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Figure 1 shows the reaction of fluorene dye 1 with acid resulting in the

formation of monoprotonated 2 and diprotonated 3 products.
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Figure 2 1s a graphical representation of the time-dependent UV-visible

absorption spectra of the photolysis of fluorene 1 and photoacid generator in

CH,Cl, at photolysis times from 0 to 120 sec.
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Figure 3 is a graphical representation of the time-dependent fluorescence
emission spectra for the photolysis of fluorene land photoacid generator
CH,C1, at photolysis times from 0 to 120 sec (excitation at 390 nm) with an

inset that shows fluorescence at longer wavelength with excitation at 500 nm.
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Figure 4 Two-photon upconverted fluorescence emission spectra of | at several

fs pulsed pump wavelengths (2.5 x 10 M, ACN).
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Figure 5. Plot of the total integrated fluorescence intensity of 1 as a function of

pump power at two fs pump wavelengths.
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Figure 6. Photoacid generation and time-dependent absorption spectra of PAG.
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Figure 7. Time-dependent absorption and fluorescence spectra of PAG and

dye containing polymer in solution.
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Figure 8. Diagram of image formation within a photosensitive polymeric film

containing PAG, and acid-sensitive fluorophore, allowing two-photon induced,

dual-channel fluorescence imaging.
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Figure 9. Two-photon fluorescent images of photosensitive films developed
(via 350 nih broadband exposure, 4.4 mW/cm®) using an Air Force resolution
target mask. Image recorded by channel 1 at various exposure times. Data
readout as a function of exposure time determined from fluorescence intensity

by scanning an xy line across one set of three-member elements (yellow line

across set 5).
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Figure 10. Two-photon fluorescent images of photosensitive films developed
(via 350 nm broadband exposure, 4.4 mW/cm®) using an Air Force resolution
target mask. Image recorded by channel 2 at various exposure times. Data

readout as a function of exposure time determined from fluorescence intensity

by scanning an xy line across one set of three-member elements (yellow line

across set 5).
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Figure 11. Two-photon fluorescent images of photosensitive films developed
(via 350 nm broadband exposure, 4.4 mW/cm?2) using an Air Force resolution
target mask. (a) Image recorded by channel 1, (b) image recorded by channel 2,
and (c) fluorescence intensity by scanning an xy line across one set of three-
member elements (yellow line across set 5) clearly shows the reverse parity of

the signals.

Image formation upon H* generation Assembly of muitilaver structure
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Figure 12. Image formation (upon photoacid generation) within photosensitive
polymer films for assembly of multi-layered structures. Two-photon
fluorescence I.SCM tmaging using fs pulsed near-IR pump allows for 3-D

volumetric imaging of the layered structure.
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Figure 13. (a) Two-photon fluorescent images of multi-layered films developed
via 350 nm: broadband irradiation (6.0 mW/cm®) by exposure through TEM
hexagonal and square grid masks. Fluorescence intensity plots for a line scan
across a region {as defined by the yellow line across the image area) provides
(b) image readout in one layer, and {c) changing the depth (z position) for

image (signat) readout in the lower layer within a multi-layered system.
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Figure 15. Absorption and fluorescence emission spectra of polystyrene based

photosensitive polymers with and without PAG.
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Figure 16. Two-photon upconverted fluorescence emission spectra of

polystyrene based photosensitive polymers, and demonstration of two-photon

absorption via quadratic intensity dependence.
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Figure 17. Single-photon and two-photon upconverted fluorescence emission

spectra of polyethylene based photosensitive polymers.

Figure 18. Two-photon fluorescence image of the exposed photosensitive
polymer without PAG is shown (left), along with the fluorescence intensity

profile through the bulk (xyz scan) of the film.

Figure 19. Two-photon fluorescence image of the exposed photosensitive
polymer with PAG is shown (left), along with the fluorescence intensity profile

through the bulk (xyz scan) of the film.
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Figure 20. Two-photon fluorescence image of the exposed photosensitive
polymer without and with PAG are shown (left and right, respectively), along
with the fluorescence intensity data readout.
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Figure 21. Two-photon fluorescence image of the exposed photosensitive
polymer without and with PAG are shown (top and bottom, respectively),

along with the 3-D fluorescence intensity data readout.
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Figure 23. Schematic diagram of two-photon writing and recording system.
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PHOTOSENSITIVE POLYMERIC MATERIAL
FOR WORM OPTICAL DATA STORAGE
WITH TWO-PHOTON FLUORESCENT
READOUT

This invention claims the bencfit of priority to U.S.
Provisional Patent Application 60/339,283 filed Dec. 11,
2001 and 60/333,972 filed Nov. 28, 2001, and this invention
relates to optical data storage and more particular 10 a novel
photosensitive polymeric material for Write Once Read
Many times (WORM) optical data storage with two-photon
fluorescent readout,

FIELD OF THE INVENTION
Background of the Invention

Over the past 50 years, the field of organic photochem-
istry has produced a wealth of information, from reactien
mechanisms to useful methodology for synthetic transfor-
mations. Many technological inrovations have been realized
during this time due lo the exploits of this knowledge,
including photoresists and lithography for the production of
integrated circuits, photocharge peneration for xcrography,
multidimensional fluorescence imaging, photodynamic
therapy for cancer treatment, photoinitiated polymerization,
and UV protection of plastics and humans through the
development of UV absorbing compounds and sunscreens,
to name a few.

The scientific basis of many of these processes continnes
w0 be ulilized today, particularly in the development of
organic three-dimensional optical data storage media and
processes.

With the ever-pressing démand for higher storage densi-
ties, rescarchers are pursuing a number of stratégies to
develop three-dimensional capabilities {or optical data stor-
age in organic-based systems. Among the various strategics
reported are holographic data storage using photopolymer-
izable media (Cheben; P. and Calvo, M. Appl. Phys. Lett.
2001, 78, 1490: U.S. Pat. No. 5,289,407 and U.S. Pat. No.
6,310,850}, photorefractive polymers (Belfield et al. Field
Responsive Polymers, ACS Sympesium Series 726, ACS,
1999, Chapter 17), and two-photon indirced photochromism
(Belficld et al. Orpanic Photorefractives, Photoreceptors,
and Nanocomiposites, Proc. SPIE Vol. 4104, 2000, 15— 22;
US. Pal. No. 5,268,862). It is known that fluorescent
properties of certain fluorophores may bhe changed
{quenched) upon protonation by photogeneration of acid
(Kim et al. Angew. Chem. Int. Ed. 2000, 39, 1780). Belfield
et al. I. Phys. Org. Chem. 2000, 13, 837 has rcported
two-photon induced photoacid generation using onium salts
and short pulsed near-IR lasers in the presence of a poly-
merizable medium, resulting in two-photon photoinitiated
cationic polymerization. The inherent three-dimensional
features associaled with two-photon absorption provides an
inlriguing basis upon which lo combine spatially-resolved,
two-photon induced photoacid generation and fluorcscence
quenching with two-photon fluorescence imaging.

The quadralic, or nonlincar, dependence of two-photon
absorption on the intensily of the incident Jight has substan-
iial implicafions (dw/dt Oc 1. For example, in a medium
containing one-photon absorbing chromophores significant
absorption occurs all along the path of a focused beam of
suitable wavelength light. This can lead 1o out-of-focus
excitalion. In a two-photon process, negligible absorption
occurs except in the immediate vicinity of the focal volume
of a light beam of appropriate energy. This allows spalial
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resolution about the beam axis as weil as radialty, which
circumvents ont-of-focus absorption and is the principle
reason for itwo-photon fluorescence imaging {Denk et al.
Science 1989, 248, 73). Particular molecules can undergo
upconverted fluorescence through nonresonant two-photon
absorption using ncar-IR radiation, resulling in an energy
emission greater than that of the individuat photons involved
(upconversion). The use of a longer wavelength excitation
source for flucrescence emission affords advantages not
feasibic using conventional UV or visible flnoresence tech-
niques, e.g., deeper penetration of the excitation beam and
reductiont of photobleaching, and is particularly well-suited
for fluorescence detection in multilayer coatings.

U.S. Pat. No. 5,268,862 reported two-photon induced
photochromism of spiropyran derivatives at 1064 nm.
Analogous 1o single-photon absomption facilitated isomeriz-
ion, the spiropyran underweni ring-opening isomerizion to
the zwitterioniic colored merocyanine isomer. The merocya-
nin¢ isomer underwent two-photon absorption at 1064 nm,
resulting in upconverted fluofescerice. However, spiropyr-
ans are¢ known to undergo photobleaching and photodegra-
dation upon prolonged exposure with hlurring effects
observed outside the irradiated volume, and hence are not
suitable for long-term use. U.S. Pat. No. 5,253,198 disclosed
a bacteriprhodopsin-based holographic recording media and
process, using two-photon cxcitation. High data storage and
photostabilities were repored for this rather complex system,
howcver it requires near-zero gravity conditions for process-
ing to ensure homogeneous distribution of the bacterior-
hodopsin, an electrochemical system 1o measure the clec-
trical responsc vs. a purely optical responsc, and careful
handling of the biological material (the protein}. Though the
read time claimed of 100 ns is impressive, as are read data
rates of up to 10 Mbilfsec, the complexity of the system
seriously undermines any practical potential applications of
the system.

Thus, in addition to high data storage volume and fast
readout, there is a need for data storage materials that are
stable, highly responsive, exhibit high sensitivity and fidel-
ily, and are less complex. In addition, the data storage and
readout processes must also be more straight forward (less
complex} and reliable. As mentioned above, the previously
developed systems fall short in these regards.

SUMMARY OF THE INVENTION

The invention described herein relates to high density
random access data storage, and is particularly more direcied
to materials for an optical memory sysiem in which near-IR
laser light is employed to write and read data via two-photon
processes within an Irradiated area which can be controlled
in three-dimensions.

It is an objective of the invention to:develop a high density
optical data storage system in which optical propertics of the
medinm can be modilated and read in three-diménsions via
two-photon processes.

Another cobject of the invenlion is 1o develop oplical
materials to enable two-photon induced photochemical
changes suitable for two-photon fluorescent readout,

Another object of the invention is to harness the high
photosensitivity of the photosensitive polymeérs to creale a
high density oplical data slorage system with maltichannel
readout capability to further increase data storage and read-
oul versatility.
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Amnother object of the invention is to incorporate structural
constructs of the fluorophores into polymers, creating pho-
toresponsive polymers with extracrdinarily high photosen-
sitivity.

A preferred embodiment of the invention is the use of a
photosensitive polymeric material for WORM oplical data
sterage with two-photon fluorescent readout compiising
fluorophore compounds of the preseni invention admixed
with a polymer. Further preferred embodiments of the inven-
tion include (1) a WORM optical data storage device suit-
able for imposing information on it comprising a disk
structure suitable fot structurally supporting a polymer film
containing about 0.01 to about 5.0 wt % of the fluorophore
and about (.5 to about 20.0 wt % of photoaid generator
(PAG), relative 10 the polymer and said polymer film sup-
ported by said disk structure and (2) said optical data storage
device in a readable state wherein said polymer film has
been irradiated 16 decrease the fiuorescence concentration of
the neutral fluerophore and increase the fluorescence of
monoprotonated fluorophore whereby the resulting stored
optical information can be recovered via muliichannel read-
out.

Several of these Auorophores and polymers undergo sub-
stantial changes in the absorption and fluorescence spectral
propertics in the presence of strong acid, i.e., they undergo
protonation, affording chariges in their polarizability,
absorption and emission maxima and fluotescence quantam
yields.

Further objects and advantages of this invention will be
apparcni from the following detailed descriptions of pres-
ently preferred embodiments which arg illustrated schemati-
cally in the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the reaction of fluorene dye ! with acid
resulting in the formation of monoprotonated 2 and dipro-
tonated 3. products.

FIG. 2 is a graphical representation of the time-dependent
UV-visible absorption spectra of the phetolysis of fAuorene
I and photoacid generator in CH,ClL, at photolysis times
from O to 120 scc.

FiG. 3 is a graphical representation. of the time-dependant
fluorescence emission spectra for the photolysis of fluorene
1 and photoacid generator in CH,Cl, at photolysis times
from 0 to 120 sec (excitation at 390 nm) with an inset that
shows fluorescence at longer wavelength with excitation at
500 nm.

FIG. 4 shows two-photon upconverted fluorescence emis-
siom spectra of fluorine 1 at several fs pulsed pump wave-
lengths (2.5x10~ M, ACN).

FIG. 5 shows the plot of the total integrated fluorescence
intensity of fluorine 1 as a function of pump power at two fs
pump wavelengths.

