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This invention relates to photography and, 
more particularly, to radiation-sensitive photo 
graphic elements sensitized by means of a mix 
ture of a polyglycol of high molecular weight and 
a low monohydric alcohol, dihydric alcohol, or a 
monoalkyl ether thereof, of not more than 2 
to 6 carbon atoms. Still more particularly it re 
lates to such elements sensitized by means of a 
mixture of a polyglycol having a molecular weight 
of at least 400 in combination with the aforesaid 
alcohols. 
An object of this invention is to increase the 

photolytic and development response of photo 
graphic emulsions. Specifically, an object of this 
invention is to increase the speed and/or contrast. 
of photographic silver halide emulsion layers. A 
further object is to provide improved photographic 
silver halide emulsions by means of sensitization 
with adjuvants having no deleterious effect on 
the coating qualities of the emulsions or the phys 
ical characteristics of the film elements prepared 
therefrom. A still further object is to enhance 
the emulsion sensitizing properties of alcohols, alkoxy compounds and mixed alcohol-alkoxy 
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is in operative association with the emulsion layer. 
... It has been found that the use of the mixtures 
in question have a synergistic effect which is sim 
ilar to the supersensitizing action conferred by 
Certain sensitizing dyes. However, the novel com 
binations confer an increase in the total sensi 
tivity of the emulsion rather than in certain nar 
row regions of the spectrum. The increase in 
sensitivity is beyond that obtained by the use 

10 of the individual constituents of the mixture 
alone. 
The polyglycols described above are known 

chemical compounds and many of them are avail 
able commercially. They can be prepared in vari 

15 ous ways; for example, by the removal of water 
from glycols and by the reaction of oxides with 

riglycols. The reactions-are generally carried out 
until the products have a molecular weight or an 

, average molecular weight in excess of 400. Eth 
20.ylene oxide, propylene oxide-12, and -1,3 and 

butylene oxides-1.2 can be used in the prepara 
tion of the products and they may be reacted 
with ethylene glycol or diethylene glycol. Their 
preparation is described in The Chemistry of 

compounds. Other objects will be apparent from 25 Synthetic Resins, pages 990-994, published by 
the following description of the invention. 

It has been discovered that the speed and/or 
effective contrast of photographic silver halide 
coloid emulsions and emulsion layers can be in 
creased by bringing them into operative associa 
tion or contact with a mixture of a Small amount 
of (a) a polyglycol having a molecular weight of 
at least 400, and (b) a saturated, aliphatic poly 
hydric alcohol of 2 to 6 carbon atoms and their 
alkyl ethers and fatty acid esters containing not 
more than 3-carbon atoms in the ether or ester 
radical. Thus, the methyl, ethyl, and isopropyl 
ethers and the acetic and propionic acid esters 
may be used. - ... . . . . . 
The mixtures of compounds described above 

can be brought into operative association with 
the silver halide emulsion layer in various man 
ners. This may be accomplished prior to coat 
ing of the emulsion layer or after the emulsion 
layer has been formed. The latter situation may 
be accomplished by impregnating or coating a 
colloid silver halide emulsion layer with a solu 
tion containing the aforedescribed mixtures...Al 
ternatively the mixtures can be incorporated with 
a substratum coating or in an overcoating which 

Rheinhold Publishing Corp. (1935). 
: The preferred aspect of the invention involves 
sensitizing silverhalide-colloid emulsions or emul 
ision layers with a mixture of (a) one or more 

30 compounds of the formula: 
HOCH2CH2O(CH2CH2O). CHCH-OH (1) 

where n is 7 to 200 or more and (b) a polyhydric 
alcohol of 2 to 6 carbon atoms and their alkyl 

35 ethers and fatty acid-esters containing not more 
than 3 carbon atoms in the ether or ester radical. 
st-Compounds having such a Formula 1 include 
nonaethylene-glycol, decaethylene glycol, dodeca 
ethylene:glycol and higher homologues contain 

