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Abstract: To enhance the efficiency of photopolymerizablstesys as holographic recording
materials, the use of 3-component photoinitiatipgtems was explored. In order to get more insight
into the hologram formation, gratings’ recording reas were compared to those of monomer
conversion obtained by RTFTIR spectroscopy. Thisk vautlines the differences between the
photoinitiating systems. A holographic 3-componestording material giving rise to thick phase
holograms with both high diffraction yield and higdte of formation is highlighted.

Index Terms: Photopolymerization, holographic recording materidiffraction grating, optical
storage.

I- INTRODUCTION

An ever-increasing number of photosensitive orgamderials were and are always being examined
for the fields of photonics and information disayiffractive optical elements, narrowband optical
filters, optical interconnects, waveguide couplethree-dimensional displays or holographic
memories) [1]-[4], due to the possibility of struction of the matter by the light in the micro and
nanometer range. Particularly, there is a growiegdnto increase the capabilities of photosensitive
polymer used as holographic data storage systeange(lrefractive index changes, high spatial
resolution, dry processing capability, form fleitlyi reduced costs).

In holography, a photopolymerizable recording mediconsists of a homogeneous mixture of
different monomers generally associated to a bioutée PIS (photoinitiating system): a photoinitiato
and a coinitiator (2-component systems). The wgifinocess is based on two interfering laser beams
creating an interference pattern. In these conditiéree radicals are inhomogeneously generated by
photoreaction between the excited dye and thetédioi. The result is a photoinitiated polymeripati
occurring at different rates in the bright and daeas [4], [5]. Then, formation of spatial
concentration gradients of monomer leads in turnmass diffusion process, giving rise to a
modulation of refractive index or thickness in fimal material.

Formulating of such material requires a fair knalge of the different processes taking place
during irradiation, particularly of the couplingtibseen photochemical conversion, mass transport and
stiffening of the polymer matrix, which is not aathtforward matter. This insight is needed to
optimize the customization of the material, to defits best conditions of use and to meet the redui
specifications.

On the other hand, photopolymerization technolo@g lyained prominence as an attractive
alternative to traditional polymerization processlee to variety of advantages and benefits. These
profits can be attributed to the use of energy ight] rather than thermal energy to induce
polymerization reactions. As an efficient, low costhd environmentally favorable method,
photopolymerization has led to remarkable expansianvariety of applications: coatings, adhesives,
composites, image science, microelectronic, optidastries, biomedical arena and the fabrication of
three-dimensional prototype [6]-[10].

Many different PIS are available covering a widagea of applications. To give sensitivity into



visible range of the electromagnetic spectrum, hécwar systems are proposed. In that case, the
chromophore's excited state reached after lighorabien reacts with a co-initiator, to give rise to
radicals and to initiate polymerization of the medi[6], [11], [12]. These systems can be used as
holographic polymer recording materials [13]-[1Bking less efficient than the PIS molecule able to
dissociate into radicals after UV light absorptidiifferent methods have been proposed to enhance
their efficiency. Among them, the use of additiomatiox additives leads to the so-called three-
component photoinitiating systems [16]. These systeonsist in a light absorbing chromophore (the
dye), an electron donor/acceptor as co-initiatar arthird component. Many works and results have
proved that these 3-component PIS are faster andk rafficient than the corresponding two
component systems [17]-[21]. In addition, the diyethese photoinitiating systems can undergo easily
complete photobleaching reaction during the phdymperization [22] which is of importance for
holographic recording materials in order to obta@ar optical devices. The use of 3-component PIS
based on boron-dipyrromethene dye [23], [24] fdobaphic recording was recently outlined [25].

Therefore, 3-component PIS could be of great ingyme in the purpose of highly efficient and
specific holographic materials: i- the higher stvigy of these system could results in less dy@ in
formulation leading to better optical clearnesdidl devices, ii- the way to tune the photoresgons
properties of the hologram material makes possit@echoice between high final diffraction efficignc
or fast hologram formation.

