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[57] ABSTRACT 

A method is described of developing an exposed pho 
tographic silver halide material in an alkaline medium 
in the presence of a 2,3- or 2,5—dihydroxyphenyl 
benzotriazole. Upon development, development inhib 
iting benzotriazolev compounds are released at the site 
of exposure. The method is particularly suitable for 
the development of photographic colour elements to 
reduce the contrast and for the development of emul 
sions of the Lippmann-type to reduce distortions of 
closely adjacent image details, to promote image~ 
sharpness and to reduce yellow staining upon reversal 
processing. 

17 Claims, No Drawings 
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DEVELOPMENT OF EXPOSED PHOTOGRAPHIC 
SILVER HALIDE ELEMENTS 

The present invention relates to developing agents 
for silver halide emulsions, which upon development 
release benzotriazole development-inhibiting com 
pounds. 

It is known from British Pat. Speci?cation 1,058,606 
?led Feb. 27, 1964 by Eastman Kodak Co. to employ 
in silver halide photography hydroquinone derivatives, 
which by activation with an alkaline medium develop 
the exposed silver halide and release development 
inhibiting l-substituted tetrazolylthiols at or near the 
site of exposure, which results in reduced contrast with‘ 
little or no loss of speed and enhanced sharpness. In the 
development of the latent image these hydroquinone 
derivatives may be used either as the sole developing 
agent or in conjunction with another developing agent. 

In accordance with the present invention it was found 
that 2,3—dihydroxyphenylbenzotriazoles and 2,5—di 
hydroxyphenylbenzotriazoles, which are known in the 
literature as U.V.-absorbing compounds, see e.g. US 
Pat No. 3,493,539 of Martin Skoultchi, Joseph Fertig 
and Leonard 1. Nass issued Feb. 3, 1970 are suitable for 
the same purpose as the above hydroquinone deriva 
tives in that, when used in alkaline medium, they re 
lease at the site of exposure benzotriazole compounds, 
which slow down development. 
The dihydroxyphenyl nucleus may be further substi 

tuted and carry any of the‘ known substituents used in 
hydroquinone and pyrocatechol type developers, e.g. 
alkyl, aryl, halogen, hydroxyl, alkoxy, etc. The benzoé 
triazole group may also carry further substituents e.g. 
halogen, alkyl, nitro, amino, sulpho, acylamino, etc. 
and may carry a fused-on benzene nucleus. Further, the 
dihydroxyphenyl group may be linked either to the 1 
position or the 2-position of the benzotriazole. 
The 2,3— or 2,5+dihydroxyphenylbenzotriazoles 

may also be used in a chemically masked form, particu 
larly when added to the photographic material, as is 
known to be done for dihydroxybenzene developing 
agents (cfr. US. Pat. No. 3,246,988 of Ralph F. Porter 
and Thomas E. Gompf issued Apr. 19, 1966 and Bel 
gian Pat. No. 734,140 ?led June 6, 1969 by Gevaert 
Agfa N.V.)e.g. in the form of derivatives of these 
dihydroxyphenylbenzotriazoles in which at least one of 
thehydroxyl groups has been esteri?ed to form a hy 
drolyzable acyloxy, halocyloxy or acyloxy group with 
quaternary ammonium substituent. 
Thus, the present invention provides a method of 

producing a photographic image, which comprises de 
veloping an exposed photographic material comprising 
a support and a silver halide emulsion layer in an alka 
line medium in the presence ofa 2,3— or 2,5-dihydr 
oxyphenyl-benzotriazole compound. 
Though the 2,3— or 2,5—dihydroxyphenylbenzo-_ 

triazole compound may be used in a photographic sil 
ver halide developing composition as the sole develop 
ing agent, it is preferable to use the said compound in 
the presence of another developing agent, which may 
be a black-and_white developing agent e.g. hydroqui 
none or a colour developing agent, e.g. an aromatic pri 
mary amino colour developing agent. 

In accordance with the present invention it is pre 
ferred to employ the 2,3—- or 2,5—dihydroxyphenyl 
benzotriazole compound or its chemically masked form 
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2 
as described above in the photographic material having 
a silver halide emulsion layer. either in the emulsion 
layer or in a water-permeable layer adjacent thereto. 
and to carry out development when the emulsion layer 
has been exposed, by treating the material with a con 
ventional black-and-white or colour developing com 
position. 
The concentration of the compounds of the invention 

in the emulsion is dependent on the characteristics of 
the emulsion and is therefore best determined by trial. 
1n most vcases, the optimum concentration in the emul 
sion is between about 50 mg and 5 g, preferably be 
tween about 200 mg and 2 g per mole of silver halide. 