40-ing-from 9 to 200 -CH2CH2O-groups. The low 
ser-members of the class are viscous liquids to 
'semi-solids and solids at 20° C., which are some what hygroscopic. up...to a molecular weight...in 
cexcess of 1500... The higher homologues are waxy 
solids and as their molecular weight increases to 
4000 they become non-hygroscopic in character. 
-The-lower members of the series are easily solu 
'ble in water, the solubility becoming...less as the 
molecular weights of the compounds increase. In 

50 general, the higher members of the series cannot 
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be too easily isolated as single chemical entities. 
Instead, the condensation reaction leading to 
their preparation is carried to a point where the 
bulk of the imaterial will consist of homologous 
compounds of similar chain length. Mixtures of 5 
two or more polyalkylene glycols or polyoxyalkyl 
ene glycols are selected on the basis of average 
molecular Weight. Since a difference of one or 
two ethylene oxide links in polymers of consid 
erable chain length has a negligible effect on their 10 
physical and chemical properties, Such mixtures 
can be readily employed in the present invention. 
For the purposes of this invention, it is sufficient 
to know the average molecular weight of the 
material to be used and the fact that it may in 15 
all likelihood consist of a mixture of Several Com 
pounds of closely similar molecular weights does 
not reduce its effectiveness. 

It has been discovered that the aforedescribed 
mixtures of high polyalkylene glycols and lower 20 
polyhydric alcohol compounds are capable of in 
creasing the sensitivity of photographic emulsions 
equally throughout the Whole range of the Spec 
trum in a manner analogous to the So-called 
“sulfur' sensitizers, such as allylthioureas, thio- 25 
cyanates, sodium thiosulfate, and sodium hypo 
sulfite, yet they differ widely in constitution and 
properties from Such compounds. The poly 
glycols, moreover, may be used in conjunction 
with such sulfur sensitizers and have a beneficial 30 

4. 
N-methyl-p-aminophenol sulfate---grams-- 2.5 
Hydroquinone --------------------- do---- 3.0 
Sodium sulfite (anhydrous)--------- do. 5.0 
Borax ---------------------------- do---- 5.0 
Water to---------------------------liter-- 1.0 

fixed, washed, and dried. The following results 
were obtained: 

Polyethylenel Rela 
Glycol-Av. 'tive 
Mol. Wit. 7200 Speed 

Ethylene 
Glycol Gamina, Fog 

5. 
0. 
5. 

20. 
25. 
30. 
20. 

Eacample II 

The following results were obtained in exactly 
the same manner as described in Example I ex 
cept that the resulting film elements were devel 
oped for 7, 10, and 25 minutes in a developer of 
the formula: 

effect on the resulting emulsion. N-methyl-p-aminophenol sulfate-grams-- 0.735 
The mixtures are especially effective with gel- Hydroquinone ------------------- do---- 1.000 

atino-silver halide emulsion layers but may be Sodium sulfite (anhydrous)------- do--- 90.400 
used with any water-permeable binding agent for Borax --------------------------dol. 2,710 
silver halides. These emulsions may contain 35 Potassium bromide -------------- do---- 0.113 
“optical' sensitizers which increase the sensitiv- Water to ------------------------liter-- 1.000 

Polyethylene islatye Gamma Fog 
Ethylene Propylene Glycol-Av. pec 
Glycol Glycol Mol. Wt. 7200--------- 

77 10 25 77 0 257 77 10 25 

M. . Mg. - - 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 100 132 200 .53 .63 .81 .01 . .01 .05 

- - - - - - - 33.3 142 152 214 .55 .70 .81 .04 .05 .11 
5.0 33.3: 187. 174 246 .58 . 67 .93 .03 .05 .1 
0.0 33.3 200 230 283 . 57 .76 .97 .04 .05 .11 
20.0 33.3 230 230 303 . 60 .79 .98 - 04. . . .05 1 
20.0 -------- ---------- 132 152 230 .45 .. 63 .85 .02 .01 . .05 

