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ABSTRACT

The development characteristics of mercaptoacetic acid monobaths were
compared with those of sodium thiosulfate monobaths at varying fixing-agent
concentrations. The following differences were noted: (1) it required four
times more moles-per-liter of sodium thiosulfate than metcaptoacetic acid

to obtain the same rate of fixation; (2) the mercaptoacetic acid monobath
produced. less silver than the sodium thiosulfate; (3) KODAK Panatomic-X
Film developed in a mercaptoacetic acid monobath had a covering power greater
than or equal to that produced by development in the same phenidone-hydro-
quinone developer without any fixing agent, whereas the covering power of
the sodium thiosulfate monobath was less; (4) the density growth of a
mercaptoacetic acid monobath showed an initial sharp rise followed by a
period of zero growth, whereas the sodium thiosulfate monobath showed a much
longer and slower period of density growth; and (5) the time required for a
mercaptoacetic acid monobath to reach its maximum density was independent

of fixing-agent concentration, whereas that of a sodium thiosulfate monobath

increased with decreasing fixing-agent concentration.

It was concluded from the comparisons of the development characteristics of
the two monobaths that the development of the mercaptoacetic acid monobath
proceeded primarily by chemical development, and the development stopped
before all of the exposed silver halide could be either removed from the
emulsion by the mercaptoacetic acid or reduced to developed silver by the
developer. The development of the sodium thiosulfate monobath proceeded
initially by chemical development, but after a certain period of time, a

significant amount of solution physical development occurred.
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SECTION I

INTRODUCTION

A monobath combines the function of conventional developing and fixing in a
single step. When the fixer and developer are combined without modification,
the processed film has a much lower contrast and a slower speed as compared

1 The contrast and film speed

with that obtained by conventional development.
can be greatly improved by increasing the alkalinity of the monobath.2 Most
of the earlier formulated monobaths utilized thiosulfate as the fixing agent.
More recently, monobaths were developed which use organic sulfur-complexing
agents as the fixing agent and these baths were applied to rapid access film
processing with KODAK Plus-X Reversal Film, Type S0-273. Lucas> has formu-
lated a 4-second monobath using mercaptoacetic acid (HSCH,COOH) as the fixing
agent, and Corben et. al.4 have developed a monobath which can process S0-273
film in 2.5 seconds using a thioglycerol (HSCHZCH(OH)CHZOH) as the fixing

agent.

1.1 THEORETICAL BACKGROUND

The mechanism of development in a monobath appears to depend on whether an
inorganic fixing agent or an organic sulfur fixing agent is used. Two groups
of workers have made noteworthy contribution toward an understanding of the
mechanism of development of monobaths: J. C. Barnes et. al.%:6 conducted an
extensive investigation on the mechansim of a monobath containing the inor-
ganic fixing agent, thiosulfate, followed by an investigation on the effect
that thiosulfate has on image structure; and G. M. Haist et. al.’ compared
the development characteristics of a thiosulfate monobath with that of a mono-

bath containing organic sulfur fixing agent, mercaptoacetic acid.



-2

J. C. Barnes concluded from his investigations that the mechanism of develop-
ment of a thiosulfate monobath consists of a competition between chemical and
solution-physical development where the relative amount of solution-physical
development can be increased by increasing the thiosulfate concentration. The
mechanism can be summarized as follows: (1) chemical development is the first
to begin, (2) simultaneously, the thiosulfate reacts with silver halide form-
ing soluble silver thiosulfate complexes, and (3) the silver ions which dis-
associate from the complex, develop onto chemically developed silver. Barnes
observed the following development characteristics when thiosulfate was added
to the developer: (1) the addition of small amounts of thiosulfate resulted
in an increase in density, whereas larger amounts resulted in a decrease in
density (See Figure 1.1-1); (2) the silver content of the image increased (See
Figure 1.1-2); (3) the covering power of the image decreased (See Figure 1.1-3);
and (4) the development rate was retarded (See Figure 1.1-4). The nature of
the excess silver and decrease in density become quite clear when the image
structure of silver grains produced by processing a film in a developer with
thiosulfate is compared to a film processed without thiosulfate. The two
electron micrographs of Figure 1.1-5 are from areas of approximately the

same density. The grains processed in the developer containing the thiosul-
fate consist of much thicker filaments. These thicker filaments can be
attributed to additional silver being formed by silver ions physically de-
veloping onto chemically developed grains, which fill the relatively wide

spaces between the chemically developed grains.
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Figure 1.1-1 Effect of Thiosulfate on Sensitometric Response.5
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Figure 1.1-5 Electron micrographs comparing silver developed in a developer
and in a thiosulfate monobath at matched densities with KODAK Plus-X Negative
Film. Left, developer; D = 1.23; Ag = 175 mg/sq ft. Right, monobath; D =

