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Low-wave-number Raman scattering from Cd§Se _, quantum dots embedded in a glass matrix
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The Raman scattering on acoustical phonons from,8¢S, quantum dots in a glass matrix were inves-
tigated for in- and off-resonance conditions. By a comparison with a model calculation, the off-resonance
scattering showed that the homogeneous broadening mainly contributes to the spectral width of the acoustical
vibrational modes. The contribution of inhomogeneous broadening is 30% of the symmetric mode linewidth.
For photodarkened samples measured under resonance conditions we showed by comparing the experimental
results with the calculations that the ground levels for resonant particle excitation are the trap states filled with
the carriers by a photodarkening process. The determined trap energies are in the range of 1-1.5 eV.
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I. INTRODUCTION ric mode. In the resonant scattering regime we have analyzed
which particles were involved in the scattering process and
A semiconductor-doped glass consists of nanosized crydiow the photodarkening process influences the resonant Ra-
tals of CdSSe _, (0<x<1) embedded in a glass host. This man scattering.
kind of glass is one example of the many zero-dimensional
guantum-confined electronic systems. The properties of such
systems are related to the confinement of(theas)jparticles Il. EXPERIMENT
lectrons, hol xcitons, phonon ii
Eﬁ;ndl% i,m.oTiSe, %ccréc;sz,dpin?er(;s?f)gf?:l\ilg :r?arti?iléllesst:lrted Commercially available Schott filter glasses with.different
with the discovery of its saturable absorption, which makes itconcentratlons of CgSq._, guantum dots of different

promising for using as @-switching element in lasefsThe Sizes—in particular, GGA495, OGS15, 0GS30, OG5S0,

I i 2 Il as the fast i 0OG570, and OG590—were investigated by means of low-
arge noniinear properticsis well as the fast response imes e _nymper Raman scattering. The numbers next to the

of these materials make them interesting for applications iflgyers noint out the cutoff wavelength of the glasses, which
waveguide$, optical switches, or bistable resonators.

e - ) is given by both the composition and the size of particles.
‘The electron-phonon coupling in these materials is offyg |aser excitation lines were used. The krypton ion laser
prime importance because its strength increases with dgmne at 647 nm was used for the Raman excitation providing
creasing crystallite siZ&Compared to the electronic states, off-resonance excitation conditions. The spectra were re-
there is only little information available on the vibrational corded with a Spex 1403 double monochromator equipped
modes of nanocrystals. In addition, one major requiremeniyith a multichannel detection systef@CD camera Photo-
for an application of these materials in the field of nonlinearmetrics RDS 90D For the resonance conditions the
optics is to have an accurate knowledge of the particle siz814.5-nm line of an argon ion laser and the Dilor Z-24 triple-
and size distribution. Raman scattering is one of the besnhonochromator Raman spectrometer with a photomultiplier
nondestructive technigues to obtain information about theletection unit were used. All Raman spectra were recorded at
structure and the electronic and vibrational states in such gom temperature using a 90° scattering geometry. The laser
confined system. It is sensitive to the surface conditions, thpower of 300 mW of the krypton ion laser was focused to a
mean particle size, and the width of the particle size distri-spot of 30um in diameter. For the resonance condition spe-
bution of a nanoparticle system. The investigation of thecial care was taken to avoid local heating by using a cylin-
low-wave-number Raman scatterifgWR) related to the drical lens for focusing the laser excitation beam on to the
elastic vibrations of small particlésiave been also applied sample. The dimension of the laser line focus was 2.6
to the Cd$Se _, semiconductor nanoparticles to determine X 0.03 mnt with an applied laser power of 0.3 W, resulting
their siz€ 1% and the influence of the excitation radiation in an excitation power density of 400 W/énBefore record-
frequency on the shape and intensity of the LWR acousticaihg the Raman spectra, the samples were exposed to the
bandst* same laser power for 1 h, which leads to a photodarkening of
In this paper we present a systematic study of the LWRhe samples. Such a photodarkened sample is more favorable
scattering of confined acoustical modes of C8K_, quan-  for detecting Raman-scattered light due to a strong decrease
tum dots(QD’s) of various size recorded under resonanceof photoluminescence that usually masks the weak Raman
and off-resonance conditions. The purpose of this article is tgignal. The spectra were taken ¥V and HV polarization
present a comparative study between these scattering condjeometry(the excitation light vertically or horizontally po-
tions. For the off-resonant scattering we have estimated thiarized and the scattering light vertically analyzed with re-
contribution of the homogeneous broadening on the symmespect to the scattering plane
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Ill. RESULTS AND DISCUSSION resonant case where the laser excitation should give an in-