33.3 200 230 283 59. .75 .98 .04 .05 .11 
142 246 67 .84 01 .04 

ity of silver halide emulsions preferentially to 
light of various wavelengths. Prominent among 
the compounds used for this purpose have been 
the cyanine and nerocyanine dyes, representa 
tive types of which are described in United States 
Patents 2,010,383, 2,079,376, 2,202,990, 2,202,991, 
2,202,992, 2,278,461, and 2,265,908. 
The invention will be further illustrated in the 

following examples. 
Eacample I 

A gelatino-silver halide emulsion containing 
7.7% silver iodide and 92.3% silver bromide was 
brought to its maximum light-sensitivity in con 
dition for pouring. The following quantities of 
ethylene glycol and polyethylene glycol having an 
average molecular weight of 7200 were added to 
the samples of the above-described emulsion each 
containing about 0.15 mol of silver halide. The 
resulting emulsion samples were coated on cellu 
lose nitrate film base in a thin layer and dried in 
a manner known to the art. Samples of said film 
elements were then exposed in a type IIB sen 
sitometer, developed in a developer of the follow 
ing composition for nine minutes at 69 F: 

60 

65 

70 

75. 

Eacample III 

The following results were obtained in the same 
manner as described in Example I except that the 
resulting film elements were developed for ten 
minutes in a developer like that of Example II. 

Diethyl- Polyethylene. Rela 
ene Glycol-Av. tive Gamma Fog 

Glycol Mol. Wit. 7200 speed 

100 .78. .02 
132 ... 7 .04 
163 .79 O7 
123 .76 .04 
100 .76 .04 

Eacample IV 
The following results were obtained in exactly 

the same manner as described in Example I ex 
cept that the resulting film elements were devel 
oped for seven minutes in a developer like that 
of Example II, 
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A-Diethylene Glycol. 
B-Ethylene Glycol. 

...C-Propylene Glycol. 
D. Dipropylene Glycol. E-Ethylene Glycol Mono-Ethyl Ether. 
F-Propylene Glycol-Av. Mol. Wt. 7200. 

Eacample W 

The following results were obtained in the 
same manner as described in Example I except 
that the resulting film elements were developed 
for ten minutes in a developer like that of 
Example II. 

Mythoxy Polyethylene Rela Ethylene y9 five Gamma 
Glycol W: 3. Speed 
Acetate 

Mt. Mg. 
- - - - - - - - - - - - - - - - - - - - - - - - - - 100 .76 

- - - - - - - - - - - - 0.0 i07 .71 

20.0 -------------- 100 .75 
20.0 10.0 23 .79 

Eacample VI 

. The following results were obtained in the 
'same manner as described in Example I except 
that the gelatino-silver halide emulsion con 
tained 6.8% silver iodide and 93.2% silver bro 
mide and the resulting film elements were de 
veloped for seven minutes in a developer like 
that of Example I. 

- 2-Amino- Polyethylene Rela 2-Methyl- Glycol-Av. . .tive Gamma Fog 
-1,3-Propanediol Speed Mol. Wt. 7200 w 

Eacample VII 
To approximately 0.15 mol samples of a gelat 

ino-silver halide emulsion containing 7.7% silver 
iodide and 92.3% silver bromide were added the 
following quantities of butanediol, trimethylene 
glycol, and polyethylene glycol having an aver 
tage molecular weight of 7200. The emulsions 
were then brought to maximum light-sensitivity 
and prepared for coating. The resulting emul 
ision samples were coated on cellulose nitrate 

30 

65 

6 
film base in a thin-layer and dried in a manner 
known to the art. Samples of said film elements 
were then exposed in a type IIB sensitometer, 
developed in a developer like that in Example 

5 II for ten minutes at 68° F., fixed, washed, and 
dried. The following results were obtained: 

Rela 
O B I tive Gamina Fog 

- Speed 

M. Mg. - 
- - - - 33.3 100 .84 --04 
40.0 ----- ----- ----- 123 27. --07 

5 - 40.0 33.3 152- . .80 .11 
an an a awa4 W - as - - - - - - - - - 100 .82 .04 

-- a--- 33.3 107 85 07 
- - - - - - - - - - - -a - V - - - - - - - 107 .79 .05 

- - - - 33.3 123 - .79 07 

20 SSESSEE-oCHs. - - 2V12V. 
I-CIO-CECEOOCH3. .J-Polyethylene Glycol-Av. Mol. Wt. 7200. 

:25 Eacample VIII 

To approximately 0.15 mol samples of a gelat 
ino-silver halide emulsion containing 6.8% silver 
iodide and 93.2% silver bromide were added the 

