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“This invention pertains tosphotographic emul-
sions ‘and - more “particutatly “to . colloid-gitver
halide -emulsions - of “enhaneed *light-sensitivity.
Still more ‘patticulaily “it" pertains *to-gelatino-

silver halide emulsions ‘6f-ehhaneed light=sensi-

tivity - and-to-processes of “preparing:such: emiil-
sions. : - Cee ’
T LA large- -amournt- of “researéh “work
done on increasing the light=sensitivity:
graphic emulsions.
pounds for this purpose contain a divalent sulfur
compound. ' Representative=compounds of this
type are described in “United States Patent
1,623,449, Otlier usefiil ‘compotinds include alde-
hydes such asiformaldehyde, alkaline hypophos-
phites, hydroxylamine and:substituted hydroxyl-
amines. There is.no criterion however by which
one can predict the utility of a chemical com-
pound with certainty-in-advance of actual ex-
‘perimentation.: The:art:is still-highlyrempirical.
,:-Ani:.ob_je.ctr,;of«;this;:inv,entienwds_n;togpmvid new
means for increasing: the: light-sensitivity-of; col-
loid-silver: halide emulsions. :Another-cobject -is
to . provide .gelatino-silver--halide - emulsions »of
enhanced- -light-sensitivity. ~utilizing ~available
chemical compounds:. - A-related.object is.Lo;pro-
vide such emulsions using economical chemicals.
A further object is to increase;the light-sensi-
tivity of emulsions by-.a.simple and economical
method. A still: further ‘ébjeet: is to provide a
method of preparing-gelatino-silver-halide emul-
sions 'of increased: licht-sensitivity . which - does
not have a deleterious effeét on the spectral sen-
sitivity of such emulsions. Stillother objects
will be apparent.from.the_
of the invention. . . -~ .
Tt has been discoverée that colloid-silver halide
.emulsions:of -incréased; sensitivity:may:-be. made
Joy - incorporating .stherewith.-the ‘condensation
products of
-or:an.amine.

“has:been
of photo-

- These :condensation products may
berincorporated:with: the! emulsion:zat, any: time
during their preparation but zaee. sprefexably
added after the initial preparation of the emul-
sions but before digestion has been completed.
In the case of gelatinossilver: halide emulsions
it has been found that the:addition: of the con-
densation products-of-aliphatic-aldehydes with
ammonia or aliphatic or aromatic -amines to such
compositions, ;results in;émulsions of decidedly
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The most _practical com-i¥0

. w2
above. -Freshly: prepared-condensation. produets,
for:sinstance, -iconfer -less : light-sensitivity -{o-an
emulsion than-aged. condensation products. -Age-
ing..can:be aceelerated: by’ heating to.an. elevated
: - The : color- of .the: products - like-
wise,changeron ageing.. Acetaldehyde-ammonia
condensation products, for example,, when freshly
prepared are white crystals. On standing at
room temperagure for several weeks they change
to a yellow or;a yelowsred-color. The lighter
colored produectsican be rapidly changed by heat-
ing at an eieva;tedﬂtemperature;xbelow the melt-
ing point of tHe crystals for a short period. The
darker colored:iproducts,:in general, give better
restlts than the white colored products. Hence,
the activity of:the condensation; products can be
correlated roughly:with_their color..
The sensitizatior conferred to the final colloid
silver halide emulsions is, of the optical type and

‘temperature.

190 -gives ‘them-an+overall increase- in-speed,-as -dis~

28 the
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following description

improved light-sensitivity without imparting any

undesirable fog characteristics thereto.

Tt has been further-discovered that the sensi-
$ivity:of-the emulsions:depends; upon the,specific
‘pature:-of sthe -condensation iproduchs -described.