FIG. 6 shows. photoacid generation and time-dependent
absorption spectra of PAG,

FIG. 7 shows time-dependent absorplion and fluorcscence
spectra of PAG and dye containing polymer in: sotution.

FIG. 8 displays a diagram of image formation within a
photosensitive polymeric film containing PAG, and acid-
sensitive fluorophore, allowing two-photon induced, duval-
channel fluorescence imaging.

FIG. 9 shows two-photon fluorescent images of pholo-
sensitive films developed (via 350 am broadband exposure,
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4.4 mW/icm?®) using an Air Force resolution target mask.
Image recorded by channel 1 at various exposurc times, Data
readout as a function of exposure time determined from
fluorescence intensity by scanning an xy line across one set
of three-member elements (yellow line across set 5).

FIG. 10 shows two-photon fluorescent images of photo-
sensitive films developed (via 350 am broadband exposure,
4.4 mWiem®) using an Air Force resolution target mask.
Image recorded by channel 2 at various exposure times. Data
readout as a function of exposure time determined from
fuorescence intensity by scanning an xy line across one set
of threc-member elements (yellow linc across set 5).

FIG. 11 shows two-photon flucrescent images of photo-
sensitive films developed (via 350 mm broadband exposure,
4.4 mW/cm®) using an Air Force resolution target mask. (a)
Image recorded by channel 1, (b) image recorded by channel
2, and (c} flnorescence intensity by scanming an xy line
across one set of three-member elements (yellow line across
set 5) clearly shows the reverse parity of the signals,

F1G. 12 shows image formation {upon photoacid genera-
tion) within photosensilive polymer films for assembly of
multi-layered structumes. Fwo-photon fluorescence LSCM
imaging using fs pulsed ncar-fR pump allows for 3-D
volumetric imaging of the layered structure,

FIG. 13 shows (a) two-phoion fluorescent images of
multi-layered films developed via 350 nm: broadband irra-
diation (6.0 mW/cm?} by exposure through TEM hexagonal
and square grid masks. Fluorescence inteirsity plots for aline
scan across a region (as defined by the yellow line across the
image area) provides (b) image readout in oneé layer, and (c)
changing the depth (z position) for image (signal) readout in
the lower layer within a multi-layered system.

FiG. 14 gives the tructure of two photosensitive polymers.

FIG. 15 shows absorption and fluorcscence emission
spectra of polysiyrenc bascd photosensitive polymers with
and without PAG.

FIG. 16 shows two-photon upconveried fluorescence
emission specira of polystyrene based photosensitive poly-
mers, and demonstration of two-photon absorption via qua-
dratic intensity dependence.

FIG. 17 shows single-photon and two-photon upcon-
verted fluorescence. emission spectra of polyethylene based
photosensitive polymers.

FIG. 18 shows two-photon fluorescence image of the
exposed photosensitive polymer without PAG (left), along
with the ffuorescence intensity profile through the bulk (xyz
scan} of the film.

Fi:. 19 shows two-photon fluorescence image of the
exposed photosensitive polyrmer with PAG (left), along with
the fluorescence intensity profile through the bulk- (xyz scan)
of the film.

FIG. 20 shows two-photon fluorescence image of the
exposed photosensitive polymer without and with PAG (left
and right, respectively), along with the fiuorescence inten-
sity dala readout.

FIG. 21 shows two-photon fluorescence image of the
exposcd photosensitive. polymer without and with PAG (top
and bottom, respectively), along with the 3-D fluorescence
intensity data readout.

FIG. 22 demonstrates two-photon writing and readeut in
pholosensitive polymer.

FIG. 23 shows a schematic diagram of two-photon wrii-
ing and recording system.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Thus, in a first embodiment, the present invention pro-
vides a photosensilive composition comprising:
(a) a fluorophore compound of Formula I:

Kebdr Y —V—Z 1

wherein X is selected from the group:

—NH,, —NH(C,~C, alkyl}, —N(C,~C, alkyl),, —NH
(aryl), —N{aryl},, —NHCO(C,-C, alkyl), 2-thiazolyl
substituted with 0-2 R% 2-oxazolyl substituted with
0-2 R? 2-benzothiazolyl substituted with 04 R%
2-benzoxazolyl substituted with 04 R?; and 2- or
4-pyridyl substituled with 0-4 R? and N-carbazolyl
substituzted with 0—4 R>;

Y is sobstituted with 0-5 R} and is selected from the
group:

/\ &
_/
4

w

s\
§ E

e 4
pod

W is O, S, NH or N(C,—C, alkyl);

Z is H, X, CN, —N=C==§, NO,, —NH({C=8)—0
(C,~Cy alky!), —NH(C=—=8)-NH(C, C, alkyl), —NH
(C=8)—N(C -C, alkyl);, —P(=O0}(OH),, —P(=0)
(OH)(O—C —, alkyl), —P=0}O—C,_C, alkyl),,
—N- succmmudy} C,—C,; alkyl substituted w1th 0-5
R', C,=Cs, alkenyl substituted with 0-5 R?, C,~Cyy

10

i5

20

pa

30

35

45

50

55

60

65

6

alkynyi substituted with 0-5 R', C,—C,, ary] substi-
luted with 0-5 R', or 5-14 membered heterocycle
substitated with 0-5 RY;

U and V, at each occurrence, are independently a bond,
—CH=CH—, —CH=CH-phenylenc-, or -phe-
nylene-CH=—CH—;

R' is independently amino, hydroxy, halogen, C,—Cg
alkoxy, C,—C;, alkyl, C,—C, haloalkyl, SH, SCH,,
~NH(C, -C, alkyl), —N(C,-C, alkyl),, —NH(aryl),
—N(aryl},, —NHCO(C,-C, alkyl), —N=C=S,
—NH(C==8)—N(C-C, a}kyl) —-NH(C=S8)}—NH
(C,-Cq alkyl), or —NH(C—S)———N(C —Cg alkyl),;

R? is mdependently amino, hydroxy, halogen, C,-C,
alkoxy, C,—C,, alkyl, C,—Cy haloalkyl, SH, SCH,,
—NH(C_-C, alkyl), —N(C,~C; alkyl),, —NH(aryl),
—N(aryl),, —NHCO(C,-C, alkyl), —N—=C=S,
~—NH(C=8)—0(CC, alkyl), —NH(C=S)—NH
(C-Ce  alkyl), —NH(C=S)—N(C,—C; alkyl),,
—COZH or —C0,(C—C, alkyl); and

R? and R*, ai each occurrence, are independently C,—C 4
alkyl, C —C, haloalkyl, —(CH,), ,CO,H, —(CH,), o
CO,(C, —C alkyl), —(CH,CH,O),_¢H, or
%CHZCHZO) 1.6{C1—Cg alkyl);

{b) a photoacid generator; and

{(c) a polymer binder.

In another embodiment, the present invention provides a

pholosensitive composition comprising:

{a) a fluorophore compound of Formula I:
X—U—Y V7 1

wherein X is selected from the group:

—NH,, —NH(pheryl}, —N{phenyl},, 2-thiazolyl substi-
tuted with 0-2 R?; 2-oxazolyl substituted with 0-2 R%
2-bepzothiazoly] substituled with 64 R?; 2-benzox-
azolyl substituted with 0—4 R?; 2- or 4-pyridyl substi-
tuied with 0—4 R?, and N-carbazolyl substituted with
0-4 R%

Y is substituted with 0-2 R* and is selected from the

group:

Z is H, X, CN, —N==C=§, NO,, —NH(C=5}-—0
(C,-C, alkyl}, —NH(C=S8)—NH(C,—C, alkyl),
—NH(C=S)--N(C—C, alkyl),, —P(=0)(OH),,
mP(=O){OH)(O%!wC6 alkyl), —P(=O0}0—C-C,
alkyl),, —N-succinimidyl, C,;-C,, alkyl substituted
with 0~5 R', C,-C,, alkeny] substifuted with (-5 R',
C,~C,o alkynyl substituted with 0-5 R', phenyl sab-
stituted with 0-5 R, naphthy? substituted with 0-5 R?,
or 5--12 membered heterocycle substitated with (-5 RY;
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said helerocycle is selccted from the group: pyridyl,
pyrimidinyl, foranyl, thiazolyl, thienyl, pyrrolyl, imi-
dazolyl, benzofuranyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, indolyl, indotenyl, isoxazolinyl, quino-
linyi, isoquinolinyl, benzirhidazolyl, piperidinyl, pyr-
rolidinyl, riazinyl, chromenyl, xanthenyl, isothiazolyl,
isoxazolyl, oxazolyl, isoindolyl, carbazolyl, phenan-
thridinyl, acridinyl, perimidinyl, phenanthrolinyl, mor-
pholinyl, 1,4-benzoxazinyl;

U and V, at each occurrence, are independently a bond,
—CH—=CH—, —CH==CH-phenylene-, or -phe-
nylene-CH=CH-;

R’ is independently hydroxy, F; Cl, Br, 1, C,—C, alkoxy,
C-C,q alkyl, or C,-C, haloalkyl;

R? is independently amino, hydroxy, F, Cl, Bf, I, C,-C,4
alkoxy, C,—C,, alkyl, C,~-C, haloalkyl, SH, SCH,,
—NH(C -C; alkyl}, —N(C,—Cy alkyl),, —NH(aryl),
—N(aryl);, —NHCO(C,—C, alkyl), —CO,H, or
—CO,(C;—C; alkyl); and

R? and R*, at each occurrence, are. indépendently C,~C, 4
alkyl, C,~C,; haloatkyl, —(CH,), ;,CO,H, —(CH,), ,
CO,(C,-Cy alkyl), —{(CH,CH,,0),_(H, or
—{(CH,CH;0),.4(C,-Cg alkyl);

(b) a photoacid generator; and,

(c) a polymer binder.

In another embodiment, the present invention provides a

photosensitive composition comprising:

(a} a fluorophore compound of Formula I:

X—U—Y—V—Z 1

wherein Y is

RrR3

%

and substituted with (-2 RY;

(b) a photoacid generator; and

{c) a polymer binder.

In another embodiment, the present invention provides a
photosensitive (polymer) composition, wherein the photo-
acid generator is sclected from the group consisting of
diphenyl iodonium hexalluorophosphate, dipheny! iodo-
nium hexafluoroarsenate, diphenyl! iodonium hexafluoroan-
timonate, dipheny! p-methoxyphenyl iodonium triflate,
diphenyl p-toluenyl iodonjum trifiate, diphenyl p-isobu-
tylphenyt iodonium iriffate, dipheayl p-lert-butylphenyl
1odonium triflate, triphenyisulfonium hexafluorophosphate,
triphenylsulfonium hexafluoroarsenate, triphenylsulfonium
hexafluoroantimonate, triphenylsulfonium triflate, dibutyl-
naphthylsulfonium trifiate and mixture thereof.

In another embodiment, the present invention provides a
photosensitive composition, wherein the polymer binder is
selected from the group: polystryene and its derivatives,
polyacrylates, polymethacrylates, polycarbonates, polyure-
thanes, polysiloxancs, nylons, ané polyesters,

In another embodiment, the present invention provides a
photosensitive polymer composition comprising: -

(a) & fluorophore-containing polymer comprising a unit

selected from:
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H—O— e — o 2
R e e L2

wherein X is selected from the group: _

—NH,,, —NH(C,-C; alkyl), —N({C-C, alkyl),, —NH
(aryl), —N{aryl),, —~NHCO(C,-C, alkyl), 2-thiazoly]
substituted with 0-2 R?; 2-oxazolyl substituled with
(-2 R? 2-benzothiazolyl substituted with 04 R%
2-benzoxazolyl substituted with 04 R® and 2- or
4-pyridy]l substituted with 0-4 R?, and N-carbazolyl
substituted with 0-4 R?;

Y is substituted with 0-5 R? and is selected from the

group:
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W is O, §, NH or N(C,-C, alkyl);
U and V, at each occurrence, are independently a bond, -continued
—CH=CH—, —CH=CH-phenylene-, or -phe-
nylene-CH=CH—; Q \
n is 1-50; > Q
AisQor §;
B is O or NH;

R!' is independently amino, hydroxy, halogen, €;—C,
atkoxy, C,—C,, alkyl, C,~C, haloalkyl, SH, SCH,, '© o N §
—NH(C —C¢ alkyl), —N(C,-C; alkyl),, —NH(aryl), \ / - \\ // g
—-N(aryl),, —NHCO({C,-C, alkyl)y —N=—(C=S§,
—NH(C=5—0(C-C; alkyl), —NH(C=S5)—NH

(C~Cs alkyl), or —NH(C=8)—N(C,~C, alkyl),; 15 U and V, at each occurrence, are independently a bond,

R? is amino, hydroxy. halogen, C,~Cy alkoxy, C,—C,q -CH=CH—, —CH==CH-phenylene-, or -phe-
alkyl, C,-C; haloalkyl, SH, SCH,, —NH(C,-C, nylene-CH=CH—;
alkyl), —N(C,—€, alkyl),, —NH(aryl), —N{aryl},, s 1-20:

—NHCO(C-C, alkyl), —N=C=8, —NH(C=S) L )
—O(C —Cﬁ Ei].kyl), "“—NH(Czs)‘—NH(CI*Cﬁ B.lkyl), 20 R is mdepcndently' hydroxy, F, Cl, Br, I, C1“C6 alkoxy,
—NH(C=S)—N(C1—C s alkyl),, —CO,H, or —CO, C,—Cj dlkyl, or C,—C, haloalkyl; .

