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SYNTHESIS AND LUMINESCENCE PROPERTIES OF ZnSe:Al
NANOPARTICLES

Colloidal nanocrystals of ZnSe:Al were synthesized in organic polymer matrices. The optical absorption and long-
wavelength luminescence were studied, the average sizes of nanoparticles were determined, the efficiency of the transition
from bulk crystals to nanocrystals was shown, and the types of optical transitions were determined.

Introduction

Semiconductor colloidal nanocrystals of the

A 2B 6group are promising materials for biomedi-

cal marking and visualization. The most widely

represented in the studies are CdS and CdSe na-

nocrystals [1,2], which have tunable, wide and

intense emission bands. However, many results

show that any leakage of cadmium from na-

nocrystals will be toxic and fatal to biological

systems. In connection with this, the synthesis of

nanom aterials, not cadmium entities, is topical.

Such materials include zinc chalcogenides, and
zinc selenide in particular.

Being awide-band semiconductor, ZnSe iside-
ally suited for the creation on its basis ofoptoelec-
tronics devices and biomedical imaging. Doping
ZnSe allows the realization of luminescent radia-
tion in the visible and near infrared wavelengths.
At present, ZnSe nanocrystals doped with transi-
tion elements such as Cu, Mn, Co have been suc-
cessfully synthesized [3] At the same time, there
is no information on the preparation of zinc sel-
enide nanoparticles doped with Group IlIl donor

elements (Al, Ga, In). Investigations of the pho-
toluminescence of bulk ZnSe: Al crystals showed
thatin zinc selenide an Al impurity is the best ac-
tivator in the visible range [4]. So the preparation
and investigation ofthe luminescent properties of
ZnSe: Al nanocrystals is relevant.

The purpose of this work is the development

of an ecological approach to the synthesis of

ZnSe:Al nanocrystals, the study of their lumines-
cent properties and the establishment of natural

em ission transitions in these nanocrystals.

Experimental

The study used commercial reagents Beijing

Reagent Company. ZnCl2was the source of zinc

ions. The source of Se2ions was sodium seleno-

sulfate Na2SeSO 3, which was prepared with an

aqueous Na2SO 3solution and powdered Se (99% ).

Polyvinyl alcohol, gelatin or lactose was used as

the growth stabilizer of nanoparticles. The doping

with Al ions was carried out by the addition of

A 12CI3. The resulting colloidal solution contain-

ing ZnSe and ZnSe:Al nanoparticles was depos-

ited on quartz substrates, then the solvent evapo-
rated, forming membranes for measuring optical
absorption and photoluminescence.

The optical absorption and photoluminescence
spectrawere recorded with an M DR-6 monochro-

mator with a 2400 grove- m m ldiffraction grat-

ings in the ultraviolet and 1200 grove- m m 1lin the

visible range.
Investigation of the optical absorption

The optical density spectra of ZnSe and

ZnSe:Al nanocrystals were studied. It is estab-

lished that in all the samples studied the absorp-
tion edge is shifted to the region of high energies
in comparison with the absorption edge of single

crystals of ZnSe, which indicates the presence

of quantum size effects in the samples. The in-

fluence of the ratio of the concentrations of zinc

and selenium sources on the position of the ab-

sorption edge was established. The maximum

displacement was observed at a ratio of ZnC 12 to

Na2SeSO3o0f 10:1.
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Fig 3. Photohuninescence spectra of (a) ZnSe:Alnanociystals and (b) ZnSe:Al bulk crystals
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Conclusions

ZnSe and ZnSe: Al nanoparticles up to 3.5 nm
in diameter were successfully synthesized using
the “green” synthesis method and organic stabi-
lizing agents. It is shown that ZnSe:Al nanopar-
ticles possess effective long-wave emission anU
can be used as fluorescent labels. The nature of
the radiative transitions in ZnSe and ZnSe:Al
nanocrystals is established. It has been experi-
mentally confirmed that when the transition from
bulk crystals to nanocrystals does not occur, the

emission lines shifttoward donor-acceptor pairs.
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Summary

Colloidal nanocfystals of ZnSe:Al were synthesized

in organic polymer matrices. The optical ab-

sorption and long-wavelength luminescence were studied, the average sizes of nanoparticles were de-

termined, the efficiency ofthe transition from bulk crystals to nanocrystals was shown, and the types

of optical transitions were determined.
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W. A. HtyyK, W. O. BaKCMeH, I. B. Temnmea, O. A. PiMameecbKUU

CHHTE3 TA HOMIHICIIIHTHI BIACTHBOCTI HAHOKPHCTAIIB ZnSe:Al

AHOTa™n
KonoigH HaHonacTHHKH ZnSe:Al 6ynu CHHTe30Barn b opraHiHHIM noniMepHiIM MaTputy. Eynu go-
cnig”em onTHHHe nornuHaHHa Ta goBroxBunboBa "oTonroM mec~ Htya. 3a 3cyBoM mupuHH 3a6opo-
HeHoi 3ohh BH3HaneHHH cepegHiM po3Mip HaHonacrHHoK. BH3HaneHa npupoga BunpoMmroBanbHux
nepexogiB.
KnronoBi eiOBa: znse, znse:Al, HaHonacruHKH, KonoigHuM CHHTe3, onTHHHi BnacTHBocri, nroM i-
Hec”"Htya, 6ioMapKepu.

y Nk 6c1l.tla.a9

W. A Hu”k, W. O. BaKCMaH, H. B. Temnmea, A. A. PuMameecKUU

CHHTE3 H .'"lIOMIIITTCIIT HTITME CBOHCTBA HAHOKPHCTAIIOB ZnSe:Al

AHHOTa"HH
KonnougHbie HaHoHacTHmi ZnSe:Al 6wnu CHHTe3upoBaHbi b opraHHHe6cKoM nonuMepHod Ma-
Tpu”. Ebinu uccnegoBaHH omunecKoe norno”feHue ugnuHHoBonHoBaa nroMHHec*eH~"Ha. no CMe-
N"eHuro mupuHH 3anpe”eHHOM 3ohw onpegenanca cpegHuu pa3 Mep HaHonacTHn OnpegeneHa npu-
poga mnynaTenbHbix nepexogoB.

KnroneBwe cnoBa: znse, znsSe:Al, HaHonacTH i, KonnougHbiM cuHTe3, onTHnecKue CBoMcTBa,
nroMHHec”"eH”~Ha, 6uoMapKepw.
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