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The diffusion transmittance spectra, scattering indicatrix and nonlinear optical (NLO)
response within picosecond range laser pulses excitation were studied for a novel func-
tional material — ultraporous nanostructured oxyhydroxide of aluminium (NOA). The
contribution of two mechanisms of photoinduced extinction enhancement was observed at
the fundamental wavelength 1064 nm of Nd:YAG laser that is similar to the NLO response
of porous layers of titanium dioxide and silicon layers. The nonmonotonic behavior with
photobleaching effect due to the resonance excitation of the NOA surface states was
measured at the laser second harmonic wavelength. This effect can be utilized for the
optical control of the states of molecules adsorbed at the NOA surface in spectroscopy and
for random lasing applications.

ITpoBeneno ucciaeroBaHue cIeKTPoB AUG@PY3HOro IPONYyCKAHUA, UHAUKATPUCHL pPacceaHUs
u HejuHeiiHo-onTuyecKoro (HJIO) oTkaIMKa mpu BO3OYKAEHUU JIA3ePHLIMU UMIYJIbCAMU ITH-
KOCEKYHJIHOIO AUAIa30oHa HOBOTO (DYHKIIMOHAJLHOT'O MaTepuaja — YJbTPAlOPUCTOTO HAHO-
CTPYKTYPUPOBaHHOTO oKcuruapookcuzga amiomuuua (HOA). Habmromancsa BKJaJ OBYX MeXa-
HU3MOB (POTOMHAYIIMPOBAHHOTO yBeJIUUYEHUS 5HKCTUHKIUU Ha (QYyHZAMEeHTAJIbHON IJUHE
Bosiubl uanaydenusi 1064 um Nd:AUT gasepa, xoropsiit momobern HJIO OTKIMKY MOPUCTHIX
cJI0eB TUOKCHIa TUTaHa U KpeMHUA. Ha giuHe BOJHBI BTOPOIl TADMOHUKU Jasepa HaOI0xal-
csd HeMOHOTOHHBIN xapakTep HJIO oTKJMKa ¢ TUOWYHBIM NpoABJeHHEM s(hdeKTa yBeJTUUeHUs
TIPOITYCKAHMUS BCJIEACTBUE PE3OHAHCHOTO BOB30OYIKIEHUA IMOBEePXHOCTHHIX coctosaHmii HOA. O6Ha-
py:KeHHbIe 9(0()EeKTHl MOTYT OBITH WCIIOJb30BAHBI MAJA YIPABIEHUSA OINTUUYECKUMU MEeTOJaMU
COCTOSTHHEM aJicopOMpoBaHHBIX Ha moBepxHocT HOA MOJIEKYJ IJIA CHEKTPOCKOINMYECKUX IIPU-
JIOKEHUU U AJIdA IOJyUYeHUs CIYyYaiHOU JlasepHOU reHepaluy B CHJIBHO paccemBalollell cpeje.
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Using of transparent matrix partially
filled with different oxides, semiconductors
or organic dyes is a simple and very capable
way for designing of novel guest-host func-
tional materials and composites. The ul-
traporous nanostructured oxyhydroxides of
aluminium (NOA) is a medium possessing
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high specific surface suitable for molecular
adsorption and nanoparticles deposition. In-
corporation of various guest systems into
the NOA matrix allows basic research of the
interaction with adsorbates or even an en-
hancement of guest subsystem response by
the local field of the matrix. For applied
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reasons it is interesting to study spectro-
scopic properties of such functional compos-
ites in the UV-visible-IR-THz domain, to
create novel random lasing media, to pro-
vide photoinduced control of the THz range
response by carriers dynamics manipulation
etc.

Synthesis of the NOA is based on selec-
tive oxidation of the surface of liquid alloys
in a humid atmosphere at elevated tempera-
ture. Two synthesis methods based on the
Hg alloys and the Ga alloys are using now
[1, 2]. Both methods provides similar prop-
erties of NOA: density 0.02-0.04 g/cm3,
high porosity >99 vol. % and large spe-
cific surface — up to 800 m2/g. The NOA
structure consists of amorphous nanofibrils
with typical length 120-150 nm and diame-
ter ~5 mnm, having the composition
Al,O4:nH,0, n = 8.0-3.6 [1, 2]. The photo of
the grown native NOA monolith and a TEM
image of the fibrous structure of NOA are
presented at Fig. la and b correspondingly.
The image was obtained at the temperature
~80 K in order to suppress the water loss
and decomposition of the sample (water con-
tent up to 30 wt. %).

For the optical measurements we used
samples with typical number of water mole-
cules n ~ 3.5-3.6 pressed into pellets with
diameter about 13 mm, and typical thick-
ness 0.25 mm. The pressed samples density
was 0.131 g/cm3 that corresponds to poros-
ity (voids volume fraction) ~95 % and spe-
cific surface area 260-300 m2/g.

