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Radiation of rhodamine 6G is investigated in the “"photon boxes™ which are dyed polymeric
samples in scattering cover of dielectric microparticles. These samples are multiple scattering
media (MSM) in which interaction of the scattering microparticles with dye molecules is
reduced considerably as compared to usually used MSM for random lasing (RL) what is
important because of surface activity of these particles. In these samples coupled phenomenon
of RL and stimulated Raman scattering (SRS) was observed. Features of SRS-RL phenomenon
are identical to ones observed in other investigated MSM (vesicular films and suspension of
microparticles) what allow applying these samples for obtaining of dye Raman spectra. SRS
efficiency in "photon boxes” grows under pump increase and decrease of volume ratio of its
internal area and active (excited) region. The results show that "photon boxes” of minimal size
are promising for Raman spectra studying using SRS-RL phenomenon.

Keywords: stimulated Raman scattering (SRS), random lasing (RL), multiple scatter-
ing media, dye.

Hccaenosano naayuenue pogamuHa 63K B "PoTOHHBIX amuKax”, IpeacTaBIdOmIIIX coOG0M
OKpAallleHHble [OJMMEepHBIe 0o0paslbl B paccenBamwIlell 000J0UKe AUIIEKTPUUYECKUX UYACTUII.
It 06pasibl ABIAIOTCA MHOrOKpPaTHO paccemparomumu cpexamu (MPC), B KOTOpBIX sHaYuU-
TeJBHO YMEHBIIEHO B3aUMOIeiCTBHE PACEUBAIOIINX MHUKPOUYACTUI[ ¢ MOJEKYJIAMH KPAaCHUTeNs
IO CpaBHEHHUIO ¢ o0bluHO wucroabsyembiMu MPC pas xaormueckoit remepamum (XI'), uro
Ba’XHO BBHUIY IIOBEPXHOCTHOM AKTHBHOCTH 9THUX dYacTull. B oTmx obpasmax HabI0IaICA
casoenublll addert XI' u BEIHYKIeHHOTO KoMOnHanuonHoro paccesuusi (BKP). Ocobennoctu
asienns BKP-XT' upenTuunbl HabmogaeMblM B Ipyrux ucciegoBaHuelx MPC (Besuryisp-
HBIX IIJIEHKAX U CYCIIEHSUAX MUKPOYACTHIL), UTO [IO3BOJSAET MCIIOJNb30BATH 9TH O0PA3IILI IJIs
HOJIyUEHHUSA CIIEKTPOB KOMOMHAIIMOHHOIO paccesHusA Kpacureieil. IPpderktuBHocts BKP B
"(POTOHHBIX AIMMKAX BO3PACTACT IPHU YBEIMYCHUN HAKAYKM 1 YMCHBIICHUHA OTHOCHTEIbHOI'O
o0beMa MX BHYTPEHHEH dJacTu K aKTUBHOU (BO3OyKIeHHOI) objacTu. ITH pPe3yJabTaThl Ie-
MOHCTPHPYIOT IEPCIEKTHBHOCTL  (POTOHHBIX AINMMKOB MHUHWMAJBHBEIX PA3MEPOB IJId H3yde-
HUSA CHEeKTPOB KOMOMHAIIMOHHOTO paccedHusi ¢ momoilnbio Apiaenus BEKP-XT.

Bumymene komOimamiiime poscisuuasa pomamimy 6JK y moaimepumx 3paskax 3 CHIBHO
po3ciroBanabpHo0 000M0HKOW. B.II.Awyr, O.0.Komuwan.

