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This invention is concerned with color radiography 
and more espectially relates to the production of color 
radiographs having different color shades in the shadows 
and in the high lights. 
Numerous measures are already known for increasing 

the contrast of X-ray photographs or for improving the 
de?nition of detail, such as for example the use of X-rays 
of different hardness, emulsions of different gradations 
or intensi?ed foils of different ?uorescence, and in the 
last-mentioned case the photographic layers are adapted 
to different types of ?uorescence. 

Furthermore, it has been proposed to produce multi 
color X-ray photographs on multi-layer material, differ 
ent X-ray ranges being associated with individual layers 
by using for example absorption means for certain wave 
lengths. Furthermore, it is known that the de?nition of 
detail can be improved if provision is made, by suitable 
production of dyes, for the color tone to be additionally 
modi?ed with increasing density of the image. In this 
process, the modi?cation of the color tone or of the color 
trends is produced by using emulsions with different sen 
sitivity and gradation for each color, so that the change 
in the image color is obtained by overlapping of the 
gradation curves for the different colors. The use of this 
material for X-ray diagnosis is particularly advantageous, 
because either the exposure latitude of the material is 
increased for the same degree of de?nition of detail, or 
the de?nition of detail can be improved with a harder 
material and the same exposure range. 
For the usual X-ray exposure between intensifying 

foils, however, the ratio between the brightness of the 
front and back foils deviates from the value 1 to an ex 
tent which depends on the foils and exposure conditions 
which are used. This means that, depending on whether 
the ?lm is disposed with its front or back facing the tube, 
a different color trend is obtained when the sensitivities 
of the emulsions on the front and back differ from one 
another. Furthermore, the use of a highly sensitive but 
non-contrasty emulsion causes an undesirable ?attening 
in the initial part of the gradation curve. These disad 
vantages can be avoided to a certain degree by using ma 
:erial of similar structure on the front and back, but this 
results in additional expense in the production of the 
naterial. 

It has now been found that these disadvantages can 
as avoided if the exposure material used for the produc 
IlOIl of radiographs by means of invisible radiation such 
15 alpha, beta, gamma, and X-rays is a material which 
:omprises at least one silver halide emulsion layer con 
:aining at least two color couplers for color forming de 
lelopment which couple with the oxidation products of a 
primary aromatic amino developing agent with different 
reaction velocities to form dyes. It is found in this case 
:hat the color coupler which couples more quickly is the 
irst to react and that gradually as the concentration of 
his component decreases, the second color component 
also reacts with the excess of the oxidised developer. 
By choice of different color couplers and different pro 

portions, it is possible to produce a large number of 
:olor variations. > 

The colors of the dyes formed by coupling can be 
laried within wide limits. For example, for the repro 
iuction of highlights (light portions of the radiograph) 
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it is possible to use red or yellow dyes, while blue or 
magenta dye shades are used for the reproduction of 
the shadows (dark portions). 

Suitable couplers with relatively high coupling speed 
are for instance those of the acylacetamide type. Such 
compounds correspond for instance to the following for 
mula: 

R.CO.CH2.CO.NHR’ 
wherein R is an aromatic radical such as phenyl, acyl 
amino-phenyl, such as stearoylaminophenyl, lauroyl 
aminophenyl, alkylaminophenyl, such as decylamino 
phenyl, octadecylaminophenyl, alkyl radical, such as 
methyl, ethyl, lauryl, stearyl, and R’ is an aromatic radi 
cal as above, furthermore phenyl containing water solu 
bilizing groups such as carboxyl or sulfonic acid groups. 

Further suitable compounds with relatively high 
coupling speed are the well known 5-pyrazolones, fur 
thermore phenols and a-naphthols which are not substi~ 
tuted in para-position to the phenolic hydroxy group. 
Examples of yellow color couplers of the aforestated 

class are the following: 

3 - (p-stearoylacetaminobenzoylacetamido) - isophthalic 
acid 

3 - benzoylacetamino-4-[N-methyl-octadecylamino] - ben 
zoic acid 

3-acetoacetamido-4-(N-methyloctadecylamino) ~ benzoic 
acid 

4-[p-stearoylaminobenzoylacetamido]-phenylglycine 
4[m-stearoylaminobenzoylacetamido] benzoic acid 
3-(stearoylacetamido)-isophthalic acid 
4-(myristoyl acetamido)-phenylglycine 
3-(p-benzoylacetaminobenzamido) - 5 - stearoylamino-p 

toluene-sulphonic acid 
Examples of magenta color couplers of relatively high 

coupling speed are the following: 

1 - (4'phenoxy-3'-sulphophenyl) - 3 - heptadecyl-S-pyraz» 
olone 

1-( 3 '-carb oxyphenyl ) -3 -heptadecyl-5-pyrazolone 
1- (4'-sulphophenyl) -3 -heptadecyl-5-pyrazolone 
1-(3'-carboxyphenyl)-3-indecyl-5-pyrazolone 
1 - (2'-methoxy-5'-sulphophenyl)-3-(3'stearoyl amino 
phenyl)-5-pyrazolone 