30

‘aliphaticzaldehydesswithzammonia 40

60

‘tirguished from’ the- extra-tange- of ‘spectral sen-
\si-t;ivitjy-*coﬁferred‘iby*ésensitiZing-¢~dyes. . "The‘con~-
densation produsts can<advantageously ‘pe-used
in ~conjunction: with -speetral : sensitizing tdyes,
‘ehy modifying thenormal spectral sensitivity
and’speed of *émulsions. o

iThe reasons‘the aldehyde-ammonia <or- alde-
Hyde:smine complexes increase’ the sensitivity'is
not fully understood. It is due to the c¢hemical
nature of the-complexes-or- condensation prod-
ucts, because..the iuse of the individual com-
ponents separately orin-admixture with each
other in a singlerémulsion produce no comparable
sensitization. : :

There are obviously various ways of bringing
the condensation produ¢ts: into operative contact
with the silver:salts and:colloid binding agents.
The condensation-products.-may:be-incorporated
in the emulsion at- practically any stage in its
manufacture and can. even be associated there-
with af ter-coating to f Qrm‘{.’lighta'sen'sitivef layers.
‘Thus,“the " silver “halide emulsion”’ layers-can’ be
imprégnated with an agueous solution or & dilute
methano! or “éthanol:solution-of “the condensa-
tlonsproducts. . Another-manner -consists*in ‘in-
‘corporating them” in-a“hydrophilic-tolloid solu-
tion, e. g., aqueous gelatin and -coating “the- ad-
mixture onto-a-gelatin-silver-halide layer.

The followingzexamples.further illustrate the
invention. iTherparts are by weight.

: ~Brample-1 '

" Gelatino-silver iodobremide emulsions were
prepared contalhing 0, 1875, and;37.50 milligrams

55 of an acetaldehyde-ammonia-condensation prod-
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uct having o melting range of about 70 to 80° C.
and being yellow-colored crystals, per 1.5 moles
of silver halide. The emulsions were then given
a first digestion, washed, given a second diges-
tion, brought to their maximum light sensitivity
and coated onto a suitable support. The follow-
ing effects on relative speed were obtained.

Mgs. Acetalde~ Rela-
hyde-ammonia tive
Present Speed
1 0 100
2 18.75 106
3 37.50 125
Example 2

Several amounts of n-propanal-ammonis, con-
densation product having a boiling point of about
75° C. at 12 mm. pressure and being a yellow col~
ored liquid ranging from: 0 to 150 mg. were added
separately to photographic gelatin silver halide
emulsions ‘each containing 1.5 mols of silver
halide. The additions were made before the final
digestion process, and the emulsions were then
brought to their maximum light-sensitivity and
coated onto a suitable support. The following
results were obtained.

Mgs. Propanal-
ammonia

(=R 3 e
-y
ot

Example 3

A photographic gelatin silver halide emulsion
was panchromatized by the addition of a suitable
cyanine dye and brought to its maximum light
sensitivity, This emulsion was split into four
equal parts before coating and from 0 to 333.3
mg. of the acetaldehyde-ammonia condensation
product described in Example 1 was added per
1.5 mols of silver halide. Evaluation of the
coated emulsions showed the following charac-
teristics.

Rela-

Mgs. Acetalde-
hyde-ammonia Sgggd
1 0 100
2 83.3 140
3 166. 6 170
4 333.3 170

Ezxample 4

To an orthochromatized photographic gelatin
silver halide emulsion, containing 1.5 mols of
silver halide, was added from 0 to 7.5 mg. ethyl-
idine gniline (an acetaldehyde-aniline condensa-
tion product described in U. S. Patent 1,658,220)
before the second digestion period. Effects are
tabulated below.

Rela-
Mgs. Ethylidine tive
Aniline Speed
1 0 100
2 3.75 130
3 7.50 160
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4
Example §

A photographic gelatin silver halide emulsion
coated on a support was over-coated with layers
containing an acetaldehyde-ammonia complex of
the type given in Example 1 in concentrations
equivalent to from 0 t0-25 mg.-per 1.5 mols of
silver halide. The relative effects on the sensi-
tivity of the emulsions are shown as follows:

Rela-
Mgs. Acetalde-
hyde-ammonia St;evgd
1 0 100
2 12.5 113
3 25 118
Example 6

To photosensitive gelatin silver halide emul- .
sions, each containing 1.5 mols of admixed silver
bromide and silver iodide, was added from 0 to
15 mgs. of a crotonaldehyde ammonia condensa-
tion product, being a yellow, amorphous solid
having a melting range of 43 to 70° C. The emul-
sions were held at 120° F. for 60 minutes, coated
on a suitable support, and the speeds were later
determined. The effect on the speed of the emul-
sion is tabulated below.

