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The nucleation of two kinds of crystalline nanopar-
ticles, zinc sulfide (ZnS), and cadmium sulfide (CdS), is
achieved directly into specific sites of polymer matri-
ces after their irradiation with UV laser pulses. The
starting samples consist of polymers doped with pre-
cursors of Zn or Cd thiolate that are proved to decom-
pose after the absorption of UV light, resulting into the
nanoparticles formation. The growth of the crystalline
nanostructures is followed throughout the irradiation
of the samples with successive incident pulses, by dif-
ferent methods, such as transmission electron micros-
copy, atomic force microscopy, confocal microscopy,
and X-ray diffraction. Special attention is paid to the
difference of the formation pathways of the two kinds
of nanoparticles studied, because the Cd thiolate pre-
cursor exhibits much higher absorption efficiency than
the Zn thiolate one, at the applied UV wavelength.
Indeed, CdS nanoparticles become evident after the
very first incident UV pulses, whereas the formation of
ZnS nanocrystals requires rather prolonged irradiation,
always through a macroscopically nondestructive
procedure for the polymer matrix. POLYM. COMPOS.,
31:1075–1083, 2010. ª 2009 Society of Plastics Engineers

INTRODUCTION

The research activity on the combination of semicon-

ductor nanocrystals with polymeric materials has grown

rapidly recently [1–6], aiming to the enhancement of

diverse properties of the polymers, such as optical,

mechanical, electronic, and magnetic. The polymers that

are used as matrices are usually inexpensive and easily

manufactured, processed and manipulated, properties that

make the resulting nanocomposite materials ideal for a

number of applications, such as optical filtering, solar

cells, light-emitting diodes, photodetectors, and gas sen-

sors [1–9]. Furthermore, the aggregation of the nanopar-

ticles, a commonly encountered problem in the colloidal

nanocrystal synthesis, can be prevented by the appropriate

incorporation techniques of the particles into the polymer

matrices, giving homogeneous nanocomposite samples

with enhanced properties [4, 5, 10, 11]. For this reason,

systematic research goes on for the appropriate combina-

tion and mixing of nanocrystals with polymeric matrices

[12]. An advantage of the nanocomposite samples

involved in applications dealing with absorption or emis-

sion of light is that their optical properties can be tuned

by changing the size of the incorporated nanocrystalline

semiconductors in the range of the Bohr exciton radius of

the nanocrystals. This range is extended typically from

few to few tens of nanometers, and the optical tuning

effect is due to the variation of the semiconductor band

gap with the size of the nanocrystals, when this gets

smaller than the Bohr exciton radius [13–15]. In particu-

lar, the smaller the nanocrystal, the larger its effective

band gap, and eventually, the greater the energy of optical

emission resulting from electron–hole recombination.

In the present work, we report on in situ nanocompo-

site formation by the nucleation of metal sulfide nanopar-

ticles directly into the polymer matrix, starting from the

matrix incorporating the metal thiolate precursors of the

nanoparticles. The decomposition of metal thiolate precur-

sors through thermal annealing to produce metal and

metal sulfide nanoparticles had been previous reported for

ZnS [16], CdS [17], HgS [18], Cu2S [19], and Au [20].
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Either spherical nanocrystals or nanorods were produced

initiating from the same precursors by changing the

annealing temperature and time [19]. The nucleation and

growth of metal sulfide nanoparticles directly into a poly-

mer matrix have also been reported in the literature by

heating of the polymeric samples with the thiolate precur-

sors at temperatures between 230 and 3008C [21–24].

