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ABSTRACT: Control over nanoparticle shape, liquid crystal (LC) polymer architecture, and the related mesophase
structure has made possible the creation of new polymer/CdSe semiconductor nanoparticle composite materials.
Surface modification of semiconductor quantum dot nanoparticles by hydrogen-bonded LC polymers resulted in
the formation of uniform and coagulation-free bulk systems. The effect of the LC polymer on the alignment of
nanoparticles within the composite was established by varying the polymer structure and the size of the quantum
dots. The resultant composites represent a new class of nanomaterials in which quantum dots are aligned within
the planes provided by the initial smectic layers separated by the periodically located polymer backbones.

Introduction

Over the past decade, the field of nanostructure science and
technology has become a broad interdisciplinary area of
research> Major efforts in this field are directed toward the
control and manipulation of the size of nanoparticles, the
investigation of material properties (e.g., chemical sensitivity,
structural homogeneity, etc.), and the analysis of nanostrueture
property relationships. Recent advances in semiconductor nano:
particles known as quantum dots (QDs) have included the
preparation of highly monodispersed nanoparticles, the char-
acterization of their structure, and the fabrication of nanoparticle
arrays and light-emitting diodes. While the first critical step in
utilizing the desirable properties of nanoparticles lies in forming
uniform, coagulation-free bulk materials of a diameter smaller
than the Bohr exciton, the second crucial step is to incorporate
the nanoparticles into a host medium. The ability to combine
inorganic nanoparticles and organic molecules into one material
is an important aspect of modern materials chemistry.

Numerous attempts have been made to combine the electronic
and optical features of nanoparticles with the bulk structure of
a polymer medium Polymers, which not only provide excep- Figure 1. Schematic presentation of the effect of the stabilization of
tional mechanical properties and the ability to form fibers and a quantum dot by a side-chain LC polymer.
films, can also enhance the photophysical properties of quantum
dots. For instance, in-situ silver(l) reduction allowed control of nanoparticles were shown to retain the luminescence of the
the reflectivity and surface conductivity of polyimide films precursor CdS nanoparticles after poly(methyl methacrylate)
metallized with silvef.” A pronounced increase in the band- chains were grown from the surface by controlled/living radical
gap luminescence of cadmium sulfide (CdS) nanocrystals waspolymerization'® It has also been demonstrated that combining
observed when they were embedded in poly(styrene) and poly-quantum dots with poly(-phenylenevinylene) allows direct
(methyl methacrylated Others have reported that semiconductor communication between the nanoparticles and electronically
quantum dots mixed with polymers provided a higher refractive active polymer which shows great promise for creating new
index than that of the polymers aloReCdS nanoparticles  electroluminescent materiaisControlling the morphology of
incorporated into poly{-vinylcarbazole) enhanced the photo- electronically active polymer/nanoparticle composites to opti-
conductivity of the polymer due to charge generation, transfer, mize efficiency of different photoelectronic devices has also
and separation at the interfate.CdS quantum dot/Si© been demonstrated.

The next stage in creating new nanocomposite materials could
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and smectie-isotropic transition temperatur@gm-.232* The
M 1 formation of the LC smectic phase in this polymer results from
hydrogen bonding (H-bonding) of alkoxybenzoic acid moieties.

4000 3000 1750 1500 1250 1000 750 This class of polymers was chosen on the basis of the
v, cm’ hypothesis that alkoxybenzoic acid moieties in the side polymer
Figure 2. IR spectra of CdSe quantum dots (1), BA-6PA (2), and chain may substitqtg the oleic acid m.olf'ecules but still keep the
their blends containing 20 wt % (3) and 40 wt % (4) CdSe quantum Nhanoparticles stabilizetf.A model depicting this phenomenon
dots. is illustrated in Figure 1. If this model proves true, the H-bonded
dimers which provide liquid crystallinity should be decoupled,
and the stabilized nanoparticles will be arranged within the
smectic layers. For this study CdSe quantum dots that were 2.3

Table 1. Transition Temperatures and the Enthalpy of
SmC—Isotropic Transition of BA —nPA Polymers and their