(C,—C; alkyl); and R? is independenly amino, hydroxy, F, CL, Br, I, C,—C,

R® and R”, at each occurrence, are independently C,~C, ¢ alkoxy, C;—C,q alkyl, C,—C, haloalkyl, SH, SCH,,

alkyl, C,-C,, haloalkyl, —(CH,), ¢CO,H, —(CH.), o ~—NH(C -C atkyl), —N(C,-C; alkyl),, —NH{aryl),
CO,(C,-C;  alkyl)y, —(CH,CH,0),¢H, or 2 —N(aryl);, —NHCO(C,—C, alkyl)) —CO,H, or
—(CH CH,0);_(C,—-C; alkyl); —C0,(C,—Cy alkyl); and
and, optionally, (b) a photoacid generator. R? and R*, at each occurrence, are independentiy C,—C,4
In another embodiment, the present invention provides a alkyl, C,-C,; haloalkyl, —(CH,), sCO,H, —(CH,), 4
photosensitive polymer composilion, comprising: 0 CO,(C,—C;  alkyl), —(CH,CH,O), H, or
(2) a fluorophore-containing polyroer comprising a unit —{(CH,CH,0), 6(C,-Cs alkyl);
selocted. from: and, optionally, (b) a photoacid generator.
In another embediment, the present invention provides a
45 Photosensitive composition comprising:
n (a) a fluorophore-containing polymer comprising a unit
° selected from:
o N 0 O N 8]
| | 0
i ! "
Y I
| Y :
u I
[ u 0 0 O o)
x | 43
X

wherein X is selected from the group:

—NH,, —NH(phenyl), —N{phenyl),, 2-thiazoly] substi- 50
tuted with 0-2 R?; 2-oxazolyl substituted with 02 R%;
2-benzothiazolyl substituied with 04 RZ; 2-benzox-
azolyl substiluted with 0-4 R?; 2- or 4-pyridyl substi-
luted with 04 RZ, and N-carbazolyl substituted with  whercin Y is
0-4 R%; 53

Y is substituted with 0-2 R' and is selected from the
EIoup:

PR el —— . — 2
P D — < — 2

60

65
and substituted with 02 R'; and, optionally,(b) a photoacid
generator.
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In another embodiment, the present invention provides a
photosensitive polymer composilion comprising:
(a) a fluorophore-containing polymer comprising a unit
selected from:

K=

wherein X is selected from the group:
—NR?, and

R®
g /N S g
S N/
R?

Y is substituted with 0~5 R! and is selected from the
ETOLp:

m is 1-50;

R' is independently amino, hydroxy, halogen, C,-C,
alkoxy, C,—C,, alkyl, C,—C, haloalkyl, SH, SCH,,
—NH(C ~C4 alkyl), —N(C,—C, alkyl),, —NH(aryl),
—Nfaryl),, —NHCO(C,-C, alkyl), —N=C=S§,
—NH{C=8)—0(C-C; alkyl), —NI{C==S)—NH
{C,-C; alkyl), or —NH(C=S}—N(C,-C, alkyl),;

R* and R, at each occurrence, are independenily C,—C,,
atkyl, C,-C,, haloalkyl, —(CH,),_oCO,H, —(CH.,), ,
COL(C,—Cy alkyl), —(CH,CH,0),_H, or
—(CH,CH,0), (C,—C, alkyl); R” is H, C,—C, ¢ alkyl,
C,—C,, haloatkyl, —CO(C,~C, alkyl), —{(CH,),,
CO,H, —(CH,), ,CO,(C;-C, alkyl), C,—C,, aryl sub-
stituted with 0-5 R', or 5-14 membered heterocycle
substituled with 0-5 R"Y;

R® and R” al each occurrence, are independently H,
C,-C,, alkyl, C,—C,, haloalkyl, —{CH,), ;,CO.H,
—(CH ), gCOL(C,-C; alkyl), —(CH,CH,0), ¢H, or
—(CH,CH,0), (C,-C, atkyl};

and, (b} a photoacid generator.

In another embodiment, the present invention provides a

photosensitive polymer composition, comprising:

(a) a fluorephore-containing polymer comprising a unil
wherein Y 1s
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and substituted with 0-2 R";
and, (b} a photoacid generator.

In another embodiment, the present invention provides a
novel compound of Formula II:

wherein X is selected from the group:

—NH,, —NH(aryl), —N(aryl),, 2-benzothiazolyl substi-
tuted with 0—4 R?; 2-benzoxazelyl substituted with 04
R? and 2- or 4-pyridyl substituted with 0-4 R, and
N-carbazelyl substituted with 04 R%;

Z is H, X, CN, —N=C=S§, NO,, —NH(C=5)—0
(C;—C, alkyl), —NH(C==5)—NI(C,—C; alkyl),
—NH(C=8)—N(CC, alkyl), —P(=0)OH),,
—P(=0)(OH)O—C ~C, alkyl), —P(=ON0—C ~C,
alkyl),, —N-succinimidyl, C,-C,, alkyl substituted
with 0-5 R', C,~C,, alkeny! substituted with 0-5 R*,
C,~C,;, alkynyl substituted with 0-5 R*, C,—C,, aryl
substituted with 0-5R’, or 514 membered heterocycle
substituted with 0-5 R';

U and V, at each occurrence, are independently a bond,
—CH=CH—, —CH=CH-phenylenc-, or -phe-
nylene-CH=CH—;

R! is independently amine, hydroxy, halogen, C,—C,
alkoxy, C,—C,, akyl, C,_o¢ baloalkyl, SH, SCH;,
—NH{C -C, alkyl), —N(C,~C; alkyl),, —NH(aryl},
—N(aryl),, —NHCO(C,~C, alkyl), —N=C==S,
—NH(C—?S)—O(C;—CG alkyl), —NH{(C=S)—NH
{C,—C; alkyl}, or —NH{C=8)—N(C,-C, alkyl},;

R? is independently amino, hydroxy, halogen, C,—C,
alkoxy, C,~C, alkyl, C,—C, haloalkyl, SH, SCH,,
—NH(C~C, alkyl), —N(C,~C, alkyl),, —NH(aryl),
—N(aryl),, —NHCO{C,C, alkyl), .—N=C—=S,
— NH(C=8}—0(C—C, alkyl), —NH(C=5)—NH
(C—C, akyl), —NH{C=S5)—N(C,—C; alkyl),,
—CO,H, or —CO,(C,~C; alkyl); and

R? and R*, at each occurrence, are independently C,—C,,
alkyl, C,~C,, haloatkyl, —(CH,), (CO,H, —(CH,);
C,(C,—C, alkyl), —(CH,CH,0), (H, or —(CH,CH,
O}, _4(C,—C; alkyl);

R® and R® are independently H, halogen, C,—C, alkoxy,
C,—C,, alkyl, or C,—C, haloalkyl;

provided that when Z is H, NH,, CN, NQ,, C,-Cg alkyl,
then V is —CH==CH-phenylene-, or -phenylene-
CH=CH—;
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provided that when X is —N(phenyl),, R* and R* are
ethyl, V is —CH=—CH-phenylene-, Z is other than NG,
or —P(=0)(OCH,CH,).:

provided that when X is —N(phenyl),, R? and R* are
ethyl, hexyl, octyl, or decyl, V is.a bond, Z is other than
—N(phenyl), or 2-benzothiazolyt,

provuif:d that when X is —N(4-methoxyphenyl),, R? and
R* are decyl, Vis a bond, Z is other than 2 benzothia-
zolyl.

In another embodiment, the present invention provides
the use of a photosensitive (polymer) composition of the
present invention for WORM optical data storage with
two-photon photeacid generation induced recording using
red to near infra-red lascr radiation, in single or three-
dimensional multilayer structures.

In ancther embodiment, the present invention provides
the use of a photosensitive’ (polymer) composition of the
present invention for WORM optical data storage with
two-photon fluorescent readout using red to near infra-red
laser radiation, in single or three-dimensional multilayer
structures.

in another embodiment, the present invention provides a
WORM optical data storage device comprising:

(a) a disk structure sujtable for structurally supporting a

polymer film;

(h) said polymer film containing about 0.01 to 5.0 wt %
of the fluorophore and about 0.5 1o about 20.0 wt % of
PAG, relative to the polymer; and,

(€) said polymer film supported by said disk structure.

In another embodiment, the present invention provides a
WORM optical data storage device wherein said polymer
film contains about 0.1 to 0.9 wt % of the flnorophore and
about 4.0 to 9.0 wt % of PAG, relative to the polymer.

In another embodimént, the present invention provides a
WORM optical data siorage device comprising:

{a) a disk stmcture suitable for structurally supporting a

polymer, film;

(b) said polymer film containing about 0.01 to 5.0 wi %
of the fluorophore and abowt 0.5 to about 20.0 wt % of
PAG; relative to the polymer and supported by said disk
strugture;. and,

{c) said polymer fiim irradiated to decrease the fluores-
cence concentration of the neutral fluorophore and
increase the fluorescence of the monoprotenated fluo-
rophore supported by said disk structure whereby the
resulting stored. optical information can bhe recovered
via multichannel readont.

In another embodiment, the present invention provides a

compound of Formula I11:
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wherein X is selected from the group:
—NH,, —NH({aryl), —N(aryl},, 2-benzothiazolyl substi-
tuied with 0-4 R?; 2-benzoxazolyl substitated with 0-4
R? and 2- or 4-pyridy] substituted with 0—4 R>, and
N-carbazolyl substituted with 0-4 RZ;

Z is H, X, CN, —N—=C=S$, NO,, — NH({(=8)—0
(C,-C,  alkyl), —NH(C=S)—NH(C,-C, alkyl),
MNH(C—S)WN(C ~Cq  alkyl),, -—P(=0)0H),,

—P{——O)(OH)(O—-C ~C, alkyl), —P(=O0)}0-C -C,
alkyl),, —N- succ1mm1dyl C-C,, aikyl subsututed
with 0-5 R?, C,~C,, alkcnyl substituted with (-3 R?,
C,—-Cyy alkynyl substituted with 0-5 R*, Co—C,, aryl
substituted with 0-5 R', or 5-14 membcrcd heterocycle
substituted with O—SR1

U and V, at each occurrence, are independently a bond,
—CH=CH—, —CH—=CH-phenylene-, or -phe-
nylene-CH—CH—;

R' is independently amino, hydroxy, halogen, C,—Cs
atkoxy, C,-Cy, alkyl, C,—C, haloalkyl, SH, SCH,,
—NH(C -C; alkyl}, —N(C,-Cy alkyl),; —NH(aryl),
—N(aryl),, —NHCO(C,-C, alkyl), —N=C=S§,
—NH(C==85}—0(C ~C; alkyl) —NH(C=8)—NH
(C~C, alkyl), or —NH(C——S)—N(C ~Cg alkyl),;

R? is mdependcntly amino, hydroxy, halogen C,—C4
alkoxy, C;-C,q alkyl, C,—C, haloalkyl, SH, SCH,,
—NH(C -C; alkyl), —N(C,-C,, alkyl},, —NH(aryl),
—N(aryl),, —NHCO(C,-C; alkyl), —N==C==8§,
—NH(C=3)}—O(C-C; alkyl), —NH(C=8)}—NH
(CiCs alkyl), —NH(C=S)—N(C,—C, alkyl),,
—C0O,H, or —CO,(C,-C, alkyl); and

R* and R*, at each occurrence, are independently €,—C, 4
alkyl, C;—C,; ¢ haloalkyl, —(CH,), .,CO,H, —(CIL,); 4
COLMC,=C,  alkyl), ~~CH,CH,0),_H, or
—{CH,CH;0), (C,—C; alkyl).