In a recent work, we demonstrated, for the first time,

the possibility of using pulsed laser irradiation for the for-

mation of metal sulfide nanocrystals, and specifically

CdS, in the quantum size regime [25], directly into well-

confined areas of a polymer matrix, starting from the

polymer incorporating cadmium-bis-dodecanthiolate pre-

cursor, without inducing any macroscopic damage to the

host matrix. Additionally, it was studied how the specific

precursor is affected by different irradiation conditions,

such as the wavelength [26]. Irradiation at a wavelength

where the precursor is bad absorber causes the reduction

of the formation speed of the CdS nanocrystals [26]. In

the present work, we confirm the possibly to generalize

the applicability of this method for the preparation of

nanocomposite samples with localized properties, by

investigating two kinds of precursors that absorb differ-

ently at a specific applied laser wavelength. In particular,

we examine the in situ formation of metal sulfide nano-

crystals after irradiation with laser light at wavelength

308 nm of the thermoplastic cyclo-olefin copolymer

Topas doped with the precursors zinc bis-dodecanthiolate

and cadmium bis-dodecanthiolate, respectively. The for-

mer precursor shows low absorption, whereas the latter

exhibits a clear absorption peak close to the applied

wavelength. Transmission electron microscopy (TEM),

atomic force microscopy (AFM), X-ray diffraction

(XRD), and confocal microscopy are used to reveal the

mechanisms of the gradual nucleation of the two kinds of

nanocrystals into the polymer matrix.

EXPERIMENTAL

Preparation of Polymer/Precursors Composite Films

For the fabrication of the polymer nanocomposites,

zinc thiolate Zn(SR)2, R ¼ C12H25 and cadmium thiolate

Cd(SR)2, R ¼ C12H25 precursors were synthesized and

added to the polymer Topas. Topas is a thermoplastic

cyclo-olefin copolymer consisting of ethylene and norbo-

nene chains, transparent in the visible. The chemical reac-

tion formula for the preparation of the precursors, which

is described in detail in Refs. 22 and 23, is

MðNO3Þ2 � 6H2O ����������!EtOH

ðiÞNH4OHðaqÞ
ðiiÞ2C12H25SH

MðSC12H25Þ2 ð1Þ

where M is zinc (Zn) or cadmium (Cd). Twenty percent

by weight of metal thiolate was mixed with 80% by

weight of Topas, and then diluted in toluene. The solu-

tions were sonicated for 30 min to obtain the maximum

dispersion of the insoluble cadmium/zinc-bis(thiolate).

The solutions were finally casted in petri capsules where,

after evaporation of toluene, the films were formed. The

geometrical structure of the precursors dispersed in the

matrix is discussed analytically elsewhere [22, 24].

Irradiation of the Polymer/Precursors Composite Samples

For the formation of the nanocrystals in the polymer

matrices, the samples were irradiated with increasing

number of pulses using a XeCl excimer laser (wavelength

k ¼ 308 nm, pulse duration tp ¼ 30 ns, fluence F ¼ 100

mJ�cm22, and repetition rate 2 Hz). The laser beam was

focused perpendicularly onto the surface of the samples

to an area of 0.2 3 0.4 cm2. Irradiation was performed

under air atmosphere. The laser fluence and the repetition

rate were low enough to prevent any macroscopic changes

on the surface of the polymers, but efficient enough for

the formation of nanocrystals. After irradiation, the sam-

ples were checked under optical microscope to make sure

that the surface remained macroscopically intact. The

only noticeable change was in the color of the irradiated

area, which became light yellow. This color change was

not observed in the Topas samples without the metal-bis

(thiolate) precursors, even after a very large number of

incident pulses.

Characterization of the Samples

Absorption measurements were performed with a UV-

visible-NIR scanning spectrophotometer, Cary-5000 Var-

ian, on samples of few hundreds of nanometers thickness,

prepared on quartz substrates.

The micro/nanoscale topographic features of the nano-

composite films were investigated with an atomic force

microscope SMENA-B (NT-MDT) working in semi-con-

tact mode in air (at 208C, relative humidity 30%) using

MPP-12120 silicon probes (Veeco) with a resonant fre-

quency of about 150 kHz. In some cases, topographic and

phase images were recorded simultaneously.