Photographic silver halide emulsions useful in the 
present invention comprise any of the ordinarily em 
ployed silver halide emulsions e.g. silver chloride, silver 
chlorobromide, silver chlorobromoiodide, silver bro 
mide, and silver bromoiodide emulsions. Any of the 
conventionally employed'water-permeable hydrophilic 
colloids can be employed in the silver halide emulsions 
and the other water-permeable layers contiguous 
thereto. Typical water-permeable colloids include gela 
tin, albumin, polyvinyl alcohols, agar agar, sodium algi 
nate, hydrolysed cellulose esters, hydrophilic polyvinyl 
copolymers, etc. 
The emulsions may be coated on a wide variety of 

photographic emulsion supports. Typical supports in 
clude cellulose ester ?lm, polyvinyl acetal ?lm, polysty 
rene ?lm, polyethylene terephthalate ?lm and related 
?lms of resinous materials as well as paper and glass. 
The light-sensitive emulsions to which the develop 

ment inhibitor releasing compounds of 'the invention 
are added may be sensitized chemically as well as spec 
trally. 
The emulsions may be sensitized chemically by any 

of the accepted procedures. They may be digested with 
naturally active gelatin or in the presence of small 
amounts of sulphur-containing compounds such as allyl 
thiocyanate, allyl thiourea, sodium ,thiosulphate, etc. 
The emulsions may also be sensitized by means of re 
ductors, e.g. tin compounds as described in British Pat. 
No. 789,823 ?led Apr. 29, 1955 by Gevaert Photo 
Producten N.V., polyamines e.g. diethyltriamine, and 
small amounts of noble metal compounds such as gold, 
platinum, palladium, iridium, ruthenium and rhodium 
as described by R. Koslowsky, Z.Wiss.Phot. 46, 67-72 
( 1951 ). Of course, the emulsions may also be sensitized 
chemically by the combined use of these chemical sen 
sitizers. 
Emulsions stabilizers or antifoggants may be added to 

the silver halide emulsion e.g. aliphatic, aromatic and 
heterocyclic mercapto compounds preferably compris 
ing sulpho groups or carboxyl groups, mercury com~ 
pounds as those described in Belgian Pat. No. 524,121 
?led Nov. 7, 1953 by Kodak Ltd., Belgian Pat No. 
677,337 ?led Mar. 4, 1966 by Gevaert-Agfa N.V., Bel 
gian Pat. No. 707,386 ?led Dec. 1, 1967 by Gevaert 
Agfa N.V. and Belgian Pat. No. 709,195 ?led Jan. 11, 
1968 . by Gevaert-Agfa N.V., in British Pat. No. 
1,173,609 ?led Dec. 12, 1966 by Agfa-Gevaert N.V., 
and in US. Pat. No. 3,179,520 of Yoshio Miura, Akira 
Kumai and Yosuke Nakajima issued Apr. 20, 1965 and 
tetraazaindenes as described by Birr in Z.wiss. Phot. 
47, 2-5 8 (1952) e.g. the hydroxy tetra-azaindenes such 
as 5 —methyl—-7—hydroxy-—s—triazolo[ l ,5 —-a] 
pyrimidine. 