Th ¢ f tical vibrat faf h tense Raman contribution. Here, the effects of resonance de-
€ Speclra of acoustical vibrations ot a Iree 0'ﬁnoge'gend on the strength of electron-phofionand
lasmo

neous elastic _spherical pgrticle contains two types o n-phonatf coupling that increases with reducing the
modes—spheroidal and torsioffabnes. The modes are clas- gjze of the nanoparticles. By reducing the particle diameter
sified according to the symmetry group of a sphere by thenhese effects should have great influenceG(D). There-
indices! andm analogous to the harmonic functioNs,.  fore, the dependence of the coupling constant could be gen-
The symmetrid =0 spheroidal modes are purely radial with erally expressed a8(D)~D ~¢, wherea>0.

spherical symmetry. The valués-0 measure the number of  For Raman scattering on nanoparticles, the density of vi-
wavelengths along a circle on the surface. A third indpx ( brational stategy(v), represents the number of particles that
=1,2,...n) labels the sequence of eigenmodes, in increasingibrate with that frequency. On the basis of the correspond-
order of wave number and radial wave vector, for fixed anding relationg(8/v)~N(D), where the constang depends
gular shape I(m). Duval has showt? that for a spherical on the excited mode, the particle size distributi(D) can
particle only the spheroidal modes labeled0 (symmetrig ~ be determined by the density of the symmetric or quadrupo-
andl =2 (quadrupolarare Raman active. Since the symmet-lar vibrational modes. We used the following particle size
ric mode is polarized and quadrupolar depolarized, the depdlistributions to describ&(D):

larization ratiol .,y /Iy allows one to decide which mode is (@ Lifshitz-Slyozov distributiof

Raman active. The wave numbers of these modes—i.e., the 34(2ui3-1)"1

lowest-energy mode of the=0, 2 sequences—are given by

N(u)= 253U+ 3)7A(3/2— u) R for u<1.5,

7}2@ 0 N(u)=0 for u>1.5, ()
cD’ whereu=D/D,, and

_ _ _ _ (b) log-normal distribution
where? is the wave number value in ¢m, v is the longi-
(:’,—o.sun(D/Do)/(r]2

tudinal | =0) and transversd € 2) sound velocityg is the _

light velocity, andD is the diameter of the particle expressed N(D)= Dovml2 )

in cm. § is a proportionality coefficient depending on the o o ) )
angular momenturh, the harmonic number, and the ratio The Lifshitz-Slyozov distribution ~describes crystallites

between the longitudinal and transverse sound velocitieroWn under conditions of thermodynamic equilibrium with
v, /vy. Montagna and DuSi calculated the value of this g]ta” to smhalle:hd|amgters, ?ng ‘t’Ve utset(;I] thF'f express?tn for
coefficient as a function af /vt. The results are presented € case wnhen the main contribution fo the kaman scattering

in Fig. 1 of their papéer in the form of dimensionless wave comes from small particle® <D,, which is the case for the

numbers. Using their approach and the sound velocitjes resonant condition. The log-normal distribution is used for
— 4250 rﬁ/s andv;= 1860 m/s for CdS and, = 3690 m/s off-resonant conditions when the main contribution to the

and v1=1620 m/s for CdSE we obtain the valuesS, Ralr:nanthspectra comestrom Iarge:tpa.lrtlclw(Dlo). ¢
=0.84 andS,=0.91, which are the same for both semicon- or the resonance raman scattering experiments on par-

