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Potassium Dihydrogen Phosphate crystals (KDP) doped with the organic Xylenol
Orange (XO) dye are grown, the XO concentration in the crystal matrix is about 10 ppm.
The spectral and luminescent properties of nominally pure, dye-doped and the dye-
doped/annealed at 150°C crystals (KDP, KDP:XO and KDP:XO, ) are measured. The
annealing temperature effect on the degree of dye protonation in the crystal matrix is
established. Analysis of the IR-absorption spectra reveals a strong interaction between the
incorporated dye molecules and the hydrogen subsystem of the matrix. The nonlinear
optical (NLO) properties of KDP, KDP:XO and KDP:XO,, crystals are studied within the
self-action effect of picosecond laser pulses at 532 nm. The mechanism of photoinduced
bleaching and the effects of laser beam self-focusing (in KDP) and self-defocusing (in
KDP:XO and KDP:XO, ) are supposed to be due to resonance excitation of the subsystems
of intrinsic defects and dye molecules, correspondingly. For KDP:XO,, it is shown thermal
annealing of intrinsic crystal defects leads to domination of more effective NLO response
of the subsystem of dye molecules that is correlated with photoluminescence data.

BripaleHsl KpHCTaJNJILI gurugpodocdara Kajans, JOMUPOBAHHLIE KPACUTEJIeM KCHUJIEHOJO-
BeIM opamkeBeIM (KO), konnenrpanusa KO B marpurne xpucranna nopsazka 10 ppm. Wsmepe-
HBI CIIEKTPajJbHbIe U JIOMUHECIeHTHbIE CBOMCTBA HOMMHAJBLHO UHCTOTO U JOIHUPOBAHHOTO
KPHCTAJJIOB, a TaK’Ke MOIMPOBAHHOIO KpHcrajia, oroxikenunoro mpu 150°C (KDP, KDP:KO
u KDP:KO,, ). YcraHOBIeHO BINAHWE TEMIEPATyDPhl OTKWTA HA CTEIeHb IPOTOHMPOBAHMSA
Kpacurejs B Kpucrajgaundyeckoil marpure. Axanmud MK-cnekTpa mOrjonieHnsi CBUAEeTEeIbCTBY-
eT O CHJIbHOM BB3aHMMOJIEHCTBUH MOJIEKYJ KPACHUTEeJSA C IPOTOHHOI IIOACHUCTEMOM MATPUIIHI.
Wsyuensr menmueiino-ontuyeckue (HJIO) csoiicrsa KDP, KDP:KO u KDP:KO,, . kpucran-
JIOB IIPU CaMOBO3IEHCTBMM INUKOCEKYHIHBLIX JIA3ePHBIX MMIIYJIbCOB Ha 532 M. [Ipexamosara-
eTCs, YTO MexXaHu3M (POTOMHIYIIMPOBAHHOrO IIPOCBeTeHus 1 9PdeKTsl caModOKyCUPOBKHY (B
KDP) u pedorycuposku (8 KDP:KO u KDP:KO,, ) o6ycioBIeHE PE30OHAHCHBIM BO30YsIe-
HUEeM II0JCHUCTE€MbI BHYTPEHHUX Ne(heKTOB M IIOJCHCTEMBLI MOJIEKYJ KPACHUTeJsi COOTBETCTBEH-
"Ho. Iloxasamo, 4To B KDP:ROomM TePMOOTIKUI' Ae(PEKTOB IPUBOIUT K JOMUHHPOBAHUIO
6onee sappextuBHoro HJIO oTKIMKA IOACHCTEMBI MOJIEKYJ KPACHUTENsd, UYTO KOPPEJUpPyer ¢
JaHHBIMYA (QOTONIOMUHECIEHI[HH.

© 2008 — Institute for Single Crystals

Nonlinear optical (NLO) crystals, in par-
ticular, potassium dihydrogen phosphate
crystals (KDP, KH,PO,), are widely used for
frequency conversion and optical switching
in modern optoelectronics and photonies [1].
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Moreover, these crystals are successfully
used as a model system for studying the
mechanism of crystal growth from the solu-
tion, as well as for finding out a relation
between nonlinear optical properties and
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crystal structure. It is widely discussed in
the literature the possibility to create new
NLO media based on complex combinations
of water-soluble inorganic matrices with or-
ganic impurities [2]. Special emphasis is
laid on the development of solid state dye
lasers in which laser radiation conversion
and subsequent pumping of organic dye are
realized in the same medium [3—6]. The
dyes absorb in the range of 500-550 nm,
thus the second harmonic generation of
Nd:YAG laser light (532 nm) is suitable for
pumping the dyes incorporated in the host
crystal in order to achieve lasing effect.

