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57 ABSTRACT 
There is provided a light-sensitive silver halide photo 
graphic material comprising at least one layer on a 
support which comprises a binder containing (i)light 
sensitive silver halide grain particles characterized as 
exhibiting a high surface-sensitivity; (ii) at least one 
compound containing a Group VIII metal at a level of 
from 1 x 10 to 1 x 10 mol per l mol of said silver 
halide (iii) at least one optical sensitizer selected from 
the group consisting of compounds of the general for 
mula 

R 
o 1. Y2 -2N-15 

C = Ci - C - CH- C 

R2 , m-l 

wherein R, R, R2, Ra, R., R., R., Yi, Y, X and m are 
defined hereinafter, and compounds of the general 
formula 

- -Rs 
Ns C=l - L2 - C - Y, 

R C C 
9 o N N 1ss 

Rio 

wherein R8, R9, Rio, Li, L and Y are defined herein 
after. 

23 Claims, 1 Drawing Figure 
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LIGHT-SENSITIVE SELVER HALDE 
PHOTOGRAPHC MATERIALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application 
of our earlier co-pending application Ser. No. 101,233 
filed Dec. 24, 1970, now abandoned which claims pri 
ority from Dec. 24, 1969 and Jan. 9, 1970, respec 
tively, based on Japanese Patent Applications 
104009/69 and 2819/70, respectively. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to photographic silver 

halide light sensitive materials. More particularly, the 
present invention relates to photographic silver halide 
light sensitive materials having high sensitivity to green 
light under flash exposure. The term 'flash exposure" 
is defined hereinafter. 
2 Description of the Prior Art 
The present age is one of information. Various sys 

tems have been developed to promote the speedy trans 
mission of information. For instance, press facsimile 
systems a speedily transmit press manuscripts to distant 
places, high speed phototypesetting systems expedite 
printing and typesetting, and cathode ray tube (CRT) 
display systems represent speedily in letters of figures 
the information output of computers. With such equip 
ment used for such rapid information transmitting sys 
tems, a short time exposure of less than 1/100,000 of 
a second or especially about 1/1,000,000 of a second 
is most often used. The demand for sensitive materials 
to be used for such equipment has in recent years been 
particularly high. 
There are two types of light sources used in connec 

tion with these types of equipment, viz., xenon flash 
lamps and cathode ray tubes. Of these, the one whose 
fluorescence has an especially short afterglow known 
generally to be usable for flying spot, is used as the 
cathode ray tube. For instance, such fluoroscent mate 
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rials are called "P-11, “P-15," “P-16' and “P-24' 
and are used as the light source in question. It is known 
that the luminous distribution of spectral energy 
reaches a peak when P-11 reaches 460 nm. and when 
P-16 reaches 385 nm. This peak corresponds to the re 
gion of the spectral absorption characteristic of light 
sensitive silver halides and hence does not need any op 
tical sensitization. On the other hand, it is known that 
P-15 has its maximum fluoroscent spectral energy at 
505 nm. and for P-24 at 520 nm. The sensitive materi 
als for recording images on CRT must therefore be 
given sensitivity to green light. On the other hand, a 
xenon flash lamp emits light over a comparatively 
broad spectral region. The light from the light source 
gives images on the sensitive materials through an opti 
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2 
cal system composed of a condenser lens, a negamatrix, 
a main lens, a prism. a reflector or a deformation lens 
or other special lenses, or prisms. The light of short 
wave length is absorbed to a greater extent by the op 
tics in the path. As a result of the light reaching the sen 
sitive material, the shorter wave length component of 
from ultraviolet to blue diminishes and the longer wave 
length component from the green becomes richer. For 
this reason, green sensitization is indispensable in order 
to enhance the sensitivity of the sensitive material. The 
above-described afterglow of the fluorescence of a 
cathode ray tube ranges from 1 / 10,000,000 to 
1/100,000 of a second and with a xenon flash lamp also 
one of about the same radiation period is used. In the 
present invention the short time exposure of these two 
kinds of light sources described above is generically 
called flash exsposure. 
The conventional sensitizer for green light shows 

markedly lower spectro sensitization under a flash ex 
posure of 1/100,000 of a second or less in comparison 
with the result of a conventional exposure of 1/1,000 
of a second or longer. Specifically there is a fair indica 
tion of this trend where, in order to expedite after expo 
sure the treatments such as fixing or stabilization, silver 
halide is partly or wholly composed of silver chloride, 
i.e., a silver chloride emulsion, a chlorobromide emul 
sion or a chloroiodobromide emulsion. 
An object of this inventoin is to provide photographic 

sensitive materials having high sensitivity to green light 
under flash exposure. 

SUMMARY OF THE INVENTION 

This invention provides silver halide light sensitive 
photographic materials comprising a support on which 
at least one layer having in the binder (such as gelatin 
and the like) sensitive silver halide grain particles char 
acterized as exhibiting a high surface sensitivity, at least 
one compound containing a Group VIII metal of the 
periodic table at the ratio of from 10 to 10 mol per 
1 mol of silver halide, and at least one optical sensitizer 
selected from the group consisting of compounds of the 
general formula: 

R Y R 
o 1 2-N- 21 1 5 

CH - c. CH - c. 2 S. 
1 R6 

R2 (XT)n-l 

wherein R represents a hydrogen atom or an alkyl 
group; wherein R and R. each represents a hydrogen 
atom, an alkyl, a substituted alkyl, an ally, an aryl or 
an aralkyl group, in which at least one of R and R. 
must be a carboxyalkyl group or a sulfoalkyl group; 
wherein Y and Y, each represents an oxygen atom, a 
sulfur atom or a >N-R group in which R is an alkyl 
group; wherein Ra; R R5 and Reach represents a hy 
drogen atom, a halogen atom, an alkyl, a cyano, an alk 
oxy or an aryl group, when at least one of R and R is 
an aryl group, Rs and Rs are not an aryl group; wherein 
X represents an anion, such as a halogen ion or a thio 
cyanate ion; and wherein m is l or 2, in which an intra 
molecular salt is formed when n is 1, and compounds 
of the general formula 
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N 
C 

R 

9 l 
YO 

wherein R, R and R1 each represents a hydrogen 
atom, an alkyl, a Substituted alkyl, an ally, or an aryl 
group, wherein Y3 represents an oxygen atom, a sulfur 
atom or a >N-R group, in which R is a hydrogen 
atom, an alkyl or an aryl group, wherein L and L, each 
represents the atoms of a methine chain. 

