OCH,, s,
4H), 5.42 (OCH,, s, 4H), 6.46 (CA.H, s, 2H), 6.67
(CaH, s, 4H), 7.21-7.30 (Cp H, m, 12H), 7.34
(CarH, d, 4H), 7.50 (CaH, m, 8H), 7.59-7.77

(CarH, m, 16H), 7.88 (Ca,H, m, 12H), 8.02 (Cp, H,
m, 8H), 8.39 (Ca.H, dd, 8H), 9.01 (CaH, t, 8H),
9.35 (Ca.H, d, 8H).

Complex tpyRu(I)tpy-OXAD

0.090 g (0.032 mmol) of tpy—OXAD-i, 0.048 g
(0.048 mmol) of II. Yield: 90 mg (68%). 'H NMR
(DMSO-d6, ppm): 0.85 (s, 6H), 1.03-1.49 (m,
36H), 1.50-2.20 (m, 3H oxd polymer and 4H), 4.00
(s, 4H), 5.07 (s, 2H oxd polymer), 5.24 (s, 2H), 6.46
(s, 1H), 6.66 (s, 2H), 6.10-7.65 (m, 9H oxd polymer
and 12H), 7.7-8.4 (m, 4H oxd polymer and 8H),
8.98 (s, 4H), 9.29 (s, 4H).

RESULTS AND DISCUSSION

For the preparation of di[didodecyloxy-tpy—
Ru(II)-tpy] semiconducting oligomers ditpyRu
(IDtpy-R, anthracene (R1),** quinquephenyl
(R2),* fluorene (R3),%¢ and trifluorene (R4)*" seg-
ments were employed, Scheme 1. Starting from
the hydroxyl end-functionalized molecules R1-
R4, their etherification with 4'-(2,2':6',2"-terpyri-
din-4'-yl)benzyl bromide (D*? afforded the diter-
pyridine end-functionalized molecules, ditpy-R1-
ditpy-R4. Subsequent complexation with didode-
cyloxy-tpy-Ru(II)Cl; (II)*> was accomplished
using EtOH as the reducing agent and N-ethyl-
morpholine as catalyst for the Ru(IIl) to Ru(Il)
reduction. The final semiconducting dicomplexes
ditpyRu(IDtpy-R (Scheme 1) were isolated from
the reaction mixture after counter ion exchange of
Cl™ to PF6~ (chloride to hexafluorophosphate)
with an addition of excess of methanolic NH,PFq
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Figure 1. 'H NMR spectra of (a) ditpy-R2 in CDCl; at room temperature and (b)
of ditpyRu(II)tpy-R2 in DMSO-d6 at 100 °C.

solution.*®*° Excess of II was effectively removed (INtpy-R4 washing with toluene can also be per-
by redisolving the dicomplexes in CHCl; and pre- formed. These dicomplexes were easily soluble in
cipitation into n-hexane, while for ditpyRu common organic solvents, including CHCls,
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Figure 2. H NMR spectra of (a) ditpy-R4 in CDCl; at room temperature and (b)
of ditpyRu(II)tpy-R4 in DMSO-d6 at 100 °C.

THF, DMSO, and DMF and were fully character- Figure 1 for ditpy-R2 and ditpyRu(l)tpy-R2
ized using 'H NMR. Representative ‘H NMR and in Figure 2 for ditpy-R4 and ditpyRu
spectra before and after complexation are given in (INtpy-R4. The characteristic downfield shift of
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Figure 3. GPC traces of tpy-OXAD-ii and of the
terpyridine initiator I (UV detection at 254 nm).

the 3 and 3’ protons of the tpy moieties after com-
plexation from ~8.7 ppm to ~9 and ~9.35 ppm,
respectively, and the upfield shift of the 6 tpy pro-
tons from ~8.7 to ~7.3 ppm can be noticed. Addi-
tionally, no peaks corresponding to the initial
compounds could be found at 8.60-8.80 ppm
attributed to the tpy groups of the uncomplexed
materials.

