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The work investigated the effect of Copper (II) ions on the optical properties of colloidal solutions of Cadmium
sulfide nanoparticles stabilized with L-Cysteine in aqueous solution at room temperature 25°C. The introduction of
Cu?* ions into the reaction medium was carried out by ion exchange and co-precipitation methods.

It was found that the addition of solutions of Copper (II) salts of different concentrations to colloidal solutions
of CdS nanoparticles causes agglomeration and, accordingly, a shift of the optical absorption edge to the long-
wavelength region, an increase in the width of the forbidden bandgap of Cadmium Sulfide, and a decrease in the
intensity of photoluminescence, except for a solution with a concentration of Copper (II) ions of 1-10-° mol/l.
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Introduction

The creation of core-shell heteronanostructures based
on the semiconductor CdS expands the possibilities of
using such nanocrystals in various fields, including opto-
and nanoelectronics, medical diagnostics, solar cells,
photocatalysts, photosensors, and light-emitting devices.
Many studies have been conducted on the possibility of
doping CdS nanoparticles (NPs) with d-element cations
Ag", Cu**, Zn*", Ni** [1-16]. The introduction of impurity
ions into the reaction mixture is performed at different
stages of the synthesis of semiconductor NPs and under
different experimental conditions. As a result of the
analysis of the literature on the preparation of CdS NPs
doped with copper cations [3, 5, 9, 12, 14-16], there is no
unambiguous result regarding the influence of Copper
cations on the optical properties of Cadmium Sulfide
nanoparticles. The change in the optical parameters of the
studied system is influenced by the conditions of the

experiment (synthesis temperature, pH value, order of
introduction of precursors, ratio and concentration of
crystal-forming ions and stabilizers). That is why the aim
of this work is to investigate the effect of copper (II) ions
on the optical properties of colloidal solutions of CdS/L-
Cys NPs synthesized at room temperature.

I. Experimental

The synthesis of heterostructures was carried out on
the basis of a previously synthesized and tested for
stability colloidal solution with CdS nanoparticle with the
addition of Copper (1) salts of different concentrations at
different stages of synthesis (series of experiments 1 and
2).

Series of experiments 1 was carried out by ion
exchange, i.e. by introducing Cu?" cations into a solution
of CdS/L-Cys NPs:

CdS/L — Cys + xCu?* - (Cd(3_x)Cu,S)/(L — Cys) + xCd?* (1)

Series of experiments 2 was carried out by the type of coprecipitation, by adding sulfide ions to a mixture of solutions
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with Cadmium and Copper (II) cations:

(xCu®* +yCd**)/L — Cys + (x + y)S* - (€dS), (CuS), /(L — Cys) )

Synthesis according to both schemes was carried out
using high-quality starting reagents, namely: 0.5 M
solution of CdCl,-2.5H,O of the "high grade" grade,
0.05M solution of "high grade" L-Cysteine; 0.5M
solution of Na,S-9H,O (99% purity Aldrich), 0.1 M
solution of NaOH, 1-10" M solution of Cu(NOs), "CP".

In the experiments, colloidal solutions of CdS/L-Cys
NPs with a fixed ratio of all precursors were used, namely
[Cd**]:;[L-Cys]:[S*]=1.1: 2.2 : 1. After draining the initial
solutions of CdCl, reagents and L-cysteine, the pH of the
solution was adjusted to 7. The ratio between the content
of Cd*"/Cu?" ions was 400:1, 80:1 and 40:1.

All syntheses were carried out at a temperature of 298
K using deionized distilled water and without prior
deaeration of the solutions.

The study of the optical properties of the solutions
was carried out at a temperature of 298 + 5 K using MDR-
4 and USB-650 spectrophotometers (Ocean Optics). The
optical density of the solutions was measured in the range
of 0.01-2 with increasing wavelength in the range of 350—
1000 nm. Photoluminescence (PL) was measured on a
Perkin-Elmer LS55 luminescence spectrometer. All
investigated solutions were excited by light with a
wavelength of A = 360 nm.

