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ABSTRACT

Optlcalk v1brat10ns conﬁned in CdS nanocrystals (embedded in a glass film or forming a
close-packed ﬁlm w1th 'some organic-molecule links between them) have been studied
experimentall y, by means of FIR and Raman spectroscopies, and theoretically. The
Symmet man Imeshap ‘can be modelled considering resonant and non-resonant
1 modes with l~0 (those with #>1 are responsible for the low-frequency
r-related dxelectnc response of the nanocrystal composites has been studied
by measunng FIR reflectivity and transmission spectra. The theoretical consideration consists
of the (1) calculatlon of the single-particle polarisability due to the confined /=1 modes and
(n) mcludmg the dlpole-dlpole interaction between the particles. We show that, for the
smallest particles, the FIR response has a bimodal structure, which disappears as the
nanocrystal size increases. However, the experimentally observed bulk-CdS- like reflection
band a‘t”230—300 isito'“ broad and can not be explained by the model. Only making
1 1 1ely, of a fractal structure of the nanocrystal composites, enables us
al FIR spectra.

INTRODUCTION

Optxcal vibrations in semiconductor quantum dots (QD) are important because they
affect their electronic properties and are responsible for the Raman scattering of light. The
latter can be used to measure the QD size, on the condition that the lattice dynamics of such a
‘small crystaf are properly described theoretically. As in the case of bulk materials, far-infrared
R) ; would prov1de additional information concerning the optical vibration
modes complementary to that obtained from Raman spectra. Although Raman spectroscopy
is now a 'standard tool for the study of semiconductor QD [1-3], there are very few papers
devoted to small size effects on the FIR-active lattice vibration modes [4]. In this
commumcatmn we report the results of our experimental and theoretical studies of FIR and
Raman-active optical vibrations in small CdS crystals. An emphasis will be on the effects of
QD size (phonon mode confinement) and QD concentration (interaction between them).
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following boundary c&ndmons (b c) at the mterface (x) all the cemponents of the
displacement vanish, (u) ‘the electrostatic potential and (iii) the normal component of the
electric displacement are continuous. Ap@lymg these b.c., one can obtain equations which "
determme the freq
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‘where ¢9 and £2 are the }ngh frbquency dlelecmc C(mstﬁnts of the QD and matnx,
respectlvely, R is Sphere s radlus and

hi&means that some coilective
: Mmenver there: always is'some

outside the sphere, so, d:fﬁsrem
smply - superposition. of
~ R far non- rescmam scatt

i clusmns in a dlelectﬂc matnx ‘can be calculated using an
the coupled-dipole equations. This is dong by: introducing a renormalised
an be expressed in terms .of the usual polarisability (given by (4)) by a
kmd of Dystm eqnatwn The EDF is related to the polarisability by the classical Maxwell-
Garmett equation. This approach allows for taking into: account:a contmuous distribution of
sxzes of the sphercs [7]1 The nccessary fonmﬂas are gwen m refs {7 8} -
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scattenng geometry usmg the relative conmbutwns of different phonon confined modes.
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“several lines of an Ar” laser {output power was 100mW). . The spot size and spcctral
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Only fot ‘smaller QD {e.g of R=lam),

there is another group of modes, which,

produce a polarisability peak .at a lower i
closer to .the - bulk TO.

frequency,-
frequency. Thus, as one can see from

the d}spemon ‘of QD ‘sizes increases.
Nevertheless, we * can cléarly “se¢  this
striictiré” in * the " experimental

CP NC film (it is marked by the arro
Fig. 2). ) ‘
Larger NC’s are mot supposed to
produce any structure m the FIR response
of a’composite, just a (broadened - and

slightly shifted). peak near the. Fréhlich -

frcquency (see the, theoretical curve in

spectrag of kC\S N‘4 ‘»embedded in ‘gl‘ass ol
show a broad bulk-CdS-like reﬂectmn. -

band at about 230-300 (:1’1'1'l which can
not be exp]amed in terms of the present
model, ‘One can suggest a few dlfferent
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- Fig. 4 Imagmary (leﬁ) and real (nght) parts-of
‘the polansablhty calculated . according to egs.

. (4 and (5) for CdS spheres of different. radii
~ embedded . in SiO; - glass. Dotted curves

correspond to the Frohlich mode, which is
1ndependent of the QD radius,

explanations for this. The bulk phonon : :
parameters (the TO and LO ﬁequencws) may not be relevant for very small crystais For
'example the ionic charge can be larger than'in the bulk becalise of stress produced by the
surface tension. Also, the semlconductor can be partly amorphous. Unfortunately, X-ray
diﬁﬁ'acﬁon specuoscopy does n@t allow for dlstmgulshmg these casés unambiguously for very
small crystals

One may aise arguﬂe that NC produced by the Iow-temperature techmques would hardly

d model Tattice dynamics calculations for bmary clustérs of
irregular shape [Iﬁ 11] and found that the ‘shapse disorder” results ’oamcally in an additional
broademng of the Ramiaii hn@éhape. ‘That is, its ‘effect on-the spectra is simildr to-that of the
size dispersion. Thus, we bélieve that the model used here describes the essential physics of
the FIR response of semiconductor. QD; provided they: are just small-piecés ‘of the bulk
material.

There is'a more 1nmgumg explanatmn to the broad’ FIR spectra observed for the QD
ensembles. If we.assume that the spatial distribution of NC is random but correlated (e.g., if
NC form a fractal fragment), their dipole-dipole interaction can result in a broad spectral
distribution ‘of : the: dipolar -modes  [12]:: For. CdS-doped- glass films, a model of fractal
aggregates consisting. of small. erystalline. particles was proposed:in-[10]. The reflectivity
spectrum calculated usmg this model a?1g 3) ﬁts much better the experimental curve than




that assuming random distribution of the particles. However we weére

able to prove the
presence of ﬁactais in oursamples mdependmtly so f e e

CONCLUSIONS

We constdered, themretmally and expemnemau spucalwb‘ uens ’oonﬁmd in. smali
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