In this paper, the efficiency of two 3-componen$ Rls holographic recording material is analyzed
in term of photopolymerization kinetics and difftiaa yield. The selected systems are based on ,a dye
an amine as electron donor and a bisimidazole atives (HABI) as the third component. In order to
investigate the influence of the photophysical praps of dye on the holographic recording material
performance, two different dyes (Rose Bengal (RB) &afranin O (SFH) are experimentally
examined. Simultaneously, these visible curabletesys are associated to fluorinated acrylate
monomers for the recording of transmission gratifigee partial fluorination of host polymer matrices
results in improved optical properties with an exdsment in contrast ratio and better defined
morphologies [26], [27].

lI- EXPERIMENTAL

All experiments were performed at 20°C (preparatidnthe samples, RT-FTIR and holographic
recordings).

A- Chemicals

In the interest of speed and economy, Rose Beng&l),(Safranin O (SFH, 2,2'-Bis(2-
Chlorophenyl)-4,4',5,5'-tetraphenyl-1,2'-biimidazo{CIHABI) and N-Phenylglycine (NPG) were
purchased from Aldrich. Their chemical structuresshown in Table I.

The holographic resin was a liquid mixture of diffist monomers and additives. The choice of the
formulation was governed by earlier experiment$quared in the field of visible curable systems and
use of fluorinated acrylate monomers for the relogydof holographic polymer-dispersed liquid
crystals (LC) transmission gratings [28], [29]:

- 45 wt % of a hexafunctional aliphatic urethangylate oligomer (Ebecryl 1290, Cytec) acting as

primary oligomer;

- 225wt % of 1,1,1,3,3,3-hexafluoroisopropyl datg and 22.5 wt% of vinyl neononanoate, both
from Aldrich. The vinyl ester monomer is known topolymerize very easily with acrylic
monomers[27];

- 5 wt % of N-vinyl pyrrolidinone (Aldrich) which is a standarddditive introduced in
phopolymerizable systems here to favor compounidibiioy [30];

- 5 wt % of trimethylolpropane tris(3-mercaptoprogta) (Aldrich) which is a trifunctional thiol
able to increase the photopolymerization rate liraad leading to higher monomer conversions
[30].

For all experiments, the photoinitiating system pommds were introduced in the holographic resin



in the following weight ratio: 0.2 wt% of dye (RB 8FH), 0.6 wt% of electron donor (NPG) and 1
wt% of electron acceptor (CIHABI). The maximum afpimn for RB and SFHare respectively at
560 and 516 nm. At 514 nm, the RB absorption isghimmes lower than those of SFhh addition,
the two dyes are different: RB is an electron riobgatively charged compound whereas SEHan
electron deficient positive charged compound.

Dyes
COO Na+ HN N( NH,
© CI-
Rose Bengal (RB) Safranine O (SF+)
Co initiators
o - &
HN T O
OH N
- N / Cl
.
Cl
N-phenylglycine (NPG) CHABI

Table 1: Molecular structures of the dyes usetiimgtudy.

B- RT-FTIR measurements

The study of photopolymerization kinetics was @atrout by RT-FTIR (real time fourier transform
infrared) spectroscopy using a Vertex 70 FTIR spgtiotometer (Bruker Optik), equipped with a
MCT detector working in the rapid scan mode. THievegs an average of 4 scans/s collection rate
using a resolution of 4 chnThe IR spectra were then recorded during samldiation using a green
laser diode emitting at 532 nm (Roithner LasertdghBO0 mW) which was adapted to the FTIR
spectrometer by means of a light guide. The irraziawas adjusted at 22.5 mW/con the sample.
To prevent the diffusion of oxygen into the sanghlieing the irradiation, experiments were carrietl ou
by laminating the resin between two polypropyleirad and two Cafwindows. The thickness of the
san11ple was adjusted using a 25 um Teflon spacersphlctra were recorded between 600 and 3900
cm-.

