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For the first time, the impact of TiO2 (anatase modification) na-
nocrystals on the photoinduced optical absorption and refractive
index variations in KDP single crystals with the self-action of CW
laser radiation at 532 and 1064 nm is studied. It is shown that
the incorporation of anatase nanoparticles changes the sign of the
refractive nonlinear optical response relatively to that for the KDP
crystal matrix at 532 nm due to the resonance overlapping of the
energy states of intrinsic defects in the crystal matrix and the sur-
face states of TiO2 nanoparticles. The sign and the magnitude
of the photoinduced variations depend on the concentration of in-
corporated nanoparticles, crystal growth sector, and irradiation
wavelength.

1. Introduction

Single crystals (SCs) of potassium dihydrogen phos-
phate (KDP) draw the special attention due to their
unique collection of properties: the wide range of a
transparency, electrooptical and piezooptical effects, rel-
atively high value of a second-order nonlinear suscepti-
bility, and the possibility of growing the large-size crys-
tals. They are among few materials widely used in in-
dustrial laser facilities as the frequency multipliers, para-
metric amplifiers, and electrooptical shutters.

Nowadays, the design of new nonlinear optical (NLO)
materials based on the inorganic water-soluble matrices
with the addition of organic and inorganic impurities
[1–3] is urgent. The control of a variety of important
characteristics gives rise to the applications of such sys-
tems as modeling objects in nonlinear optics, photonics,
and optoelectronics. Adding the certain organic and in-
organic impurities in KDP family crystals can improve
the useful properties of materials and devices based on
them [4–6].

The possibility of growing the KDP SCs with incor-
porated TiO2 nanocrystals of the anatase modification
has been shown recently [7]. The presence of anatase

nanoparticles (NPs) in the crystal matrix caused an en-
hancement of the cubic NLO response and a change of
the sign of the nonlinear refraction index of the com-
posite system at the excitation by picosecond pulses at
1064 nm. The effect has been explained by the resonant
excitation of TiO2 NPs surface defect states under the
resonant picosecond laser irradiation [8].

The KDP SCs are widely used for the laser radiation
frequency conversion in powerful laser setups. The ba-
sic phenomenon limiting their output power is the low
laser-induced damage threshold [9]. Therefore, the un-
derstanding of its nature is important for the further
improvement of functional properties of these systems.
It is considered that the laser-induced damage thresh-
old is determined by intrinsic KDP defects (not of the
origin of impurities), which are formed at the stage of
crystal growth or during the interaction of the laser radi-
ation with a crystal. These defects have been identified
by electron paramagnetic resonance and optical spec-
troscopy techniques as (i) interstitial hydrogen atom H0;
(ii) the A-radical – [HPO4]−, the hole polaron localized
on the oxygen ion near the hydrogen vacancy; (iii) the B-
radical – [H2PO4]0, the autolocalized hole polaron; (iv)
electron center (PO3)2− based on the oxygen vacancy,
and were studied in the nanosecond [10, 11] and fem-
tosecond ranges of pulse duration [9, 12].

At room temperature, the transient absorption of
KDP SCs in the 1.5–4.0-eV range with a maximum of
about 2.3 eV is related to optical transitions between va-
lence band (VB) states and local states corresponding to
the hole center in the form of A- or B-radical [13]. Elec-
tron centers based on oxygen vacancies (PO3)2− in the
KDP crystals can be associated with the optical absorp-
tion band in the range of 1–2 µm [14]. The comparison
of data obtained in nano- and femtosecond ranges con-
firms the participation of oxygen vacancies in the crystal
laser-induced damage [9].
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The self-action technique of continuous wave (CW)
laser irradiation at 532- (2.33 eV) and 1064-nm (1.17 eV)
wavelengths was used to study partial contributions of
the KDP matrix intrinsic defects and the anatase NPs
subsystems to the NLO response of the material and
their interaction. Such approach has been approved for
the investigation of organic dye aggregates in a liquid
crystal matrix [15, 16]. In the following text, we will refer
the laser excitation condition at 532 nm as resonant,
because it corresponds to the resonant excitation of the
KDP and the anatase VB electrons into A-/B-radicals
states of the matrix and into a deep defect state of the
NPs [17], respectively.

