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1. Introduction

One can recently observe increasing interest in semiconductor nanocrys-
tals due to a possibility of operation by the optical coefficients using size-
dependent electron and optical properties [1-5]. Especial interest is connected
to the semiconductor nanocrystals because the theoretical calculations [6,7]
predict possibility of enhancement the nonlinear optical susceptibilities in the
such type of the nanocrystallites.

However for a wide application of the nanocrystallites in optoelectronics
there appears to be a complication because it is a necessity of preparation of
high-quality homogeneous specimens. Usually the specimens are prepared
like a film deposited on the dielectric subtract. In this case a main problem
appears to be a high light scattering background. To eliminate this problem
one can suggest the guest-host polymer technique [8 — 10] to the powder-like
nanocrystallies. Such technique has been used in the Ref. 11 for SnyP;Se
semiconductor nanocrystallites embedded in the oligoetheracrylate photo-
polymer matrices. It was shown that better technological parameters (lower
light scattering losses, optical homogeneity, higher transparency etc) are
achieved when the external electric field favors orientation of the embedded
powder-like nanocrystallites. Another important reserve for enhancement of
the nonlinear optical susceptibilities consists in additional photoexciting of
the chromophores (in our case nanocrystallites) to enhance the appropriate
matrix dipole momenta determining the output nonlinear optical susceptibili-
ties [12].
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Among the semiconducting nanocrystallites the TiC have been chosen be-
cause for these materials technology of preparation the specimens with de-
sired sizes have been good approved for the SiC [13,14]. At the same time
theoretical simulation predict [15] possibility of the large second-order non-
linear optical effects. The calculated electron charge density distributions in
the oligoetheracrylate photopolymers [16 — 18] indicate on a good comple-
mentation of the polymers to the binary semiconductors because the appropri-
ate matrix dipole moments are collinear. Another important advantageous of
the oligoetheracrylate matrices consists in good mechanical and acoustoopti-
cal properties [19] determining the photoinduced response in the investigated
materials.

In the present paper we will present the experimental results of the pho-
toinduced nonlinear optical phenomena in the TiC nanocrystallites embedded
in the olygoetheracrylate photopolymer matrices. In the Section 2 technology
of specimen preparation and measurement setup is presented. Sec. 3 is de-
voted to the study of the photoinduced SHG versus temperature and photoin-
ducing flux. Appropriate discussion of the obtained results as well the possi-
ble application are discussed.

2. Experimental details

2.1. Sample preparation

The TiC nanopowders were synthesized by a CO; laser pyrolysis from
a gaseous mixture of TiH4 and C,H, following the technology procedure de-
scribed elsewhere [14]. Annealing of these powders has been performed under
argon during one hour in a high temperature graphite furnace. Structural
modifications, coalescense of the TiC grains and a removal of free carbon are
induced by these heat treatment.

A crucial annealing temperature within the 1200 - 1700°C induces drastic
changes on the TiC structures, the grain morphology and on the network com-
position. Varying the crucial annealing temperature continuously we change
the nanometer sizes. The scanning electron microscopy (SEM) microscopy
have been used for size definition of the nanopowder specimens.

All the powder-like specimens were embedded within the liquid oli-
goetheracrylate photocomposition [16-18] and were solidified using the nitro-
gen laser of the 45 W/cm” power and electropoling procedure described in the
Ref. 11. The optimal electric field was equal to 400 V/cm and concentration
corresponds to 0.21 % in weighting percent. Using the X-ray diffractometry a
parameter of hexagonality H have been introduced. The latter have been de-
termined as a ratio of hexagonal to cubic structural components in the men-
tioned TiC nanocrystallites. The latter are closely connected with the nano-
crystallite sizes (see Table 1).
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Table 1. Structural parameters of the investigated TiC data: d- sizes of the parti-
cular nanoparticles (in nm); L — sizes of the grains (in nm); H — degree
of hexagonality. In the brackets are given the parameters of the averaged
dispersion the sizes

