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Mn?*-doped ZnS nanoparticles and Mrdoped ZnS nanoparticles coated with a shell of ZnS were
prepared in reverse micelles. Mnemission at 580 nm in the coated nanoparticles was seven times
stronger than that in the uncoated ones. Ultraviolet light treatment enhanced the luminescence at 580
nm in the uncoated nanoparticles, but led to no luminescence enhancement in the coated ones. Some
calculations indicated that Mn ions were not randomly distributed in the particle, but preferred to
occupy the sites close to the surface. The experiment results indicated that ZnS shell and UV
treatment could block the nonradiative transition paths and led to the enhancement of luminescence.
© 2002 American Institute of Physic§DOI: 10.1063/1.1483113

Nanoparticles have large amounts of vacancies arisinyin(CH;COOQ), aqueous with a certain mole ratio of water-
from their large surface-to-volume ratio. Since the vacancieso-surfactant(W) and a mole ratio of Mf*-to-Zr?* (V).
usually act as luminescence Kkillers, it is necessary to modifffhe mixture was stirred magnetically until a homogeneous
the surface of nanoparticles for better optical properties. Fomicroemulsion was obtained. After 30 mir, §as bubbling,
Mn?"-doped ZnS nanoparticles, organic molecules with carexcess HS was injected to lead to the formation of
boxylic functional groups are often used as passivatingin?"-doped ZnS nanoparticles. Then the nonreactg8 H
agents. Enhancements of 4, 10, and 30 times in photolumiaas blown out by N gas bubbling. The calculated amount of
nescence intensity have been observed from?Mioped Zn?" ions were added to the solution containing
ZnS nanoparticles passivated by methacrylic acid, Mn®"-doped ZnS nanoparticles by several steps while the
polymethymethacrylattand 3-methacryloxypropyl trimeth- mole ratioW was raised to a given value. Every step was
oxysilane® respectively. Similar phenomenon has also beerfollowed by an injection of HS and a removal of nonreacted
reported for core-shell quantum dots structff@s\ core  H,S. Finally Mrf*-doped ZnS nanoparticles coated with a
nanoparticle of one material was coated by a shell of anotheghell of ZnS were produced in AOT in heptane. In this letter,
having a large band gap, eliminating nonradiative relaxatiorthe two samples were made und&=11 andV=0.013.
pathways and enhancing photoluminesce(e) from the ~ Equal amounts of Zi ions, Mi?* ions, and AOT heptane
core. Another useful method for obtaining highly lumines-solution were used. For the ZnS shell coating particles, the
cent Mrf"-doped ZnS nanoparticles is UV light core was made und&/=7 and the finaWis 11. The radius
treatment®~8 which “passivates” the nanoparticle surface, of the nanoparticles could be estimated fréinThe radius is
removes unwanted nonradiative relaxation paths, and thugoout 2.89 nm wheW=11. For the coated particles, the
enhances the overall luminescence quantum vyield. Severfdius of the core was estimated to be 2.15 nm and the thick-
processes have been proposed as the mechanisms of f#eSS of the shell was estimated to be 0.75 nm. Fluorescence
irradiation-induced luminescence enhancement effect. On@Pectra were taken by a Hitachi F-4500 fluorescence spectro-
of them is irradiation with suitable wavelengths, causing fill- Photometer and the PL scan took only a few seconds.
ing of empty surface states with electrdrishe other is UV Figure 1 gives the emission spectra of the two samples
light inducing the polymerization of the methacrylic acid sta-€XCited at 305 nm. It can be seen that ffig—°A, emission
bilizer, leading to a better surface passivatién. of Mn?* jons is at~580 nm, and the intensity of the 580 nm

In this paper, we studied optical properties of
Mn?"-doped ZnS nanoparticles and Kindoped nanopar-

ticles coated with a shell of ZnS prepared in reverse micelles. 1201
Mn?*-doped ZnS nanoparticles and the nanoparticles 9.
covered by a shell of ZnS were prepared with inverted mi- -
celles method ! Dioctylsulfosuccinate sodium salAOT) @ 60
was used as a surfactant. Standard solutions 6f Zh.0 M) §
and Mrf* (0.5 M) were prepared from Zn(C}€OO),, £ 304
Mn(CH3COO),, and purified water. The usual procedure
was: 0.04 M AOT heptane solution was mixed with an 0 , , , ,
amount of 1.0 M Zn(CHCOO), aqueous and 0.5 M 300 400 500 600 700
Wavelength(nm)
dauthor to whom correspondence should be addressed; electronic maiFIG. 1. The emission spectra of th@ uncoated and thdb) coated
9990629@sina.com Mn?*-doped ZnS nanoparticles excited at 305 nm.
0003-6951/2002/80(23)/4300/3/$19.00 4300 © 2002 American Institute of Physics
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280- =0.541 nm, and the distance between two closest cations is
a/(2)Y2 We assume the surface states are located at the
2104 outer shell of the particle, i.e., 2.51 rom<<2.89 nm. As-
- suming the particle is a sphere, there mge- 986 cation sites
B at the surfaceny= 1055 sites within the core, antd, =546
S 1401 b sites in between.
S If Mn2* ions are randomly distributed, in sample(i-
701 coated nanopatrticlegs portion[n,/(ny+n;+n,)=0.38] of
the total Mn ions is at the surface and would have no or only
0 , : , , a little contribution to the luminescence. Leeball? re-
300 © 400 500 600 700 ported that concentration quenching was observed at% Mn