In another embodiment, the present invention presents

novel fluorophere compournds of the following formula;

CygHz
CigHy

, Y

whercin X is selected from the group:
—NH,, -—NH(phcnyI) m-N(phenyl)z, 2-thiazolyl substi-
tuted with 0-2 R”; 2-oxazoly] substituted with 0~2 R?;
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2-benrothiazolyl substituted with 0—4 R?%; 2-benrox-
azolyl substituted with 04 R?; 2- or 4-pyridy] substi-
tuted with 0-4 R?, and N-carbazolyl substituted with
0-4 RZ%
wherein Y is H, I, Br, ClI, CN, —N=C=S§, NO,, - NH
{C=S8}—-0(C -Cy alkyl), —NH(C=8)—NH(C,-C,

alkyl), —NH(C=S)—N(C,-C, alkyl),, —P(=0)

(OH),, —P(=0)(OH)NO—C,-C, alkyl), —P(==0)
(0—C-C; alkyD),, —N-succinimidyl, C,~C,, alkyl
substituted with 0-5 R', C;~C,, alkenyl substituted
with 0-5 R, C,—C,,, alkynyl substituted with 0-5 R*,
Ce-C,, aryl substituted with 0-5 R, or 5-14 mem-
bered heterocycle substituted with (-5 R’.

Dustrative compounds inciude:
7-benzothiazol-2-y1-9,9-didecylfluoren-2-ylamide;
7-cyano-9,9-didecylfluoren-2-ylamine;
2-(9,9-didecyl-7-cyanofluorene-2-yl)diphenylamine;
9.9-Didecyl-7-iodofluoren-2-yl)diphenylariing; and,
9.9-Didecyl 2,7 bis[phenyl-(9,9-didecyl-2-[N,N-dipheny-
lamine)fluorenyl)aminofiuorcne.

Before explaining the disclosed embodiments of the
present invention in detail it is 1o be understood that the
invention is not limited in its application to the details of the
particular arrangements shown since the invention is capable
of other embodiments. Also, the terminology used herein is
for the purpose of description and not of limitation.

H would be useful to discuss the meanings of some words
used herein and their applications before discussing FIGS.
1-22 including—
flugrophore: chemical structure that absorbs light followed

by emission of light of a different wavelength;

PAG: photoacid generalor; chemical substance that @bsorbs
light and undergoes reaction to produce prolons (acid);
single-photon absorplion: process whereby a moleculé inter-

acts with light and absorption of one photon catises and

electronic excitation;

two-photon absorption: process whereby a molecule inter-
acts with light and underpoes simultaneous or near-
simullaneous absorption of two photons of approximalely
one-half the energy required to cause an electronic exci-
lation, the energies of the two photons are cssentially

summed, producing an electronic excitation analogous 1o

that obtained via single-photon absorption;
photolysis: chemical reaction induced by absorptien of light

(light-induced chemical reaction);
photochromism: color change caused in a material by irra-

diation with light two-photon induced photochromism:

color change caused by a material undergoing simulta-
neous absorption of two photons;

upceonverted fiuorescence: shorter wavelength Hght emitted
by a material that was irradiated with longer wavclength
lighe;

phetobleaching: chemical change caused by irradiation with
light causing a decrease in the absorption of the material
al lhe original wavclength of irradiation;

prolonation: chemical substance that reacted with protons

(one or more equivalents ol acid);
monoprotonated: chemical substance that reacled with one

proton (one equivalent of acid);
diprotonated: chemical substance that reacted with two

proton (two equivalents of acid);

{s represents femioseconds;
ps represents picoseconds; and,
nis represents nanoseconds.
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Fhe discovery that it is possible to pholoinduce protona-
tion of fluorene dye 1 in liquid selution and polymer thin
fiims by conventional UV or visible light exposure or
two-photon irradiation with red to near-IR laser irradiation
(FIG. 1), and subsequent 3-D imaging of multitayer polymer
films via two-photon fluorescence imaging, makes possible
the production of a write-once, read-many (WORM)
enhanced high density, three-dimensional optical data stor-
age system. Thus, the invention rclates to image formation
via photoinduced fuorescence changes in a polymeric
mediuom with two-photon finorescence readout of a multi-
layer structure. Specifically, organic fluorescent dyes that
contain a basic amine functionality that possess high two-
photon absorplivity can react with protons produced by a
photoacid generator uponr exposure 10 a broad-band UV or
visibie Tight source or ultrafast near-IR laser irradiation
(femtosecond, picosecond or nanosccond time scale). Sub-
sequently, detailed solution. studies demonsirate the. forma-
tion of both monoprotonated and diprotonated species upon
irradiation, each resulting in distinctly different absorption
and fluorescence properties. The Auorescence of the origi-
nal, necutral, fiucrophore was reduced upon monoprotona-
tion, leading to a concemitant increas¢ in fliiorescence at
longer wavelengths due to the monoprotonated form.
Experiments in polymer films demonstrate that the changes
in fluorescence properties of the fluorophores can be
employed for a wrile-onice réad-many (WORM) data storage
mediurn with twa-photon finorescent readout. Two-channel,
two-photon fluetescence imaging provided both “positive”
and “negative” image readout capability.

Materials

Acid-Sensitive. Organjc Two-Photon Fluorescent Dyes

Although the two-photon absorbing fluorophore, 7-ben-
zothiazoly-9,9-didecyl-2,2({N,N-diphenylamino)fiuorene,
designated herein as fluorene. I, is the preferred organic
fluorescent dye with high two-photon absorptivity of this
invention, there are several additional usefu]l organic fluo-
tescent dyes whose spectral properties change appropriately
upon exposure o acid and possess high iwo-photon absorp-
tivity including those with the general siructures shown in
Formula I:

K JeY V7, 1

wherein X is selected from the group:

—NH,, —NH{C,-C, alkyl), —N(C,—C, alkyl},, —NH
(aryl), ~-N{aryl}),, —NHCO(C,-C, alkyl), 2-thiazolyl
substituted with 0-2 R?%; 2-oxazolyl substituted with
0-2 R?% 2-benzothiazolyl substituted with 04 R?%
2-benzoxazolyl substituted with (-4 R% and 2- or
4-pyridyl substitated with 0-4 R?, and N-carbazolyl
substitutéd with 0-4 R

Y is substituted with 0-5 R' and is sclecied from the

group:

/RN
f N/

g
LS

|
z
L
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-continued

oy, §

T\ / = \ /7

Wis O, 5, NH or N(C,-C, alkyl);

Z is H, X, CN, —N=C(C=S, NO,, —NH(C=8)—0
(C -C, alkyl), —NH(C=S8)—NH(C,—C, alkyl), —NH
{C=8)—N(C -C; alkyl),, —P(=0}OH},, —P(=0)
(OH)(O—C,-C alkyl), —P(=0)(O—C,—C; alkyl),,
—N-suceinimidyl, C,~C,, alkyl substituted with G-5
R', C,;—C, alkenyl substituted with 0-5 R!, C;—C,,
alkynyl substituted with 0-5 R?, C,—C,, aryl substi-
tuted with 0-5 R', or 5-14 membered heterocycle
substitmed with 0-5 R!;

U and V, at each occurrence, are independently a bond,
—CH=CH—, —CH=CH-phenylene-, or -phe-
nylene-CH=CH—;

R’ is independently amino, hydroxy, halogen, C,~C,
atkoxy, C-C,, alkyl, C,-C, haloalkyl, SH, SCH,,
~-NH{C —Cg alkyl), —N(C,—C, alkyl),, —NH(aryl),
—N(aryl),, —NHCO(C;-C, alkyl), —N==(C=S§,
—NH(C=8)--0(CC,; alkyl)), —NH(C=S)—NH
(C —C;; alkyl), or ~—NH{C=58)--N(C,-C,, alkyl),;

R? is independently amino, hydroxy, halogen, C,-C,
alkoxy, C,—C,, alkyl, C,-C, haloalkyl, SH, SCH;,
—NH(C —C, alkyl), —N(C,—C, alkyl),, —NH(aryD),
—N{aryl},, —NHCO(C,-C, alkyl), —N=C=S,
—NH(C=8}—0(CC,; alkyl), —NH(C=S)—NH
(C-C,  alkyh), —NHC=S}—N(C,~C, alkyl),,
—CO,H, or —CO,(C,-C, alkyl); and

R* and R*, at each occuitence, are independently C,-C; ¢
alkyl, €,—C,, haloatkyl, —(CH,), yCOH, —(CH,), o
CO,(C,~C, alkyl}, —(CH,CH,0),_(H, or
—{CH,CH,0), ((C,—C, aikyl).

Specifically these compounds contain a basic nitrogen
atom that can readily undergo protonation. Further, the
spectral properties (abserption and fluorescence) must be
distinctly different for the unprotonated and protonated
forms such that they can be easily, resulting in high contrast
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between protonaled (herein referred 1o as exposed) and
unprotonated (hercin referred to as unexposed) materials. In
addition, the dyes must be capable of undergoing two-
photor: absorption and be subsequently accompanied by
efficient upconverted fluorescence emission. Representative
examples of such flyorophores prepared are summarized
below in which R and RY, are C,—C,, alkyl, C,-C,,
halealkyl, —(CH,), ;CO,H, —(CH,), sCO,{C,-C, alkyl),
or —(CH,CH,0),_H, or —(CH,CH,0), ((C,-C, alkyl).

H;CO
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R R*

O.

g

CN

0 .

2 o

NC

The compounds herein described may have asymmetric
centers. Unless otherwise indicated; all chiral, diastereo-
meric and racemic forms are included in the present inven-
tion. Many geometric isomers of olefins, C=N double
bonds, and the like can also be present in the compounds
described herein, and all such stable isomers are contem-
plated in the present invention. It will be apprecidted that
compounds of the present invention that contain asymmetri-
cally substituted carbon atoms may be isolated in optically
active or racemic forms. It is well known in. the art how to
prepare optically active forms, such as by resolution of
racemic forms or by synthesis, from optically active starting
materials. All chiral, diastereomeric, racemic forms. and all
geomelric isomeric forms of a structure are intended, unless
the specific stereochemistry or isomer form is specifically
indicated.

When any variable occurs more than one time in any
constituent or in any formuda, its definition on each occur-
rence is independent of its definition at every other occur-
rence. Thus, for example, if a group is shown 1o be substi-
wted with 0-2 R', then said group may optionally be
substituted with up 10 two R' and R! al ecach occurrence is
sclected independently {rom the defined list of possible R

When a bond to a substituent is shown Lo cross the bond
connccling two aloms in a ing, then such substituent may be
bonded to any atom on the ring. When a bond joining a
substituent to another group is not specifically showm or the
atom in such other group 10 which the bond joins is not
specifically shown, then such substitvent may form a bond
with any atom on such other group.

When a substituent is listed without indicating the atom
via which such substituent is bonded to the rest of the
compound of Formula I, then such substituenl may be
bonded via any atom in such substituent. For exampie, when
the substituent s piperidinyl, morpholinyl, or pyridinyl,
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unless specified otherwise, said piperidinyl, morpholinyl, or
pyridiny! group may be bonded to the rest of the compound
of Formula (I) via any atom in such piperidinyl, morpholi-
nyl, or pyridinyl group.

Combinations of substifuents and/or variables are permis-
sible only if such combinations result in stable compounds.
By stable compound or stable structure it is meant herein a
compound that is sufficiently rebust to survive isolation to a
useflul degree of purity from a reaction mixture, and formu-
lation into an effeciive polymer material.

The term “substituted”, as uvsed hercin, means thal any
one or more hydrogen on the designated atom is replaced
with a selection from the indicated group, provided that the
designated atom’s normal valency is nol exceeded, and that
the substitution results in a stable compound.

As used herein, “alkyl” or “alkylene” is intended to
include both branched and straight-chain saturated aliphatic
hydrocarbon groups having the specified number of carbon
atoms; for example, “C,—C,, alkyl” denotes alkyl having 1
10 10 carbon atoms. Examples of alky] include, bat are not
limited te, methyl, ethyl, n-propyl, i-propyl, n-bityl, i-butyl,
sec-butyl, t-butyl, pentyl, hexyl, heptyl, octyl, nonyl and
decyl.

“Alkenyl” or “alkenylene” is intended to include hydro-
carbon chains of either a straight or branched configuration,
having the specified number of carbon atoms, and onme or
more unsaturated carbon—carbon bonds which may occur
in any stable point along the chain, such as ethenyl, prope-
nyl, 1-butenyl, 2-butenyl and the like.

“Allcynayl” or “alkynylenc” is intended to inchude hydro-
carbon chains of either a straight or branched configuration,
having the specified number of carbon atoms, and one or
more. carbon—carbon triple bonds which may ¢ceur in any
stable point along the chain, such as ethynyl, propynyl,
1-butynyl, 2-butynyl and the like.

