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The dynamics of the formation of 3D light self-trapping waveguides in a volume
photopolymeric medium, namely polymethyl methacrylate (PMMA) with photosensitive
phenanthrenequinone (PQ)-molecules, has been studied theoretically and experimentally.
The different contributions of two competing nonlinear mechanisms with the formation of
the photoproduct and with the heating of the medium due to absorption have been analyzed.
To describe the propagation dynamics of laser beams in the photopolymeric material, a
theoretical model has been proposed including heat conduction and diffusion equations in
conditions of spatially inhomogeneous light-induced heating of the medium together with the
kinetic equations for the photoreactions which proceed within the photopolymeric material.
The principal patterns for the spatial and temporal dynamics of the formation of 3D self-
trapping waveguides in thick absorbing layers of PQ-PMMA with concurrent nonlinear
mechanisms have been established theoretically and verified experimentally.
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1. Introduction

The self-focusing effect exhibited in media
with a positive light-induced variation of the
refractive index attracts much attention due to
the possibility of compensation of the diffraction-
limited divergence effect and for the formation
of space solitons and self-trapping waveguide
structures [1]. Theoretical and experimental
studies in this field have been performed out
for a period of about twenty years, whereas the
greatest interest was focused on photorefractive
solitons [2]. Owing to their high sensitivity,
photorefractive crystals may be used with
low-power (sub-microwatt) laser radiation [3,

∗E-mail: romanov@bsu.by
†E-mail: tolstik@bsu.by

4]. However, the realization of a remarkable
photorefractive effect necessitates the application
of high electric fields (10 kV/cm). Nonlinear
photopolymeric media that are not requiring
exposure under applied electric fields are of great
interest because they are relatively cheap and
easily producible. Photopolymeric media in the
form of thin photosensitive layers are commonly
used for holographic recording, offering variations
in the spectral sensitivity region and in diffraction
efficiency due to modification of photoactive
centers and chemical components [5–9].

One of the generally employed
media represents photopolymers based on
polymethyl methacrylate (PMMA) with
phenanthrenequinone (PQ) as a photosensitive
component [10–12]. The photoattachment of
PQ molecules to the polymeric matrix and
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subsequent post-exposure thermal amplification
by means of diffusion of the unattached PQ
enable highly efficient holographic recording
and deep modulation of the refractive index
(up to ∆n ∼ 10−3) [13, 14]. The performed
theoretical and experimental studies of polymeric
samples with different concentrations of PQ
make it possible to analyze the photophysical
and photochemical processes which result in
light-induced changes of the absorption factor
and refractive index of the photopolymeric
medium [15–17]. An additional doping of PQ-
PMMA polymers with nanoparticles of silicon
oxide, offering the possibility of their subsequent
diffusion, enables one to realize the recording
of highly-selective Bragg filters within the bulk
of photopolymeric samples [7, 18, 19]. The
opportunity to record high-efficiency reflection
gratings in PQ-PMMA layers has enabled the
corresponding development of head-up displays
and rain sensor prototypes [20, 21]. Recently
much attention has been focused on the recording
of planar and 3D waveguide structures within the
photopolymeric layers [22, 23]. Experimentally,
self-trapping waveguides were formed in thin
and thick PQ-PMMA layers [24, 25]. Cylindrical
metal-dielectric waveguides were recorded in
photopolymers doped with nanoparticles of silver
[26, 27].

Photopolymeric PQ-PMMA media with a
high concentration of PQ (2.5 mol. perc.) used
for the high-efficiency holographic recording look
very promising for the formation of dielectric
waveguides. But the technology adopted to
generate the layers limits their thickness to
100 − 200µm [13, 14]. The production of optical
waveguide elements (couplers, multiplexers,
interference filters, etc.) requires in most cases
a thickness of the media of several millimeters.
Such media are produced by bulk polymerization
of the solution, though the limiting PQ-
concentration offering good optical quality of
the samples is lower by an order of magnitude
(0.1–0.2 mol. perc.) [28].

By analyzing the waveguiding structures
in the absorbing photopolymeric media, the

influence of the thermal nonlinearity on the
characteristics of the formed waveguides should
be also taken into the account [24, 25]. The
propagation of light beams may be accompanied
by the well-known defocusing effect and by the
formation of spatially-limited regions with a
negative change in the refractive index which
enables one to realize nonlinear reflection effects
[29] and, when using singular light beams, the
waveguide propagation effects [30].