From the optical point of view the NOA
pelletre presents typical scattering object in
the visible range. Its optical response is
very sensitive to the sample point and aper-
ture of the probing beam. Typical spectral
dependencies of the optical density of the
sample for different points are presented at
Fig. 2a. The sample was illuminated with
wide aperture beam; the 5 mm diaphragm
was positioned just behind the sample. The
short focus 3 ecm lens focused image of the
diaphragm at the edge of the fiber coupled
with CCD spectrometer. The curves were ob-
tained for the different position of the dia-
phragm across the pellet and demonstrate
an optical inhomogeneity of the sample with
common features: (i) extinction enhance-
ment in the range 440-495 nm, (ii) non-
monotonic response 495-550 nm consisting
of two peaks with decrease of the extinction
at 510 and 533 nm, (iii) almost flat Mie-
type response in the 550-900 nm range, (iv)
transmittance enhancement at wavelength
longer than 900 nm. Preliminary FTIR meas-
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Fig. 1. (a) Photo of grown native nanostruc-
tured oxyhydroxide of aluminium monolith
sample; (b) TEM image of the structure of
the native NOA sample at 80 K.

urements with thinner plates have shown
the transmittance growth till 2 pm that
changes to the sample darkening at 2.7 um.
At the Mie scattering range (ii) we have
measured scattering indicatrix at 633 nm
presented at Fig. 2b with He—Ne laser
source. The experimental setup and meas-
urement technique for porous samples are
presented in [3]. The experimental data
have shown that the NOA pellet belongs to
so-called Lambert-type scattering sources:
the measured indicatrix (dots) can be de-
sceribed with cosine angular distribution
(solid curve). The integrated total transmit-
tance in the forward hemisphere was
1741 % . The magnitude depends on the se-
lected point and laser beam radius. The es-
timates have shown that only about 0.01 %
of the input photons propagate into the spa-
tial angle corresponding to free diffraction
of the laser beam without the sample. Thus
almost 99.95 % of the transmitted photons
belong to so-called diffusive ones that mani-
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Fig. 2. (a) Spectral optical density of the NOA pellet for the different points of the sample, (b).
Scattering indicatrix of the pellet at 633 nm (dots), Lambert type model (solid line).
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Fig. 3. The photoinduced variation of the total transmittance of the NOA pellet normalized on
linear one versus the peak laser intensity at wavelength 1064 (a) and 532 (b) nm. The pulsewidth

is 30 ps (FWHM) at 532 nm.

fests multiple scattering phenomena at the
developed nanofibrils network in the sample.

We have studied photoinduced variation
of the total transmittance of the NOA pellet
with single pulse laser radiation of mode-
locked Nd:YAG laser at the fundamental
(1064 nm) and second harmonic (532 nm,
30 ps FWHM pulsewidth) wavelengths. The
approach was verified with NLO diagnostics
results of both organic and inorganic nanos-
tructured subsystems in different kinds of
matrices (single [4, 5] and liquid [6] crys-
tals, porous layers [7, 8] etc.). The experi-
mental setup is deseribed in [7], the experi-
mental technique implementation peculari-
ties for scattering samples is presented in
[9]. The sample was mounted on the photo-
diode input aperture (Z~7 mm), the typical
laser beam spots at the sample plane were
0.5-0.8 mm (FWHM). We can suggest that
the photodiode collect almost all photons
transmitted to the forward hemisphere of the
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sample. The variation of the transmitted sig-
nal can be explained in terms of three factors
changes: (a) photoinduced absorption/satura-
tion, (b) scattering in backward hemisphere,
especially coherent backward scattering oppo-
site to the incident beam, (c) essential redistri-
bution of the scattering indicatrix in the for-
ward hemisphere.

The total transmittances of the NOA pel-
let versus peak laser intensity are presented
at Fig. 3 for 1064 nm (a) and 532 nm (b)
excitation wave lengths. In order to avoid
impact of the sample optical inhomogeneity
dealing with different sample points and
laser beam radii we normalized the experi-
mental data on the transmittance at the in-
itial intensity (less 1 MW /cm?2) range. Thus
we have obtained the reproducible NLO data
for the different spots and geometries of
the experiments.

In the range of moderate peak laser in-
tensities up to 100 MW /cm? we have not
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observed the impact of the (c¢) factor. In the
realized approach of the registration we can
not separate the impacts of the (a) and (b)
factors and we are going to describe the
effects as effective photoinduced absorp-
tion/saturation phenomena in terms of the
imaginary part of the effective cubic NLO sus-
ceptibility Im(x®)) as the simplest model [10].