ductors. Sometimes it is more convenient to use the reIatioHC.Ies O.f a single diameteb, Eq. (Z)aihould be then multi-
D=p/v. We found that3=1.29x10 ° for the symmetric plied with a resonant scattering factor
mode of CdS and 1.2210 ° for the symmetric mode of ( \ 1 )
CdSe. For the quadrupolar mode the corresponding values  L(D,Eex)> — 72 O
are 8=0.52<10"° for CdS and 0.4810°5 for CdSe. LE(D)+Epn~ (Bexct Urap 1"+ T

To explain the resonantly and off-resonantly excited low-Here the laser excitation of energy,. is in resonance with
wave-number acoustical modes we propose the followinghe coupled particle electronic std¢D) and the vibrational
model. The Raman scattering intensity from a system witistate E,,, respectively.l’ is the linewidth of the HOMO-
spatially confined vibrations is generally described by thetUMO (highest occupied and lowest unoccupied molecular

Shuker-Gammon relatiof orbitalg transition peak. At room temperaturel’yo,
=0.06 eV?>2 The free excitons are mostly coupled to the

n(v,T)+1 long-wavelength optical phonons via the Fiigh interac-

(v, T)= #C(V)g(y)' (2) tion. The energy of these phonons i&y,=38 meV

(305cmt) for CdS and E,,=26 meV (210 cm?) for
) ) o . o CdSe. The terntd 4, in Eq. (5) has been added for the case
where C(») is the light-to-vibration coupling coefficient, the excitation starts from a trap level inside the optical gap.
g(V) is the density of vibrational State'ﬁ,is the temperature, The tota' Raman scattering for the resonance and off_
andn(v»,T) +1 is the Bose-Einstein occupation factor for the resonance conditions is the integral of the homogeneous

Stokes component. For the off-resonant conditions it hagroadened Raman spectrum over the inhomogeneous distri-
been shown, theoretically, that the light-to-vibration couplingpytion:

coefficient is proportional to the particle diameteiC(D)
~D. This relation was derived for dielectric materials, far (1, B n(v)+1
from resonance, and is therefore not valid anymore for the Vi Eex

f C(v,D)N(D)L(D)dD. (6)
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FIG. 2. The effects of the particle size distribution width on the
FIG. 1. Low-wave-numbek V- (uppe) andHV- (botom) po-  symmetric surface {=0) and symmetric inner modesp (
larized Raman spectra of different Schott gladéiesp sequence of =2 3 ..). The log-normal function was used for the description of
thel =0 symmetric mode is labelgdThe particle modes are super- the size distribution. The first narrow spectrum is the calculation for
imposed onto the broadband-*boson peak” and the quasielastig free nanoparticle. The other spectra from the bottom to the top are
scattering that correspond to the vibrational excitation of the g|aSﬁomogeneous|y and inhomogeneously broadened spectra, where the
matrix. For the samples with smaller particle diamet@®& 530,  width ¢ increases from 0 to 0.3 in steps of 0.025. The peak wave

OG 515, and GG 495thel =2 mode can be also seen. numbersv,, were normalized to the maximum of the symmetric
mode v, of the free nanoparticle. The inset shows the influence of
A. Off-resonance excitation the distribution widtho on the symmetric mode peak, and on the
normalized full width at half maximum of the symmetric mode,

