
EP 0 324 481 B1 Description Field of the Invention 5     This invention
relates to solid imaging compositions which, after exposure, contain image
areas having an index of refraction which is different from that of non
-image areas. More particularly this invention relates to such systems
wherein the refractive index image is a hologram. Discussion of the
Background and Prior Art 10 The term "image recording" is conventionally
taken to mean a process which produces a spatial pattern of optical
absorption in the recording medium. Photographic processes are well known
examples of this type of process. In a broader sense, however, the word
"image" means a spatial variation of the optical properties of a 15 sample
in such a way as to cause a desired modification of a beam of light passing
through the sample. Refractive index images in general, and holograms in
particular, which modulate the phase, rather than the amplitude, of the
beam passing through them, are usually referred to as phase holograms.
Phase holographic image recording systems produce a spatial pattern of
varying refractive index rather than optical absorption in the recording
medium and, thus, can modulate a beam of light without absorbing it. 20
This type of refractive index image also includes a number of optical
elements or devices which superficially bear little resemblance to
absorption images. Examples are holographic lenses, gratings, mirrors, and
optical waveguides. Holography is a form of optical information storage.
The general principles are described in a number of references, e.g.,
"Photography by Laser" by E. N. Leith and J. Upatnieks in SCIENTIFIC
AMERICAN, 212, 25  No. 6,24-35 (June, 1965). In brief, the object to be
photographed or imaged is illuminated with coherent light, e.g., from a
laser, and a light sensitive recording medium, such as a photographic
plate, is positioned so as to receive light reflected from the object. Each
point on the object reflects light to the entire recording medium, and each
point on the recording medium receives light from the entire object. This
beam of reflected light is known as the object beam. At the same time, a
portion of the coherent light is beamed by 30  a mirror directly to the
recording medium, bypassing the object. This beam is known as the reference
beam. What is recorded on the recording medium is the interference pattern
that results from the interaction of the reference beam and the object beam
impinging on the medium. When the processed recording medium is
subsequently illuminated and observed appropriately, the light from the
illuminating source is diffracted by the hologram to reproduce the wave
-front that originally reached the recording medium from 35  the object, so
that the hologram resembles a window through which the virtual image of the
object is observed in full three -dimensional form, complete with parallax.
Holograms that are formed by allowing the reference and object beams to
enter the recording medium from the same side are known as transmission
holograms. Interaction of the object and reference beams in the recording
medium forms fringes of material with varying refractive indices which are
normal or near 40 normal to the plane of the recording medium. When the
hologram is played back by viewing with transmitted light, these fringes
refract the light to produce the viewed virtual image. Such transmission
holograms may be produced by methods which are well known in the art such
as disclosed in U.S. Patent 3,506,327; U.S. Patent 3,838,903 and U.S.
Patent 3,894,787 each of which is incorporated herein by reference. 45
Holograms formed by allowing the reference and object beams to enter the
recording medium from opposite sides, so that they are traveling in
approximately opposite directions are known as reflection holograms.
Interaction of the object and reference beams in the recording medium forms
fringes of material with varying refractive indices which are,
approximately, planes parallel to the plane, of the recording medium. When
the hologram is played back, these fringes act as mirrors reflecting
incident light back to the 50 viewer. Hence, the hologram is viewed in
reflection rather than in transmission. Since the wavelength 



sensitivity of this type of hologram is very high, white light may be used
for reconstruction. Reflection holograms produced by an off -axis process
are disclosed in U.S. Patent 3,532,406 which is incorporated herein by
reference. A diffraction grating is the simplest possible transmission
hologram. It is the hologram of two coherent 55 plane waves. It can be
created by splitting a single laser beam and recombining the beams at the
recording medium. The interference pattern produced by two plane waves
which are coherent and are not polarized perpendicular to each other is a
set of uniformly spaced fringes with a sinusoidal intensity distribution. 2
EP 0 324 481 B1 When incident on a recording medium they produce a set of
uniformly spaced fringes which have a sinusoidal variation in refractive
index, generally referred to as a grating, oriented parallel to the
bisector of. the angle between the two beams. If the two waves are incident
at equal angles with respect to the surface of the recording medium and are
both incident on the same side of the recording medium, the fringes are 5
perpendicular to the surface of the medium and the grating is said to be
unslanted. The hologram grating produced is said to be a transmission
grating since light passing through it is diffracted. The grating is said
to be thick if it is much thicker than the distance between the fringes,
generally referred to as the grating spacing. A diffraction grating can be
characterized by its diffraction efficiency, that is the percent of
incident 10  radiation which is diffracted, and by its thickness. A simple
but useful theory for thick hologram gratings, generally known as the
"coupled wave theory", has been developed by Kogelnik (H. Kogelnik, Coupled
wave theory for thick hologram gratings, Bell Syt. Tech. J., 48, 2909-2947,
1969). This theory treats the relationship between diffraction efficiency,
grating thickness, wavelength of incident radiation, and the angle of
incident radiation. A useful discussion of this theory in regard to
refractive index recording systems has 15 been presented in Section II of
an article by Tomlinson and Chandross (W. J. Tomlinson and E. A. Chandross,
Organic photochemical refractive - index image recording systems. Adv. in
Photochem., Vol. 12. J. N. Pitts, Jr., G. S. Hammond, and K Gollnick, eds.,
Wiley - Interscience, New York, 1980, pp 201 -281). Refractive index
modulation is a quantitative measure of the change in refractive index
between image and non - image portions of a hologram or other recording
medium containing a refractive index image. For 20 the diffraction grating,
refractive index modulation is the measure of the amplitude of the
sinusoidal modulation of the refractive index within the recording medium
produced when the holographic image is recorded. The refractive index
modulation, or index modulation, for a recording medium is best determined
by holographically forming a grating in the medium and calculating the
index modulation using Kogelnik's coupled wave theory and the measured
parameters of the grating formed, i.e., the diffraction efficiently, 25
medium thickness, etc. A variety of materials have been used to record
volume holograms. Among the more important are: silver halide emulsions,
hardened dichromated gelatin, ferroelectric crystals, photopolymers,
photochromics and photodichroics Characteristics of these materials are
given in Volume Holography and Volume Gratings, Academic Press, New York,
1981 Chapter 10, pp. 254-304 by L. Solymar and D. J. Cook. 30
Dichromated gelatin is the material most widely used for recording volume
holograms. This material has become the popular choice because of its high
diffraction efficiency and low noise characteristics. However, the material
has poor shelf life and requires wet processing. Plates must be freshly
prepared, or prehardened gelatin must be used. Wet processing means that an
additional step is required in hologram preparation and may also cause the
hologram to change due to swelling and then shrinkage of the gelatin 35
during processing. The requirement that plates by freshly prepared each
time a hologram is made, plus the 