1-(3'-sulfomethylenephenyl)~3-heptadecyl-5-pyrazolone 
1-( 3 'stearoylamino-S-sulfophenyl) -3 -methyl-5-pyrazolone 
Examples of cyan color couplers of relatively high 

coupling speed are the following: 

1 - hydroxy - 2 - naphthoyl - 2' - N - methyloctadecyl 

amino-5' - sulfoanilide 
1-hydroxy-2-naphthoyl-4'-stearoylamino-2'-sulfoa.nilide ~ 

1 - hydroxy - 2 - naphthoyl - 4' - oetadecylamino - 7' 

sulfonaphthalide 
1 - hydroxy - 2 - naphthoyl - 4' - octadecylamino - 2'- _ 

sulfoanilide 
1 - hydroxy - 2 - naphthoyl - 4' - N - methyldodecylamino 

3'-sulfoan.ilide 

Examples of color couplers with relatively low coupling 
speed are phenols and a-naphthols which contain re 
placeable groups in the coupling position (that is to say in 
para-position to the hydroxy group) such ‘as sulfonic acid 
groups or halogen atoms, e.g. ‘a chlorine or bromine. 
Further examples of such color couplers are the indazol 
ones. Suitable cyan color couplers with relatively low 
coupling speed are for instance the following: 

1 - hydroxy - 2 - naphthoyl - N - octadecylamide - 4 - sul 

fonic acid 
1 - hydroxy - 2 - naphthoyl - 3' - octadecylamino - 4’- ’ 

sulfoanilide - 4 - sulfonic acid 
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1 - hydroxy - 2 - naphthoyl - 3’ - octadecylamino - 4' 

carboxyanilide - 4 - sulfonic ‘acid 
1 - hydroxy - 2 - naphthoyl - 3’ - oleylamino - 4' - sulfo 

anilide - 4 - sulfonic acid 

1 - hydroxy - 2 _ naphthoyl - 3’ - abiethylamino - 4' - sulfo 

anilide - 4 - sulfonic acid 

1 - hydroxy - 2 - naph-thoyl - 4' - heptadecylamino - 2' 

sulfoanilide - 4 - sulfonic acid 

(The ‘above color couplers are disclosed in British speci 
?cation 701,039.) 
The total amount of the above color couplers added to a 

silver halide emulsion of 40-60 g. silver content is about 
5 to 25 g., preferably 10 to 20 g. per kg. of emulsion. 
The relative amount of the color couplers may vary within 
wide limits; proportions by weight between 1: 10 and 10:1 
have been found particularly suitable. 

‘ According to a further embodiment of the present in 
vention the color coupler may be incorporated in a water 
permeable, water insoluble solvent as disclosed for in 
stance in U.S. patent speci?cations 2,304,940 and 2,322, 
027 before they are added to the silver halide emulsion. 

Example 1 

80 cc. of a 2.5% solution of 1-(4'-phenoxyphenyl-3’ 
sulphonic acid) -3-heptadecyl'5-pyrazolone ‘in aqueous 
sodium hydroxide solution with a ?nal pH value of about 
9.5, and 200 cc. of a 5% solution of 1-hydroxy-4- sulpho 
2-naphthoyl-stearylamine in aqueous sodium hydroxide 
solution with a ?nal pH value of about 9.5, are added to 
1 kg. of a highly sensitive silver halide emulsion with the 
conventional additions of stabilisers, hardening agents and 
wetting agents. The solution is cast on a transparent sup 
port to form a photographic layer of about 0.015 mm. 
vthickness. After exposure by means of X-rays, color de 
velopment, bleaching and ?xing, an image is obtained’ 
which has pink color shades at the light portions and blue 
color shades at the dark portions. \For the processing of 
the ?lm there may be used the ordinary color forming 
developing solutions containing a primary aromatic amino 
compound such as N-hydroxy-N-ethyl-p-amino-aniline as 
developing agent. 

Example 2 

120 cc. of a 5% solutionof a-stearyl-succionyl-5-amino 
indazolone in aqueous sodium hydroxide solution with a 
?nal pH value of about 9, and 80 to 120 cc. of a 5% 
solution of 3-(p-stearoylarnino’benzoylacetamido)-isoph 
thalic. acid in aqueous sodium hydroxide solution with 
a ?nal pH value of about 9‘, are added to 1 kg. of a highly 
sensitive silver halide emulsion with the conventional. addi 
tives. The processing takes place as in Example 1 and 
yellow color tones are obtained at the lightly exposed 
areas and red color tones at the strongly exposed areas. 
It the yellow coupler is replaced by 4 g. of l-hydroxy-Z 
naphthoyl - 2' L N - m‘ethyloctadecylamino '- 5’ - sulfo 

anilide there result radiographs which are cyan in the 
lightly exposed’ areas and magenta at the strongly exposed 
areas. . . . 