Figure 1 shows the low-wave-numbelV- and T v/ -
HV-polarized Raman spectra of the acoustical vibrations of
CdS;Se _, particles. Both types of modes, symmetric and _ o
quadrupolar, appear in the polarize¢®/ spectra. Beside the widths . Since the exuta’upn is far from a resonance, we use
symmetric surface modepé 1), the symmetric inner modes L(D)~const. The calculations were performed on the basis
(p=2,3) are also observable in the spectra. The quadrupol&f the Montagna-Dusi approach for tv&/ Raman spectrum
mode is depolarized and can be clearly seen in th@®fthe symmetric modefor details see Ref. 5The param-
HV-polarized spectra. For this vibration the inner modeseters used to calculate the spectra weye=5960 m/s,v
(p>1) were not observed. The calculation predicts almost= 3790 m/s for the sound velocities ape-2.3 glcent as the
one order of magnitude lower intensity for these modes irdensity of silica glass, and 4.87 g/érand 5.66 g/crhfor the
comparison to the symmetric ones. This could explain whydensities of CdS and CdSe, respectively. The resulting spec-
they are missing in the Raman specttall modes are su- tra show the homogeneously broadened modes caused by the
perimposed on both the “boson peak”—a broad signal particle interaction with the surrounding medium. For a com-
that is a common feature for most glasses having its maxiparison the spectrum for a free particle is also presented in
mum near 50 cm'—and on the low-energy quasielastic Fig. 2. The inset in Fig. 2 shows the influence of the distri-
scattering peak (QS) that appears below 30 cmh. bution width o on the symmetric mode peak, and on the
Figure 2 shows the calculated Raman spectra using Eaquormalized full width at half maximum of the symmetric
(6) and the log-normal distribution for different distribution model ryyym/vum-

235329-3



M. IVANDA et al. PHYSICAL REVIEW B 67, 235329 (2003

gest to use a corrected equation for the determination of the
mean particle diameter of the following form:

O (1.12+0.17%)x 10 °

(1.12-1.310). 7)
Um

GG 495
D,=3.8nm
0=0.15

Here, v, is the maximum wave number value of the ob-
served symmetric mode peakjs the CdS content, and is

the distribution width which lies for the Schott glass between
0.15 and 0.175. This relation is valid fer<0.3 and can be
of practical interest.

B. Resonance excitation

OG 550 . . . .
D 8.4 nm For the resonance Raman spectra the excitation line is

0G 530 6=0.15 located in the range of the first absorption peak. The Raman
53231'35“ spectra contain the resonantly excited zone-center LO-like
- phonons of CdS at- 300 cm ! and CdSe at-200 cm * and
their second-order bands as well as the low-wave-number
acousticalparticle3 modes. The LO-like peaks change their
position and intensity for different alloy compositions and
0G 570 can therefore be used to determine the crystalline composi-
D =7.1 nm . . .
60475 0G 590 tion x. On the basis of the wave number differengg be-
D,=5.5nm tween CdS and CdSe LO modes the composikoran be
=B calculated according 6 vq;=60+55x in cm™ . Using this
it - simple relation we found=0.81, 0.51, and 0.71 for GG
595, OG 515, and OG 550, respectively. Figure 4 shows the
corresponding photoluminescen@®l) spectra excited with
Wave Number (cm™) the 514.5-nm laser line. The PL spectra exhibit well-defined
peaks due to the band-edge luminescence and peaks caused
FIG. 3. Thel,\~1.8,,, spectra fitted with the boson peak and by carriers recombination on defeéfsThe absence of the
the Cd§Se _, symmetric modes inhomogeneous broadened due t¢pand-edge luminescence for the sample GG 495 indicates
particles size distributions. The parametBxsand o are results of  that the excitation is still below the band gap and, therefore,
the fit. this sample was near-resonantly excited.
Figure 5 shows the low-wave-numbél andHV Raman
In order to remove the contribution of the low-wave- spectra excited with 514.5 nm. For a comparison, the spectra
number quasielastic scattering, th¢V-polarized spectra excited off resonantly, with 647 nm, are also presented. The
were divided with the depolarization ratio of QS, which, near-resonance effect for the OG 495 sample manifests itself
measured for the samples applied in this studiespds in an intensity enhancement and broadening of the symmet-
=5/9, and then subtracted from théV-polarized Raman ric mode in theVV-polarized spectrum. The resonance Ra-
spectra. We note that the quadrupolar mode is depolarizeghan spectra of the OG 515 sample were taken with an exci-
and, therefore, its contribution is mainly cancelled by apply-tation energy equal to the cutoff energy—i.e., just in
ing this procedure. The resulted spect®&-9/5*HV then  resonance with the band gap. The two particle peaks are
consists of theé =0 symmetric mode, its inner radial modes observed under botlvV and HV polarization geometry.
(p=2,3,...), and the rest of the boson peak. Figure 3 showFheir positions are very close to the symmetric and quadru-
the VV-1.8°HV Raman spectra together with the fitted bo- polar modes observed under off-resonance excitation. The
son peak and the C¢Se _, symmetric modes. The phe- high-energy peak is slightly depolarized in comparison to the
nomenological functiof? constx1® (40%+ v?) "17 was used symmetric mode observed off resonantly. We ascribe this
to fit the boson peak on all spectra. The Raman spectra of thgeak to the polarized symmetric mode. The appearance of
symmetric surface and inner modes were fitted with Bf. the depolarized component could be explained due to a
The distributions widthsr found from the fit were between strong multiple elastic scattering of the incident excitation
0.15 and 0.175. This agrees with the results of Ireteal!*  light on nanoparticles. In this case the memory of the incom-
who measured the size distributions of C88 , particles ing light polarization vector could be lost, resulting in the
in Schott glass using the anomalous small x-ray scatteringppearance of a depolarized component. The resonance Ra-
method. They found sharp distributions of the full width at man spectrum of the OG 550 sample was taken with an
half maximum of 20%—40% of the mean particle diametersexcitation energy much above the band gap. Here also the
From the inset of Fig. 2 the inhomogeneous contribution tadepolarized component of the observed particle peak ap-
the linewidth of the symmetric mode can be determined to b@ears. Since this peak is far away in wave numbers from the
~30%, which is a considerable value. Due to the shift of thesymmetric and quadrupolar mode recorded off resonantly,
symmetric mode with the size distribution widéh we sug- this case is a nice example for a resonance size selective