The kinetics of the polymerization were measuredadtipwing the disappearance of the C=C bond
stretching signal at 1637 émThe degree of monomer conversion C, directlyteeldo the decrease
of peak area at 1637 &nwas calculated according to [31], [32]:

(%)= (A1637)0 ~ (A1637); 100
(A1637)

where (Ass7o and (Assp):were the area of the IR absorption band at 1637 ahthe sample before
exposure and at time t respectively. A good esenwdtthe maximum rate of conversion, Rlas
determined by the slope of the conversion kinaticthe inflection point. The conversion ratg R’
linearly related to the rate of polymerization By R, = Rx100/[Mg] where [My)] is the initial
monomer concentration (i.e. before exposure). Atiogr to this linear relationship, the values of
conversion rate Rare reported in this work [32].



C- Holographic recording

The samples were prepared by embedding the pHgtopozable formulation between two glass-
substrates. Calibrated glass beads were used @rspa guarantee the thickness of the system droun
20 pm. During holographic recording with a 514 netirac laser light (Coherent Innova 308C Argon
lon laser), a sinusoidal light pattern was generdig interference of two incident plane waves, the
angle between the two interfering beams being @d3%a(Fig. 1) [4], [33]. The choice of this writing
wavelength was in good agreement with the maximiosomption of SFH As high diffraction
efficiencies were recorded at 514 nm with RB-NP@],[2vorking simultaneously at the maximum
absorption of RB was not necessary in this studiyg fivo s-polarized beams were of equal intensity,
corresponding to a total power density of 25 m\W/@neident on the photosensitive samples for a
beam diameter of 2.5 cm. The fringe spacing wassteljl to ca. 0.9 um and total exposure duration of
ca. 90 s.

Beam splitter

Ar* Laser

He-Ne

Mirror

Photodetector

Fig. 1: Experimental set-up used for recording ided gratings in the photopolymerizable samples.

When the holographic formulations are illuminategl the sinusoidal interference pattern,
inhomogeneous polymerization reaction and dye biegctake place. Monomer and sensitizer
consumption in the bright regions led to spatialaamtration gradients of these molecules which, in
turn, led to diffusion processes. This couplingpbbtochemical conversion and mass transport results
in regions of different matter density. The holqurig material being laminated between two windows
suppressing any generation of surface relief, aubation of the refractive index in the materiathign
created, giving rise to thick volume phase gratiwgh high diffraction efficiencies and low scaiteg
noise [4], [28].

The fact that no chemical post-treatment was neddedhis recording material, allowed the
continuous follow up of the hologram formation pges during exposure by use of an inactinic
reading light beam (633 nm HeNe laser) which isemor less diffracted (Fig. 1). The diffraction
efficiency at 633 nm1) was defined by the ratio of the intensity of fivet diffraction order to the
diffracted plus transmitted light intensities. Tmeasurement instead of the ratio of the diffracted
intensity by the incident intensity at 633 nm wasfprmed in order to rule out Fresnel losses in the
determination of the grating diffraction efficiencyhe rate of grating formation,Rvas calculated as:

R =3

N dt
D- AFM characterization

The nano-scale characterizations of polymer gratwgre done using atomic force microscopy
(AFM) in ambient conditions using light tapping neo@MM-AFM) on a Caliber multimode scanning
probe microscope from Bruker-Veeco, France. Thepséit amplitude of antimony doped silicon
tapping mode cantilever (LTESP model, Veeco, USA}wabout 4.5 V. The cantilever with tip radius
between 5 and 20 nm had typical resonance frequamaoyt 270 kHz, and a cantilever spring constant
(k) was 20-80 N/m. The morphology of polymer grgtinvas analysed using the SPM lab software.



[lI- MECHANISTIC STUDY OF THE PHOTOINITIATING SYSTH#

The full photochemical study of the two 3-componiig based on RB or SFH+ was performed by
time resolved and steady state spectroscopies léiser flash photolysis and fluorescence). The
bimolecular reaction rate constants kq of singlet driplet states of the dyesRBFRB and
'SFH'/’SFH") were determined in acetonitrile. They are in gagdeement with calculated Gibbs free
energy variationAGgy) of the reactions according to our redox measunesn@ able 11). TheAG, for
photoinduced electron transfer are given by theniRéfeller equation [34]:  AGg = Epx — Beq — E*

+ C. Ex and Eeq are the half-wave oxidation and reduction potésfiar the donor and the acceptor,
respectively. E* stands for the energy of the extitate. The Coulombic term C is usually neglected
in polar solvent. The full study of the dyes singlad triplet excited state reactivity being outtloé
scope of the present paper is not presented inigjdiat general procedure can be found in some of
our previous studies [23]-[25].