problems associated with wet processing, make reproducibility extremely
difficult to achieve with dich.- romated gelatin. While early holograms
where prepared from silver halide, liquid photopolymers, or dichromated
colloids which required several processing steps, solid photopolymerizable
elements were introduced which require 40 only a single process step. U.S.
Patent 3,658,526, to Haugh discloses preparation of stable high -
resolution holograms from solid photopolymerizable layers by a single
step-process wherein a permanent refractive index image is obtained by a
single imagewise exposure of the photopolymerizable layer to actinic
radiation bearing holographic information. The holographic image formed is
not destroyed by subsequent uniform actinic  exposure, but rather is fixed
or enhanced. 45     Although the solid photopolymerizable layers proposed
by Haugh offer many advantages over the prior art, their efficiency is low.
These layers typically have a refractive index of modulation in the range
of 0.001 to 0.003. As a result, reconstructed holographic images formed in
thin layers of the photopolymer only have limited brightness. While
brightness can be increased by employing thicker layers of the
photopolymer, this solution results in a substantial reduction to the
viewing angle and causes the manufacturer to use much 50 more of the
expensive photopolymer. It also should be noted that the coated layers
proposed by Haugh generally cannot be stored at room temperature for
extended times without loss of speed and diffraction efficiency. Thus,
there continues to be a need for improved photopolymer compositions and
elements for refractive index imaging applications, including holography.
55 Summary of the Invention This invention provides storage stable, solid,
photopolymerizable compositions containing N -vinyl carbazole and
hexaarylbiimidazoles that have improved response to actinic radiation and
produce holog - 3    EP 0 324 481 B1 rams of improved brightness. More
particularly, this invention provides a substantially solid, storage stable
photopolymerizable composition that forms a refractive -index image upon
exposure to actinic radiation as the sole processing step, said composition
consisting essentially of: (a) a solvent soluble, thermoplastic polymeric
binder; 5     (b) N -vinyl carbazole; and (c) a hexaarylbiimidazole
photoinitiator system  having a hydrogen donor component, wherein the
hydrogen donor component is a mercapto compound having a [err] greater than
8.0, as measured in methanol with a glass electrode calibrated with aqueous
buffer. In a preferred embodiment of this invention, the composition
contains a liquid ethylenically unsaturated 10  monomer which contains a
substituent selected from the group, phenyl, phenoxy, naphthyl,
naphthyloxy, heteroaromatic group containing up to three aromatic rings,
chlorine, bromine, and mixtures thereof and the polymeric material is
substantially free of said substituents. In a further embodiment of this
invention, the solid photopolymerizable composition also contains a liquid
plasticizer. 15 Brief Description of the Drawing The Figure illustrates the
experimental arrangement used to holographically determine the refractive
index modulation. 20 Detailed Description of the Invention The improved
photopolymerizable compositions of this invention are substantially solid
and are typically used as a layer applied to a permanent substrate. The
composition may be directly coated onto the 



25  substrate by any conventional method or may be laminated thereto as a
storage stable, preformed element comprising the photopolymerizable layer
releasably adhered to a temporary support film, e.g., of polyeth - ylene
terephthalate. The photopolymerizable layer is a thermoplastic composition
which, upon exposure to actinic radiation, forms crosslinks or polymers of
higher molecular weight to change the refractive index and rheological 30
character of the composition. Preferred photopolymerizable compositions are
compositions wherein free radical addition polymerization and crosslinking
of a compound containing one or more ethylenically unsaturated groups,
usually in a terminal position, hardens and insolubilizes the composition.
The sensitivity of the photopolymerizable composition is enhanced by the
photoinitiating system which may contain a component which sensitizes the
composition to practical radiation sources, e.g.. visible light. 35
Conventionally a binder is the most significant component of a
substantially dry photopolymerizable film or layer, in determining what
physical properties the film or laminate will have while being used. The
binder serves as a containing medium for the monomer and photoinitiator
prior to exposure, provide the base line refractive index, and after
exposure contributes to the physical and refractive index characteristics
needed for the refractive index image formed. Cohesion, adhesion,
flexibility, miscibility, tonsil strength, in addition 40  to index of
refraction are some of the many properties which determine whether a binder
is suitable for use in a refractive index media. Dry film
photopolymerizable elements of various types may be used. Suitable elements
are prepared by conventionally coating the photopolymerizable composition
on a wide variety of transparent substrates. By "substrate" is meant any
natural or synthetic support, preferably one which is capable of existing
in a 45  flexible or rigid film or sheet form. For example, the substrate,
could be a sheet or film of synthetic organic resin, or a composite of two
or more materials. Specific substrates include polyethylene terephthalate
films such as resin-subbed or electrostatic discharge-treated polyethylene
terephthalate film, glass, and cellulose acetate film. The particular
substrate will generally be determined by the application involved. While
the photopolymerizable layer is a solid sheet of uniform thickness, it is
composed of at least so  three major components: (a) a solid, solvent
soluble, thermoplastic polymeric binder; (b) N - vinyl carbazole; and, (c)
a hexaarylbiimidazole photoinitiator system containing a mercapto hydrogen
donor component having a relative acidity constant, [err] greater than 8.0,
when measured in methanol with a glass electrode calibrated, with aqueous
buffer. The layer also, typically contains at least one liquid
ethylenically unsaturated monomer capable of 55  addition polymerization to
produce a polymeric material with a refractive index substantially
different from that of the preformed polymeric material. Although the layer
is a solid composition, components interdiffuse before, during and after
imaging exposure until they are fixed or destroyed by a final uniform
treatment, usually by a further uniform exposure to actinic radiation.
Interdiffusion may. be further promoted by 4    EP 0 324 481 B1
incorporation into the composition of an otherwise unreactive plasticizer.
In addition to N-vinyl carbazole, the composition may contain other solid
monomer components capable of interdiffusing in the solid composition and
reacting with N -vinyl carbazole or liquid monomer, if present, to form a
copolymer with a refractive index shifted from that of the preformed
polymeric material. 5     In the composition of this invention the
initiator system comprise a hexaarylbiimidazole initiator and a mercapto
hydrogen donor agent and may contain a sensitizer which extends the
spectral response into regions having special utility, e.g., the near U.V.
region, and the visible and near infrared spectral regions where lasers
emit. Suitable free radical - generating addition polymerization initiators
activatable by actinic light and 



10 thermally inactive at and below 185 C are hexaarylbiimidazole compounds,
also known as 2,4,5- triphenylimidazolyl dimers, as described in U.S.
Patents 3,427,161; 3,479,185; 3,549,367; 3,784,557; 4,311,783; and
4,622,286 which are incorporated herein by reference. Preferred
photoinitiators include CDM - HABI, i.e., 2- (o - chlorophenyl) - 4,5 -
bis(m - methoxyphenyl) - imidazole dimer; o - Cl- HABI, i.e., 1.1 -
biimidazole, 2,2' - bis (o - chlorophenyl) - 4,4,5,5,' - tetraphenyl -; 15
and TCTM - HABI, i.e., 1 H - imidazole, 2,5 bis (o - chlorophenyl) - 4-
(3,4 - dimethoxyphenyl) -, dimer. Hydrogen donors used in this invention
are mercapto compounds which have a relative acidity constant, [err]
greater than 8.0, when measured in methanol with a glass electrode
calbrated with aqueous buffer. Relative acidity constants, also known as
half - neutralization potentials, are more fully described in Lange's
Handbook of Chemistry" 12th edition, McGraw-Hill, New York (1979), pages
5-44 to 5-46, and in 20  Quantitative Chemical Analysis by 1. M. Koltholff,
E.B. Sandell, E. J. Mechan & S. Brukenstein, 4th edition, Macmillian, New
York (1969), page 712. In brief, the glass electrode of a pH meter is
calibrated against a series of aqueous buffers. The mercapto compound,
dissolved in methanol, is titrated with an appropriate base, and the
potential at which the mercapto compound is 50% neutralized measured with
the glass electrode. The relative acidity constant, [err] is determined
from the previously measured calibration 25 curve. Mercapto compounds
useful as hydrogen donors may be aliphatic, aromatic or heterocyclic
compounds. Preferred mercapto compounds which meet these criteria include:
5- chloro -2 - mercaptobenzothiazole; 2- mercaptobenzothiazole; 1H -1,2,4 -
triazole -3- thiol; 6- ethoxy - 2 - mercaptobenzothiazole; 4 - methyl - 4H
- 1,2,4 - triazole - 3 - thiol; or 1 - dodecanethiol. Sensitizers useful
with photoinitiators include methylene blue and those disclosed in U.S.
Patents 30 3,554,753; 3,563,750; 3,563,751; 3,647,467; 3,652,275;
4,162,162; 4,268,667; 4,351,893; 4,454,218; 4,535,052; and 4,565,769 each
of which is incorporated herein by reference. Particularly preferred
sensitiz - ers include the following: DBC, i.e., Cyclopentanone, 2,5 - bis
{[4 - (diethylamino) - 2 - methylphenyl] - methylene}; DEAW, i.e.
Cyclopentanone, 2,5 - bis{[4 - (diethylamino) - phenyl] methylene}; and
dimethoxy - JDI, i.e., 1H - inden - 35  1 - one 2,3 - dihydro - 5,6 -
dimethoxy - 2 - [(2,3,6,7 - tetra - hydro - 1 H,5H - benzo [i,j] quinolizin
-9- yl) - methylene] - which have the following structures respectively: 40
[err]    EP 0 324 481  B1 10                          [err] The refractive
index shift resulting from imaging polymerization of the monomer of the
composition is best measured as the refractive index modulation as
calculated from the parameters of a grating formed holographically in a
layer of the composition. This measurement is achieved using the [err]
holographic 15 grating system illustrated in the Figure. In the system an
argon ion laser (10) operating at 488 nm and [err] produces a laser beam
(12) which is directed by mirrors (14) and a beam elevator (16) through an
attenuator (18) and into a beam splitter (20) wherein the beam is divided
into two approximately equal beam segments (22). Each beam segment (22) is
reflected by a mirror (24), through a spatial filter (26) and a collimating
lens (40) to converge in the plane of glass mounted sample (28) to subtend
an angle of about 20  [err] whose bisector is approximately normal to the
plane of the sample (28) so as to form a grating hologram (30). Grating
(30) formation is measured in real time by passing a 632.8nm beam (32) from
a He:Ne laser (34) through the center of the exposure area at the Bragg
angle. The intensity of the laser beam (32) diffracted by sample (28) is
monitored with a detector (36). In the practice of this invention a film
element is prepared comprising a flexible transparent polyethyl- 