-Y 

Šs 

DESCRIPTION OF THE ACCOMPANYING 
DRAWENGS 

The accompanying drawing shows the light transmit 
tance of a glass filter V-Y 50 used in the examples in 
evaluating the effectiveness of the light sensitive photo 
graphic materials. 

DETALED DESCRIPTION OF THE INVENTION 

More particularly, the present invention is described 
in greater detail as follows. 
For supports, glass plates, metal plates, wooden 

plates, baryta papers, photographic papers, cellulose 
acetate film bases, polyester film bases can be used. 

Suitable binders are water soluble, film forming high 
molecular weight compounds such as gelatin, polyvinyl 
alcohol, polyvinyl pyrollidone, sodium alginate, car 
boxymethyl cellulose. The binders can be used either 
individually or in combination. 
As the light sensitive silver halide, silver chloride, sil 

wer bromide, silver chlorobromide, silver iodobromide, 

R3 

R4 

silver chloroiodobromide, can be used. The so-called 
preparation of the sensitive silver halide emulsion, that 
is, the preparing of the silver halide crystal grains in the 
binder in a dispersive state, and making them grow into 
the proper crystal size thus preparing the silver halide 
emulsion, can be done by conventional techniques. 
With respect to the light sensitive silver halide parti 

cles employed in the present invention, it must be em 
phasized that these particles are characterized as exhib 
iting a high surface sensitivity. Therefore, the silver hal 
ide particles of this invention are quite different from 
particles of the core-shell type, which exhibit low sur 
face sensitivity and high internal sensitivity. 
The metals belonging to Group VIII of the periodic 

tables are iron, cobalt, nickel, ruthenium, rhodium, pal 
ladium, osmium, iridium, platinum. Examples of the 
compounds containing these metals desirably used in 
this invention contain a single salt, or a hexagonal com 
plex, tetragonal complex, or square-plane complex of 
an alkali metal or ammonium such as ferrous sulfate 
(FeSO.5HO); ferric chloride (FeCl); potassium hex 
acyanoferrate (I}(K) Fe(CN)6) .3HO); potassium 
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4. 
hexacyanoferrate (III) (Ka FeCN); cobalt (II) chlo 
ride (CoCl2); cobalt (II) nitrate (Co(NO), 6 HO); po 
tassium hexacyanocobaltate (III) (KCo(CN))); 
nickel (II) chloride (NiCl2.6H2O), nickel (II) nitrate 
(NiINOa2.6HO); ruthenium chloride (RuCl);potas 
sium hexachlororuthenate (V) (KRuCl6), rhodium 
(II) chloride (RhCl3.4H); ammonium hexachloroho 
date (III) (NH RhCl): palladium nitrate 
(PdBO3)); palladium bromide (PdBr); potassium 
hexachloropalladate (IV) (KPdCI); potassium tetra 
thiocyanopalladate (II) (KPd(CNS); osmium (II) 
chloride (OsCl); iridium (Ill) chloride (IrCl); iridium 
(IV) chloride (IrCl); iridium (III) bromide (IrBra 
HO); iridium (IV) bromide (IrBr); potassium hexa 
chloroiridate (II) (KarCls; ) potassium hexachloroiri 
date (IV) (KIrCls); ammonium hexachloroplatinate 
(V) ((NH4)2PtCl6); potassium hexachloroplatinate 
(IV) (K2PtCl6), ammonium hexabromoplatinate (IV) 
(NHPtBrs). 
These metallic compounds of Group VIII are used 

either singly or in combinations of two or more com 
pounds together in the silver halide emulsion in a quan 
tity corresponding from Omol to 10 mol, prefera 
bly 10 to 3 X 10, per l mol of silver halide. The ad 
dition of these compounds in the emulsion can be made 
suitably at various stages in the preparation, viz., at the 
formation of silver halide grain particles in the prepara 
tion of silver halide emulsion added either in the halide 
Solution or in the dispersive gelatin solution, or at the 
beginning of the ripening of the emulsion or at interme 
diate steps. Also, the compound can be added together 
with other various prior well known stabilizers, antifog 
gants, antibronzing agents, surface active agents, hard 
eners, plasticizers, matting agents, development accel 
erators or brightening agents and the like as desired, 
prior to the coating of the emulsion. 
One of the optical sensitizers in the present invention 

is the compound having the following general formula: 