Apart from the oligomeric semiconducting
dicomplexes, we also prepared semiconducting
oxadiazole homopolymers of various molecular
weights carrying one didodecyloxy-tpy-Ru(Il)-tpy
end-group tpyRu(IDtpy-OXAD as presented in
Scheme 2. 4'-(2,2:6',2"-Terpyridin-4’-yl)benzyl
bromide (I),*® was used as ATRP mono-functional
initiator for the polymerization of monomer
vinyl-oxadiazole,**®*® producing a series of
tpy end-functionalized side chain poly(oxadia-
zole)s (tpy-OXAD, Scheme 2). ATRP polymeriza-
tions®® were carried out using different sets of ex-
perimental conditions with respect to base, solvent,
and ratios of monomer/initiator/catalyst/base. Poly-
mers of controlled molecular weights and narrow
polydispersities were obtained when 2,2'-bipyri-
dine (bpy) or PMDETA (N,N,N'.N',N'-pentame-
thyldiethylenetriamine) was used as ligands of the
Cu(I)/Cu(l) catalyst, but higher M, copolymers
were obtained with PMDETA as the catalyst’s
ligand, Table 1. More specifically, we found that
using a [monomer]y/I/[CuBrly/[bpyl, ratio of 10/1/1/
2 and a [monomerl]y/I/[CuBr]y/[PMDETA], ratio of
30/1/1/1 or 30/1/2/2, at 110 °C in a concentration of
10% w/v in diphenyl ether, low-polydispersity poly-
mers with yields in the range of 45-70% were
obtained, as shown in Table 1.
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It is worth mentioning that due to the use of an
uncomplexed-free tpy compound as the ATRP ini-
tiator, all crude tpy-OXADs prepared were green
since the end-tpy functionalities complexated the
Cu(Il) ions of the catalyst. The crude polymers
were uncomplexated from the Cu(Il) ions by redis-
solving them in DMF and addition of concen-
trated HCI. The desired tpy-OXADs were
obtained as white powder-like materials after
treatment with aqueous Nay,CO5 in DMF.?® This
means that simultaneously with the catalytic sys-
tem employed for the ATRP (CuBr/bpy or CuBr/
PMDETA), a second catalytic system such as
CuBr/tpy was formed in situ, which is much
weaker than the first one. ATRP reactions using
uncomplexed, free tpy units are usually known to
be unsuccessful possibly due to the reduced solu-
bility of the tpy—Cu(II) complexes leading to inad-
equate deactivation rates,”! although some suc-
cessful cases have been reported.*?

All synthesized polymers exhibited good solu-
bilities in a wide range of organic solvents,
including CHCl;, THF, and DMF enabling their
characterization with GPC and 'H NMR techni-
ques. Any unreacted oxadiazole monomer was

0”e
f
9
st
h N
k
4,m,0,h
A JJ
U 60 85 B0 74 1.0 84 6.0 &6 6.0 46
3,36 R

PPM9.0 8.5 8.0 7.5 1.0 6.5 6.0 55 50 45 40 3.5
Figure 4. 'H NMR spectrum in CDCl; at room tem-
perature of tpy-OXAD-ii. The inset shows the 'H

NMR spectrum of the terpyridine initiator I in CDCl3
at room temperature.
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Figure 5. 'H NMR spectrum in DMSO-d6 at 100 °C of the polymeric monocomplex

tpyRu(I)tpy-OXAD-i.

effectively removed using dissolution of the reac-
tion mixture and precipitation in ethyl acetate
which is a selective solvent for the vinyl-oxa-
diazole monomer. GPC was used to make sure
that no trace of unreacted initiator remained in
the polymers and to examine the effectiveness of
the synthetic process in obtaining polymers with
narrow polydispersities. Indeed, GPC did not
reveal any initiator I residual, as shown, for
example, in Figure 3 for tpy—-OXAD-ii. The mo-
lecular weights of tpy—-OXADs vary between
2000 and 43,000 and the polydispersity indices
(M/M,) for the low-molecular-weight ones,
entries i-vi of Table 1, are in the range of 1.18—
1.38.

Since the molecular weight values obtained
from GPC are based on calibration with polysty-
rene standards and also since terpyridines are
known to interact with the stationary phase of
the GPC columns resulting in apparent lower
molar mass values,>** we additionally used the
'H NMR end-group analyses technique to esti-
mate the true M, values of our polymers. A repre-

sentative "H NMR spectrum of polymer tpy-
OXAD-i with the assignment of all peaks is
depicted in Figure 4. Molecular weight calcula-
tions were based on the 3’, 3, and 6 aromatic pro-
tons of the terpyridine initiator I at 8.69-8.77
ppm and the signal at 5.0 ppm corresponding to
the methylene protons in the a-position to the oxy-
gen of the monomer vinyl-oxadiazole. The end-
group analyses results are given in Table 1 and,
indeed, they deviate from the respective GPC M,
results. The incorporation of initiator I onto the
polymeric chains of tpy—-OXAD and the initiation
efficiency were also confirmed by 'H NMR spec-
troscopy. As shown in Figure 4 for the polymer
tpy-OXAD-i, the signal at 4.6 ppm, which is
assigned to the terminal protons next to the halo-
gen atoms of the initiator, has totally disappeared
after the polymerization while the typical signals
of the 3', 3, and 6 aromatic protons of the terpyri-
dine initiator I centered at 8.7 ppm are present,
showing the effectiveness of the synthetic process.
Complexation of the free end-tpy moiety of
tpy-OXAD with didodecyloxy-tpy-Ru(III)Cl; (II)
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Figure 6. Absorbance and photoluminescence spectra of dendronized ditpyRu
(IDtpy-R semiconducting oligomeric dicomplexes in CHCl; solutions 10~¢ M; and
AFM image (phase and topographical three-dimensional images at 5 x 5 um tapping
mode) of ditpyRu(II)tpy-R3 spin coated on mica from a ~10~% M CHCl; solution.

was performed under standard complexation con-
ditions, affording the final polymeric complex
tpyRu(I)tpy-OXAD (Scheme 2) whose struc-
tural perfection was also proven by "H NMR, Fig-
ure 5 for tpyRu(Il)tpy-OXAD-i.

