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In this work we study the effects of the optical shrinkage in polymer and liquid crystal �LC� mixtures
optimized for their use as active media in compact plastic laser devices. These mixtures are characterized by
the presence of the rhodamine 6G as an active dye. Modifications in the reflection properties of the gratings as
a function of the active dye concentration have been determined experimentally and a detailed theoretical
simulation of the optical transmittance properties of these devices is provided. Moreover, the comparison
between two different experimental approaches clarifies the contribution to the optical shrinkage due to the
presence of the active dye. In principle this approach allows determining the linear mechanical shrinkage by
separating the contribution to optical shrinkage due to photochemical transformations from that due to me-
chanical effects.
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I. INTRODUCTION

Interest in the fabrication of small organic optical devices
operating in the visible range of the electromagnetic spec-
trum is constantly growing. Different applications can be
found starting from one dimensional �1D� filters, switchable
elements for diffractive optics �1�, reflective color displays
�2� up to compact one dimensional �3–5� or two dimensional
�6� optical resonators, and plastic laser sources. Several other
devices are currently in advanced phase of realization, e.g.,
electrically switchable multidimensional filters, laser devices
for wavelength multiplexing and de-multiplexing, active de-
vices for multiwavelengths output and multidirectional spa-
tial addressing, high resolution reflection gratings for holo-
graphic data storage, and compact tunable laser source for
optical pickups. Many of these devices are based on periodic
structures recorded by means of conventional optical holo-
graphic techniques in organic materials named holographic
polymer dispersed liquid crystals �HPDLCs� �1�. HPDLCs
are a well known class of photosensitive composite materials
constituted by a photopolymerizable mixture of monomers
and liquid crystal �LC� molecules. Transmission and/or re-
flection gratings can be easily written in HPDLC material by
a simple “one-step” process. We refer to these configurations
as photonic bandgap �PBG� structures with one �1D� or more
�2D, 3D� spatial dimensions. Along any spatial direction the
grating pitch can be selected from a wide range of values by
varying the angle of incidence of the writing beams and/or
the writing wavelength. Unfortunately, the conversion of
monomer molecules into a polymer network is generally
characterized by a strong packing of the growing polymer
chains with consequent volume contraction called “polymer-
ization shrinkage.” It has been recently demonstrated that
shrinkage phenomena depend on the effective functionality
of the oligomers and/or monomers of the light curable mix-

tures �7�. Optical shrinkage plays an important role in deter-
mining the operating wavelength of the devices based on
holographic gratings. With the aim of achieving better under-
standing of this role in this work we study the effects of the
optical shrinkage in polymer-LC mixtures optimized for their
use as active media in compact plastic laser devices based on
high-resolution reflection gratings �4�. These mixtures are
characterized by the presence of rhodamine 6G as an active
dye. Modifications in the reflection properties of the gratings
as a function of the active dye concentration have been ex-
perimentally determined and a detailed theoretical simulation
of the transmission and reflection properties, which includes
absorption, is provided. Moreover, the comparison between
two different experimental approaches clarifies the contribu-
tion to the optical shrinkage due to the presence of the active
dye. In principle this approach allows the determination of
the linear mechanical shrinkage by separating the contribu-
tion to optical shrinkage due to photochemical transforma-
tions from that due to mechanical effects.