RO St.-r C=CH-C=CH-C, 
a. NY . N -'s 
k R. l 

Yl 

R6 
(X)n-l 

wherein R represents a hydrogen atom or an alkyl 
group having from 2 to 3 carbon atoms, such as a 
methyl group, an ethyl group and the like; wherein R 
and R2 each represents hydrogen or an alkyl group hav 
ing from 1 to 4 carbon atoms, such as a methyl group, 
an ethyl group or propyl group and the like, a substi 
tuted alkyl group of the type usually used as an N 
substituent of a cyanine dye such as a hydroxyalkyl 
group (e.g., f3-hydroxethyl), an acetoxyalkyl group 
(e.g., g-acetoxyethyl), an alkyl group having a carboxy 
group such as a carboxy-(alkoxy)--alkyl group 
wherein n is l or 2 (e.g., carboxymethyl, g-carboxy 
ethyl, y-carboxypropyl, 2-(2-carboxyethoxy) ethyl), an 
alkyl group having a sulfo group such as a sulfo -(alkox 
y)--alkyl group wherein n is 1, 2 or 3, a hydroxysulfo 
(alkoxy)-1-alkyl group wherein n is 1 or 2 or an acylox 
ysulfoalkyl group (e.g., (3-sulfoethyl, y-sulfopropyl, 
8-sulfobutyl, 2-hydroxyl-1-sulfopropyl, 2-(3-sulfo 
propoxy)ethyl, 2-acetoxy-l-sulfopropyl, 3-methoxy-2- 
(3-sulfopropoxy)propyl, 2-2-(3-sulfopropoxy) ethox 
yethyl, 2-hydroxy-3-(3-sulfopropoxy) propyl, and the 
like, an aryl group such as phenyl group or an aralkyl 
group, but at least one of R and R is a carboxyalkyl 
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group or a sulfoalkyl group; wherein Y and Y, each 
are an oxygen atom, a sulfur atom or a >N-R group 
in which Riis an alkyl group having from 1 to 3 carbon 
atoms, such as a methyl group or an ethyl group and the 
like; wherein Ra, R, Rs and Rs each represents a hydro 
gen atom, an alkyl group having from 1 to 3 carbon 
atoms, such as a methyl group or an ethyl group and the 
like, a halogen atom (such as fluorine, chlorine, bro 
mine), a cyano group, an alkoxy group (such as a meth 

6 
group but when at least one of Rs and R is an aryl 
group then neither Rs nor Rsis an aryl group; wherein 
X is an anion such as a halogen ion, a thiocyanate ion, 
sulfate ion, sulphamate ion, perchlorate ion, p-toluene 
sulphonate ion, benzensulphonate ion, ethyl sulphate 
ion, or methyl sulphate ion, and wherein m represents 
1 or 2, in which an intramolecular salt is formed when 
n = 1. 

Specific compounds of these optical sensitizers are 
oxy or an ethoxy group) or an aryl such as a phenyl 10 shown as follows: 

m.p. 28C 

CH 

v 
--- - - - - M Cl 

a su-'N - 1 N-1Ns 
>e citiece . in. p. 2) (' n - N c-s- 1 r 21N 

(CII2)3S03Na (Ci2) 38o3 
O've 
2Y-L falls 

N Cl 
2Y 

Desire-C m. p. 23.2c 
N Y - i YC 

C2H5 (CH2)3.sos 
Dye IV 

fa's 

n CO Cic CH-CH=CH-C m. p. 233C 

1 N- Yel. 
C2H5 dayssos 

Dye W. 

°N "3-N1s 
cell-cell-est m. p. 295 C e 

HC 1. N 1. Ych 
3 3 

(CH2)2SO3H (Cl2)3SO3 
Dye VI 

fa's Cl N 

m. p. 205 C 

Cl N 

bicycoon 
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These sensitizers are described, for example, in U.S. 

Pat. Nos. 2,503,776; 2,912,329 and 3,397,060, French 
Pat. No. 1,108,788 and Japanese Patent Publication 
No. 14030/69, and the synthesis of these sensitizers is 
well known by reference to the patentscited above and 
also to the relevant technical literature. 
Other sensitizers used in the present invention have 

the following general formula: 

40 

45 

- R8 
NN CFL - L = Y3 

- C 50 
R o? N. 1 n N 

R lo 

where Rs, Rs and Rio each represents a hydrogen atom; 55 
an alkyl group having from 1 to 8 carbon atoms, such 

Dye X 

7 8 
Dv. W. DY: W. C2.ii.5 

/. O N 12 1. N 1S 

-N- N -1 NS C 
| I occi (3-cr-r I i.a.p. lt 

N Y- - 1 
/ S. 1 1 N ,- N2. N. 

J - M. M. . k 

(. . . . * { ... 
f .. 

CH m.p. over 3OOC 

Dye W. 2 5 
Y. V. O is's - C 

C = CH-C = CH- C 

H CO 1 n. C 
3 

C2H5 (CH2) so 

2. 
Dye Xo i", m. p. over 300°C 

N 

C NN C c-ch-ch-ch- C DO Cl 1 N C 
(CH), so Na (CH2). So 

Oye Xb YA p's ". m.p. over 300c 
N - Cl 
D- CH=CH-CH=< 

C G Cl 

as a methyl group, an ethyl group, a propyl group, a 
butyl group; a substituted alkyl group of the type usu 
ally used as an N-substituent of a cyanine dye such as 
a carboxyalkyl group, (e.g., a carboxymethyl group), a 
hydroxyalkyl group (e.g., a g-hydroxyethyl group), a 
sulfoalkyl group (e.g., a g-sulfoethyl group, a y-sulfo 
propyl group); an allyl group; or an aryl group such as 
a phenyl group, a substituted phenyl group (for exam 
ple, substituted with a halogen atom e.g., a chlorine 
atom, an alkyl group and the like); wherein Y is an ox 
ygen atom, a sulfur atom or a >N-R group, in which 
R1 is a hydrogen atom, an alkyl group having from 1 
to 8 carbon atoms, or an aryl group (e.g., a phenyl 
group); wherein Li and L, in each a methine chain 
(e.g., FCH-, -C(alkyl)-; =C(aryl)-; wherein exam 
ples of the alkyl group and the aryl group are a methyl 
group and a phenyl group, respectively). 
Specific compounds of these sensitizers are as fol 

lows: 

m.p. 245'c 
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These sensitizers are described, for example, in the 
British Pat. No. 801275 and the synthesis of these sen 
sitizers is well known by reference to the patent cited 
above and also to the relevant technical literature. 
These optical sensitizers are applied, either singly or 

in combination of two or more, at a ratio of from 0 
to 10-3 mol, preferably 105 to 3 x 10 mol, per 1 mol 
of silver halide in the silver halide emulsion. This addi 
tion of the optical sensitizer to the emulsion is the same 
as with the metal compounds above described. The ad 
dition into the emulsion can be made either simulta 
neously with the metal compound, or separately. The 
sequence of the addition is immaterial. 
Thus, it can be seen that the silver halide light 

sensitive photographic material can be made essentially 
in the same manner as usual except that the above 
metal compound and optical sensitizer are added and 
the sensitive material thus prepared can, after flash ex 
posure, be developed and fixed in a conventional man 
ner. Also, the material can be treated in a manner 
known generally as the diffusion transfer process. Or, 
by adding beforehand an ample quantity of the devel 
oping agent in the light-sensitive layer, the develop 
ment can be treated by the generally known activator 
development process (a process by which the light 
sensitive material containing a developing agent is de 
veloped in a solution which does not contain a develop 
ing agent and in which only alkaline material is dis 
solved). 