II. Results and Discussion

2.1. Study of the optical properties of the CdS/L-
Cys/Cu?" colloidal solution obtained by the ion
exchange method

The results of the effect of adding Cu?" ions (by ion
exchange method, equation 1) to the reaction medium on
the optical properties of CdS/L-Cys solutions are shown
in Table 1 and Figure 1.

The introduction of copper ions into a colloidal
solution of Cadmium Sulfide (series of experiments 1)
causes a bathochromic shift of the optical absorption edge
(Fig. 1, a), which generally causes a decrease in the Stokes
shift.

A gradual increase in the concentration of Cu?" ions
in the reaction medium, above 5-10° mol/l, has a more
noticeable effect on the optical characteristics of the
obtained systems.

In particular, in the presence of Cu’*" ions,
photoluminescence quenching occurs more noticeably,
with the exception of the minimum concentration of
1107 mol/dm?, which intensifies the photoluminescence
of the obtained solution (Fig. 1, b).

Table 1.
Dependence of optical characteristics of CdS/L-Cys/Cu?" systems on [Cu?*] (series 1)
Ne [Cu*], [CEV | iim Domax y ——- Stokesland | . oV
mol/l [Cu®"] nm nm nm slide, nm &

1 0 - 409 389 506 117 3,04

2 1-10°3 400 410 384 474 90 3,03

3 5-107 80 416 387 484 97 2,99

4 1-10* 40 418 385 469 84 2,97

Note: Liim - optical absorption edge, Amax - Optical absorption maximum, Amax.um - luminescence maximum, Eg —

bandgap.
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Fig. 1. Optical absorption (a) and luminescence (b) spectra of the CdS/L-Cys/Cu?* system with different
concentrations of Cu?" ions.
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The reason for the quenching of the
photoluminescence intensity with increasing Cu?" ion
concentration (more than 1-10 mol/l) is the decrease in
the number of non-radiative centers. The emission
maximum shifts from 2.46 eV (CdS/L-Cys) to 2.65 eV at
the maximum concentration of Copper ions. On the other
hand, at a concentration of impurity copper ions of
1-10° mol/l, an increase in the intensity of
photoluminescence compared to the initial Cadmium
Sulfide solution by 1.25 times and a shift of the
photoluminescence maximum to the short-wavelength
region are observed only under the condition of synthesis
according to scheme 1 (ion exchange).

Unlike the results in [15], in the optical absorption and
photoluminescence spectra (Fig. 1), no additional peaks
are visualized in the spectral region, but the shape of the
spectral curve has changed.

2.2. Study of the optical properties of the
Cu?*/CdS/L-Cys/ colloidal solution obtained by
coprecipitation

Changing the order of introduction of copper ions into
the studied system (co-precipitation method) causes more
significant changes in the optical parameters of the
solution (Table 2, Fig. 2) compared to the previous case.

Synthesis of CdS NPs in the presence of Cu?* ions at
a concentration of 1-10” mol/dm? stimulates the formation
of larger particles than in the case of pure CdS/L-Cys, but
further increase in the impurity concentration, on the
contrary, inhibits particle growth. The absorption edge in
all cases of introduction of Cu?* ion impurities shifts to the
region of larger wavelength values (Fig.2, a).

The absorption maximum is observed in the region of
3.18-3.23 eV, depending on the concentration of Copper
ions. At a minimum concentration of introduced impurity

Copper ions, the absorption maximum shifts to the region
of lower energies, and a further increase in the
concentration of copper ions causes a shift to the region of
higher energies. This can be explained by the fact that
copper cations at a concentration of more than
1-10° mol/dm> are more easily incorporated into the
structure of Cadmium Sulfide nanoparticles during their
growth, while at lower concentrations of impurity Copper
ions, such an effect is not observed.

Under the condition of coprecipitation (scheme 2), at
all concentrations of the impurity component of Copper
ions, quenching of the fluorescence intensity is observed
(Fig. 2, b), caused by surface defects associated with the
passivation of radiative centers on the surface of Cadmium
Sulfide nanocrystals.

Similar patterns in the change in photoluminescence
intensity are observed in [16], but for CdS:Cu nanocrystals
synthesized in polymer matrices.