3 
The emulsions may further comprise the known 

speed-increasing alkylene oxide compounds and onium 
compounds. The alkylene oxide compounds include 
alkylene oxide condensation products or polymers as 
described in US Pat. No. 1,970,578 of Conrad Scho 
eller and Max Wittner issued Aug. 21, 1934, US. Pat. 
No. 2,240,472 of Donald R. Swan issued Apr. 29,1 
1941, US. Pat. No. 2,423,549 of Ralph Kingsley Blake, 
William Alexander Stanton and Ferdinand Schulze is 
sued July 8, 1947, US. Pat.‘ No. 2,441,389 of Ralph 
Kingsley Blake issued May 1 1, 1948, US. Pat. No. 
2,531,832 of William Alexander Stanton issued Nov. 
28, 1950 and US. Pat. No. 2,533,990 of Ralph Kings 
ley Blake issued Dec. 12, 1950 and in British Pat. No. 
930,637 filed May 7, 1959 by Gevaert Photo 
Producten N.V., British Pat. No. 940,051 ?led Nov. 1, 
1961 by Gevaert Photo-Producten N.V., British Pat. 
No. 945,340 ?led Oct. 23, 1961 by Gevaert Photo 
Producten N.V., British Pat. No. 991,608 ?led June 14, 
1961 by Kodak Ltd. and British Pat. No. 1,015,023 
?led Dec. 24, 1962 by Gevaert Photo-Producten N.V. 
The onium compounds may be of the ammonium, 
phosphonium and sulphonium type, e.g. trialkyl sula 
phonium salts, tetra-alkylammonium salts, alkyl pyri 
dinium and alkyl quinolinium salts, bisalkylene pyridin 
ium salts, quaternary ammonium and phosph'onium 
polyoxyalkylene salts, etc. 
The compounds of the invention may be used in vari 

ous kinds of photographic emulsions. In addition to 
being useful in X‘ray and other non-optically sensitized 
emulsions, they may also be used in orthochromatic, 
panchromatic and infrared-sensitive emulsions. They 
may be used in emulsions intended for colour photog 
raphy, e.g. emulsions containing colour forming cou 
plers or emulsions to be developed by solutions con 
taining couplers. They may be used in emulsions in 
tended for use in the well-known diffusion transfer pro 
cess, which utilize the undeveloped silver halide in the 
non-image areas of the negative to form a positive by 
dissolving the undeveloped silver halide and precipitat~ 
ing it on a receiving layer in close proximity to the orig 
inal silver halide emulsion layer. ‘Y 
The compounds of the invention are particularly use 

ful in emulsions intended for colour photography 
where during development, at the exposed areas, the 
oxidized aromatic primary amino colour developing 
agent couples with a colour forming component to 
form a dye image. By the presence of the compound of 
the invention in the emulsion, the development inhibi 
tor is image-wise released, which results in reduced 
graininess and the hydroquinone developer locally re-v 
generates the aromatic primary amino colour develop; 
ing agent from its oxidation products. 
The compounds of the invention were further found 

to be particularly suitable for use in silver halide emul— 
sions of the Lippmann-type having an average silver 
halide grain-size of less than 100 nm as used c. g. for the 
preparation of masks in the production of microelec> 
tronic integrated circuits. These Lippmann emulsions 
should have a high resolving power and acutance and 
allow a correct reproduction of the dimensions of the 
image. By means of the compounds of the invention it 
was found possible, both on reversal and negative pro 
cessing, to reduce or eliminate the distortions of image 
details which often arise by mutual in?uence of closely 
adjacent image details and to promote the: image 
sharpness. Moreover, these compounds were found to 
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reduce the yellow staining often encountered with re 
versal processing of the Lippmann-matcrial. 

In these Lippmann-cmulsions the concentration of 
the compounds of the invention is best determined by 
trial. Generally, the most suitable concentration is be 
tween 20 mg and 2 g, preferably between 100 mg and 
1 g per mole of silver halide. 
In the production of microelectronic integrated cir 

cuits drawings are made on highly enlarged scale of the 
various successive masks necessary to produce one in 
tegrated circuit whereupon the drawings are reduced if 
necessary in successive steps, and reproduced on a 
photographic plate or ?lm material forming thereby the 
mask ready for use. By various photographic and chem 
ical steps (photo-etching of lacquered plates) the im 
ages of the masks thus produced are transferred to the 
surface on which the integrated circuit is to be made, 
in order to produce the required circuit elements. 

In the preparation of the masks, the exposed photo 
graphic elements can be subjected to negative process 
ing or to reversal processing. 
The photographic Lippmann-materials used in elec 

tronic mask making comprise a silver halide emulsion 
layer, the thickness of which is generally comprised be 
tween 3 and 8 microns, and the average grain size of 
which is generally less than 80 nm. the ratio of silver 
halide to colloid binder in the Lippmarm-emulsion is 
preferably at least 1:2 and. at most 4:1. 
TheILippmann-‘emulsions may be prepared accord 