II. EXPERIMENTAL PROCEDURES AND SAMPLE
PREPARATION TECHNIQUES

A key feature of an organic distributed feedback �DFB�
device is the reflection grating based on HPDLC. It was re-
alized by exposing for 5 min an isotropic monomer-liquid
crystal photosensitive mixture to the interference pattern of
two s-polarized Ar++ ion laser beams with �=476.5 nm and
intensity I=150 mW/cm2 per beam. The resulting spatial
pitch is about �=0.2 �m. The short period is an essential
requirement for the reflection grating to work in the visible
spectrum. The grating wave vector K �K=2� /�� is normal
to the glass surfaces. The pre-polymer mixture was a solution
of �i� the monomer dipentaerythritol hydroxy pentaacrylate
DPHPA, �ii� LC BL038 from Merck, and �iii� a mixture of
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the photoinitiator Rose Bengale RB and the coinitiator
N-phenyglycine �NPG� dissolved in the cross-linking mono-
mer N-vinylpyrrollidone �NVP� �4% RB, 10% NPG�. The
chemical structure of the components was reported else-
where �8�. The weight ratio of the DPHPA, LC, and photo-
initiator mixture was 50:36:14. The mixture was sandwiched
between two 1-mm-thick glass substrates and the cell thick-
ness d was controlled by using two 13-�m mylar stripes.
1–6�10−2-M solutions of the active dye rodamine 6G were
realized by using our starting isotropic mixture as solvent. A
writing wavelength of �=476.5 was selected for our reflec-
tion grating to avoid photobleaching of the rhodamine 6G
dye during the irradiation process �4�. The optical character-
ization of the grating was performed by measuring its trans-
mission spectrum. The measurements were carried out by
illuminating the HPDLC gratings through an optical fiber
with an incoherent tungsten light source emitting in the
wavelength range 350–1000 nm, and collecting the transmit-
ted light through an optical fiber connected to a monochro-
mator. The photopolymerization kinetics of the visible-light
curable �VLC� mixtures was carried out by using a modified
DTA Mettler 820 differential scanning calorimeter calibrated
with indium and equipped with liquid nitrogen reservoir and
a Hamamatsu xenon lamp �model LC5� with a quartz bifur-
cated fiber bundle in order to transfer the light beam into the
reference and sample pans. The photo-DSC measurements
were carried out on an 8–10-mg sample of the VLC mix-
tures inserted in an aluminium pan by measuring the heat
flow as a function of the visible light irradiation time. A
shutter in front of the glass fiber entrance, driven by the
interfaced personal computer, was used to regulate the irra-
diation time under isothermal conditions �25 °C�. The
samples were kept 1 min in the dark for conditioning and
then irradiated for 150 s under isothermal conditions. The
intensity of the filtered incident light at 456 nm, measured by
using a Macam radiometer, was maintained constant at
33 mW/cm2 for every photopolymerization experiment.

The linear mechanical shrinkage was evaluated by using a
fast oscillating rotational rheometer of Reologica �model
Stresstech� equipped with a Hamamatsu xenon lamp and a
quartz grade fiber bundle. The visible light irradiation of the
samples was achieved by replacing the lower plate in the
rheometer with a quartz window close to the optical fiber
exit. A computer controlled shutter sets the xenon lamp irra-
diation time. The shear mechanical modulus �G�� and the
dissipative shear mechanical modulus �G�� of the VLC
samples were monitored as a function of the irradiation time.
All experiments were performed at 25 °C on a plate-to-plate
fixture with a diameter of 8 mm, the initial gap between the
two plates was of 50 �m and the intensity of the filtered
visible light at 456 nm was 33 mW/cm2. A pre-shearing
stress of 4 Pa was applied to the VLC samples to avoid ar-
tifacts due to the delamination from the plates or to the for-
mation of voids.

III. THEORY

A. Transmission matrix method

The analyzed physical structure consists of the periodic
alternation of polymer and liquid crystal layers, sandwiched

between two glass plates as shown in Fig. 1. By referring to
the rectangular coordinate systems of Fig. 1, the structure is
periodically stratified along the z direction, with grating pitch
� and overall length d. The other two sides �of length l� lie
on the transverse plane. The thickness of the two glass layers
is tg and the refractive index ng. The polymer and LC layers
have thickness hP and hCL, respectively; setting hP=L we
have hCL=�−L. The refractive indices are nP and nCL, re-
spectively. The exciting laser beam is represented by an elec-
tromagnetic �EM� plane wave with frequency �=�0 propa-
gating along z, with the electric field linearly polarized in the
transverse �xy� plane:

E� inc = E� 0ej�t = E0ej�0tx̂, H� inc =
1

�0
�ẑ � E� � = H0ej�0tŷ ,

�1�

where �= ��0 /	0�1/2 is the free-space impedance. In order to
simplify the mathematical treatment, we used the same no-
tation indicated in Ref. �9�. Since the condition l
d is ful-
filled and the spot size of the beam is considered small com-
pared to l, we reduce the EM analysis to a 1D plane-wave
propagation problem in a terminated periodic structure. By
making the approximation of l→�, we use the computa-
tional transmission matrix �ABCD� technique �9,10�. This
method is based on modeling 1D propagation by an equiva-
lent cascade of transmission lines which naturally leads to
the methods of classical circuit theory of microwave and
optical networks. In the present case, the amplitude of the
transverse electric field is proportional to the voltage in the
equivalent network and the amplitude of the transverse mag-
netic field is proportional to the current. The overall trans-
mission matrix is easily obtained by the cascade multiplica-
tion of individual �2�2� transmission matrices as reported
in the following paragraph.