The term “haloalkyl” is intended to include botli branched
and straight-chain saturated aliphatic hydrocarbon groups
having the specified number of carbon atoms, substituted
independently with 1 or more halogens (for example—C,F,,
where v=1 to 3 and w=1 to (2v+1)). such as, but not limited
to, —CH,F, —CHF,, —CF,, —CH,CF;, —CF,CF;, —CH
(CF;), and the like.

As used herein, “alkyloxy” or “alkoxy” rcpresents an
alkyl group of indicated number of carbon aloms attached
through an oxygen bridge, for example methoxy, ethoxy,
Propoxy, i-propoxy, butoxy, i-butoxy, s-butoxy and t-butoxy.
The term “aryloxy™ is inlended to mean phenyl or naphthyl
attached through an oxygen bridge.

The term ‘*‘cycloalky]l” is intended to include saturated
ring groups having the specified number of carbon atoms,
including mono-, bi-, or poly-cyclic ring systems, such as
cyclopropyl (c-Pr), cyclobutyl (¢-Bu), cyclopentyl, cyclo-
hexyl, cycloheptyl, cyclooctyl, [3.3.0]bicyclooctyl, [2.2.2]
bicyclooctyl, adamantyl and so forth. More specifically,
“bicycloalkyl” is intended to include saturated bicyclic ring
groups having the specified number of carbon atoms, such as
[3.3.0]bicyclooctyl, [4.3.0]bicyclononyl, [4.4.0fbicyclode-
cyl (decalin), [2.2.2]bicyclooctyl, and so forth.

Addiionally, the terms “alkylene”, “alkenylene”, “phe-
nylene”, and the like, refer to alkyl, alkenyl, and phenyl
groups, respectively, which are connected by two bonds 1o
the rest of the structure of Formula I. Such “alkylene”,
“alkenylene”, “phenylene”, and the like, may alternatively
and cquivalently be denoted herein as “-(alkyl)-", “-(alk-
enyl)-" and “-(phenyl)-”, and the like.

“Halo” or “halogen” as used herein refers o fuoro,
chlore, bromo and iodo.
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As used herein, “aryl” or “aromatic residue” is intended
to mean 6 to 14 membered monocyclic, hicyelic or tricyclic
unsaturated carbon ring, for example phenyl, biphenyl,
naphthyl or fiuorenyl. As used herein “aryl” is optionally
substituted with 0-5 groups independently selected from
amino, hydroxy, halogen, C,—C, alkoxy, C,-C,, alkyl,
C;—C, halgalkyl, SCH,, —NH(C,—Cy alkyl), —N(C,~C,
alkyl},, —NH(aryl), —N(aryl},, —NHCO(C,-C, alkyl).

The term “arylalkyl” represeats an aryl group attached
through an alkyl bridge having the specified number of
carbon atoms.

As used herein, “carbocycle” or “carbocyclic residue” is
intended to mean any stable 3- to 7-membered monocyclic
or bicyclic or 7- to 14-membered bicyclic or tricyclic or an
up to 26-membered polycyclic carbon ring, any of which
may be salurated, partially unsaturated, or aromatic.
Examples of such carbocyles include, but are not limited to,
cyclopropyl, cyclopentyl, cyclohexyl, phenyl, bipbenyl,
naphthyl, indanyl, adamanty), or tetrahydronaphthyl (tctra-
lin).

As used herein, the term “heterocycle” or “heterocyclic”
is intended to mean a stable 5- 1o 7-membered monocyclic
or bicyclic or 7- Lo 10-membered bicyclic heterocyclic ring
which may be saturated, partially unsaturated, or aromatic,
and which consists of carbon atoms and from 1 to 4
heteroatoms independentiy sclected from the group consist-
ing of N, O and S and whercin the nitrogen and sulfur
beteroatoms may optionally be oxidized, and the nitrogen
may optionally be quaternized, and including any bicyclic
group in which any of the above-defined heterocyclic rings
is fused to a benzene ring. The hetcrocyclic ring may be
attached to its pendant group at any heteroatom or carbon
atom which results in a stable siructure. The heterocyelic

rings described herein may be substituted on carbon or on a.

nitrogen atomn if the resulting compound is stable. Examples
of such heterocyeles include, but arc not Hrmited to, pyridyl.
(pyridinyl), pyrimidinyl, furanyl (furyl}, thiazolyl, thienyt,
pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl,
benzothiophenyl, benzoxazolyl, benzethiazolyl, indolyl,
indolenyl, isoxazolinyl, quinolinyl, isoquinolinyl, benzimi-
dazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl. 2-pyrroli-
donyl, pyrrolinyl, tetrahydrofuranyl, tetrahydroquinolinyl,
letrahydroisoquinolinyl. decahydrequinoliny] octahydroiso-
quinolinyl, arocinyl, triazinyl, 6H-1,25-thiadiazinyl,
2H,6H-1,5,2-dithiazinyl, thianthrenyl, pyranyl, isobenzo-
furanyl, chromenyl, xanthenyl, phenoxathiinyl, 2H-pyrrolyl,
isothiazolyl, isoxazolyl, oxaroiyl, pyrazinyl, pyridazinyl,
indolizinyl, isoindolyi, 3H-indolyl, 1H-indarolyl, purinyi,
4H-quinolizinyl, phthalazinyl, naphthyridiny], quinoxalinyt,
quinazolinyl, cinnolinyl, pteridinyl, 4aH-carbazole, carba-
zole, .beta.-carbolinyl, phenamhridinyl, acridinyl, perimidi-
nyl, pbenanthrolinyl. phenaziny!, phenarsazinyl. phehothi-
azinyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
imidazolidinyl, imidazoliny!, pyrazolidinyl, pyrazolinyl,
piperazinyl, indolinyl, isoindolinyl, quinuclidinyl, mor-
pholinyi, oxarolidinyl, 1.4-benzoxazine, and 8-oxa-3-azabi-
cyclo[3.2.1]octane. Preferred helerocyclic rings are pyridi-
nyl, furanyl, thiazolyl. thienyl, pyrrolyl, pyrazolyl, iriazolyl,
imidazoiyl, benzofuranyl, benzothiophenyl, benzoxazolyl,
benzothiazolyl, indolyl, indolinyl, quinolinyl, isoquinolinyl,
tetrahydroisoquinolinyl, isoxazolyl, isoxarolinyl, benzyim-
dazolyl, piperidinyl, tetrahydrofuranyl, pyranyl, pyrimidi-
nyl, 3H-indolyl. pyrrolidinyl, meorpholinyi. pipcrazinyl and
carbazole. Also included are fused ring and spiro com-
pounds containing, for example, the above helerocycles.

As used herein, the term “heteroaryl” refers to aromatic

heterocyclic groups. Such heteroaryl groups are preferably
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5-6 membered monocylic groups or 8-10 membered fused
bicyclic groups. Examples of such heteroaryl groups
include, but are not limited to pyridy] (pyridinyl), pyrimidi-
nyl, furanyl {furyl}, thiazolyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, indolyl, isoxazolyl, oxazolyl, pyrazinyl,
pyridazinyl, benzofuranyl, benzothienyl, benzoxazolyl, ben-
zothiazolyl, benzimidazelyl, quinolinyl, or isoquinolinyl.
As used herein, “carbonyl” means a carbon double
bonded to oxygen and additionally substituted with two
groups through single bonds; “carbonyloxy™ means a carbon.
doublc bonded to oxygen and additionally bonded through
single bonds to two groups, one of which is an oxygen.

Photoacid Generators (PAG)

Suitable photoacid generators are characterized by their
ability to absorb light and undergo photochemical reaction
to produce one or more profons (HH) or acid in the ahsence
or presence ol sensilizers or coinitiatots such as isopropy-
Ithioxanthone (ITX). In addition. to the compounds of the
present invention, the pholoresist compositions of the inven-
tion contzin a PAG. The invention is not limited to the dse
of any specific PAG or combination of PAG's, that is the
pencfits of ihe invention may be achicved using various
photosensitive acid generators knows in the art. Examples
of suitable photosensitive acid generators include onium
salts such as triaryl sulfomum hexafluoroantimonate, dia-
rylicdonium hexafluoroantimonate, hexafluoroarsenates, tri-
flates {(c.g. triphenylsulfonium triffate, bis {t-buty! phenyl)
iodonium triflaie), substituted aryl sulfonates such as pyro-
gallols {e.g. timesylate of pyrogallol or ins(suifonate) of
pyregallol), sulfonate esters of hydroxyimides, N-sulfony-
loxynaphthalimides (N-camphorsulfenyloxynaphthalimide,
N-pentaflluorobenzenesulfonyloxynaphthalimide), .alpha.-
.alpha. 'his-sulfony] diazomethares, sulfonzte esters of nitro-
substituied benzyl alcohols, naphthoquinone-4-diazides,
alkyl disulfones and mixtures thereof.

Binder Polymoers

Polymers can be used that do not absorb the laser light
being used for data writing or reading, The polymer serves
to create an amorphous or mostly amorphous material that
can be coated on surfaces or formed into butk objects. The
glass transilion temperature of the polymer must be above
30° C. and it must be either soluble in solvents for spin
coating or solution casting or be melt processable or both.
Examples include but are net limited to polystryene and iis
derivalives, polyacrylates, polymethacrylates, polycarbon-
ates, polyurethanes, polysiloxanes, nyvlons, and polyesters.

EXPERIMENTAL

Belfield et al. reported the synthesis and characterization
of organic fluorescent dyes with high two-photon absorp-
tivity (J. Phys. Org. Chem. 2000, 13, 837, I. Org. Chem.
2000, 63, 4475; Org. Lett. 1999, 1, 1575).

The phetoacid generator, CD 1010 (a iriarylsulfonium
hexafluoroantimonate salt as 50 wi % in propylene carbon-
atey, was purchased [rom Sartomer and used as received.
The synthesis and characlerization of the two-photon
absorbing fluérophore, 7-benzothiazoly-9,9-didecyl-2,2-(N,
N-diphenylamino)flucrene, was described previously by
Betficld et al. (J. Org. Chem. 2000, 65, 4475). Polystyrene
(PS) {molecular weight 35.000) was purchased from Waters
Associates and used directly. Phosphorylated poly{VBC-co-
MMA) was prepared as previously reported (Belfield, K. D.
and Wang, J. 1. Polym. Sci., Polym. Chem. Ed. 1995, 33,
1235}). Acetonitsile {ACN), 1,4-dioxane; and CH,Cl, (HPLC
or spectrophotometric grades) were purchased from Sigma-
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Aldrich and were used as received. Various masks were used
during the photoexposure of prepared polymer films, includ-
ing TEM grids {micke! square and hexagonal mesh grids
from Polysciences}, glass resolution targels (negative slide
with the 1951 USAF test pattem from Edmund Scientific),
and photolithographic waveguide masks (from PPM Photo-
mask, Inc),

Example 1

Synthesis of
7-benzothiazol-2-yl-9,9-didecylfluoren-2-ylamide
(16)

In a 50 mL 3-neck reaction flask, fitted with a mechanical
stirrer, N, inlet, and stopper, was placed 2,7-dicyano-9,9-
didecylftuorens (0.68 2, 1.36 mmol), 2-aminothiophenol
{0.34 g, 273 mmol) and 5.38 g of polypbospheric acid
(PPA). 2,7-Dicyano-9.9-didecylfiuorene was prepared in
two sieps from fluorene (purchased from Aldrich) by reac-
tion first with bromodecane, then CoCN. The reaction was
slowly healed 10 80° C., by which time complete dissolution
had oeeurred. On stirring: for 5 b at 80° C., the temperature
was raised to 120° C. and stirred for 24 h, at which time the
reaction mixture turned yellow-orange. The temperature was
raised to 140° C. for 40 h; The reaction mixture was cooled
and poured into water to precipitate the yellow solid. The
crude product was then stitred in 50% ammonivm hydroxide
(NI, OH) for 1 b, filtered, and washed with water: 1t was
dricd, and purified by recristallization using (60:40 hexancs/
CH,Cl,) and column chromatographic on silica gel {50:50
hexanes/CH,Cl,) obtaining 0.5 g of while solid (51.2% vd,
mp=138-139.5° C). Anal Cald for C,,H,N,0,8: C,
76.82%, H, 8.8%, N, 4.37%, 0, 4.99%, S, 5.0%. Found: C,
76.83%, 8.75%, N, 4.41%, 0, 4.99%, §, 5.0%. "H NMR (300
MHz, CDCl,) & 8.12.(dd, 3H), 7.89 (m, 5H)., 7.51 (1, 1H),
7.39 (1, 1H), 2.14 (i, 4H), 1.10 (m, 28H), 0.78 (1, 6H), 0.58
{(bs; 4H). *C NMR (300 MHz, CDCL,) 5: 169.8. 168.4,
154.4, 1527, 152.1, 144.2, 142.9, 1352, 1335, 132.6,
127.4, 126.6, 126.5, 1254, 1233, 122.5, 1218, 1218,
121.1, 1204, 56.0, 40.4, 32.0, 30.1, 29.7, 29.5, 29.4, 240,
22.8, 14.3. FT-IR (KBr, cm™'): 3500 (vOU, water), 2920,
2851 (valCH), 1655 (vC==0, amide I), 1616 (8NH, amidc
II), 1577 (vC=N).