Rela-
tive
Speed

Mgs. Crotonal-
dehyde ammonia

0 100

7.5
15 141

2 1

Example 7

Selected concentrations from 0 to 30 mgs. of
s crotonaldehyde-aniline condensation product’
(a yellow-amber colored liquid which is deseribed
in U. 8. Patents 1,417,970; 1,780,326 and 1,780,334)
were added separately to gelatin silver halide
emulsions containing 1.5 mols of silver salts to

produce the following speed increases.

o Rela-

Mgs. Crotonal- "
dehyde aniline Sgggd
1 0 100
2 15 107
3 22.5 110
4 30 128

Ezampie 8§

An acetaldehyde - p - toluidine - aniline (de-
scribed in U. S. Patent 1,638,220) condensation
product in amounts ranging from 0 to 12.5 mgs.
was added to photographic emulsions each con-
taining 1.5 mols of silver halide. 'The following

results were obtained.

Mgs. Acetalde- Rels-
hyde-p-toluidine tive
aniline Speed
1 0 100
2 9.25 114
3 12,50 129
Example 9

From 0 to 5 mgs. of n-butyraldehyde-n-butyl-
amine condensation product (a translhicent amber
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Qgald- cdeseribed in SUS-S. ‘Patents c5417;970;

£1,780:326 1and '1,780,334) ; iwhen vdeldéd - to pho- -

teéraptuc»gelatm ‘emiilsions{éach  contaming 1.5
mols of silver hahde produced the followingfef-
fects.

Mgs. Butyral- Rela-
. _.dehyde-. tive
butylamine Speed
1 -0 - 100,
2 ‘2.5 114~
3 5 122

> - - Y

iTh.place .of the .specific: aldehyde-aminotii
zIdehyde amine.condensation:products deséribed

“inttheabove .examples, theremay be substituted
other such condensation products.
of them can be used in an emulsion. Thus the
condensation products of formaldehyde, acetal-
dehyde, n-propionaldehyde, butyraldehyde, sec-
ondary butyraldehyde, crotonaldehyde, etc. with
ammonia, methylamine, ethylamine, n-butyla-
mine, ebe.; aniline, ortho, meta and paratoluidine,
alpha and beta naphthylamine, and para phenyl-
enediamine are useful.

The actual structural configuration of the or-
ganic molecules of the condensation products and
particularly those which have been heat treated
or aged at elevated temperatures is not known
with certainty. The acetaldehyde-ammonia is
believed to first form an addition complex prod-
uct which has the structural formula:

NH;

This is not a very stable conflguration, however,
and secondary reactions lead to condensation
products which are more complex structures. To
illustrate this aldehyde-ammonia was prepared
by passing ammonia gas into an ether solution of
acetaldehyde at temperatures of —33° C., 0° C,,
and 20° C. The reaction products were separated
and one portion of each was subjected to a heat
treatment which consisted of holding for 48 hours
at 65 to 70° C. When resulting products were
tested photographically the following data. were
obtained.

Conc., mgs.

Temperature of Heat 2 Relative
Preparation Treatment | PET g.;Bl?oIs Speed . | FO8 -
0 81 .07
37.5 81 .02
56.3 79 .06
3.75 117 .05
7.5 135 .08
3.5 87 .04
56.3 89 .03
3.75 129 .08
] 141 W11
37.5 107 .02
56.3 112 .02
3.75 | 117 .04
7.5 135 07

1 This product was a white crystalline addition compound made
from 1 mol of acetaldehyde and 1 mol of ammonia.

It will be noted that the products increase in
activity with increased temperature of prepara-
tion. Products made and kept at very low tem-
peratures, e. g., —33° C. show little if any activity.
The products made at such low temperatures
when heated, however, become active. The maxi-

mum activity of the products is obtained by heat

treatments of less than 48 hours at 65° to 70° C,

or .y

One or more .
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-Beyondithis‘periddmno’ ‘stﬁaiﬂcmt’ mcnéneﬁin; K0
ﬁ’ﬂty geeurs. . -

Many useful a;ldehyde-a:mmonta; complexes%ﬁ:e ~
nwellkknown cand sgvallable teompoutids. - Among -
“hetusefulionies dre thosecdeseribed in U. S.:Pat-
-¢fts (17417;970;:1,418, 824 11 571,739 21y 638 220
:13780;326:and-1;780,334.