AGet (€V)lkg (M .5 T
Singlet state Triplet state
'rRB °RB
NPG | -0.284/5.818° | 0.086/5.0 10
CHABI | -0.15/2.6 18 0.22/<1d
'SFH SFH
NPG | -0.904/1.6 18 | -0.324/1.2 19
CHABI | -0.18/2.5 1&° 0.4/<16

Table 2: Gibbs free energy variationGe) and rate constants of RB and SR¥kcited states electron
transfer reactions with the coinitiator NPG anddhditive CIHABI.

Following these studies, a reaction mechanismdti dyes in acetonitrile is proposed in Scheme 1.
Even both of the dyes are ionic in this study, Ri&ction mechanism is similar to those proposed for
neural compound. This result was supported by |#ash photolysis experiments. In addition, the
reactivity of photocyclic initiating systems basaa a pyrromethene dye, an amine as electron donor
and an electron acceptor for free radical photapelyzation was similarly studied using time-
resolved spectroscopic experiments, real-time FaM& holographic recording [25].

Some remarks can be underlined according to thehamsm and to the measured rate constants. It
appears that CIHABI reacts mainly with dyes singbetited states while NPG reactivity comes from
triplet states. However, all these chemical reastiare bimolecular and are strongly limited by the
diffusion of molecules. As a consequence due tgdotiifetime of triplet state, free radical prodoat
in the holographic material occurs mainly from éxeited triplet state of the dyes by reaction wiit#
donor NPG. Moreover, taking into account the ttigates rate constantRB show a reactivity
which is two orders of magnitude lower than I8FH', leading to lower rates of reaction and radical
generation. Different singlet and triplet statestioé dye could be generated, but, as they are
degenerate, the global representatig’,5 ; is used.
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Scheme 1: General mechanism proposed for the 3-auenmp PIS in acetonitrile solution.

IV- PHOTOPOLYMERIZATION EXPERIMENTS

The photopolymerization efficiency of the two Pl&bd on Dye-NPG-CIHABI was studied using
the RT-FTIR technique and outlined by the changmohomer conversion degree in the matrix as a
function of irradiation time (Fig. 2). The exposw@s performed by mean of a 532 nm laser diode
with irradiance on the sample fixed to 22.5 mWicm

As can be seen, the 2-component photoinitiatingteays RB-CIHABI shows the lowest
photopolymerization efficiency with final conversiodegree and maximum conversion rate
respectively around 22% and 0:3 Fhis low efficiency was ascribed to the pooriaiihg properties
noted for lophyl radical (I} [35] and the poor reactivity of tHRB (see k Table II) toward CIHABI.
The reactivity of RB-NPG is greater with both highmaximum conversion rate (6%sand final
conversion degree (52%), in line with a higher ratastant of reaction 6RB toward NPG (seeqk
Table Il). The addition of CIHABI is beneficial the RB-NPG PIS as both the maximum rate of
conversion and final conversion degree of the mamomre increased toward 8 snd 63%
respectively, corresponding to the best systeneimg of polymerization of the monomer mixture
under homogeneous irradiation.

The behavior of SFHbased PIS is different. The triplet state of s#frdSFH" exhibits the higher
reactivity toward NPG (and CIHABI) with the highestte constant of reaction. Inversely, the
photopolymerization results are worst than thoseRBf the final monomer conversion degree is
around 35%, only half of the best RB PIS perforneanidowever, by taking a closer look to the
polymerization curves, it appears that the inhittimes of SFH systems are lower by a factor of
around 5 compared to RB PIS (cf. Table Ill). Moreguthe maximum conversion rateg @xcept in
presence of CIHABI) are very high, i.e. 18 ®or SFH-NPG. The addition of CIHABI to this last
increases the speed up to 2b $hus, even if the final conversion percentagesSBH PIS are
somehow disappointing, these photoinitiating systemme more than two times faster than RB PIS.
Lastly as for RB, the SFHCIHABI is the slowest system with Riqual to 1.6%