Composites with CdSe Quantum Dots 3.2 nm in diameter were chosen so as not to exceed the thickness
of the smectic layer and disrupt the structure of the polymer
Tg, TLC*isotrop AH, com osite
composition °C °C J/ig p :
BA—6PA 89 169 265 Results and Discussion
BA—6PA+ 5% CdSe(2.6 nm) 89 165 21.9 ] ) . )
BA—6PA+ 10% CdSe(2.6 nm) 89 165.5 20.2 The presence of oleic acid during the synthesis of CdSe
BA—6PA+ 202/0 CdSe(2.6 nm) 90 162 15.8 quantum dots helps to stabilize them in nonpolar solvents. IR
gﬁ:ggﬁi ‘i'gojz ggggg'g mg 1351’ 1655 180  SPectral analysis of the CdSe sol dried on a KBr surface (Figure
BA—7PA ' 93 181 303 2', speptrum 1) shows several spectral bands:HCstr'etching
BA—7PA+ 5% CdSe(2.4 nm) 98 179 24.3 vibrations (2925 cml), the CH2 and CH3 scissoring mode
BA—7PA+ 10% CdSe(2.4 nm) 98 176.5 21.1 (1465 cnt?), the CH3 rocking mode (1380 ci#), and the CH2
Sﬁ:;mi igg//‘) ggge(g-‘zl nm) gg 1;3-5 Zlf o rocking mode (720 crm). The intense band at 1540 ch(vco)
BA_10PA ’ &(3.2 nm) 77 180 276 indicates the presence of the carboxylate anion, the smaller peak
BA—10PA+ 5% CdSe(2.4 nm) 83 179 26.7 at 1700 cmit is related to a nonionized form o_f the carboxylic
BA—10PA+ 10% CdSe(2.4 nm) 81 177 22.1 group, and the small band peaks at approximately 3000 and
BA—10PA+ 20% CdSe(2.4 nm) 82 176 18.8 1660 cnr! represent the €C double bond #cr—cn). These
BA—10PA+ 10% CdSe(3.2 nm) 81 179 21.8

spectral bands show that oleic acid stabilizes quantum dots in
nonpolar solvents through ionic interaction with the surface of
the dots.!H NMR analysis of the final product indicates the
presence of some amount of TOP at the surface though we were
not able to make the quantitative calculations. Unfortunately,
the majority of oleic acid resonances overlap with signals of
) ) ) TOP. However, as it comes from NMR spectra in addition to
The anisotropic structure of a LC polymer may provide a plejc acid TOP molecules are also presented on the surface of
way to control the arrangement of inorganic nanoparticles pangparticles. In accordance with the quantitative analysis of
within the matrix. Bliznyuk et at® reported the preferential  FT|R data the amount of TOP at the surface does not exceed
orientation of single-wall carbon nanotubes in a nematic LC 2504 At the same time the TGA measurements show that the
polymer. The first trends in preparation and characterization of tgta] amount of organic ligands on the surface of QDs is about
LC polymer/nanoparticle composites were published by Bar- 2530 wt %. The calculations indicate the surface coverage
matov et ak?"?? The authors found that synthesis the Ag and on the 3 nm quantum dots to be 69 ligands (52 oleic acid and
CdS nanoparticles within a LC copolymer resulted in the 17 Top molecules) per one quantum dot.
formation of nanocomposites accompanied by a strong de- \ynen quantum dots are inserted in BAPA (Figure 2), the
crease inthe LC temperature range at relatively low loads( intensities of the spectral bands at 1683, 2550, and 2660 cm
wt %). The correct choice of nanoparticle shape, LC polymer hat are characteristic for the polymer (Figure 2, spectrum 2)
architecture, and the related mesophase structure is essential tgecrease (spectra 3 and 4). With the increasing content of QDs
understanding the distribution and arrangement of the nanoparyne can see the gradual decrease in the intensity of the spectral
ticles within the LC polymer matrix, the morphology and pand at 1683 et that represents-€0 bond {co) in the cyclic
stability of the composite film, and the material’s electronic and gimers of the carboxylic groups. Two other bands correspond
optical properties. to the valence vibrations of the OH bond. Simultaneously, new
The primary goal of this paper is to introduce nanocomposite spectral bands at 1540 and 1395 ¢nappear that are related
systems in which a LC polymer matrix controls the loading to asymmetric and symmetric CO bond vibrations in COO
and alignment of CdSe quantum dots. Side-chain LC polymers (Figure 2, spectra 3 and 4). The low extinction coefficients of
of varying spacer length, poly[4+{acryloyloxyalkoxy)]benzoic these bands make the intensities much lower than one could
acids (BANnPA), having the following chemical structure expect especially considering the high content of QDs. Interest-
were used as the host matrixes: ingly, the IR spectra indicate the presence of just two fragments

compound exhibit characteristic LC behaviof® and show
that even spherically shaped nanoparticles become op-
tically spheroidal when surrounded by an anisotropic liquid
crystall6-18
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Figure 3. WAXS (a) and SAXS (b) curves and X-ray texture patterns (c) of uniaxially oriented films of BA-6PA (1) and its mixture with 5 (2),
10 (3), and 20 wt % (4) CdSe QDs (2.6 nm). Curve 0: background scattering.