ing to methods well known in the art and described in 
the literature,_ see ~e.g. P. Glatkidés “Photographic 
Chemistry," vol.'_l, 1958, pages 365-368 — Meesl 
James “The Theory‘ of the Photographic Process,” 
1966, p. 36 and National Physical Laboratory, “Notes 
on Applied Science” No. 20 : “Small scale preparation 
of Fine-Grain (Colloidal) photographic emulsions” B. 
H. Crawford, London, 1960. They may also be pre 
pared according to the. technique described in French 
Pat. No, 2,092,505 ?led Mar. 25, 1971 by Agfa 
Gevaert NV. 
The Lippmann-emulsions may comprise any of the 

silver halides referred to above but it is favoured to use 
silver bromide emulsions, which may have an iodide 
content of at most 8 mole percent. 
The Lippmann-emulsions may further comprise any 

of the emulsion addenda referred to hereinbefore, e.g. 
chemical and spectral sensitizers, speed-increasing ad 
denda of the oxyalkyleneand onium type, stabilizers, 
and antifoggants. "H 

The Lippmann-emulsions for microelectronic mask 
making are most advantageously sensitized for the 
green region of the spectrum. The exposure light is 
preferably chosen so that it has a wavelength, to which ' 
the emulsion has been spectrally sensitized. 
The emulsions may further comprise light-absorbing 

dyes, which are chosen so that they absorb light of the 
wavelength, to which the material is exposed‘so that 
scattering and re?ection of light‘ within the photo 
graphic material is reduced. For more details regarding 
these dyes there can be referred to Belgian Pat. No. 
699,375 ?led June 1, 1967 by Eastman Kodak Co. and 
Belgian Pat. No. 742,954 ?led Dec. 11, 1969 by Geva 
ert-Agfa NV. The dyes are preferably used in such 
amounts that per micron of emulsion layer thickness a 
density comprised between 0.05 and 0.20, measured in 
the'spectral region of the exposure light, is obtained. 
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Any of the hardening agents for hydrophilic colloids 
may be used in the Lippmann-emulsions comprising _ 
the compounds of invention e.g.'chromium, aluminium 
and zirconium salts, formaldehyde, ‘dialdehydes, hy 

6 
, The other samples were colour processed under iden- ' 
tical circumstances using, however, developers B and 
C respectively which differ fromldeveloper A only in 
that per litre was added 1.8 mmole of hydroquinone 

droxyaldehydes, acrolein, glyoxal, halogen-substituted 5 and 1.8 mmole of 2—(2,5—dihydroxyphenyl)benzo 
aldehyde acids such as mucochloric and mucobromid triazole respectively. i I _-_ _ _ 

acid, diketones such as divinyl ketone, compounds car_, In the following table are given: the values obtained _ 
rying one or more vinylsulphonyl groups such asdivinyl for the speed, gradation, maximumv density, fog and 
sulphone, l,3,5—trivinylsulphonyl benzene, hexahy_ percentage side-absorption of the cyan wedge image in 
dro—s—triazines carrying vinylcarbonyl, halogeiioa- 10 the, blue and green regionsiof the spectrum. The values 
cetyl and/or acyl groups such as l,3,5-triacryloyl—h- given for the speed, gradation and vmaximum density 
exahydro_l_,3,5__triazine, 1,3_vdi_>a¢ryl0yl_5_a¢. are relative values; a value of 100 is given to the sample 
etylhexahydro-l ,3,5—triazine, l,3,5—tri— chloroac- developed in developer A~ 

Table 

Deve- Speed Grad- D,,,,,, Fog % side absorption 
loper ation blue green red blue green 

A 100 100 100 0.08 0.05 ' 0.05 14 12 
B 66 43 67 0.09 0.05 0.03 14 14 
Q ~ 131 81 100 0.09 0.05 0.05 13 11 

etylhexahydro—l ,3,5V~—triazi__ne, etc. I , From the above results it appears that‘ when using hy 
The Lippmann-emulsions may be eoated on any of 25 droquinone the reduction in gradationiis accompanied 

the, photographic supports referred to above. In the with aserious loss inispeed and maximum density. With 
manufacture of high resolution plate materialsfpr the 2—(2i5—dihydF°XYPhenylbenzotriazole Onmthe, C0" 
preparation of masks for use in the electronic industry, tralyry the gradation is lowered and the speed and maxi 
glass supports are most advantageously used in view of 30 mum density are not redyced. ‘ 
their high dimensional stability. v I~ _ - 

In order to promote adhesion of the, ltippmannj 
emulsions to glass supports, the silicon compoundsde 
scribed in co-pending British Patent Application 
54678/68 can. be incorporatedinto the emulsion. The ‘ 
following examples illustrate the present invention. Ex 
ample ] , I . 