100

@) —o—RB-NPG
—0—RB-CIHABI

80 ~4&—RB-NPG-CIH

®

Conversion

1-NPG
{"-CIHABI

Conversion

Time (min)

Fig. 2: Acrylate conversion (%) curves of PIS bagedrB (a) and on SFHb) upon laser exposure at 532
nm (irradiance = 22.5 mWi/dh The values of inhibition time;{t), maximum conversion rate ¢rand
final conversion degree (fz) of monomer are collected in Table IlI.

Run tn(S) | R (SY | Coax (@) | Tin(s) | R, (s)
RB-NPG 1.4 6.0 52 0 0.78 0.25
RB-
CIHABI 7.8 0.3 22 1.5 0 0
RB-NPG-
CIHABI 1.0 8 63 0.5 0.4 0.27
SFH-NPG 0.2 16.0 30 0.5 0.95 0.41
SFH'-
CIHABI 2.0 1.6 39 5.5 0.88 0.12
SFH'-
NPG- 0.2 20.0 34 n.m. 0.95 0.55
CIHABI

Table 3: Characteristic parameters for RB ant(B&ameters determined: - by RT-FTIR during
photopolymerization at 532 nm for an irradiance 262mW/cni (ty: inhibition time, R’: maximum
conversion rate, G final conversion degree); - by grating recordatgp14 nm for an irradiance of 25
mWwi/cnf (thmh: inhibition time,n; : final diffraction efficiency, R: maximum rate of grating formation)).

It is interesting to note that the maximum conwansiates of the four presented 2-component
systems are in line with the excited states reiigtgiven by the reaction rate constagt(Kable 1)
determined by time resolved spectroscopy technigteshigher the k the higher the R'Moreover,
the maximum conversion rates obtained for the 3pmmant PIS are higher than the direct sum of 2-
component PIS R'This result outlines that the pairing of a donorinitiator with a third acceptor
component is more efficient than awaited by theitamd of individual reactivities. Furthermore,
inhibition times (tx = the polymerization started up after a certainetimelated to the amount of
oxygen dissolved in the medium) of RB and SHystems decrease with the rates of monomer



conversion, indicating that it could be relatedhe speed of radicals formation from excited stafes
the dyes. For 3-component PIS, quenching of théezkdye is more efficient and more radicals able
to initiate the polymerization of the different nmmers are created in the medium. The result is a
more efficient reaction than for 2-component system

It is tempting to ascribe the low final conversiointhe fast SFHsystems to a very soon and rapid
gelation of the monomer mixture leading to a desweaaf overall reactivity. This can be due to the us
of a hexafunctional acrylate monomer which normédhds to fast reticulation and very fast increase
of the viscosity in the matrix. If the slowest syst for SFH (i.e. SFH-CIHABI) leads to slightly
higher final conversion than the two other, the parison with RB system does not support this
statement: the fastest RB-NPG-CIHABI system leadthé highest final conversion and the slowest
(RB-CIHABI) to the lowest final conversion. MoreaydRB-NPG and RB-NPG-CIHABI PIS lead to
faster response than SFBIHABI. Thus if the maximum polymerization rate$ Bre in line with the
photochemical reactivity of dyes excited states { in Table ), it looks more tricky to give a dirtec
relation between final conversions, &nd photochemical mechanisms. Nevertheless, tbediyes
exhibit marked different behaviors for polymeripatiof the resin under homogeneous irradiation.
This result should somehow impact the behaviouhefdifferent PIS used in holographic recording
materials where microstructuration at the microgcepale takes place and gives rise to a stratified
polymer at the end of the inhomogeneous exposure.

V- HOLOGRAPHIC RECORDING

These photopolymerizable systems were studied dsgiaphic recording material. The
photopatterning was achieved by interference of ¢twberent plane waves at 514 nm (Fig. 1) and
gratings were recorded in transmission geometrglamted, with a spatial fringe spacing of 0.9 um.
On illumination, polymerization occurs at differeates in the bright and dark areas. Accordindnéo t
different gradients of concentration, diffusion geeses take place from non-light struck areaseo th
others and a hologram is built by creation of regiwith various densities. Permanent thick phase
gratings are recorded.

