ZnS:Cu nanodalinu morfologijas attistiba mikrovilnu-asistétas hidrotermalas
sintézes gaita

Milena Dile', Katrina Laganovska®, Edgars Vanags®, Krigjanis Smits!, Virginija Vitola®
YLatvijas Universitates Cietvielu fizikas institiits

Aktivetiem ZnS materialiem piemit izcilas optiskas un elektriskas ipasibas, padarot tos
par labakiem materialiem fotoluminisc€josam un elektroluminisc€josam ieric€m,
saules paneliem, gaismas diodém, lazerdiodém un citu luminiscences iericu
izgatavoSanai.

ZnS dalinu dalinu ar pasu morfologiju veidosanas, pieméram, nanoziedu, ir atkariga
no reakcijas apstakliem. Tiesi tap€c sint€zes produktu pasibu monitorings realaja laika
var sniegt noderigu informaciju par kimisko reakciju kingtiku. Ieglito nanodalinu
veidoSanas parastaja hidrotermalaja reakcija ir ierobezota, tomér ipa$i izstradatas
iekartas mikrovilnpu hidrotermalajai  sintézet (MWHT) var nodroSinat paraugu
nemsanas procediru in situ. Citas MWHT prieksrocibas, pieméram, liels reakcijas
atrums, vienmériga maisijuma karsé€Sana un potenciali uzlabotas reakcijas apstaklu
kontrole, padara $0 metodi loti pievilcigu. Saja pétijuma paraditas iesp&jas veikt
paraugu nemSanu MWHT procesa, sintez&jot Cu leg€tus ZnS materialus, izmantojot
natrija dodecilsulfatu (SDS) ka virsmaktivo vielu.

Sintez€to nanopulveru struktira un elementu sastavs tika raksturots ar rentgenstaru
pulvera difrakcijas (XRD), sken&josa transmisijas starojuma elektronu mikroskopijas
(STEM) un energijas dispersijas rentgenstaru spektroskopijas (EDX) metodém, bet
optiskas 1pasibas pétija ar fotoluminiscences (PL) spektroskopiju.

legiitie rezultati apstiprina kubiskas ZnS fazes veidosSanos ar kristalitu izmeru 3-5 nm.
Turklat tika konstatéta ZnO heksagonalas fazes veidoSanas un tai sekojoSa SkiSana.
STEM atteli pierada, ka ZnO veidoSanas noriet lidz ar ZnS ziedveida struktiru
veido$anos un augSanu. Iegito produktu PL intensitate ar maksimumu pie 2,00 eV,
laika gaita palielinas, noradot uz *T1 — ®A; pareju starp Cu?* jona energijas limeniem.
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Doped ZnS materials exhibit excellent optical and electrical properties making them a
superior material for photoluminescent and electroluminescent devices, solar panels,
light-emitting diodes, laser diodes, and other device design and fabrication.

The formation of specific ZnS particle morphology like nanoflowers is highly sensitive
to reaction conditions. Therefore real-time monitoring of synthesis product properties
may provide useful information about chemical reaction kinetics. Monitoring of the
resulting nanoparticles in a conventional hydrothermal reaction is limited, however,
specially designed equipment for microwave-assisted hydrothermal (MWHT) synthesis
may enable in situ sampling procedure. Other advantages of MWHT such as fast
reaction rates, uniform mixture heating, and more precise control over reaction
conditions make this method very attractive. This study demonstrated possibilities to
perform sampling during MWHT synthesis of Cu-doped ZnS materials using sodium
dodecyl sulfate (SDS) as a surfactant.



The structure and elemental content of the synthesized nanopowders were characterized
by X-ray powder diffraction (XRD) scanning transmission electron microscopy
(STEM), and energy-dispersive X-ray spectroscopy (EDX) techniques, while the
optical properties were studied by photoluminescence (PL) spectroscopy.

The obtained results confirm formation of a cubic ZnS phase with crystallite size 3-5
nm. Moreover, formation and the subsequent dissolution of the ZnO hexagonal phase
was detected. STEM figures evidence that formation of ZnO is accompanied with
formation and growth of flower-like ZnS structures. PL intensity of the resulting
products with band positioned at 2,00 eV increases over time indicates “T; — 5A;
transition between Cu?* ion energy levels.
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