1.27; Ag = 365 mg/sq ft.
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The origin of the additional silver for a developer containing thiosulfate
was satisfactorily explained in a hypothesis by James and Vanselow.® "As

an exposed grain begins to be reduced, some of the silver halide is dissolved
through the action of the complexing agent, but these silver ions do not
necessarily migrate out of the emulsion; instead they tend to be physically
developed on the metallic silver formed by the initial partial reduction of
the same crystal. Furthermore, silver from unexposed grains also may be
dissolved and thus participate in physical development on adjacent developing
grains, contributing additional silver to the developing mass."® This addi-
tional silver results in very little increase in the area of the developed
silver and therefore contributes little to the density.6 The comparison of
the covering power as a function of density between a developer with and a
developer without thiosulfate supports the James and Vanselow hypothesis (See
Figure 1.1-6). The covering power falls off quite rapidly as the density de-
creases for the developer containing the thiosulfate. At the minimum density.
where there are the greatest proportion of unexposed silver-halide grains,

the developer with the thiosulfate produced a covering power only one-third
that produced by the developer alone. All of the development characteristics
observed by Barnes in a thiosulfate monobath (that is, a decrease in density,

an increase in silver content, a decrease in covering power, and a retardation
in development rate) can be attributed to an increase in the relative amount

of solution-physical development.

The results of experiments conducted by Haist indicate that there is a marked
difference in the mechanism of development between a mercaptoacetic acid mono-
bath and a thiosulfate monobath. His results demonstrated that a mercapto-
acetic acid monobath does not produce as much silver for a given density as

a conventional developer whereas a thiosulfate monobath produces more silver

than a conventional developer.
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These results indicate that there is an insignificant amount of solution-physi-
cal development occurring in a developer containing mercaptoacetic acid. The
silver content is compared as a function of exposure for a thiosulfate monobath,
a mercaptoacetic acid monobath, and a metol-hydroquinone developer in Figure
1.1-7, where the characteristic curves for the three developing solutions were
matched. The mercaptoacetic acid monobath produced less silver than the con-
ventional developer except at the very high exposures, whereas the thiosulfate
monobath produced more silver than conventional development except at the very

high exposures.

Figures 1.1-8 and 1.1-9 compare the density growth and silver growth for the
mercaptoacetic acid and the thiosulfate monobaths at 70°F. In both compari-
sons, the growth of the mercaptoacetic acid monobath shows a sharp initial
rise followed by a period of zero growth. The thiosulfate monobath, on the
other hand, shows a much longer period of density and silver content growth.
The continued growth in the thiosulfate monobath is apparently the result of
solution-physical development of the dissolved silver halide on the developed
silver, and the absence of continued growth in the mercaptoacetic acid mono-
bath after the initial sharp rise indicates an absence of solution-physical
development taking place. The comparison of covering power as a function of
development time for the two monobaths also indicates an absence of solution-
physical development in the mercaptoacetic acid monobath (See Figure 1.1-10).
The mercaptoacetic acid monobath has a constant covering power as a function
of time, whereas the covering power of the thiosulfate monobath decreases to

a low value.
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Figure 1.1-8 Growth of image density with development time for mercaptoacetic
acid and thiosulfate monobath processing at 70° F.
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acid and thiosulfate monobath processing at 70° F.
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The results of Haist experiments indicate that the mechanism of development

of a mercaptoacetic acid monobath may be a competition between the rate of
fixation with a significant amount of silver ions being available for solution-
physical development due to the stability of the silver-mercaptoacetic acid
complex. However, caution should be taken in making conclusions about the mech-
anism of development of the mercaptoacetic acid monobath from the experiments

of Haist because the monobaths that were compared were of different compositions
The two monobaths were at a slightly different pH, and different developing
agents were used in the monobaths. (The thiosulfate monobath used phenidone

and hydroquinone, and the mercaptoacetic acid monobath used phenidone, sodium
isoascorbate, and diethylaminoethanol). In addition, the mercaptoacetic acid
monobath contained certain compounds absent in the thiosulfate; antraquinone
sulfonate to control fog, and mucic acid as an antiswelling agent. Therefore,
some of the differences in the development characteristics of the two monobaths
may have resulted from components in the monobaths other than the mercaptoace-

tic acid or thiosulfate.
1.2 PURPOSE OF THE INVESTIGATION

This investigation had two main objectives: (1) to confirm Haist's results by
comparing the development characteristics of a mercaptoacetic acid monobath
with that of a sodium thiosulfate monobath at various concentrations of fixing
agent using identical developing solutions with the exception of the fixing
agent; and (2) to test the hypothesis, that the mechanism of development of
the mercaptoacetic acid monobath consists of a competition or rates between
development and fixation, using the development characteristics data. The
following development characteristics were compared for the two monobaths:

(1) the clearing time of the two fixing agents; (2) the characteristic curves;
(3) the rate of density growth; (4) the silver concentration of the developed

image; and (5) the covering power of the developed image.