25  ene terephthalate support sheet having coated thereon a solid
photopolymerizable layer about 10 to 60 [err] thick which optionally is
protected with a polypropylene, polyethylene, or polyethylene terephthalate
cover sheet. A section of the film element is cut, the cover sheet removed,
if present, and then mounted onto a 10.1X12.7 cm (4X5 inch) glass plate by
hand laminating the uncovered layer surface to the glass surface. Even
though the layer is solid its surface typically is tacky and adheres
readily to the glass surface. In those 30  instances where tack is absent,
heat and pressure may be used to laminate the photopolymerizable layer to
the glass substrate surface. Typically the polyethylene terephthalate film
support is left in place on the laminate and serves to protect the layer
during handling and exposure operations. The glass mounted
photopolymerizable layer (28) is evaluated in the 30  holographic grating
system described above wherein the emerging collimated beam (38) intensity
ratio is maintained at about 1:1, with 35  absolute intensities ranging
from 3-10 mW/cm2 per beam (38). The diameter of each emerging beam (38) is
about 1 cm. The photopolymerizable layer (28) is exposed for about 4-32
seconds to the modulated laser radiation at the convergence of beams (38)
corresponding to about 50-600 mJ/ [err] total exposure. About one minute
after this imagewise exposure the grating is reexposed for 1 -2 minute
using one of the two emerging beams (38) to fix or complete polymerization
throughout the photopolymerizable layer (28). 40  As. described earlier,
grating (30) formation is monitored using the non -actinic 632.8 nm beam
(32) of a He:Ne laser (34) and a detector (36) which is a Coherent model
212 power meter attached to a strip chart recorder. Diffraction efficiency
[err] is calculated as the ratio of the diffracted beam intensity [err] to
the pre - exposure undiffracted  beam intensity [err] after passing through
the coating: [err] Coating thickness is measured for the photocured sample
using a conventional thickness measuring system. The refractive index
modulation in the recorded grating is calculated from the measured
diffraction 50  efficiency and coating thickness using Kogelnik's coupled
wave theory, which for unslanted transmission diffraction gratings gives:
[err] 6    E P  0324 481 B1 Where: M    = refractive index modulation [err]
= probe radiation wavelength in free space (632.8 nm) [err]   = angle
within the recording medium between the probe radiation and a line
perpendicular to the 5         plane of the medium ([err] = 12.93 for X =
632.8 nm) = diffraction efficiency of the grating d    = grating thickness
The internal angle [err] of the probe beam within the recording medium is
calculated from the external angle [err] = [err] between the line normal to
the film plane and the 488 nm recording beams using 10 Snell's law: [err]
where A is the fringe spacing and [err] is the average refractive index of
the medium. A value of 1.50 for [err] is used in all calculations. 20
The improved solid, photopolymerizable compositions of this invention which
produced acceptably bright and sharp transmission holograms have a
refractive index modulation, M, which is at least about 0.005 as calculated
using this procedure and system. Holographic gratings 'prepared and
measured using the procedure specified above typically have a special
frequency of about 1000 lines per mm, i,e., between 



900 and 1100 lines per mm. For the purpose of this invention refractive
index modulation is defined as the 25  refractive index modulation as
measured with 632.8 nm probe radiation from a transmission grating having a
spatial frequency of about 1000 lines per mm as prepared by the specified
procedure. This refractive index modulation is contrasted to refractive
index modulations wherein the spacial frequency is substantially different,
is measured with a different probe radiation, or wherein a totally
different measurement procedure used, e.g., interference microscopy
procedures such as disclosed in EP-A-0 324 493. 30     Suitable monomers
which can be used in combination with N -vinyl carbazole include but are
not limited to styrene, 2- chlorostyrene, 2-bromostyrene, methoxystyrene,
phenyl acrylate, p -chlorophenyl acrylate, 2-phenylethyl acrylate,
2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, phenol ethox- ylate
monoacrylate, 2 - (p - chlorophenoxy)ethyl acrylate, benzyl acrylate, 2- (1
-naphthyloxy)ethyl acrylate, 2,2-di (p-hydroxyphenyl)-propane diacrylate or
dimethacrylate, 2,2-di -(p - hydroxyphenyl)-propane 35 dimethacrylate,
polyoxyethyl - 2,2 - di - (p - hydroxyphenyl) - propane    dimethacrylate,
di - (3 - methacryloxy -2- hydroxypropyl) ether of bisphenol - A, di - (2-
methacryloxyethyl) ether of bisphenol - A, di -(3 - acryloxy -2-
hydroxypropyl) ether of bisphenol - A, di -(2- acryloxyethyl) ether of
bisphenol - A, ethoxylated bisphenol - A diacrylate, di(3 - methacryloxy
-2- hydroxpropyl) ether of tetrachloro - bisphenol - A, di -(2-
methacryloxethyl) ether of tetrachloro - bisphenol - A, di -(3 -
methacryloxy -2- 40 hydroxypropyl) ether of tetrabromo - bisphenol - A, di
-(2 - methacryloxethyl) ether of tetrabromo - bisphenol - A, di -(3 -
methacryloxy -2- hydroxypropyl) ether of diphenolic acid, 1,4 - benzenediol
dimethacrylate  1,4-diisopropenyl  benzene,  1,3,5-triisopropenyl  benzene,
hydroquinone  mon- omethacrylate, and 2- [B - (N
-carbazoyl)propionyloxy]ethyl acrylate. Preferred liquid monomers for use
in this invention are 2-phenoxyethyl acrylate, 2-phenoxyethyl 45
methacrylate, phenol ethoxylate monoacrylate, 2-(p-chlorophenoxy)ethyl
acrylate, p-chlorophenyl ac- rylate, phenyl acrylate, 2- phenylethyl
acrylate, di(2 - acryloxyethyl)ether of bisphenol - A, ethoxylated
bisphenol - A diacrylate, and 2 - (1 - naphthyloxy)ethyl acrylate. While
monomers useful in this invention are liquids, they may be used in
admixture with a second solid monomer of the same type, e.g., ethylenically
unsaturated carbazole monomers such as disclosed in 50 Joumal of Polymer
Science: Polymer Chemistry Edition, Vol. 18, pp. 9- 18 (1979) by H.
Kamogawa et al., 2 - naphthyl acrylate, pentachlorophenyl acrylate, 3,6 -
dibromo - 9 - vinyl carbazole, 2,4,6 - tribromophenyl acrylate, bisphenol A
diacrylate, 2 - (2 - naphthyloxy)ethyl acrylate, and N - phenyl maleimide.
The solvent soluble polymeric material or binder is substantially free of a
substituent from the group consisting of phenyl, phenoxy, naphthyl
naphthyloxy, heteroaromatic group containing up to three aromatic 55
rings, chlorine and bromine. Suitable binders of this class, which are
solvent soluble, thermoplastic polymers, can be used alone, or in
combination with one another and include the following: acrylate and alpha
- alkyl acrylate ester and acid polymers and interpolymers e.g., polymethyl
methacrylate and polyethyl methacrylate; polyvinyl esters, 7    EP 0 324
481 B1 e,g., polyvinyl acetate, polyvinyl acetate/acrylate, polyvinyl
acetate/ methacrylate and hydrolyzed polyvinyl acetate; ethylene/vinyl
acetate copolymers; saturated and unsaturated polyurethanes; butadiene and
iso- prene polymers and copolymers and high molecular weight polyethylene
oxides of polyglycols having average molecular weights from about 4,000 to
1,000,000; epoxides, e.g., epoxides containing acrylate or 5  methacrylate
groups; polyamides, e.g., N-methoxymethyl polyhexamethylene adipamide;
cellulose esters, e.g., cellulose acetate, cellulose acetate succinate and
cellulose acetate butyrate, cellulose ethers, e.g., methyl cellulose, and
ethyl cellulose, polycarbonates; polyvinyl acetal, e.g., polyvinyl butyral,
polyvinyl formal. Acid containing polymers and copolymers functioning as
suitable binder include those disclosed in 



