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INFLUENCE OF MATRIX ON PHOTOLUMINESCENCE OF CDS

NANOCRYSTALS

Photoluminescence (PL) of CdS nanocrystals (NC) grown in different polymeric matri-
ces is investigated. It was shown, that the nature of PL centers of nanocrystals is identical
to the nature of emission centers in CdS monocrystals and is connected with their native
defects. It was observed, that gelatin matrix could play the active role in processes of

luminescence excitation.

INTRODUCTION

Semiconductor nanocrystals (NC) were ex-
tensively researched in the recent years and are
considered as the active mediums for optoelec-
tronic devices [1—12]. Their major drawback is
the relatively weak emission properties, which
result in inefficiency of emitter. This inefficiency
is mainly due to interaction of nanocrystals with
matrix, interaction of neighboring nanocrystals
and surface properties of nanocrystals [13]. The
main defects in nanocrystals are vacancies, sub-
stitutional impurities, dangling bonds of NC sur-
rounding medium that act as trap states and
influence on the effectiveness of excitation [8—
9]. In the present time the problem for the influ-
ence of chemical nature of the matrix surround-
ed NC on generation and recombination
processes is not sufficiently investigated. Fur-
thermore, currently there is not enough informa-
tion about physical-chemical nature of defects
that play the role of emission centers in NC. The
detailed investigation of these items will make
possible to develop the methods to control the
color of luminescence and its intensity in spec-
ified regions of the spectra. One must also take
into account, that in NC the ratio of the particle
surface area to its volume is high. It would be
interesting to know which centers are on the
surface and which in the volume of semiconduc-
tor. These questions were not sufficiently inves-
tigated in the past as well.

This paper presents the results for investiga-
tion in photoluminescence spectra of CdS nanoc-
rystals obtained by chemical methods in differ-
ent matrices, which stabilize the size of
nanoparticles. The spectra of CdS monocrystals
were measured for comparison.

EXPERIMENTAL PROCEDURE

Two kinds of nanocrystals were investigated,
which were obtained by chemical methods in
stabilizing matrices of different nature.
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1. CdS nanocrystals grown by method of sol-
gel technology in gelatin polymer matrix. Nano-
crystals, which we obtained in this way, contai-
ned the excessive atoms of sulphur S [11—15].

2. CdS nanocrystals obtained by method of
frontal polymerization of metal-containing mono-
mers. For the latter cadmium polyacrilat was
used. In this case nanocrystals are contained in
the matrix from polyacrilic acid [9].

We have obtained CdS monocrystals by the
method of re-crystallization from gas phase. In
this case also two kinds of samples were ob-
tained: samples containing the excesses of sul-
phur (first kind) and of cadmium (second kind).

PL of CdS monocrystals and nanocrystals
was excited by laser source with wavelength
337 nm and 441.6 nm. Spectral characteristics
of PL were measured at different temperatures
and intensities of excitation.

EXPERIMENTAL RESULTS
AND DISCUSSION

Since the nanoparticles investigated in both
cases were contained in polymeric matrices of
different chemical nature, the latter could influ-
ence both on the formation of chemical nature
for PL centers and on the intensity of lumines-
cence. Aside from that one should not exclude
the possibility that polymeric matrices them-
selves could show PL and in this way influence
on spectral characteristics of nanostructure as a
whole. In connection to this, to determine the
individual irradiative characteristics of CdS na-
nocrystals we have performed the comparison of
spectral characteristics for monocrystals and
nanocrystals under identical experimental condi-
tions.