B. Analysis of the periodic structure

The elementary unit cell of the periodic structure is con-
stituted by one layer of polymer followed by one of liquid

FIG. 1. The analyzed periodic structure which consists of the
alternation of polymer and LC layers, sandwiched between two
glass plates �S1 and S2�, the elementary periodic transmission line
characterized by the two characteristic impedances �P and �CL, and
the equivalent unit cell transmission matrix with Ex=V and Hy = I.
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crystal. The total thickness d, from the end of the first glass
layer to the beginning of the second one �see Figs. 1 and 2�
involves the cascade of N unit cells with a grating pitch �.
Alternating dielectric layers with different refractive indices
are modeled as alternating sections of transmission line of
different characteristic impedances:

�1 = �P = ��0/	1, �2 = �CL = ��0/	2, �2�

where 	1 and 	2 are the polymer and LC refractive indices,
respectively. The corresponding transmission matrix, of the
nth unit cell �see Fig. 2� relates voltages V �electric-field
component� and currents I �magnetic-field component�, de-
fined at the end planes of each unit cell:

�Vn

In
� = �A B

C D
��Vn+1

In+1
� = �T��Vn+1

In+1
� ⇔ �Vn+1

In+1
�

= �T�−1�Vn

In
�, Vn = Exn

, In = Hxn

A = cos �1 cos �2 −
�1

�2
sin �1 sin �2,

B = j�2 cos �1 sin �2 + j�1 sin �1 sin �2,

C =
j

�2
sin �1 cos �2 +

j

�2
cos �1 sin �2,

D = −
�2

�1
sin �1 sin �2 + cos �1 cos �2, �3�

where �1,2 are characteristic impedances of the transmission
line, k1,2 the wave numbers of the equivalent lines, and �1/2
the electrical lengths. The corresponding eigenvalue equation
for the complex propagation constant 
 is then

cosh�
�� =
A + D

2
. �4�

Once the spectral matrix is obtained, we can perform a ca-
nonical decomposition in diagonal form �10� and easily com-
pute the total transmission matrix Tp of the cascaded n-unit
cells as Tp=Tn. The latter is then pre- and post-multiplied by
the ABCD matrix of the glass layers Tg,

�Tg� = � cos �g j�g sin �g

j

�g
sin �g cos �g 	 , �5�

where �g, �g, kg are the equivalent transmission line param-
eter for the glass thus forming the final matrix TF=TgTpTg.
Port-1 of the resulting chain TF is fed by the source voltage
V1, representing the impinging plane wave. The end port is
loaded by the free-space impedance �0, the air termination,
as shown in Fig. 2. In order to compute the transmission
coefficient S21 of the final equivalent circuit, it is convenient
to normalize its ABCD elements by �0. Finally, the desired
power transmission coefficient is obtained as

Tpower��� =
Pout���
Pin���

= 
S21���
2, S21 =
2

A + B + C + D
,

�6�

where Pout/in is the modulus of the Poynting vector.

C. Debye model for absorption losses

We consider linear isotropic materials including the effect
of losses on the response to the applied fields. Losses can
affect the response to either electric or magnetic field, or
both. As in the present materials, the magnetic response is
very weak and the permeability is real and constant, we con-
centrate our investigation on the electric permittivity. The
contribution to the total current density from bound electrons
is J= j��	�− j	��E whereas the conduction contribution
J=�E is assumed to be negligible. The complex permittivity
enters Maxwell’s equations, thus modifying the propagation
constants �i and impedances �i of the elementary equivalent
lines in Eqs. �2� and �5�. Both 	� and 	� are frequency de-
pendent and physically related to the polarization vector P,
that enters the relation between D �electric flux density�
and E:

�� � H� = j�D� , D� = 	0E� + P� = 	0�1 + �e�E� , �e =
N�Tg

	0
.

