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The ZnSe quantum dots in a matrix of nanoporous carbon are synthesized in the work. For this pur-
pose, nanoporous carbon was synthesized with the required pore size distribution. From the received pho-
toluminescence spectra, it was found that the peak near the band edge in the excitation spectrum can be
assigned to the highest transfer efficiency of photogenerated carriers at the correlated sub-band states
(about 34 meV below the conduction band of ZnSe) to the deep center states.
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1. INTRODUCTION

In recent years, optical investigations on single
semiconductor quantum dots (QDs), often designated
as «artificial atoms», opened a new and exciting field of
basic physics studies. In contrast to «real» atoms or
molecules, a unique feature of solid state QDs is the
formation of Wannier excitons giving experimental
access to both the Coulomb and the electron-hole (e-h)
exchange interaction in three-dimensional confined
solid state systems. Therefore, semiconductor QDs with
geometries smaller than or comparable to the bulk ex-
citon Bohr radius can be regarded as a model system in
order to study the impact of Coulomb and exchange
interaction on the optical properties of zero-
dimensional excitons and excitonic complexes [1].

Quantum confinement of both the electron and hole
in all three dimensions leads to an increase in the ef-
fective band gap of the material with decreasing crys-
tallite size. Consequently, both the optical absorption
and emission of QDs shift to the blue (higher energies)
as the size of the dots gets smaller.

ZnSe QDs are key research interest of many groups
from past few decades because of their novel opto-
electronic properties. It is a direct wide band gap semi-
conductor having a band gap of 2.70 eV. ZnSe based
QDs have many applications in various fields such as
solar cells, scintillators, Schottky diodes etc.

2. MATERIALS AND METHODS

For the implementation of semiconductor QDs with
high quantum efficiency, several methods have been
developed that allow them to be obtained in corre-
sponding matrices. The promising material of the ma-
trix is nanoporous carbon, which can be controlled to
obtain the required pore size.

Nanoporous carbon material (NCM) was obtained
from the plant biomass using thermochemical activa-
tion by potassium hydroxide. The biomass precursor
has been dried under 80 °C until the mass is stabilized
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and then fractioned onto 0.25-1 mm particles. The car-
bonization of the grinded apricot kernels has been con-
ducted in the closed oven under 380-400 °C tempera-
ture with heating speed of 10 °C/min. Resulting carbon-
ized material has been mechanically grinded to obtain
the fraction size 200-250 um and mixed with equal
quantities of potassium hydroxide and water. This mix-
ture was thoroughly stirred during 1-2 hours and then
dried in the thermostat under the constant tempera-
ture of 90 °C until the mixture mass stabilization. This
dry substance was placed into the oven and heated in
the argon atmosphere up to the 850-920 °C with heat-
ing speed of 10 °C/min, keeping the given temperature
for 20 min. After the cooling, the resulting substance
has been washed in the 5 % HCI solution with distilled
water to reach the neutral pH and dried under 90 °C
until the mass is stabilized. The resulting NCM is
marked as NCM-1.

Another NCM for the comparison (NCM-2) was ob-
tained using the method of the carbonization of phenol-
formaldehyde resin.

Two obtained types of the nanoporous carbon (de-
pending on the technological conditions) were incorpo-
rated later into the QD pores.

The porous structure properties (total surface area
and total pore volume) of the NCM have been deter-
mined based on the nitrogen adsorption/desorption
isotherms analysis under its boiling temperature (77 K)
obtained using the Quantachrome Autosorb Nova
2200e appliance. The carbon samples have been decon-
taminated under 180 °C during 18 hours before the
analysis. The resulting properties of the carbon mate-
rials porous structure by the analysis of adsorp-
tion/desorption isotherms are the following: 1) total
surface area (Sper) by Multipoint BET method in the
isotherm area limited to the relative pressure range of
PIPy = 0.050...0.035; 2) total pore volume (Viotai, cm3/g,)
calculated by nitrogen sorption amount under P/Po ~ 1;
3) micropore volume (Vmicro, cm?3g) and micropore/
mesopore (Smicro, Smezo, mM2/g) specific surface areas,
found using t-method and DFT theory.
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To obtain ZnSe:C QDs, 0.8 g of gelatin, 0.8 g of car-
bon and 50 ml of distilled water were used, the result-
ing mixture was heated to 200 °C and kept for 3 hours,
followed by natural cooling to room temperature. Sub-
sequently, 1.48 g of ZnSe were added, carefully stirred,
heated to 200 °C and held for 2.5 hours. Centrifugation
at 1600 rpm for 30 min, the resulting material was
dried for 14 hours at 74 °C.

Spectral-luminescent properties were studied on the
FLS920 Photoluminescence Spectrometer manufac-
tured by Edinburg Instruments.