- following quantities of glycerine formal, glycer 
ine, di(beta-hydroxyethyl) formal and poly 
ethylene glycol having an average molecular 
weight of 7200. The emulsions were then 
brought to maximum light-sensitivity and pre 
pared for coating. The resulting emulsion sam 
ples Were coated on cellulose nitrate film base 
in a thin layer and dried in a manner known to 
the art. Samples of said film elements were then 
exposed in a type IB sensitometer, developed in 

40 a developer like that of Example II for seven 
minutes at 68° F., fixed, washed and dried. The 
following results were obtained: 

35 

45 

5 is is 
3 is 50 3 E is 

s S 3 R. 
c) Q. 52. g i 
cy g N 3 g 

55 t s A. A. t r 

MZ. Mt. M. M. 

Eacample IX. 

The following results were obtained in the 
same manner as described in Example I except 

70 that the gelatino-silver halide emulsion con 
tained 6.45% silver iodide and 93.55% silver bro 
mide. The resulting film elements were exposed 
in a type IB sensitometer and developer: for 
seven minutes in a developer like that of 

75 Example II. -- . . . . . . . . . . . . . . . 
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Rela 
ene. K L M. N O tive Gamma . Fog Glycol Speed 

M. M. M. G G. Mg. 
- - - - - - -- -- - - 100 74 03 
20 - - - - - - - - 00 76 .0i 

20 - - -- 0.67 -- - - 32 82 03 
- - - - - - -- 0.67 -- 23 .78. .05 

20 - - - - -- 0.33 -- 152 90 03 
- - ... . . . 0.33 -- 123 .87 08 

20 -- ... -- - - - - - - - - - 00 .74 .04 
--- 20 - - - -- 33.3 123 .76 09 
-- 20 -- -- -- -- . 100 .76 .06 

- - - 33.3 15 77 09 
- - 20 -- 33.3 32 8. 07 

- - - - 20 - - - - - - 00 73 05 

- - - - - - - - -- 33.3 15 .76 .08 

K-CHsOCH2CH2OCHCHOCH. L-CHsOCH2CH2OCH2CH2OH. M-Polyethylene Glycol-Av. Mol. Wt. 550. 
N-Polyethylene Glycol-Av. Mol. Wt. 3600. 
O-Polyethylene Glycol-Av. Mol. Wt. 7200. 

Eacample X 

A dispersion of light-sensitive silver halide 
salts comprising 2.8% silver iodide and 97.2% sil 
wer bromide free of gelatin was prepaired in a 
synthetic resin binding agent consisting of n- (1- 
hydroxynaphthalene-2-sulfonamido) - benzalde 
hyde polyvinyl acetal. This dispersion was 
brought to maximum light sensitivity and four 
samples, each containing 0.15 mol of silver halide, 
taken therefron. Polyethylene glycol having an 
average molecular weight of 7200 and ethylene 
glycol Were then added to these samples as indi 
cated below. The dispersions were coated On 
heavy white baryta-coated paper and dried in 
warm, dry air. The samples were then exposed on 
a sector-Wheel IIB type sensitOmeter, developed 
for five minutes at 68° F. in a developer of the 
following formula: 
N-methyl-p-aminophenol sulfate --grams-- 2.0 
Hydroquinone --------------------- do---- 6.0 
Sodium sulfite (anhydrous) -------- do. --- 50.0 
Sodium carbonate ---------------- do---- 28.3 
Potassium bromide ---------------- do---- 1.0 
Citric acid ------------------------ do... -- 2.0 
Water to -------------------------- liter-- 1.0 
fixed, Washed, and dried in the nanner known to 
the art. Reflection densities were then read 
through a red filter on a combination transmis 
Sion-reflection densitometer of the type devised 
by Morrison and McFarlane (J. O. S. A. 25 (417) 
1935). The resulting densities are tabulated be 
low. It will be noted that the Synergistic combi 
nation of polyethylene glycol having an average 
molecular weight of 7200 and ethylene glycol give 
higher density readings (representing an in 
crease in speed) than the control coatings. 