SECTION 2

EXPERIMENTAL APPARATUS AND PROCEDURES

2.1 INTRODUCTION

The experimental portion of the investigation was conducted in three main
phases: (1) the determination of clearing time of sodium thiosulfate and
mercaptoacetic acid solutions at various fixing-agent concentrations, (2)
the determination of rate of density growth of sodium thiosulfate and
mercaptoacetic acid monobaths at various fixing-agent concentratiocns, and
(3) the determination of the silver concentration of the developed image
of selected test strips from the rate of density growth determinations.
The film used for the investigation was 35mm KODAK Panatomic-X Film. The
basic monobath composition consisted of a phenidone-hydroquinone developer
buffered to a pH of 11.000, which was similar to the sodium thiosulfate
monobath used by Haist et. al.” in their comparison of a sodium thiosul-
fate and a mercaptoacetic acid monobath (See Appendix D for details on

the composition and preparation of the fixing agent solutions and monobaths).
In order to compare the rate of density growth with the clearing time, all
film had to be processed at the elevated temperature of 35°; this high tem-
perature was necessary because of the heat being generated by the experi-
mental setup of the clearing time determinations, but was considered useful

for comparison with conditions for rapid processing.

2.2 DETERMINATION OF CLEARING TIME

Clearing-time determinations were made on KODAK Panatomic-X Film in simple
solutions at concentrations of 0.1, 0.2, 0.4 and 0.8 molar thiosulfate.
Clearing-time determinations were made on mercaptoacetic acid solutions at

concentrations of 0.1, 0.2, and 0.4 molar.
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No attempt was made to measure the clearing time of the 0.8 molar mercapto-
acetic acid solution because data from the measurement of the 0.4 molar
solution indicated that the 0.8 mercaptoacetic acid solution would clear too

rapidly to measure with the experimental setup utilized.
2.2.1 APPARATUS

The apparatus used for the clearing-time determination consisted of a Spec-
trophotometer, in which a 10 ml test tube could be inserted, and a Gra-Lab
Timer for measuring the time of fixation. The Spectronic 20 Spectrophotometer

was operated at a wavelength of 625 millimicrons for all clearing-time measurements.
2.2.2 PROCEDURE

The procedure for determining the clearing time of the fixing agent solution
consisted of: putting 6 ml of the fixing agent solution in one of the 10 ml test
tubes; inserting the test tube in the compartment located on the left side of

the Spectronic 20 Spectrophotometer; adjusting the transmission of the Spectronic
20 to 100 percent; then, placing a 3/8-inch by 4-inch film strip in the solution
and recording the transmission at various time increments. The clearing time

was to be defined as the earliest time that the Spectronic 20 recorded the

maximum transmission.

2.2.3 PROBLEMS ENCOUNTERED

Two problems occurred using this experimental setup; one of which prevented
the absolute clearing time from being determined. The first was the problem
of heat generated by the Spectronic 20. The Spectronic 20 reached an equi-
librium temperature of approximately 35C. Therefore, the procedure was
modified by placing the fixing agent solution in a Blue-M Magic Whirl Utility
Water Bath and allowing it to reach a temperature of 35C before placing it
in the Spectronic 20. In addition, after a sample of the fixing agent was
placed in the Spectronic 20, sufficient time was allowed for the solution to
reach the equilibrium temperature of the Spectronic 20 before the film was
inserted. The second problem was that the Kodak Panatomic-X Film did not
completely clear in thiosulfate. See Apeendix E for the discussion of the

probable cause of this problem.
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2,3 DETERMINATION OF RATE OF DENSITY GROWTH

The rate-of-density growth determinations were accomplished by developing
6-inch film strips of KODAK Panatomic-X in sodium thiosulfate and mercapto-
acetic acid monobaths at fixing agent concentrations of 0.05, 0.1, 0.2 and
0.4 molar and in the control developer at various development times up to

16 minutes. The image produced on the processed film was an 1l-step sensi-
tometric strip with 10mm steps. In order to ensure that complete density
growth curves were obtained, the development time series for each developer
solution was accomplished in two series of runs. A preliminary series of
development times was done at times of 1/2, 1, 2, 4, 8 and 16 minutes. After
reviewing the preliminary data, additional development times were chosen
which would give complete data on the density-development time curve and were
accomplished in a second series of runs. Each development time was once
replicated, and the sequence of runs within each series were done in random
order, that is, the development times in the preliminary runs (1/2, 1, 2, 4,
8 and 16 minutes) were done in a random sequence, and the development times

in the second series of runs was done in random order.
2.3.1 APPARATUS

The apparatus for the rate-of-density growth determinations for (1) develop-
ing and (2) stopping, fixing, and washing is shown in Figures 2.3.1-1 and
2.3.1-2 respectively. The experimental setup for the development of the film
(see Figure 2.3.1-1) consisted of a 100 ml polypropylene test tube, in which
the developer solution and the exposed film was placed, and the Blue M Magic
Whirl Utility Water Bath that was adjusted to a temperature of 35° centigrade.
The polypropylene test tube was attached to a metal bar with a rubber band.
For processing the film, the closed test tube was placed in the water bath
with the bottom of the test tube touching the movable stainless-steel plate
in the bottom of the water bath, and the metal bar was laid across three of
the cross bars in the water bath. The test tube was completely immersed

below the water level.
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Movable Stainless Steel Plate

Cros Cross

Tube

Figure 2.3.1-1. The experimental setup for development for the density growth
determinations.
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Figure 2.3.1-2. The experimental setup for stopping, fixing and washing for
the density growth determinations.
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Agitation was provided by the up and down motion of the stainless-steel
plate; the stainless-steel plate moved up and down approximately once every
two seconds. Appendix B describes the procedure and results of the test to

determine the uniformity of development using this experimental setup.