Example 2

Synthesis of 7-cyano-9,9-didecylfluoren-2-ylamine
(18) '

7-Cyano-9,9-didecyl-2-nitrofluorenc {(0.88 g, 1.87 mmol)
was dissolved in a mixture of THF (3 mL} and EiOH (8 mL)
at room temperature. 7-Cyano-9,9-didecyl-2-nitrofluorene
was preparced in three steps from fluorene (purchased from
Aldrich) by reaction first Nitdc and sulfuri¢ acid, then
bremodecane, and finally CuCN. To this was added graphite,
and the mixiure was. degassed under vacuum and N,. The

mixiure was heated to 90° C. under N, and hydrazine.

hydrate (1.05 g, 32.80 mmol) was added dropwise via
syringe. TLC analysis using (60:40) hexanes/CH,Cl,, indi-
cated reduction was complete after 48 h. The reaction
mixture was filtered, concentrated, and Lhe resulting yellow-
orange oil was passed through a Si gel column, using (70:30}
hexanes/CH,Cl,, providing 0.62 g of yellow solid (75.4%
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yd; mp=46-47° C.). Anal. Caled for C,,H 0N, C, 83.99%,
H, 1035, N, 5.75%,. Found: C, 83.84%, H, 10.50%, N,
5.73%. "H NMR (300 MHz, CDCl,) &: 7.5 (t, 4H), 6.6 (d,
2H), 3.8 (bs, 2H), 1.87 (m, 4H), 1.1 (m, 28H), 0.85 (t, 6H),
0.54 (m, 4H). "*C NMR (300 MHz, CDCL,) 8: 1489, 1456,
142.9,141.5,126.6,125.5,121.2,117.1, 115.6, 113.8, 109.5,
104.4, 102.9, 50.3, 35.6, 27.1, 26.8, 25.2, 24.8, 24.7, 24.5,
18.9, 179, 93. FI'IR (KBr, cm™): 3479, 3379 (vNH,),
2923, 2853, (valCH), 2221 (vC=N), 1603 (vAr C=C).

Example 3

Synthesis of
2-(9.9-didecyl-7-cyanofluorene-2yl}diphenylamine
19,

7-Cyano-9.9-didecylfluoren-2-ylamine (0.4 g, 0.9 mmol}
was subjected. to an Ullmann condensation reaction with
iodobenzene (0.92 g, 4.5 mmgol). at 180° C. for 48 h. The
2-amino-7-cyano-9,9-didecyHluorene was prepared directly
from 7-cyano-9,9-didecyl-2-nitrofluorcne (reported in the
previous example) by reduction using graphite and hydra-
zine hydrate. The synthetic procedurcs were performed in
analogy to the procedures given for 3. A bright yellow
viscous. 0il was obtained after column chromatographic
purification (0.48 g, 89% yd). Anal. Caled for C,,H,N,: C,
86.47%, H, 9.14%, N, 4.38%. Found: C, 86.72%, 11, 9.14%,
N, 4.38%. '"H NMR (300 MIz, CDCl,) & 7.57 (m, 4H),
7.25 (1, 4H), 7.08 (m, 8H), 1.84 (in, 4H), 1.11 {m, 28H), 0.88
(t. 6I1),0.60(m,4H). "CNMR{300 MHz, CDCL)8: 150.0,
148.3, 146.1, 144.7, 142.8, 130.7, 128.6, 126.5, 123.3,
121.6, 1203, 120.0, 118.7, 116.5, 115.2, 105.8, 52.5, 37.1,
29.6, 27.0, 26.7, 26.7, 26.4, 21.0, 19.8, 11.3. FT-IR (KBr,
cm ') 3064, 3036 (vVArCH), 2926, 2854 (valCH), 2223
(VC=N), 1595 (VArC=C).

Exampie 4

Synthesis of 7-cyano-9,9-didecylfluorene-2-(4,4"-
dicyanodiphenylamine). (20)

In a two-neck round-botiom flask, fitted with a N, inlet,
condenser and stir bar, stoppér, was pliced 7-cyano-9.9-
didecylfluoren-2-ylamine (0.26 g, 0.60 mmol) (described in
the example above), 4-fluorobenzonitrle (0.07 g, 0.66
mmol}, finely ground cesium fluoride (0.25 g, 1.64 mmol),
and (3 ml.) DMSO. The temperature was then gradually
raised to 100° C. for 13 h, and 145° C. for 72 h. The brown
solution was cooled and poured over ice. The organic layer
was extracled with CH,Cl,, washed with water, dried and
conceniraied 1o obtain a yellow-brown oil. Purification was
accomplished by column chromatography using (49:60 hex-
anes/CH,C1,), providing 0.12 g of light brown selid (30%
yd). Anal. Caled for C,oHe N C, 83.67%, H, 8.19%; N,
8.13%. Found: C, 83.0%: H, 8.25%; N, 7.90%. 'H NMR
(300 MHz, CDCl;) &: 7.75 (d, 2H), 7.64 (d, 1H), 7.60 (s,
1H), 7.5 (d, 4H}, 7.16 (1, 6H), 1.92 (m, 4H), 1.1 (m, 28H),
0.88 (i, 6H), 0.58 (bs, 4H). **C NMR (300 MHz, CDCl,)
0:154.0, 151.6, 150.2, 144.6, 137.5, 133.8, 131.8, 1267,
259,1233,122.7,121.4, 120.4, 119.8, 118.9, 110.4, 106.5,
55.9, 40.0, 32.0, 30.0, 29.7, 29.5, 29.5, 24.1, 22.8, 14.3.
FLIR (KBr; cm™): 3046 (vArCHY), 2926, 2854 (valCH),
2224 (vC=N), 1595 (vArC=C).
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Example 5

Preparation of 7-Benzothiazol-2-yl-9,9-didecylfiuo-
ren-2-ylamine-modified poly(styrene-co-malcic
anhydride}

Poly(styrene-co-maleic anhydride) (2.8013 g) was dis-
solved in 2 mL tetrahyrdofuran (THF). Disgiled benzene (6
mkL.) was than added and the polymer solution was placed in
a 25 mlL two-necked round bottom flagk fitted with a reflux
condenser under N,,. While stirring 7-benzothiazole-2-y1-9,
9-didecylfluorene-2-ylamine (Belfield et al. J. Org. Chem.
2000, 65, 4475) (0.470 g, 0.79 mmol, in 3.2 mlL dry
benzene) was added dropwise at r.t. 10 the reaction flask,
resulting in a yellow-while precipitate upon addition. The
reaction mixture was stirred for 1 hour, after which recrys-
tallized ZnCl, (0.1208 g, 0.79 mmol) added in one portion,
followed by heating 1o 80° C. Hexamethyldisilazane
(HMDS) (0.25 mL., 1.18 mmol) in diy benzene (2.5 mL) was
added slowly over a period of 30 minutes, and the reaction
mixiure was then refluxed for 80 hours. During the reflux
period two additional portions of ZHCI2 and HMDS were
added at 24 and 48 hours, and the reaction followed by TLC.
Upon completion, the reaction mixture was cooled 1o room
temperaiure and poured inte 0.5 N HCL (30 mL). The
aqueous phase was extracted with ethyl acetate (3x25 mlL),
and the combined organic cxiracts were washed succes-
sively with 30 mL of salbraied NaHCO, and brine solution
and dried over MgSO,. The solution was concentrated under
reduced pressure and the crude polymer dissolved in a
minimum amount of N.N-dimethylacelamide (DMAc) and
precipitated in cold methanol twice then dried at reduced
pressure. The final product was a bright yellow powder (36
wt % yield).

Example 6

7-Benzothiazol-2-y1-9,9-didecylfluoren-2-ylamine-
medified poly(ethylene-g-maleic anhydride)

Poly(ethylene-g-maleic anhydride} (2.0052 g) was dis-
solved in a minimal amount of THE (12 ml) at 110° C.
Distilled benzene (6 mL) was then ddded and the polymer
solution placed into a 25 mL two-necked round bottom flask
fitied with a rcflux condenser under N,. While stirring,
7-benzothiazole-2-y1-9,9-didecylfluorene-2-ylamine  (0.05
g, 0.084 mmol, in 2.0 mL dry benzene} was added dropwise
into the reaction flask. The reactants were stirred for | hour,
then rectystallized ZnCl, (0.0114 g, 0.084 mmol) was added
in one portion. The resulting reaction mixture was kept at
110° C. HMDS (0.03 mL, 0.1261 mmol) in dry benzéne (0.3
mL} was added slowly over a period of 30 minutes. The
reaction mixture was then refluxed for 164 hours, during
which lime it became a dark-brown color. During the reflux
period, three additional portions of ZnCl, and HMDS were
added at 24, 72, and 96 hours. TLC indicated the reaction
was complete. The reaction mixture was cooled to room
temperature and poured into 0.5 N HCI (110 mbL). The
aqueous. phase was extracted with ethyl acetate (3x75 mL).
The combined organic extracts were washed successively
with 100 mL of saturated NaHCO, and brine, then dried over
anhydrous MgSO,. The solution was concentrated under
reduced pressure. The polymer was dissolved in chloroform
and precipitated in cold methanol twice, then dried at
reduced pressure. The final product was a light green solid
(52 wi % yield),
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Exampie 7

General procedure for the Ullmann condensation.
(9,9-Didecyl-7-iodofluoren-2-yl)-diphenylamine
(15)

9.9-Didecyi-2,7-ditodofluorene (1.22 g, 1.7 mmol} (pre-
pared as described in Belfield et al. Journal of Organic
Chemistry, 2000) was dissolved in 6 mL of 1,2-dichioroben-
zene at room temperature under N, To this were added
K2C03 (1.90 g, 13.77 mmoi), 18-crown-6 (0.15 g, 0.61
mmoi), and copper brenze (0.53 g, §.32 mmol) at room
temperature. Diphenylamine (0.30¢ g, 1.77 mmol)} was
added, and the reaction mixture was heated to 180° C. for 28
h. Upon completion, the brown mixture was filtered through
a short silica gel plug and the yellow solution was concen-
trated resulting in a yellow-brown oil. The solvent 1,2-
dichlorobenzene was removed under redoced pressure. Puri-
fication was accomplished by colume chromatography using
first (80:20) hexanes/CH,CL,, followed by (90:10) hexanes/
CH,Cl,. providing 0.44 g of light vellow oil (35%). 'H
NMR (300 MHz, CDCL,) &: 7.61 (d, 2H), 7.52 (d. LH), 7.35
(d, 1), 7.22 (4, SH), 7.12 (1, 5H), 7.03 (1, 2H), 1.81 (m, 4H),
1.11 (m, 28H), 0.86 (1, 6H), 0.62 (bs, 4H). >C NMR (300
MHz, CDCl,) &: 153.3, 151.7, 148.1, 147.9, 140.8, 136.0,
135.0, 132.0. 1294, 124.1, 123.6, 122.8, 121.0, 120.7,
119.2, 91.7, 55.4, 40.3, 32.1, 30.1, 29.8, 29.8, 29.5, 24.0,
22.9, 14.3. FTIIR (KBr, cm™'): 3032 (VATCH), 2923, 2851
(valCH), (vArC=C).

Example 8

9,9-Didecyl-2,7-bis(N-phenylamino)fluorene (14)
was prepared by reaction of 9,9-didecyl-2,7-diiod-
ofluorene (reported in previous example) with
aniline

A yellow-brown oil was obtained after column chroma-
tography purification. using first n-hexanes/EtOAc (80:20),
followed by n-hexancs/EtQAc {95:5) (0.40 g, 45% yd).
UV-vis (ACN): A,,..=334 nm (250400 nm). Anal. Caled
for C,sH N, C, 85.93%; H, 9.62%, N, 4.45%. Found: C,
85.91%, H, 9.62%, N, 4.45%. "H NMR (300 MHz, CDCL,)
&: 7.49 (s, 2H), 7.24 (d, 4F1), 7.05 (d, 8H), 6.91 (s, 2H}, 5.7
(bs, 2HO, 1.88 (bs, 4H), 1.1] (m, 28H)..0.84:(m, 10H), FT-IR
(KBr, cm™): 3397 (vNH), 3031 (vArCH), 2923, 2855
(valCH}, 1598 (vArC=C).