Poly 
Ethylene Ethyl 

Glycol-Av. ene Total Density Base -- 
Mol. Wt. Glycol g 

7200 

Md. Mil. 
--------- - - - - 23.3 .50 .85 fl. 40 1.62 ... 2 

33.3 - - - - . 22.38.63 1.04 | 1.44 1.60 ... 8 
- - - - - - - - - 20 . 22.31. 48 .80 1, 32 6. 19 

33.3 20 48 i. 62 19 , 26, 43.69 1.10 . 

3. As described in the preceding examples, the 
mixtures of the higher polyalkylene glycols and 
lower polyhydric alcohols and their ethers and 
esters of the present invention can be incorpo 
rated with the emulsion, prior to coating. They 
"may, however, be brought into contact therewith 
after coating. Thus a silver halide emulsion can 

s 

20 

30 

35 

4 

45 

50 

55 

60 

65 

O 

75 

ous Solution. 
0. 

8 
be impregnated with a solution containing the 
mixtures or can be placed in a substratum coat 
ing or in an overcoating in intimate contact with 
the emulsion layer. The compounds can be added 
to the emulsion or to adjacent coatings from 
aqueous solution or from an organic solvent, pref 
erably ethanol. Most of the compounds are 
sufficiently water-soluble to be utilized from aque 

Other useful Solvents include 
Water-miscible solvents, e. g., ethanol, methanol, 
acetone, dioxane, etc., which can be mixed with 
water. The compounds may be added separately 
or simultaneously from separate solutions. 
This invention is not limited to the use of gela 

tin as the binding agent for the silver halides. On 
the contrary, other hydrophilic colloids can be 
used. Suitable colloids include agar-agar, poly 
glycuronic acids, Zein, collodion, water-soluble 
cellulose derivatives, such as substantially hydro 
lyzed cellulose acetate, cellulose esters of hydroxy 
monocarboxylic acids, e. g., lactic or glycolic 
acids, alkali metal salts of cellulose esters of di 
carboxylic acids, such as phthalic acid, polyvinyl 
alcohol, partially hydrolyzed polyvinyl acetate 
and interpolymers thereof With unsaturated ma 
terials, such as styrene, maleic acid, etc., water 
soluble polyvinyl acetals and other hydrophilic . 
synthetic or natural resins and polymeric com 
pounds. Suitable hydrophilic colloids of the 
above types are described in United States Pat 
ents 2,110,491, 2,276,322, 2,276,323, 2,286.215, and 
2,211,323. 
The supports upon which the layers are coated 

may be paper, metal, cellulose derivative, super 
polymers, e. g., nylon, etc., synthetic resins, e.g., 
polyvinyl chloride, etc. The polyglycols hereof 
may be added to the hydrophilic colloid silver 
halide emulsions over a wide range of propor 
tions, e. g., from one part of polyglycol in 350,000 
parts of emulsion to one part of polyglycol in 170 
parts of emulsion. The polyhydric alcohol or 
ether or ester thereof can be used in amounts 
from One part of Such polyhydric alcohol com 
pound to 12 to 170 parts of emulsion. The 
amount of Sensitizing effect obtained depends to 
Some extent upon the molecular weight of the 
particular compound or compounds employed 
and upon the concentration which must be used, 
In general, the higher the molecular weight of 
the compound, the lower the concentration which 
must be used to give the optimum effect, 
An advantage of this invention resides in the 

fact that the enhanced phototonic character 
(viz. state of sensitiveness to light) of photo 
graphic emulsions can be attained in a simple and 
economical manner. A further advantage is that 
commercially available products are used. An 
other advantage is that the mixture of com 
pounds may be used with color formers, sensi 
tizing dyes, fog inhibitors, etc., without having 
any deleterious effect thereon. 
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. 
What is claimed is: 
1. A photographic element comprising a Sup 