The NLO response of the NOA at
1064 nm is similar to the porous layers of
nanostructured TiO, [7] and Si [8] ones. We
have observed efficient photoinduced extinc-
tion enhancement (see Fig. 3a) with the
laser intensity growth that starts to satu-
rate at 60 MW /em2. In the initial intensity
range (~10 MW/em?2) the effective NLO re-
sponse Im(y®) is about 1.7-1079 esu that is an
order of magnitude higher the corresponding
one at 80 MW /cm? — Im(y®) ~ 1.1-10710 esu.

Excitation of the sample at 532 nm
changes the character of the NLO response (see
Fig. 8b) that had nonmonotonic character
versus the peak laser intensity. The excita-
tion wave length is in the complex band of
the reduced extinction of the sample (see
Fig. 2a). The described response is typical
to resonant excitation of some defect states
of the NOA. The initial sharp photoinduced
increase (Im(y®) ~-2.1-1079 esu) of the
total transmittance, that gains the peak
~1 % at the intensity about 2.8 MW /cm?2,
changes to steep decrease (Im(y(®)) ~ 1.9-10~
10 esu) up to 15 MW /cm?2 with consequent
enhancement of the samples transmittance
Im(x®) ~ —3.0-10711 esu).

Taking into account the porosity of the
pellet we can state that NOA nanofibrils have
efficient NLO response [Im(x®)| ~ 1077 esu due
to the picosecond range laser pulses self-ac-
tion phenomenon. The magnitude of the ef-
fect is comparable with NLO response of the
porous titanium dioxide and porous silicon
layers and it is a few orders of magnitude
higher in comparison with the response of
the bulk one. The effect can be attributed to
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the giant NLO response manifestation due
to the resonant excitation of the defect
states at the developed NOA surface.

For the first time the efficient NLO re-
sponse of the ultraporous NOA structure
was observed. The response demonstrates
typical features of the resonance excitation
at 532 nm (extinction bleaching saturation)
and two-photon one at 1064 nm (extinction
enhancement) within picosecond range laser
pulse excitation. The effect can be utilized
for surface states diagnostics and their in-
teraction with adsorbates. The different
kinds of the response provide possibility of
the adsorbate state smart control via pho-
toinduced giant local fields in the NOA ma-
trix for the visible-IR-THz domain spectros-
copy and random lasing applications.
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OnTuuHAa TAa HEJiHIHHO-ONTHYHA XapaKTepHU3almid
HAHOCTPYKTYPOBAHOTO OKCHMTIJIPOOKCHIY aJIIOMiHiIO

B.A.'aiiéoponcvruii, M.A.Ronunoécerkuii, €.0.Bumunaros,
A.M.Xoodan, J.-L.Vignes, M.M.Ecaynxoe, O.I1.IlIkypunoe

ITpoBemeno mocaig:KeHHS CIEKTPiB Au(y3HOr0 IPOIYCKAHHS, iHIMKATPUCH PO3CiIOBAHHSA
Ta HexiHifimo-ontuunoro (HJIO) Biaryky mpu 30ymsKeHHI JasepHMMH iMIyabcaMu IIiKoce-
KYHJIHOI'O Iiana3oHy HOBOrO (DYHKIIIOHAJIBHOTO MaTepiany — yJIbTPAlOPUCTOTO HAHOCTPYKTY-
poBanoro oxcurigpooxkcuny antominito (HOA). CoocrepiraBcsi BHECOK ABOX MexaHisMmiB (o-
TOIHAYKOBAHOI'O 3POCTAHHS EKCTUHKII Ha (GyHIaMeHTAJbHIN MOBKHHI XBWJII BUIIPOMIiHIO-
BaHHA 1064 HM Nd:AIT' masepa, korpuii € moxiouum go HJIO Bigryky mopucrux mapis
niokcuny tutany Ta KpemHiro. Ha moBikumHi XxBuji apyroi rapMoHiKu Jlasepa cmocTepiraBcs
HeMoHOTOHHUI xapakTep HJIO BiATyKy 8 TUIIOBUM IPOSABOM e(eKTy 3POCTaHHS IPOIIYCKaH-
HA BHACJiJOK pe3oHaHCHOTO 30ymKeHHA moBepxHeBux craHiB HOA. Bugapieni edextu Mmo-
JKYyTb OyTH BUKOPHCTaHI I KepyBaHHS ONTHUUYHUMU METOJaMU CTaHOM aJcopboBaHUX Ha
noBepxHi HOA MOJIeKyJI AJISl CIEKTPOCKOIIIUHUX 3aCTOCYBaHb Ta JJIA OTPUMAHHA BUIAIKOBOI
JasepHoi reHepaliii y cepemoBuili, IIfo CUJIBHO PO3cCiioe cBiTJIIO.
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