Example 9

Synthesis of 9.9-Didecyl-2,7-bis[phenyl-(9,9-dide-
cyl-2-[N,N-diphenylamino]-luorenylJaminofluorene
(13)

9,9-Didecyl-7-iodofluoren-2-ylydiphenylamine (15) (0.49
g, 0.66 mmol) was subjected 1o similar Ullmann condensa-
tion reaction with 9,9-didecyl-2,7-bis(phenylamino)fuorene
(0.17 g, 0.27 mmol) to yicld the desired product. (9,9-
Didecyl-7-iodofluoren-2-yldiphenylamine (15) was pre-
parcd by reaction of 9,9-didecyl-2,7-dliodofluorene (re-
poried in- Example 7) with one equivalent of diphenylamine.
TLC analysis {60:40 hexanes/CH,Cl,) indicated condensa-
tion was complete after 4 days. The orange-brown oil was
further purified by column chromatography on silica gel
using first (70:30) hexanes/CH,Cl, followed by (80:20)
hexa.nes/CHgCIz resulting in 0.42 g of yellow solid (85% yd).
Anal. Caled for C3.H, Ny C, 87.51%, H, 9.46%, N,
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3.02%. Found: C, 87.37, H, 9.53%, N, 3.02%. 'H NMR (300
MHz, C,D,) & 7.09 (d, 2H), 7.04 (s, 1H), 7.0 (dd, 5H), 6.93
(s, TH), 6.85 (t, 6H), 6.73 (t, 6H), 6.53 (m, 3H), 1.33 (m,
4H), 0.87 (bd, 28H), 0.52 (bt, 10H). *C NMR (300 MHz,
C,D,) 6:1524, 1485, 147.0, 136.6, 1294, 124.2, 123.9,
120.2, 119.6, 119.1, 55.2, 40.3, 32.2, 30.4, 30.0, 29.8, 29.7,
29.6, 24.4, 22.9, 14.2. FTIR {KBr, cm™): 3036 (vAICH),
2926, 2854 (valCH), 1593 (vArC=C).

Exampie 10
9,9-Didecyl-2,7-diphenylaminofluorene polymer

9,9-Didecyl-2,7-difodofluorene (0.157 g, 0.224 mmol)
(prepared as described in Belfield ct al. Journal of Organic
Chemistry, 2000) and compound (14) (0.1414 ¢ 0.224
mmol) were subjected to similar Ullmann condensation
reaction to yield the polymer 5. After 12 days, TLC indicated
that the condensation was complete, The dark brown oil was
further purified by column chromatography on silica gel
using firsl hexane/CH,Cl, (70:30) followed by hexane/THF
(85:13) providing a yellow solid. FTIXIR (KRr, con™): 2956,
2854 (valCH}, 1465 (vArC=C), '"H NMR (300 MHz, C,D,)
8: 7.19 (d, 5H), 6.93 {d, 5H}, 6.63 (s, 1H), 1.48 (bd, 4H),
0.85 (bm, 38H). *C NMR (300 MHz, C.Dy) & 151.17,
147.66, 145.83, 135.30, 128.30, 122.91, 122.39, 121.49,
119.04, 112.89, 59.10, 39.19, 31.00, 29.22, 28.82, 28.75,
28.61, 28.45, 23.32, 21.74, 13.03.

Example 11
Poly(benzo[1,2-d:4,5-d"|bisthiazole-9,9-didecylfluorene)

Into a three-neck, 100- mL reaction flask were placed
2,7-dicyano-9,9-didecylfluorerie {prepared as described in
Example 1) (0.727 g, 0.0014 mol}, 2,5-diamino-1,4-ben-
zengthiol dihydrochloride {purchased from TCI America)
(0362 g, 0.0014 mol), and polyphosphoric acid (3.75 g).
The reaction vessel was fitted with a mechanical stirrer,
flushed with nifrogen and then heated to 45° C. under
vacuum and stirred for 16 h. The temperature was then
gradually raised to 60° C. for 4 h, and 100° C. for 2 h,
resulting in the reaction mixture turning orange. The mixture
was cooled 1o room temperature and 1.83 g of phosphorus
pentoxide (P,0.) was added. The solution was then slowly
heated 10 100° C. and stirred for 16 h (reddish-orange
solution), followed by heating to 130° C. for another 16 h,
then at 145° C. for 6 h. The rcaction mixture was immedi-
ately poured into water, resulting in a yellow-brown pre-
cipitate. The polymer was neutralized with NH,OH (20%)
and washed with waler in a soxhlet extractor for 32 h. The
polymer was dried and again washed with hexane in a
soxhlet extractor, yiclding a yellow solid (049 g, 53%
yield).

Example 12
Synthesis of Fluorophore (10)

9,9-Didecyl-2,7-diiodo-fluorene {prepared as deseribed in
Belfield et al. Journal of Organic Chemistry, 2000) (1.40 g,
2.0 mmol), 2-(4-viaylphenyl}-benzothiazole (prepared by
reaction of 2(4-iodophenyl)benzothiazole with tri-n-butylvi-
nyltin {(1.04 g, 4.4 mmol}, Pd(OAc), (45 mg, 0.20 mmol)
and P(Tolyl}, (0.12 g, 0.40 mmol) were dissolved in 30 mlL.
of a mixed solvent ol degassed DME-NEt, (5:1). The reac-
ton mixture was refluxed for 48 h under nitrogen atmo-

20

25

30

35

40

45

50

55

60

65

32

sphere. After confirmation of the disappearance of the start-
ing diiolofluorene by TLC, the dark brown mixfure was
cooled to room temperature. The mixture was filtered and
evaporated under reduced pressure. Distilled water was
poured onto the residue, and the product was extracled with
CH,C),. The extract was dried over MgS50,, and the solvent
was removed under reduced pressure. The residue was
chromatographed on a silica gel columnn using mixed eluent
of n-hexane/ethyl acetate (10:1) to give 0.40 g (22% yicld)
of product as yellow solids. "H NMR (200 MHz, CDCL,) &:
8.12-7.24 (m, 26H), 2.03 (¢, 4H), 1.25-0.79 (m, 32H), 0.67
(s, 6H), **C NMR (50 MHz, CDCl,) &: 168.0, 154.4, 151.9,
141.3, 140.5, 136.2, 135.2, 1326, 131.2, 128.2, 1272,
126.6, 126.2, 1254, 121.9, 121.2, 120.3, 55.2, 40.8, 30.3,
208, 29.7, 29.5, 24.0, 22.9, 14.3.

Example 13
Synthesis ol Fluorophore (7)

7-12-(4-Benzothiazol-2-yl-phenyljvinyi]-9,9-didecylfiuo-
ren-2-ylamine (0.49 g, 0.7 mmol}, K,CO, (078 g, 6.3
mmol), 18-crown-6 (0.56 g, 2.1 mmol), Cu (0.22 g, 3.5
mmol) and iodebenzene (0.29 g, 1.4 mmol) were dissolved
in 30 mL of degassed 1,2-dichlorobenzene. 7-[2-(4-Ben-
zothiazol-2-yl-phenyvinyl]-9,9-didecylluoren-2-ylamine
was prepared reaction of 7-iodo-2-nitro-9,9-didecytfluorenc
{preparzd as described in Belfield et al. Journal of Organic
Chemistry; 2000) with 2-(4-vinylphenyl)-benzothiazole (de-
scribed in the example above), followed by reduction with
graphite and hydrazine hydrate. The reaction mixture was
heated at 80° C. for 48 h under nitrogen atmosphere. Afier
confirmation of the disappearance of the starting compound
by TLC, the dark brown mixiure was cooled to room
temperature. The mixture was filtered and evaporated under
reduced pressure. Distilled water was poured onto the resi-
due, and the product was extracted with CH,Cl,. The extract
was dried over MgSO4, and the solvent was removed under
reduced pressurc. The residue was chromatographed on a
silica gel column using mixed eluent of n-hexane/ethyl
acetate (10:1) o give 0.43 g (73% yicid) of product as
yellow solids.

Procedures for Making Photosensitive Polymer Composi-
tions

Generally, all solution stedies were performed in CH,Cl,.
Individual stock solutions containing PAG only (0.5-20 wt
%), polymer and PAG (5-50 wt % and 0.53-10 wt %,
respectively), PAG and fluorophore (0.5-20 wt % and
0.01-5.0 wt %, respectively), and polymer, PAG, and fluo-
rophore (5-30 wt %, 0.5-20 wt % and 0.01-5 wt %,
respectively) were prepared. All polymer solutions (5-50 wt
% polymer) were passed through a 0.45 pm glass filter, prior
to spin-coating at a spin rate of 1500 rpm for 20 sec. Films
were dried under redaced pressure overnight, and their
thickness measured by profilomeiry. Polymer film compo-
sitions.typically contained 0.01-5.0 wt % of the fluorophore
and 0.5-20.0 wt % of PAG, relative to the polymer. The
dried flms were then exposed to UV light for various
durations through a mask and, following mask removal, the
two-photon flacrescence imaging was performed on single
and multilayered films.

Specifically, individual stock solutions containing PAG
cnly (1.7 wt %), polymer and PAG (183 and 1.7 wt %,
respectively), PAG and fluorophore (1.7 and 0.16 wt %,
respectively), and polymer; PAG, and fluorophore (18.3, 1.7,
and 0.16 wt %, respectively) were prepared. From each
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stock sofution, 25 pl. was removed and placed to 10 mL
volumetric flasks, then filled to volume. Solutions werc
transferred mio a spectrofluorometer quartz cuvetie cell
fitted with a Teflon stopper and a smail magnetic siir bar,
which allowed for solution mixing during photoexposure 1o
the broad-band UV light source in the Rayenett photoreac-
tor: All solvents and solutions were deaerated by bubbling
with N, gas prior to spectroscopic measurements, and: were
carefully protected from exposurc to ambient or external
light sources. Each solution was exposed for 120 sec, with
absorption and fluorescence emission spectra collected at 10
sec intervals.

Polymer solutions (I8 wit % polymer) were passed
through a 0.45 um glass filter, prior to spin-coating at a spin
rate of 1500 rpm for 20 sec. Films were dried under reduced
pressure overnight, and their thickness measured by profilo-
metry. Polymer film compositions contained 0.9 wt % of the
fugrophore and 9 wt % of PAG, relative.to the polymer. The
dried films were then exposed to UV light for various
durations through a mask and, following mask removal; the
two-phoion fluorescence imaging was performed on single
and multilayered films.

UTILITY

Fluorene dye 1 was previously shown to undergo two-
photon absorption and upconverted fluorescence on expo-
surec to near-IR femotsecond (fs) laser irradiation. The
two-photon absorbing dye I, contains basic. nitrogen-con-
taining benzothiazolyl and iriarylaminp groups that are
sensitive 1o the presence of acids (FIG. 1). Pohers et al. have
demonstrated the absorption spectrim of an acid-sensilive
dye containing the benzothiazole group red shifts upon
protonation in the presence of a PAG (Pohlers et al. Chem.
Mater. 1997, 9, 3222). Due to differences in basicity (pK,),
fluorenc | undergoes selective, stepwise protonation, first by
protonation of the benzothiazofyl nitrogen then the trary-
lamino nitrogen. This leads to a mixture of three specics as
showtl in FIG. ¥ ([, 2, and 3), each species with distinct
UV-visible absorption and fluorescence emission ptoperties.
To understand the behavior of the two-photon absorbing
finorophore and predict results expected in solid thin film
studies. solution studies were performed in CH,Cl,. Time-
dependent UV-visible absorption spectra for a solution con-
taining 1 and the photoacid generator CD1010 (a triarylsul-
fontum sall) illustrate this nicely, as shown in FIG. 2. Upon
irradiation with broadband UV lght (300-400. nm, 0.57
mW/cm?), 1 undergoes protonation, resulting in formation
of 2 whose absorplion spectrum is red shified by about 100
nm relative to that of 1. The conversion of the neutrad
fivorophore 1 at carly photolysis times (10 sec) results in
decreasing absorbance at fts maximum at 390 am, and
increasing absorbance at 500 nm upon generation of the
protonated form, 2. The red shilt was expected since fluo-
renc 1 is of an clectron donor-m-acceptor construct and
prolonation of the benzothiazolyl accepter incréases the
eleciron deficiency of this group, affording a greater dipoic
moment and pelarizability. When 2 undergoes protonation,
a new absorption that is blue shifted refative to. both 1 and
2 was. observed, due 10 the fact that the once clectron-
donating diphenylamino group in 1 and 2 has been cos-
verted to an electron accepting moicty (quaternary ammo-
nium salt) in 3. The absorption due to the triarylsufonium
salt (A,,,,=310 nm) also decreases with time as expected but,
for clarity, is not displayed in FIG. 2.