The aldehyde—a,mmbma orfiéa,mme cmnplexes
‘nidykbeused indonjunetion swith “kriown-sensi-
oftzers ‘such as -allylithicutes, ‘phienyl Asothiccy-
~anate; soditm thiosulfate, and«a,ma,li 'métal hypo-
iplosphités. - -

They may also be used i conaunct;wn‘«wlt:h» tog
mhlbiting agents, emulsio stabﬂizersziand spec-

556 ‘dsveydnine; > c&rbody-
uamn *meroeyamine, cyazine, eocyanire;psetido-
Teyanifie, Hemicyanine “dnd  $ty#yl “dyes ’?-eclor
formers and other emulsion constitifents: -

Amounts of 1 to 250 milligrams of the con-
densation products per mol of silver halide rep-
resents a practical range and 5 to 50 mg. per mol
a preferred range. However, depending on the-
initial activity of the condensation product,
amounts representing 5- to 10-fold increases, or
more, over the maximum amounts described
herein, can be employed in the present process.

Colloid binding agents other than gelatin may
be used in the emulsions and emulsion layers.
Collodion, agar-agar, albumin, polyglycuronic
acid, hydrophilic cellulose derivatives and vinyl
alcohol polymers and interpolymers and poly-
amides for instance can be substituted in whole
or in part for the gelatin of the emulsions set
forth in the above examples.

Simple and mixed silver halide emulsions, e. g.,
silver chloride, silver bromide, silver-chloride
bromide, silver bromide iodide, silver chloride io-
dide, etc. are benefited by the addition of the
novel aldehydic products described in this speci-
fication. .

The invention has many advantages. It pro-
vides stable emulsions of enhanced light sensi-
tivity. Substantial increases in emulsion speeds
can be attained without any material increase in
fog. The process is simple and does not require
any new or additional equipment to the photo-
graphic manufacturer.

Aldehyde-ammonia or -amine addition prod-
ucts which apparently are first formed by the
interaction of these components, especially at low
temperatures, can be added to the emulsions if
desired in place of the condensation products.
The addition products upon aging of the emul-
sions are converted to condensation products
which exhibit the beneficial results described
above. This conversion is accelerated by an in-
crease in temperature.

As many widely different embodiments of this
invention can be made without departing from
the spirit and scope thereof, it is to be under-
stood that the invention is not to be limited-ex-
cept as defined by the claims.

We claim:

1. A colloid silver halide emulsion containing
from 1 to 250 milligrams per mol of silver halide
of a condensation product of an aliphatic alde-
hyde with a base taken from thé group consisting
of ammonia and primary amines.

2. A gelatino-silver halide emulsion containing
from 1 to 250 milligrams per mol of silver halide
of a condensation product of an aliphatic alde-
hyde with a base taken from the group consisting
of ammonia and primary amines.

3. A colloid silver halide emulsion containing
from 5 to 50 milligrams per mol of silver halide
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-of a condensation product of an -aliphatic alde-
hyde with a base taken from the group consisting
-of ammonia and primary amines. : ’

.4, A gelatino-silver halide emulsion containing
from 5 to 50 milligrams per mol of silver halide
-of -a- condensation product of ‘an: aliphatic alde-
hyde with a base taken from the group consisting
~of ammonia.and primary amines.

5. A gelatino-silver halide emulsion containing
from 1 to 250 milligrams per mol of silver halide
of a condensation product of a saturated ali-
phatic aldehyde of 1 to 4 carbon atoms with a
primary aromatic amine. .

6. A gelatino-silver halide emulsion containing

.from 5 to 50 millisrams per mol of silver halide of .

‘& condensation product of a saturated aliphatic
-aldehyde of 1 to 4 carbon atoms with a primary
aromatic amine. .

[+

10

. 7. A gelatino-silver hallde emulsion containing
.5 to 50 milligrams per mol of silver halide of a
“condensation product of acetaldehyde with am-
monia. -
POSTELL M. NICHOLES.
JAMES HAROLD TAYLOR.
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