�7�

The term �e is the dielectric susceptibility and we have as-
sumed that the polarization is linearly dependent on the field
E. N is the number of molecules per unit volume, �T is the

FIG. 2. Equivalent network representation of
the periodic structure of Fig. 1.
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molecular polarizability, and g is the ratio �12� between local
field Eloc acting on the molecule and the applied field E. If
the surrounding molecules act in a spherically symmetric
fashion on the molecule for which Eloc is being calculated,
g= ��e+3� /3 and we can write, according to the Clausius-
Mossotti relation and to the Debye model �11,12�:

�e

�e + 3
=

N�T���
3	0

, �T��� = �e��� + �i��� + �d��� ,

�T��� = �T���� − j�T���� ⇒ nc��� = ��	���� − j	�����/	0�1/2.

�8�

As shown in Eq. �8�, several atomic and molecular effects
contribute to the molecular polarizability �T, and the refrac-
tive index nc features frequency-dependent contributions
from several different atomic or molecular effects. The elec-
tronic contribution �e arises from the shift of the electron
cloud in each atom relative to its positive nucleus. The ionic
contribution �i comes from the displacement of positive and
negative ions from their neutral positions. Another contribu-
tion, �d may arise if the individual molecules have perma-
nent dipole moments as application of the electric field tends
to align these permanent dipoles against the randomizing
forces of molecular collision. Since random motion is a func-
tion of temperature, this last effect is clearly temperature
dependent. In the classical Lorentian model each contribu-
tion to both electronic and ionic polarizabilities can be writ-
ten as �11,12�

�n��� = ��n��� − j��n��� =
An

��n
2 − �2� + j��n

, n = T,e,i,d ,

�9�

where �0 is the resonant frequency, An measures the strength
of the nth resonance and �n is damping coefficient. This has
the form of the impedance of a parallel resonant circuit. Real
and imaginary parts of the expression contribute to 	� and 	�,

respectively. Near a resonance, losses represented by 	� go
through a peak while 	�, like the reactance of the tuned cir-
cuit, displays peaks of opposite sign at either side of the
resonance. The analytic properties of the complex permittiv-
ity provide relationships between 	� and 	�, known as
Kramers-Kronig relations �12�. At optical frequencies both
the ionic �i and the permanent dipole moments �d are neg-
ligible; also the electronic contributions are small, except in
or near absorption bands, where they are a strong function
of the wavelength �12�. This is just what happens in the
HPDLC structure under analysis, where resonances due to
absorption losses strongly affect the transmittivity, in particu-
lar in the presence of rhodamine. In fact HPDLC without
rhodamine exhibits an absorption peak around 407 nm; in
HPDLC with rhodamine we have three absorption peaks
�peaks of resonance of 	�� 380, 510, and 530 nm. In particu-
lar the strong losses in the range 500–540 nm affect the
passband-stopband characteristics, which is also interesting
for possible applications to optical filtering.

D. Photocalorimetry (photo-DSC)

The expected polymerization heat ��H0�, i.e., the photo-
polymerization enthalpy in J /g, for the VLC samples was
calculated by the following equation �13,14�:

�H0 = 

i

niwi�H0
i

Mi
in J/g with i = 1,2, . . . ,n , �10�

where ni takes into account the acrylic group numbers in the
monomer or in oligomer chain ends, wi is the sample weight
fraction, �H0

i is the theoretical polymerization heat for an
acrylate monomer, and Mi is the molecular weight for the ith
component in the curable mixture. The enthalpy of a photo-
initiated polymerization at complete conversion for the acry-
late monomers has been assumed to be 80.0 kJ/mol as
reported elsewhere �15�. The expected �theoretical� polymer-
ization heat, i.e., at complete conversion �pt=1� by using Eq.
�10� for the studied mixtures was calculated to be 370 J g−1.
The conversion degree �pt� at 25 °C for the VLC mixtures as
a function of the irradiation time t was calculated by dividing
the experimentally measured polymerization heat ��Ht� in
J/g, by the theoretical polymerization heat, �H0:

pt =
�Ht

�H0 . �11�

The photopolymerization rates, Rp=−d�M�t /dt, of the VLC
samples as a function of the irradiation time were calculated
by using the following equation �13–16�:

Rp

�M�0
=

dpt

dt
in s−1, �12�

FIG. 3. Typical transmission spectrum of a HPDLC reflection
grating. The dashed line represents the experimental data. The con-
tinuous line represents the theoretical simulation obtained with the
transmission matrix method �l=0.5 mm, tg=1 mm�.
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where �M�0 was the initial reactive group concentration
�t=0� expressed in mmol g−1, while �M�t= �M�0�1− pt� was
the residual monomer concentration at time t and dpt /dt
values were calculated by the numerical derivative of the
conversion degree values obtained by Eq. �12�. A relative
standard error of 8% for the kinetic measurements was cal-
culated by five independent measurements for every VLC
sample under the same experimental conditions. The compo-
sition of the initial polymerizable group concentration ��M�0�
was 4.6 mmol g−1 in both visible light curable samples.