Wavelength (nm) concentration of 1 at. % Mn incorporated in the nanoparticle,
o , but Bof*® stated that no concentration quenching was ob-
FIG. 2. The emission spectra of the uncoated*Mrdoped ZnS nanopar-  goraq at the same Mih concentration. Reference 13 indi-
ticles excited at 305 nrfa) before andb) after 1 h exposed under 305 nm n . . .
irradiation from a Xe lamp. cated that the Mf" concentration in the nanoparticle was
less than the Mf™ concentration present during the synthe-

o _ _ _ sis. For example, when the mole ratio of #nto Zr** in
emission of the coated nanoparticles is seven times that ¢f,e solution was 5.0 at. %. the Mih concentration in the
the uncoated nanoparticles. The emission peak centered ﬁénoparticle was only 0.25 at.%. In our experiments, the
~400 nm is attributed to the self-activated emission causegl;,2+ concentration in the nanoparticle was estimated to be
by Zn vacancies in the lattice. , less than 0.25 at.% from Ref. 13, which is far below the

Both types of samples were subjected to UV tre""tmenguenching concentration. In addition, no concentration

No significant change is observed in the emission spectra uenching took place when the mole ratio of ¥rto Zr?*
the coated nanoparticles excited at 305 nm before and aftet e solution increased to 3.3 at. %.

exposed under 305 nm irradiation from a Xe lamp. Figure 2 |t the Mn2* ions were randomly distributed in nanopar-
shows the emission spectra of the noncoated nanoparticlg@es, in view of the large average Mn—Mn distances at a
excited at 305 nm before and afteh exposed under 305 N \1n2+ concentration less than 0.25 at. %, energy migration
irradiation. It can be seen that the Rfhions emission at 580 among Mn ions could be ignored. Thus, the energy transfer
nm was strongly enhanced. _ _ _from Mn to the surface quench centers would follow the
The changes of luminescence intensity at 580 Nm Witfy¢atic ransfer mechanism. Assumg be the intra-ion tran-
exposure time under 305 nm irradiation are shown in Fig. 3g;tion rate and\,(R;) to be the energy transfer rate to all the
The decrease in the luminescence intensity of the coateg, t5ce quench centers. & is the distance of the-th ion
nanocrystals is less than 15%, while that of the uncoateﬂOm the origin, the observed emission intensity is propor-
nanoparticles increases rapidly with total exposure time afonal to
the initial stage, then slows down, and finally approaches a
saturation value. The saturation value is about seven times 1 ng+ny W
the initial intensity, and approximately equals the initial in- lg= !
tensity of the coated nanoparticles. The concentrations of the No+Ni+ny; T WitWy(R))
Mn?* ions are equal in the two samples; the only difference
i their distribution. In the uncoated particles, ¥Mrions are ~ for the sample B, and to
distributed in the whole volume; among them some are close N
or even at the surface. On the other hand2Mions in the RN W,
coated particles are within the core, away from the surface. AT ne S Wi+Wy(R)
The average radius of the nanopatrticles is 2.89 nm, and
the average radius of the core in the sampl@@ated nano- for the sample A.lg/I, would lie between i+ n;)/(ng
particles is 2.15 nm. The lattice constant of ZnS & +n;+n,) [if W;>W,(R)] and ny/(ng+ni+n,) [if
W, (R)>W,]. Substituting the values af;, n,, andn;, we
120+ have 0.62-15/1 ,>0.40. The observed ratio is about 0.143.
b W This is an indication that the Mf ions are not randomly
: distributed in the particle, they prefer to occupy the sites
close to the surface. The effect would be twofold. First, the
average static transfer rate of R ions to the surface
quench centers gets larger and second, enrichment &f Mn
ions in the surface layer makes energy migration among
them easier. Both result in decreasing the emission quantum
0 , , , . , , efficiency.
0 1000 2000 3000 4000 5000 6000 As the particles being exposed under the UV irradiation,
Time (s) the population of the surface quench centers decreases due to
FIG. 3. The changes of luminescence intensity at 580 nm with exposurglther phOtOCh_emIC_al or photophysmal proces_ses, Iumln_es-
time under 305 nm irradiation fo) uncoated MA*-doped znS nanopar- Ce€nce of Mr* ions is thus enhanced. The luminescence in-
ticles and(b) coated MA*-doped ZnS nanoparticles. tensity of the coated nanoparticles does not change signifi-
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