Laser quanta 1.17 eV (1064 nm) in energy can excite
the oxygen vacancies in the KDP matrix [18] (the mech-
anism is insufficiently studied) and electrons trapped at
the deep states in the gap of anatase. The energy is
also enough to activate the migration of protons in the
KDP matrix [13]. We suggest that the latter mechanism
is the most important in the photoinduced variation of
the refractive index under the CW laser excitation, be-
cause the volume fraction of NPs in the composite sys-
tem does not exceed 6×10−5 %. The photoexcited elec-
trons in NPs are trapping on their interfaces and can
affect the matrix local hydrogen bonds network redistri-
bution. The formation of electron centers (interstitial
H0) is possible due to redox reactions.

At room temperature, the thermostimulated migra-
tion of hole polarons and H0-centers takes place. It is
not accompanied with the charge carriers injection into
the conduction or valence band. The slow components
of transient photoinduced processes with characteristic
relaxation times from tens of milliseconds to seconds are
referred to the processes of tunnel recharging of defects
or annihilation of hydrogen vacancies associated with im-
purity/structural defects [13], which are controlled by
the diffusion transport of hydrogen atoms. Therefore,
under the CW laser excitation, the anatase NPs can sig-
nificantly affect the hydrogen bonding network and the
mobility of defects in the KDP crystalline matrix, which
results in the photoinduced changes of the refractive in-
dex.

2. Samples

Nominally pure KDP SCs and crystals with incorpo-
rated TiO2 NPs were grown by the temperature reduc-
tion method [7]. The anatase NPs were obtained by
the method of precipitation with subsequent microwave
heating and calcination of the resultant powder [8]. The
average dimension of anatase NPs determined from the

data of transmission electron microscopy and X-ray anal-
ysis was 15 nm. The concentration of NPs in the growth
solution varied from 10−5 to 10−3 wt. %. Incorpora-
tion of TiO2 NPs in the crystal matrix does not reduce
significantly the growth rate.

X-ray analysis showed that TiO2 NPs do not dis-
tort the structure of the KDP:TiO2 SC, because, in the
growth process of the crystals, NPs are pushed aside
from the crystallization front, and then “captured” by
the boundaries between growth layer stacks [8]. This
leads to the formation of the 1D layered macroscopic
structure . . . KDP:TiO2:KDP. . . with a spatial period
of ∼ 15–20 µm. The high optical quality of KDP:TiO2

SCs was shown experimentally [19].
The experimental samples were cut from different

crystal growth sectors in the form of thin 10 × 10 × 0.8
mm3 plates perpendicularly to the optical axis (Z-
cuts) with faces oriented along the crystallographic axes.
Therefore, two series of samples were used in the exper-
iments: (a) those cut from pyramidal (P) growth sector
{101} and (b) from prismatic (Pr) growth sector {010}.
The anatase NPs incorporation layers are tilted to the
optical axis in the P sector and parallel in the Pr one. It
should be noted that the incorporation coefficient practi-
cally equals to 1 for the P sector, whereas it is two times
less for the Pr one. Thus, the NPs impact on the NLO
response of the composite system can differ significantly
for the samples cut from different growth sectors.

The linear transmittance spectra for nominally pure
and KDP:TiO2 crystals are presented in Fig. 1. The
transmission coefficients in the visible and near-IR
ranges are determined by the interfaces reflection losses.
In the UV range, the magnitude of transmittance for the
P and Pr sectors are different due to the fact that the P
samples contain less polyvalent impurities. It is worth
noting the enhancement of the transmittance of the Pr-4
sample (10−4 wt. %) against the pure crystal Pr at about
270 nm (Fig. 1,b), which is comparable with that of the
P one (Fig. 1,a). This takes place due to both the low
NPs concentration for the efficient UV absorption and
to the effective adsorption of the impurities (especially
polyvalent metal atoms) at the developed NPs interface
during the growth stage.

3. Experimental Setup

Self-action effects of continuous wave laser radiation in
KDP SCs with incorporated TiO2 NPs were characte-
rized by analyzing a distortion of the angular conver-
gence/divergence of the beam focused on the sample
and a variation of the sample transmittance versus the

160 ISSN 2071-0194. Ukr. J. Phys. 2012. Vol. 57, No. 2



PHOTOINDUCED REFRACTIVE INDEX VARIATION

laser intensity. The experimental setup and the tech-
nique were described in [16]. The measurements were
performed with CW diode-pumped laser sources at 532
nm (2.33 eV) and 1064 nm (1.17 eV) with Gaussian spa-
tial beam profiles. The laser power was varied by up
to 15 mW using a neutral attenuator, whose transmis-
sion was ranged between 1% and 50%. The characteris-
tic diameters of laser beams on the samples were about
0.2/0.3 mm for 532/1064-nm laser sources, respectively,
and did not change over the time of the experiment.

