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Abstract

Porous cerium-rich metal oxide materials have recently emerged as promising
candidates for photocatalytic oxygen evolution reaction (OER). The high catalytic
activity of such materials could be attributed to the nanoscale structure, large internal
surface area and, most importantly, the ability to adsorb and desorb molecular oxygen
into the crystal lattice. As a result, oxygen cavities can be formed which play a

significant role in catalytic processes.

In this thesis work we report the synthesis of ordered mesoporous CeO: and
Cu/CeO, composite frameworks with different content of CuO and demonstrate their
activity for photocatalytic O> production via UV-vis light-driven oxidation of water.
Mesoporous Cu/CeO> have been successfully prepared by a nanocasting route, using
mesoporous silica (SBA-15) as a rigid template. Two different synthetic pathways
were used to obtain porous Cu/CeO. composites: the first one involved the presence
of moisture in the silica template, and in the second pathway, the silica template was
dried at elevated temperature (150 °C). X-ray diffraction (XRD), electron transition
microscopy (TEM) and N2 porosimetry analyses revealed that as-prepared samples

have a mesoporous structure composed of parallel arranged nanorods, with high



surface area and narrow pore size distribution. Interestingly, we found that in the
absence of moisture (within the silica pores), the present method gives porous
Cu/CeO, composites with improved textural characteristics (surface area and pore
volume). The molecular structure and optical properties of composite frameworks
were investigated with Raman and UV-vis/NIR diffuse reflectance spectroscopy.
Catalytic results indicated that incorporation of CuO clusters in the CeO, lattice
improved the photochemical properties. As a result, the Cu/CeO> mesoporous catalyst
containing ~38 wt% of CuO loading reach a high OER activity with an oxygen
evolution rate of ~19.6 umol h* (or 392 umol h™* g), which compares favorable with

that obtained from non-porous Cu/CeO> counterpart and pure mesoporous CeOx.

INEPIAHYH

Ta eumhovticpéva pe onuntpo (Ce) o&elda petdArlov eivar vVAIKE TOALY
VTOCYOUEVO, GE OVTIOPAGELG PMTOKOTAAVTIKNG O1AGTACTG TOL VEPOL TPOS TAPUYWDYN
o&uyovov. H vymAn katoAvTikn dpacTikOTNTO AUTOV TOV VAKOV 0QeIAeTOL KUPIWS
GTN VOVOIIAoTOTN OOUN KOl GTNV DYNAN EMPAVELD TOV KATEXOLV, OAAG Kuplmg Kot
GTN LOVOIIKY] IKOVOTNTAE TOLG VO TPOGSPOPOLV/EKPOPOVV 0ELYOVO GTO TAEYLL TOVG,
oynpotiCovtag Kevotnteg o&vydvov, Ol Omoieg OmOTEAOVV evepyd KEVIPA Yo

avTIOPAGELS KATAAVOTC.

2mv mapovca epyacio mapovstdleTor  oOvOeon Tov pesoropmdovg CeO2 kot
tov ovvletwv vAkov Cu/CeOz pe dagpopetiky) mepektikotnto oe CuO, xon
OTOTILATOL 1] KATAAVTIKY] TOLG OPAGT OT GOTOKOUTAAVTIKY 0EEIOMGT TOV VEPOV TTPOG
mopaymyn o&uydévov. Ta odvBeta pecsomopmon vikd Cu/CeO2 mapackevdcOnkov
pécm g oadikaciog vavoydtevong (nanocasting), ypNGLLOTOUOVTOG EEAYOVIKN
peconopadn mupttio (SBA-15) wg okAnpo expayeio. [lpokepévov va cuvBécovpe ta
VMK ovTtd ypnoyomombnkav 600 cvvletikd povomdtio, mTopovsios M AToLGiN
vypaciag oto moprtikd ekpayeio. ITlepdapota mepibraong axtivov-X (XRD),
niextpovikng pikpookoniog oehevons (TEM) kot mopooipetpiog N2 anedei&ov 0Tt o
TapookevacHivto, VAIKA  gpeavifouv  opyovopévn)  dour]  amoteAoVUEVY OO
TOPAAAN A SLOTETAYUEVES VOVOPEROOVS, DVYNAN E101KT ETLPAVELD KO GTEVT] KATOVOUN
peyébovg moépwv. Ta viMkd mov ocvviébnkav mapovsioc vypaciog EUEAVIGOV
VYNAOTEPN EOIKY| EMOAVELD Kol GYKO TOP®V OO OVTO TOV GLVIEOMKAY VIO TNV
amovcio vypaciog. H poplokn doun Kot ot onTikég 110TNTEG TOV GLVOETOV LAMK®OV
peremOnkav pe eacpatookomioo Raman kot UV-vis/NIR. KotoAvtikég peréteg

£deiEav 0Tt  evoopdtwon copatdiov CuO oto miéypa tov CeOz pmopel va



BeAdtidoel onUOVTIKA TIG POTOYNUIKES 1010TNTEG TOL LAKOV. 'ETot, 0 kaToAdTNG TV
nepiéyet ~38 wt% meplektikomto oe CuO guedvice LYNAY QOTOKOTOAVTIKY
dpacTikoTnTa, divovtag éva péco puBud mapaywync ofvydvov ~19.6 umol ht (or 392
umol h' g?), kére omd oxtvoPoria opatov-vmeptddovg (A > 360 nm). H
OpaocTikdTTA 08 OLTOD TOL VAIKOV MTOV CNUOVTIIKE LYNAOTEPN Amd OVT TOL

avéloyov pakpockomnikoy otepeov (38% CuO/CeOy) kot tov pesomopmdovg CeOs.



