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Although nanostructured zinc oxide is a promising photonics 10
material almost all preparations of zinc oxide nanocrystals (ZnO
NCs) including various nanostructures and bulk crystals have a
broad visible emission which is usually attributed to surface defect
sites?7% In addition, more than one peak has been observed in the
visible range and these are attributed to dopants, structural features,
or surface defectd’ Even though the defect emission can be
suppressed by coating the particles with surfactamispy post
fabrication annealing with a hydrogen/argon mixture or with a hotolumi ¢ colloldal ZNO NB 4
hydrqgen ple.lsm&,lothe structure and origin of these surface qefeCts rf:g?rgréba::}d?rzoa%rggf:sggr?éi;c?rfg ;L%rr? ;eof((;/gcgn;ed (sc()Jlid I?r);;) :;nz under
remains an important unresolved problemm one of the earliest  jnert atmosphere, then exposed to oxygen (dashed line).
studies in this field Hoffmaret al. demonstrateld that purging
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freshly prepared NCs with nitrogen results in ca. 80% reversible afl) ' 990, 1 D o ' i 4
loss of defect emission. Although oxygen is implicated as being at @ d.? ~ f‘l) ! 9 h)

least associated with the defect sites, most nanoparticle preparations € 3} 5 ! ,w“'“ n A 9 3
take little precaution to regulate oxygen uptake or binding either s |o '\,. || —e— 530nm

during the synthesis or post fabrication processing. In this paper & 2f ¢ Q&M —Oo—3rmmp b 2
we demonstrate that ZnO NCs prepared in the absence of oxygen %‘ k] “Smt@ww 3 —— 5%m .
have nominal defect emission and that the quasi reversible titration — § 1 f".‘ f"\' ]

of dioxygen free zinc oxide nanoparticles with dioxygen requires £ 1= ) ) , , . . 0

a model where at least two different surface sites are involved in ) 20 40 60 00 05 10 15 20
the oxygen defect generation. These results are important for the Time (min) O/Surface ZnO (mol. eq)
development of both new photonic material and new photooxidation Figure 2. Titration of oxygen into anaerobic colloidal ZNO NRey =
catalysts. 345 nm solutions. Examination of the UV, 375 nm, and visible, 530 nm,

Oxygen adsorption on the surface of ZnO nanoparticulate or ;m(i)SSion OVSY tif:;]e (1) and ot{()/lgen gogcentrgtiont(ll)_relative to jL;rface

. . . . . - . . . espond to
microcrystalline zinc oxide increases the visible luminescence by ugiqu%r?d%?nfnns 0?5;?8‘:?2 Ig::é:robicns?lutit\)/re]r:/i?ga(;(t)ight Zyringe.
as yet an unresolved mechani&#. Although oxygen surface
adsorption on ZnO nanoparticles is quasi-reversible, the stoichi- (Figures 2a-d and S3-S6). At approximately 25 mol % oxygen
ometry, structure, and origin of the nonreversible component all with respect to surface ZnO (Figure 2e) no further rapid luminescent
remain speculative. The luminescent properties observed for ZnO decay was observed, and a saturated state is observed. These obser-
nanoparticles under aerobic condition consist of a dominant visible vations indicate a more complex system than formerly proposed,
emission and quenched UV emission. Deaeration of the solution the explanation of which requires the application of more than one
results in a significant decrease of the visible emission and an surface site contributing to the changes in ZnO luminescence.
observable increase of the UV emission as previously observed, Itis known that the exposure of ZnO nanoparticles, in a reduced
however complete extinction of the visible luminescence from an oxygen environment, to UV radiation results in quenching of the
aerobic system is unsuccessful (Figurel1} Preparation of visible emission, which is attributed to photoinduced desorption
monodisperse crystalline nanoparticles (Supporting Information, of chemisorbed @ via formation of HO, and the subsequent
pages S4) under anaerobic conditions affords comparable results, accumulation of photogenerated electrons on the ZnO sutfate.
where the introduction of oxygen to the colloidal suspension resulted Restoration of visible emission upon introduction of oxygen into
in the almost complete restoration of the visible emission and the system of ZnO nanoparticles has been ascribed to the electron
quenching of the UV emission. Clearly oxygen mediates the scavenging abilities of oxygeil415Collectively these theories and
restoration of visible emission and consequent quenching of the our observations are consistent with a multiple-site model.
UV emission of ZnO nanoparticles. Exposure of the oxygen-titrated sample to UV excitation results

Attempts to quantify the oxygen required to restore fluorescence in a limited quenching of the visible emission. Subsequent additions
led to the observation of unique emission characteristics during the of oxygen result in similar trends however, with decreasing rates
titration of oxygen into a closed anaerobic system (Figure 2). Itis of decay (Figure S2S6). We propose that there is rapid binding
clear from our observations that oxygen interacts superficially with of oxygen to the surface, and that this is followed by a relatively
the ZnO NCs to facilitate visible emission. In addition we observe slow but incomplete quenching of the fluorescence. The addition
(1) partial restoration of visible luminescence, (2) incomplete decay of oxygen to the closed system results in an increase in visible
of this luminescence upon repeated UV excitation, and (3) emission interpreted as oxygen adsorption on the surface of the
sequential exposure leads to reduced rates of fluorescent decaynO NCs. Upon UV excitation the observed decay in luminescence
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Scheme 1 From these data it is evident that previous theories, individually,
" do not fully describe the surface related luminescent characteristics
ZnO + Oy - ZnO(0y)y+y 1. of ZnO NCs. Through the investigation of the surface features of
desorp hy ZnO NCs, we have concluded that the fluorescent character of the
visible emission reflects more than one type of surface site, denoted
ZnO(Oy)ysy +2 ecp- +2 H' T 200y + H0 2 x and y, each with a different reactivity. The structures and
photoreactivity ofx andy sites are currently under investigation.
2Zn0O + HyO,—» 2 ZnO(OH), 3. These novel features warrant further investigation utilizing the

unique features of the different sites toward enhancing the photo-
is due to the photoreduction of oxygen on a more reactive gjte (  catalytic activity of the nanocrystals as sensitizers in advanced
to produce HO, (Scheme 1, eq 2). Oxidation of the nanoparticle oxidation processes and increasing control of the visible and UV
surface, by HO, (Scheme 1, eq 3) results in a poisoning of the emissions in photonic applications of ZnO NCs.

cata_llytlc sitex, observable as a__decrease in the rate qf decay of Acknowledgment. We thank CRC, NSERC, and the CIHR for
luminescence after each addition of oxygen. The irreversible _ . - ;
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changes on the surface, attributed to the modification of the highly Chemical Biology Traineeship to C.J.S
catalytic sitex, account for the diminishing catalytic activity, where DA
the less reactive siteg)(and the oxidizedX) site account for the Supporting Information Available: Experimental procedures,
residual luminescence intensity observed after repeated UV excita-fluorescent decay plots and rates, and oxygen binding plot and fit. This
tion. It is the irreversibly modifiec site that is thought to account ~ material is available free of charge via the Internet at http://pubs.acs.org.
for the difficulty in complete extinction of the visible emission from
ZnO NCs prepared in air. References
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