The variation of the sample transmittance versus the
laser intensity I characterizes photoinduced changes of
the optical absorption Δα = βI ∼ Im(χ(3))I, where
β is the efficient two-photon absorption coefficient, and
χ(3) is the cubic NLO susceptibility; Im(χ(3)) > 0 and
Im(χ(3)) < 0 correspond, respectively, to the photoin-
duced darkening of the sample (ΔT < 0) and to the
photoinduced bleaching (ΔT > 0). The total trans-
mittance of the sample with account of the Gaussian
spatial beam profile T (I) = Tlin ln(1 + q)/q is defined
by the linear (spectral) transmittance Tlin and the NLO
one; q(I) = βILeff is a dimensionless parameter that
is proportional to the laser intensity I, β, and the
effective self-action length Leff = (1 − exp(−αL))/α,
where L is the sample length, and α is the optical
absorption coefficient. Estimations of Im(χ(3))) were
performed by the approximation of the obtained ex-
perimental dependences with the T (I) formula [17].
In order to study the optical absorption photoinduced
changes precisely, the samples were positioned on a
photodiode aperture in order to avoid the scattering
losses. The distance between the lens and the sam-
ple was varied to change the laser beam diameter on
the sample and therefore, the intensity range to ope-
rate.

The photoinduced variation of the refractive index of
the samples is analyzed by changes of the transmittance
through the diaphragm (so-called on-axis transmittance)
in the far field versus the laser intensity. The samples
were positioned after the beam waist. The positive re-
fractive index variation (Δn > 0 – self-focusing effect)
provides the focusing and the narrowing of the trans-
mitted beam in the far field and an enhancement of the
on-axis transmittance through the diaphragm. The neg-
ative variation (Δn < 0 – self-defocusing effect) causes
an increase of the beam diameter and a reduction of the
on-axis transmittance. The refractive index variation is
proportional to the real part of the cubic NLO suscepti-
bility Δn = n2I ∼ Re(χ(3))I. The technique of the esti-
mation of parameters is described in [16]. The reversibil-
ity of the NLO response was checked by the consequent
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Fig. 1. Transmittance spectra of the pure KDP and KDP:TiO2

crystals cut from pyramidal (a) P and prismatic (b) Pr growth
sectors: 1 – nominally pure KDP; 2, 3 and 4 – KDP:TiO2 with
10−5, 10−4 and 10−3 wt.% of TiO2 NPs in the growth solution

rise and the decrease of the laser power/intensity with
an attenuator. The obtained dependences of the total
and on-axis transmittances versus the laser intensity of
the studied samples were reversible.

4. Experimental Results

The results of studies of the photoinduced transmittance
variation ΔT in KDP SCs due to the self-action effects
at 532 and 1064 nm are presented in Fig. 2. All depen-
dences were normalized to the linear transmission coef-
ficient of the samples obtained from the spectroscopic
data (Fig. 1). At the 532-nm wavelength, the minor
photoinduced bleaching (< 0.5 %) is observed in the in-
vestigated crystals from both growth sectors. At the
1064-nm wavelength, the photoinduced darkening is ob-
served. Its magnitude is less in the Pr sector samples
than that in the P ones. The effect depends on the con-
centration of incorporated TiO2 NPs insignificantly.

The imaginary parts of the cubic NLO susceptibil-
ity Im(χ(3)) estimated in the laser intensity range 5–
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Fig. 2. Normalized total transmittance versus the laser intensity
for nominally pure KDP single crystals from the pyramidal (cir-
cles) and prismatic (triangles) sectors at 532 (P and Pr) and 1064
(P’ and Pr’) nm

10 W/cm2 are presented in Table. The symbolic nota-
tion of the samples given in the table is used in what
follows. The magnitude of the bleaching effect at 532
nm increases with the concentration of anatase NPs for
the P samples and slightly decreases for the Pr samples.
At 1064 nm, the NPs incorporation slightly increases the
Im(χ(3)) for both growth sectors. The analysis of the to-
tal transmittance photoinduced changes shows that, in
the investigated intensity range, the observed ΔT can be
connected with the excitation and the relaxation of the
matrix intrinsic defect states [13]. The negligible pho-
toinduced darkening of the KDP crystals at 1064 nm
can be associated with the excitation of the oxygen va-
cancies gap states and the proton migration activation
effect.