It has been observed that with light-sensitive materi 
als containing the above-described metal compounds 
but not containing the optical sensitizers, the sensitivity 
to the green light is not obtained, although, in Some 
cases, their sensitivity to blue light improves. On the 
other hand, it is recognized that in the case of the Sensi 
tive material not containing the metal compounds but 
containing only the optical sensitizers, the green light 
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12 
Dye XV 

N -. 
N CC- C - C S d 
NN m.p. 29OC 

"°4'N-N O S 

C25 

Dye XVII 

--, 
Cat CH-CH=C S N1 m. p. 242c 

h C C 
3. 41 NN1 n 

O S 

CHCOOH 

Dye XX 

C C S m. p. 250c N e R r 

Y C 2C Sa C 2 NN1 ns 
' ' 5 

C2H5 
sensitivity is not very high. However, by using these two 
types of materials simultaneously the green light sensi 
tivity in the flash exposure can be markedly improved. 

Specifically, with a silver chloride emulsion, a silver 
chlorobromide emulsion, or a silver chlorobromo 
iodide emulsion, if the above sensitizer is used alone, a 
considerable lowering of the efficiency of spectral sen 
sitization in the flash exposure is experienced. For such 
emulsions the present invention is particularly useful. 

It has long been known that the metal compounds de 
scribed above show various noticeable effects, and as 
is shown in U.S. Pat. No. 2,448,060, when hex 
ahalogenoruthenium (Ill) acid salts, hexahalogenor 
hodium (IV) acid salts, hexahalogeno osmium (IV) 
acid salts, hexahalogenoiridium (IV) acid salts, or hex 
ahalogenoplatinum (IV) acid salts are added to a silver 
halide emulsion at the time of ripening, the sensitivity 
of this emulsion increases. And further, as is disclosed 
in U.S. Pat. No. 2,566,745, when these compounds are 
added additionally to the silver halide emulsion the sta 
bility of the sensitive material under high temperatures 
and humidity improves, and further, as is disclosed in 
U.S. Pat. No. 2,517,541, potassium hexacyanocobal 
tate (III) and in FIAT Report No. 360 rhodium trichlo 
ride, when this compound is added to a silver halide 
emulsion the contrast of the image obtained from this 
emulsion increases. 
We have found that the iron compounds make the 

contrast of the emulsion higher. 
The compounds of Group Vill elements in the peri 

odic table are added solely for the objects of this inven 
tion, but they can also be used to obtain various photo 
graphic effects as described above at the same time. 
Also, as is shown in British Pat. No. 570,393, one can 
apply the method of increasing the sensitivity of the 
emulsion by adding the metal compounds at the time 
of ripening. In other words, when used as a sensitizer 
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or as a stabilizer or as an additive for increasing con 
trast, the effect of sensitization to green light is dis 
played if the above dyes are used together. The effi 
ciency which the usual techniques aim at is not hin 
dered. 
The present invention will be illustrated in greater 

detail by the following examples. 
EXAMPLE I 

An ordinary acid process silver chlorobromide emul 
sion was prepared (containing 30 mol % AgBr) not 
containing the compounds containing metals of Group 
VIII of the periodic table (hereinafter simply called 
metal compounds) and by the same method an emul 
sion was prepared, and at the time of forming the silver 
halide grains, ammonium hexachlororhodate (III) was 
added in a quantity equivalent to 7 x 10'mol per silver 
halide l mol, and at the after-ripening step, potassium 
hexachloroplatinate (IV) was added in a quantity cor 
responding 2 X 10 mol per silver halide mol and the 
thus prepared emulsion was similar in sensitivity to the 
conventional emulsion. Each of these 2 emulsions was 
divided into two parts. One part was not dye-sensitized. 
To the other was added Dye I in a quantity of 4 X 10 
mol per 1 mol of silver halide in the emulsion. Next, 
formaldehyde was added to each of these in a quantity 
of 2.5 per 100 g of gelatin of the emulsion, and then 
each was applied to a photographic baryta paper. 
Using an EG & G Sensitometer Mark VII and 

through a colored glass filter V-Y50 (made by Tokyo 
Shibaura Electric Co., Ltd.) and an optical wedge, the 
above described samples were each given exposures of 
l/100 and of 1/1,000,000 of a second. As is shown in 
the drawing, the colored glass filter V-Y50 (made by 
Tokyo Shibaura Electric Co., Ltd.) absorbs the light 
corresponding to the sensitive spectral region of the un 
sensitized silver halide and transmits only the light cor 
responding to the optically sensitized region of greater 
than about 500 nm. The exposed samples were devel 
oped at 20°C for 2 seconds in the following developer: 

N-Methyl-para-aminophenol 2 g 
Sodium Sulfite, Anhydrous 30 2 
Hydroquinone 7 8. 
Sodium Carbonate (Monohydrate) 53 
Potassium Bromide 1.5 
Water up to liter 

After fixing, rinsing and drying, the reflective density 
of the images were measured. 
The reciprocal of the light quantity giving a density 

of 0.5 was set as the sensitivity value, but, since the ab 
solute light quantity through the filter was not mea 
sured, the sensitivity was only relative, but in the fol 
lowing table the sensitivities of the same exposure time 
could be in the corresponding state. The results ob 
tained are shown in the table below. 