After irradiation, it is possible to open the saidwand to analyze the free surface polymer. These
experiments were performed with an AFM using tagpimode, the aim being the investigation of the
polymer matrix at a submicroscopic scale. Typieaduits are reported in Fig. 3, showing AFM
measurements performed at the top surface of thplea

[ wlals| sl

RzCount P
0.432 (um)  -48.551 (am) 0.436 (ym)  -6.... = ... 14.187 (o)
8795 (m)  -2.105(wm) 8.901 (m) 0. 63.3... ... 16.189 (nm)
0.000 (jm) 0.000 (hm) __0.000 (um) _0.0. 0.000 (nm)

Fig. 3: AFM measurements of the topography of gpek grating after holographic recording and after
removing the glass cover layer: - a: observatioa périodic and regular corrugation illustratedtoy 2D
profile; - b: 3D reconstruction of the surface.

The topographic analysis shows a surface reliefirgyacorresponding: - to a corrugation mean
height of ca 49 nm in the sample; - to a fringecsmh in good agreement with those of the
interference pattern (0.87 pum in average determibgdAFM). The bright and dark regions
corresponding respectively to the polymer-rich &méhe monomer-rich regions are observed by the
succession of bright and dark stripes in the imdgés in agreement with a mechanism of light
induced grating formation linked with molecular magon (mass transport) due to the photochemical



reaction [36], [37] and to polymerization shrinkd@8]. The creation of a surface corrugation after
delamination indicates the imperfect compensatibfocal volume changes in the counterdiffusion
process.

The evolution of the diffraction efficiency duringjlumination inducing grating build-up is
displayed in Fig. 4(a) and (b) for RB and SFH#spectively. It is interesting to note that bebessof
2- and 3-component PIS are different.
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Fig. 4: Evolution of the diffraction efficiency tifie different PIS based on RB (a) and on S versus
irradiation time at 514 nm with 25 mw/érnradiation.

The diffraction efficiency obtained for RB-CIHABYstem is always zero (Fig. 4(a)): this system is
not able to give rise to a micro-structuration thgle inhomogeneous irradiation at the microscopic
scale, even if polymerization is fulfiled underrhogeneous exposure. These results attest that this
system is not able to give rise to a significarftactive index modulation: the creation of active
radicals is too slow and the polymer chains irgtibin the bright areas can easely propagate towards
the dark areas, inducing a homogeneous polymesizatf the medium in spite of the holographic
exposure. The 2-component system RB-NPG lead&b diiffraction efficiency around 78%, value
higher than that observed for the correspondingrBponent system which is about 40% (cf. Table
). Indeed, the grating curve of the 3-componBB-NPG-CIHABI PIS shows particular shape: i-
maximal diffraction efficiency is reached at 60%eaf s of irradiation; ii- this is followed by #ow
decrease ofj to achieve 40% after 90s of irradiation (Fig. #(&8he degradation of the grating is
confirmed by the evolution of the grating formaticates R reported on Fig. 5(a) where, after a
maximum, R of RB-NPG-CIHABI becomes negative before goingaward zero. However, this last
shows maximum rate of grating formation around G2and close to the 0.25' ®btained for RB-
NPG system (Fig. 5, Table Ill). When checking thatigg formations rates,RFig. 5(a)), it appears
clearly that the RB-NPG PIS leads to a delayedamsp compared to the RB-NPG-CIHABI PIS: the
maximum rate of grating formation is obtained lggeound 2.7 and 1.4 s resp.).
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Fig. 5: Evolution of hologram formation,Ror the PIS based on RB (a) and on SE) versus irradiation
time at 514 nm with 25 mw/chirradiance.