The experimental setup for stopping, fixing and washing the developed film
(Figure 2.3.1-2) consisted of three 2000 ml beakers placed in a large develop-
ing tray in which water controlled at 35 was circulated. The beaker on the
left contained 4-percent acetic acid for stopping development. In addition,
a spray bottle containing 4-percent acetic acid was also placed in the tray
for rapid stopping of the film before it was placed in the beaker of acetic
acid (the spray bottle is not shown in the figure). The beaker on the right
contained F-5 fixing solution for clearing the remainder of the silver halide
not cleared by the monobath. @M The beaker in the center contained water
for washing the film. Water controlled at 35 entered the beaker from the
rubber hose above and overflowed into the tray maintaining the temperature
level of the other two beakers. Figure 2.3.1-2 also shows the Gralab Timer

used for measuring the time of development.

2.3.2 METHOD FOR EXPOSING THE FILM

The six inch film strips of KODAK Panatomic-X were exposed in a KODAK 101
Sensitometer. An eleven-step sensitometric step tablet and 1.0 neutral density
filter were placed in the Sensitometer in order to achieve the most complete
characteristic curve with the control developer used for this investigation.
The film was exposed for 0.2 of a second. The measured values of each step

of the step tablet and the calculated value of the log exposure for each step

of the exposed film is shown in Table 2.3.2-1.
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2.3.3 PROCEDURE

Tne procedure for the rate-of-density growth determinations was accomplished

as follows:

(1) 90 ml of the developer solution (monobath or control develo-
per) were placed in one of the 100 ml polypropylene test tubes,
stoppered, and placed in the water bath.

(2) after the developer solution reached a temperature of SSQ,a
six-inch-long film strip was exposed, inserted in the polypro-
pylene test tube which was then stoppered, and placed in the
water bath for the specified development time; and

(3) after the film had developed for the specified time, it was
removed from the developer solution, sprayed with a 4 percent
acetic acid, immersed in the beaker of 4 percent acetic acid for
10 seconds, soaked in the F-5 fixing solution for 10 minutes,

and lastly washed in the beaker of circulated water for 30 minutes

2.3.4 DENSITY MEASUREMENTS

The density of all film strips was measured with a MacBeth TD102 Densitometer,
which measures diffuse density.

2.3.5 PROBLEMS ENCOUNTERED

Three problems resulted during the rate-of-density growth determinations.
The first prob]‘pras caused by an underestimation of the amount of film
required for the determinations; two different emulsions had to be used for
the density-growth determinations. However, this situation did not cause
any significant probelm in the interpretation of the results (See Appendix F
for the comparison of the sensitometric characteristics of the two emulsions
and its implication in the analysis of the results). The other two problems
encountered resulted from the experimental setup and occurred at very-short
and very-long development times. At very-short development times (less than
30 seconds), sufficient time was not available to place the film and develo-

per solution in the water bath.
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Table 2.3.2-1 The density of each step of the step tablet and the
calculated value of the log exposure at each step
when the step tablet and a 1.0 N.D. filter are ex-
posed for 0.2 of a second in the KODAK 101 Sensitom-

eter.
Step Number Density Log Exposure
1 0.05 1.48
2 0.39 1.14
3 0.71 0.82
4 1.03 0.50
5 1.40 0.13
6 1.74 1.79
7 2.00 1.53
8 2.26 1.27
9 2.53 1.00
10 2.82 2.70
11 3.15 2.38
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Therefore, for development times less than 30 seconds, agitation was not
provided. At the longer development times (greater than 8 minutes), a
softening of the emulsion occurred as a result of the high pH of the de-
veloper solution (pH = 11.000)and the high temperature at which processing
took place. The softening of the emulsion allowed it to be easily scratched

and resulted in a large experimental error at the longer development times.

2.4 DETERMINATION OF THE SILVER CONCENTRATION OF THE DEVELOPED IMAGE

Silver analysis of selected test strips from the rate of density growth de-
terminations were made in the Eastman Kodak Research Laboratories by X-ray
fluorescence. Dr. C. W. Zuehlke, from the Eastman Kodak Research Labora-
tories, pointed out that in addition to measuring developed silver in an
emulsion, X-ray fluorescence silver analysis also measures any silver pre-
sent in the form of silver complexes. Therefore, a test was performed to
verify that an insignificant amount of silver from silver complex formation

was measured (See Appendix G for the results of the test).



SECTION 3

RESULTS

3.1 INTRODUCTION

The following development characteristics for the mercaptoacetic acid mono-

bath and sodium thiosulfate monobath will be compared in this section:

(1) the fixation rate

(2) the characteristic curves

(3) the density-development time curve

(4) the amount of silver in the developed image, and

(5) the covering power of the developed image.

The estimate of error for the majority of data will be two times the standard
error of the sample mean, 2 Sz The standard error of the sample mean can be
calculated from the expression, sz = sx/Yn where sx is the standard deviation

X
and n is the number of samples taken. The estimate of the error will be shown
in all plots (unless otherwise specified) as + 2 Sg by a vertical line above
and below the mean value, X, where each vertical line is equal to ZSX. The

numerical data for the plots can be found in Appendix H.