1100th 11,000,000th 
Second Second 
Exposure Exposure 

Control Emulsion O () 
Group VIII Metal Only O O 
Dye Only 4.9 0.9 
Group Will Metal + Dye 4.6 3.2 

It was observed that by using the rhodate compound, 
the platinate compound and Dye () the green light 
sensitivity to flash exposure was increased. 

() 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
EXAMPLE 2 

A silver chlorobromide emulsion (containing 50 mol 
percent AgBr) was prepared in a neutral medium by a 
well known process and which does not contain the 
compounds of a Group VIII metal of the periodic table 
(hereinafter simply called metal compounds), and one 
was also prepared by adding hexachlororhodate (III) in 
a quantity of 3 X 10 mol per l mol of silver halide in 
the above emulsion at the time of the formation of the 
silver halide grains, then further after ripening potas 
sium chloroplatinate was added in a quantity of 2 X 
10 mol per silver halide 1 mol. The thus prepared 
emulsion had about the sensitive as the above 
described emulsion. These two emulsions were each 
divided in two parts. One was left intact. 
To the other part was added the Dye X in a quantity 

of 6 X 10 mol per mol of silver halide in the emul 
sion. Next, formaldehyde was added to each of these in 
the quantity of 2.5g per 100 g of gelatin of the emul 
sion, and the emulsion was applied to a photographic 
baryta paper. 
The green light sensitivity was measured for the sam 

ple thus obtained in the manner as described in Exam 
ple 1 and the following results were obtained. 

100th lf,000,000th 
Second Second 
Exposure Exposure 

Control Emulsion O O 
Group VIII Metal Only O O 
Dye X Only 2.0 2.7 
Group VIII Metal + Dye X 0.5 7.2 

It was observed that by using simultaneously the rho 
date salt, the platinate salt and Dye X, the green light 
sensitivity to the flash exposure was increased. 

EXAMPLE 3 

A silver chlorobromide emulsion (AgCl 50 mol per 
cent, AgBr 50 mol percent) which does not contain the 
metal compounds of this invention was prepared in a 
neutral medium in a conventional manner. 
Next, by the same method, at the formation of the sil 

verhalide grains, 3 X 10 mol per 1 mol of silver halide 
of ammonium hexachlororhodate was added to the 
emulsion, and then after ripening, platinum (IV) chlo 
ride in the quantity of 2 X 10 mol per silver halide 1 
mol was added to prepare an emulsion having a sensi 
tivity similar to that of the emulsion without the metal 
compounds. To each of these emulsions, as in Example 
l, Dye IV at a level of 2 X 10 mol per 1 mol of silver 
halide was further added. In addition, 2.5g of formalde 
hyde was added per 100g of gelatin, and the emulsion 
was applied to a photographic baryta paper. The opti 
cal sensitization of the sample obtained was measured 
in the same manner as described in Example 1. The re 
sults obtained are shown in the following table. 

F00 000,000 
Second Second 
Exposure Exposure 

Control Emulsion O O 
Group VIII Metal Only O O 
Dye V Only 27 2.9 
Group VIII Metal + Dye IV 0.8 75 
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In this case the effect of using the rhodate compound, 
the platinate salt and Dye IV together was observed. 

EXAMPLE 4 

A silver chlorobromide emulsion (AgBr 70 mol per 
cent, AgCl 30 mol percent) which does not contain the 
metal compounds of this invention was prepared in an 
ammonium alkali medium in a conventional manner. 
Next, in the same manner potassium hexacyanoferrate 
(III) was added in a quantity of 1 x 10 mol per 1 mol 
of silver halide of the emulsion at the formation of sil 
ver halide grains. To these two emulsions Dye III was 
added in quantity of 2 X 10 mol per 1 mol of the silver 
halide. 

Further, formaldehyde in a quantity of 2.5g per 100g 
of gelatin was added and the emulsion was applied to 
a photographic baryta paper. The sensitivity to green 
light of the samples thus obtained was measured in the 
same manner as described in Example . The results 
obtained are shown in the table below. 

if 100th 11,000,000th 
Second Second Exposure 
Exposure 

Control Emulsion () O 
Group VIII Metal Alone O O 
Dye II. Alone 63 3 
Group VIII Metal + Dye Ill 68 47 

In this case the combined effect of a Group VIII 
metal compound and Dye III was observed. 

EXAMPLE 5 

A silver chlorobromoiodide emulsion (AgBr 70 mol 
percent, AgCl 29 mol percent, Agl 1 mol percent) 
which does not contain the metal compounds of this in 
vention was prepared in an ammonium alkali medium 
using a conventional method. Next, using the same pro 
cedure, 4 X 10 mol per 1 mol of silver halide of potas 
sium hexacyanoferrate (III), 6 x 10 mol per 1 mol of 
silver halide of potassium hexachloroiridate (IV), 3X 
10 mol per l mol of silver halide of ammonium hexa 
chlororhodate (III) were added at the time of forma 
tion of the silver halide grains, and again at the after 
ripening 3 X 10 mol per 1 mol of silver halide of chlo 
roauric acid was added, and prepared an emulsion hav 
ing a sensitivity similar to that of the ordinary sensitiv 
ity. 
To this emulsion as well as to the emulsion described 

above, Dye III in a quantity of 6 x 10 mol per silver 
halide 1 mol was added. Further, formaldehyde 2.5g 
per 100g of gelatin was added and the emulsion was ap 
plied to a photographic baryta paper. The green light 
sensitivity of this sample was then measured in the 
same manner as in Example 1. The results obtained are 
shown in the table below. 

1100th 111,000,000th 
Second Second Exposure 
Exposure 

Control Emulsion O O 
Group VIII Metal Only () O 
Dye li Only 77 43 
Group VII Metal + Dye II 98 

Also, in this case the effect of the joint application of 
the Group VIII metal salt and Dye III was observed. 
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EXAMPLE 6 

To the emulsion as used in Example 3 Dye VI was 
added corresponding to a quantity of 8 x 10 mol per 
silver halide l mol, and this sample was tested in the 
same manner as described in Example 1. The results 
obtained are shown in the table below. 