The photoinduced variation of the on-axis transmit-
tance in the far field due to the self-action of the CW
laser radiation is presented in Fig. 3 for the SCs cut from
the P sector. All dependences are normalized to the
corresponding on-axis transmittance coefficient at the
low-intensity range (I < 1 W/cm2). The dependences
for the KDP and KDP:TiO2 crystals differ significantly.
The self-focusing effect (Δn > 0) takes place for the P
sample at 532 nm, which corresponds to the resonant
excitation of the matrix intrinsic defects. The resonant
excitation of the NPs surface defect states causes the
interaction of photoinduced charge carriers at their in-
terface with the H-bonding network and the refractive
NLO response sign change. At a relatively low intensity,
the self-focusing (Δn > 0) turns into the self-defocusing
(Δn<0) one. The last effect saturates, as the intensity

1.00

1.02

1.04

0 5 10 15
0.98

0.99

1.00

O
n

-a
x

is
 t

ra
n

sm
it

ta
n

ce

n >0 @ 532 nm

(a)

3

2

1

O
n

-a
x

is
 t

ra
n

sm
it

ta
n

ce

n< 0 @ 1064 nm

Laser Intensity, W/cm
2

3

2

1

(b)

Fig. 3. Normalized on-axis transmittance in the far field versus
the laser intensity at 532 (a) and 1064 (b) nm for the crystals cut
from the pyramidal growth sector: P (1), P-5 (2) and P-4 (3). The
sample notation is presented in Table

grows, and turns to the self-focusing regime, which is
typical of the KDP crystal matrix. At 1064 nm, the
beam self-defocusing is observed at relatively low inten-
sities in the nominally pure P crystal. The anatase NPs
incorporation causes the increase of the effect. The fur-
ther increase of the laser radiation intensity results in
the saturation of the self-defocusing effect.

The magnitudes of the real part of the cubic NLO
susceptibility Re(χ(3)) at I < 5 W/cm2 and the pho-
toinduced refractive index variation Δn at 3 W/cm2 are
presented in Table. The estimations were performed for
the P and Pr sets on the basis of the on-axis transmit-
tance dependences presented in Figs. 3 and 4.

For the P set, we can conclude the following. The
refractive NLO response of the KDP SCs and the im-
pact of anatase NPs on the Δn variation are signifi-
cantly different in the case of the resonant excitation
and at 1064 nm. However, in both cases, the NPs
incorporation leads to a negative contribution to the
on-axis transmittance changes of the samples. At the
resonant excitation, the refractive NLO response sign
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T a b l e. Imaginary and real parts of the cubic nonlinear optical susceptibility χ(3) and photoinduced changes
of the refractive index Δn at 532 and 1064 nm for the KDP and KDP:TiO2 single crystals with various TiO2 NPs
concentrations in the growth solution cut from the pyramidal (P) and the prismatic (Pr) growth sectors

Wavelength 532 nm 1064 nm
Growth TiO2 NPs, Notation Im(χ(3)), Re(χ(3)), Δn, Im(χ(3)), Re(χ(3)), Δn,
sector wt. % 10−7 esu 10−4 esu 10−5 10−7 esu 10−4 esu 10−5

0 P –1.6 10 6.9 1.6 –0.7 –0.5
P 10−5 P-5 –2.5 –1.7 –1.2 3.6 –1.3 –0.9

10−4 P-4 –5.3 –0.8 –0.6 2.6 –1.6 –1.1
0 Pr –4.3 –1.5 –1.1 2.1 –1.7 –1.2

Pr 10−5 Pr-5 –3.5 5.3 3.6 2.7 –1.5 –1.1
10−4 Pr-4 –2.5 6.2 4.2 3.9 –1.3 –0.9
10−3 Pr-3 –2.4 3.7 2.6 4.5 –0.5 –0.4

changes in KDP:TiO2 SCs relatively to the matrix one.
At 1064 nm, only the magnitude of self-defocusing effect
grows.