3.2 (COMPARISON OF THE FIXATION RATE

As mentioned in paragraph 2.2.3, the absolute value of the clearing time could
not be determined because the KODAK Panatomic-X film did not completely clear.
A qualitative comparison was accomplished by using the slopes of the linear
portion of the transmission-time curves as an indication of the relative rate
of fixation. The plots of percent transmission as a function of fixing time
for the sodium thiosulfate solutions and the mercaptoacetic acid solutions

are shown in Figures 3.2-1 and 3.2-2 respectively. The rate of fixation in-
creases with fixing agent concentration for both monobaths. Figure 3.2-3 com-
pares the plots of percent transmission as a function of fixing time for the
0.1 and 0.2 molar mercaptoacetic acid solutions and the 0.4 and 0.8 molar

sodium thiosulfate solutions.
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The rate of fixation of the 0.1 molar mercaptoacetic acid solution is
approximately equal to that of the 0.4 molar sodium thiosulfate solution,
and the rate of fixation of the 0.2 molar mercaptoacetic acid solution

is approximately equal to that of the 0.8 sodium thiosulfate solution.
These results imply that it requires four times the molar concentration
of sodium thiosulfate to obtain the same rate of fixation as that of

mercaptoacetic acid.

3.3 COMPARISON OF THE CHARACTERISTIC CURVES

3.3.1 EFFECT THAT THE FIXING AGENTS HAVE ON THE CHARACTERISTIC CURVE.

Figure 3.3.1-1 displays the characteristic curves of the control developer
and the various concentrations of the sodium thiosulfate and mercaptoacetic
acid monobaths that have been developed for 4 minutes at 35 degrees centi-
grade. The effect of adding fixing agent to the control developer results

in the decrease in density for both fixing agents. However, the decrease in
density is of a much greater magnitude for the mercaptoacetic acid monobaths.
It can also be seen that there is little difference in density for the sodium
thiosulfate monobath in the 0.05 through 0.1 molar concentration range; no
significant difference can be detected at the higher exposure level. On the
other hand, each incremental increase in the mercaptoacetic acid concentra-
tions resulted in a significant decrease in the density. Also of interest

is the fact that there is no significant change in the contrast with varying
concentrations of sodium thiosulfate in the sodium thiosulfate monobaths,
whereas, there is a significant decrease in gamma as the fixing agent concen-
tration is increased for the mercaptoacetic acid monobaths. Figure 3.3.1-2
displays the gamma values of the two monobaths at the various fixing agent
concentration showing the 95% confidence interval. The gamma value and the
confidence interval were found using the,method of linear regression analysis

(See Appendix I for a discussion of the methods and the numerical data.)
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FIGURE 3.3.1-1 Plot of the characteristic curves for the sodium thiosulfate
and the mercaptoacetic acid monobaths at various fixing agent
concentrations and the control developer developed for 4 minutes.
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3.3.2 ABNORMAL SENSITOMETRIC PROPERTIES CAUSED BY THE VERY ACTIVE PHENIDONE-
HYDROQUINONE DEVELOPER

It should be noted that the control developer and the lower concentrations
of the sodium thiosulfate monobaths were producing much higher contrast and
base + fog density than is recommended for Panatomic-X film. Table 3.3.2-1
compares the gamma and density of base + fog of Panatomic-X film developed
in D-76 with that of Panatomic-X developed in the control developer, the
sodium thiosulfate monobaths, and the mercaptoacetic acid monobaths at 35
degrees centigrade. The %amma value showing the 95% confidence interval for
D-76 is included in E&%Bﬁﬂ—z:-g:-l—% for comparative purposes. Figure 3.3.2-1
shows the plot of density of base + fog as a function of fixing agent con-
centrations for the sodium thiosulfate and the mercaptoacetic acid monobath}
the base + fog of the D-76 is also included for comparative purposes. The
base + fog of the mercaptoacetic acid is less than that of D-76 and is
independent of mercaptoacetic acid concentration. Another unusual sensi-
tometric characteristic caused by the presence of the fixing agent was the
effect that it had on speed. Table 3.3.2-2 compares the density of base
plus fog and the speed for Panatomic-X film developed in D-76 for 5 minutes
and developed in the control developer. the sodium thiosulfate monobaths,

and the mercaptoacetic acid monobaths for 4 minutes at 35 degrees centigrade.
The speed was defined as the reciprocal of the exposure required to produce
a density of 0.3 density units above base + fog (the 0.4 molar mercaptoacetic
acid monobath did not produce density great enough to determine its speed).
Figure 3.3.2-2 shows the plot of speed as a function of fixing agent con-
centration for the sodium thiosulfate and the mercaptoacetic acid monobaths
(D-76 is also included for comparative purposes.). The speed of the sodium
thiosulfate monobaths is greater than that of D-76 and the control developer
at all fixing agent concentrations, whereas the speed of the mercaptoacetic
acid monobaths is less than that of D-76 and the control developer at all
fixing agent concentrations. It should also be noted that the speed of the

control developer is greater than that of D-76.
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1. Comparison of gamma and density of base + fog for PANATOMIC-X Film

developed for 5 minutes in D-76 and developed for 4 minutes in the control developer,

the sodium thiosulfate monobaths, and the mercaptoacetic acid monobaths.