Mocaimxeno BunpominmosBanua pozaminy 63K y "QoromHux smukax”, AKi npemcrasiis-
I0Tb c000r0 3abapeiieHi mosriMepHi spasku y posciroBajibHiN 000JOHII AieleKTPUYHUX YACTU-
vHok. IIi spasku € GaraTokparTHO poaciroBaibHuMUu cepepoBumiamu (BPC), B aKux sHa4YHO
3MEHIIIEHO B3a€EMOIiI0 PO3CiIOBAJBHUX MIiKPOYACTMHOK 3 MOJIEKyJaMu OapBHUKA V
nopisuanui 3 BPC, sari sasBuuail BUKOPUCTOBYIOTBHCS mis xaoTuuHol reneparii (XT'), mio
BAXKJIWBO B 3B’SI8KYy 3 [OBEPXHEBOIO AKTUBHICTIO IMX YaCTHHOK. ¥ IIUX 3pPasKax CIoC-
TepiraBcsa sgBoeHuit edert XI' i Bumymienoro xombimariiimoro poscisuaua (BKP). Ocobiu-
Bocti sapuma BEP-XT' izenTmuni Tum, aki cmocrepiramrbesa B immux gociaimxenux BPC
(BesuKyNgpHHUX ILIiBKax 1 cycmeHsigx MIKpPOYaCTMHOK), IO AO3BOJAE BUKOPHUCTOBYBATH Iii
3pasKu [Jd OTPUMAHHS CIIeKTPiB KoMmbOinamifimoro poscisiuusa 6apsuukis. Edexrusuicts BKP
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B "(OTOHHUX SIMMKAX 3pocTae TPW 36iMbIeHHI HAKAUYBAHHA 1 3MeHIIEHHI BifHOCHOTO
06’eMy iX BHYTpimiHBOI yacTMHM A0 aKTWBHOI (30ym:keHoi) obmacti. Ili pesyabTaTii mTeMOH-
CTPYIOTH, MO (OTOHHI AMMUKM MIiHIMAILHUX PO3MIPIiB € MEePCHeKTUBHUMMU IJIf BUBUEHHSI
cIeKTpiB KoMOiHariinoro posciauua 3a momomorown asuiia BKP-XT.

1. Introduction

In dyed multiple scattering media (MSM)
two stimulated emission processes may occur
simultaneously: random lasing (RL) [1] and
stimulated Raman scattering (SRS) [2,3]. RL
is a process of stimulated emission due to
multiple elastic scattering of light on spe-
cially introduced scattering particles, substi-
tuting for multiple reflection of light on cav-
ity mirrors. Because of the absence of reso-
nance conditions, the RL spectrum is
continuous. As both processes are simultane-
ous, RL influences SRS according to CARS-
like mechanism.

As it is known, coherent active Raman
spectroscopy (CARS) method requires two
radiation components for coherent excita-
tion of molecule vibration. Only those vibra-
tions are excited that are in resonance with
the frequency difference of these radiations.
In dyed MSM, the first component is exter-
nal pumping radiation, while RL radiation
arising in the media plays the role of the
second component [4]. Because of continu-
ous RL spectrum, resonant conditions are
provided for all molecule vibrations with
Stokes frequencies within the range of this
spectrum. This important feature of SRS in
MSM makes it possible to obtain Raman
spectra of dyes from the spectra of their
secondary radiation in MSM. This radiation
is caused by both effects and consists of two
components: continuous (conditioned by RL)
and linear (conditioned by SRS). The procedure
of obtaining Raman spectra was developed in
[5]- An important advantage of the developed
method is the absence of unfavorable effects of
luminescence illumination, which is a consider-
able restriction in Raman spectroscopy.

The optimal multiple scattering medium
(MSM) for obtaining SRS-RL effect of dyes
is dyed vesicular polymer films, which are a
specific type of intercalation medium where
light diffusively flows in the polymer be-
tween gas vesicles. This provides for effi-
cient light scattering because of high rela-
tive refraction index of the polymer to gas
in vesicles ( n>> 1.5 ) [5, 6]. However,
some dyes are unstable in copolymers
(vinylidene chloride, acrylonitrile methyl
and methacrylate) used in the film manufac-
turing. They fade both on stages of the film
manufacturing and under illumination by
pump radiation.
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Rather effective MSM are concentrated
suspension of dielectric microparticles of
high refractive materials in polymers or so-
lutions. But these particles also lead to cer-
tain dye bleaching because of their surface
activity.

Due to this problem, obtaining of vibra-
tion spectra of dyes from SRS-RL effect in
these MSM can be complicated for some
dyes. That’s why looking for other ways of
creation of MSM is important problem.

