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This invention relates to photography. More
particularly, it relates to light-sensitive elements
for obtaining direct prints. Still more particu-
larly, it relates to photographic elements which
contain light-sensitive N - monoarylhydroxyl-
amines and their nitrones and to processes of ob-
taining prints therefrom.

Various light-sensitive materials have been
used for the preparation of photographic images
or prints. A widely used photographic printing
material, however, has as the light-sensitive com~
ponent a photographic silver halide emulsion in a
colloid layer. These elements are exposed to an
object and then developed in a developer solution
and finally the undeveloped silver salts are re-
moved, leaving a negative metallic silver image.
Other light-sensitive elements have utilized the
light-sensitive dichromates and light-sensitive
diazonium salts. The latter materials, after ex-
posure to an image, are developed by treatment
with & basic solution of a coupling component
such as a naphthol. In the latter case, however,
a positive image results since the diazo compound
is destroyed in the exposed areas and rendered in-
capable of coupling. The above described photo-
graphic elements, while very useful, have some
disadvantages. In the first place, the light-sensi-
tive silver halides are quite expensive. The light-
sensitive dichromates result in images of some-
what inferior quality and require a rather tedious
processing.

An object of this invention is to supply a new
type of photographic material which is free from
the disadvantages of the previously proposed ma-
terials. A further object is to provide an eco-
nomical photographic printing element. Another
object is to provide a new method of producing
. photographic prints. Still other obijects are to
provide a new use for N-monoarylhydroxyl-
amines and their nitrones and to provide a gen-
eral advance in the art of photography.

The above objects are attained by the prepa-
ration. and use of photographic elements which
have a radiation-sensitive layer composed of an
N-monoarylhydroxylamine or g nitrone thereof.
The elements may be prepared by coating a sup-
port with g thin layer of an N-monoarylhydroxyl-
amine or a nitrone thereof dispersed in a hydro-
philic colloid medium. For example, an N-mono-
arylhydroxylamine, e. g., N-phenyl, N-p-tolyl, or
N-alpha-naphthylhyroxylamine, or a nitrone
thereof, is incorporated in an aqueous solution of
a water-permeable colloid such as. gelatin and
coated on to a support such as paper, metal, glass,
or g transparent film base such as a cellulose de-
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2 ,
rivative or a synthetic resin or a superpolymer,
e. g., nylon. The N-monoarylhydroxylamines are.
prepared and coated in the absence of actinic ra-
diations.

The element containing the N-monoarylhy-
droxylamine or nitrone is exposed through a
photographic element containing an image by
means of actinic light whereby there is formed in
the first named element an image which has a
density gradation complementary to the image in
the second element. The image formed may be
fixed by simply removing the undeveloped por-
tion by washing in a solvent for the hydroxyl-
amine or nitrone, e, g., an aqueous solution.

The N-monoarylhydroxylamines and their ni-
trones are especially sensitive to ultraviolet light
and it is preferable to use as a source of actinic
light a source which is rich in wave lengths of
light in the ultraviolet light region of the spec-
trum. Suitable sources include sunlight, arc
lights, including carbon arcs and metal or metal
salt-cored carbon arcs, mercury vapor lamps,
rare gas lamps, and fluorescent lamps.

The nitrones comprehended by the invention
are the condensation products of N-monoarylhy-
droxylamines with aldehydes and ketones. The
condensation apparently takes place in accord-
ance with the equation:

ArNHOH + RR:CO — R;RzC:llI——Ar + HyO -
[¢]

In this equation R1 and Ra are hydrogen or a hy-
drocarbon radical which may be aliphatic, aro-
matic, aliphatic-aromatic, cyclo-aliphdtic, or &
heterocyclic radical and Ar is an aryl group. The
hitrones have greater chemica] stability than the
N-monoarylhydroxylamines.

The invention will be further illustrated, but
is not intended to be limited, by the following ex-
amples wherein the parts are by weight unless
otherwise indicated and all procedures prior to
exposure are carried out in the absence of actinic
light: ’

> Example 1

A solution of one part of N-alpha-naphthylhy-
droxylamine in 10 parts of methanol is coated on
baper and allowed to dry. The resulting light-
sensitive element is exposed through a negative
bPhotograph with ultraviolet light having wave
lengths from 3000 to 4000 A. for a period of 60
seconds, whereby a red positive image appears
on the surface of the coated paper. The result-
ing print is washed in the water to remove the
unexposed and colorless material and a red posi-
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tive image having gradations complementary to
that of the negative photograph is obtained.
Example 2 .

