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Abstract

Semiconductor materials with large and accessible pore surface area hold
promise for applications in photocatalysis, solar energy conversion and size-
selective separation and chemical sensing. Compared to semiconductor
nanoparticles and bulk-like structures, open-pore networks of semiconductive
composition are expected to elucidate advantageous characteristics such as
rapid mass transport within the pore channels and interfacial transfer of

electron along the framework.

In this work, we report the synthesis of ordered mesoporous networks of
interconnected Cuz2S and In-loaded Cu2S nanoparticles. To produce the
mesoporous Cu2S nanoparticle assemblies (MCSN), we used aggregating
self-assembly of thiol-stabilized Cu2S nanoparticles, followed by oxidative
polymerization with H202 in the presence of block copolymer template (Brij-
58). The synthesis of In-doped Cu2S assembled structures (MICSN) with
different composition (2—48 mol% In) was accomplished by a topotactic ion-
exchange process of Cu2S mesoporous with In3* ions. The porous structure of

MCSN and MICSN materials was characterized by a combination of small-



angle X-ray scattering (SAXS), X-ray diffraction (XRD) and transmission
electron microscopy (TEM). The results showed the formation of a network
structure consisting of connected 6—7 nm Cuz2S and CulnS2 nanocrystals. The
architectural rigidity and permanent porosity of these materials was verified by
N2 physisorption measurements; analysis of the N2 adsorption data reveals
that template-free MCSN and MICSN samples have BET surface areas of
~16-57 m?g? and narrow-sized pores of 5-6 nm. The chemical composition
and optical properties of these ensemble structures were characterized by
elemental X-ray microanalysis (EDS) and infrared (IR) and diffuse-reflectance
ultraviolet-visible (UV/vis) spectroscopy. The high surface area, rich S-S
network and visible light response render these new ensemble structures
suitable for photocatalytic and environmental remediation applications.
Catalytic results showed that MCSN and MICSN assemblies exhibit high
activity for the oxidative decomposition of organic pollutants (methylene blue)
with molecular Oz and the reduction of toxic Cr(VI) in water.

NEPIAHWH

Ta pecOTTOPWON NUIGYWYIMA TTAEYUOTA PE PEYAAN ECWTEPIKA ETTIPAVEIQ
TTOPOUCIAJOUV TEPAOTIO €VOIAPEPOV OE PWTOKOTAAUTIKEG EQPAPMOYEG. ZTNV
TTapoUCa  epyaoia TEPIYPAPETAl N oUVBeon TIEPIOBIKA OPYAVWHEVWY
MecoTTopwdwy TAEyudTwY a1rd vavoowuatidla Cuz2S (MCSN) kai CuzS
viotrapiopéva pe In (MICSN). Ta pecotropwdn UAIKG MCSN ouvtédnkav
MEOW OEEIBWTIKOU TTOAUNEPIOUOU VavVOOWHATIBiwV Cu2S oTabepoTToinuéva Pe
MOpIa BgloyAUKOAIKOU 0EEOC TTapOoUCia ETTIPAVEIODPACTIKWY Mopiwv Brij-58
(C16H33(OCH2CH2)20-OH) o¢ udatikd didAupa. H TTapaockeury Twv oUvOETWY
UAIKWwv MICSN, Ta otroia TTepIEXOUV dIAQOPETIKO TTOCOOTO In 0Tn dourA TOUg
(a1ré 2 péxpl 48 mol%), emITEUXONKE PE XNUIKA METATPOTTA KE I0VTO-avTaAAayn
ME 16vTa In. [leipduata  MPIKPOYWVIOKAG OKEdAoNG akTivwv-X (SAXS),
TepiBAaong akTivwv-X (XRD), nAekTpovikng HiIKkpookoTriag diéAeuong (TEM)
Kar  TropooiueTpiag N2 €deiav o611 Ta UAIKGA MCSN kai MICSN 10U
AaupBdvovTtal HETA TNV OTTOMAKPUVON TOU ETTIPAVEIODPACTIKOU BIaBETOUV MIa
opyavwuévn pecotropwdn doun pe Bk em@dveia BET ~16-57 m?g?t kai
OMOIOUOPPO HEYEBOC TTOPWYV ~5—6 Nm. H xnuIKA cuoTaon Kai n Jopiakr) doun
TWV  MECOTTOPWOWY  UAIKWV  TTou  ouvtédnkav  emRefaiwbnke e
PAOUATOOKOTTIA  evepyElakoU dlaokopTiopou (EDS) kal @acpaTooKoTria

uttépuBpng akTivoBoAiag (FT-IR), avriotoixa. Ta UAIKA autd gugavicav €va



EVEPYEIOKO Yaopa ~1 — 1.1 eV ouppwva HE HETPNOEISC POCUATOOKOTTIOG
opartou-utrepiwdoug/eyyug utrepuBpou (UV-vis/NIR). Ta peocotropwdn UAIKA
TTOU OUVTEDNKAV PJEAETABNKAV OTNV QWTOKATAAUTIK S1ACTTACH TOU OpYyavIKOU
puttou Methylene Blue XxpnoigotroiwvTag poplakd Oz wg o&eIdWTIKO PECO,
Kabwg kal otnv avaywyr Tou Togikou Cr(VI) o un 1o8Ikd Cr(lll) og udarikd

OIGAUNQ, ETTIOEIKVUOVTOG ECAIPETIKA OPATTIKOTNTA.