For all the tpy-Ru(Il)-tpy end-capped semicon-
ducting oligomers and polymers, their UV-Vis
spectroscopic characterization in dilute CHCl; sol-
utions showed typical MLCT (metal-to-ligand
charge transfer) absorptions of the tpy—Ru(II)-tpy
moieties at ~495 nm as well as the n—=* transi-
tions of the terpyridine ligands at ~310 nm, with
no band at 414 nm due to residues of Ru(III)Cls
monocomplex, Figure 6. The di(styryl)-anthracene
dicomplex ditpyRu(II)tpy-R1 exhibited one
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additional absorption band at 414 nm, which over-
lapped with the strong absorption at 496 nm, Figure
6(a). The fluorene ditpyRu(II)tpy-R3 and trifluor-
ene ditpyRu(IDtpy-R4 dicomplexes exhibited
additional absorptions at 326 and 360 nm, respec-
tively, Figure 6(c,d). Even for the single tpy—Ru(II)-
tpy-bearing oxadiazole polymeric complex tpyRu
(IDtpy-OXAD, the MLCT absorption band at 497
nm was easily detected, Figure 7, whereas side-
chain oxadiazole homopolymers are known to ex-
hibit only one absorption band at 294 nm.

The photoluminescence properties of the semi-
conducting tpy—Ru(Il)-tpy complexes were exam-
ined after excitation either at the absorption max-
ima of the organic part or at the MLCT absorption
band of the tpy—Ru(I)-tpy units, Figures 6 and 7.
In the second case, weaker emissions at the red
spectrum region were detected (700-800 nm)
whereas, in the first case, intense emissions from
the semiconducting segments and from the tpy—
Ru(Il)-tpy segments were observed. An unex-
pected behavior was observed for the tpyRu
(IDtpy—OXAD monocomplex, Figure 7, with a
strong red light emission centered at 706 nm after
excitation at 296 nm, which was orders of magni-
tudes stronger than the one after excitation at the
MLCT maxima (495 nm), but in no case was the
typical blue emission of side polyoxadiazoles
detected at ~360 nm.

As aforementioned, the presence of alkoxy tails
may possibly impose an organization ability onto
the final metallo-semiconducting material.
Indeed, AFM examination of the ditpyRu
(INtpy-R3 dicomplex, shown in Figure 6, after
spin coating of a dilute CHCI; solution on freshly
cleaved mica, revealed a fine and continuous
“string-like” structure at the nanometer scale. A
possible explanation can be a phase separation of
the metal ions from the fully organic segments
and also the high affinity of the long aliphatic
chains at the very ends of these molecules. A
more in-depth evaluation of their organizational
behavior is in progress to understand the driving
forces governing their self-assembly and the
arrangement of the chromophoric parts in the
solid state.

CONCLUSIONS

Since the terpyridine (tpy) functionalities are
ideal candidates for the development of supramo-
lecular entities due to their selective metal/ligand
coordination chemistry, we prepared ditpy end-

functionalized semiconducting compounds and
mono-tpy end-functionalized side-chain poly(oxa-
diazole)s that were used as building blocks for the
attachment of prefabricated didodecyloxy—tpy—
Ru(II)Cl3 entities. All metal-bearing oligomers
and polymers presented enhanced solubilities in
common organic solvents, and their structural
and optoelectronic characteristics were thor-
oughly investigated. The combination of these
fully organic semiconducting oligomeric and poly-
meric compounds with tpy—metal ion complexes
opens new ways for the construction of new
supramolecular materials with predetermined op-
tical properties.
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Metal coordination has been exploited extensively in
supramolecular  chemistry,’ and the creation of
supramolecular polymeric materials® via metal-ligand bonds
is an active area of research. Side-chain type supramolecular
polymers are of interest due to the ability of these materials
to form liquid-crystalline morphologies, with instances of
such materials being created via hydrogen bonding, ionic
bonding, metal complexation, and combinations thereof.™*
Indeed, the pace of research on polymers with side-chains
attached by metal coordination is accelerating.”™ In 2005,
several ~of us  published the  syntheses of
metallosupramolecular polymers (MSPs) bearing alkyl-chain
decorated dendrons attached to main chains via a
terpyridine-Ru-terpyridine (Ru(tpy),) complexation
strategy.”® More recently, Aamer and Tew reported the
synthesis and morphological characterization of two very
similar MSPs,” also based upon polymers bearing pendant
tpy groups. The first, in which the polymer was complexed
with a simple terpyridine group, showed no mesomorphic
structure, while the second, in which a C16 alkyl tail was
attached to the supramolecularly bound terpyridine group,
was shown to self-organize into a hexagonal columnar
morphology, with some crystallization occurring between the
C16 tails. This latter material was also shown to display
nematic lyotropic behavior in concentrated solution.

