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(54) PROTO-SENSITIVE COMPOSITIONS

(71) We, MINNESOTA MINING

" AND MANUFAZTURING COMPANY, a

corporation orsamised and existing undcr the
laws of the State of Delawars, United States
of Americs, of 3M Center, Saint Paul,
Minneso:a 55101, United States of America,
do hereby declare the invertion, for which we
pray that a paten: may be granted to us, and
the m:thod by which it is 10 be performed,
to be particularly described in and by the
following statement:—

This invention rclates to photo-sensitive
compositions and to the incorporation of
acutance dyes in such systems. The invention
is particularly concened with photo-sensitive
compositions of the type known as “dry silver”
compositions.

Dry silver photo-sensitive compositions com-
prise an intimate mixture of a light sensitive
silver halide and another silver compound such
as a silver salt of an organic acid, c.g. silver
beherate or silver sazcharine, which upon re-
duction gives a visible change and which is
substantially light-insensitive. Such a mixture
is usually prepared in suspersion and the
resulting dispersion spread on a suitable sub-
strate. When dry, the resulting layer is exposed
to 1 light image and thereafter a reproduction
of the image can be developed by heating the
fayer in the preience of a reducing agent such
as hydrequinone or centain substituted phenols.

It is because the exposure and development
of the layer cccur without using water, rhat
these materials arz often referred to as dry
silver light-sensitive materials. Such materials
iz which minor amounts of a photo-sensitive
silver haiide catalyst-progenitor arc associated
in catalytic proximitv with major amounts of
a heat-sensitive oxidaticn-reduction image
forming reaction mixture which reacts more
rapidly in the presence of the cartalyst resulting
upon exposure of the silver halide are weil
known in the art. Examples of such materials
are described in ocur Z2ritish Patent No.
1110CG46 and in United States Patents Nos.
3457075 and 3839045.

We belizve, that when the mixture is ex-
posed to light, a latent image is formed in
the silver halide. Thereafter, the silver com-

pound can be reduced by heating with the
reducing agent, this reduction being catalysed
image-wise by .ae light exposad silver halide
By a suitable chcice of remperature, the
reduction of the silver compound zan be
catzlysed in the light exposed arcas to give
a visible da.kening while any stighi reduction
which occurs in the non-light cxposcd areas
is insufficient to give a marked change. Of
course, because the silver halide acts as a
catalyst progenitor, only very small amounts
of it arc “cquired, c.g 0.1 te 207, by weight
of the mixture. and preferably 0.1 to 10 per-
cenr.

In order to improve the sharpness or
definition of photographic images a dye known
2s an acutance dye is cften incorporated into
photo-sensitive  compositions. The acutance
dye wiil atsorb at the waveclengths at which
the photo-sznsitive c¢omposition is sensicive.
It attenuates all the light passing into a layer
of the light-sensitive composition but the
longer the path lencth of the Light in the layer
the grcatcr the atienuvation. Therefore, scai-
tered light is attenvated or absorbed 1o a
larger extent that light which impinges dircctly
on a light-sensitive crvstal. As 2 result, there-
fore, although the overall speed of the com-
position is reduced slightly, scattered Jight and
other light rays which ere lable to grocduce
a blurred image ars preferentialiv absorbed
and so the averall definitinn and sharpness of
images produzed in the laver are increased

An acutance dve for uee in a drv osilver
remposition must be heat labile, that 1s to say,
that it must it must be destreved by the heat
deveiopment af the dry silver cemposition to
one or 1nore compounds which are colourless.
It is ther=forz an ohjccs of this invention to
provide dry silver compositiens which contain
magenta acutande dves, n.e. those which will
absord green light, the dyes beiug rendered
colourless upon hear development of the dry
silver compasitiun,

According to the invention there is provided
a iighi-sensitive composition comprising an
intimate mixture of a substantially light-
inseasitive silver compound upon which reduc-
tion gives a visible change and sufficient of a
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silver halide to caualyse this reductior: to give

a visible change in those arcas where the silver
halide has becn ‘expesed to light when the
mixture is heated in the presence of a reducing

..agent, and a magenta acurance dve having the
.general formula:

o NG,
e
N ’ v
O~ e
R S
in which R' and R?, which may be the

same as or differnt from one ancther, each
represents an alkyl group and in particular
one containing from 1 to 12 carbon atoms,
and R* represenis a hydrogen atom, an aikyl
group, preferably a lower alkyl group, an
aralkyl group such as a t:nzyl greup, an
aryl group such as a phenyl group or an
clcctronegatnc group. The term “electro-
negative group” rcfers to a group which is

-~ a a - & - - a - -~ -
- - - e - - - - *
- - - - - ) - -
- Ll a L] L) L] -
- Saaas *a .o aaa~ -
¢.g. cthoxycarbonyl, cvano and toluenc

sulphoay! goups.

