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The microporous and activated zeolitic imidazolate framework (Z

methyl; ZIF-8) was loaded with the MOCVD precursor diethyl zin

the vapour of the volatile organometallic molecule resulted in the f

www.rsc.org/materials
[Zn(C2H5)2]0.38@ZIF-8 revealing two precursor molecules per cavity

material was treated with oxygen (5 vol% in argon) at various temp

achieve the composite material ZnO0.35@ZIF-8. The new material w

XRD, FT-IR, UV-vis, solid state NMR, elemental analysis, N2 sorp

transmission electron microscopy. The data give evidence for the pre

stabilized by ZIF-8 showing a blue-shift of the UV-vis absorption cau

The surface structure and reactivity of embedded ZnO nanoparticles

dioxide adsorption at different temperatures monitored by ultra-high

found that the surface of ZnO nanoparticles is dominated by polar O

as by defect sites, which all exhibit high reactivity towards CO2 activ

carbonate and chemisorbed CO2
d� species.

Introduction

Metal–organic frameworks (MOFs) or porous coordination

polymers (PCPs) are novel hybrid inorganic–organic solid state

compounds formed by the linking of single metal ions or multi-

nuclear metal ion building units with oligotopic organic ligands.1

A huge variety of MOF systems has been reported with fasci-

nating properties related to catalysis,2–4 chemical sensing,5 gas

storage,6 gas separation,7 and drug delivery.8 The coordination

space of the molecularly defined cavities inside the frameworks is

of interest for adsorption of guest molecules or even size defined

nanoclusters.9,10 As one first example, MOF-5 ([Zn4O(bdc)3] (bdc

¼ benzene-1,4-dicarboxylate)) was loaded with different organ-

ometallic complexes [MLn] by means of a solvent-free gas phase

infiltration technique which yields inclusion compounds of the

general formula [MLn]a@MOF-5, where a refers to the number

of adsorbed molecules per formula unit MOF-5.11 These mate-

rials of the general formula [precursor]a@MOF were of crucial
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confined ZnO nanoparticles by a zinc
surface structural characterization

n Wiktor,c Stuart Turner,c Gustaaf Van Tendelooc

eIM)2; MeIM ¼ imidazolate-2-

n(C2H5)2]. Exposure of ZIF-8 to

ation of the inclusion compound

. In a second step the obtained

eratures (oxidative annealing) to

as characterized with powder

tion measurements, and

sence of nano-sized ZnO particles

sed by quantum size effect (QSE).

were characterized via carbon

PAPER
vacuum FTIR techniques. It was

–ZnO and Zn–ZnO facets as well

ation forming various adsorbed

importance for the further synthesis of nano-composite mate-

rials, known as ‘‘metal@MOFs’’,12 which subject has been

recently reviewed.13 For example, the stabilisation of homoge-

neously dispersed cavity-size matching gold nanoparticles inside

functionalized zeolite imidazolate type metal–organic frame-

works (ZIFs) was reported and a new concept of encapsulating

metal nanoparticles inside MOFs was introduced.14 The eluci-

dation of the actual microstructure of the obtained composites

‘‘nanoparticle@MOF’’ needs a combination of complementary

analytical methods including Transmission Electron Microscopy

(TEM).15 Obviously, such TEM studies involving MOF mate-

rials are quite sophisticated and must be done with great care

using low dose techniques to rule out substantial and ill-defined

changes of the sample during the measurement.16 Nevertheless

TEM seems to be a powerful tool to determine the size and shape

of the embedded ‘‘naked’’ metal nanoparticles.14

In contrast to the variety of metal@MOF systems, reports

dealing with the embedding of other types of nanoparticles, in

particular metal oxides or compound semiconductors into

porous MOF structures are extremely rare. Especially the caging

of nanosized ZnO by MOFs may be interesting in terms of

photoelectrochemistry,17 photocatalysis18 and optoelectronic

applications.19,20 Embedding of ZnO inside highly porous

ordered silica materials, e.g. ZnO@MCM-48,21 influences the

size and shape of the metal oxide particles by caging effect and
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