In general it has been well documented over the last
decades that alkoxy tails can induce mesomorphous features
in polymeric structures that do not inherently self-assemble.
Such alkoxy groups can be directly attached onto polymeric
main backbones or indirectly through the dendronization of
flexible, rigid-flexible or even fully aromatic main chains
with periphery alkoxy-decorated dendrons.'*"®

We report here on the mesomorphous structures adopted
in the solid state by a homologous set of such MSPs, in
which dendrons bearing one, two, and three C12 alkyl tails

Scheme 1. Chemical structures of metallosupramolecular
polymers (MSP) and PAA-metallosupramolecular

surfactant (PAA(MSS)) complexes.
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are complexed to the polymer backbone; these are MSP1,
MSP2, and MSP3, respectively, and their chemical structures
are shown in Scheme 1. Similarly to the alkyl tail -bearing
material of Aamer and Tew, the resulting mesomorphous
structures are presumably due to microphase separation into
alkyl tail — rich domains and domains rich in charged and
polarizable groups. Further, we show how sequential metal-
ligand complexation and ionic complexation can be
employed to create polyelectrolyte — metallosupramolecular
surfactant (PE-MSS) complexes with chemical structures and
morphologies similar to the MSPs. Specifically, we have
synthesized and characterized ionic complexes between
poly(acrylic acid) (PAA) and the metallosupramolecular
surfactants (MSS1, MSS2, and MSS3), shown in scheme .Y
Morphological characterization was performed using small-
and wide-angle X-ray scattering (SAXS and WAXS), and
optical birefringence measurements using cross-polarized
optical microscopy (CPOM).

The ionic complexes PAA(MSS) were synthesized by the
counterion exchange method; aqueous solutions of PAA and
MSS were mixed in 1:1 stoichiometric ratio (PAA repeat
units to MSS supramolecules), which resulted in the
precipitation of the 1:1 complex.”” The MSSs bore terminal
amine groups, and thus had to first be dissolved in acetone
and converted to the ammonium chloride by addition of 1 eq.
HCI. The acetone solution was then diluted with 20 volumes
of water and the complexation procedure initiated. Good
complexes were obtained for MSS1 and MSS2. However,



MSS3, unlike MSS1 and MSS2, showed slow precipitation
from its aqueous solution, and therefore good complexes
with MSS3 could not be obtained.

For analysis by X-ray scattering, all samples were re-cast
from chloroform solution and further annealed for 1 day in
saturated chloroform vapor, followed by drying in vacuum.
No peaks were observed at wide angles for any of the
samples, indicating no crystallinity of the alkyl tails (data not
shown). The scattering patterns at small angles for the five
good samples are shown in Figure 1(a). All these samples
are mesomorphic, each showing two clear peaks in the
SAXS. Of particular note is the striking qualitative similarity
between SAXS results for MSP1 and PAA(MSS1), and
between those for MSP2 and PAA(MSS2). Clearly, the ionic
complexation of PAA and the MSS1 and MSS2 proceeded
without interference from the bulkiness or charged nature of
the Ru(tpy), complexes, and the ionic + metal-coordination
complexes show very similar morphology to their analogous
MSP.

Table 1 summarizes the peak positions observed in
SAXS, the corresponding repeat distances in real space, the
ratio of the second peak position to the first (q,/q;), and the
estimated volume fraction of the (1, 2, or 3) alkyl tails.
Unambiguous assignment of morphology from these SAXS
results alone is not straightforward; the positions of the
second peaks relative to the first ones suggest hexagonal
columnar morphology for the materials with 2 and 3 alkyl
tails (peaks in a ratio of q,/q; = V3) and lamellar morphology
for the 1-tail materials (q,/q; = 2), however some questions
regarding interpretation of the results remain. First of all, the
peaks observed are all quite broad, and the ‘second order’
peaks are even broader than the ‘first order’ ones. In our
reporting of Qy/(; in Table 1, we wish to emphasize the
approximate nature of the data. It would be a stretch, for
example, to attempt to discern between hexagonal or
distorted hexagonal (e.g. lattice parameters a # b or 6 #
120°) packing of columns in the cases where g./q; =~ V3.
Secondly, in the cases of the MSP1 and PAA(MSSI)
samples, the intensity of the second peak is actually greater
than that of the first. We know of no reports of lamellar
systems in which this is the case, and can think of no
circumstances under which it should be so. A more
reasonable interpretation of the data for the 1-tail samples is
a (poorly ordered) rectangular columnar arrangement (P2m
symmetry)’' with a ~ 2b. When comparing the various
samples, it is perhaps not surprising that the ordering should
improve upon increasing the volume fraction of alkyl tails as
in MSP1— MSP2 — MSP3 (sece Table 1). Here we also
note that the SAXS pattern obtained by Aamer and Tew for
their mesomorphous MSP is qualitatively similar to that of
our MSP2, which is unsurprising given the similar alkyl tail
volume fraction for these two samples.(~20% vs. ~23%,
respectively).

For additional morphological information, cross-polarized
optical microscopy (CPOM) was performed on samples of
MSP1, MSP2, and MSP3. Samples prepared by simple

(@)

Scattered Intensity (a.u.)
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Figure 1. (a) SAXS results for the MSP complexes with 1,2, and 3 C12
alkyl tails (solid curves) and for PAA(MSS) (ionic) complexes with 1
and 2 C12 alkyl tails (dashed curves). (b) Cross-polarized optical
microscopy image of a sample of the MSP2 material, prepared by
shearing a concentrated MSP2 solution and subsequent solvent removal.