E. Photorheology

The VLC samples were loaded on the quartz lower plate
and a preshear with an initial gap of 50 �m was applied to
the samples. The dynamic shear moduli �G� and G�� mea-
sured at a frequency of 2 Hz and a fast oscillating shear
stress were programmed to increase from 0.5 to 10 kPa by
using a sigmoidal equation as a function of the visible light
irradiation time. Initially a rapid increase of the shear moduli
�G� and G�� with the sample irradiation was observed and
the software was programmed to control the gap settings
when the gel point was reached �i.e., G�=G� or tan �
=G� /G�=1� �17�. Under these conditions the complex vis-
coelastic response of the samples exerting axial normal
forces to the upper plate �i.e., autotension mode� were used
to monitor the gap changes as a function of the visible light
exposure. The shrinkage of the sample was measured quan-
titatively using the gap measurements as a function of the
irradiation time. The total applied strain of 9% was within
the linear viscoelastic range for both samples. A relative
standard error of 11% for the rheological measurements was
calculated by five independent measurements for every VLC
sample under the same experimental conditions.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

The typical transmission spectrum of a high resolution
reflection hologram is shown by the dashed line of Fig. 3.
The reflection peak due to the photo-induced periodic struc-

ture is clearly visible. In absence of shrinkage its position
can be easily determined from the knowledge of the average
refractive index of the mixture deriving from the material
parameters. In our case, starting from the known values of
the ordinary and extraordinary refractive indices of the LC,
no and ne, respectively, it is possible to calculate the average
refractive index of the LC as

nLC =�2no
2 + ne

2

3
. �13�

From the knowledge of the polymer refractive index after the
photopolymerization process it is also possible to calculate
the grating refractive index by using the following equation
�18�:

nG = �nLC
2 �LC + np

2�p, �14�

where �LC and �p are the volume fractions of LC and poly-
mer and np the refractive index of the polymer. Finally the
position of the reflection peak can be evaluated by using the
Bragg law for normal incidence: �r=2nG�. In our case, with
an external incidence angle �half angle between the two writ-
ing beams� �=23.5° and a grating index nG=1.554 �calcu-
lated taking into account the beam deflections due to the
glass substrates and to the presence of the polymerizing ma-
terial and a supposed 1% change in the refractive index �7�
due to the photopolymerization process�, the expected reflec-
tion wavelength is �r�600 nm. Due to the high shrinkage
effects the real position of this peak is located at �r
=558 nm. In the absence of active dye in the starting mix-
ture, a 7% optical shrinkage has then been evaluated. In the
same figure the continuous line represents the theoretical
simulation of the reflection properties of the HPDLC grating
made with the following parameters: �=0.1796 �m, d
=15.5 �m, �n=0.0098, and L=� /1.9, where �n is the in-
dex modulation amplitude superimposed to nG and L the
length of the polymerized unit cell. The only important dif-

FIG. 4. Transmission spectra of HPDLC reflection gratings as
function of the rhodamine 6G concentration from 1 to 3�10−2 M.

FIG. 5. Typical transmission spectrum of a HPDLC reflection
grating containing a 3�10−2-M solution of the rhodamine 6G dye.
The dashed line represents the experimental data. The continuous
line represents the theoretical simulation obtained with the trans-
mission matrix method.
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ference with the experimental data concerns the two wide
side lobes which can be easily attributed to the presence of
inactivated photoinitiator species �19�. Therefore after sub-
traction from the experimental curve of the dye mixture con-
tribution, the agreement between theory and experiment can
be considered excellent.