100th 11,000,000th 
Second Second Exposure 
Exposure 

Control Emulsion O () 
Group VIIl Metal Only O O 
Dye VI Only 336 77 
Group VIII Metal + Dye Vi 237 246 

In this case also, the effect of the combined treatment 
of Group VIII metal salt and Dye VI was observed. 

EXAMPLE 7 

A silver chlorobromide emulsion (AgCl 50 mol per 
cent, AgBr 50 mol percent) which does not contain the 
metal compounds of this invention was prepared in an 
ammonium alkali medium in a conventional manner. 
Next, using the same procedure, at the formation of the 
silver halide grains, 1 X 10 mol per 1 mol of silver hal 
ide of potassium hexacyanoferrate (III) was added and 
the emulsion having a sensitivity similar to that of the 
emulsion not containing metal compounds was ob 
tained. To each of these emulsions, as described in Ex 
ample 1, Dye VIII was added in a quantity of 4 X 10. 
mol per 1 mol of silver halide. Further, formaldehyde 
in a quantity of 2.5g per 100g of gelatin was added, and 
the emulsion was applied to a photographic baryta pa 
per. The sensitivity to green light of the thus obtained 
samples was measured using the same method as used 
in Example 1 and the following results were obtained. 

100th /1000,000th 
Second Second Exposure 
Exposure 

Control Elulsion O O 
Group VIII Metal Only O O 
Dye VIII Only 48 
Group VIII Metal -- Dye VIII 49 35 

In this case also, the combined effect of the ferrate 
and the Dye VIII was observed. 

EXAMPLE 8 

A chloroiodobromide silver halide emulsion (AgBr 
70 mol percent, AgCl 29 mol percent, Agll mol per 
cent) was prepared not containing metallic compounds 
of the present invention, using the conventional ammo 
nium method. To an emulsion of the same composition 
were added at the formation of silver halide grain parti 
cles, 4 X 10 mol potassium hexacyanoferrate (III) 6 
X 10 mol potassium hexachloroirridate (IV), 3 X 10." 
ammonium hexachlororhodate (III) per mol silver 
halide in the emulsion, and then, at the after-ripening, 
3 X 10 per mol of silver halide of chloroauric acid 
was added. A sensitivity similar to that of the above 
described ordinary emulsion was obtained. 
To these emulsions was added Dye VII in a quantity 

corresponding to 2 X 10 mol per silver halide 1 mol. 
Again, to these emulsions was added formaldehyde in 
a quantity of 2.5g per 100g of gelatin to prepare a pho 
tographic emulsion which was applied to a photo 
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graphic baryta paper. The green light sensitivity of the 
sample was measured in the same manner as in Exam 
ple 1. The results obtained are shown in the table be 
low. 

f00th | | 1,000,000th 
Second Second Exposure 
Exposure 

Control Emulsion O O 
Group VIII Metal Only () 
Dye VE Only 140 27 
Group VIII Metal + Dye VII OO 74 

In this instance also the effect of the combined use of 
the Group VIII metal salt and Dye VII was observed. 

EXAMPLE 9 

Dye XVI was added to an emulsion which was the 
same as used in Example 3 in a quantity of 2 X 10 mol 
per 1 mol of silver halide. The emulsion was then 
treated the same as in Example 3 and tested in the same 
way as Example 1. 

1100th 111,000,000th 
Second Second Exposure 
Exposure 

Control Emulsion O O 
Group VIII Metal Only O O 
Dye XVI Only 39 30 
Group VIll Meta + Dye XVI 89 79 

In this case also the effect of the combined use of the 
Group VIII metal salt and Dye XVI was observed. 

In all the foregoing Examples, the silver halide parti 
cles employed were those which exhibited a homogene 
ous structure and further, exhibited a high surface sen 
sitivity. 
While the present invention has been adequately de 

scribed in the foregoing specification and Examples in 
cluded therein, it is readily apparent that various 
changes and modifications can be made to the same 
without departing from the spirit and scope thereof. 
What is claimed is: 
1. A light-sensitive silver halide photographic mate 

rial comprising at least one layer having high sensitivity 
to green light under flash exposure on a support which 
comprises an emulsion consisting essentially of: 

l. a binder, 
2. light-sensitive silver halide grain particles of homo 
geneous structure exhibiting high surface sensitiv 
ity, compared to core-shell type particles, 

3. at least one simple salt or complex salt of a Group 
VIII metal selected from the group consisting of 

O 

5 

20 
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iron, cobalt, nickel, ruthenium, rhodium, palla-55 
dium, osmium, iridium and platinum, and 

4. at least one optical sensitizer selected from the 
group consisting of compounds of the general for 
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wherein R is a member selected from the group con 
sisting of a hydrogen atom and an alkyl group; wherein 
R and R, each represents a member selected from the 
group consisting of a hydrogen atom, an alkyl group of 
from 1 to 4 carbon atoms, a substituted alkyl group se 
lected from the group consisting of a hydroxyalkyl 
group, an acetoxyalkyl group, an alkyl group having a 
carboxy group and an alkyl group having a sulfo group, 
an allyl group, an aryl group, and an aralkyl group, in 
which at least one of R and R must be selected from 
the group consisting of a carboxyalkyl group and a sul 
foalkyl group; wherein Y and Y, each is selected from 
the group consisting of an oxygen atom, a sulfur atom, 
and a =N-R, group, in which R, represents an alkyl 
group; wherein R, R, R and Rs each is selected from 
the group consisting of a hydrogen atom, a halogen 
atom, an alkyl group, a cyano group, an alkoxy group, 
and an aryl group, in which if at least one Ra and R is 
an aryl group, then R and R are not an aryl group; 
wherein X represents an anion selected from the group 
consisting of a halogen ion and a thiocyanate iron; and 
wherein m represents an integer of 1 or 2, in which an 
intramolecular salt is formed if m is 1; and compounds 
of the formula: 