With an aim to optimize the recording
conditions for the waveguide structures and to
improve sensitivity of the polymeric layer with
low content of PQ, the possibility for using laser
radiation from the blue-green spectral region is
demonstrated in the presented paper. The main
topic is the development of a theoretical model
for the dynamics of formation of 3D self-trapping
waveguides and to analyze principal physical
mechanisms associated with self-focusing and
defocusing of a light beam under the effect of the
concurrent nonlinear thermal and concentration
processes.

2. Theoretical model

The development of theoretical and
numerical models is based on the solving of the
reduced wave equation that describes the optical
beam propagation in a nonlinear medium. The
light-induced spatially inhomogeneous heating of
the medium is described by a heat conduction
equation. Kinetic equations and a diffusion
equation are used to describe the space-time
dynamics of the photoreactions proceeding
in the photopolymeric material and also the
concentration distribution of PQ [23].

When a waveguide structure is formed
within PQ-PMMA, two processes changing the
refractive index are concurrent. One of the
processes is associated with the photoattachment
of PQ molecules and with the photoproduct
formation that leads to a positive variation
of the refractive index (∆nPQ) and offers the
possibility for the self-focusing of the optical
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beam. The competitive process is associated with
the medium heating and results in a negative
variation of the refractive index (∆nT ) and a
nonlinear beam defocusing.

The overall change of the refractive index in
a polymeric medium may be written as follows:

∆nΣ = ∆nPQ +∆nT . (1)

The variation of the refractive index during the
photoattachment process is calculated with the
help of Lorentz-Lorenz formula [14]:

∆nPQ =
(n2

0
+ 2)

2

6n0

[RN ·N −RC · (C0 − C)] ,

(2)
where n0 is the average refractive index of the
layer, RN and RC are refractions, N (r, t) and
C (r, t) are concentrations of the photoproduct
and PQ, respectively. The change of the
concentration of PQ molecules is found from the
diffusion equation:

∂C

∂t
= D0∆C − ε · I · C, (3)

where ∆ = ∂2

∂z2
+ 1

r
∂
∂r

(

r ∂
∂r

)

is the Laplacian
in a cylindrical system of coordinates (assuming
an axially symmetric beam propagation, D0 is
the diffusion coefficient; ε is the light sensitivity
factor of a polymeric layer [23]; I(r, t) is the
radiation intensity distribution in the medium.
Based on the performed simulations, the diffusion
of PQ molecules may be disregarded due to
the smallness of the diffusion coefficient D0 =
10−17 cm2/s and to the characteristic dimensions
of a waveguide channel that comes to some tens
or hundreds of microns.

The change of the concentration N (r, t) of
the photoproduct resultant from the attachment
of PQ to the polymeric matrix during the
photoreaction can be derived as follows:

∂N

∂t
= ε · I · C. (4)

The refractive index variations (∆nT ) caused by
the heating of the medium are determined by

the temperature change and by the thermo-optic
coefficient ∂n/∂T :

∆nT =
∂n

∂T
δT. (5)

The change of the temperature of the medium is
calculated using the heat conduction equation:

cρ
∂T

∂t
= kT∆T +Q, (6)

where c is the specific heat, ρ is the material
density; kT is the heat conduction; Q =
α (r, t) I (r, t) is the spatial heat-release source;
α (r, t) = αmolC (r, t) is the absorption factor of
the medium, and αmol is the molar absorption
cross-section. An equation for the complex
amplitude of a light beam under the assumption
of its cylindrical symmetry is of the form:

∂E

∂z
=

i

2k
∆⊥E + i

k∆nΣ

n0

E −
α

2
E, (7)

where k = k0 · n0 is the wave number;
∆⊥ = 1

r
∂
∂r

(

r ∂
∂r

)

is the transverse Laplacian.
A cooperative solution of coupled equations (1–
7) makes it possible to calculate the temporal
dependencies of the medium-temperature spatial
distributions, the concentrations of the agents
involved into the reaction, the light-induced
refractive index variations in the medium, and
also the light-beam intensity distributions within
the medium volume.