The normalized on-axis transmittance in the far field
versus the laser intensity for the Pr series is presented in
Fig. 4. One can see the drastic NLO response modifica-
tion, as the NPs concentration in the matrix increases.
For the resonant excitation at 532 nm, the minor self-
defocusing Δn < 0 in the Pr sample in the initial in-
tensity range turns into a substantial self-focusing effect
with the incorporation of anatase NPs. The mentioned
features are opposed to the corresponding ones in the
P set response. The magnitude of self-focusing effect
increases with the NPs concentration. With the fur-
ther increase of the laser intensity, the effect saturates
and turns into the self-defocusing typical of the KDP SC
matrix.

At 1064 nm, the weak self-focusing of the beam in the
initial intensity range saturates and turns into the effec-
tive self-defocusing in the Pr sample. For the KDP:TiO2

SCs, the self-defocusing effect starts at lower radiation
intensities, and its magnitude decreases with the rise of
the anatase NPs concentration. The last feature is the
most pronounced in the Pr-3 sample.

According to the data in Table, the incorporation of
NPs into the P sector changes the sign and reduces the
refractive NLO response at 532 nm by about one or-
der. In the Pr sector, the self-defocusing in the crystal
matrix (Pr: Δn = −1.1 × 10−5) is replaced by the self-
focusing in the case of KDP:TiO2 (Pr-4: 4× 10−5). The
532-nm irradiation causes the resonant excitation both
of the KDP matrix and the anatase NPs intrinsic defect
states. Therefore, the incorporation of TiO2 NPs effec-
tively changes the refractive NLO response of the com-
posite system. At 1064 nm for the P sector, the effect of
self-defocusing in the matrix (P: −0.5× 10−5) increases
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Fig. 4. Normalized on-axis transmittance in the far field versus
the laser intensity at 532 (a) and 1064 (b) nm for the crystals cut
from the prismatic growth sector: Pr (1), Pr-5 (2), Pr-4 (3) and
Pr-3 (4). The sample notation is presented in Table

twice with the NPs incorporation (P-4: −1.1 × 10−5).
On the contrary, in the Pr sector, the incorporated NPs
reduce the self-defocusing effect in the KDP matrix.

The comparison of the photoinduced variations of the
refractive index/absorption (Re(χ(3))/Im(χ(3))) reveals
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the prevalence by three orders of magnitude of the re-
fractive contribution versus the absorptive one. This
means the following: the weak photoinduced absorption
of intrinsic defects of the crystalline matrix and anatase
NPs subsystems causes the essential non-local charges
redistribution in the composite system. Due to a high
mobility of protons, we can conclude that the efficient
photoinduced refractive response is defined by a pertur-
bation of the network of hydrogen bonds by the resonant
CW laser excitation.

5. Discussion

The photoinduced changes of the optical absorption and
the refractive index of KDP:TiO2 SCs can be associated
with the resonant excitation of intrinsic defect states of
the crystalline matrix and TiO2 NPs surface states. The
most important factor of the defect formation mecha-
nism in KDP SCs is the radiation-induced displacement
of a proton from its normal site [20]. UV or visible light
irradiation can cause the breaking of O-H· · ·O bonds,
and the diffusion of hydrogen atoms in the crystal lat-
tice can occur. This mechanism is responsible for the
transient optical absorption of the crystal at room tem-
perature [12], which was experimentally confirmed in
[13, 21]. Within the model, the formation of absorp-
tion centers occurs as follows: a proton captures an elec-
tron and becomes a neutral hydrogen atom H0, which
moves to the interstitial position due to the thermal dif-
fusion. The oxygen atom closest to the formed hydrogen
vacancy captures a hole and forms the radical [HPO4]−
(A-radical). The formation of an autolocalized hole cen-
ter [H2PO4]0 (B-radical) is also possible.

The photoinduced changes of optical absorption in the
KDP:TiO2 SCs are negligible (Fig. 2). The processes are
stationary under the CW laser radiation. Some mech-
anisms are compensated by others, and, therefore, the
NLO changes of optical absorption are weak. At the
same time, there are the significant changes of the on-
axis transmittance (Figs. 3 and 4), corresponding to
refractive index variations. The presence of the reso-
nant excitation of defect states by quanta of light with
an energy of ∼ 2.3 eV causes the low threshold refractive
NLO response at the 532 nm. Effective changes in the
refractive index therewith are Δn ∼ 10−5.