U'S. Patent 3,458, 311 and in U.S. Patent 4,273,857, as well as the
amphoteric polymeric binders, disclosed 10 in U.S. Patent 4,293,635 each of
which is incorporated herein by reference. Particularly preferred binders
for use in this invention are cellulose acetate butyrate polymers; acrylic
polymers and inter polymers including polymethyl methacrylate, methyl
methacrylate/methacrylic acid and methyl methacrylate/acrylic acid
copolymers, terpolymers of methylmethacrylate/C2 - C4 alkyl acrylate or
methacrylate/acrylic or methacrylic acid; polyvinyl acetal, polyvinyl
butyral, polyvinyl formal and interpolymer; and vinyl acetate polymer and
15  interpolymer as well as mixtures thereof. The solid, photopolymerizable
compositions of this invention may contain a plasticizer. Plasticizers may
be used in amounts varying from about 2% to about 25% by weight of the
composition preferably 5 to about 15 wt.%. Suitable plasticizers include
triethylene glycol, triethylene glycol diacetate, triethylene glycol
diproprionate, triethylene glycol dicaprylate, triethylene glycol dimethyl
ether, triethylene glycol bis(2- 20  ethylhexanoate), tetraethylene glycol
diheptanoate, poly(ethylene glycol), poly(ethylene glycol) methyl ether,
isopropylnaphthalene, diisopropyinaphthalene, poly(propylene glycol),
glyceryl tributyrate, diethyl adipate, diethyl sebacate, dibutyl suberate,
tributyl phosphate, tris (2- ethyl hexyl) phosphate, [err] 30 [err] [err]
and [err] Many of the these plasticizers can be expressed by the following
general formulae: 25 [err] wherein each of [err] and [err] is alkyl  group
of 1 to 10 carbon atoms: [err] is H or an alkyl group having 8 to 16 carbon
atoms, [err] is H or [err] x is 1 to 4; y is 2 to 20 and z is 1 to 20.
Preferred plasticizers for use in cellulose acetate butyrate systems are
triethylene glycol dicaprylate and tetraethylene glycol diheptanoate, 40
diethyl adipate, [err] and tris - (2 - ethylhexyl)phosphate. Other
plasticizers that yield equivalent results will be apparent to those
skilled in the art, and may be employed in accordance with the invention.
It also will be appreciated that plasticizers may be substituted for some
or all of the liquid monomer in the event that a solid monomer is present,
provided that the mixture of plasticizer and monomer(s) remain liquid.
Other components in addition to those described above 45 can be present in
the photopolymerizable compositions in varying amounts. Such components
include: optical brighteners, ultraviolet radiation absorbing material,
thermal stabilizers, and release agents. Optical brighteners useful in the
process of the invention include those disclosed in Held U.S. Patent
3,854,950, incorporated herein by reference. A preferred optical brightener
is 7- (4'chloro -6' - di - ethylamino-1',3',5'-triazine-4'- yl) amino
3-phenyl coumarin. Ultraviolet radiation absorbing materials 50  useful in
the invention are also disclosed in Held U.S. Patent 3,854,950. Useful
thermal stabilizers include: hydroquinone, phenidone, p-methoxyphenol,
alkyl and aryl-sub- stituted hydroquinones and quinones, tert-butyl
catechol, pyrogallol, copper resinate, naphthylamines, beta - naphthol,
cuprous chloride, 2,6 - di - tert - butyl p - cresol, phenothiazine,
pyridine, nitrobenzene, dinitrobenzene, p-toluquinone and chloranil. The
dinitroso dimers described in Pazos U.S. Patent 4,168, 55  982 are also
useful. Normally a  thermal polymerization inhibitor will be present to
increase stability in the storage of the photopolymerizable composition.
Compounds which have been found useful as release agents are described in
Bauer U.S. Patent 4,326,010. A preferred release agent is polycaprolactone.
8    EP 0 324  481 B1 Amounts of ingredients in the photopolymerizable
compositions will generally be within the following percentage ranges based
on total weight of the photopolymerizable layer monomer, 5-60%, preferably
15-25%; initiator 0.1 -10%, preferably 1- 5%: binder, 25-75%, preferably
45- 65%; plasticizer, 0- 25%, preferably 5-15%; other  ingredients 0-5%,
preferably 1 -4%. If N-vinyl carbazole is the only 



5 ethylenically unsaturated monomer present, the binder may constitute up
to approximately 95% of the total composition by weight. The advantageous
properties of the compositions of this invention can be observed by
reference to the following examples. 10  EXAMPLES Sample Preparation -
General Procedure Coating solutions without visible sensitizer, DEAW, were
prepared under yellow or red light. After 15 addition of DEAW, all
operations on the solutions and their resulting coatings were performed
under red light only. To further protect them from light, solutions were
prepared and stored in amber bottles. Solution components were used as
received from the manufacturer without purification, except for POEA which
was chromatographed on aluminum oxide (activity- 1) just prior to use.
Solutions were coated onto a 100 micron (4-mil) clear film support of
polyethylene terephthalate at a 20 web speed of about 4 to 8 fpm using a
Talboy coater equipped with a 100 micron (4-mil) doctor knife, 3.7 m (12
foot) drier set at 40 - 50 C, and a laminator station. A cover sheet 25
micron (1 mil) polyethylene terephthalate film was laminated to the
coatings after drying. Coated samples were stored in black polyethylene
bags at room temperature until used. 25  Sample Evaluation   General
Procedure Coated film was cut into 10.1X12.7 cm (4X5-inch) sections, the
cover sheet was removed, and the film then mounted by hand laminating the
tacky coating directly to a glass plate. The polyethylene terephthalate
film support was  left in place and served to protect the coating during
handling and exposure operations. 30     Glass mounted coatings were
evaluated by recording holographic diffraction gratings and determining
their efficiency. Gratings were obtained by actinic exposure at the
intersection of two interfering collimated beams of an argon ion laser
operating at 488 nm and [err] as illustrated in the Figure. The beam
intensity ratio was maintained at about 1:1, with absolute intensities
ranging from 1.5-7 mW/ [err] per beam. The diameter of each beam was about
1 cm. Exposure times ranged from 8-32 seconds, corresponding to 35  72- 600
mJ/[err] total exposure. About one minute after the image - wise exposure
just described each grating was given a 1 -2 minute fixing exposure using
one of the two 488 nm laser beams. Grating formation was measured in real
time by passing a 632.8 nm He:Ne laser beam through the center of the
exposure area at the Bragg angle. The intensity of the He:Ne laser beam was
monitored with a Coherent model 212 power meter attached to    strip chart
recorder. Diffraction efficiency [err] was calculated as the 40  ratio of
the diffracted beam intensity [err] to the pre - exposure undiffracted beam
intensity [err] after passing through the coating: [err] 45 A series of
exposure times was used so maximum [err] could be determined. Coating
thicknesses were measured on photocured samples using a Brown & Sharpe
Model 975 Electronic Comparator. For each sample, the refractive index
modulation in the recorded gratings was calculated from measured
diffraction efficiencies and coating thicknesses using Kogelnik's coupled
wave theory, previously described. 50 55    EP 0 324  481 B1 Glossary of
Chemical Names BHT          2,6 - Bi -tert - butyl -4- methylphenol CAB
Cellulose acetate butyrate 5   O- Cl- HABI  1,1 - Biimidazole, 2,2' -
bis[O- chlorophenyl] - 4,4', 5,5-tetraphenyl-; CAS 1707-68-2 



