Synthesis and characterization of colloidal Ag—(In,Ga)-S
semiconductor nanocrystals
Y.M. Azhniuk', B.V. Lopushanska?, Ye.O. Havryliuk>4, 0.V. Selyshchev#:2
V.V. Lopushansky?, A. Enm# A.V. Gomonnai'4, D.R.T. Zahn4"

" Institute of Electron Physics. Ukr. Nat. Acad. Sci., Universytetska Str. 21, Uzhhorod, 88000, Ukraine W@
2 Uzhhorod National University, Narodna Sq. 3, Uzhhorod, 88000, Ukraine
3 V. Lashkaryov Institute of Semiconductor Physics. Ukr. Nat. Acad. Sci., Prospekt Nauky 45, Kyiv, 03028, Ukraine 3{:
4 Semiconductor Physics, Chemnitz University of Technology, Chemnitz D-09107, Germany

O Center for Materials, Architectures and Integration of Nanomembranes (MAIN), .

| MAS UKRANINE

Chemnitz University of Technology, Chemnitz D-09107, Germany fEEEE e nveRsiTe

INTRODUCTION

Research interest towards I-Il1-VI colloidal semiconductor nanocrystal (NCs) is caused by their non-toxicity and the possibilities of size variation of their bandgap in a
broad range, high luminescence efficiency, high photocatalytic activity, and possible applications in biology and medicine as well as in light sources and photovoltaic
elements. Much less studied are gallium containing Ag—(In,Ga)-S NCs. To our knowledge, no studies of size-selected Ag—(In,Ga)-S NCs have been presented so far.
Here we report on the synthesis and characterisation of size-selected quaternary non-stoichiometric Ag—(In,Ga)-S NCs obtained at mild conditions in the presence of
glutathione (GSH) from aqueous solutions with different [In]:[Ga] molar ratios in the reaction mixture.

SYNTHESIS OF Ag—(In,Ga)-S NANOCRYSTALS

- aqueous solutions  AgNO3 + GSH + NH4OH + InCl3 + GaClz+ NayS  (in desired proportions) | 5 tathione (GSH) >
at intense stirring \l/ aging for 30 min at 90-95 OC\l/ was used as a stabilizer.

Size-selective fractioning: precipitation in the presence of isopropanol by centrifugation (4000 rpm, 5 min)

CHARACTERISATION TECHNIQUES

XPS measurements: ESCALAB 250Xi XPS Microprobe (Thermo Scientific) photoelectron spectrometer, Al Ka X-ray source (hv = 1486.68 eV).

X-ray diffraction: Rigaku Smartlab, Cu Ka radiation, Bragg-Brentano and parallel-beam geometries
Optical absorption spectra: Cary 50 spectrophotometer (Varian) with a Xe pulse lamp source and dual Si diode detectors.

PL measurements: Black Comet CXR-SR spectrometer (StellarNet) with diode excitation (A_ . = 390 nm)

RESULTS AND DISCUSSION

XPS-determined chemical composition of Ag—(In,Ga)-S NCs
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energies with NC size decrease. B is 2 nm.
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#2 ') ® Size-fractioned Ag—(In,Ga)-S NCs series revealed clear size-dependent shift of the
absorption edge and PL maximum position,
#1 ® Chemical composition of the Ag—(In,Ga)-S NCs exhibited lower Ga content than that
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e I A AT ® Ag—(In,Ga)-S NCs (except Ag—Ga—S) possess tetragonal (chalcopyrite type) crystal
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© Average size of Ag—(In,Ga)-S NCs is about 2 nm.
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