As shown in [7-9] KDP crystals can ab-
sorb a variety of organic molecules, such as
Chicago Sky Blue, Amaranth, Sunset Yel-
low, Trypan Blue, Direct Blue, Stilbene,
Xylenol Orange, Methylthymol Blue etec. In
our previous paper [9] experimental results
were presented and discussed concerning
the influence of organic dyes such as
Xylenol Orange and Methylthymol Blue on
the growth kinetics, habit modification and
coloration of KDP single crystals, as well as
the effect of external factors, e.g. UV- and
y-irradiation on the optical properties of
dye-doped KDP crystals.

Xylenol orange (X0) — 3,3'-bis[N,N-di(car-
boxymethyl)aminomethyl]-o-cresolsulfone-
phthalein is a water-soluble dye of
triphenylmethane group used as pH indica-
tor. Whereas XO forms stable complexes
with a number of transition metals, it is
widely used in analytical chemistry [10] and
in radiation dosimeters [11].

Thus, it may be stated that KDP crystals
doped with organic molecules such as
Xylenol Orange have the potential for com-
bining high optical nonlinearity and chemi-
cal flexibility of organic dyes with time and
thermal stability, excellent transmittance
and the optical nonlinearity of inorganic
matrix necessary for the creation of new
nonlinear optical media.

In this study the results of comprehen-
sive investigation of the influence of ther-
mal annealing on the spectral and nonlinear
optical properties of KDP single crystals
doped with Xylenol Orange dye are pre-
sented.

Pure and dye-doped KDP crystals were
grown by the method of temperature lower-
ing (see details at [9]). The dye-doped KDP
crystals had the dimensions 80x80x80 mm3
(Fig. 1).

The content of XO in the crystals was
determined by comparing the absorption
spectra of the samples and of the solutions
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Fig. 1. As grown KDP single crystal doped
with Xylenol orange dye.

with known dye contents. The dye concen-
tration in the growth solution was
500 ppm. We obtained colored prismatic
{100} sectors and transparent uncolored py-
ramidal {101} sectors with XO concentration
in the crystal of about 10 ppm.

The absorption spectra of pure and dye-
doped KDP crystals were measured in 200—
1100 nm wavelength region using UV-vis-
NIR spectrophotometer (Lambda 40, Perkin
Elmer), for IR-measurements (4000—
400 em™! range) Fourier spectrometer of
Perkin Elmer Spectrum One type was used
(the samples were mixed with KBr and
pressed into pellets). Photoluminescence
measurements were carried out on a spec-
trophotometer model SDL-2 (LOMO).

The self-action effect of mode-locked
Nd:YAG laser second harmonic radiation
(532 nm) in the crystals was studied by spa-
tial beam profile distortions analysis in the
far field [12]. The normal incidence direc-
tion of laser beam towards the crystals in-
terface does not correspond to phase match-
ing condition for harmonics generation,
thus we can omit the contribution of the
quadric NLO response. We recorded simul-
taneously the total transmittance of the
samples and the on-axis transmittance in
the far field, dealing with the photoinduced
absorption and the nonlinear refraction
index variation, versus the peak intensity
of 30 ps (FWHM) laser pulses. We were
working in single pulse extraction regime
with 5 Hz repetition rate. In order to meas-
ure NLO response in moderate intensity
range up to 15 MW/ecm? with high signal-
to-noise ratio the samples were positioned
at the distance 22 cm from the focusing
lens (focal length 11 cm) far beyond the
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Table 1. Samples characterization: thickness d, optical absorption coefficient o at 532 nm, XO
dye concentration n, and the laser intensities I, and I, corresponding to the peak of the
photoinduced transparency (maximum) and to the photobleaching saturation threshold (mini-
mum) of the total transmittance variation dependencies presented at Fig. 5a and Fig. 6a