containing carbonyl groups, namely H-bonded carboxylic groups also accompanied by a visible decrease in the transition enthalpy.
responsible for the formation of mesogenic groups and car- At the same time the glass transition temperafTyenitially
boxylate anions appeared due to polymguantum dot interac-  stays stable and then increases as the concentration of quantum
tions. There are no signs of free COOH groups. dots increases. At 40 wt % quantum dot content, there is no
This means that debonding of the dimer H-bonds during LC—isotropic transition observed, bli§ increased significantly
nanocomposite preparation leads to the formation of the (Table 1).
carboxylate anions which may only happen as a result of the The IR spectroscopy data and the lack of changk thange
polymer interaction with quantum dots. with the incorporation of 20 wt % or less of quantum dots let
The ionic interaction between the LC polymer and CdSe US to hypothesize that quantum dots may brake H-bonds and
quantum dots imparts stability to the resulting nanocomposites. localize within the smectic layers, thus having no influence on
Thermal characteristics of the LC polymers and various the mobility of the backbone segments.
polymer—quantum dot mixtures are given in Table 1. The liquid Figure 3 shows the results from XRD. The tilted SmC
crystal-isotropic phase transition temperature drops B3 structure of the BA-nPA family of polymers (with the exception
deg with the incorporation of 20 wt % quantum dots. This is of n = 3) is characterized by two small-angle peak8 2 3°
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Figure 5. (a) Experimental SAXS curves of BALOPA composites
with 5 (1), 10 (2), and 20 wt % (3) 2.4 nm CdSe QDs. (b) Same curves
after subtracting the background curve (0). (c) Same curves after
subtracting the background and the exponential curve.

curves of BA-6PA and its composites with 2.6 nm QDs given

in Figure 3. Comparison of diffraction curves of the polymer
(1) with those of its composites {21) shows that the amorphous
halo in the angular region®2= 13°—30° (Figure 3a) related to

the scattering on the side chains of the macromolecules does
not shift. However, a well-defined, but broadi, ~ 3.1°)
maximum at & = 25.4 appears in the form of a shoulder on
the amorphous halo. This peak may be attributed to the (111)
reflection of the cubic crystalline structure of CdSe previously
predicted for nanoparticlé’$-28 Note that the half-width ¢/

A i3 oth P Lo = 3.14) of the (111) reflection is in a good coincidence with
Figure 4. TEM microphotographs of 2.6 nm CdS8A—6PA the size of the inserted nanoparticles as calculated in accordance
composite containing 20 wt % QDs. with the Sherrer formul& As for the scattering at small angles,

it is clear that a substantial rise in the scattering intensity at

and 6) related to the first and second reflection orders of the small angles resulted from the incorporation of the CdSe
layered packing of H-bonded side groups (Figure 3a, curves particles (Figure 3b,c).
1). Increasing the spacer length) for the polymer leds to an There are four condensed wide-angle maxima (Figure 3c) with
increase in the layer periodicitgl)(from 2.6 nm (= 7) to 3.2 an azimuthal position that does not change with the insertion
nm (0 = 10). Taking into account that the structural layer unit of QDs up to 20 wt %. These maxima being related with the
is formed by two side groups of macromoleculéthere isno  scattering on to the tilted side groups of the matrix polymer
noticeable change in the tilting of the side groups relative to with SmC structure correspond to the tilt of side groups in the
the layer plane. A quite different effect is observed when the smC structure of the matrix polym&t24 which seem to be
spacer is shortened from= 7 down ton = 6. In this case  present in the composites even at high CdSe quantum dot
there is an increase in the layer periodicity from 2.6 mn=( content. As for the maxima a2~ 3° and & connected with
7) up to 2.9 ( = 6). As has been shown befofechanges of  responsible for the layered structure, both register at similar
this type are the result of a difference in the conformation of p0|ymer ang|e positions in the WAXS diagram (Figure 3a) and
the aliphatic spacers and their alignment with respect to both textured X-ray pattern (Figure 3c) when the quantum dot content
the main chains and the aromatic end groups. In other words,is 5 wt %. However, the relative intensities of these maxima
it is caused by the everpdd effect in the flexible spacer. for the pure polymer and the composite are different: for the