3. DISCUSSION OF RESULTS

The nitrogen adsorption/desorption isotherms for
carbon materials NCM-1 and NCM-2 are shown in the
Fig. 1.
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Fig. 1 - Nitrogen sorption isotherms (77 K) for carbon materi-
als: NCM-1 (a), NCM-2 (b)

Isotherms (Fig. 1) are typical for the polymolecular
adsorption in the micro- and mesopores in the materi-
als of organic origin [2]. All the samples demonstrate
hysteresis loop of H4 type by the ITUPAC classification
[3] that 1s known as related to the capillary condensa-
tion in the mesopores. The isotherm adsorption graph
line growth near the P/Po=1 is caused by multiple ni-
trogen condensations and evaporations in the micro-
and mesopores.
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The main parameters of the NCM nanostructure
are shown in the Table 1.

NCM pore size distribution was evaluated using the
density functional theory (DFT) (Fig. 2). The inspected
NCMs have a large quantity of micropores that signifi-
cantly increases the specific surface area, as it is shown
in Table 1 and Fig. 2. Mesopores amounted to 8-12 % of
the total quantity of pores in the mentioned carbon
materials.

Table 1 — Structural and adsorption properties of the NCM

NCM- | NCM-
Parameter
1 2
Surface area Multipoint BET, m2/g | 1438 | 1187
Total pore volume, cm?/g 1.03 0.521
Micropore volume, cm?/g 0.57 0.452
Micropore surface area, m2/g 1275 1110
Pore average diameter, nm 2.86 1.76
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Fig. 2 — Pore size distribution (DFT method) for NCM: NCM-1
(a), NCM-2 (b)

The examined NCMs (NCM-2 samples in particu-
lar) have pores of all sizes in range 1-20 nm with max-
imum quantity at 1.5-1.7 nm; pores near 5-15 nm are
amounted to 15 % of total pore count. There are 1.4-
5.8 nm pores in the NCM-1 samples, with size distribu-
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tion maximum in range r = 0.8-1 nm; pores near 2-5 nm
are amounted to 10 % of total.

Fig. 3 shows the photoluminescent (PL) spectra of
ZnSe:C measured at different excitation wavelengths
at room temperature (7'=300K) and low excitation
density. At the excitation with =466 nm a single in-
tense PL band is observed centered at A=643 nm
(1.928 eV) that has near-Gaussian line shape. Taking
into account that the energy band gap of bulk ZnSe at
room temperature is 2.7 eV (459 nm), the PL emission
is spectrally shifted to red side by 0.772 eV. This strong
red shift gives ground to attribute this emission to a
deep center one. Earlier, such PL bands were observed
in ZnSe nanowires [4, 5], ZnSe nanoribbons [6].

It has been shown that such deep center emission is
strongly dependent on the excitation intensity and
temperature. The line shape evolves into multiband

2.0x10°
0 PLE L ot
€ . |
5 1.6x10°A
e e13
©
2 1.2x10°4 v
a T=300K e
Q
£ 8.0x10° ot
© 4.0x10°
< m }

0.0 e~ : .
400 600 800

Wavelength (nm)

Fig. 3- PL and PLE spectra of ZnSe:C measured at room
temperature
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OnTuyHi BJIACTUBOCTI KBAHTOBUX TOYOK ZnSe B ByIVIEIEBUX MATPUIIAX

C.J. Bapgamrescbral, LM. Bynsymsk!, C.I. Bynsynar2, B.1. Pauiitl, JI.C. d6momus!, O.B. Mopyriko!

1 Ipukapnamcokuli HauloHaabHul yrisepcumem imerni Bacuns Cmegpanura, eyn. Illesuenra, 57,
76018 Isaro-DPpanxiscek, Yrpaina
2 Tnemumym gizuru Hanienposionukie imeni B.€. Jlawrxapvosa HAH Ykpainu, npocnexkm Hayrku, 45,
Kuis, Yikpaina

¥V po6oTi CHHTE3yI0THCA KBAHTOBI TOYKM ZnSe B MATPHIl HAHOIIOPHUCTOrO ByTJIeIio. J[JIsg 1IbOTO CHHTE3Y-
BAJIM HAHOIIOPUCTHI BYTJIEIb 3 HEOOXIIHUM PO3IIOAIJIOM PO3MIPY IIOp. 3 OTPUMAHHUX CIEKTPIB (PoToIOMIHE-
CIIEHIII1 OyJI0 BCTAHOBJIEHO, IO MK 01/ Kpam CMYTH B CHEKTPl 30y/IKeHHS MOe OyTH BiIHECEHU 10 Ha -
BHIINOI epeKTUBHOCTI ITepegadi hoTOreHepOBaAaHUX HOCIIB y KOpPeJIbOBAHUX CTAHAX Hiaaiana3oHy (IpuOIu3HO
Ha 34 MeB Hm:xye 30HU mpoBigHOCTI ZNnSe) 10 cTaHy TJIMOOKOTO IIEHTPY.

Knwouosi ciiosa: Ksaurosi Tourn, ZnSe, Hamonopucruit Byriens, CriekTpu GoTOIIOMIHECIISHIIII.
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