1, - 1.8, (Arb. Units)

0 20 40 60 80 100 O 20 40 60 80 100 120
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" T " T " T " T " excitation of the nanopatrticles. This is a clear evidence that
in this case the coupling coefficie@{D)in Eq. (6) strongly
A =514.5 nm selects particles of small size, due to a resonance of the laser
’ energy with that of some electronic transition.

To fit the resonance Raman spectra with &), we have
to know how the LUMO energy level of semiconductor
nanoparticleE(D) is shifted with respect to those of bulk.
The lowest direct interband transition energy of a spherical
quantum dot of diameterD has been obtained by
Kayanum@® by applying a variational calculation for the
band-gap energy of a confined system. In our resonance Ra-
man scattering experiment we expect small particles to be
excited and, therefore, we will use the case of strong con-
finement discussed by Kayanurftalhe lowest energy of an
electron-hole pair in such a system is given by

ﬁ271-2 e2

- —3572——024&%,  (8)

=E,+
E(D)=Eo* —p 5

PL Intensity (Arb. Units)

whereE, is the energy gap of the macroscopic crystalis
the reduced mass the electron chargeg is the high-
wave-number dielectric constant of material, aiith,
=(ue*2e%?) is the effective Rydberg energy. The second
term of Eq.(8) represents the quantum localization energy.
The third and fourth terms correspond to the Coulomb po-
tential and the polarization energy, respectively. Using
=0.18, m,=0.6, e=6.1, andEy=1.86 eV for CdSe and

T T T m,=0.12,m,=0.4,¢=5.32, andEy=2.53 eV for CdS, Eq.
600 650 700 750 (8), CdSSe _, can be expressed as

T
500 550

Wavelength (nm) 5.106+10.207 0.12%—0.989
. , E(x,D)= 2 +
FIG. 4. The photoluminescence spectra of resonantly excited D D

Schott g .
chott glasses +0.662&+ 1.853. 9

GG 495 OG 515 0G550

Vv,
resonance

Vv,
resonance

Vv,

w, off-resonance

resonance FIG. 5. The low-wave-number

resonance Raman spectra of GG
495, OG 515, and OG 550 taken
with 514.5 nm laser excitation.
For a comparison the off-
resonance Raman spectra taken
with 647 nm laser excitation are

HV, HVY, also presented.