2. Experimental

We have prepared samples in which mul-
tiple scattering of light is produced not in
the bulk of the dyed sample, but on its
boundary (dense layer of microparticles of
high refractive material introduced into the
polymer). Such samples are MSM where the
problems listed above are reduced consider-
ably, because they do not require a special
copolymer (being used for fabrication of ve-
sicular film), but allow choosing a polymer
that is inert to a specified dye.

In addition interaction of dye molecules
with scattering particles in these samples
may be minimized because these particles
are contained only on the boundary of the
sample. It is possible to denominate these
MSM "photon boxes” because the cover
formed by microparticles provides effective
diffuse scattering that holds emitted pho-
tons inside the sample.

The internal part of the samples was
made of dyed homogeneous (without parti-
cles) polymer oligourethane acrylate (OUA),
which is inert to almost all dyes. Rho-
damine 6G (R6G) was used as a dye whose
SRS was well investigated previously in ve-
sicular films [3, 5], so these data could be
used for comparison with data obtained in
this work. The dye concentration was the
same as usually used in the vesicular films
for SRS observation (5 mmol/1). The exter-
nal part of the samples was fabricated from
concentrated suspension of borazon mi-
croparticles (=2 um diameter) in the same
(but not dyed) polymer for minimizing the
number of dye molecules which might inter-
act with the particles.

The preparation procedure of “photon
boxes™ consists of two stages. The first
stage is fabrication of the internal homoge-
neous part of the dyed polymer. To do this,
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Fig. 1. Scheme of "photon box" pumping through
the diffusive cover: 1 — pump, 2 — RL localiza-
tion region Vp;, 3 — active zone V...

the dyed OUA with photo initiator (isobutyl
ether benzoin) was poured between two pre-
cleaned glass plates to prevent the access of
oxygen under photopolymerization. The po-
lymerization was carried out under irradia-
tion of 365 nm (Hg lamp), matching with
absorbtion spectrum of the photo initiator.
The duration of exposure varied depending on
the sample thickness, the mercury lamp
power and concentration of the dye, being
about 3-5 min from each side of the sample.
The second stage is fabrication of scat-
tering cover. A 1.5x1.5x1.5 mm3 piece of
the prepared homogeneous dyed polymer
was dipped in concentrated suspension of
borazon microparticles (<10 % by weight
with respect to polymer) in blank OUA and
was covered with strips of polyethylene film
to prevent oxygen access; then it was pho-
topolymerized. After polymerization the
strips were removed. Such design of the
sample minimizes the contact of dye mole-
cules and scattering particles: the latter are
located only in the cover, where dye mole-
cules are absent. Interaction between them
is possible only in a narrow layer on the
boundary surface between the cover and
inner dyed part of the sample. So, possible
influence of the particles on stability of dye
molecules was assumed to be negligible.
"Photon boxes”™ are pumped by second
harmonic of @-switched YAG-Nd3* laser
through the cover (Fig. 1) or a special win-
dow in it. Both designs are approximately
of the same efficiency but the first variant
is preferable because its fabrication is easier
and the sample may be smaller. The inten-
sity of pump radiation is varied with grey
glass filters in the range 0.1+3 MW/mm?2.
The radiation spectra of R6G in "photon
box" were single-shot registered by spectro-
graph and CCD camera with spectral resolu-
tion 0.8 nm. The presented results were ob-
tained at near helium temperatures (= 5—6 K).
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Fig. 2. Dependence of the emission spectrum
width of R6G "photon™ box on pumping intensity.
Inserts show the emission spectra of the sample at
pump intensities of 0.15 and 2.5 MW /mm?2.

3. Results and discussion

Radiation spectra of "photon boxes” were
studied as function of the pump intensity
and the box size. It has been found that RL
and manifestations of SRS depend substan-
tially on the "photon box" size.