Changes in the fluorescence emission spectra corre-
sponded with the observed changes in the absorption spec-
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ira. Protonation of fluorine 1 also resulted in a reduction of
iis flnorescence emission, while cmission at longer wave-
lengths was obscrved due to cxcitation of the longer wave-
length absorbing monoprotonated 2 as shown in FIG. 3. As
can be seen, the fluorescence emission intensity at ca. 490
nm {390 nm excitation wavelength) decreases with irradia-
tion while, at early photolysis times, emission at cz. 625 nm
appears, which then blue shifis upon further protonation to
3. The emission at 625 nm is from monoprotonated 2 upon
excitation at 500 nm. Eventually, diprotonation results in a
relatively weak, blue shifted emission at ca. 445 nm (from
3). Thus, in addition to observing fluorescence guenching at
ca. 490 nm, Huorescence enhancement (creation) at longer
wavelengths (ca. 625 nm) is ebserved upon short photolysis
times. As demonstrated in the following section, this behav-
ior facilitates two-channel fluorescence imaging, resuliing in
contrast due to fluorescence quenching at.the shorter wave-
lengths (A, o0, © 1 from 425-620 nm) and fuorescence
enhancement at longer wavelengths(,, ;... Of 2 from
520-700 nmy).

To demonstrate the ability of fluorene 1 o exhibii two-
photon upconverted fluorescence cemission, fluorescence
spectra were tecorded upon excitation at a number of
wavelengths u§ing fs near-IR cxeitation. Two-photon upcon-
verted fluorcscence spectra (2.5%107* M. ACN) pumped
with fs pulsed, near-IR are illustrated in FIGS. 4a and 46,
The neutral fluorophore !, displaved upeonverted fluores-
cence emission over a wide pump range, from 680 to 880 nm
(FIG. 4a) while, from FIG. 45, it is readily apparent that
maximum two-pholon upconverted Huoresence intensity
was observed when pumped al 800 nm. To [urther confirm
thit fluorine 1 underwent two-photon absorption, the total
integrated fluorescence inlensily was determined as a func-
tion of incident intensity (pump power). Fluotescence from
a two-photon absorption process will exhibit a quadratic
dependence on incident inensily. Indeed, FIG. 5 contirms
that fluorenc 1 underwent two-photon absorption as cvi-
denced by the quadratic relationship, between fluorescence
emission intensity at scveral pump powers at fwo differeat
pump wavelengths.

The structure, time-dependent absorption, and time
dependent fluerescence spectra for 2 PAG upon photolysis
are shown in FIGS. 6 and 7.

Next, thin polymer films (ca. 2-3 jm film thickness) were
preparcd by spin coating {on glass) a mixture of fluorene 1,
the photoacid geaerator, and polystyrene or alternatively,
phosphorylated poly(VBC-co-MMAY} in a [:3 viv solution
of acctonitrile/dioxane. Photosensitive polymer flm com-
positions typically comained 0.9 wt. % of fluorene 1 and 9
wt. % of CDI010 relalive to the polymer. Films were
exposed to UV light through a number of different masks,
including TEM grids, Air Force resclution targets, and
photolithographic waveguide masks as shown in FIG. 8.
After mask removal; two-photon {luorescenee image collec-
tion was pecrformed on the cxposed flms in single or
multitayers,

Results analogous to those obtained in solution studies
were observed but, quite fortuitously, the slower acid gen-
eratior/protonation rate resulted in formation and stabiliza-
tion of monoprotonated Auorene 2. With the beam focused
in the planc of the fluorphore-containing layer, fluorescence
intensity was tecordeé with both channel 1 (green) and
channel 2 (red) simultareously. The confrast in the “green”
channel was due to the decrease in fluorescence of finorene
1 {whose concentration decreases with irradiation). Contrast



US 7,001,708 Bl

35
in the “red” channel was due to the flugrescence of mono-
protonated 2 (whose conccntration increases with irradia-
tion).

FIGS. 9, 10, and 11 show photosensitive films exposcd
using an Air Force image resolution targel wilh images
recorded by both channels. The large differences in fluores-
cence. intensity in exposed and unexposed regions can be
clearly seen in the graph of FIG. 11c 23 well as the reverse
parity of the images in the two channels, i.e. “positive” and
“negative” jmage formation from one system. Time-depen-
dent studies were performed by irradiating the films for
various exposure times to determine the optimal contrast for
each detection channel. The fluorescence intensity profiles
as a function of exposure time and position across one set of
the elements for each image are shown, Optimal exposure
time can be established by identifying the intensity profile
that would provide the best signal-to-noise ratio, minirizing
the hazard of overexposing films that may compromise
resohation due to acid diffusion.

For demonstrative purposes, multitayer assemblies were
constructed by placing an uncoated giass cover slip between
two cover slips coated with patterned photosensitive films,
with the coated sides against the middle cover slip as shown
in FIG. 12. Three-dimensional two-pholon fluorescence
imaging was performed on the muliilayer structures.

Two-photon fluorescent images of the photosensitive
films constructed in a muliifayer configuration (developed
via UV exposure through TEM square and hexagonal grid
masks) are displayed in FIGS. 13a and 135. An xy planar
scan of cach film (hexagonal grid image on the top and
square grid image on the bottom) within the mulli-layer, by
focusing and scanning within the plane of the films, clearly
shows the photo-paticrned image resulting from formation
of the prolonated species in exposed arcas. A cross-sectional
scan, where an xy linc scan is siepped in the 7 dimension
(muiti-lavered image between the grid images in FIG. 13c,
clearly displays the separawe film layers and demonstrates
the three dimensional nature of image formation possible
within layercd assemblies, and the nondestructive optimal
sectioming ability of two-photon fluorcscent imaging. The
signal readout establishes the possibility for a WORM
binary oplical data storage medium, wherc the valleys can be
designated as a “0” and the peaks a “1”. Based on the
findings, photosensitive polymers have been prepared bear-
ing a ftuorophore that exhibit high two-photon absorptivity
(F1G. 14}. The polymer derived from copolymerization with
maleic anhydride was modifted with a primary amine-
containing lwo-photon absorbing Auorophore, affording the
corresponding imide. The UV-visible absorption spectra of
the polymer in CH,Cl, with PAG (P PAG) and without PAG
(P} are shown in FIG. 15. A rapid decrease in absorbance
was observed at ca. 400 nm in the mixture containing the
flucrophore labeled polymer with PAG upon exposure 10 a
broadband UV light sousce. The polymer withoui the PAG
in solution also displayed a décreased ahsorbance at ca. 400
nm, and for clariiy. is displayed in the inset praph. The
Auorescence spectra of the fluorophore labeled polymer with
(P PAQG) and without (P) the PAG shown in FIG. 15 revealed
two components. One component with the shorter wave-
lengih emission centered at 425 nm, is atiribuiable to the
fluorenylimide fluorophore. An additional component pro-
duced emission at longer wavelengths (475 nm), and may
likely be due {0 a charge-transfer. Interestingly, fluorescence
enhancement at 425 nm was observed in the solution con-
taining only the modified polymer wpon excitation at 370
nm. A minimal reduction was observed in the presence of
PAG at 400 nrm, but a decrease in Auorescence intensity was
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more apparent at 475 nm, in the range of the second
component. Upon excitation at 400 nm, both the polymer
with and without the PAG displayecd a decrease in fluores-
cence intensity, with the PAG containing solution demon-
stratitg a more rapid decrease due o protonation of the
benzothiazoyl nitrogen by the photogenerated acid.

Photophysical properties indicate the polymer undergoes
two-photon upconverted fuoreseence, and exhibits the char-
acteristic quadratic behavior to the incident fs near-IR inten-
sity (FIG. 16). Single-photon and two-photon fluorescence
spectra for a polyethylcne-based photosensitive polymer are
shown in FIG. 17.

Next, thin films of the Nluorophore labeled polymer with
and without the PAG were spin-coated onto glass substrates.
Films were exposed to a broadband UV light through TEM
grids, an after mask removal, two-photon fluorescence
image collection was performied on the éxposed films in
single or multilayers (800 nm, 115 fs). Interestingly, the
polymer filins excluding the PAG displayed a fluorescence
enhancement in the exposed areas, corresponding Lo the
solution behavior upon excitation at 370 nm. A clear image
contrast was obtained, as shown in FIGS. 1820, rcinforced
by the high signal-to-noise fluorescence intensity signal
ohserved across the contrast image. The modulation of the
fluorescence properties of the photosensitive polymer, in the
presence and absence of a photoacid generator, provided
image. contrast. A multilayered assembiy and bulk two-
photon fluorescence lithographic imaging provided both
“negative” and “positive” contrast images, demonsiraling
the possibility of three-dimensional optical data read-out, as
llustrated in FIGS. 18, 19, 20, and 21. Three-dimensional,
optical sectioning through the film thickness was obtained,
where a series of xy planar scans was performed as a
function of z position (depth). The fluorescence intensity
profite of the polymer film without PAG, through the film
thickness was obtaincd, where the maximum fuoresceace
intensity was observed at the center of the film.

An opposite contrast image of the polymer containing
PAG was. observed, relative Lo the exposed pholosensitive
polymer without any PAG present. Thus, the meodified
polymer ¢xhibits an inhetent photosensitivity, whereby the
fluorescence properties can be modulated without incorpo-
ration of a photoacid gencrator.

Finally, both writing and recording were accomplished by
two-photon excitation of a ffaorophore/PAG photosensitive
polymer film in which writing was accomplished by xy-
scans at 740 nm {115 fs, 76 MHz). A schematic diagram of
the sctup used for this experiment is depicted in FIG. 22. The
writien image was read by a two-photon fluorescence imag-
ing at 800 nn (115 fs, 76 MHz), as shown in FIG. 23. Thus,
image writing and rcading has been accomplished via near-
IR two-photon excitation of polymer film-containing {luo-
rophore 1 and a photoacid generator. The behavior and
rclative stahbility of the photlosensitive materials disclosed
herein provide for WORM three-dimensional memory sys-
tems, with wiiting and reading accomplished via two-photon
excilation and fluorescence imaging, respectively.

The following are advarnlages. of the device of the inven-
tion ovér the previously reporied sysicms.

The pholosensitive materials and process for dala writing
and recording are less complex. The writing is accomplished
by excitation of the PAG while readout relics on excitation
of the fiuorphore. This allows the writing and reading to be
decoupled, avoiding photobleaching or phictodamage to the
fluorophore during the writing procedtire, a major improve-
ment. Other advantages include greater sensitivity through
fluorescence-hased detection, higher stability fluorophores,
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and multichannel rcadout that affords greater versatility in
data storage and storage density, The increased sensitivity
should provide faster data writing and reading rates.

While the invention has becn described, disclosed, illus-
traled and shown in various terms of certain embodiments or
modifications which # has presumed in practice, the scope
of the invention is not intended to be, nor should it be
deemed 1o be, limited thereby and such other modifications
or embodiments as may be suggested by the teachings herein
are particularly reserved especially as they fall within the
breadth and scope of the claims here appended.

I claim:

1. A photosensilive composition comprising:

(a) a fluorophore compound of the following formula;

CipHy;  CioHy

D) Ve

wherein z is a 5-14 membered heterocycle substituted
with 0-5 R';
R’ is independently hydroxy, F, CL, Br, 1, C,-C, alkoxy,
C;—C, haloalkyl;
(b) a photoacid generator; and
{c) a polymer binder.
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2. A photosensitive composition according to claim 1,
wherein the photoacid gencrator is selected from the group
consisting of diphenyl iodonium hexafluorophosphate,
diphenyl iodonium hexafluoroarsenate, diphenyl iodonium
hexafiuoroaniimonate, diphenyl p-methoxyphenyl iodomium
riflate, diphenyl p-tolueny!t iodomium triflate, diphenyl
p-isobulylphenyl iodonmium trifiate, diphenyl p-leri-bu-
Lylphenyl iodoninm triflate, iriphenylsuifonium hexafiuoro-
phosphate, triphenylsulfonfum hexafluoroarsenate, triph-
enylsulfonium hexafinoroantimonate, triphenylsulfonium
triflate, dibutylnaphthylsuifonium triflate and mixtores
thereof,

3. A photosensitive composition according to claim 1,
wherein the polymer binder is sclected from the group:
polysiryene and its derivatives, polyacrylates, poly-
methacrylales, polycarbonates, polyurethanes, polysilox-
anes, nylons, and polyesters.

4. The photosensitive composition of claim 1, where the
fuorophore compound has the. following formula;

CioHnr CroHim
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