Luminescence properties of CdS are quite
well investigated and described in monographies
and numerous papers [16—18]. It is known that
monocrysyals of CdS have luminescence in blue,
green, red and infrared regions of spectra. In
Fig. 1. we presented the normalized plots of the
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Fig. 1. Photoluminescent spectra of CdS monocrystals
(1, 2) and nanocrystals (3), measured at 100K

PL spectra for CdS monocrystals of two types
(curves 1, 2) and CdS nanocrystals in gelatin
matrix (curve 3). Spectra were measured at tem-
perature of 100 K within the wavelengths 450—
850 nm. For CdS monocrystal of the first type
the prevalence of short-wave bands (blue and
green) in comparison with long-wave red lumi-
nescence was characteristic. Blue luminescence
was represented as discrete narrow lines with
Ama = 490 and 495 nm, which is due to annihila
tion of tie excitons [16]. In the green spectra
region the structured band in the form of pho-
nonless line and its several phonon repetitions
was present too. Phononless maxima was locali-
zed at A, =515 nm. Energy distance between
peaks of green luminescence was equal to 0.038
eV that corresponds to the energy of longitudi-
nal optical LO — phonon. We think, that irradi-
ation in this region of spectra is due to recom-
bination of donor-acceptor pairs. From the
literature it is known that irradiation in the
green region of spectra is favored by the follow-
ing factors: synthesis of crystals [16] and nanoc-
rystals [4] under the conditions of excess in at-
oms of a metal (Cd); doping of semiconductor by
atoms of the elements from the first group of
Mendeleev periodic table [19]. Owing to the high
concentration of doped defects (10'7—10'® cm—3),
which are responsible for edge luminescence, it
is possible to observe green luminescence within
the wide temperature range (up to 400 K). This
fact corresponds very well to our experimental
results. In CdS crystals of second type, which
were synthesized under shortage of Cd atoms
(and excess of S atoms), edge green lumines-
cence was very weak and blue luminescence was
not observed at all.

In more long-wave region of spectra one can
observe two structureless bands of PL in the

monocrystals: orange (A,,, = 580—600 nm) and
wide red band with A, =760 — 800 nm. Or-
ange luminescence band in monocrysyals is ob-
served in case of doping with oxygen atoms or
in case when interstitial atoms of metal are
present in the lattice of semiconductor. We have
registered this band in the crystals of the first
type (curve [).

Red band of PL is typically registered in the
crystals, which contain the considerable concen-
tration of intrinsic defects and is called selfacti-
vated (SA) luminescence. The majority of au-
thors connect the nature of luminescence
centers responsible for this band with complicat-
ed associative centers of the type (Voq4— V) or
(Veg — Duyy) [16].

[t is characteristic that the conditions under
which edge luminescence and long-wave lumi-
nescence are observed are interconnected. As a
rule, if intensity of edge luminescence is high
then the intensity of red luminescence is low.
This is caused by the fact that the composition
of the luminescence centers both of edge lumi-
nescence and of SA luminescence includes the
same defect (V). In case when the formation of
luminescence centers, responsible for edge band
is thermodynamically advantageous, SA lumi-
nescence will have negligible intensity. This is
observed when crystals contain low concentra-
tion of defects. In the case when samples have
higher concentration of associative defects, SA
band prevails in luminescence spectra. Recombi-
native parameters of SA luminescence centers
also contribute to the increase in intensity of
this SA luminescence. The centers of red lumi-
nescence are slow centers of radiative recombi-
nation in CdS crystals [17]. All the facts men-
tioned above are visually confirmed by curves /
and 2 in Fig. 1.

This figure depicts luminescence spectra of
CdS nanocrystals in gelatin matrix excited by
light with A,,=441.6 nm. One can see, that
luminescence band of CdS nanocrystals is signif-
icantly wider than the corresponding band of
bulk semiconductor. The maximum of lumines-
cence is localized in the red region of spectra
(A ey = 650—690 nm for different samples) and
is always shifted to the more short-wave regions
of spectra comparing to PL red band of mono-
crystal (A,,,=760—800 nm). Beside that, the
shape of the band is not described by Gaussian
or Lorenz distributions. All this points to non-
elementary nature of the band. The tightened
edge of spectral curve within the wavelengths
between 450 and 600 nm indicates the presence
of shorter-wave band of luminescence in spectra.
We should note that the luminescence of the
whole structure is registered, i.e. luminescence
of nanocrystals together with matrix.