The simulations have been performed out
with the following typical parameters of the
medium: n0 = 1.5; RN = 62.5 cm3/mol; RC =
61.5 cm3/mol; C0 = 2 · 10−5 mol/cm3; ε =
10−1 cm2/J; αmol = 2 · 105 cm2/mol; D0 =
10−17 cm2/s; c = 1.3 J/(g·K); ρ = 1.2g/cm3;
∂n/∂T = −10−4 K−1; kT = 2 · 10−3 W/(cm·K).
The radius of the light beam at the exit face of
the medium was varying from r0 =50 µm to r0
=500 µm; the light beam power was P0=200 µW;
the calculations were made for a wavelength
λ=488 nm for which the radiation self-channeling
effect has been observed experimentally.
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3. Results and discussion

Before discussing the results of the numerical
simulation, let us estimate the variation rate
of the medium refractive index ∂

∂t
(∆nΣ)

with regard of the two competitive nonlinear
mechanisms: concentration mechanism and
thermal mechanism. By calculating ∂

∂t
(∆nΣ)

at the initial instant of time (disregarding the
medium heat conduction and diffusion processes)
from equations (1–6) we get the following
expression:

∂

∂t
(∆nΣ)

≈

[

(

n2
0
+ 2

)2

6n0

RNε

(

1−
Rc

RN

)

+
∂n

∂T

αmol

cρ

]

CI

(8)

whereas the first term in the brackets being
positive as RN > RC and the second term being
negative for ∂n

∂T
< 0. Considering the actual

medium parameters, it is inferred that at the
initial instants of time the rate of the refractive
index variation due to the thermal heating of
the medium ∆nT is many times higher than
∆nPQ due to the photoproduct and the dye
concentration changes. The overall variation of
the refractive index ∆nΣ is negative, the local
variation rate being linearly dependent on the
radiation intensity ∂

∂t
(∆nΣ) ≈ −2.5 · 10−4 cm

2

J
· I.

In this way, a light beam with a lateral Gaussian
intensity distribution in the lateral section at the
initial instants of time is defocused caused by the
dominating thermal mechanism.

In the course of time, due to the processes
of heat conduction and local dye "burning“,
the contribution of the thermal mechanism to
the overall refractive-index variation will be
decreasing. The time of the local cooling of the
nonlinear medium due to a short laser pulse
may be estimated using the thermo-physical
parameters of medium to trel ≈

cρ
kT

r2
0

≈ 8 s
with the characteristic dimension r0 ≈ 100µm.
However, when the incident radiation is constant
in time, the actual time of the energy release

is determined by the dye "burning“ time tPQ.
Ignoring the diffusion process, the change of the
concentration of the dye molecules can be given by
C = C0 exp [−εIt]. It has been found that for the
experimental intensities of the laser radiation the
dye "burning"time comes to tPQ ≈ 102 ÷ 103 s,
that precisely gives the characteristic cooling time
for the illuminated volume of the medium.

From the equation (2) it follows that, for
a complete local "burning" of the dye (C = 0,
N = C0), the refractive index variation due to the
concentration mechanism amounts to ∆nPQ ≈

4 · 10−5. Taking into consideration the equation
(5) and the thermo-optic coefficients of PMMA,
it is inferred that the self-focusing effect of laser
radiation will be observed at a local heating of the
medium no greater than 0.4 K.

So, based on the analysis of the initial
equations and considering the characteristic
parameters of a nonlinear medium, it can be
stated that the overall dynamics of the light-
induced processes may be conventionally divided
into two steps. At the initial instants of time
a thermally nonlinear mechanism is prevalent,
leading to a negative variation of the refractive
index and to the light-beam defocusing. In the
course of time, on the order of 100–1000 s,
the local cooling of the illuminated volume of
the medium and the increased contribution of
a concentration mechanism offer the possibility
for the inversion of the sign of the nonlinear
refractive-index variation that is responsible
for self-focusing of laser radiation. Taking into
account significant differences in time scales
of the exhibited thermal and concentration
nonlinearities, it is useful first to consider the
principal patterns of the structural changes of the
laser beam due to defocusing effects during short
periods of time (short-time dynamics). Then we
can analyze in detail the formation kinetics and
the spatial structure of the wave-guides induced
within the medium as well as the spatial structure
of laser radiation for longer time periods (long-
time dynamics).
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FIG. 1. Refractive index variations as a function of time t (a), coordinate z (b), radius r (c); ∆nT (1), ∆nPQ(2),
∆nΣ(3); t = 0.5 ms for (b) and (c). (in color)

3.1. Short-time dynamics

The first series of calculations has been
performed for the typical experimental conditions
under the assumption that the time-invariant
Gaussian light beam I = I0 exp