port bearing at least one light-sensitive silver 
halide emulsion layer carried thereby which has 
in contact with the silver halide grains a poly 
alkylene glycol having a molecular weight of at 
least 400, the alkylene groups of which contain 
*2 to 4 carbon atoms and constitute the only 
hydrocarbon groups in said glycols and a member 
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taken from the group consisting of saturated, 
aliphatic, polyhydric alcohols of 2 to 6 carbon 
atoms and their alkyl ethers and fatty acid esters 
containing not more than 3 carbon atoms in the 
ether or ester radical. 

2. A photographic element comprising a Sup 
port bearing at least one light-sensitive silver 
halide emulsion layer carried thereby which has 
in contact with the silver halide grains a poly 
alkylene glycol having a molecular weight of at 
least 400, the alklylene groups of which contain 
2 to 4 carbon atoms and constitute the only hy 
drocarbon groups in said glycols and a Saturated, 
aliphatic, polyhydric alcohol of 2 to 6 carbon 
atoms. 

3. A photographic element comprising a Sup 
port bearing at least One light-sensitive silver 
halide emulsion layer carried thereby which has 
in contact with the silver halide grains a poly 
alkylene glycol having a molecular weight of at 
least 400, the alkylene groups of which contain 
2 to 4 carbon atoms and constitute the only hy 
drocarbon groups in said glycols and a glycol of 
2 to 6 carbon atoms. 

4. A photographic element Comprising a sup 
port bearing at least One light-sensitive silver 
halide emulsion layer carried thereby which has 
in contact with the silver halide grains a poly 
alkylene glycol having a molecular weight of at 
least 400, the alkylene groups of which contain 
2 to 4 carbon atoms and constitute the only hy 
drocarbon groups in Said glycols and ethylene 
glycol. 

5. A photographic element comprising a sup 
port bearing at least one light-sensitive silver 
halide emulsion layer carried thereby which con 
tains a polyalkylene glycol having a molecular 
weight of at least 400, the alkylene groups of 
which contain 2 to 4 carbon atoms and consti 

O 
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20 

25 

30 

35 

10 
tute the only hydrocarbon groups in said glycols, 
and a member taken from the group consisting 
of saturated, aliphatic, polyhydric alcohols of 
2 to 6 carbon atoms and their alkyl ethers and 
fatty acid esters containing not more than 3 
carbon atoms in the ether or ester radical. 

6. A photographic element comprising a sup 
port bearing at least one light-sensitive hydro 
philic colloid silver halide emulsion layer con 
taining a polyethylene glycol having a mole 
cular weight of at least 400 and wherein the 
ethylene radicals thereof constitute the only 
hydrocarbon groups of said glycol and a satu 
rated, aliphatic, polyhydric alcohol of 2 to 6 car 
bOn atoms. 

7. A photographic element comprising a sup 
port bearing at least one light-sensitive gelatin 
Silver halide emulsion layer containing a poly 
ethylene glycol having a molecular weight of at 
least 400 and wherein the ethylene radicals 
thereof constitute the only hydrocarbon groups 
of said glycol and a saturated, aliphatic, polyhy 
dric alcohol of 2 to 6 carbon atoms. 

8. A photographic element comprising a sup 
port bearing at least one light-sensitive gelatin 
silver halide emulsion layer containing a poly 
ethylene glycol having a molecular weight of at 
least 400 and wherein the ethylene radicals there 
of constitute the only hydrocarbon groups of said 
glycol and a glycol of 2 to 6 carbon atoms. 

9. A photographic element comprising a sup 
port bearing at least one light-sensitive gelatin 
silver halide emulsion layer containing a poly 
ethylene glycol having a molecular weight of at 
least 400 and wherein the ethylene radicals 
thereof constitute the only hydrocarbon groups 
of said glycol and ethylene glycol. 

RALPH. KINGSLEY BLAKE. 
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