The sensitometric effects of 2.-(2,5 —~dihydroxyphe 
' nyl) benzotriazole when used in the colour develop; 
ment of a photographic silver halide colour material 
are illustrated as follows. , a 

A photographic material comprising a film support 

35 

40 

and a silver bromoiodide emulsion (2.3 mole percent ' 
iodide), which comprises as cyan forming colour cou 
pler the compound of the structure: 

CONH 

OaNa. 

was divided into three samples. 
The three samples were exposed under identical cir-' 

cumstances through a wedge with constant 0.30. One 
sample was then colour processed in the conventional 
way wherein development took place for, 8 min. at 20° 
C in a developer of the following composition: 

water 800 ml 
N.N-diethyl-p-phenylene diamine 
sulphate 2.75 g 
hydroxylamine l .2 g 
sodium hexamctaphosphate 2 g 
anhydrous sodium sulphite - 2 g 
potassium carbonate 75 g 
potassium bromide 2.5 g 
water to make l litre 
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The fog and percentage side-absorption remains 
practically unaffected. 
Exarlilvlelv , ,' . > . ' . 

.7 This example’villustrate's the use of 2i—(2i,5—dihy 
droxyphenyhbeniziotria'zole in Lippmann-emulsions. 
A silver bromide emulsion comprising per kg 72 g of 

silver bromide and 93 g of gelatin was prepared by si 
multaneous addition of a silver nitrate solution and‘ a 
potassium bromidesolution to a 3 percent aqueous so 
lution of gelatin. Theconditions of precipitation were 
adjusted so that a Lippmann-ernulsion with an average 
grain-size of 70 nm was obtained.‘ Details as to the 
preparationv of ‘Lippmanngemulsions can be found 
amongst, others in P. Glafkides “Photographic chemis 
try," Vol. I, 1958, Fountain Press, London. 
_ The emulsion was sensitized by additionyof 150 mg 
per 100 g of silver halide of‘ a merocyanine dye by 
means of which a strong spectral sensitization in the re~ 
gionof 520-550 nmiwas obtained. Then. an amount of 
the light-absorbing dye having the following structural 
formula: 

N 

was added so as to obtain, after the emulsion isvcoated, 
a density of 0.10 per micron of emulsion layer thick 
ness, measured at 550 nm (absorption maximum of the 
light-absorbing dye used). 
The emulsion was divided into 2 portions and to one 

of these portions 2--(2,5 -—dihydroxyphenyl)benzo 
triazole was added in an amount of 500 mg per mole of 
silver halide. ‘ 
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The emulsion portions were coated on glass plates 
pro rata of 230 ml per sq.m so as to obtain after drying 
a layer thickness of 6 microns. the 2 plate materials A 
and B, were then exposed under identical circum 
stances by means of monochromatic light, the spectral 
composition of which corresponds with the absorption 
region of the light-absorbing dye used, through a test 
pattern, as normally used for the quantitative ‘evalua 
tion of materials for use in microelectronics mask 
making, consisting of lines which are separated by 
spaces of the same width as the lines themselves and 
with a width varying from 1 to 20 microns. The expo 
sure was of such an intensity so as to limit the density 
in the transparent areas of the images produced, which 
correspond with the white lines of the test pattern, to 
the fog value. 
After the exposure the 2 plate materials were reversal 

processed at 20° C, under completely identical circum 
stances. 
For that purpose the exposed materials were ?rst de 

veloped for about 5 min. in the following developing 
liquid the pH of which was adjusted to 10.5: 

hydroquinone 
monomethyl-p-aminophenol hemisulphate 
potassium bromide 
sodium carbonate 
sodium sulphite 
potassium thiocyanate 
water to make re. 