A solution Containing one ‘balt on N-alpha 5
naphthylhydroxylamine in 10 parts of methanol
was added to a solution of 10 parts of gelatin inh-
90 parts of water containing about 0.05 parfs-of --
sodium dodecyl sulfate. This solution was coated
onto a cellulose acetate film bage and dried. The
element thus formed is exposed under a photo-
graphic film element containing a negative silver
image to a carbon arc for 120 seconds, and a red
positive image forms in the element. The film'is
washed in water to remove the unexposed and
coloriess materials, whereby a red positive plctule -
image results which has gradations complétaén-
tary to the silver image of the original negative,

Ezaiiple 3

In: place -of the spt cHic hydrokylamine of Bx-
ample 2_ is ’substltuted ‘one part of N-p tolylhy-
‘droxylamine and a photographic” ‘sleméent s made
and processed in the same manner. A “yellow
Mgge “is formed.,
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mardniple i

A-Solution containing 5,parts of alpha-phenyl-
N-p tolylmtrone (obtamed by condensmg benzal-
dehyde VVlth N-p tolylhydroxyla.mme) in 95 parts
of methanol-water is-coated on an opaque paper
base and dried. The element is exposed through
a photogra.phlc element conta,mmg a negatwe pic-
ture image: in the form of metalhc sﬂver for 60
seconds to the ultra,vmlet hcrht of ‘2 miereuly -arc
whereby a yellow p051t1ve image is formed The
pa.per Was washed in a solutlon of warm water to
TYémove the unéxposed coloriéss nitrore.

Emmple 5

‘A goltition of 5 Parts of alpha—phen‘ N-phenyl-
nitrene (obtaided by ‘condensine N henylhy-
‘droxylaming with benzaldehyde) in 150 parts of
ethanol is COated nto an opéque paper base ‘and
‘then dried. °“A- phdtOgI‘ € 1 ontaini
a negatlve plcture 1mage he] ;
element ‘and “exposed to the- ultra.vmlet hght of a
mercury ‘arc for 60 secorids, Wherepy ‘2 yel ow-
brown positive image is forméd. “Afte
the‘paper-in warm water-a yellow-brown. plcture
remains which has gradations complementary io
that in the omgmal negatwe
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hydroxylaxmne N—o-tolylhydroxylam e,
tolylhydroxylamine, N-o -chlorophenylhydmxyl-
amine, N-(4- d1methylam1no Iphia-naphthyl) hy-
droxylamme N’-alpha-‘n&phthylhy roxylamine,
- N- xenylhydroyylamme, _N-beta—naphthylhydrox-
ylamitie, Nip-niethokyphenyllijdroxylamine, N-
‘974 -dfmethoxyplienythydroxylamitie, N -2 dl-
methylphenylhydroxylamlne
The N-monoarylhydroxylamines are somewhat
unstable when subseeted fo elevated tempera- ‘g
tures or- prolonged -sforage ‘at moderate itempera—
tures orto hiimid'¢ornditions. The nitFones, how-
-€ver, are nicre “Stable Under ‘theve conditicns.
Moreover, the light=- Sensrtlvﬂ;y ‘of “the Mitrones
VEries ‘over a gréater Wave ‘length range than
‘that of the: ¢o espondmg Nomé foaryHhyd:
‘grites. Thus 'hy ‘merely varying tHe aldehyde
or ‘ketone used ‘to condéhse swith ‘the “N-moro-
arylhydroxyla e one ‘thay ~gbtain ‘products .
‘which have s ‘wide range of ‘sensitivity to light. '75

60

‘aetinic light than their nitrones.

‘and benzophenone
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For example, alpha-phenyl-N-phenylnitrone is
sensitive only to wave lengths of light below about
3000 A,, whereas alpha-furyl-N- phenylmtrone has
a sensxtlvmy éxtending intb the visible spectrum.
On the other hand, the ‘N-mohdatylhydroxyl-
amines appear to be somewhat more sensitive to
The nitrones
need not be preformed but can be formed in
situ.  Thus a mixture of N-hydroxylamines and
an aldehydé or Ketone of the types herein dis-
closed can be separately incorporated in the
light-sensitive layers, or in the coating composi-
tlons just pnor to coating.

A Wide Variety of aldehydic and ketonic com-
pounds (kétaldones) may be reacted with the

‘N- monoarylhydx oxylamines to produce the light-
- énsitive nitrones.