The XRD patterns drastically change after inserting CdSe latter the intensity of the first maximum becomes higher than
guantum dots in the polymer matrix, as illustrated by the XRD that of the second maximum. As the amount of QDs is increased
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Figure 6. Shift in the angle position of the SAXS reflections for BA
nPA composites with different spacer group lengthsq 3 (1), 7 (2),
and 10 (3)] and a quantum dot size fixed at 2.4 nm (a) and for-BA
7PA composites (b) with CdSe dots of different sizes [2.4 nm (1), 2.7
nm (2), 3.2 nm (3)].

up to 10-20 wt %, the first maximum becomes screened by

the intensive SAX scattering from by the QDs whereas the
second one is shifted down to smaller angles. Another point of
interest is that there is no noticeable aggregation of quantum
dots even at high contents, as illustrated in the TEM micro-

photograph of the nanocomposite containing 20 wt % QDs
(Figure 4).

The experimental X-ray diffraction curves of BAOPA
composites containing different amounts of 2.4 nm CdSe
guantum dots are presented in Figure 5a. At wider angles the
original curves (+-4) are in agreement with the background
curve (0). After subtracting of the background curve (0), one
can see the small-angle maxima becomes more readily apparent
(Figure 5b). The above curves are, in part, well approximated b\
by the exponents as indicated with the dotted lines. Subtraction Fi 7 SAXS patterns of BA-BPA composites with 0. 5. 10. and
of the exponential curves allows isolation of the well-defined SO % 2.6 1 CoSe DS before (a) o aftor (b) 100% stretching
maxima in the small-angle scattering curves (Figure 5c). AN (an arrow indicates the orientation direction).
increase in the number of the quantum dots in the unit volume

appropriately leads to an increase in the integral intensity of 40
the small-angle maximum, but its angular position does not L,nm
change. 304
The properties of the small-angle maxima are related to the E
layered structure of the nanocomposites. Consider when nano- 20"‘{-.
composites made of polymers with different spacer lengths,
BA—6PA, BA—7PA, and BA-10PA, are mixed with the equal N
amounts of 2.4 nm CdSe particles. One can see the gradual 0
increase in the layer thickness associated with the increasing 03 0.6 0.9
spacer length (Figure 6a). The calculated difference between Cop Wt fraction

the interlayer periodicity of the composite systems and matrix Figure 8. Theoretical curves depicting the relationship between the
polymers shows that it is equal to the diameter of the quantum interparticle distance in the nanocomposite’'s bulk and their

dot. This tendency is also manifested if the size of the quantum content.

dot is increased while the spacer length stays constant (Figure

6b). Moreover, an azimuth scanning of XRD patterns obtained maximum is localized at the equator, just as it is for the initial
for oriented samples (Figure 7) shows that the small-angle polymer matrix.
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Figure 9. Schematic representation of the structure of CdSe/BRA nanocomposite.

Taken together, these X-ray data and the DSC and IR nanoparticles. This corresponds to their dense packing in the
data noted above also demonstrate that the intralayer locationlayers when most of H-bond dimers are disconnected, which is
of the quantum dots makes the layer thickness larger thanproved by IR spectra (Figure 2) that show the strong drop in
that of the matrix polymers. In addition, when the quantum the intensity ofvco at 1683 cm?. Moreover, the thermal
dots are added, the scattering shape in the small angular regiormproperties of the composite change when the content of QDs
for isotropic and oriented stretched samples (Figure 7) changesreaches 40 wt %. The polymer LC phase disappears after being
from a spherical (a) to an ellipsoidal one (b). It happens in substituted by the polymeiQD layered structure, and as
contrast to the fact that the spherical shape of the dots cannotillustrated earlier in Table 1, the changeTigreflects a thermal
be changed under stretching. There is no visible aggregation oftransition that is governed by interactions between the polymer
the quantum dots (Figure 4) at the contents used, and the tiltand the QDs. It is obvious that the concentration at which such
angle of side chains undergoes no change upon stretchinga transition takes place will primarily depend on the size of the
(Figure 3). Taking into account that the shape of the scat- QDs. Moreover, the calculations also show that the polymer
tering in the small-angular region is determined by the shape matrix may be filled in with a high amount of QDs with no
of a scatte?? there is good reason to believe that the significant aggregation.
transformation of the scattering shape presented in Figure 7 is )
connected with the preferred alignment of the spherical Conclusion
CdSe particles. Particle organization follows in accordance with  The formation of organized nanocomposites based on CdSe
regulations confirmed for LC polymef®* and is due to  quantum dots and LC polymers is described in this paper. The
noncovalent bonding of the quantum dots with the LC polymer preaking of H dimers and the interaction of the polymer
matrix. The latter controls the preferable alignment of carboxylic groups with the QD’s surface govern the localization
guantum dots along the stretching axis parallel to the smectic of QDs and result in the formation of polymer nanolayers
planes. separated by QD nanolayers. SAXS studies were essential for