Sample d, mm o, cm™! np, em™3 Ip, MW /cm?2 I, MW /cm?
KDP 0.86 0.004 - 1.5 4.4
KDP:XO 0.79 13.2 1017 3.8 7.5"
KDP:XO,, 0.79 10.8 1017 1.6 3.0
beam waist region. The intensity was con- D, au
trolled with neutral graded attenuator that [
did not deflect the beam. The crystals were
illuminated with diverging beam with 08
gaussian profile of about 0.5 mm (FWHM)
diameter at the sample plane. The on-axis 06}
(or closed aperture) transmittance through
1 mm radius diaphragm was registered at
the distance 56.5 cm from the focusing 0.4r
lens.
In the NLO experiments we have studied 021
thin polished crystalline plates with
10x10 mm cross-section (Z cut, prism), 0.0L 1 1 1 1 1 1
their thicknesses d was about 0.8 mm (see
Table 1). 08k
The samples meant for absorption and '
photoluminescence investigations were
manufactured in the form of 10x10x10 mm?3 06
cubes with optically polished faces oriented
along the crystallographic axes. 0.4F
All the experimental samples were cut
out of the colored prism growth sector {100}
and annealed in air at a temperature up to 02
15000. 1 1 1 1 1 1 ]

At room temperature the absorption
spectrum of XO-doped KDP crystals
(KPD:XO0) in 200-700 nm wavelength range
has three broad absorption bands at 280,
340 and 475 nm caused by the presence of
the dye [9]. As seen from Fig. 2a, the band
with A,,, =475 nm has a complex struc-
ture and can be approximated by the resolu-
tion of the basic curve into two Gaussians:
G; (with A, = 475 nm, the half-width
~117 nm, the integral area under the curve
~126) and G4 (with A,,,. =570 nm, the
half-width ~41 nm, the integral area under
the curve ~9). Annealing of the doped sam-
ples at temperatures up to 150°C is not ac-
companied with destruction of the dye.
Meanwhile, heating of the sample gives rise
to redistribution of the intensity in the
bands G; (with A,,,. =522 nm, the half-
width ~95 nm, the integral area under the
curve ~36) and Gq (with A, = 575 nm, the
half-width ~83 nm, the integral area under
the curve ~17). Moreover, under such condi-
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Fig. 2. Absorption spectra of KDP:XO crystal
in the region of singlet-singlet transition at
25°C (a) and of the sample annealed at 150°C

(b).

tions the ratio of the integral Gaussian
areas essentially changes: Sg;:Sqs = 14:1
(KDP:X0O sample prior to annealing),
Sc1:8ge = 2:1 (KDP:XO after annealing).
The color of the annealed KDP:XO samples
changes from yellow-red to purple-red.
Xylenol Orange has 10 possible ionic
forms in aqueous solution. The pH factor
controls which of these forms are present
in solutions and their partial concentration.
It is known that the dye is present in the
solution (pH = 4.1) in two molecular forms
[13] H3XO3‘ and H2XO4‘. The dominating
form of the dye is H3XO3‘ which manifests
itself in the main absorption peak at A, =
475 nm (G,) in the spectrum shown in Fig. 2a.
The presence of the dye in the form H2XO4‘
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Fig. 3. (a) Photoluminescence spectra with
different excitation wavelength of KDP:XO
550 nm (I), 490 nm (2) and of pure KDP
crystal — 490 nm (3); PL excitation spec-
trum of KDP:XO crystal with monitor at
550 nm (4); (b) KDP:XO,, PL spectra with
excitation wavelength 550 nm (1), 530 nm
(2), 490 nm (3) and PL excitation spectrum
with monitor at 630 nm (4). Sample before
(a) and after annealing at 150°C (b).

corresponds to the features of the long-
wavelength region of the band with A, =
575 nm (G,). Analysis of the structure of
the absorption band in the region of singlet
transition for the annealed samples reveals
that the annealing of the crystals leads to
redistribution of the integral area wvalues
for G; and G, responsible for the change of
the relative concentration of the dye in dif-
ferent molecular forms (Fig. 2b) — the con-
centration of H3XO3‘ (G band) diminishes,
whereas the concentration of H,XO* (G,
band) considerably increases. Thus, the ob-
served transformation of the spectrum tes-
tifies to the fact that the annealing of
KDP:XO crystals changes the molecular
form of the dye: HzXO3—>H,XO*. This is
analogous to the effect of the pH factor
change of for aqueous XO solution [9].
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Fig. 4. FTIR spectra of pure KDP (a) and
KDP:XO samples (b).