The samples may be characterized by the
volume ratio of the RL localization region
Vgr and active zone V. (Fig. 1). The RL
localization region is a zone where RL ra-
diation can propagate. In the “photon
boxes” this region coincides with the inner
area of the sample enclosed in the cover.
The active region is defined by pump beam
and is approximately equal to the cross-sec-
tion area of laser spot multiplied by the
sample thickness. "Photon boxes™ of several
relative sizes y=Vp;/V,.; were tested. In
the large "box”™ (y = 200) only luminescence
radiation with wide spectrum was observed
under any pump intensity. Under decreas-
ing v, the tendency of radiation spectrum to
narrowing become apparent under high
pump intensities. And in the small "box”
(y = 20, Vg = 2.4 mm?3) radiation spectrum
dependence on pump intensity reveals a dis-
tinctive feature of the behavior of the "cou-
pled” SRS-RL phenomenon.

Under pump increase (from 0.1 to
0.5 MW/mm?2), the radiation spectrum nar-
rows to 5 nm (Fig. 2), which is typical
value for RL [3, 7]. The threshold pump
intensity of RL in the "photon box™ is ap-
proximately twice higher than in concen-
trated suspension of borazon particles [6]
and by an order — as compared to vesicular
films [2]. But taking into account the ten-
dency of spectrum narrowing with vy, one
may believe that RL threshold lowering in
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Fig. 3. (a) — The SRS-RL spectrum of R6G
"photon box" (I) and its continuous (RL) and
linear components (SRS) (2 and 3) under pump
intensity 3 MW/mm?2. The linear component
was amplified by 4 times. (b) — Raman spec-
trum section of R6G obtained from SRS-RL
spectrum of R6G vesicular film (4).

the "photon box" can be achieved under fur-
ther decrease of it relative size.

Under further increase of pump the ra-
diation spectrum becomes wider and reveals
narrow lines of approximately 0.5 nm. The
lines are observed in radiation spectra of
R6G "photon box"” only above RL threshold.
Frequencies of these lines match with the
frequencies of R6G Stokes lines obtained
from SRS-RL phenomena in vesicular films
[3, 5]. This is illustrated by Fig. 3a, which
presents SRS-RL spectrum of the “photon
box"” (y=20) at the pump intensity
3 MW/mm?2 and its constituent parts: con-
tinuous (conditioned by RL) and linear (con-
ditioned by SRS) spectral components. Even
the weakest lines of the spectrum, which
appear on noise levels, coincide with the
Raman lines of R6G and therefore they can-
not be considered as noise (Fig. 8b). The
comparison allows us to conclude that SRS
lines are manifested in the emission spectra
of the "photon boxes”™. When the relative
volume of the sample increases, SRS lines disap-
pear because of worse conditions for stimulated
emission in the sample due to reabsorption of
radiation luminescence. SRS-RL phenomena in
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the “photon boxes™ are very sensitive to ra-
diation reabsorption of luminescence dye,
which is revealed in their strong dependence
on the experimental conditions and dye.

Thus, comparison of radiation behavior
of R6G in "photon boxes” and the conven-
tionally used MSM with scattering distrib-
uted over all sample testify to the simulta-
neous appearance of RL and SRS in these
samples. So these samples are a promising
material for studying Raman spectra of
dyes using SRS-RL phenomenon.

4. Conclusions

An alternative to the usually used types
of dyed multiple scattering media for si-
multaneous initiation of stimulated Raman
scattering and random lasing has been pre-
sented. This medium, which was condition-
ally denominated "photon box", is a homo-
geneous active medium (dyed polymer) sur-
rounded with a diffusely reflecting cover.
Owing to this design, dye molecules do not
interact with scattering particles, which is
important for unstable dyes.

The "photon box™ operation was tested
on samples dyed with rhodamine 6G, since
its Dbehavior of coupled stimulated Raman
scattering and random lasing are well stud-
ied in the media with uniform distribution
of scattering particles.

Radiation spectra behavior of the tested
samples depending on pumping intensity
demonstrates the features of RL and SRS
occurrence in “photon” boxes that are similar
to those observed in vesicular films. The effi-
ciency of SRS-RL phenomenon manifestation
in these samples increases with the inner vol-
ume of the "photon box" approaching to the
volume of excited region. The data presented
show that "photon boxes” are an acceptable
alternative to the usually used types of mul-
tiple scattering media for studying of stimu-
lated Raman scattering of dyes.
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