Anatase NPs can change the concentration of defects
in the KDP:TiO2 SCs due to redox processes on their
surface. At the resonant excitation of surface defect
states, an electron can be trapped on the NP interface
[17]. The further impact on the matrix structure may
follow such mechanisms: 1) electrons on the surface of

NPs can attract the proton from an O–H· · ·O bond; 2)
a proton can capture an electron and, after transforming
to a neutral hydrogen atom H0, can shift to the intersti-
tial region. Such nonlocal rearrangement of crystalline
matrix hydrogen bonds may change the sign and the
magnitude of the refractive NLO response of KDP:TiO2

SCs relatively to the KDP crystal one.
The different impact of anatase NPs on the sign of the

NLO refractive response in the prismatic and pyramidal
sectors can be explained by various orientations of the
growth layers with the incorporated NPs toward to the
optical crystal axis – parallel and tilted in the Pr and P
series, respectively. For the studied Z-cut Pr samples,
the self-focusing effect was observed due to the Δn > 0
variation in the layers with incorporated NPs. On the
contrary, in the P samples, this variation causes a phase
contrast enhancement of the tilted layers and a broaden-
ing of the beam, which corresponds to the self-defocusing
effect in the whole composite material. The proposed
explanation is proved by the study of the scattering in-
dicatrix and extinction losses in the samples at 532 nm
under the same excitation conditions [19]. The scatter-
ing losses in the P samples monotonically increase with
the NPs concentration in the matrix. We have observed
a scattering losses reduction in Pr-4 in comparison with
Pr-5 and Pr-3 samples under resonant excitation condi-
tions. At the He-Ne laser excitation at 633 nm, the NPs
incorporation enhances the scattering effect.

Thus, it is shown that the photoinduced variation Δn
in KDP and KDP:TiO2 SCs strongly depends on the in-
trinsic defects concentration in the SC matrix, the crys-
tal growth sector, and the concentration of incorporated
anatase NPs under the resonant excitation with the CW
laser radiation. The observed phenomenon gives a pos-
sibility to monitor the intrinsic defects and the incorpo-
rated NPs subsystems in the novel composite material
in order to predict its laser-induced damage threshold.

The less efficient non-resonant NLO response at 1064
nm can be applied to the study of the diffusion transport
of protons and vacancies in the crystalline matrix by the
optical technique.

6. Conclusions

For the first time, the concentration dependence of the
cubic nonlinear optical response for different growth
sectors of KDP single crystals with incorporated TiO2

nanoparticles (anatase modification) under the CW laser
excitation at 532 and 1064 nm is studied. It is shown
that the minor photoinduced changes of the optical ab-
sorption take place in the crystals with typical values
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of the imaginary part of the NLO cubic susceptibility
Im(χ(3)) ∼ 10−7 esu.

The TiO2 nanocrystals incorporation changes the sign
of the refractive NLO response of the composite system
at 532 nm. In the pyramidal growth sector, the self-
focusing effect in KDP changes to the self-defocusing in
KDP:TiO2. On the contrary, in the prismatic one, the
self-defocusing in the crystal matrix turns into the self-
focusing in crystals with TiO2 nanoparticles. This fact
can indicate the resonant interaction of the subsystem of
nanoparticles with intrinsic defects of the crystal matrix.
At 1064 nm, the incorporation of nanocrystals changes
the refractive NLO response. We propose to apply the
effect to monitoring the intrinsic defects and the incor-
porated NPs subsystems in the KDP-family materials in
order to control their laser-induced damage threshold.

The obtained data give a possibility to develop an ap-
proach to the control over the phase matching conditions
of the second harmonic generation process in KDP and
KDP:TiO2 crystals with the additional CW laser irra-
diation of a crystal at a wavelength of 532 nm. The
photoinduced refractive index variation Δn ∼ 10−5 at
moderate laser intensities can shift the tuning curves of
the generation wavelength by up to 10 nm. The magni-
tude of the tuning effect depends on the laser radiation
intensity, the growth sector of the crystal matrix, and the
concentration of incorporated anatase nanoparticles.