CMBT        5- Chloro - 2 - mercaptobenzothiazole; GAS 5331 -91 -9 DDA
1,10 - Decanediol diacrylate DDM       1 -Dodecanethiol; CAS 112 -55 - 0
DEAW         Cyclopentanone, 2,5 - bis{[4 - (diethylamino)
-phenyl]methylene]; CAS 38394 - 53 - 5 10   MBO          2 -
Mercaptobenzoxazole; 2 - Benzoxazolethiol; GAS 2382 - 96 - 9 MBT
2- Mercaptobenzothiazole; 2- Benzothiazolethiol; CAS 149 -30-4 MMT
4 - Methyl - 4H -1,2,4 - triazole - 3 - thiol; GAS 24854 - 43 -1 NPG
N - Phenyl glycine; NVC       N - Vinyl carbazole; 9 Vinyl carbazole; CAS
1484 -13 - 5 15   PMT          1 -Phenyl -1 H - tetrazole - 5 - thiol; CAS
86 - 93 -1 POEA         2 - Phenoxyethyl acrylate; CAS 48145 - 04 - 6 TDC
Triethylene glycol dicaprylate Determining Relative Acidity Constants of
Hydrogen Donors The relative acidity constants of hydrogen donors were
determined by measuring their half - neu - tralization potentials. Samples
of hydrogen donors were dissolved in methanol and their half-neutralization
potential measured potentiometrically using a Metrohm Model 636
Autotitrator equipped with a Mettler 25 DG1 00 glass pH - electrode. The
electrode was calibrated in aqueous buffer solutions at pH 4, 7, and 10;
all subsequent titrations were carried out in methanol. The titrant was 0.1
N methanolic KOH. Half- neutralization potentials in methanol were also
measured for acetic and benzoic acid, as controls. Results 'are presented
below. Compound                                  Relative Acidity Constant
[err] 1 Phenyl -1 H - tetrazole -5 -thiol (PMT)              4.9 N
Phenylglycine (NPG)                                6.3 Benzoic acid
7.0 .        Acetic acid                                             7.2 2
- Mercaptobenzoxazole (MBO)                           7.9 5 - Chloro - 2 -
mercaptobenzothiazole (CMBT)        8.2 2- Mercaptobenzothiazole (MBT)
8.6 40             1 H - 1,2,4 - Triazole - 3.- thol                    9.0
6 - Ethoxy -2- mercaptobenzothiazole                   9.1 4- Methyl - 4H -
12,4 - triazole - 3 - thiol (MMT)      9.7 1 - Dodecanethiol (DDM) Acid too
weak to titrate,  could not determine half - neutralization  potential 45
EXAMPLE 1 This is a useful composition containing MMT hydrogen donor,  NVC
monomer, and CAB binder. 50 Unexposed coatings of this composition have
long shelf -life and are capable of recording transmission holograms with
high refractive index modulation (M[err]0.013). A formulation was prepared
using 75.3 g dichloromethane and ingredients as described in the following
table. The formulation was coated, exposed and evaluated according to the
general procedures given above; results are presented in the table. 10
EP0  324 481 B1 



EXAMPLES 2-3 These are useful compositions identical to Example 1, except
they contain either MBT or CMBT as the hydrogen donor. Unexposed coatings
of these compositions have long shelf - life and are capable of 5
recording transmissions holograms with high index modulation. Two
formulations were prepared, each containing 75.3 g dichloromethane, and
each containing ingredients as described in Table 2. The formulations were
coated, exposed and evaluated as in Example 1; results are presented in the
table below. 10  EXAMPLE 4 This composition is identical to Example 1,
except it contains MBO as the hydrogen donor. Unexposed coatings of this
composition have short shelf -life, but, when fresh, are capable of
recording transmission holograms with high diffraction efficiency. 15     A
formulation was prepared containing 75.3 g dichloromethane and ingredients
as described in the table. The formulation was coated, exposed, and
evaluated as in Example 1. Results are presented in the table. 20 25 30 40
45 50 55    EP0 324 481 B1 Example  Number Ingredients/Analysis        1
2       3      4 5 CAB 531-1, GRAMS (wt%)  13.31  13.31  13.31  13.31 (53)
(53)   (53)   (53) POEA, grams (wt%)       5.52   5.52   5.52   5.52 (22)
(22)   (22)   (22) NVC, grams (wt%)            3.77   3.77   3.77   3.77
(15)   (15)   (15)   (15) TDC, grams (wt%)            1.76   1.76   1.76
1.76 (7)    (7)    (7)    (7) o-Cl-HABI, grams (wt%)   0.251  0.251  0.251
0.251 (1)    (1)    (1)    (1) 20                DEAW, grams (wt%)
0.050  0.050 0.050  0.050 (0.2) (0.2)  (0.2)  (0.2) BUT. grams (wt%)
0.003 0.003  0.003  0;003 (0.01) (0.01) (0.01) (0.01) 25. MT, grams (wt% )
0.45 (1 . 8)  --- MBT  grams (wt%)        ----   0.45 30 CMBT grams (wt%)
0. 45- ----      0.45 



35                                                                 (1.8)
Thickness  [err]  microns   16.0   24.1   14.2   18.3 40
Analysis 8 day's after coating (freshly exposed Diff.   Effic        (%)
87       -100  66      94 45           Index Modulation, M    0.015 0.015
0.013  0.014 40 Analysis 95 days after coating (freshly exposed sales)
Diff.  Effic   (%)    78        91    51       0.9 55 Index  Modulation , M
0.013  0.010  0.011  0.0010    EP 0  324 481 B1 [err]     months  after
coating (freshly  exposed Index Modulation,
0.011  0.011  0.011 10  EXAMPLE 5 This is a useful composition containing
MBT hydrogen donor, NVC monomer, and CAB binder. Unexposed coatings of this
composition have long shelf - life and are capable of recording
transmission holograms with high index modulation. is     A formulation was
prepared containing 75.0 g dichloromethane and ingredients as described
below. The formulation was coated, exposed, and evaluated according to the
general procedures given above; results are presented in the following
table. EXAMPLE 6 20 This is a useful composition containing DDM chain-
transfer agent, NVC monomer, and CAB binder. Unexposed coatings of this
composition have long shelf - life and are capable of recording
transmission holograms with high index modulation. A formulation was
prepared containing 75.0 g dichloromethane  and ingredients are described
below. 25  The formulation was coated, exposed, and evaluated as in Example
5; results are presented in the table. Ingredients/Analysis
Example Number 5      6 30                   CAB 531 -1, grams (wt%)
13.25 (53.0)    13.25 (52.8) POEA, grams (wt%)            5.50 (22.0)
5.50 (21.9) NVC gramss (wt%)            3.75 (15.0)     3.75(15.0) TDC,
grams (wt%)             1.75 (7.0)      1.75 (7.0) o -Cl - HABI, grams
(wt%)     0.25 (1.0)      0.25 (1.0) DEAW, grams (wt%)            0.050
(0.2)    0.050 (0.2) BHT, grams (wt%)            0.003 (0.01)    0.003
(0.01) MBT, grams (wt%)             0.45 (1.8) DDM, grams (wt%)- - - -
0.53 (2.1) Thickness, d microns        11.8            13.6 Analysis 11
days after coating (freshly exposed samples) Diffraction Efficiency, [err]
(%)  52 Index Modulation, M          0.013          0.012 Analysis 9.7
months after coating (freshly exposed samples) Diffraction Efficiency, (%)
33            33 Index Modulation, M          0.010           0.0088 