The XRD measurements were performed by employing

an X-ray diffractometer using CuKa radiation (Rigaku,

Dmax 2400, 12 kW, Cu Target, Bragg-Brentano geome-

try). The XRD measurements were used for crystal struc-

ture identification of the formed nanoparticles and for

determination of their size. All the samples were meas-

ured with the diffractometer in coupled y/2y sample-

detector scans. The measurements were performed before

and after irradiation of the polymer/precursors films

to verify the phase changes of the precursor to the

nanocrystals.

Spatially resolved photoluminescence measurements

have been performed on the irradiated samples by means

of a confocal system (Olympus FV1000) in epilayer con-

figuration with a spatial resolution of 500 nm. The sam-
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ples were excited by an UV diode laser (k ¼ 405 nm)

through an objective lens (magnification 403) with a nu-

merical aperture of NA ¼ 0.80.

Low-magnification TEM images of the laser-synthe-

sized nanocrystals were recorded with a Jeol Jem 1011

microscope operating at an accelerating voltage of 100

kV. The samples for TEM analyses were prepared by

dropping a dilute solution of the irradiated part of the

sample dissolved in chloroform, onto carbon-coated

copper grids and then allowing the solvent to evaporate.

Next, the grids were immediately transferred to the TEM

microscope and analyzed.

RESULTS AND DISCUSSION

An initial study on the absorption spectra of the as-pre-

pared samples of the Topas polymer incorporating the thi-

olate precursors showed a significant difference in the

absorption characteristics between the two samples under

investigation. As demonstrated in the absorption spectra

presented in Fig. 1, the UV wavelength used for the irra-

diation experiments (308 nm) is weakly absorbed by the

samples containing the Zn-thiolate precursor, because

they exhibit absorption peaks at wavelengths smaller than

250 nm. Conversely, the samples containing the Cd-thio-

late precursor have an absorption peak at longer wave-

lengths, with a tail that clearly is extended beyond the

applied wavelength. The absorption spectra of the

undoped polymeric matrix of Topas polymer is also

shown for comparison reasons.

Next, the polymer/precursors films were irradiated with

successive laser pulses at 308 nm to investigate the possi-

ble formation of nanocrystals in the irradiated areas. For

this purpose, the samples after their irradiation were

examined by XRD. As presented in Fig. 2, crystalline

structures are present in both kinds of samples. However,

in the case of the Cd-thiolate precursors, the peaks of the

crystalline structures start being evident after a much

smaller number of incident pulses than in the case of the

Zn-thiolate precursors (Fig. 2a and b). Because of the

high background noise of the XRD spectra, apparent crys-

talline peaks were monitored for the Cd-thiolate films af-

ter 20 pulses and for the Zn-thiolate films after 150

pulses. Evidence for such peaks already appear in lower

number of pulses but the signal is obscured by the noise.

The Bragg diffraction peaks that are formed in the case

of the Cd-thiolate precursors are attributed to the hexago-

nal phase of CdS (crystal symmetry P63mc and lattice

constants a ¼ 4.121 Å and c ¼ 6.682 Å). In the case of

the Zn-thiolate precursors, all the diffraction peaks can be

indexed to the hexagonal phase of ZnS (h-ZnS) with

wurtzite structure, with the lattice constants of a ¼ b ¼
3.819 Å, c ¼ 6.257 Å. The angular positions and relative

peak intensity heights coincide with the values reported in

the Joint Committee on Powder Diffraction Standards-

International Center for Diffraction Data (JCPDS-ICDD),

Powder Diffraction File (PDF): 80-0006.

Each of the measured Bragg diffraction peaks at the

angles corresponding to the CdS and ZnS structures was

fit with a Gaussian function whose full width at half max-

imum (FWHM) is related to the diameter of the formed

nanocrystals (D). The relationship is given by the Debye–

Scherrer formula for spherical particles, shown in Eq. 2
[27, 28].