Table 1. Characteristics of MSP and PAA(MSS) complexes.

sample a repeat (9:/02) alkyl  tail
(1/nm) dist. (nm) vol. fr.*
MSP3 1.04 6.0 ~\3 31%
MSP2 1.13 5.6 ~\3 23%
MSP1 1.03 6.1 ~2 14%
PAA(MSS?2) 1.06 5.9 ~\3 22%
PAA(MSS1) 0.92 6.8 ~2 14%
Tew-MSP-1xC16° 1.25 5.1 ~\3 20%

* Volume fractions estimated using puiis = 0.85, Pmanix = 1.05
® from Aamer and Tew’

solvent casting showed no birefringence. However,
birefringence was observed for each of the MSPs if the
samples were prepared by shearing a drop of viscous, highly
concentrated solution and subsequent drying. Figure 1(b)
shows a representative image from the MSP2 sample
obtained by this shearing procedure. The red color is due to
the strong absorption of the metal-to-ligand charge-transfer
(MLCT) band of the Ru(tpy), complex,8 and areas of
differing brightness are due to areas of different sample
thickness. Several cracks in the samples are also visible; for
example one runs along the right edge of the image. Images
from the MSP1 and MSP3 samples (shown in the supporting
information to this article) are qualitatively identical to those
for MSP2. The CPOM results indicate that all three MSP
samples adopt some optically anisotropic morphology, but
with very short (less than ~ optical wavelengths) correlation
lengths unless some procedure is followed to globally orient
the domains (e.g. the shearing procedure). These
observations are consistent with our tentative assignment
from the SAXS data of columnar morphologies.

For such columnar morphologies, the question arises as to
which microphase — alkyl tails or backbone/bis(tpy) complex
— composes the dispersed phase (the columns) and which
composes the continuous matrix. Scattering methods,




according to the “Babinet Principle,” do not allow direct
identification of domains but only the signature of the
(liquid) crystalline space group in reciprocal space.”> Tew
proposed a model wherein the C16 alkyl tails of his
metallosupramolecular polymers formed the continuous
phase, based on the assumption of the preservation of the
very long persistence length of the polymer backbone
observed in concentrated solution (the origin of the lyotropic
liquid crystalline character observed in such solutions) even
after solvent removal. This is indeed perhaps the most
intuitive model. On the other hand, we believe the case is
more likely to be reversed, with the alkyl tails composing the
dispersed phase, as cartooned schematically in Figure 2. In
support of this conjecture we first note that the samples are
very brittle, whereas a material composed of a continuous
phase of (non-crystalline in the case of our C12 tails) alkyl
tails should in theory be soft or waxy. Secondly, we note that
the very small volume fraction occupied by the alkyl tails
should promote confinement of the alkyl tails in the discrete
domains in order to minimize total interfacial area (see
Table 1). Recent studies involving real-space investigation
of polyelectrolyte-surfactant complexes based upon
dendrons, dendrimers, and dendronized polymers have
shown cases where these rather non-intuitive configurations
(i.e. columnar phases where the columns are made up by the
alkyl tail-rich phase) do indeed occur.”*?*

In summary, we have shown that a series of polymers with
one, two, or three C12 alkyl tails attached to the side-chain
via metallosupramolecular chemistry form columnar liquid
crystalline structures in the solid state, with the mesomorphic
order increasing with the increasing alkyl tail content.
Additionally, it is possible to achieve materials with similar
morphology via an ionic supramolecular complexation
between a simple polyelectrolyte and a
metallosupramolecular surfactant.

Figure 2. Schematic drawing of the proposed MSP3 morphology, in
which the C12 alkyl tails form the cores of the dispersed columnar
phase, while the polymer backbone and ruthenium bisterpyridine groups
from the continuous matrix.

Supporting Information Available:  Experimental
details, including information on MSP and MSS synthesis,
and CPOM images from MSP1 and MSP3. This material is
available free of charge via the internet at http://pubs.acs.org.
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Synthesis and characterization of nanostructured functional polymer-metal
complexes via ATRP and polycondesation and their applications

E.K. Pefkianakis, N.P. Tzanetos and J K. Kallitsis
Department of Chemistry, University of Patras, 26500, Patras, Greece

The recent research in polymeric materials bearing metal complexes, has arise scientific interest,
while at the same time has create a novel extensive field of macromolecular chemistry. The combination
of inorganic metal groups with macromolecules has led to supramolecular structures with interesting
physical and chemical properties. Thus the main objective is to create materials that combine the desired
properties that arise from both the polymers and the inorganic metal groups, as well as examining their
scale and dimensions which are a main factor for their applications.

Among the various transition metal ions, the Ru(Il) ion is the most promising for use in the area
of polymer complexes, since it allows the direct synthesis of both symmetric or non-symetric systems.
This advantage creates a route towards nanostructured materials and nanocomposites.

In recent literature polymer and copolymer metal complexes are extensively investigated in
respect to their optoelectronic behavior and their possible application in LEDs or PVs and Lasers.
Moreover the nanostructured nature of such supramolecular materials is widely studied via SEM and
AFM technique.