Specimen D [nm] L [nm] H
1 13.2 (0.2) 32 (0.2) 0.04
2 14.4 (0.2) 57(0.2) 0.22 (0.2)
3 16.8 (0.2) 66 (0.2) 0.35 (0.2)
4 19.1 (0.2) 56 (0.2) 0.61 (0.2)
5 22 (0.2) 38 (0.2) 0.77 (0.2)
6 26 (0.2) 32 (0.2) 0.92 (0.2)

The X-ray monitoring were carried out using a DRON-2.0 diffractometer
equipped with a horizontal goniometer GUR-5. The applied X-ray diffraction
measurements had a molybdenum target (A, = 0.7169x10"° m) and a graph-
ite monochromator in the primary beam. The surfaces of the specimens before
the measurements were etched by the 7% weight water solution.

2.2. Nonlinear optical setup

Photoinducing light beams have been generated by Q-switched nitrogen
laser (A = 337 nm) (light power about 25 MW with a pulse width varying
within the 400 — 980 ps) (see Fig. 1). Quartz beam-splitter (BS1,BS2) form
the photoinducing and probing laser beams.The value of pulse duration was
defined by condition of avoiding specimen overheating. Rotating Fresnel
prisms have been supplied by special equipment in order to operate by inci-
dent light polarization. The incident angle has been defined within the 2 — 24
degree. The maximal scattering optical background was less than 0.01%. Such
wide ranges of the angle variation have been requested by necessity to achieve
maximal output PISHG signal. We will show below that phase synchronism
conditions play in this case central role. The diameter of the light beam spot is
varied within the 16 — 1240 um and depending on the surface quality we vary
the light spot diameter to achieve the maximal output PISHG signal. Moreo-
ver the setup allows scanning by the beam through the surface of specimen.
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Fig. 1. Experimental setup for performing the photoinducing nonlinear
optical measurements

The sequence of the beam has the gaussian-like shape with the dispersion
half-width about 78%. Stability of the laser generation was not worse than
0.17%. The generation of the photoinducing nitrogen laser was synchronized
in time with the generation of the probing YAG:Nd laser. We use unfocused
YAG:Nd (A = 1.06 um) laser beam (spot diameter 0.2 ... 13.6 mm; laser power
6 ... 14 MW; pulse duration 1.3 ... 1850 ps). Time repetition of the pulses was
synchronized in time for the photoinducing and probing laser beams up to 0.2
ps. For the polarization of the photoinducing and probing beams. Ve use Glan-
Thompson polarizers (P1,P2) with degree of polarizability about 99.998(7)%
in the considered spectral range have been used. Electrooptically operated
delaying line (I) on the ground of the Li,B4O7 single crystals has been applied
for operation by the pump-probe time delay. This allows to vary the delaying
time with resolution not worse than 0.6 ps. For the justification of the laser
beams the lasers were supplied additionally with low power He-Ne lasers for
hitting of the beams on the specimen surface. As a consequence any misbalance
between the laser beams will be corrected. For the every specimens the measure-
ments are done in more than 95 points to achieve reliable statistical averaging
within the %” Student distribution not worse than 0.02.

Photodetection has been carried out by digital high-resolution multipliers
RCA-121 and FE-124-H (PM1, PM2) connected with boxcar (BC) with the
gate about 480 ps. The grating monochromator (MN) SPM-3 (spectral resolu-
tion 7 nm/mm) have been used to separate green doubled frequency signal
(A =0.53 um) from the YAG:Nd laser (A = 1.06 um) background. Independ-
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ently both pumping and probing signals were controlled by the connected
synchronized photomultipliers (PM).