D ¼ k
Dx2h � coshB ð2Þ

where k is the wavelength of the X-ray used (kCuKa ¼
0.154 nm), Dx2y is the FWHM of the Bragg diffraction

bands, and yB is the Bragg angle of diffraction.

Following the Debye–Scherrer formula, the mean di-

ameter of the formed ZnS nanocrystals was found to be

35.0 nm for the samples irradiated with 180 laser pulses,

and very similar, about 40.0 nm for the samples irradiated

with 300 laser pulses, which is much larger than the exci-

ton Bohr radius of ZnS (2.4 nm) [29, 30]. The estimation

of the size of the formed nanoparticles at a smaller num-

ber of incident pulses would be very approximate because

of high background noise. Because of the same reason,

the diameter of the formed CdS crystals could be safely

calculated only in the samples irradiated with more than

50 pulses, and their mean size was found around 40.0

nm. For this number of irradiation pulses, the average

size of the formed nanocrystals is quite larger than the

size of an exciton in the macrocrystalline CdS material

(7–8 nm) [10, 31–35].

From the XRD patterns, we could also obtain quantita-

tive information on the increase of the density of the pro-

duced nanocrystals on increasing number of pulses. From

FIG. 1. Absorption spectra of the Topas polymer and of the Topas

containing Cd-thiolate and Zn-thiolate precursors. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]
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Fig. 2a and b, it is clear that the intensity of the formed

crystalline peaks, which is connected with the number of

the nanocrystals in the samples, is amplified as the num-

ber of incident pulses increases. For a straightforward

quantitative evaluation, we present in Fig. 2c, as a charac-

teristic example, the comparison of the Gaussian fits of

the crystalline peak (101) formed after irradiation with

20, 50, and 250 pulses successively for the CdS nanopar-

ticles, and after irradiation with 150, 180, and 300 pulses

successively for the ZnS nanoparticles. We performed a

fit of all the ZnS and CdS bands (100, 002, and 101) in

the XRD pattern with the Gaussian function and we com-

pared the areas under the fitted curves, for the different

number of incident pulses. The average areas under the

Gaussian fits of all the XRD bands versus the number of

pulses are demonstrated in the insets of Fig. 2 for both

kinds of nanocrystals. From their comparison, we can

safely assume that the density of the formed CdS nano-

crystals rises �2.5 times as the number of pulses

increases from 20 to 50, whereas it becomes �4.5 times

bigger when the incident pulses arrive at 250. In the case

of the ZnS nanocrystals, their density increases by �4.0

and �8.0 times when the incident pulses augment from

150 to 180 and 300, respectively. From these findings, it

seems that the density of the ZnS nanocrystals rises much

faster than this of the CdS, as soon as they start forming.

AFM measurements were performed on the samples

before and after irradiation with a specific number of UV

laser pulses to monitor any possible indication for

nanoparticles formation at their surfaces (Fig. 3). All the

samples before irradiation seem quite smooth without any

evidence of nanostructures on their surface, as demon-

strated in the characteristic images of Fig. 3a and d. In

the case of the polymer samples with the Cd-thiolate pre-

FIG. 2. XRD patterns before and after laser irradiation of the samples of Topas containing the (a) Zn-thio-

late precursor and (b) Cd-thiolate precursor. The number of laser pulses used is shown in figure. (c) Compar-

ative display of the Gaussian fits of the crystalline peak (101) formed after irradiation with 20, 50, and 250

pulses successively for the CdS nanoparticles, and after irradiation with 150, 180, and 300 pulses succes-

sively for the ZnS nanoparticle. In the two insets are presented the average areas under the Gaussian fits of

all the XRD bands versus the number of pulses, for ZnS and CdS nanocrystals.