HV, HV, off-resonance

ofi-resonance \/"—\\\

s S LI B s o e e e e e e e ey
0O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 120

WV,
off-resonance

VvV,
off-resonance

Hv,
resonance

Raman Intensity (Arb. Units)

off-resonance

Wave Number (cm™)
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GG 495 o OGS515

U =0.98eV o U =1.27eV
trap trap

a=6.5 ‘ 0=6.35

FIG. 6. Raman spectra of reso-
nantly excited particle modes of
different samples(circuits). The
solid line represents the fit of Eq.
(6). The trap energyJ,, and the
exponent « from the C(D)
~D™“ dependence are results of
the fit.

Raman Intensity (Arb. Units)

0 20 40 60 80 100 0 20 40 60 80 100 O 20 40 60 80 100120
Wave Number (cm™)

HereE is measured in eV anB in nm. In Eq.(9), we have the standard relaxation pathways—by direct recombination

used a linear interpolation of the physical quantities betweemwr capturing by trapgprocess 4

x=0 andx=1. The calculation was performed by taking

care of the units in Eq(8), e was replaced bg?/47, andu

and e were expressed in the units of the electron mass and

dielectric constant of vacuum, respectively. First, we compare our relation for the determination of the
Figure 6 shows the fit of Ed6) on the resonantly excited crystal size under off-resonance conditions by using the peak

acoustical modes for different Schott glasses: GG 495, O@vave number value of the symmetric mode. Saeibal*

515, and OG 550. The spectra were taken from Figv¥ ( compared the wave numbers of the symmetric mode with the

in-resonance componerdapplying a linear background sub- radii of CdS particles. In combination with the data pub-

traction. The fitting parameters wetd,,,, the exponenr  lished by Tanakat al3®and Othmant* they determineg to

from the C(D)~D * dependence, and the excitonic line- be 1.3X10 °. Vermaet al!® obtained a similar resulB

width I". We note that the fit with the homogeneous excitonic=(1.26+4)X 10~ ° comparing Raman, transmission electron

width, '=0.06 eV, gave poor results. The best results weranicroscopy(TEM), and ASAX data. These values agree with

obtained forl'=0.25 eV. This value corresponds to the in- the 8 value we obtained applying E¢7) usingx=1 and

homogeneous excitonic width which indicates that almost alo=0.15 (8=1.19X 10°9).

particles from the size distribution assemble were involved

in the scattering proce$5We note that without introducing ke a

the trap energy it is not possible to explain the position f_ Energy

of the peaks in the resonance Raman spectra. Another inter- o

esting result is the values of the exponenbbtained from s

the fit lying in the range & <7, resulting in a very strong f—

increase of the light-to-vibration coupling coefficient while ~ LUMO  "—

redugipg the particles diameters under resonance excitation States ) LUMO state. E(Dreg )

conditions. .
In Fig. 7 a possible mechanism for the observed phenom-

ena is shown. The laser excites electrons from the HOMO ’

into the LUMO state(process L Some of the excited carri- —— LUMO state. E(Dg)

ers relax via deep trap centrggocess 2and some by direct -

recombination. The carriers are most likely trapped in the

states localized at the semiconductor-matrix interface 1 ' . Trap state

outside the nanocrystals in the surrounding mattiXrap-

ping of carriers outside the nanocrystals has been suggested

as a possible origin of the photodarkening efféciVhen a - HOMO state

pritical pc_>pu|ation of the trap states outside the nanocrys'gals Density of states

is established by a photodarkening process, the laser light

now starts excitations from these states into LUMO states of FIG. 7. The proposed mechanism for resonance Raman scatter-

the neighboring nanocrystalprocess R Only those crystals ing of photodarkened samples(l) excitation from HOMO to

with LUMO states that satisfiE (D ed = Eeyxct Uyap Will be LUMO, (2) recombination with deep trap&s) excitation to LUMO

excited. The excited carriers in these crystals undergo agastarting from trap states, ar{d) recombination with deep traps.