Among the useful aldehydes
are -benzaldehyde, p-tolualdehyde, cinnamalde-
hyde, furfural, benzaldehyde-o-sodium sulfonate,
sodium  phthalaldehydate, sodium glyoxylate,
o-chlorobenzaldehyde phenylacetaldehyde acet-

‘aldehyde, acrolein, methacrolein and - ci'otonal-

dehyde. “Suitable ketonic ‘comipounids include
aoetone, methyl ‘ethyl ketone diethyl ketone

“diamyl Ketowe, methyl n-biutyl ketone, aceto-

phenone, levulinic-acid, sod1um ‘Tevulinate,” ethyl
acetoacetate, ketobutanol methyl vmyl “ketone,
‘Aldéhydesaridketones which
‘coritain the ‘group

b .i,l
are preferled since the' resultmg CoHipounds dre
nicre sénsitive to ultraviolst light.

Varla,tmns in ‘the effectwe wave length ‘of ‘the
elemeénts ‘can be obtained- by varymg the par-
tichldr hydroxylamine of its hitrone Vsed. | Thus,
N-alpha-hydroxylnaphthylamme is ‘Sensitive ‘to
longer: wave Iéngths thin N=p={olylhydroxylamine
Which s, in turn, afféctéd by lght which is ‘of
loniger Wave length than thatto which N-phenyl-
hydroxyramine issensitive. Mixtures of the com-
pounds can be ‘employed, thus resulting in'a
product Whlch is ‘sensitive “oVer a ‘fairly ‘wide
Tange of wave length ‘of l1ght

The N-mornocarylhydroxylamires’ and théir -
trones can be miade Mto photoc‘raphlc layeis by
applymg them from solutions in varicus ‘crginic
solvents or “water dlspersmns Practwally ah‘y
‘organic solvenu raay ‘be empIoYed in ' prepirine
‘the “Solutitns, ‘so long:as it ‘doés not Yeadt With
the N-monoarylhydroxylamines or mtl‘onés
Useful solvents irclude-alcohols ‘of 1664 carbon
‘atoms, e, ‘g, méthariol,’ ‘ethanol, jsoprofianol, hu-
tanol; glycols, . &, ethylene ‘glyeol, - digthylérie
glycol ethers, &. g, -dio%ane, "ethwlene ‘glycot
monoethyl ether, diethylene glycol Trionomiethyl
ether; -esters, -Stich ‘gs ‘ethyl acetate, methyl dce-
tate, ‘etc.; 1hydroca,rb0ns ‘e. 'g., n-heXate, n-hép-
‘tane, ben ne tetrahydrbnap thaléne, ‘cyclohex-

; E -orth h- “and para-xylentes,
ethyl benzene mesrtylerre, chloroform ethylene
dzchlorlde tr1chloroethylene etc It 1s preferred

1ones ‘n-variou watei' perrnealole or

ayvloe obtamed ‘by

‘Zein, deacylated chztm polyvmyl “a,lcohola'
hydrophum ‘Gerivatives,- gum “tragdcanth, “ag
‘agar, Irlsh moss, ethyl ‘cellirloge, polymethacryr-
-amide, cellulose” a.cetate contaimng ‘20 to 25% “of
‘geid phthalate grolips, ‘ete. The resulting solu-
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tions or dispersions may be coated onto any type
of subport, as described above, and dried. In gen-
eral, it is preferred to have the compounds dis-
persed in a colloid layer because they are more
stable and can be stored at elevated temperatures
for several weeks without suffering any loss of
sensitivity. Gelatin in particular has a stabiliz~
ing -influence upon the compounds. In general,
from 0.001 to 0.1 part of the N-monoarylhydroxyl-
amine or nitrone should be used per part of gela-
tin.-~Layers of various thicknesses can be used
but; for most purposes, thicknesses of from one to
ten microns are suitable. It is not necessary that
the colloid layer be highly permeable to water
since cellulose esters, e. g., cellulose acetate and
vinyl resins, e. g., polyvinyl acetate, can be used.