1078 POLYMER COMPOSITES—-2010 DOI 10.1002/pc



cursor, the AFM images reveal structures of nano-objects

floating at the surface already after irradiation with 10

laser pulses, which were not existing before irradiation

(Fig. 3b). The image presented in Fig. 3c reveals

increased number of nanoparticles at the surface of the

samples after 50 laser pulses, indicating that the density

of the nanocrystals increases with increasing number of

pulses. The phase images, being able to detect variations

in the composition of the diverse materials because of the

differences in the physical characteristics, provide a

clearer evidence of the formation of the nanocrystals on

the surface of the polymer matrix (insets 3b and 3c) [36].

Because of the common tip or probe artifact, a phenom-

enon specific to AFM, that manifests itself in a broaden-

ing of the lateral dimensions of surface topography of

very small objects, we cannot derive any safe conclusion

regarding the dimensions of the formed nano-objects. On

the other hand, the vertical resolution of the AFM images

is not affected by the finite size of the probe. Therefore,

we can safely claim that the height of the formed nano-

particles varies from 2 to maximum 15 nm very close to

the exciton size of the CdS (7–8 nm) [10, 31–35]. Parts

of the nanocrystals are also expected to be bound in the

polymer. For the samples containing the Zn-thiolate

precursor, the AFM measurements, in coincidence with

the XRD measurements, reveal that a much greater num-

ber of laser pulses is needed for the formation of the char-

acteristic structures of the nanocrystals. As shown in Fig.

3e and f, after irradiation with 180 UV laser pulses, only

few nanocrystalline structures appear, whereas, after irra-

diation with 300 UV pulses, the characteristic structures

of the nanocrystals are much denser. For samples irradi-

ated with less number of pulses, there was no evidence of

the nanoparticles formation on their surfaces.

For an evaluation of the size and distribution of the

formed CdS nanocrystals in the irradiated samples con-

taining the Cd-thiolate precursor, fluorescence images

were taken with the confocal microscope in the wave-

length range 475–540 nm. This is the range where the

emission of the CdS nanocrystals is expected to occur,

because the bulk semiconductor CdS emits around 512

nm (band gap of 2.42 eV), and for nanocrystals smaller

than the Bohr exciton radius of the semiconductor, the

emission is shifted towards shorter wavelengths. From the

images presented in Fig. 4a and b it is clear that, in the

case of the samples irradiated with 50 pulses, the density

of the emitting particles is increased compared with that

for the samples irradiated with 10 pulses. For samples

FIG. 3. AFM surface topography images of polymer films containing Cd-thiolate precursors before any irra-

diation. (a) After irradiation with 10 UV pulses (vertical scale: 0–40 nm) and (b) after irradiation with

50 UV pulses (vertical scale: 0–150 nm) and of (c) polymer films containing Zn-thiolate precursors before

any irradiation. (d) After irradiation with 180 UV pulses (vertical scale: 0–130 nm) and (e) after irradiation

with 300 UV pulses (vertical scale: 0–160 nm). (f) In the insets of images (b) and (c) are shown phase-

contrast images (vertical scale: 55 deg corresponding to image), where the nanoparticles features appear

enhanced. The scale bar is the same for all the images and the scanning frequency 1 Hz. [Color figure can

be viewed in the online issue, which is available at www.interscience.wiley.com.]

DOI 10.1002/pc POLYMER COMPOSITES—-2010 1079



FIG. 4. Fluorescence images taken with the confocal microscope from the samples of Topas containing Cd-

thiolate precursor, after irradiation with (a) 10 UV pulses (b) 50 UV pulses. In the insets are shown charac-

teristic emission spectra from each sample. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

FIG. 5. TEM images of polymer films containing with Zn-thiolate precursors deposited onto a TEM grid.

(a) Before any irradiation and (b) after irradiation with 150 UV pulses (inset: magnified nanoparticles).