C. Comparison with other results

|

|

T

|

|
O8]
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3.4 ' ' ' ' ' ' /] Finally we have to explain the appearance of the second
: high-energy peak observed by Savéitall* and Lipinska-
3.2+ . Kalita et al® for a low-irradiation level. The work presented

here shows that this high-energy peak, excited resonantly at

3.04 1 high irradiation, corresponds to the process 3 in Fig. 7, which

E" 28 Q | is LUMO excitations from deep traps. We note that this pro-
— @) cess can also take place at a low laser irradiation, but under
8 2.6 @) 1 strong resonance conditions—i.e., when the excitation en-
L o4 ergy is in resonance with the majority of the nanoparticles—

i.e., with the band-gap energy of the particles from the maxi-
22 i mum of the size distribution. In this case the filling of such
trap states could be large enough to initiate process 3 shown
in Fig. 8, resulting in the appearance of the second peak even
at a low-irradiation level.

20 22 2.4 2.6 2.8 3.0 3.2 3.4
E_(eV)

exc IV. CONCLUSION

FIG. 8. The correlation of the optical gap calculated from the
peak wave number of the resonantly excited symmetric mode width In this paper we have analyzed the low-wave-number Ra-
the corresponding laser excitation energy: circles, from Satiat. ~ man scattering from nanosized G&8 _, crystals embed-
(Ref. 14: triangle, Lapinska-Kaliteet al. (Ref. 8: and diamond, ded in a glass matrix. In the off-resonance scattering regime
our value. the spectral shape and width of the symmetric mode was
calculated considering the homogenedinseraction of par-
Second, we have tested the validity of E8) to deter- ticles with a matrix and inhomogeneous broadeniftye to
mine the energy gap from the known particle diame@er particle size distributionand was compared to the experi-
using the resonance Raman scattering data at a lownental Raman spectra. From the fit, the mean particle size
irradiation level, where the photodarkening process is nodistribution width was determined. A considerable contribu-
significant. Savioet al1* excited CdS samples with different tjon of an inhomogeneous broadening of 30% in linewidth of
laser excitation energies. They used a low-irradiation level tahe symmetric mode was estimated. Under resonance scatter-
avoid heating and photodarkening effects. Under resonanggg conditions the selective excitation of nanoparticles of
conditions a new(resonantly excited peak appears that photodarkened samples has been analyzed. By comparing
shifts to higher wave numbers with the laser excitation enerthe experimental results with a model calculation, we have
gies. We took their four most characteristic values. Using thehown that the ground levels for resonance excitation are
peak wave numbers of the resonantly excited partiglat a  trap states filled with the carriers produced by the photodark-
low-irradiation level, we calculate the corresponding mearening process. The determined trap energies are in the range
particle diameters usin®,=1.10x10"°/», and by apply- 1-1.5 eV. On the basis of this phenomenon, the nanopar-
ing Eq. (9) their optical gapE.{Do). Figure 8 shows the ticles with an optical gap larger than the excitation energy
correlation ofE (D) with the excitation energy. We also will be possible to excite resonantly. The technique of reso-
added onto the graph the value of the lower-energy particl@ance Raman scattering on acoustical modes could be a new
peak recorded by Lipinska-Kalitet al® of CdS) geSe ;,un-  tool for the investigation of the origin and dynamic of the
der resonance conditions and at low flux by using 488 nnphotodarkening process.
excitation. Finally, we also present in Fig. 8 our correspond-
ing low-energy peak of the OG 515 shown in Fig. 6. This
peak should correspond to the excitation process 1 shown in
Fig. 7. All the results presented in Fig. 8 show a gdex- This work was supported by the Deutsche Forschungsge-
pected proportionality between the calculated energy gap ofmeinschaft(SFB 410, Teilprojekt CBand the Ministry of
the particles and the excitation energy, proving the validity ofScience and Technology, Republic of Crodtrrojects TP-
Eqg. (9). 01/0098-23 and 009803n3
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