Gamma

Density of B + F

Developer Solution Mean Value 95% Confidence Mean Value 2's
Interval DB+F

D-76 (Film #1) 1.113 + 0.099 0.270 0.000
Control Developer 1.746 + 0.228 1.485 0.069
0.05 Molar Sodium

Thiosulfate Monobath 1.324 + 0.140 0.830 0.160
0.1 Molar Sodium

Thiosulfate Monobath 1.351 + 0.098 0.560 0.000
i0.2 Molar Sodium

IThiosulfate Monobath 1.485 + 0.144 0.400 0.040
'0.4 Molar Sodium

Thiosulfate Monobath 1.227 + 0.145 0.280 0.023
/0.05 Molar Mercapto-

‘acetic Acid Monobath 1.312 + 0.255 0.260 0.000
0.1 Molar Mercapto-

‘acetic Acid Monobath 1.038 + 0.059 0.240 0.000
i

0.2 Molar Mercapto-

acetic Acid Monobath 0.547 + 0.126 0.245 0.010
}

0.4 Molar Mercapto-

acetic Acid Monobath 0.053 + 0.009 0.240 0.000
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Table 3.3.2-2. Comparison of the density of base + fog and the speed for
Panatomic-X Film developed for 5 minutes in D-76 and developed for 4 minutes
in the control developer, the sodium thiosulfate monobaths, and the mercap-

toacetic acid monobaths.

Developer Solution Density of Speed
Base + Fog

D-76 Developer (Film #1) 0.270 17.0
Control Developer 1.485 23.4
0.05 Molar Sodium 0.830 27.5

Thiosulfate Monobath

0.1 Molar Sodium 0.560 36.3
Thiosulfate Monobath

0.2 Molar Sodium 0.400 37.2
Thiosulfate Monobath

0.4 Molar Sodium 0.280 26.9
Thiosulfate Monobath

0.05 Molar Mercaptoacetic 0.260 15.5
Acid Monobath

0.1 Molar Mercaptoacetic 0.240 10.0
Acid Monobath

0.2 Molar Mercaptoacetic 0.245 4.3
Acid Monobath
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3.4 COMPARISON OF THE DENSITY-DEVELOPMENT-TIME CURVES

The comparison of density as a function of development time for the various
concentrations of the mercaptoacetic acid and sodium thiosulfate monobaths
and the control developer at exposure steps 10, 8, 6, and 3 are displayed
in Figures 3.4-1, 3.4-2, 3.4-3, and 3.4-4, respectively. The exposure
steps have the following log exposure values: step 10 = 2.70; step 8 =

1.27; step 6 = 1.79; and step 3 = 0.82.
3.4.1 Comparison of the Rate of Density Growth

There is no common density which includes all monobaths and the control
developer. Therefore, the rate of density growth can not be defined as
the time required to reach a specific density value. The rate of density
growth will be compared by comparing the time required to reach the
maximum density. Table 3.4.1-1 lists the time required for the control
developer and the sodium thiosulfate and mercaptoacetic acid monobaths to
reach their maximum density. The time to reach maximum density is
independent of fixing agent concentration for the mercaptoacetic acid
monobath. On the other hand, the time to reach maximum density for the
sodium thiosulfate monobath changes considerably from the lowest fixing

agent concentration to the highest.
3.4.2 General Characteristic of the Density-Development Time Curves

The general characterisitcs of the density-time curves are the same as
those observed by Haist: the density growth of the mercaptoacetic acid
consists of a sharp initial rise followed by a period of zero growth;

the density growth of the sodium thiosulfate monobath shows a much longer

period of density growth and the growth is at a much slower rate.
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Table 3.4.1-1. The time required for the control developer and the sodium thiosulfate and mercaptoacetic

acid monobaths to reach their maximum density.

0.05 Molar 0.1 Molar 0.2 Molar 0.4 Molar 0.05 Molar 0.1 Molar 0.2 Molar 0.4 Molar
Sodium Sodium Sodium Sodium Mercapto- Mercapto-  Mercapto- Mercapto-

Exposure Control Thiosulfate Thiosulfate Thiosulfate Thiosulfate acetic Acid acetic Acid acetic Acid acetic Acid
Step Developer Monobath Monobath Monobath Monobath Monobath Monobath Monobath Monobath

10 4 min 2 min 1 min 1 min 45 sec 15 sec 15 sec 15 sec No Image
8 4 min 2 min 1 min 1 min 45 sec 15 sec 15 sec 15 sec No Image
6 4 min 2 min 1 min 1 min 45 sec 15 sec 15 sec 15 sec 15 sec
3 3 min 1 min 1 min 1 min 45 sec 15 sec 15 sec 15 sec 15 sec
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5.5 COMPARISON OF THE AMOUNT OF SILVER IN THE DEVELOPED IMAGE