(c) After irradiation with 300 UV pulses. (d) After irradiation with 1000 UV pulses. [Color figure can be

viewed in the online issue, which is available at www.interscience.wiley.com.]
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irradiated with five pulses, very few emitting particles

could be monitored. The confocal system gives also the

possibility to monitor the emission of the single particles

through an optical grating and a photomultiplier tube,

using as excitation wavelength 405 nm. The typical emis-

sion of the nanoparticles formed after 10 UV pulses was

found to be in the area between 480 and 500 nm, whereas

for the nanocrystals formed after 50 UV pulses it is

shifted towards longer wavelengths, with the central one

around 510 nm. It should be mentioned here that a shift

in the emission wavelength is also monitored in some

cases also for nanocrystals created in the same sample,

due to the variation in their size. The red shift was moni-

tored exclusively in the emission of samples with increas-

ing number of incident pulses, between a few and 50,

revealing that in this range of incident pulses the formed

nanoparticles are in the quantum size regime [21]. Above

50 pulses, no further shift of the emission wavelength

was monitored, indicating that above this number of

pulses nanocrystals with bulk material properties are

exclusively formed. The confocal microscope images

reveal that there are areas where the nanoparticles are

preferentially formed, but due to the limited spatial reso-

lution of the instrument it is impossible to evaluate if in

these areas individual nanoparticles are formed or if they

are coagulated.

For the ZnS nanocomposite samples, the confocal

measurements could not be performed because the excita-

tion wavelength of 405 nm was in the same range of the

emission wavelength of these nanocrystals. Therefore, to

get an in-depth knowledge for the size and the distribu-

tion of this kind of nanoparticles in the matrix, we per-

formed low-magnification TEM analysis. The images of

the unirradiated samples showed no indication of nanopar-

ticles. On the other hand, the measurements on the

irradiated samples revealed that the formation of the ZnS

nanoparticles has already started after the irradiation of

the samples with 150 UV pulses, impossible to be moni-

tored with the other experimental methods. The TEM

images from the samples irradiated with 150 and 300

pulses, presented in Fig. 5b and c, respectively, show that

the size distribution between the two nanocomposite sam-

ples is quite similar (a couple to 20 nm), but the density

of the formed nanocrystals is bigger in the second case. It

should be mentioned here that some of the measured

nanoparticles are very close to the ZnS Bohr radius, i.e.
2.4 nm, so they are in the quantum size regime [29, 30].

For the samples that are irradiated with 1000 pulses, big-

ger nanocrystals seem to be formed, mainly with rod-like

shapes (10–50 nm long). The formation of the bigger

particles or nanorods might be attributed to the coales-

cence of neighboring particles. The formation of one-

dimensional structures starting from small particles that

agglomerate to bigger clusters that are coalescing together

forming nanorods is also observed for ZnS nanocrystals

formed by simple evaporation technique [37]. The size of

the formed nanoparticles estimated using the XRD tech-

nique seems to be quite bigger compared with the one

evaluated from the TEM images. A plausible reason for

this differentiation is that in the case of formation of

aggregates on the irradiation process, the procedure of the

dilution of the irradiated samples for their deposition onto

the TEM grid nanoparticles might have an impact on the

dimensions of the eventually deposited nanoparticles,

because any coagulated particles can be partly dissolved

and separated.

Two possible mechanisms can be proposed for the

nucleation of the nanocrystals into the polymer matrices

after the UV irradiation: the direct photolysis or the indi-

rect thermolysis of the precursors. In any case, the forma-

tion of the nanocrystals should be described by the fol-

lowing mechanism

MðSC12H25Þ2=Topas !hv;heatMS=Topasþ SðC12H25Þ2;
M : Cd;Zn ð3Þ

The mechanism of photolysis is expected to be more

efficient in the case of the Cd-bis(thiolate) precursor that

is a better absorber in the applied wavelength of 308 nm

(Fig. 1). Therefore, the CdS nanocrystals are expected to

be formed much faster than the ZnS ones, in agreement

with all our experimental observations. The absorption of

the Cd-bis(thiolate)/Topas is calculated about five times

higher than that of the Zn-bis(thiolate)/Topas corrected

for the Topas absorption. This value is quite approximate

taking into account possible inhomogeneities of the

samples. On the other hand, the initiation of the formation

of the ZnS nanocrystals starts after a number of UV

pulses about 15 times greater than that needed for the for-

mation of CdS. This implies that the photolysis efficiency

of the two precursors as well as the efficiency of the for-

mation of the two metal thiolates do not correspond to

the absorption efficiency of the respective samples.