It is founi that dry silver compositions
conraining one of the abuve noted acutance
dyes can give exceilent sharp images and that
the acutance dye will be rendered colourless
by the hezting required to develop the com-
pesition. This is surprising in view of the fact
that these dves are found not be decomposed
10 a colourless state when they arc heated on
their cwn to the temperature at whick the
dry silver compositions are heated for develop-
mant.

The acurance dves in the compositions of
the invention can be prepared in 2 manner
ana'ovcus to the synchesis of 1.1 - dicyano-

2,2 - bs’? - alkyl - 2 - berzothiazoiinylide-
mc(h)l alkenes {described in Chemical Ab-
stracts 50, 12711aj by reacting a 3:3'-
dialkyl - 9 - alkylthio - thiacarbocyanine-
iodide with a nitroalkane or a substituted
nitroalkane R —CH NO. in which R' is as
defined above.

Example. of acutanze dyes which can be
used according te the invention arc those

~

having the values of R', R* and R' as set

more electronegative than a methyi group, out in the {ollowing Table 1.
TABLE |
Malting poinlt X max
Compound R! ’ R? 1. (<C) ()
1 C, - CH, - H- 15 (& 363
2 C,H, - CH, — CH, - 20 (M 568
K CH, - CH, H [03-29% () 567
4 ¢, L= C.Hy— C,H~ 00 A 563
5 Ci, - C,H,— H TRy 69
6 aH,:Cli), - | CH, - it - -1 1sel o sr0
1 ¢, - C,Hy~ C, Hy— 1Gi—102 0 ShT

(d = with decompusition

The acutance dves can be incorporated into
the compositicns cf the inv c-fnm in an amoun?
from 1 X 10"t} 7 10~ mole of 2cutance
dve per kilogram of dn sn!ids in the com-
position. Preferakiv. hewever the dyes are
ince rpora(cd 17 2n ameunt of from 3 X 10
to 1 X 10-% mole of acutance dyc per No-
gram of dry selids in thz compasition.

The light-senstive comparitions of the
"invention will normally be spread for use on
a suppurt, suitable supports. including, for