To get more confident extraction of lumines-
cence belonged only to CdS nanocrystals we
measured the analogous characteristics of CdS
nanocrystals in the other polymer — polyacrilic
acid. The results of these measurements are
depicted in Fig. 2. The spectra were measured at
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Fig. 2. Photoluminescent spectra of CdS nanocrystals,
grown in polyacril acid (/, 2) and gelatin (3, 4), measured
at Ay 337 nm (7, 3) u 441,6 nm (2, 4)

different wavelength of exciting light: A, .=
=337 nm (curves [/, 3) and A,.=440 nm
(curves 2, 4). Two bands of PL could be observed
in CdS nanocrystal luminescence spectra in poly-
acrilic acid. Maximum of short-wave band was
localized at A,,, =520 nm and its intensity, at
Ao=337 nm, is considerably higher than red
luminescence. The inverse situation is observed
under excitation of the samples by the light with
wavelength 441.6 nm and in this case intensity
of red luminescence prevails over green. It is
significant that red luminescence band is local-
ized in the same region of spectra as with na-
nocrystals, contained in gelatin (A,, =690 Hm).
This experiment shows that chemical nature of
the matrix did not influence on the nature of PL
centers in nanocrystals, which was connected
with their intrinsic defects. At the same time it
was found that matrix can play the active role in
the processes of luminescence excitation. The
presence of gelatin significantly increases the
intensity of red luminescence. We showed exper-
imentally, that by decrease of gelatin concentra-
tion in the colloidal solution, in which CdS na-
nocrystals are contained, the red luminescence
could be completely suppressed. The results of
this experiment are shown in Fig. 3. The weak-
ening in the influence of gelatin matrix was
reached by dissolving of colloid by distilled wa-
ter in the ratio from 1:1 up to 1:12. From com-
parison of curves 1—5 (Fig. 3) one can clearly
see, that the contour of the band changes signif-
icantly. The decrease in gelatin concentration
results in decrease of intensity of the red band
and the increase of green band intensity. We
should note that green band with A, = 520 nm
was observed also in CdS nanocrysyals contained
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Fig. 3. Photoluminescent spectra for colloid solutions of
CdS nanocrystals at dissolution of colloid by distilled water
in the ratio 1:1 (7); 1:3 (2); 1:6 (3); 1:10 (4); 1:12 ()

in the other matrix (curve 7, Fig. 1) (polyacryl
acid).

The fact, that gelatin plays role in increase of
red luminescence intensity is also confirmed by
the following results. Fig. 4 depicts spectral
characteristics of gelatin luminescence (curve 1)
and spectra of luminescence for nanoparticle
together with gelatin (curve 2). One can see
that intensity gelatin luminescence is signifi-
cantly lower comparing to its luminescence
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Fig. 4. Photoluminescent spectra of CdS nanocrystals in
gelatine (/) and gelatine (2)



without CdS nanoparticles. This can be ex-
plained by the fact that energy ol gelatin lumi-
nescence is absorbed by CdS nanoparticles,
since they are closely located geometrically. It is
also known [18] that centers of SA red lumines-
cence of CdS are located in the near-surface area
of the particle, and that also results in more
effective absorption of light quanta by these
centers of red illumination [V, — V].

CONCLUSION

In that way, results of the investigations
show that CdS nanocrystals, grown in polymeric
matrices have intrinsic defects of two types,
which cause their luminescence in green and red
regions of the spectrum. Chemical nature of
defects, responsible for these bands is identical
to analogous luminescence centers in monocrys-
tals. At the same time matrix significantly influ-
ences on intensity of luminescence. This influ-
ence can have different mechanisms. Probably,
the most simple can be the mechanism of reab-
sorption for light quanta at luminescence of
matrix by semiconductor nanocrystals.
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BJacHUMH nedekTamu. BHSIBIeHO, L0 KeJaTHHOBA MAaTpHLsS MOXK€ BUKOHYBAaTH aKTHBHY poOJib y Tpolecax 30yMKeHHs
JIIOMiHeCLeHLI.
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