Indeed, the formation of the ZnS is slower than expected

by the absorption measurements presented in Fig. 1. A

similar result, although using thermal treatment of the

films, was reported by Antolini et al. [24] where on

annealing at 290–3008C of the precursors/polymers films,

the formation of CdS nanocrystals needs 10 min, whereas

the formation of ZnS occurs after 15 min, demonstrating

lower formation efficiency of the ZnS.

In the case of the zinc-bis(thiolate) precursor, an extra

thermolysis mechanism can also contribute to the

formation of ZnS nanocrystals, although the relative

contribution of each mechanism cannot be evaluated

quantitatively. Indeed, absorption measurements per-

formed on a pure Topas film after irradiation with laser

pulses at 308 nm and fluence 100 mJ cm22 revealed that

on increasing number of pulses the polymer exhibits

increased absorption at 308 nm (Fig. 6). Therefore, photo-

products of the Topas polymer absorbing around 308 nm

are formed on extensive UV irradiation. Munzert et al.
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[38] also showed that on UV irradiation of the Topas

matrix are formed photoproducts that absorb in the UV,

but their measurements were performed at wavelengths

quite higher than 308 nm. Figure 6 reveals that the

absorption of the formed photoproducts around 308 nm

starts being evident after 150 pulses, which is close to the

number of pulses needed for the observation of the ZnS

nanocrystals. This number of pulses is too high to affect

the formation of the CdS nanocrystals, that reach already

the bulk material properties after 50 laser pulses. There-

fore, it is plausible that after the absorption of the incident

photons from the Topas photoproducts, formed after

numerous laser pulses, the resulting thermal energy of their

relaxation is deposited on the Zn-thiolate precursor and

thermally decompose it, contributing to the formation of

the ZnS nanocrystals. The possibility that above a certain

number of pulses (�150) an extra mechanism is contribut-

ing to the formation of the ZnS nanocrystals is enhanced

by the XRD finding that the density of the ZnS nanocrys-

tals seems to rise faster than this of the CdS for increasing

number of pulses, as soon as ZnS starts forming. Neverthe-

less, also in the case of the ZnS, the formation of the nano-

crystals is localized in the areas that the UV light irradia-

tion occurs, and the procedure, although possibly through

different mechanisms, is efficient for the nanoparticles for-

mation in both the cases of the precursors.

CONCLUSIONS

It is demonstrated that on pulsed UV irradiation it is

feasible to form structures of semiconductor nanocrystals

in polymer films, which increase their size and density on

increasing number of pulses. Critical role in the formation

of the nanocrystals plays the absorption of the polymer

and of the precursors at the used wavelength. Indeed, in

the case of the strong absorbing precursor of the CdS, the

formation of the nanocrystals is efficiently performed

through the direct photolysis of the precursors, leading to

nanocrystals that exhibit the size quantization effect. On

the contrary, in the case of the less-absorbing precursor of

the ZnS, the photolysis efficiency is low and, thus, the

formation of the nanocrystals occurs only after extensive

UV irradiation. To the ZnS formation may also contribute

the photoproducts of the polymer that absorb in the

applied wavelength, possibly inducing indirect thermolysis

of the Zn-thiolate precursors. Nevertheless, as the TEM

investigation revealed, also in this case the nucleated

nanoparticles can be in the quantum size regime.
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