wherein R, R and Rio each represents a member se 
lected from the group consisting of a hydrogen atom, 
an alkyl group of from 1 to 8 carbon atoms, a substi 
tuted alkyl group selected from the group consisting of 
a carboxyalkyl group, a hydroxyalkyl group and a sulfo 
alkyl group, wherein Y is a member selected from the 
group consisting of an oxygen atom, a sulfur atom, and 
a =N-R group in which R is a member selected 
from the group consisting of a hydrogen atom, an alkyl 
group, and an aryl group, and wherein L and L2 each 
represents a methine chain. 
2. The light-sensitive silver halide photographic ma 

terial of claim 1, wherein said binders are selected from 
the group consisting of gelatin, polyvinyl alcohol, poly 
vinyl pyrrollidone, sodium alginate, carboxymethyl cel 
lulose and mixtures thereof. 

3. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said support is selected from 
the group consisting of glass, metal, wood, baryta pa 
per, cellulose acetate film and polyester film. 

4. The light-sensitive silver halide photographic ma 
terial of claim 1, where the aryl group is selected from 
the group consisting of a phenyl group and a substi mula: 

R3 Y Ro Y. R5 
1. Y N 1 2 N-1 1 

l C=CH-C=CH-C O 
R / S. 1 Nit-1 N 

R 
R 

R 2 
l 
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tuted phenyl group whose substituents are selected 
from the group consisting of a halogen atom and an 
alkyl group. 

5. The light-sensitive silver halide photographic inna 
terial of claim 1, where in said optical sensitizers are se 
lected from the group consisting of 5.5',6-trichloro 
1. ",3-triethyl-3'-(3-carhoxypropyl)-benzimidazole 
carbocyanine iodide and 3-allyl-5-2-(1-ethyl-4- 
methyl-tetrazolylidene)ethylidene-rhodamine. 

6. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said sensitizer is used at a 
level of from 1 x 1 () to 1 x 10 mol per 1 mol of said 
silver halide. 

7. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is potassium hexacyanoferrate (III) 
and wherein said optical sensitizer is 5.5",6-trichloro 

l',3-triethyl-3'-(3-carboxypropyl)-benzimidazole 
carbocyanine iodide. 

8. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is ammonium hexachloro rhodate 
(III) and wherein said optical sensitizer is 5.5",6- 
trichloro-1, l',3-triethyl-3-(3-carboxypropyl)-ben 
zimidazolo-carbocyanine iodide. 

9. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is potassium hexachloroiridate (IV) 
and wherein said optical sensitizer is 5,5',6-trichloro 
1, 1’,3-triethyl-3'-(3-carboxypropyl)-benzimidazolo 
carbocyanine iodide. 

10. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is potassium hexacyanoferrate (III) 
and wherein said optical sensitizer is 3-allyl-5-2-( - 
ethyl-4-methyl-tetrazolylidene)-ethylidene - 
rhodanine. 

11. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is ammonium hexachlororhodate 
(III) and wherein said optical sensitizer is 3-allyl-5-2- 
(l-ethyl-4-methyl-tetrazolylidene)-ethylidene)- 
rhodanine. 

12. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said compound containing a 
Group VIII metal is potassium hexachloroiridate (IV) 
and wherein said optical sensitizer is 3-allyl-5-[2-(l- 
ethyl-4-methyl-tetrazolylidene)-ethylidene)- 
rhodanine. 

13. The light-sensitive silver halide photographic ma 
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terial of claim 1, wherein said Ro represents a member 
Selected from the group consisting of a methyl group 
and an ethyl group; wherein R, represents a member 
Selected from the group consisting of a methyl group 
and an ethyl group; and where in R. R. Rs and Rs each 
represents a member selected from the group consist 
ing of a methyl group, an ethyl group, a chlorine atom, 
a bromine atom, a fluorine atom, a methoxy group, an 
ethoxy group, and a phenyl group. 

14. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said complex salt is a member 
Selected from the group consisting of a hexagonal com 
plex salt, a tetragonal complex salt, and a square-plane 
complex salt. 

15. The light-sensitive silver halide photographic ma 
terial of claim 14, wherein said complex salt is an alkali 
metal or ammonium salt selected from the group con 
sisting of hexacyanoferrate (II), hexacyanoferrate (III), 
hexachloroiridate (III). 

16. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein said simple salts are rhodium 
(III) halide or iridium (IV) halide. 

17. The light-sensitive silver halide photographic ma 
terial of claim 4, wherein the alkyl group having a car 
boxy group in R and R is a carboxy-(alkoxy)--alkyl 
group wherein n is 1 or 2; wherein the alkyl group hav 
ing a sulfo group in R and R is selected from a 
sulfo-(alkoxy)-1-alkyl group (n=1, 2 or 3), a hydroxy 
sulfo-(alkoxy)-1-alkyl group (n=l or 2) and an 
acyloxy-sulfo group. 

18. The light-sensitive silver halide photographic ma 
terial of claim 1, wherein the substituted alkyl group in 
R and R is selected from the group consisting of a 
beta-hydroxyethyl group, a beta-acetoxyethyl group, a 
carboxymethyl group, a beta-carboxyethyl group, a 
gamma-carboxypropyl group, a 2-(2-carboxyethox 
y)ethyl group, a beta-sulfoethyl group, a gamma 
sulfopropyl group, a delta-sulfobutyl group, a 
2-hydroxy-l-sulfopropyl group, a 2-(3-sulfopropox 
y)ethyl group, a 2-acetoxy-l-sulfopropyl group, a 3 
methoxy-2-(3-sulfopropoxy)propyl group, a 2-2-(3- 
sulfopropoxy)ethoxyethyl group and a 2-hydroxy-3- 
(3-sulfopropoxy)-propyl group; wherein the substi 
tuted alkyl group in R, R and Rio is selected from the 
group consisting of a carboxymethyl group, a beta 
hydroxyethyl group, a beta-sulfoethyl group and a 
gamma-sulfopropyl group. 