Most commonly, for the incorporation of metal binding sites into polymers, bidentate and
tridentate ligands like 2,2’-bipyridine (bpy) and 2,2°:6°,2*’-terpyridine (tpy) are used. In this work we
present the polymerization of such ligands bearing the Ru(Il) ion via ATRP using proper functional
initiator (dicarboxy) resulting in end functionalized macromonomers is expected to give complex
polymer architectures which combine moieties with complementary functionalities. The resulting graft
copolymers were characterized through H-NMR, GPC, UV-Vis, PL, SEM and AFM in respect to their
self organization ability and their nanostructured nature and their possible application in Hybrid
Photovoltaic Cells (PVs).
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The recent research in polymeric materials bearing metal complexes has arisen
scientific interest, while at the same time has created a novel extensive field of
macromolecular chemistry. The combination of inorganic metal groups with
macromolecules has led to supramolecular structures with interesting physical and
chemical properties. Thus the main objective is to create materials that combine the
desired properties that arise from both the polymers and the inorganic metal groups.

In recent literature the use of such polymeric materials in optoelectronics is
extensively reported i.e. LEDs or PVs and Lasers. Among the various transition metals
(Ru, Os, Co, Zn, Cu, and Fe), the Ru(ll) ion looks the most promising for use in the
area of polymer complexes, since it allows the direct synthesis of both symmetric or
non-symmetric systems. In an attempt to mimic traditional inorganic systems, Ru(ll)**
complexes bearing the 2,2’-bipyridyl ligand seem to be excellent candidates.

In this work we present the synthesis of a novel vinylic monomer of (2, 2'-
bipyridyl)sRu(l1)?** complex. Polymerization of this monomer using ATRP, combined
with functional initiators has led to the synthesis of homopolymers that can be used in
applications such as Hybrid Photovoltaic Cells (PVs) and Polymeric Light Emitting
Diodes (PLEDs). The resulting polymer structures were confirmed via NMR and their
optical properties were investigated using UV-Vis and Photoluminescence.

A homopolymer having a functional initiator with two carboxylic groups was able to
be attached onto TiO, and the resulting photoelectrodes were tested in dye sensitized
solar cells. The evaluation of their photovoltaic performance gave short circuit
photocurrent density Js.= 39 pA/cm?, open circuit potential Vo= 350 mV, fill factor
ff=0.39 and power conversion efficiency n=0.005%. Besides this relatively poor
efficiency, the obtained results look promising and justify further investigations in the
field.
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The technology of renewable energies, aims in the long run, to efficiently contribute to the
solution of the energy problem both economically and environmentally friendly. In respect to the
materials science, the development of energy related materials is of great interest and one of the main
achievements focused into Organic Solar Cells. These are categorized to Cells of Organic Molecules,
Polymeric/Plastic Cells (OPVs) and Dye Sensitized Cells (DSSCs). Our group is mainly focused in the
development of the two latter systems, the Plastic and the Dye Sensitized Solar Cells.

Our main objective in DSSCs is to replace the commonly used dyes (complexes of transition
metal ions with organic molecules) with polymeric dyes, thus utilizing the advantages of the polymers’
character in a sensitized Solar Cell. Such materials, consist of polymeric complexes of the Ruthenium (IT)
ion, with tridentate or bidentate ligands like 2,2°:6°,2°’-terpyridine and 2,2’-bipyridine, respectively.

More specifically in this work we prepared terpyridine and bipyridine vinyl monomers and in
consequence we performed Atom Transfer Radical Polymerization, using functional initiators (carrying
carboxylic groups aiming at the attachment of the dye onto the TiO,) leading to homopolymers of
controlled architecture (e.g. homopolymer A and B). After complexation with Ruthenium (II) ions, these
materials can be applied as dyes in Hybrid Photovoltaic Cells (PVs).

In close cooperation with the laboratory of prof. Falaras in NCSR Demokritos, we managed to
evaluate the photovoltaic performance of these materials. As an example, homopolymer B gave a short
circuit photocurrent density Jo.= 39 uA/cmz, open circuit potential V.= 350 mV, fill factor ff=0.39 and
power conversion efficiency n=0.005%. Besides this relatively poor efficiency, the obtained results look
promising and justify further investigations in the field. In an attempt to improve the efficiency of these
systems we have managed to combine the polymeric dyes with the electrolyte most commonly used;
poly(ethylene oxide). This new random copolymers of various ratios are now under investigation for their
photovoltaic performance.
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The =chnobogy of renewable enargies, aims in the long run, to efficienily coninbute to the
solution of the ensngy problem both economically and enmvironmentally frendly. In respect to the
matanals sdence, the developmeant of ensrgy related matenals is of grest interest and one of the
main achisvemsants focused into Onganic Solar Cells, These are categornzed to Calls of Onganic
Molecules, Polymernic/Plastic Cells (OFVsf™® and Dye Sensiized Cells (DSSCs)P*, Our main
objecive in DS5Cs s to replace the commonly wsed dyves (complexes of transition metal ons wilh
anganic moleculss) with polymeanc dyes, fhus wtilizing the advantages of the polymears’ character in
a sensitized Solar Cell. Such matenals, consist of polymeric complexes of the Ruthenium (II) jon,
with tridentateor bidentate Boands™ ", like 2 26" 2 tarpyridine and 2 2" hipyridine, respadively.