50 EXAMPLES 7-8 These compositions contain NVC monomer and PMT, a thiol, or
NPG, a non -thiol, as the hydrogen donor. Unexposed coatings of these
compositions have short shelf - life. 55     Two formulations were
prepared, each containing 75.0 .g of dichloromethane, and each containing
ingredients as described in the following table. The formulations were
coated, exposed and evaluated according to the general procedures given
above, except coating thicknesses were measured with a Sloan DEKTAK 3030
surface profile monitoring system and intensity of the diffracted light was
obtained from the 13    EP 0 324 481 B1 output of Fluka 8840A digital
voltmeters attached to silicon photodiode  sensors    Results are presented
below. Ingredients/Analysis            Example Number 7 CAB 531 -1, grams
(wt%)     13.25 (53) POEA, grams (wt%)            5.50 (22) NVC, grams
(wt%)            3.75 (15)         3.75(15) TDC, grams (wt%)           1
.75 (7)             1.75(7) PMT, grams (wt%)             0.45 (1.8)
- NPG, grams (wt%)            - - - -            0.45 (1.8) o - Cl - HABI,
grams (wt%)   0.25 (1)      0. 25(1) DEAW, grams (wt%)            0.050
(0.2)       0.050 (0.2) BHT, grams (wt%)             0.003 (0.01)
0.003 (0.01) Thickness, d. microns       16           15 Analysis 1 - 4
hours after coating 20                  Diffraction Efficiency, [err]  <0.a
Index Modulation, M        <0.0004           0.013 Analysis 6 days after
coating (freshly exposed samples Diffraction Efficiency, [err] (%)  [err]
32 25                  Index Modulation, M           0.0004 Analysis 13-14
days after coating (freshly exposed samples) Diffraction Efficiency, [err]
(%)  [err]           32 Index Modulation, M          0.0004
0.0079 30                  a Hologram detectable, but very inefficient.
Claims 35 1. A substantially solid, storage stable, photopolymerizable
composition that forms a refractive -index image upon exposure to actinic
radiation as the sole processing step, said composition consisting
essentially of: (a) a solvent soluble, thermoplastic, polymeric binder; 40
(b) N -vinyl carbazole; and (c) a hexaarylbiimidazole photoinitiator system
having a hydrogen donor component, wherein the hydrogen donor component is
a mercapto compound having a [err] greater than 8.0, as measured in
methanol with a glass electrode calibrated with aqueous buffer. 2. The
composition of claim 1 wherein said binder is present in the amount of 50
to 95%, said N -vinyl 



carbazole is present in the amount of 5 to 40%, and said photoinitiator
system is present in the amount of 0.1 to 10% by weight, based on total
weight of said composition. 3. The composition of claim 1 which also
contains at least one liquid ethylenically unsaturated monomer 50
capable of addition polymerization having a boiling point above [err] 4.
The composition of claim 3 wherein the liquid monomer contains a
substituent from the group consisting of phenyl, phenoxy, naphthyl,
naphthloxy, heteroaromatic containing up to three aromatic rings, chlorine
and bromine wherein the solvent soluble, thermoplastic, polymeric material
is substan - 55    tially free of said substituents. 5. The composition of
claim 3 wherein the liquid monomer is selected from the group consisting of
phenoxyalkyl acrylate or methacrylate; a phenol ethoxylate acrylate or
methacrylate; a phenyl alkyl acrylate or methacrylate; 2- (1 -
naphthloxy)ethyl acrylate; the di(2 - acryloxyethyl )ether of bisphenol -
14    EP 0 324 481 B1 output of Fluka 8840A digital voltmeters attached to
silicon photodiode sensors. Results are presented below.
Ingredients/Analysis                        Example Number 7
8 CAB 531 -1, grams (wt%)    13.25 (53)        13.25 (53) POEA, grams (wt%)
5.50 (22)         5.50 (22) NVC, grams (wt%)            3.75. (15)
3.75 (15) TDC, grams (wt%)            1.75 (7)          1.75 (7) PMT, grams
(wt%)            0.45 (1.8) NPG, grams (wt%)                           0.45
(1 .8) o-CI-HABI, grams (wt%)      0.25 (1)       0.25 (1) DEAW, grams
(wt%)           0.050 (0.2)       0.050 (0.2) 15                BHT, grams
(wt%)            0.003 (0.01)      0.003 (0.01) Thickness, d, microns
16 Analysis 1 - 4 hours after coating Diffraction Efficiency,  (%)   <0 .70
20                  Index Modulation, M        < 0.0004          0.013
Analysis 6 days after coating (freshly exposed samples) Diffraction
Efficiency, [err] (%)  0.1 a         32 Index Modulation, M         0.0004
0.0066 25 Analysis 13-14 days after coating (freshly exposed samples)
Diffraction Efficiency, [err] (%)  [err] Index Modulation, M         0.0004
0.0079 30                 a Hologram detectable, but very inefficient.
Claims 1. A substantially solid, storage stable, photopolymerizable
composition that forms a refractive -index image upon exposure to actinic
radiation as the sole processing step, said composition consisting
essentially of: (a) a solvent soluble, thermoplastic, polymeric binder; (b)
N -vinyl carbazole; and (c) a hexaarylbiimidazole photoinitiator system
having a hydrogen donor component, wherein the 



hydrogen donor component is a mercapto compound having a [err] greater than
8.0, as measured in methanol with a glass electrode calibrated with aqueous
buffer. 2. The composition of claim 1 wherein said binder is present in the
amount of 50 to 95%, said N-vinyl carbazole is present in the amount of 5
to 40%, and said photoinitiator system is present in the amount of 0.1 to
10% by weight, based on total weight of said composition. 3. The
composition of claim 1 which also contains at least one liquid
ethylenically unsaturated monomer 50     capable of addition polymerization
having a boiling point above 100 C. 4. The composition, of claim 3 wherein
the liquid monomer contains a substituent from the group consisting of
phenyl, phenoxy, naphthyl, naphthloxy. heteroaromatic containing up to
three aromatic rings, chlorine and bromine wherein the solvent soluble,
thermoplastic, polymeric material is substan - tially free of said
substituents. 55 5. The composition of claim 3 wherein the liquid monomer
is selected from  the group consisting of phenoxyalkyl acrylate or
methacrylate; a phenol ethoxylate acrylate or methacrylate; a phenyl alkyl
acrylate or methacrylate; 2 - (1 - naphthloxy)ethyl acrylate; the di(2 -
acryloxyehyl)ether of bisphenol - 14    EP 0 324 481 Si A; and ethoxylated
bisphenol  - A diacrylate. 6. The composition of claim 3 wherein said
binder is present in the amount of 25 to 75%, the ethylenically unsaturated
monomers are present in the amount of 5 to 60%, and said photoinitiator
system is present 5      in the amount of 0.1 to 10% by weight, based on
total weight of said composition. 7. The composition of claim 3 in which a
solid ethylenically unsaturated monomer is also present. 8. The composition
of claim 7 in  which the solid ethylenically unsaturated monomer contains
the 10     carbazole group. 9. The composition of claim 7 wherein the solid
ethylenically unsaturated monomer is selected from the group consisting of
3,6 -dibromo -9-vinyl carbazole, 2,4,6 -tribromophenyl acrylate or
methacrylate, pentachlorophenyl acrylate or methacrylate, 2 - naphthyl
acrylate or methacrylate, 2 - (2 - naph - 15     thyloxy)ethyl acrylate or
methacrylate, and the di -(2 - acryloxyethyl)ether of tetrabromo -
bisphenol A, and mixtures thereof. 10. The composition of claim 3 in which
a plasticizer is also present, which plasticizer is selected from the group
consisting of tris(2- ethylhexyl)phosphate, glyceryl tributyrate, and a
compound having the 20     general formula: [err] wherein [err] and [err]
each is an alkyl group of I to 10 carbon atoms, R3 is H or an alkyl group
of 8 to 16 carbon atoms, [err] is H or [err] x is 1 -4, yis 2-20, and z is
1-20. 35  11. The. composition of claim 10 wherein the plasticizer is
selected from the group consisting of triethylene glycol dicaprylate,
triethylene glycol bis(2 -ethyihexanoate). diethyl adipate, dibutyl
adipate, tetraethylene glycol diheptanate, dibutyl suberate, diethyl
sebacate, tris(2 - ethylhexyl)phosphate, and glyceryl tributyrate. 40  12.
The composition of claim 10 in which said plasticizer is substituted for at
least a portion of the liquid ethylenically unsaturated monomer. 13. The
composition of claim 1 wherein the mercapto compound is selected from the
group consisting of 5- chloro -2 - mercaptobenzothiazole; 2-
mercaptobenzothiazole; 1 H -1,2,4 - triazole -3- thiol; 6- 45     ethoxy -
2 - mercaptobenzothtazole; 4-methyl - 4H -1,2,4 - triazole -3- thiol; 1 -
dodecanethiol; and mixtures thereof. 