Since evidence of deposition of copper sulfide NPs
was not observed in both types of optical spectra, the
reason for the difference as a result of different doping
methods should be sought in the structure of the formed
NPs.

It is possible that during co-deposition, Copper ions
that are isovalent to cadmium ions are introduced into the
semiconductor lattice with the formation of double sulfide
NPs Cd;«CuxS. When Cu?* ions are added to stabilizer-
coated CdS NPs, Copper ions form an outer shell in the
form of CuS with the possible formation of a core/shell
heterostructure.

Table 2.
Effect of [Cu'] on the optical properties of the system (Cu?'+ Cd*" )S/L-Cys(series 2)
Ne Cu?"], Cd*)/ Amax Stokeslandsl
[mol/% [[Cu2+]] Ain DD nm Amaun T ide, nm Eg, eV

1 0 - 409 389 506 117 3,04

2 1-107 400 421 392 523 131 2,96

3 5-107 80 416 385 467 81 2,99

4 1-104 40 417 384 470 86 2,98

Note: Liim - optical absorption edge, Amax - Optical absorption maximum, Jmax.um - luminescence maximum, Eg —
bandgap.

Absorbance, a.u. FL Intensity, nm
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Fig. 2. Optical absorption spectra (a) and luminescence (b) for the Cu?*/CdS/L-Cys system.
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Conclusions

Based on the results of this study, the following
conclusions can be drawn:

By changing the concentration and order of
introduction of Copper (II) cations, the optical
characteristics of CdS nanoparticles stabilized with the
amino acid L-Cystein can be influenced.

A limiting concentration of Cu?* ions (1-1073 mol/l)
was established, the introduction of which into the CdS/L-
Cys colloidal solution does not cause aggregation of
nanoparticles and noticeably affects the position of the
optical transmission edge.

It is shown that the introduction of ions
[Cu®*] = 1-10° mol/l after the synthesis of colloidal
solutions of CdS/L-Cys (ion exchange method) increases
the intensity of photoluminescence, and the maximum of
photoluminescence shifts to the region of higher energies
relative to the values of the initial solution of CdS/L-
Cysteine NPs.

When Cu?* ions are introduced during the synthesis of
Cadmium Sulfide (co-precipitation), the absorption edge
shifts to the long-wavelength region, the particle size
increases, and the intensity of the photoluminescence
spectra, the photoluminescence maximum, and the Stokes
shift decrease.
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Buus iionis Cu?* ma ontuyni Baacrusocti kooinnux pozuunis CdS/L-Cys
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VY poboTi mpoBeneHo AOCIILKEHHS 10 BIUIMBY HOHIB KynpyMy (II) Ha onTwuHI BIacTHBOCTI KOJOITXHHX
PO3YMHIB HAHOYACTMHOK KaaMiil cymbdiny crabimizoBanux L-I{ucreiHoM y BogHOMy po3uMHI 3a KiMHATHOI
temneparypu 25°C. Bpegenns itomis Cu?' mpoBoamiM 3a METONOM CHIBOCAIKEHHS Ta HOHHOTO OOMiHY.
Bcranosneno, mo nonaBaHHs po3uyuHiB coiedl kynpymy (II) pisHHX KOHUEHTpauwid g0 KOJIOIZHUX PO3YHMHIB
HanoyactiHOK CdS, BHKIHKae ariioMepamnil0 Ta BiAMOBIIHO, 3MIIIEHHS Kpal ONTHYHOTO IOTJIMHAHHI Yy
JIOBFOXBHJIBOBY 00JIaCTh, 30UIBIICHHS ITMPUHN 3a00pOHEHOT 30HU KaaMill cynbQimay, 3SMEHIIEHHs IHTEHCHBHOCT1
doTomoMineceHILi, OKpPiM po34uHy i3 KoHIEHTpauiero Houis Kynpymy (IT) - 1-10-° Mo/ .

KiwouyoBi cioBa: HAHOYACTHHKH, KOJOIAHI PO3YMHH, TETEPOCTPYKTYPH, ONTHYHI BJIACTHUBOCTI,
(hoToOMIHECIICHITIS.
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