The excitation and photoluminescence
(PL) spectra of the samples of nominally
pure KDP, dye-doped KDP crystals which
did not undergo thermal treatment and dye-
doped KDP crystals subjected to thermal
annealing at 150°C, were investigated in
400-700 nm wavelength region. The ob-
tained data are presented in Fig. 3a, b. The
excitation and photoluminescence spectra of
non-annealed and annealed KDP:XO crys-
tals are practically identical. Thereat, for
Amax ~ 970 nm the excitation spectra of
both samples coincide with the absorption
band which corresponds to the dye in the
molecular form H2XO4‘: Mnax = 975 nm.
The measurements of PL performed while
shifting the excitation wavelength towards
the short-wave range of the spectra show
that the luminescence intensity diminishes.
This confirms the fact that the main contri-
bution to luminescence belongs to the ab-
sorption center H,XO%".

FTIR spectral analysis of KDP:XO single
crystals was carried out in the medium in-
frared region extending from 400 to
4000 cm~l. The spectrum is shown in Fig-
ure 4. The presented IR absorption spec-
trum of pure KDP crystal is unambiguously
interpreted and coincides with known litera-
ture data [14-16]. In the IR-spectrum of
KDP:X0O crystal the vibration connected
with free OH stretching, which reveals at
3600 cm ! in pure KDP [17], is absent, and
this fact obviously testifies to a strong in-
teraction between Xylenol Orange molecules

Functional materials, 15, 4, 2008
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Fig. 5. The total transmittance (a) and on-
axis transmittance (b) of pure KDP crystal
normalized on linear transmittance T, ver-
sus the peak laser intensity at 532 nm (refer-
ence — air).

with OH groups. The absorption at
3441 cm™! in the doped crystals may be at-
tributed to hydrogen bonded OH stretching.
It is to be noted that there are observed
essential changes for the absorption region
of the combination bands (1500-1700 cm™1),
in particular, KDP:XO crystal has a broad
band with a maximum at 1657 em~1 which
corresponds to the asymmetrical and sym-
metrical vibrations (COO7) (1632 and
1400 em™1, respectively).

Significant data for characterization of
the subsystem of organic dye molecules in-
corporated into KDP crystal matrix may be
obtained while studying the NLO response
at the self-action of picosecond laser radia-
tion pulses of the second harmonic of
Nd:YAG laser. Such an approach proved to
be effective for the investigation of NLO
properties of low-dimensional subsystems in
complex heterogeneous systems of both in-
organic [18] and organic [19] origin.

The NLO response of the KDP crystal
with respect to air was used as a reference
standard for establishing the partial contri-
bution of the NLO properties of the organic
dye subsystem in the crystalline matrix.
The total transmittance of the pure KDP
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Fig. 6. The normalized total transmittance (a)
and the normalized on-axis transmittance in
the far field (b) versus the peak laser intensity
at 532 nm of KDP:XO — 1, and KDP:XOan — 2
(reference — corresponding NLO response of
the pure KDP presented at Fig. 5).

and on-axis transmittance in the far field
versus the peak laser intensity are pre-
sented at Fig. 5(a,b). Fig. 6(a,b) charac-
terize the total transmittance and the on-
axis transmittance in the far field in doped
KDP:XO and KDP:XO,, normalized on the
corresponding dependences of the NLO re-
sponse of pure KDP crystals accordingly.
To eliminate the contribution of photoin-
duced processes of bleaching/darkening
while estimating the refractive response of
the medium, the experimental dependences
of the on-axis transmittance in the far field
were normalized to the corresponding de-
pendences of the total transmittance coeffi-
cient on the intensity of incident laser ra-
diation [20] presented in Fig. ba, Fig. 6a
and all of curves were normalized to the
transmittance at low intensity levels in the
used registration geometry to reveal the
contribution of photoinduced variations.
Photoinduced changes of the crystals’
transmittance accompanying the rise of
laser radiation intensity (Fig. 5, 6a) allow
to estimate the changes in the imaginary
part of the cubic NLO susceptibility Im(y(3))
[12]. Analysis of the on-axis transmittance
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Table 2. Real and imaginary parts of the cubic nonlinear optical susceptibility % for the crystal
samples at the photobleaching (I < Ip) and the photobleaching saturation (Ip< I <1, ranges of the

peak laser intensities at 532 nm

Sample Reference I< Ip IP< I<I,
Re(x®), 1079 esu | Im(y®), 1079 esu | Re(x®), 10710 esu |Im(3®), 10710 esu
KDP air 0.8 -1.1 31.4 8.5
KDP:XO KDP -6.5 -0.5 8.1 -0.9
KDP:XO,,, KDP -11.0 -1.4 10.5 6.1

in the far field (Fig. 5, 6b) makes it possi-
ble to estimate NLO coefficient of the re-
fractive index, as well as the real part of
the cubic NLO susceptibility Re(y(3)) [18].