(

−r2/r2
0

)

is
focused at the front face of the sample z = 0 and
has a lateral size of r0=50 µm and an intensity
of I0 =3 W/cm2. The space-time dynamics of
the variations of the refractive index is shown in
Fig. 1. It is seen that during a time interval of
several milliseconds no photoattachment of PQ
molecules to the polymeric matrix is observed,
whereas the light-induced varying of the refractive
index is determined by the heating of the medium.
Figure 2(а) shows the light-beam intensity
distributions within the nonlinear medium at
different times. As seen, in times on the order of
several fractions of a millisecond the lateral profile
of the light-beam exhibits a considerable (ten-fold
in the case under study, Fig. 2(b)) broadening
due to its defocusing at a thermal lens formed
within the medium, and the penetration depth
of the radiation into the medium is decreased
down to several millimeters (Fig. 2(c)). As at
the initial instants of time the light beam is
broadened considerably and its peak intensity is
decreased, the rate of the nonlinear processes in
the polymeric medium is significantly lowered,
further dynamics being associated with times on
the order of several tens or hundreds of seconds.

FIG. 2. Intensity distribution of a light beam within
the volume of the medium for a beam radius r0 =
50 µm at the input and an intensity I0 = 3 W/cm2;
(a): t = 0.01 (a1), 0.05 (a2), 0.25 ms (a3); size of the
figure area: 8 mm ×1 mm; (b): t = 0.01 (1), 0.05 (2),
0.1 (3), 0.25 (4), 0.5 ms (5). (in color)

3.2. Long-time dynamics

To analyze the formation processes of the
waveguide structure, we consider the effect
exerted by a sufficiently wide (r0=500 µm)
low-intensity (I0=0.03 W/cm2) Gaussian beam
having a power of P0=200 µW on a polymeric
material. From the viewpoint of energy, this
situation is equivalent to the above-mentioned
case with the fine-focused high-intensity beam
that undergoes considerable defocusing during a
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very short time (some fractions of a millisecond).
Figure 3(a) demonstrates the spatial intensity
distribution at the center of a light beam
at different times. First, one can observe an
exponential intensity decrease (curves 1, 2)
described by the Bouguer law at the constant
absorption factor. After some minutes the
intensity grows significantly due to bleaching
of the polymeric layer as a result of the
photoattachment reaction (curves 3, 4), then the
self-focusing process is developing (curves 5, 6).

The variations of the spatial light-beam
intensity distribution, of the PQ molecules
(C/C0) and the photoproduct (N/C0)
concentrations (Fig. 6(b)) lead to a shift of the
energy releasing beam Q/Q0 (Q0 = I0αmolC0)
deep into the polymeric layer (Fig. 6(c), curves
4–6). The energy release is low at small values
of the longitudinal coordinate z because of the
low absorption factor (low concentration of
PQ molecules); while at high values of z the
intensity is low. Next, the temperature wave is
also shifted deep down into the material (Fig.
3(d)). Note that in the case under study the
local temperature changes are never higher
than several hundredth of a degree offering the
realization of a light-beam self-focusing mode
and the formation of a waveguide structure
for the refractive index. The heating of the
medium and the photoattachment of the PQ
molecules result in a corresponding variation
of the refractive index. A negative thermal
change of the refractive index in the course of
time (approximately 100 s after the light beam
is switched on) is compensated by a positive
contribution of the photoattachment reaction
∆nPQ to the refractive index (Fig. 4(a)). One
can see the spatial regions with a local increase of
the total refractive index ∆nΣ at the central part
of the beam cross-section and with the totally
positive variation of the refractive index along
the light-beam propagation axis (Figs. 4(b) and
(c)).

Note that the spatial intensity distribution
of the light beam as it penetrates the depth
of a polymeric layer (Fig. 5(a)) correlates well

with the experimental data obtained using a light
beam power P0=200 µW (Fig. 8(b)). A spatially
inhomogeneous heating wave is propagating deep
into the material (Fig. 5(b)) to govern a further
competitive development of nonlinear processes
both in the surface layer and within the volume of
the medium. Figure 6(a) presents the transverse
profile half-widths of the light-beam at different
penetration depths in a nonlinear material and
at different times. As can be seen, initially the
beam is broadened (curve 1) due to the defocusing
effect of the thermal nonlinearity. Then the
reaction of the PQ molecules attachment and
the concentration nonlinearity mechanism lead to
the beam self-focusing (curves 2–3). The degree
of the transverse compression of the light-beam
caused by the formation of a waveguide channel
is growing as the beam penetrates deeper and
deeper into the medium (curves 5–7).