The comparison of the amount of silver as a function of development time
for the control developer and the sodium thiosulfate and mercaptoacetic
acid monobaths at selected concentrations for exposure steps 10, 8, 6, and
3 is shown in Figures 3.5-1, 3.5-2, 3.5-3, and 3.5-4, respectively. Both
monobaths produce less silver as the concentrations of the fixing agent

is increased which is consistent with the densities produced.
3.5.1 Effect of Increasing Development Time

There is no significant increase in the amount of silver produced by the
mercaptoacetic acid monobath or the 0.4 molar sodium thiosulfate monobath
as the development time is increased from 2 to 8 minutes. However, the
amount of silver produced by the control developer and the 0.1 molar
sodium thiosulfate monobath increases with development time; the change

being greatest at the lower exposure level.

3.5.2 Amount of Silver that the Monobaths Produce Compared to that
Produced by the Control Developer

The mercaptoacetic acid monobath produce much less silver than the control
developer at all exposure levels. The situation is quite different for

the sodium thiosulfate monobaths. The 0.1 molar sodium thiosulfate mono-
bath produced more silver than the control developer at the shorter
development time (2 minutes), the difference in silver concentration being
greater at the lower exposure. At the longer development time, the silver
concentration of the 0.1 molar sodium thiosulfate monobath and the control
developer are very nearly equal. The 0.4 molar sodium thiosulfate monobath
produces the same amount of silver as the control developer at low exposure
(step 10) and short development time (2 minutes) in order to produce a much
lower density than the control developer. However, at all other conditions,
the 0.4 molar sodium thiosulfate monobath produce a much smaller amount

of silver concentration than the control developer.
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3.6 COMPARISON OF COVERING POWER
3.6.1 Comparison of Covering Power as a Function of Development Time

The comparison of covering power as a function of development time for the
control developer and selected concentrations of the sodium thiosulfate
monobaths at exposure steps 10, 8, 6, and 3 are displayed in Figures 3.6.1-1,
3.6.1-2, 3.6.1-3, and 3.6.1-4 respectively. The range of densities for
the covering power determinations is shown in Table 3.6.1-1. There is no
significant change in covering power for either the sodium thiosulfate

or the mercaptoacetic acid monobaths at all exposure levels as the develop-
ment time increases from 2 to 8 minutes. The control developer on the
other hand, shows a decrease in covering power as the development time
increases from 2 to 8 minutes at the lowest two exposure levels (steps 10
and 8); this result indicates that there is a significant amount of
solution physical development occurring with the control developer at the

lower exposure steps.
3.6.2 Comparison of Covering Power as a Function of Exposure

The covering power of the mercaptoacetic acid monobath is either greater
than or equal to that of the control developer at every exposure step,
except for the 0.05 molar mercaptoacetic acid at the high exposure step
(step 6) and the low development time (2 minutes); this is due to the
fact that the 0.05 molar mercaptoacetic acid monobath remains unchanged
with increasing exposure while that of the control developer increases.
The covering power of the sodium thiosulfate monobath on the other hand,
is less than that of the control developer at each exposure step; the
difference in covering power of the sodium thiosulfate monobath and the
control developer is less at the longer development time (8 minutes) due
to the fact that the covering power of the control developer decreases

with development time and that of the thiosulfate remains unchanged.
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Table 3.6.1-1. Density Ranges of the Selected Test Strips whose Covering

Power were determined.

Solution iIn which Density Range

test strip was Step Step Step Step
developed 10 8 6 3

Control Developer 1.36-2.21  2.65-2.92 3.11-3.46 3.64-3.75

0.01 Molar Sodium 1.12-1.22 --- 2.52-2.83 ---

Thiosulfate Monobath

0.4 Molar Sodium 0.65-0.74 1.30-1. 38 1.93-2.02 2.64-2.66
Thiosulfate Monobath

0.05 Molar Mercapto- 0.46-0.50 1.18-1.29 1.67-1.80 2.22-2.28
acetic Acid Monobath

0.1 Molar Mercapto-  0.34-0.36 --- 1.26-1.34 ---
acetic Acid Monobath




SECTION 4
DISCUSSION

4.1 INTRODUCTION

This investigation was conducted as a result of Haist's investigations that
compared the development characteristics of a mercaptoacetic acid monobath

and a sodium thiosulfate monobath. His results indicated that the mechanism of
development of the mercaptoacetic acid monobath may simply be a competition
between the developer reducing the silver halide to developed silver and the
mercaptoacetic acid removing the silver halide from the emulsion as a very
stable silver-mercaptoacetic acid complex before the silver could be reduced.
Unfortunately, Haist used monobaths of different composition for his comparison,
and the difference in the thiosulfate and mercaptoacetic acid monobaths may have
been due to components in the monobaths other than the respective fixing agents.
In order to verify that the mercaptoacetic acid monobath mechanism proceeds by
a competition between development and fixation, Haist's results needed to be

verified using identical monobaths with only the fixing agent being different.
4.2 CONFIRMATION OF HAIST'S RESULTS