14. The composition of claim 1 wherein the hexaarylbiimidazole component is
selected from the group consisting of 2- (o - chlorophenyl) - 4,5 - bis(m -
methoxyphenyl)imidazole dimer; 1,1' - biimidazole, 2 50     2' - bis[o -
chlorophenyl] - 4,4',5,5' - tetraphenyl -; 1 H - imidazole, 2,5 - bis[o -
chlorophenyl] - 4 - [3,4 - dimethoxyphenyl]-, dimer; and mixtures thereof.
15. The composition of claim 1 wherein said binder is selected from the
group consisting of cellulose acetate butyrate; an acrylate or methacrylate
polymer or interpolymer; a vinyl butyral, acetal or formal 55     polymer
or interpolymer; and a vinyl acetate polymer or interpolymer.    EP 0324481
B1 PatentansprUche 1. Lagerungsstabile, im wesentlich  : fdste
photopolymerisierbare ZusarnTiheisetzung, die bei Belichtung -   mit
aktinischer Strahiung als einzigem Verarbeitungsschritt eine
Brechungsindexabbildung bildet, wobel s      die Zusammensetzung im
wesentlichen besteht aus: (a) einem l6sungsmittell6slichen,
thermoplastischen, polymeren Bindemittel; (b) N - Vinylcarbazol; und (c)
einem Hexaarylbiimidazol - Photoinitiatorsystern mit einer Wasserstoffdonor
- Komponente, wobei die Wasserstoffdonor - Komponente eine. Mercapto -
Verbindung mit einem PKHNP grd Ser als 8,0 ist, lo       gemessen in
Methanol mit einer mit wal~rigem Puffer kalibrierten Glaselektrode. 2.
Zusammensetzung nach Anspruch 1, worin das Bindemittel in einer Menge von
50 bis 95% vorhanden ist, das N - Vinylcarbazol in einer Menge von 5 bis
40% vorhanden ist, und das Photoinitiatorsystem in einer Menge von 0,1 bis
10% gewichtsbezogen vorhanden ist, bezogen auf das Gesamtgewicht der 15
Zusammensetzung. 3. Zusammensetzung nach Anspruch 1, die auch wenigstens
ein flOssiges, ethylenisch ungesattigtes Monomer enthalt, das zur
Additionspolymerisation befahigt ist uncl einen Siedepunkt oberhalb 100 C
aufweist. 20 4. Zusammensetzung nach Anspruch 3, wobei das flussige Monomer
inen Substituenten enthalt, aus- gew~hIt aus der Gruppe bestehand aus
Phenyl -, Phenoxy -, Naphthyl -, Naphthyloxy -, heteroaro - matischen
Gruppen enthaltend bis zu drei aromatische Ringe, Chlor und Brom, wobel das
l6sungsmit- tell6sliche, thermoplastische, polymere Material im
wesentlichen frei von diesen Substituenten ist. 25 5. Zusammensetzung nsch
Anspruch 3, wobei das flitssige Monomer ausgewlhIt ist aus der Gruppe
bestehend aus Phenoxyalkylacrylat oder - methacrylat, einern
Phenolethoxylat - acrylat oder methacrylat, einem Phenylalkylacrylat oder -
methacrylat, 2- (1 - Nphthyloxy)ethylacrylat; dem Bis - (2-
acryloxyethyl)ether von Bisphenol A und ethoxyliertem Bisphenol - A -
diacrylat. 30 6. Zusammensetzung nach Anspruch 3, worin das Bindemittel in
einerN Menge von 25 bis 75% vorhanden ist, die ethylenisch ungesattigten
Monomere in einer Menge von 5 bis 60% vorhanden sind, und das
Photoinitiatorsystem in eiaer Menge von 0.1 bis 10% gewichtsbezogen
vorhanden ist, bezogen auf das Gesamtgewicht der Zusammensetzung. 35 7.
Zusammensetzung nach Anspruch 3, worin auch ein festes ethylenisch
ungesdttigtes Monomer vorhanden ist. 8  Zusammensetzung nach Anspruch 7,
wobel das feste, ethylenisch ungesattigte Monomer die 40     Carbazol -
Gruppe enthalt. 9. Zusammensetzung nach Anspruch 7, wobel das feste,
ethylenisch ungesattiote Monomer ausgew~hIt 



ist aus der Gruppe bestehend aus 3,6 - Dibrom -9- vinylcarbazol, 2,4,6 -
Tribromphenylacrylat oder - methacrylat, Pentachlorphenylacrylat oder -
methacrylat, 2 - Naphthyiacrylat oder - methacrylat, 2 - 45     (2-
Naphthyloxy)ethylacrylat oder -rmsthacrylat und dem
Bis(2-acryioxyethyl)ether von Tetrabrom - bisphenol A und deren Mischungen.
10. Zusammensetzung nach Anspruch 3, worin auch ain Weichmacher vorhanden
ist, welcher ausgewAhIt ist aus der Gruppe bestehend aus Tris(2-
ethylhexyl)phosphat, Glyceryltributyrat und einer Verbindung 50     der
allgemeinen Formel 55 *  16                         I I!III lILl 111111
IIIi I II    EP 0 324 481 i31 0 Hv                I 6HC I~iC(OC2CH2).x0CR~2
0         0 .~~~~~~~~~~~~~~~~~ I R1OC (CH2) vCOR2   oder o.
R3 (OCH 2CHRi) 3OH , worin R1 und R2 jeweils eine Alkyl-Gruppe mit 1 bis 10
Kohlenstoff-Atomen ist, Rs H oder eine Alkyl - Gruppe mit 8 bis 16
Kohlenstoff - Atomen ist, R4 H oder CHs ist, x . -4, y 2 - 20 und z 1 -20
5.s   ist. 11. Zusammensetzung nach Anspruch 10, wobei der Weichmacher
ausgewdhIt ist aus der Gruppe bestehend aus Triethylenglycoldicaprylat,
Triethylenglycolbis(2.- ethylhexanoat), Diethyladipat, Dibuty - ladipat,
Tetraethylenglycoldiheptanoat, Dibutylsuberat, Diethylsebacat,
Tris(2-ethylhexyl)phosphat und 20     Glyceryltributyrat. 12.
Zusammensetzung nach Anspruch 10, worin wenigstens ein Tell des flUssigen
ethylenisch ungesattig - ten Monomers durch den Weichmacher ersetzt ist. 25
13. Zusammensetzung nach Anspruch 1, wobel die Mercapto-Verbindung
ausgewahit ist aus der Gruppe bestehend aus 5- Chlor -2-
mercaptobenzothiazol, 2- Mercaptobeenzothiazol, 1 H  1,2,4 -Triazol -3-
thiol, 6- Ethoxy -2- mercaptobnzothiazol, 4- Methyl - 4H -1.,2,4 -triazol
-3 -thiol, 1 Dodecanthiol und deren Mischungen. 30  14. Zusammensetzung
nach Anspruch 1, wobei die Hexaarylbilmidazoll-Komponente ausgewdhIt ist
aus der Gruppe bestehend aus 2- (-Chlorphenyl) - 4,5 - bis(m -
rethoxyphenyl)imidazol - Dimer, 2,2'- Bis(o - chlorphenyl) - 4,4',5,5' -
tetraphenyl -1,1 '- biimidazol,  2,5 - Bis(o - chlorphenyl) - 4 - (3,4 - di
- methoxyphenyl) -11H- imidazol - Dimer und deren Mischungen. 35 .15.
Zusammensetzung nach Anspruch 1, wobel das Bindemittel ausgewlhlt ist aus
der Gruppe bestehend aus Celluloseacetat-butyrat, einem Acrylat- oder
Methacrylat - Polymer oder Interpolymer; elnem Vinylbutyral-, -acetal- oder
-formal -Polymer oder Interpolymer; und einem Vinylacetat -Polymer oder
Interpolymer. 40  Revendlcations 1. Une composition photopolym~risable
sensiblement solide, stable au stockage, qui forme une image d'indice de
refraction par exposition a un rayonnement actinique cocmme seule etape de
traitement, ladite composition etant constitude essentiellement de: 45
(a) un liant polymere thermoplastique soluble dans un solvant; (b) N -
vinylcarbazole:; et (c) Un systeme photo-initiateur a base
d'hexaarylbiimidazole compreniant un composant donneur 