The work was supported with the joint grants NASU-
STCU #4956 and RFBR-SFFR #Φ40.2/098.

1. B. Kahr and R.W. Gurney, Chem. Rev. 101, 893 (2001).
2. K.L. Wustholz, B. Kahr, and P.J. Reid, J. Phys. Chem.

B 109, 16357 (2005).
3. S.K. Kushwaha, Mohd. Shakir, K.K. Maurya et al.,

J. Appl. Phys. 108, 033506 (2010).
4. F. Ben Brahim and A. Buloub, Mater. Chem. Phys. 130,

24 (2011).
5. P. Kumaresan, S.M. Babu, and P.M. Anbarasan, J.

Cryst. Growth 310, 1999 (2008).
6. J. Podder, J. Crystal Growth 237, 70 (2002).
7. I. Pritula, V. Gayvoronsky, M. Kopylovsky et al., Funct.

Mater. 3, 420 (2008).
8. I. Pritula, V. Gayvoronsky, M. Kolybaeva et al. Opt.

Mat. 33, 623 (2011).
9. G. Duchateau, G. Geoffroy, A. Dyan et al., Phys. Rev. B

83, 075114 (2011).

10. C.W. Carr, H.B. Radousky, A.M. Rubenchik et al., Phys.
Rev. Lett. 92, 087401 (2004).

11. S. Demos, R. Negres, P. Demange et al., Opt. Express
18, 13788 (2010).

12. J. Davis, R. Hughes, and H. Lee, Chem. Phys. Lett. 207,
540 (1993).

13. I. Ogorodnikov, V. Yakovlev, B. Shul’gin et al., Phys.
Solid State 44, 845 (2002).

14. N. Garces, K. Stevens, S. Demos et al., J. Appl. Phys.
89, 47 (2001).

15. V.Ya. Gayvoronsky, S.V. Yakunin, V.M. Pergamenshchik
et al., Laser Phys. Lett. 3, 531 (2006).

16. V. Gayvoronsky, S. Yakunin, V. Nazarenko et al., Mol.
Cryst. Liq. Cryst. 426, 231 (2005).

17. V. Gayvoronsky, A. Galas, E. Shepelyavyy et al., Appl.
Phys. B 80, 97 (2005).

18. D.L. Griscom, E.J. Friebele, K.J. Long et al., J. Appl.
Phys. 54, 3743 (1983).

19. V. Gayvoronsky, V. Starkov, M. Kopylovsky et al., Ukr.
J. Phys. 55, 876 (2010).

20. C.S. Liu, Q. Zhang, N. Kioussis et al., Phys. Rev. B 68,
224107 (2003).

21. S.D. Setzler, K.T. Stevens, M. Yan et al., Phys. Rev. B
57, 2643 (1998).

Received 26.09.11

ФОТОIНДУКОВАНI ЗМIНИ ПОКАЗНИКА ЗАЛОМЛЕННЯ
МОНОКРИСТАЛIВ KDP З IНКОРПОРОВАНИМИ
НАНОЧАСТИНКАМИ TiO2 ПРИ НЕПЕРЕРВНОМУ
ЛАЗЕРНОМУ ЗБУДЖЕННI

В.Я. Гайворонський, М.А. Копиловський, В.О. Яцина,
А.I. Ростоцький, М.С. Бродин, I.М. Притула

Р е з ю м е

Вперше дослiджено вплив нанокристалiв дiоксиду титану у мо-
дифiкацiї анатазу на фотоiндукованi змiни оптичного погли-
нання та показника заломлення монокристалiв KDP при само-
впливi неперервного лазерного випромiнювання на довжинах
хвиль 532 i 1064 нм. Показано, що iнкорпорування наночасти-
нок анатазу змiнює знак рефрактивного нелiнiйно-оптичного
вiдгуку порiвняно з вiдгуком матрицi кристала KDP на дов-
жинi хвилi 532 нм внаслiдок резонансного перекриття енерге-
тичних положень власних дефектних станiв матрицi i поверх-
невих станiв наночастинок TiO2. Знак i величина фотоiндуко-
ваних змiн залежать вiд концентрацiї iнкорпорованих наноча-
стинок, сектора росту кристала та довжини хвилi лазерного
випромiнювання.

ISSN 2071-0194. Ukr. J. Phys. 2012. Vol. 57, No. 2 165