As follows from the simulation results, the
degree of the beam self-localization at the same
exposure (in the calculations it is considered
to be equal to 0.14 J/cm2) depends on its
initial intensity (Fig. 6(b)). An increase of
the intensity leads to a greater contribution
of thermal variations to the refractive index
interfering with the self-localization of the light
beam when its input power is on the order of
15 mW (curve 5). At the same time, a light
beam having a power of P0=200 µW (curve 2)
or lower enables one to form a waveguide channel
as demonstrated by the experimental narrowing
of the waveguide channel at the decreased power.
Thus, the calculations explain the formation of
the refractive index waveguide structure within
the volume of a polymeric material, revealed by
the light beam structure. The theoretical results
obtained correlate well with the experiment both
from the viewpoint of the dynamics of the
development of the waveguide channel and its
formation time.
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FIG. 3. Changes (a) of the axial intensity of the light beam, (b) of the concentrations of PQ-molecules (red lines)
and the photoproduct (blue lines), (c) of the energy release and (d) of the temperature as a function of the
transverse coordinate z; t = 10 (1), 150 (2), 300 (3), 600 (4), 900 (5), 1200 s (6). (in color)

FIG. 4. Refractive index variations as a function (a) of time t, (b) of coordinate z, and (c) of radius r; ∆nT (1),
∆nPQ(2), ∆nΣ(3); t = 1200 s for (b) and (c). (in color)

4. Experimental formation of self-

trapping channels in thick PQ-PMMA

samples

4.1. Layer preparation and

characteristics

The samples with a thickness of several
millimeters made of Plexiglas with PQ molecules

have been developed by a team from the
St. Petersburg State University of Information
Technologies, Mechanics, and Optics (Russia)
[5, 28]. The method of the material preparation

Nonlinear Phenomena in Complex Systems Vol. 19, no. 3, 2016
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FIG. 5. Distribution (a) of the light beam intensity
and (b) of the temperature within the volume of the
medium; r0 = 500 µm, I0 = 0.03 W/cm2; α = 4cm−1;
t = 1 s (a1, b1), 10 s (a2, b2), 150 s (a3, b3), 600 s
(a4, b4), 1200 s (a5, b5); size of the figure area:
16 mm ×8 mm. (in color)

is based on a free-radical bulk polymerization of
the solution, consisting of a monomer (methyl
methacrylate, MMA) with dye molecules (PQ)
and an initiator (Azobisisobutyronitrile, AIBN)
that is placed into the mold made of polished
glasses. This method enables one to form PQ-
PMMA layers with a thickness up to several
millimeters, whereas the shape is determined by
the glass mask. However, the solubility of PQ
molecules in MMA with bulk polymerization is
limited by the dye concentration to 0.25 mol. perc.
By a good matching of the polymerization
temperature regime and polymeric compositions,
the stability and the efficiency of the material
were optimized. The average size of the samples
under investigation is about 20×30 mm2 with a
thickness of 3–5 mm.

FIG. 6. Light-beam transverse profile half-width
within the volume of the medium as a function (a)
of time and (b) of the initial intensity; (a): I0 =
0.03 W/cm2; t = 10 (1), 50 (2), 150 (3), 300 (4), 600
(5), 900 (6), 1200 s (7); (b): I0 = 0.0075 (1), 0.03 (2),
0.12 (3), 0.48 (4), 1.92 W/cm2 (5). (in color)

Due to the interaction with light, the
PQ-PMMA medium offers the formation of
strong and long-term chemical bonds between
the dye molecules and polymeric chains [13].
Under illumination, a PQ molecule splits off
hydrogen from the macromolecule with the
formation of a mobile radical. Further this
radical is attached to the macromolecule to
form an immobile photoproduct. The differences
in the spectral sensitivity of free PQ and the
formed photoproduct determine the absorption
modulation of the PQ-PMMA medium and its
refractive index changes. Figure 7(a) presents the
typical optical absorption spectra of the PQ-
PMMA samples, prepared by different methods,
before exposure. For comparison, the spectra
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FIG. 7. (a) Spectra of PQ-PMMA samples having different PQ concentrations for two types of the preparation
of the layers: solution of PQ in purified PMMA (PQ-concentrations are 1, 2, and 3 mol. perc. for blue, green,
and red curves, respectively; the sample is 100 µm thick) and thermal polymerization of MMA with PQ (black
squares, PQ-concentration is 0.1 mol. perc., thickness of the sample is 4 mm); and examples of (b) thin and (c)
thick PQ-PMMA layers. (in color)

of thin layers (100 µm) differing in the dye
concentrations (1, 2 and 3 mol. perc.) and of a
bulk PQ-PMMA layer with a PQ-concentration
of 0.1 mol. perc. are demonstrated. Figures 1(b)
and (c) exhibit examples of a thin (100 µm)
PQ-PMMA layer with a PQ concentration
of 3 mol. perc. and of a bulk (4 mm)
PQ-PMMA layer with the PQ concentration
of 0.1 mol. perc., respectively. The spectral
sensitivity of the polymeric compositions, which is
determined by the long-wave absorption band of
the photosensitive PQ molecules attached to the
polymeric matrix with a maximum at 405 nm,
slowly decreases down to approximately 520 nm
[14]. The samples are totally transparent for
wavelengths exceeding 540 nm.