The evolution of the diffraction efficiency versisgadiation time of SFH photoinitiating systems
are show in Fig. 4(b). The final diffraction efficicies and the maximum rate of grating formati@n ar
collected in Table Ill. The middling photopolymeaton efficiency observed for the SFEIHABI
system under homogenous irradiation leads to @ifetaction efficiency around 88%, out passing the
RB-CIHABI system even if an important inhibitiomm& (about 5.5 s) was observed for this system.
Furthermore, Fig. 5 shows that the maximum rateobdgram formation is delayed from less than 1s
for SFH-NPG and SFHNPG-CIHABI to 11 s for SHFCIHABI, outlining lower reactivity of SFH
NPG and the very bad performance of SEEHHABI as photosensitizing material for holographi
recording.

The SFH-NPG systems lead to diffraction efficiency closeunity (0.95) and equivalent to the
corresponding 3-component PIS RB-NPG-CIHABI. Inde@dHABI addition to SFH-NPG increases
the maximum rate of grating formation from 0.41fsr SFH-NPG system to 0.55'sor SFH-NPG-
CIHABI (Fig. 5, Table 1ll). As a conclusion, thesfast and more efficient PIS for holographic
recording materials is SFFNPG-CIHABI with both high final diffraction and §h maximum rate of
hologram formation. In addition, SFHbhotoinitiating systems are more efficient thae #ystems
based on RB for use of the considered monomer neiés holographic recording material.

DISCUSSION

Establishment of relations between the performanteise photopolymerizable system in terms of
monomer conversion under homogeneous polymerizatighthose in terms of diffraction efficiency
when used in holography is no straightforward ma&ermulating a photopolymerizable recording
medium in that case requires a fair knowledge ef ¢bupling between photochemical conversion,
polymerization, mass transport and evolution of mhe&trix viscosity. Physical models taking into
account the general mechanism of free radical petgzation are proposed [4], [38], but the approach
developed in this paper is different. The aim istake direct advantage of the polymerization
properties of the material.

In order to explain the holographic curves conecggnRB systems, another experiment can be
introduced concerning the effect of irradiation gimn RB-NPG-CIHABI holographic material (Fig.

10



6): i- when the irradiation was switched off afBeseconds, the attained valuenef 0.25 at t=3s was
kept until the end of the recording; ii- when theadliation was switched off after 5 seconds, the
grating formation is slowed down, reached a maximum value of 0.48 and very slowbyregsed to
0.45; iii- under continuous irradiation, the gragtiefficiency decreases after 8s from 0.59 to 0.40.

This behavior indicates that for RB systems arciffit polymerization can be induced even in the
dark fringes under sustained irradiation, leadingtdecrease of the refractive index variation and,
consequently, to a lowering of the diffraction efncy. This phenomenon was already observed in
boron-dipyrromethene PIS [25].

On the other hand, giving rise to the lowest ficahversion degrees, but best maximum conversion
rates and final diffraction efficiencies, the SANPG and SHRNPG-CIHABI PIS provide fast
release of radicals in the medium in enough quant@ading to very fast initial rates of hologram
formation and low inhibition times. In that caséffusion of monomers from the dark to the bright
fringes is promoted. The result is a fast formataina three-dimensional polymer network in the
illuminated areas. This network is propitious te thrating microsyneresis process by limiting the
diffusion of the living macroradicals toward therkidringes, but not to the polymerization process
because the efficient freezing of the medium cpoads finally to lower monomer conversion degree.

1.0 : : : :

(al) —n—IB secl
(b) |=—0—5 sec
0.8 (c) |=—a—continuous|

Time (s)

Fig. 6: Evolution of the diffraction efficiency f&(B-NPG-CIHABI PIS based holographic material (514
nm with 25 mW/crf) during and after exposure: - a: the irradiat®ewitched off after 3 seconds; - b:
switched off after 5 seconds; - ¢: under continuaasliation.

CONCLUSION

In this paper, we have demonstrated that the effayi and sensitivity of holographic recording
material is related to the photochemistry of phat@ting systems. For photoinitiating systems blase
on same coinitiator, but differing by the dye, tirating formation kinetics was directly relatecthe
properties of the dyes. Finally, we have define@fficient recording material, based on 3-component
PIS, giving rise to thick phase holograms with baoithh diffraction yield and formation rate.
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