19. The light-sensitive silver halide photographic ma 
terial of claim 1 wherein the optical sensitizer and the 
simple or complex salt is selected from the following 
combination systems: 

Combi 
nation 
System 
No. The Simple or Complex Salt The Optical Sensitizer 

Ammonium hexachloro- 9- 2H 5 19 
rhodate (II) c= c H- d = CH-CSG) CH 
Potassium hexachoro- C N1 w N 1. 33 
iatinate (W) piatinate () C2H5 (CH2)3SO3 

- N - CH 

2 do. N =CH-CH=C - S 
V / 
N 

A V/V 
CHs O N S 
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- Continued 
Combi 
nation 
System 
No. The Simple or Complex Salt The Optical Sensitizer 

3. Ammonium hexachloro- CH 
rhodate (1) 5 
Platinum (V) chloride / C Yc=cH-cH=CH-c3 N1 n S 

C2H5 (CH2). So 

4. Potassium hexacyano- 2"s 
ferrate () O 1. C 

N CECH-CH CH- SCC CD s C 
C2H5 (dH2)3 so 

Potassium hexacyano 
5 ferrate (II) 

Potassium hexachloro 
iridate (IV) 
Ammonium hexacloro- do. 
rhodate (II) 

C H 
6 The same as No. 1 2 is 

On Y N C 

6C c=CH-CH=CH-C)SC N on ~ ci 
C2H5 CH2CH2 cooH 

7 Potassium hexacyano- 2H5 2 H 5 C 

ferrate (1) Y c=ch-c=cH-c SICC 
HCO N1 N C 

O C2H5 (CH2). So 

8 The same as No. 5 i Hs 

c-ch-ch.ch-c3G NC CG N Cl 
C2 Hs CH2CHCHCOOH 

--CH, 
N C=CH-CH C - 
W.W i 

9 The same as No. 3 N C C-S 
V / 

C.H. 

CH-CH=CH, 

20. The light-sensitive silver halide photographic ma- 55 prises exposing to a flash light the silver halide photo 
terial of claim 1, wherein flash exposure is exposure to 
the afterglow of the fluorescence of a cathode ray tube 
or a xenon flash lamp for time ranging from a support which comprises an emulsion consisting es 
l/10,000,000 of a second to 1/100,000 of a second. sentially of: 
21. A photographic recording process which com- 60 1. a binder, 

65 

graphic material comprising at least one layer having 
high sensitivity to green light under flash exposure on 
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2. light-sensitive silver halide grain particles of homo 
geneous structure exhibiting high surface sensitiv 
ity, compared to core-shell type particles, 

3. at least one simple salt or complex salt of a Group 
VIII metal selected from the group consisting of 5 
iron, cobalt, nickel, ruthenium, rhodium, palla 
dium, osmium, iridium and platinum, and 

4. at least one optical sensitizer selected from the 
group consisting of compounds of the general for 
mula: 

R- ...Y., 
R. ( / 2 Ya Rs 

12 N. / Ya 1 1. 
C=CT-C=CH-C 

S. N N. N. 
R N N" R 6 

4. - 

R (X 
R 2 

wherein R is a member selected from the group con- 2() 
sisting of a hydrogen atom and an alkyl group, wherein 
R and R, each represents a member selected from the 
group consisting of a hydrogen atom, an alkyl group of 
from 1 to 4 carbon atoms, a substituted alkyl group se 
lected from the group consisting of a hydroxyalkyl 
group, and acetoxyalkyl group, an alkyl group having 
a carboxy group and an alkyl group having a sulfur 
group, an allyl group, an aryl group, and an aralkyl 
group, in which at least one of R and R, must be se 
lected from the group consisting of a carboxyalkyl 
group and a sulfoalkyl group; wherein Y, and Y, each 
is selected from the group consisting of an oxygen 
atom, a sulfur atom, and a =N-R group, in which R, 
represents an alkyl group wherein Ra, R. Rs, and Rs 
each is selected from the group consisting of a hydro 
gen atom, a halogen atom, an alkyl group, a cyano 
group, an alkoxy group, and an aryl group, in which if 
at least one Ra and R is an aryl group, then Rs and Rs 
are not an aryl group; wherein X represents an anion 
selected from the group consisting of a halogen ion and 
thiocyanate ion, and wherein m represents an integer 
of 1 or 2, in which an intramolecular salt is formed if 
n is l; and compounds of the formula: 
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NJ . . . N - - - R 

l m y 
w - Ll I2 C 3 

N C C 
- N 

R of / Ns 
9 N 

R 
O 

) m-l 

wherein R, R and Rio each represents a memberse 
lected from the group consisting of a hydrogen atom, 
an alkyl group of from 1 to 8 carbon atoms, a substi 
tuted alkyl group selected from the group consisting of 
a carboxyalkyl group, a hydroxyalkyl group and a sulfo 
alkyl group, wherein Y is a member selected from the 
group conslisting of an oxygen atom, a sulfur atom, and 
a =N-R group in which R is a member selected 
from the group consisting of a hydrogen atom, an alkyl 
group, and an aryl group; and wherein L and L. each 
represents a methine chain, said exposing being for a 
time shorter than 1 X 10 seconds, and thereafter de 
veloping said photographic material. 
22. The photographic recording process of claim 20 

wherein the photographic material is exposed to a flash 
light for a time of at most 1 x 10" seconds. 

23. The photographic recording process as claimed 
in claim 20 wherein the light-sensitive silver halide par 
ticles are formed by a process which comprises forming 
silver halide precipitates, and further wherein a salt of 
a Group VIII metal is added at the stage of forming said 
silver halide precipitate. 

ck k sk sk 