4.2. Experimental formation of self-

trapping channels in thick PQ-PMMA samples

The waveguide structure was formed within
the thick polymeric PQ-PMMА samples with
the help of lasers generating radiation in the
blue-green spectral region at the wavelengths
of an argon laser (514 nm and 488 nm) and
of a semiconductor laser (405 nm). The laser
beam was focused on the front surface of the
polymeric layer using a Lomo 68216 microscope
objective with a focal length of 6.2 mm and

a numerical aperture of 0.65 (Fig. 8(a)). The
PQ-PMMA sample was placed at a mechanical
stage that allows to control the position of the
input beam. The polymeric sample measured
4×20×30 mm3. A CCD-camera was used to
detect visually the self-trapping process. Typical
patterns of the light beam propagation within
a volume sample for different wavelengths are
shown in Fig. 8(b). The pictures were made after
an illumination time of 1000 s. As can be seen,
variations of the wavelength lead to considerable
changes of the characteristics of the light beam
propagation within the photopolymeric medium.
The distinctions may be attributed to different
absorption factors at various wavelengths. The
spectrum in Fig. 7 demonstrates that the
absorption factor of the polymeric sample under
study reaches 2 cm−1 at the wavelength 514 nm,
4 cm−1 at the wavelength 488 nm, and 40 cm−1

at 405 nm.
Using an argon laser (514 nm, 10 mW) the

sample is almost immediately illuminated along
the full length, the intensity distribution being
close to the light propagation in translucent glass.
Doubling of absorption due to the wavelength
488 nm (4 cm−1) with the retained light-beam
power results in a minor reduction of the channel
diameter. The light propagation process in the
polymer is decelerated enabling only a partial
compensation of the light beam divergence. The
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FIG. 8. (a) Setup for the formation of a self-trapped channel with the use of a microobjective; (b) self-trapping
in a PQ-PMMA polymeric layer at different illumination conditions for a period of 1000 s. (in color)

situation is changed when the intensity of the
laser radiation is lowered down to 200 µW. It is
seen that the fifty-fold intensity decrease makes it
now possible to form a sufficiently narrow (about
100 µm) waveguide channel. But this necessitates
a corresponding increase of the exposure time.
Changing the wavelength to 405 nm results in
an increased absorption factor of the polymeric
medium by an order (40 cm−1) and in a reduced
propagation length. As shown in the Fig. 8 (b),
light covers a distance of several millimeters
during a period of 1000 s.

5. Conclusions

Based on the results of the performed
theoretical and experimental studies, the
principal patterns of the self-trapping waveguide

formation in volume PQ-PMMA media with
competitive nonlinear mechanisms have been
discussed. It has been demonstrated that at the
initial instant of time the thermal nonlinearity
associated with the light-induced heating of
the medium results in a defocusing of the light
beam. The beam diameter is growing with its
intensity. Then the light-induced attachment
of PQ molecules to the polymeric matrix takes
place with the formation of the photoproduct.
A positive variation of the refractive index due
to the photoreaction offers the possibility of the
beam focusing and the formation of waveguides
by 3D self-trapping. To optimize the formation
conditions of optical waveguides, it has been
proposed to vary the wavelength and the power of
laser radiation. From the experiment performed
with laser sources of different wavelengths (405,
488, and 514.5 nm) it has been found that
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an optimum wavelength for thick polymeric
samples featuring low concentrations of PQ
(0.1 mol. perc.) is 488 nm connected with an
absorption factor of 4 cm−1. As demonstrated by
numerical simulations, the theoretical results and
the experimental data correlate well taking into
consideration the two concurrent mechanisms
of thermal and concentration nonlinearities.

Waveguide structures within thick transparent
PQ-PMMA samples are of particular interest as
optical media due to their potential use for the
formation of multiple self-trapping waveguides
and for the realization of fiberoptic elements or
optical components for controlling systems of
light beams.
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