The above indazolone coupler is contained as follows: 
A solution of 5.2 g. of S-aminoindazolonehydrochloride 
(Berichte 75 (.1942), page 1107), and 9 g..ofioct-adec'enyl 
succinic acid anhydride in 35 cc. of pyridine is re?uxed 
for ‘two, hours and thereafter added to a mixture of 350 cc. 
of‘ water and 35 cc. of concentrated hydrochloric acid. 
The precipitate fonmed'is sucked off ‘and washed with ace 
tone and methanol. 

Example 3 

4 g. of 1-(4f-phenoxyphenyl-3’-sulphonic acid)-3-hepta 
décyl-S-pyrazolone and 6 g. of 1-hydroxy-4-sul'pho-2‘ 
naphthoylamino-2'~methyl-stearylamino-5f-sulphonic acid 
are add‘ed'in the same way asrin Example 1 to 1 kg. of a 
highly sensitive silver halide emulsion with the usual addi 
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4 
tives and then processed as in Example 1. Red color 
tones are obtained in the highlights and blue color tones 
in the shadows. 
The second coupler is obtained by treating l-hydroxy 

2 - naphthoyl - 2' - N - methyl - octadecylamino - 5’ 

sulfoanilide with 10 cc. of concentrated sulfonic acid at 
60° C. until the reaction product has become water 
soluble. 

Example 4 

4 g. of 1-(4'-sulfopheny1)-3-heptadecyl-5~pyrazolone 
and 6 g. of 1hydroxy-4-sulpho-2-naphthoyl-stearyl~amine 
are added in the same way as in Example 1 to ‘1 kg. of a 
highly sensitive emulsion with the usual additives and 
processed as in Example 1. Red color tones are obtained 
in the highlights and blue color tones in the shadows. 

Example 5 

12.5 g. of the cyan coupler disclosed in Exampled are 
added to 1 kg. of a highly sensitive silver halide emulsion. 
This emulsion is coated on a transparent ?lm support to 
produce a layer of about 7,44 thickness. On this ‘layer and 
on the backside of the support there are coated silver 
halide emulsions, which contain per kg. 5 g'. of the indazol 
one and 4 g. of the yellow coupler of Example 2.‘ After 
exposure by means of X-rays this material is processed in 
the same manner as disclosed in Example 1. The radio 
graph is yellow in the areas of small exposure, red in the 
areas of medium exposure and black in the strongly ex 
posed areas. 

Example 6 

A highly sensitive silver halide emulsion containing per 
kg. 6 g. of the indazolone and 6 g. of the yellow coupler 
of Example 2 is coated on a transparent ?lm support to 
produce a layer of 0.015 mm. thickness. On the back 
side of said support there is coated the same emulsion 
containing per kg. 10 g. of the yellow coupler of Example 
2 and 3 ‘g. of the cyan coupler of Example 1 to produce 
a layer of- 0.015 mm. thickness. After exposure by means 
of X-rays this material is processed in the same manner 
as disclosed in Example 1. The radiograph obtained is 
yellow in the areas of small exposure, red in the areas 
of medium exposure and olive-green in the strongly ex 
posed areas. 
The materials of the present invention may also be 

processed to positive images by the reversal process 
according to well known practices. 

I claim: 
1. A process for the production of radiographs with 

invisible actinic rays which comprises exposing to said 
rays a silver halide emulsion layer containing at least two 
color couplers which couple at different reaction veloc 
ities with the oxidation products of the same color form 
ing primary amine developed to form differently colored 
dye images, the coupler of higher coupling velocity being 
selected ‘from the group consisting of acylacetamides, 
5-pyrazolones, and alpha-'naphthols' which are not sub 
stituted in para-position to the phenolic hydroxy group; 
and the coupler of lower coupling velocity being an alpha 
naphthol which contains in para-position to the hydroxy 
group a substituent which is split off during development, 
said substituent being selected from the class of halogen 
atom and a sulfonic acid group, said different reaction 
velocities being such that development of said layer with 
said developer forms a color image in which the shad 
ows have different color shades than the highlights, and 
processing said exposed. material in such a developer to 
produce a radiograph having shadows with di?erent color 
shades than the highlights. 

2. A photographic material comprising a silver halide 
emulsion layer containing at' least two color couplers 
which couple at di?erent reaction velocities with the 
oxidation products of the same primary amine color 
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forming developer at exposed portions of the layer to 
form dye images of di?erent color shades, ‘the coupler of 
higher coupling velocity being selected vfrom the ‘group 
consisting of acylacetamides, 5-pyrazolones, and alpha 
naphthols which are not substituted in para-position to the 
phenolic hydroxy group; and the coupler of lower cou 
pling velocity being ‘an a'l-phanapthol which contains in 
para-position to the hydroxy group a substituent which is 
split off during development, said substituent being se 
lected from the class of a halogen atom and a sulfonic 
acid group, said reaction velocities being su?iciently dif 
ferent that after exposure, the development of said layer 
with such developer produces a color image having 
shadows with different color shades than the highlights. 
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