The materials were then treated for about 5 min. in 
the following bleach bath: 

potassium dichromate 5 g . 
strong sulphuric acid (d = 1.85) 10 cos 
water to make 1000 ccs 

After rinsing for some minutes in water the materials 
were treated for 5 minutes in a clearing bathof the fol 
lowing composition: " »~ ' 

sodium sulphite 
water to make 

100 g 
1000 ccs 

After rinsing again for some minutes the materials 
were subjected to an overall exposure in order to ren 
der the residual silver bromide developable whereupon 
they were treated for about 6 minutes in the following 
developing liquid: ' 

hydroquinone 5 g 
monomethyl-p~aminophenol hemisulphate 1 g 
sodium sulphite 40 g - 
sodium carbonate 30 g 
potassium bromide 0.5 g 
water to make i000 ccs 

Finally the materials were rinsed and dried. 
From the results obtained it was clearly apparent that 

as compared with material B, material A to which no 
compound of the invention was added, showed image 
distortions, especially at the areas where lines of 10 to 
20 microns were reproduced, and was inferior as re 
gards yellow staining and edge sharpness. 

the 2—-(2,5—dihydroxyphenyl)benzotriazole used in 
the above examples was prepared as follows: 
A solution of 24.1 g (0.1 mole) of 2-(2-hydroxy-x 

' —5—methoxyphenyl)benzotriazole in 120 ml of acetic 
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8 
acid and 120 mlof 48 percent hydrobromic acid was 
boiled for 8 hours. The precipitate formed was ?ltered 
off by suction and dissolved in IN sodium hydroxide; 
The solution was decolourized with charcoal and lil 
tered. The ?ltrate was acidi?ed by means of concen 
trated hydrochloric acid and the precipitate formed 
was recrystallized from acetic acid. _ 
Yield: 11 g (48.5 percent). Melting point : 210° C. 
We claim: 
1. A method of producing a photographic image, 

which comprises developing an image-wise exposed 
photographic material having a support bearing a silver 
halide emulsion layer, in an alkaline medium in the 
presence of a 2,3- or '2,5—dihydroxyphenylbenzo 
triazole. 

2. A method according to claim 1, wherein the 2,3-— 
or 2,5—dihydroxyphenylbenzotriazole is incorporated 
in a water-permeable layer on the emulsion side of the 
support. 

3. A method according to claim 2, wherein the said 
water-permeable layer is a silver halide emulsion layer. 

4. A method according to claim 1, wherein the alka 
line medium comprises a black-and-white developing 
agent. 

_5. A method according to claim 4, wherein the said 
developing agent is hydroquinone. _ 

6. A method according to claim 1, wherein the said 
emulsion comprises a colour forming coupler and the 
alkaline medium comprises an aromatic primary amino 
colour developing agent. ‘ 

7. A method according to claim 1, wherein the said 
emulsion layer is a Lippmann emulsion the average 
grain-size of which is less than 100 nm. 

8. A method according to claim 7, wherein the ratio 
of silver halide to hydrophilic colloid binder in the 
Lippmann-emulsion is comprised between 1:2 .and 4:1. 

9. A method according to claim 7, wherein the Lipp 
mann emulsion is a silver bromide emulsion, which may 
have a silver iodide content of at most 8 mole percent. 

10. A photographic material comprising a support 
bearing a silver halide emulsion layer, there being in 
corporated in a water-permeable layer on the emulsion 
side of the support a 2,3-— or 2,5-dihydroxyphenyl 
benzotriazole. . 

11. A photographic material according to claim 10, 
wherein the 2,3‘- ‘or 2,5-~dihydroxyphenylbenzo 
triazole is incorporated in the said emulsion layer. 

12. A photographic material according to claim 10, 
wherein the said emulsion layer comprises a colour 
forming coupler. N 

13. A photographic material according to claim 11, 
wherein the‘ said emulsion layer is a Lippmann 
emulsion layer having an average silver halide grain 
size of less than 100 nm. 

14. A photographic material according to claim 13, 
wherein the ratio of silver halide to hydrophilic colloid 
binder in the Lippmann emulsion is comprised between 
1:2 and 4:1. 
15. A photographic material according to claim 13, 

wherein the Lippmann emulsion is a silver bromide 
emulsion, which may have a silver iodide content of at 
most 8 mole percent. ' ' ' 

16. A photographic material according to claim 13, 
wherein the Lippmann-emulsion is coated on a glass 
support. I 

17. A photographic material according to claim 15, 
wherein the ratio of silver halide to hydrophilic colloid 
birztder in the Lippmann emulsion is comprised between 
I: and 4:1. 

* * * * * 