cxample, paper, polvester or palvamide flin
baszs, and glass. The compesitions wiil norm-
aiir be prepared as 2 selution er suspeasion
which is spread as a javer on the support and
then the soivear er vehicie i< cvaporated off
to tcave a dry photesensitive layer. If desired
a cocating aid or bhincer such as pelyvinyl
butyral, pclymcthyl methacrylate, cellulose
acetate, polyvinyl acetate, cellulose 2ccate
propionaie and celiulose acerate butyrare, can
be mcorporatcd i\ the light-sensitive mixture.
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The substantially light-insensitive  silver  being by weigh: uniess ctherwise indicated.
compound is suitably a silver salt of an The test cuatings were trst prepared by
organic acid. Examples include silver behenate,  charging a mixing vessel at roora temperature 50
silver caprate, silver laurate. silver myristate, undsr reom light 2 500 gram dispersion con-
5 silver palmitate, silver stearace, silver arachi-  taining 13.8 parts of siiver behenate in §6.2
date and silver saccharins. parts of solvent vhich in tum was comprised
The reducing agent for (nis substantially  of 67 parts mathyl ethv! ketons, 25 parts
light-insensitive silver ccmpourd can norm-  toluens ana 7 parts methyl isobutyi ketone. 3§
ally be quite mild. Suitabie cxamples include  Seven grams of polyvinyl butyral  resmn
10 hydroquinone and substitated pienols such as  (Butvar B—76; was stirred 1o followed by
1-methyl-4-hydroxy-naphthalen :. methyl gal- 15 grams of ! - methyl = 2 - yrrelidinone,
late, catechol, phenylene diaminz, p-amino- and the whale stina:d an additional 15
phenol and 1-phenol-3-pyrazoiidenc. The  minutss. 60
reducing agent can be incorporated into the Under Wratten 1A safelignt a mixture
15 light-sensitive composizion. Alternatively, the  containing hydrobromic acd (20 ml, 1.0
composition can be placed in coniact with the  molar in metharol) 2nd hydroiodic zcid {5
reducing agent afer exposurs to light. For mi, 0.1 melar in metharol) was pipetrd in
example, a light-scasitive coating can be ex-  with strring. After 40 minutes at room tem- 65
posed to a light image, placed in contact with  perature  mercuric  bromidz  soluticn (0.5
20 a layer containing tne reducing agent and the  molar in methanol 3 ml) was added followed
image then developed by heating. Preferably,  immediately by an addiuonal 25 grams of
however, the reducing 2gent is incorperated  Butvar B—76. Afrer 20 minuics 2 slurry of
in the light-sensitive compositicn before this 5 - ethyl - § - [(1 - cthyl - 1.2 - dihvdro- 70
is spread on ihe support. Then the storage  quinulinylidenc - 2) - cthyiidens] - 2 - 3.
25 stability of the compositicn can be improved  carboxymetayl - 4 - oxo - 2 - thio - § - thi-
by incorporating in the composition a smail  azolidinylidene} - 4 - thiazoliden: (Example
amount of a stabilizer such as an acid stabil- 2 Dy« B of our U.S. Patcnt No. 3,739,495
izer, e.g. succinic arid, benzoic acid or salicylic  in methyl ethy! ketone {11.8 mg in 10 ml) 75
acid. was added, the mixture stirred for 10 minutes,
30 The silver Salide can be present in quite  aliowed to stand for 60 minutes, than stirred
small amcunts, e.g. 0.1 to 10%, by weight of  an additional 10 minutes. With this addition
the mixture of si'ver compounds. It can be  the dispersion became pan sensitive and there-
added as such 0 the substaatially light-  after had to be handled under total darknass 80
_ insensitive compound or by adding a soluble  or satisfaciory safelight, fer example Wratten
35" halide, e.g. a mercury or sedium halide, to  No. 11
the substantialiy licht-szissitive silver com- Equimoiar amounts of the actaance dyes to
pound. The silver halide can, for exampie, be- tested were charzed to appropriate cen-
by chloride, bremide or a mixture of them _rainers and dispersed in 3 mi of meihyi ethyl 85
and/or other siiver halides. ketone {MEK’. Fifiv gram aliquots of the
40 The light-sensiuve compositions of the  light-sensitive dispersicn prepared abeve were
invention can include cone or more <ensitizing  added, the mixture shaken, left to stand for
dyes to improve their sensitivity to pams of 30 minutes, then shaker again prior to coating.
the -spectrum cther than the sherier viave-  Tabdle 2 summarizes the amounts of cach dyz 9%
lengths. . added to the lizhr-censitive dispersions to give
45 Examples of dry silver compositic - accard-  compositiens identified s T te VI as on
ing to the iavention containir  ~various Tabis 2

acuance dyes were tesred as follow . 2l paris
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TABLE 2
Compusition Mo, Compound add.d Moje-atar weight g S0 g aliquot
5
I None (control) - 3 ml MEK only
11 l 409 19
T 2 164 22
v 3 195 ‘ i3
\Y 4 451 21
Vi 6 i 536 23
10
Knife coatings 125 microns thick on poly- a0 to 4 continuous dunsity wedge in 2 vacuum
ester film were prepared from each of the  frame was used te make contact exposures at
light-sensitive compositions I to VI and dried 2 wavelergth closely matching the spectral
15 5 for 4 to 5§ minutes at 85°C. These dried absorbance maximumn of cach dye. Micro- 25
coatings were then ove--coated with the knife  densitemeter traces acrass the width of the
set 60 microns above the base and dricd a+  image at D = 2.0 (obtainzd after processing
before. Th. overcoat solution containad 31 the exposed strips 15 seconds at 127°C in a
parts methy! ethyl ketone, § paris methanol, fluorochemical bath to give repraducible heat-
10 1.5 parts phthaiazinone, 7.5 parts cf bis- ing for these tests) were used to judge the 30
(2,2 - dihydroxy - 3,355’ - tetramethyl- eftectivencss of zach dye. The “width<” re-
diphenyl) - (2,44 - tr'rmethylpcntyl)n.‘-':l}tanc ported are thesc units of chart paper grid
(NoNox WSO available from I.C.I. Limited} recorded as the micredensitomerar moved
and 5 parts of vinyi chloride/vinyl acctate  from a point .05 above DPmin accrss D =20
15 copolymer (VYNS available from Unten and back e 005 abere Dmin of the image 35
Carbide). _ as indicated in the accompanying drawing
. The performance of the resulting ccatings  The absolute width of the target was 530 =
of these compasitions I 17 VI was then avalu-  0.05 mm.
ated. y The resulss of tosting the co.npositiens ar:
20 A combinaticn of tungsten source. narrow  zjven below in Tabie 3 40
band filter, and aperture target overlaid with
TABLE :
Coating of Wavalength
Compositinn Exposed \lanimur, [=age arget
No. (nm) Dernsin Ydth Vidih Fatio
1 34 2.0 2540 14205 1.7%
111 560 Ry 171.3 1363 122
¥
[v SAN i.02 205.0 1210 ].47
50 { 330 200 2380 149.7 1.83
I 380 2.00 17t.0 13003 .22
Y 350 .07 , 164.0 141.0 1.16
55 .
V1 330 2.04 166.0 1+1.5 117
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In an ideal case the image width would
equal the target width and so the ratio would
be 1.0. However, as can be scen from Table
3, the ratios for coating IT to VI accerding
to the invention are siznificantly closer to 1.0
than for the contrel coating 1.