The strong rise in the intensity of SAXS with increasing quantifying the thickness of the nanolayers and the contribution
content of QDs seen in Figures 3 and 7 shows that the scatteringof the polymer spacer length, the QD size, and the QD content
from individual particle proceeds in a correlative manner. This to the structure of the nanolayers and the resulting nanocom-
means that even at +20 wt % the quantum dots should be posite.
located close to each other. To resolve this issue, the average
distance ) between QDs was calculated (eq 6). Figure 8 Experimental Section

presents the curves for the distance as a function of the QD | ¢ polymer Synthesis Monomers, 4-¢-acryloyloxyalkoxy)-
concentration and size. This distance dropped sharply as thepenzoic acids (BAnA), were synthesized as previously descri§ed
concentration of QDs reached 10 wt % and then decreased moreand then polymerized in benzene at 83 for 75 h to form the
slowly, indicating closer packing of the nanoparticles at contents polymer, BA-nPA. 2,2-Azobis(isobutyronitrile) (0.1% of the total
above 16-20 wt %. Taking into account that thevalues shown weight of the monomer) was used as the initiator. Polymers were
in Figure 8 correspond to an approximation of the upper distance Precipitated from the benzene solution, then separated, dissolved
limit that is obtained in a “homogeneous distribution”, one may " tetrahydrofuran (THF), reprecipitated with benzene, and dried

Wi " . PR overnight under vacuum. The polymers yield was-80%.
gcgﬁcért: :Itl elrnt:%%e:hgaf: g;ggci)\f/;Dii S;}gﬂlrz r8e sultin distances Nanoparticle Synthesis Cd Se nanoparticles were synthesized

. . in accordance with the procedure used by Vasiliev 8t @admium

A schemat_|c _repr_esen_tatl(_)n of the BA_PA/qugntum dot acetate (0.5 mmol), Cd(GEO0)-2H,0, and oleic acid (2 mmol),
nanocomposite is given in Figure 9. The ideal picture reflects cp,(cH,);,CH=CH(CH,),COOH, were dissolved in 5 mL of
the formation of QDs layers separated from the polymer layer diphenyl ether. The reaction was carried out at 1@@or 1 h under
on the regular bases. The calculated valuet aft 40 wt % argon flow to remove water and acetic acid. Maintaining the
content of QDs are equal to approximately 2 diameters of temperature between 130 and 20, 0.5 mL of 1 M solution of
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selenium trioctylphosphine in trioctylphosphine was added while ~ Thermogravimetry analysis (TGA) was carried out with Pyris 1
stirring. Nanoparticles began to grow after 5 min, and by adjusting TGA (Perkin-Elmer).
the temperature, their size could be controlled. When the reaction Calculations. 1. The surface coverage on quantum dots was
was complete, the mixture was cooled to room temperature, and aestimated by means of TGA data that indicated the total amount
volume of acetone equal to the solution volume was added to of the organic residues on QDs to be of about 30 wt %. Taking
precipitate the quantum dots. The coagulated quantum dots wereinto account the density of CdSe QDs to be equal to 5.81 J/cm
then centrifuged, washed twice with acetone, and dissolved in anthe volume of the 3 nm QD and its weight were calculated as 1.4
applicable solvent. x 10729 cm? and 8.1x 10720 g, respectively. With the assumption