More specifically in this work we prepared ferpyndine and bipyndine vinyl monomars and in
consequence we parformed Atom Transfer Radical Polymenzation, wsing funcionsl indiators
{camyng carboxylic groups siming st the attachment of the dye onto the TiD2) lkeading o
homopalymers of controlled archileclurs (8.9, homopolymear A and B). Afier complexafion wilh
Ruthenium (II) ions, these matenals can be applied a5 dyes in Hybnd Photovoltaic Calls (PVs). The
resuliing polymer structurss weare confimed via NMR and their optical properfies weans investigated
using UW-Vis and Photoluminesosncs.
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Taking fhis effort one step furher we combined the polymenc dye of Rufll) complexes with the
mast commaonly used pohslectrolyte in hybnd PVs, like PED. The random copolymers produced
{copolymer C) wers examined aqually a5 befare with MMR, UV-Vis and Photoluminescancs.

The performancs of these matenzls in solar cells was also tested. As an exampls,
homopolymer B gave a short cincuit photooumant density Jso= 30 pAfom2, opan circwit potential
Voo 350 mV, fill factor =029 and powsr conversion efficiency n=0005%.

JSC VOC
Dye | pavemz) | qmvy | T [n0%)
A R4 248 044 | 0.0DS
B 34 350 0.39 | 0.005
WT19 @290 KE3 053 2EBT

Besides this relafively poor efficency, the obtasined results look promising and justify furfer
investigations in the fisld. In an atiempt to improve the effidgency of these systems we combinad the
polmeanc dyss with poly(sthylenea axide) in copobymers with different archiecuras, These new
copolymears of vanous struciural compositions ars now undsrinvesfigafion for their photovaltzic
parfomance.
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Synthesis and characterization of [Ru(bpy)32+] complex and its polymerization via ATRP
method
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The recent research in polymeric materials bearing metal complexes, has arise
scientific interest, while at the same time has create a novel extensive field of
macromolecular chemistry. The combination of inorganic metal groups with
macromolecules has lead to supramolecular structures with interesting physical and
chemical properties. Thus the main objective is to create materials that combine the
desired properties that arise from both the polymers and the inorganic metal groups.

Due to the strong affinity of the chemical bond that exists between the ions of the
transition metals and 2,2’-bipyridyl (bpy) or 2,2’:.6',2”-terpyridine units (tpy), the later
have been used as moieties capable for introduction of metals into polymers'2. Among
the various transition metal ions, such as the ions of Ru, Os, Co, Zn, Cu, Fe the Ru(ll)
ion is the most promising for use in the area of polymer complexes, since it allows the
direct synthesis of both symmetric or non-symmetric systems®®. The produced
inorganic-organic hybrid systems are nowadays very tempting and promising, since
they are able to combine both the properties of the metals (oxidoreductive,
optoelectronic, catalytic) and those of the polymers (process ability, mechanical
stability, and formation of thin films). Control over molecular architecture is one of the
most important goal in this field of polymer science, since this determines to a great
extend the properties of the final supramolecular material. Moreover this control of the
supramolecular polymers gives birth to “intelligent” materials through molecular
recognition of the supramolecular units.

In recent literature the use of such polymeric materials in optoelectronics is
extensively reported i.e. Light Emitting Diodes (LEDs) or Photovoltaic Cells (PC) and
Lasers. In an attempt to replace traditional inorganic systems the (2, 2’-bipyridyl)Ru(ll)
complex seems to be the most promising™>*.

Most emphasis is given to the introduction of bipyridyl complexes into a polymeric
backbone, making it possible to synthesize polymer structures with well defined
architecture, since the bpy group has been used as a ligand for a large variety of ions
of the transition metals’.
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Fig. 1: Example of ATRP polymerization with functional initiator

In this work we present the synthesis of a new vinylic monomer of 2, 2’-bipyridyl,
starting from 2-bromopyridine and converting it to a stanyl pyridine unit, which then
reacts with 2,5-dibromopyridine trough a Stille coupling. Then via a Suzuki coupling
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with styryl-boronic acid we result in the desired vinyl monomer. This in sequence is
transformed to a (2, 2-bipyridyl);Ru(ll)** complex by reacting with Ru(bpy).Cl..
Polymerization of this monomer using ATRP conditions, combined with functional
initiators has lead to the synthesis of such homopolymers, making it possible for use in
applications such as Hybrid Photovoltaic Cells (PC) and Polymeric Light Emitting
Diodes (PLEDs) . The resulting polymer structure is confirmed via NMR. The optical
properties of these new polymers are studied using UV-Vis and Photoluminescence.
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Fig. 2: UV-Vis and PL spectra of monomer and polymers P1, P2

Homopolymer P1, which is bearing a functional initiator with two carboxylic groups, was
able to be attached onto TiO, and tested in a single photovoltaic cell. Photovoltaic
performance exhibit a short circuit photocurrent density of Js.= 39 uA/cm?, open circuit
potential V.= 350 mV, fill factor ff=0.39 and a power conversion n=0.005%.
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Introduction

The recent research in polymer(mamlsbaan gmeﬂ!cnmplex& |has arise scientific interest, while at the same time has create a novel extensive field of r
metal groups with has lea

arise from both the polymers and the |nnrgamc metal groups.