The nature of the reaction which takes place
when the compounds are exposed to actinic light is

not fully understood. It is believed, however, that -

the images produced upon exposure (¢) of the N-
monoarylhydroxylamines and (b) the N-aryl-
nitrones are symmetrical azo dyes in accordance
with the following exemplary respective equa-
tions:

(@)
NHOH N=
. light
—_—
®) 0
f—mc
2 ———
O—N—_—N—O +2 O——CHO

The formation of azo dyes may explain the fact
that yellow images are produced from N-phenyl-
hydroxylamine and red from N-alpha-napthyl-
hydroxylamine. - Based on the assumption that
symmetrical azo dyes are formed, it is theoreti-
cally possible to produce any color dye image
which can be derived from a symmetrical azo dye.
This fact may be of utility in connection with cer-
tain processes of color photography. For ex-

- ample, a layer containing three nitrones capable
of giving yellow, magenta and blue-green azo dyes
could be printed with three separation negatives
successively, in register, limiting the printing light
to that portion of the spectrum to which only the
desired nitrone is sensitive,

The compounds differ in the speed with which
image formation takes place and this fact may
sometimes be advantageous. For example, the
benzaldehyde and furfuraldehyde derivatives of
N-phenylhydroxylamine are much more rapidly
decomposed by ultraviolet light than the salicylal-
dehyde and the cinnamaldehyde reaction brod-
ucts.

The light-sensitive elements of this invention
may be used in many types of copying processes
since exposure through a negative yields a positive
image in the new element, which may be used for
the preparation of “proofs” or as permanent pho-
tographic prints. Their ease of brocessing to col-
ored images makes them especially applicable to
the reproduction of line drawings, charts, etc., as
an improvement over photostating or blueprint-
ing from papers, etc., and in the production of
templates. )

As many apparently widely different embodi-
ments of this invention may be made without de-
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patting from the spirit and scope thereof, it is to
be understood.that the invention is-hot limited
to the specific.embodiments thereof except as de-
fined in the appended claims. o .

“What is claimed is:- . .. - .- .

- '1."A radiation-sensitive element comprising a
support bearing ‘a water-permeable colloid layer
containing an N-arylnitrone. S

2, A radiation-sensitive element comprising a
support bearing a water-permeable colloid layer
containing at least one compound taken from the
group - consisting of N-monoarylhydroxylamines
of the formuls ArNHOH and their nitrones of
the formula, - - EIR
e  RRyC=N—Ar_

O
. O B - .
wherein Ar is-a monovalent aromatic hydrocar-
bon nucleus and R1 and Ra are taken from the
group consisting of hydrogen and monovalent hy-
drocarbon radicals,

3. A radiation-sensitive element comprising a
suppor{ bearing a gelatin layer containing at least
one compound taken from the group consisting
of N-monoarylhydroxylamines of the formula
ArNHOH and their nitrones of the formula

RiR,C =§—Ar
o

wherein Ar is a monovalent aromatic hydrocar-
bon nucleus and R: and Rz are taken from the
group consisting of hydrogen and monovalvent
hydrocarbon radiecals.

4. A radiation-sensitive element comprising a
baper support bearing a layer of gelatin contain~
ing N-alpha-naphthylhydroxylamine of the for-
mula:

NHOH

5. The process which comprises printing a pho-
tographic image by means of light rays onto a
radiation-sensitive element comprising a support
bearing a thin layer of a compound taken from
the group consisting of N-monoarylhydroxyl-
amines of the formula ArNHOH and their ni-
trones of the formula

RiR:C=N—Ar
4
0]

wherein Ar is a monovalent aromatic hydrocar-
bon nucleus and R; and Rz are taken from the
group consisting of hydrogen and monovalent hy-
drocarbon radicals, and washing the undeveloped
colorless compound just recited from the layer
with an agueous sclution.

6. The process which comprises printing a pho-
tographic image by means of light rays onto a
radiation-sensitive element comprising a paper
support bearing g thin layer of a compound taken
from the group consisting of N-monoarylhy-
droxylamines of the formula ArNHOH and their
nitrones of the formula -

RiR:C=N—Ar
&
o]

wherein Ar is a monovalent aromatic hydrocar-
bon nucleus and R: and Rz are taken from the
group consisting of hydrogen and monovalent hy-
drocarbon radicals, and washing the undeveloped
colorless compound just recited from the layer
with an aqueous solution,
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7. The process which comprises printing-a pho-
tographic image by means of light rays onto a
radiation-sensitive element comprising a paper
support bearing a water-permeable colloid layer
containing a compound taken from the group
consisting of N-monoarylhydroxylamines of . the
formula. ArNHOH ang their -nitrones. of the for-
mula, L o .

- RiR:C=N—Ar

wherein Ar is.a& monovalent aremadie hydrocar-
bon nuecleus and Rr and Rs:are taken: from the
group consisting of hydrogen and monavalent hy-
drocarbon radicals, and washing the undeveloped
colorless compound just recited from the layer
with an adqueous solution.

DAVID MALCOLM McQUEEN.
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