All the samples showed the effect of pho-
toinduced bleaching which reaches its maxi-
mum at the intensity Ip (Fig. 5, 6a) at the
initial stage. At the intensity I N (see Table 1)
the total transmittance has its maximum
T p) and at I < I, the negative values of the
coefficient Im(X(g)) < 0, the efficiency of
photo-induced bleaching makes ~ 1 % of the
value of linear transmittance T';, (Fig. 5, 6b).

At the next interval of the increas the
radiation intensity at I, <I < I, (see Table 2)
leads to decrease of the total transmission
(to differential darkening) of the samples:
Im(x®) > 0 provided that T(I) > Tyip- The
energy of the local minimum of the total
transmittance T(I;) corresponds to the
threshold saturation intensity I, ("switch-
off") of the primary mechanism of photoin-
duced bleaching.

I, and I, values for the dye subsystem in
non-annealed KDP:XO crystal (Table 1) es-
sentially differ from the corresponding val-
ues obtained for KDP and KDP:XO,, crys-
tals (I,(KDP:X0) I (KDP:XO,)). Such an
approach is explained by the fact that in
non-annealed KDP:XO the NLO response is
formed by the competitive contributions of
the defect subsystem of KDP crystal matrix
and the dye subsystem, as it takes place in
KDP:XO,, with reduced defect subsystem
of the crystal matrix. That is why, the ob-
served intensity values of the characteristic
photoinduced changes are considerably
shifted with respect to the corresponding
values of the said subsystems.

After saturation of the processes of
photo-induced bleaching of the dye mole-
cules in KDP:XO,,, the dependences of the
total transmittance for both crystals (Fig. 6,
1 > I,) practically coincide.

Laser beam self-focusing in the crystal is
observed in the form of the increase of the
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on-axis transmittance accompanied with the
effect of photoinduced rise of the transmit-
tance value of about 1 % in KDP at I<I
(Fig. 5b). The total transmittance of KDlg
reaches 92.2 % in the maximum of photo-
induced bleaching (at I = I,).

The expected values of imaginary
Im(x®)) = -1.1.10"9 esu and parts Re(x?®)) =
8-10719 esu calculated at KDP excitation in
the region of bleaching (I < I,) are by four
orders of magnitude higher tlgan the values
of the real component of the cubic NLO sus-
ceptibility obtained by other authors [21, 22]
at higher excitation intensities.

The observed effect is based on the reso-
nance excitation of the intrinsic and photo-
induced defects located in the band gap of
the KDP crystal. Transient optical absorp-
tion of hole polarons is experimentally inves-
tigated in [23], electronic structure calcula-
tions of intrinsic and extrinsic hydrogen
point defects in KDP are presented in [24].

The optical absorption of the subsystem of
KDP crystal defects and the subsystem of dye
molecules in KDP:XO,, crystals diminishes
under the action of pulsed laser radiation with
532 nm wavelength (2.33 eV) in a narrow in-
tensity range I <I,=4.4/3.0 MW /ecm? with
the maximum I, =1.5/1.6 MW/em? (see
Table 2). At higher excitation levels I > I,
the NLO response efficiency decreases es-
sentially and leads to small variations of
the coefficients of total and on-axis trans-
mittance in the far field.

The wavelength of laser excitation corre-
sponds to the resonance excitation in the
overlap of the two broad bands of dye ab-
sorption: at 575 nm (2.16 eV) and 474 nm
(2.61 eV) for the subsystem of the dye
molecules in KDP:XO,,. Similar effect of
excitation in the overlap of the wide bands
at 588 nm (2.11 eV) and 492 nm (2.52 V)
[23] bound up with defect states, is also
observed in KDP crystal. The estimation
made in [28] for the concentration of opti-
cal absorption centers in KDP at 2.2 eV
(564 nm) which is equal to 1017 em™3 corre-

Functional materials, 15, 4, 2008
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sponds to the concentration of dye mole-
cules (Table 1) in the matrix of this crystal.
This fact explains the characteristic ampli-
tudes and ranges of manifestation of photoin-
duced bleaching for the excited subsystems of
defects and dye molecules at the increase of
the resonance excitation intensity.