Once the coatings had been processed it
was found that each of the dyes was substai-
tially destroyed leaving filrn with an cssen-
tially neutral background.

The words ““Wrarten”, “Butvar’
“NoNog" are registered Trade Marks.

and

WHAT ¥F CLAIM [S:—

1. A light-<ensitive composition cemprising
an intimate mixrure of a substantially light-
insensitive silver compound which vgon reduc-
tion gives a visible change and sufficient of
silver halide to catalyse this reduction 1o give
a visible change in those arcas where the
sitver halide has been cxposed to light when
the mixture 1« hcared in the presence of 2
reducing agent, and = magenta acutance dye
having the general formula:

N
:Oz 23
C o
WYS_(\‘
G N — A
ot g2

in which R and R? which can be the
same as or difereat from onc another, cach
represents an alky! group, and R* repre-
sents a hvdrogen atom, an aikyl group, an
aralkyl group, 2n aryi group or an clectre-
negative group {as defined herein;.

2. A light-sensitive composition as claimad
in Claim 1 in which the clectronegative group
reprezented by R is an ethoxvearbonyl group,
a cyam group or :olucne sulphenyl groun.

3. A light-sensitive composition comprising
an in-imate mixture of a substantially lighi-
insensizive silver compound which upuen reduc-
tion gives a visidle chanze and sufficient of 2
silver halide to catalvse this reduction to give
a visible change in those arcas where the silver

hzlide has been exposed to tight when the
mixture is heated in the presence of a reducing
ageni. and 2 magenta adutence dye having the
gencral formula:

QNG
¢ R
1 S
TN~
N NI
fl p2

in which Ri and R?, which can be the

same as or different from one arncther, each

represcn's an alkyl zroup, and RY repre-
sents a hydregen atom or an alkyl group.

4. A light-sersitive compnsition as claimed
in ary precedin claim in which R and R!
cach represenis an iyl group centaining {rom
1 to 12 carbon atoms.

s. A linnt-sensitive compacitian as claimed
in Claim 2 in which the acutanee dye s one
of the compounds 1 to A of Table 1 hercin.

6. A lighr-sensivvs compasition as claimed
in Claim 1 or Ciaim 2 in which the acutance
dy2 is the compeund 7 of Table 1 herein.
7. A light-sensitive compesition 2s cliimed
in any preceding ¢laim in which fhe acurance
dye is presen. on an ameunt of from 12 15
to 3 ¥ 10~* mole per kilegram of dry solids
in the composition.

& A lzhr-sensicive compositier as claimed
in Claim 7 in which the acutance dyc is
present in an amournt of from 37 10 to
1 % 10-7 male per kilegram of any solids in
the cemrositian.

9. A licks-tensitive comipositinn substan-
tiailv as herein desorihed with reference 0
anv of the compesitions 1T 1o V] of Table 2
arein.

10, A tizht-consitive material comprising 4
aver of a cempesition a3 claimed in any pre-
ceding ¢la'm on 2 support.
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