Due to the strong affinity of the chemical bond that exists between the ions of the transition metals and 2,2"bipyridyl (bpy) or 2,2':6',2"terpyridine units (tpy), the later have been used as moieties capable for
introduction of metals into polymers!2. Among the various transition metal ions, the Ru(Il) ion is the most promising for use in the area of polymer complexes, since it allows the direct synthesis of both symmetric or
nan-symmetric systems®*. In recent literature the use of such polymeric materials in optoelectronics is extensively reported in Light Emitting Dicdes (LEDs) or Photovoltaic Cells {PV) and Lasers. In an attempt to
replace traditional inorganic systems the tris- bipyridyl-Ru(IT) complex seems to be the m pmmsmgu’

Working in the direction of PV, a novel vinylic monomer of (bpy)}Ru(ll) was and ized using ATRP di
homopolymer has the proper characteristics for its application in hybrid solar cells. Both the monomer and b by
the polymer was tested for its PC performance in a single photovoltaic cell.

slar chemistry. The of inorganic
structures with interesting physical and chemical properties. Thus the main objective is to create materials that combine the desired properties that

- A dlcerbuxv functionalized initiator has been used and the synthesized functional
d, h ized by *H-NMR, UV-Vis, PL and viscosity measuremant. Moreover

Characterization

Suwzuki coupling of S-bromo-2, 2bipyridine (a) with 4-styryl boronic acid in the presence of
Pd(PPhy), as catalyst, produces S-{p-vinylphenyl)-2,2-bipyridyl (vbpy)(b). Dichlorodis (2,2
bipyridine)- Ruthenium(lI)  (Ru(bpy),Ch) (c) was synthesized by reacting 2,2"-bipyridine with
(Ru(t1)Cly) in DMF. [Ru(bpy),(vbpy))(PF 5); (d) was produced by complexation of b and c in EtOH at

(Scheme 1). Polymerization of monomer d using ATRP conditions with CuBr as catalyst,

The vinylic monomer [Ru(bpy)(vbpy)(PFs); d and the homopolymer P1 were characterized by

H-NMR spactroscopy (Figure 1). The *H-NMR spectra proves the successful synthesis of d, as well
as P1, since the olefinic peaks at 5.3, 5.94 and 6.75 of the monomer are not present at the
polymers’ 1H-NMR graph. Viscosity measurements were performed for P1, and d in DMF at 30°C
(quu'e 2), showing the viscosity behavior of P1 and d; an mcrease in the reduced viscosity is

PMDETA as base and 2 functional inftiator in DMF at 110°C, produced the first homopolymer of

as the concentration decreases. Such behavior can be explained in terms of the
(bpy)Ru(II) complex (Scheme 2).

pdvdecu'olwe nature of the polymer, due to the presence of the Ru(lI) and the PFy counter ions.
Moreover this novel vinylic monomer and homopolymer are studied with respect to their optical
properties using UV-Vis and Photoluminescence (Figure 3,4). Finally P1 was applied in 3 single
photovoltaic cell and tested for its performance (Table 1).
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Figure 1: *H-NMR of monomer d and polymer P1
in DMSO- g

Figure 2 \iscosity measurements of
polymer P1 and monomer d

Scheme I: Chemical structure and synthesis of the vinyl monomer [(vbpy)(bpy);IRu (d)
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Figure 4: P spectra of d and P1 after
excitation at the absorption maxima of the
metal complex (454nm).

Figure 3: UV-Vis spectra of monomer d and
polymer P1. The insert shows the PL spectra
after excitation at 288nm

Scheme 2 : Atom Transfer Radical Polymerization of monomer d with a functicnal initiator
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The technology of renewable energies, aims in the long run, to efficiently contribute to the
solution of the energy problem both economically and environmentally friendly. In respect to the
materials science, the interest for the development of energy related materials, is of great interest and one
of the main achievements focused into Organic Solar Cells. These are categorized to Cells of Organic
Molecules, Polymeric/Plastic Cells (OPVs) and Dye Sensitized Cells (DSSCs). Our group is mainly
focused in the development of the two latter systems, the Plastic and the Dye Sensitized Solar Cells.

In the field of OPVs, our group is focused on producing polymers that shall act as p-n type
heterojunctions over a conductive polymeric substrate, and semi-conductive polymers that will function
as hole or electron acceptors/transporters respectively.

For the electron donor/acceptor or even transporter segments, derivatives of oxadiazole,
carbazole, quinoline, fluorene and thiophene monomers are utilized. These moieties are producing
specific polymeric “architectures” and they are extensively characterized in respect to their molecular
characteristics and optoelectronic properties. Such polymers/copolymers and block copolymers, are
produced through controlled radical polymerization techniques like Atom Transfer Radical
Polymerization and Heck coupling polymerization.

Our main objective in DSSCs is to replace the commonly used dyes (complexes of transition
metal ions with organic molecules) with polymeric dyes, thus utilizing the advantages of the polymers’
character in a sensitized Solar Cell. Such polymers produced, consist of polymeric complexes of the
Ruthenium (II) ion, with tridentate or bidentate ligands like 2,2°:6,2’-terpyridine and 2,2’-bipyridine
respectively.

Recently our laboratory has been involved in the rapidly evolving technology of Carbon
Nanotubes (CNTs) modification. In this direction polymer modifications of Single Wall Carbon
Nanotubes was attempted, in order to develop new composite materials that combine the electron donor
or acceptor properties of the polymers with those of the CNTs. The final product is characterized with the
conventional methods used for CNTs, as well as for their optoelectronic properties.
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