3. Experimental results and discussion

The measured dependences of the photoinduced SHG intensity as a func-
tion of the photoinducing nitrogen laser pump flux I and hexagonality H have
been done (see Fig. 2). With increasing power of the photoinducing nitrogen
laser pulses the SHG maximum output signal increases and achieves its
maximum at the pumping photon fluxes about 1.6 GW/em®. It is necessary to
underline that the maximum photoinduced SHG is achieved for the hexa-
gonality about 0.95 and is equal about 10.1 = 0.13 pm/V. The measurements
have been carried out for different concentration of the nanocrystallite chro-
mophores. The investigations have shown that the optimal concentration of
the embedded TiC nanopowders lies within the 0.8 — 1.6%. The maximal
output SHG signal has been achieved for delaying time between photoinduc-
ing and probing beam about 20 ps. The main output SHG is observed for the
X222 tensor components (where axis 2 is parallel to UV-photoinducing laser
polarisation and applied electropoling field). All the presented data are ob-
tained for temperature range within the 4.2 — 20 K because for the higher re-
orientation temperature destroying long-range ordering is observed. Phase
matching synchronism conditions are satisfied within the angle ranges 4 — 11°. All
the presented data are averaged over the presented materials.

Fig. 2. Experimental dependence of the photoinduced SHG versus degree of hexagonal-
ity H and pumping intensity Ip
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Fig. 3. Dependence of the photoinduced SHG versus temperature and degree of hexa-
gonality

Temperature measurements for the photoinducing SHG averaged within
the 1.4 — 2.1 GW/cm’ light power are shown in the Fig. 3. One can see that
decreasing temperature favors increasing SHG at low temperatures. Increas-
ing hexagonality (contrary to the photoinducing dependences) shifts the tem-
perature photoinduced SHG towards the lower temperature. The obtained
behaviours reflect probably a competition between the long-range temperature
reorientation and space interaction between the particular nanocrystallites due
to the hexogonally-induced non-centrosymmetry.

In order to evaluate the role of the photopolymer olygoetheracryalte ma-
trices the analogous measurements on the TiC nanocrystallite films have
shown that the maximal output SHG signal have been fiveth times less. The
olygoetheracrylate photopolymers have also the vanishing values of the SHG
[17-19]. Therefore the main contribution to the nonlinear optical susceptibi-
lity in this case belongs to guest-host interfaces. Theoretical simulations con-
cerning the contributions of the particular fragments of the composites will be
presented in a separate work.

Conclusions

The new composite materials consisting of the TiC nanocrystllites em-
bedded within the photopolymer olygoetheracryalte matrices are proposed.
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The maximum photoinduced SHG is achieved for the hexagonality degree
about 0.95 and is equal about 10.1 £ 0.13 pm/V fo the )2, tensor compo-
nents. The optimal concentration necessary to achieve the maximal SHG sig-
nal of the embedded TiC nanopowders lies within the 0.8 — 1.6% for the time
delay between the photoinducing UV nitrogen laser signal and probe YAG:Nd
probing signal about 20 ps. Decreasing temperature stimulates an increase of
the output photoinduced SHG signal. The analogous measurements on the TiC
nanocrystallite films have shown that the maximal output SHG signal have
been fiveths times less. Therefore the main contribution belongs to guest-host
interfaces. The hexagonality is closely connected with the sizes of the nano-
crystallites as well with the degree of the non-centrosymmetry defining the
nonlinear optical susceptibility. '
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Summary

Photoinduced optical phenomena in TiC nanocrystallites embedded within the
photo-polymer oligoetheracrylate matrices have been studied using experimental
nonlinear optics, particularly photoinduced optical second harmonic generation
(SHG). The YAG-Nd-laser (A = 1.06 um; W = 30 MW, pulse duration within the 30 -
— 50 ps) was used as a source of pumping light and the nitrogen laser (A = 337 nm)
have been applied as a source of the photoinducing light. With increasing intensity of
the photoinducing beam, the SHG (A = 0.53 um) signal increased and achieved
a maximum (¥2; = 10.1 £ 0.13 pm/V) at a photon flux of about 1.61 GW/cm?®. With
decreasing temperature, the SHG signal strongly increases within the temperature
range 25 — 30 K. Time-dependent probe-pump measurements indicate an existence of
the SHG maximum for a pump-probe time delay of about 20 ps. The TiC hexagonal
structural components play a key role in the observed photoinduced nonlinear optical
effects. Large values of the nonlinear optical constants as well the good technological
parameters open a possibility to enhance the nonlinear optical susceptibilities.