The NLO properties of the subsystem of
XO molecules in KDP:XO and KDP:XO,,
crystals in the range I < I, (Fig. 6a) accom-
panied with laser radiation self-defocusing,
i.e. decrease of on-axis transmittance in the
far field (Fig. 6b), shows an essential differ-
ence between the real and imaginary parts
of  the cubic NLO susceptibilities
yBYKDP:X0,,) - 2y®)(KDP:X0) (Table 2).
In KDP:XO crystal a good overlap of the
energy levels of the subsystems of intrinsic
defects and dye molecules in the crystal ma-
trix results in concurrence and partial com-
pensation of the response of each of the
systems. Due to thermal annealing of de-
fects in KDP:XO,, crystal, more efficient
NLO response of the subsystem of dye mole-
cules starts to dominate, and this is con-
firmed by the photoluminescence data.

The comprehensive investigation results
of the thermal annealing effect on the spec-
tral and nonlinear optical response of the
KDP single crystals doped with Xylenol Or-
ange dye are presented. It was studied the
dye molecules and the KDP matrix intrinsic
defects contributions into the NLO response
due to the self-action of the picosecond
laser pulses at second harmonic of mode-
locked Nd:YAG laser. The photoinduced re-
fractive index variations have different
signs for the intrinsic defects and the or-
ganic dye molecules sybsystems at the pho-
tobleachig range of the crystals. Magnitudes
of the real parts of the NLO cubic suscepti-
bilities are significantly different for the
KDP:XO and the KDP:XO,, :Re(y®)=—
6.51079 esu, and -11.0.1079 esu corre-
spondingly. The observed competition of the
NLO responses can be applied for the para-
metric frequency conversion phase matching
conditions maintaining in the light field of
the femtosecond laser sources.

Aknowledgments: The authors are espe-
cially thankful to Yu.N. Savin for perform-
ing luminescence measurements.
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Bnius TepmoBigmaay Ha JiHIMHUE Ta
HeJiHIHO-ONTHYHUM BiAryk 3adapsiaenux KDP
KPHCTAJIB

I.M.Ilpumyna, B.A.I'aiiéoponcovruii, JO.B.I'pomos,
M.A.Konunoecorxuii, M.I.Konubaesa, B.M.Ily3ixoe,
A.B.Kocinosa

Bupomnieno kpucranu gurigpodocdary Kajiio, Io AOMOBaHi O0apBHUKOM KCHJIEHOJOBUM
nomapanuoBuM (KII), koumenrtpania KII y marpuni kpucrana 6ausbko 10 ppm. Bumipazo
CIIEKTPaJIbHI Ta JIIOMiHECIIeHTHi BJIACTUBOCTI HOMiHaJIbHO UKMCTOTO Ta JOIMOBAHOTO KPUCTAJIB,
a TaKOK JOIOBAHOTO Kpucrana, Bigmanemoro mpm 150°C (KDP, KDP:KII i KDP:KRII,;;, ).
BceraHoB/ieHO BIJIMB TeMIIEpATYyPM Bigmayy Ha CTYIiHbP HIPOTOHYBAHHS OapBHUKA y KpUC-
TamiuHii marpuni. Amanisd IY-cuekTpa moravHAHHSA CBIAYNTH IIPO CHUJIBHY B3AEMOIII0 MOJIE-
KyJ OGapBHHKA 3 IIPOTOHHOIO mimzcucremoro marpuili. Bupueno ueminifimo-omrmuni (HJIO)
sractuocti KDP, KDP:KII i KDP:KII,,,, kpucraniB npu CaMOBIJIMBI IiKOCEKYHAHMX Jia-
sepHux imnyabciB ma 532 HM. Ilpumyckaerscs, o MexaHisM (OTOIHIYKOBAHOrO IIPO-
ceirmennss Ta edextu camodorycyBanusa (y KDP) i medorycysamums (yB KDP:KII i
KDP:KII,;;, ) obymoBieni pesoHaHCHUM 30yAsKeHHSM IIifcHCTeMHU BHYTPimrHix nedexris Ta
migcucremMmu Moyiekya OapBHuKa Bigmosigmo. Iloxasamo, mo y KDP:KII , Tepmosiaman
neeKTiB IpU3BOAUTHL A0 AOMiHyBaHHs Oinbin epexruBHoro HJIO Biaryka migcucremu moJie-
KyJ OapBHHKA, IO KOPEJIoe 3 TaHuMu (POTOJIOMiHECIeHIIil.

568 Functional materials, 15, 4, 2008