Polymer/Nanoparticle Composite SynthesisA special proce- that the content of ligands on the surface is distributed as 25 mol
dure for the preparation of polymeguantum dot blends was % TOP and 75 mol % oleic acid, the resultant number of ligand
developed for this study. CdSe solution (10 mg/mL) was added molecules is about 69 (52 molecules of oleic acid and 17 molecules
dropwise to 50 mg/mL of the BAnPA polymer solution while of TOP).
stirring at room temperature. After stirring 20 min, the colored 2. The average distance between two quantum dots located in
solution was added to ax3volume of hexane to precipitate the the polymer matrix was calculated with the assumption that they
polymer—quantum dot composite. The solid precipitate was washed are homogeneously distributed within the volume.
with hexane and then dried overnight under vacuum at room  The mass fraction of quantum doS4p) may be presented by
temperature. The resulting colored powder was used for film the following equation
preparations in further studies.

Characterization of Polymers. SEC (size exclusion chroma- Cop = Mgp/(Mgp + Mp) (1)
tography) analysis was conducted on a Waters Breeze 1515 series
liguid chromatograph equipped with a dual absorbance detectorwhereMqp andMp are total mass of quantum dots and of polymer,
(Waters 2487), manual injector, and three styrogel columns (HR1, respectively.
HR3, HR4) using linear polystyrene standards for calibration and  The total mass of quantum dots is given by
tetrahydrofuran (THF) as the mobile phase. The molecular weights

of the polymers were found to b, = (3.2—7.7) x 10* Da. The Map = Nopp1vs 2
variability in M,, is related to the different polymers & 3—10).
The polydispersity index did not exceed +.5.7. whereNgp is the number of quantum dots, the density of quantum

Characterization of Composites The thermal properties of the  dots, andv; the volume of a single quantum dot.
blends were investigated using differential scanning calorimeter ~ The total volume of the composite as a wholg (hay be given
(Mettler TA-4000) equipped with a DSC-30 heating cell (Mettler by the following equation
Toledo, Switzerland) at a heating rate of 10 K/min under argon.
Optical observations were made using a polarizing microscope V=V, + Ngpv, = Mg/p, + Mgp/p; 3)
Polam L-213 (LOMO, St. Petersburg, Russia) equipped with a
Mettler Toledo FP-82 HT hot stage and a microprocessor temper- WhereVis the total volume of a composité, the polymer volume,
ature control unit. The temperature of the tested samples wasandp, the polymer density.

maintained with an accuracy of up to CC. The number of the quantum dots per volume unit is given as
The powder X-ray diffraction (XRD) patterns were collected on

a DRON-3M (Burevestnik, St. Petersburg, Russia) X-ray diffrac- k) _ Moo _ 1 4)

tometer (Cu Kx radiation, Ni-filtered, transmission mode), equipped \Y Mp  Mgp 1 1 1

with an antibackground slit covered the small angular region up to Pra\ Ty + o | P (C_QD - 1) o + o

26 = 0.5°. The diffractometer was calibrated in wide and small

angular regions using-Al,O3 and silver behenate with known “ A ;

crystal diffractions. Wide-angle (WAXS) and small-angle (SAXS) E;?Cﬂ;gdélasa n “effective” volume per one quantum do} is

X-ray scattering analyses of oriented samples were performed using

a 12 kW Rigaku rotating anode generator (Rigaku, Japan) equipped puf 1

with a GADDS 2D-area detector and a flat graphite monochromator v= vl(l + —( - )) (5)

(Cu Ka irradiation,A = 1.54 nm) (Bruker AXS, Germany). The

angle positions 2 and half-widths of the Bragg reflections were . . ) .

measured using the EVA-Diffrac-Plus software package (Bruker ~ FOr particles having spherical shape the average ‘?'Stf_mce (

AXS, Germany). between the neighboring QD_s will depend on the QDs’s diameter
IR spectra were recorded with IFS 66v/s (Bruker, Germany). (D) and can be calculated with eq 6:

Samples were prepared as either thin solid films cast from solutions 1-C.\1s

and placed on KBr or as a powder blended with KBr. To make the L= D(l +a QD) -D (6)

guantitative estimation of the amount of different ligands at the Cop

guantum dot’s surface, we have used FTIR spectroscopy. The ratio

(K) between the extinction coefficients of the spectral band at 1378 wherea = pyp2.

cm1 related to C-H bond vibration in CHgroup and the complex

spectral band at 1464 crhattributed to G-H vibration in CH; Acknowledgment. We gratefully acknowledge financial
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