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When a diameter of doped semiconductor phosphor goes down to less than Bohr diameter, its quantum efficiency of
luminescence becomes larger than that of a conventional bulk material. This issue has been comprehensively studied
since Bhargava' s report appeared in 1994. Nanosizing enhances interaction between a host and a dopant to induce effec-
tive energy transfer. Surface modification of nanosize phosphors plays significant roles in capping of surface lumines-
cent killers and the confinement of electron-hole pairs inside a nanoparticle. We have studied the photoluminescence
properties of Mn?”-doped ZnS(ZnS:Mn) nanocrystal phosphors modified by organic compounds with functional
groups, such as carboxyl and phosphoric groups. Since functional groups are simultaneously excited with ZnS, we fo-
cus on energy transfer from functional groups to Mn? ions as well as the above-mentioned effects. Electron paramag-
netic resonance spectroscopy reveals a near-surface Mn? site with alower symmetry, which is characteristic of nano-
crystal. This lower symmetry explains the higher probability of d-d transition of Mn?” ions as well as stronger interac-
tion between Mn* and ZnS and between Mn?® and functiona groups, as compared to an inside Mn? site. Here | intro-

duce our recent works on organiclinorganic hybrid ZnS: Mn nanocrystal phosphors.
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Fig.1 Typica excitation and emission spectra for ZnS: Mn

nanocrystal without modification (solid curve) and

AKY dispersed in amicellar solution (broken curve).
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Fig.2 Typica excitation and emission spectra for ZnS: Mn

nanocrystal modified by the surfactant, AKY, with
carboxyl groups. broken curve: the emission spec-
trum; solid curve: the excitation spectrum for the
Mn? emission; dotted curve: the excitation spectrum
for the emission of carboxyl groups.
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Fig. 3 The change in the PL spectra of ZnS:Mn nanocrys-
tals modified by acrylic acid monomer with aging
timeat 800 . (@ Oh, (b) 6 h, (c) 12 h, (d) 24 h.
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Tablel Properties of ZnS:Mn nanocrystals modified by acrylic acid (AA) monomer
with and without aging at 800 , or modified by poly(acrylic acid) (PAA).

Additive aging time (h) lp (M) Cun(atd ) 1e(MNn?)0 Cuin
AA 0 1220 0.19 6420
24 3140 0.19 16500
PAA 0 2427 1.03 2420

a) thePL intensity at 580 nm due to d-d transition of Mn? ions.
b) the atomic percentage of Mn, 100 Mnl (Mn+Zn), measured by X-ray fluorescent

analysis.
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Fig.4 IR absorption spectra. Acrylic acid (AA) monomer

(a); AA-modified ZnS: Mn nanocrystals aged at 800
for 0 h (b), 12 h (c) and 24 h (d); ZnS: Mn nanocrys-
tal modified by poly (acrylic acid) (e).
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Fig.5 Schematic representation of coordination states be-
tween poly (acrylic acid) and metalic ions in ZnS:
Mn.
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Fig. 6 EPR spectra, measured at X-band (9GHz) and room
temperature, for ZnS:Mn nanocrystal modified by
acrylic acid and aged at 800 for 24 h. (@) result
(solid curve) and fitting(dotted curve), (b) calculated
signd |, (c) calculated signd I1.
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Table2 EPR parameters, B3, and its distribution, o, for
ZnS:Mn nanocrystal modified by acrylic acid and
aged at 800 for 24 h, and submicron-sized ZnS:
Mn phosphors prepared by coating method.

Sample Signal B2 c
(10[ 4 em? 1) (10D 4 em? 1)
Submicron | 13.6 11.0
Nanocrystal | 36.3 220
I} 46.5 25.2
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1.10[ T
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Fig. 7 Change in the normalized EPR line width, AHvrl
AHgr, of the signals | and I with temperature, where
AHvr and AHgr are the average line width of sextet
signa at the measurement temperature, VT and room
temperature, RT, respectively. (e ) signal | and (m )
signal Il for ZnS: Mn nanocrystal modified by acrylic
acid; (A ) signal | for the submicron-sized ZnS:Mn
phosphors prepared by coating method.
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