The addition of the rhodamine dye in the mixture is re-
sponsible for a redshift of the position of the reflection peak
as shown in Fig. 4. Changes in the refractive index of the
mixture and in the grating pitch are both responsible for this
peak shift and affect the observed shrinkage. More in detail,
changes in the reflection peak position can be reasonably
attributed to a reduced shrinkage effect ��3% at 3
�10−2 M� due to the presence of a high concentration of
inert dye molecules. To prove our assertion a complete study
of the photopolymerization kinetics of two mixtures, one
without rhodamine �mixture A� and one with a 3�10−2 M
concentration of rhodamine �mixture B�, has been done as
explained later. The transmission spectrum of a grating writ-
ten using the mixture B is shown in Fig. 5 as dashed line.
The presence of the rhodamine 6G dye is responsible for the
strong absorption phenomenon observed in the left region of
the spectrum. The continuous line represents the theoretical
simulation of the reflection properties of the HPDLC grating
made with the following parameters: �=0.1800 �m, d
=15.5 �m, �n=0.0055, and L=� /2. As we can see, a re-
duction of the modulation amplitude and a modification of
the length of the unit cells were necessary to best fit the
experimental data points. These changes are consistent with
a less efficient photopolymerization process which originates
a periodic structure characterized by a lower dielectric con-
trast. Accordingly, the photopolymerization conversion de-
grees �pt� and rates �Rp� as function of the irradiation time
have been investigated for the VLC samples A and B �see
Fig. 6�. Since the photopolymerization rates and conversion
degrees for the sample A are higher than B, these results
confirm that the rhodamine 6G plays a photopolymerization
inhibition effect probably due to a minor incident UV light
reaching the photoinitiator system into the sample B under
the same photopolymerization conditions. The well-known
classical dependence between the photoinitiation rate �Ri�
and the photopolymerization rate �Rp� is Rp� �Ri�0.5

= �2�Ia�0.5, where � and Ia are the efficiency and the amount
of the absorbed light of the photoinitiator, respectively �14�.
Although some authors have demonstrated that some devia-
tions of this classical dependence are observed for some mul-
ti�meth�acrylate systems under diffusion controlled photopo-
lymerization reactions, it is worth noting that Ri changes can
strongly affect in any case the photopolymerization kinetic
behavior �13,14�.

Moreover, the optical shrinkage is due to the competition
between the growth of the refractive index of the mixture
during the photopolymerization and the shrinkage phenom-
enon. To distinguish between these two contributions we
used the fast oscillating rotational rheometer to determine the
effects on the shear mechanical moduli �G� or G�� induced
by large internal stresses during the visible light curing of the
samples after gelation �17�. The results of the photorheologi-
cal measurements are reported in Fig. 7 for the visible light
photocurable samples A and B. This figure suggests that the
behavior of the shear mechanical moduli as a function of
irradiation time is in agreement with that observed by using
the photo-DSC technique. It is worth noting that the photo-
polymerization inhibition effect induces a minor shear me-
chanical conservative modulus �G�� that leads to the shrink-
age reduction observed in the sample B. The kinetic behavior
influences even the gelation time, in fact the condition
tan �=G� /G�=1 is achieved for samples A and B after 2.5
and 9.0 s, respectively. When the gelation time is reached,
the initial liquid state of the photocurable sample has suffi-
ciently transformed by photocrosslinking reactions into a
stable highly viscous material maintaining its shape. Under
these conditions the measured gap between the two plates
gave a shrinkage of 12.0% and 9.5% for sample A and B,
respectively. Even though the data are not directly compa-
rable with those obtained from optical measurements, the
general trend is clearly confirmed and in agreement with our
starting assumptions of small changes in the refractive index
of the mixtures after the photopolymerization processes. In
principle these two techniques allow determining the real
mechanical shrinkage of the mixture; further investigations
are currently in progress to better quantify this statement.

FIG. 6. Photopolymerization rates and conversion degrees as a
function of the visible irradiation time for samples A �solid line and
circle� and B �dashed line and square�.

FIG. 7. The shear conservative modulus �G�� and shrinkage as a
function of the visible irradiation time for samples A �triangle up
and circle� and B �triangle down and square�.
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V. CONCLUSIONS

Measurements of the linear mechanical shrinkage of sev-
eral polymer-LC photopolymerizing mixtures have been
done using two different experimental approaches. The gen-
eral behavior of the experimental data under slight different
polymerization conditions has provided consistent results
confirming the starting hypothesis of small changes of the
refractive index of the mixture after photopolymerization.
Modifications in the reflection properties of the gratings as
function of the active dye concentration have been deter-

mined experimentally and a detailed theoretical simulation of
the transmission �and reflection� properties of these devices
has been provided.
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