d'hydrogene, dans lequel le composant donnsur d'hydrogine est un thiol
ayant un pKHNp sup6rieur a 8,0, tel que mesure dans le m6thanol avec une
6lectrode de verre etalonn6e avec un. tampon 50       aqueux. 2. La
composition de la revendication 1, dans laquelle ledit liant est present en
une quantite de 50 a 95 %, ledit N - vinylcarbazole est present en une
quantitd de 5 a 40 %, et ledit systeme photo - initiateur est present en
une quantite de 0,1 a 10 % en poids, par rapport au poids total de ladite
composition. 85 3. La composition de la revendication 1, qui contient
6galement au. moins un monomere 6thyl~niquement insatur6 liquide, capable
de polyaddition, ayant un point d'6bullition sup6rieur a 1 00* C. 17
I  IlIlIq 1111!1 11111 II11! 11 I1l1    EP 0 324 481 E3t 4. La composition
de la revendication 3, dans laquelle ie monombre liquide contient un
substituant choisi dans le groupe form6 par lesricaux phenyle, phenoxy,
naphtyle,-.nazbhtyloxy, het6roaromatiques contenant jusqu'a trois noyaux
ar6irntiques, 1e chlore et le brome, la m1t6Ns polymere thermoplastique
soluble dans un solvant 6tant sensiblement depourvue desdits substituants.
5 5. La composition de la revendication 3, dans laquello le monombre
liquide est choisi dans le groupe forme par un acrylate ou methacrylate de
phenoxyalklce ; un acrylate ou m 6thacrylats d'ethoxylat de phenol ; un
acrylate ou mrthacrylate -de phinylalky!e; Iacrylate de 2- (1 -
naphtyloxy)dthyle; I'ther de di(2 - acryloxydthyle) du bisphenol A  et le
diacrylate de bisph6nol A 6thoxyl6. t0 -6. La composition de la
revendication 3, dans laquelle ledit liant est present en une:quantitO de
25 a 75 %, les monomeres 6thyl6niquement insatures sont pr6sents en uine
quantitM de 5 a 60 %, et ledit systeme photo-initiateur est present en une
quantit6 de 0,1 a 10 % en poids, par rapport au poids total de ladite
composition. 15 7. .La composition de la revendication 3, dans laquelle un
monomere 46thylniquement insature solide est 6 galement pr6sent. 8. La
composition de la revendication 7, dans laquele is monomere ethyleniquement
insature solide 20     contient le groupe carbazole. 9.. La composition de
la revendication 7i dans laquelle le monomers thyleniquement insatur6
solide est choisi dans le groups forme par le 3,6 -.dibromo -9-
vinylcarbazols, I'acrylate ou m6thacrylate de 2,4,6-tribromophenyle,
I'acrylate ou m6thacrylate de pentachlorophenyle, l'acrylate
ou-methacrylate de 25     2- naphtyle, I'acrylate ou methacrylate de 2- (2-
naphtyloxy)0thyle, et l'Mther de di(2 -acryloxydthyle) de
t6trabromobisph6nol A, et leurs melanges. 10. La composition de la
revendication 3, dans laquelle un plastifiant est 6galement pr6sent, lequel
:plastifiant est choisi dans Is groupe form4 par Is. phosphate de tris(2
-6thylhexyle), Is tributyrate de so3     glyceryle et un compose r6pondant
a la formule 06n~rale: 0                 0 0     '0~~~~~~~~' -  :  (CH
COB        ou n     y       e 40
(0OCH2CHE4 ) X : ot R, et R2 sont chacun un groupe alkyle de I a 10 atomes
de carbone, R8 est H ou un groupe alkyle 



de 8 a 16 atomes de carbone, R4 est H-ou CH3, x est de 1 a 4, y est de 2 a
20, et z est de 1 a 20. .5 -11. La composition de la revendicatiQn 10, dans
laquelle le plastifiant est choisi dans le groupe form6 par le dicaprylate
de tri6thylene - glycol, le .bis(2 -6thylhexanoate) ds tri6thylene-glycol,
l'adipate de diethyle, I'adipate de dibutyle, Is diheptanoats de
t6tradthylbne-glycol, ie suberate de dibutyle, le s6bacate de diethyle, le
phosphate de tris(2 -6thylhexyle) et ie tributyrate de glyc6ryle. 50 12. La
composition de la revendication 10, dans laquelie ledit plastifiant
remplace une partie au moins du monombre 6thylkniquement insature liquids.
-13. La composition de la revendication 1, dans laquelle le thiol est
choisi dans.le groupe.form6 par le 5- * 55   chloro-2-mercaptobenzothiazole
; le 2- mercaptobenzothiazols ie 11H-1 ,2,4 -triazole -3- thiol Ie 6 -
6thoxy - 2 - mercaptobenzothiazole ;. le 4 - methyl - 4H - 1,2,4 - tilazole
- 3 - thiol; le 1 - dod6cane - thiol * et leurs m6langes. - ~~~~~18
I 1:1: 1'1 II~I IliiI!111!II!    EP 0324 481 81 14. La composition de la
revendication 1, dans laquelie le composant hexaarylbiimidazole est choisi
dans le groupe forme par le dimere ds 2- (- chlorophenyl) -4,5 -
bis7m6thoxyphenyl)imidazole; le 2,2' - bis(o - chloroph6nyl) - 4,4',5,5'
-t6traph6nyl.-1,1' - biimidazole ; le dimere de 2,5 - bis(o - chlo -
roph6nyl) - 4- (3,4 - dim6thoxyph6nyl) -1 H - imidazole; et leurs melanges.
15. La composition de 1a revendication 1, dans laquelle ledit liant est
choisi dans le groupe forms par l'acetobutyrate de cellulose; un polymere
ou interpolymere acrylique ou m~thacrylique ; un polymere ou interpolymere
de butyral, acetal ou formal vinylique-; et .un polymere ou interpolymere
d'acetate de vinyle. 10 15 20 25 30 35 45 50.    