Haist discovered 3 major differences in the development characteristics when

comparing his sodium thiosulfate and mercaptoacetic acid monobaths. These

differences are: (1) The mercaptoacetic acid monobath produced less silver than
conventional development, whereas the sodium thiosulfate monobath produced more;

(2) The density growth for the mercaptoacetic monobath showed an initial sharp

rise followed by a period of zero growth, whereas the sodium thiosulfate: monobath
showed a much longer and slower period of density growth; and (3) the covering power of
the mercaptoacetic acid monobath remained constant with development time, whereas

the covering power of the sodium thiosulfate monobath decreased to a low value

with increasing development time, Generally, this investigation confirmed all of

Haist's results.
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4.2.1 Silver Produced by the Two Monobaths

The image silver formed by the mercaptoacetic acid monobaths is much less
than that from the sodium thiosulfate monobath at an equal molar fixing
agent concentration, as can be seen by comparing the amount of silver
produced by the 0.1 molar mercaptoacetic acid monobath and the 0.1 molar
sodium thiosulfate monobath in Figures 3.5-1 and 3.5-3. The 0.1 molar
sodium thiosulfate monobath produces 20 times more silver than the 0.1
molar mercaptoacetic acid monobath at the low exposure (step 10), and
more than 2-1/2 times as much silver at the higher exposure (step 6). It
should be kept in mind that the densities produced for this comparison
are significantly different. The difference in silver concentration is
not nearly as great when comparing at nearly equal density, but it is still
significant. The density difference between the 0.4 molar sodium thio-
sulfate monobath and the 0.05 molar mercaptoacetic acid monobath are
approximately 0.15 density units at exposure steps 10 and 8 when the
monobaths are developed for 8 minutes (see Figures 3.4-1 and 3.4-2).

The silver concentrations are approximately 3 times greater for both steps

10 and 8 with the 0.4 molar sodium thiosulfate monobath.
4.2,2 Characteristic of the Rate of Density Growth for the Two Monobaths

The rate of density growth of the mercaptoacetic acid monobaths and

sodium thiosulfate monobaths are of the same character as that reported
by Haist; i.e. a sharp initial rise followed by a period of near zero
growth for the mercaptoacetic acid monobath, and the sodium thiosulfate
monobath showing a much longer period of density growth (see Figures 3.4-1
through 3.4-4). It should be noted that the time of the initial sharp
rise in density is virtually independent of fixing agent concentrations
for the mercaptoacetic acid monobaths. And the period of density growth
of the sodium thiosulfate monobaths decrease with increasing fixing

agent concentration.
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4.2.3 Effect of Time of Development on the Covering Power

There is no significant change in the covering power of either the sodium
thiosulfate or mercaptoacetic acid monobath with increasing development
time (from 2 minutes to 8 minutes). However, the covering power of the
mercaptoacetic acid monobath is considerably greater than that of the
sodium thiosulfate monobath at all exposure steps (see Figures 3.5.1-1
through 3.5.1-4.) The results of this investigation did not show the
initial decrease to low covering power that Haist observed in his investi-
gation (see Figure 1.1-10). Unfortunately, no silver determinations were

made below two minutes where the decrease in covering power occurs.
4.3 THE MECHANISM OF DEVELOPMENT FOR THE MERCAPTOACETIC ACID MONOBATH

4.3.1 Chemical Development Versus Concurrent Chemical and Solution
Physical Development

Development of the silver halide grains in an exposed emulsion can proceed
simultaneously by two distinct paths. In the first, silver ions at the
solid interface between the silver halide and the latent image nuclei or
development silver centers are reduced to silver by the action of the
developer. Development which proceeds in this way is called chemical
development. In the second, silver ions from solution diffuse to silver
centers, and are then reduced to silver by the action of the developer

at the silver surface. This mechanism is called physical development.

In ordinary development where no soluble silver salt has been added to

the developer during its preparation, the silver ions involved in physical
development come from solution of either the exposed'grains themselves or
from nearby grains. This type is called solution physical development.

The covering power (density/silver concentration) of the developed image
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is a good indicator of whether or not a significant amount of solution
physical development has occurred. The covering power of silver deposits
formed by concurrent chemical and solution physical development is lower
than that of silver formed by chemical development alone because most

of the silver from the solution physical development is added to the
inside of the tangled filamentary structure that makes up the developed

grain and does not result in a significant increase in the area of the

developed silver.10

The covering power determinations made during this investigation on the
control developer, the sodium thiosulfate monobaths, and the mercaptoacetic
acid monobaths show that the development of the mercaptoacetic acid mono-
bath procedes primarily by the mechanism of chemical development, whereas
the sodium thiosulfate monobath develop with both chemical and solution
physical development. This can be verified from Figures 3.6.1-3 and
3.6.1-4, which compare the covering power at exposure steps 6 and 3.

The exposure is high enough at steps 6 and 3 so that virtually all of the
developed silver formed by the control developer is produced by chemical
development (it should be noted that there was a significant amount of
solution physical development occurring with the control developer at

the lower 2 exposure steps; steps 10 and 6). The covering power of the
mercaptoacetic acid monobaths is generally equal to that of the control
developer at exposure steps 6 and 3, while that of the sodium thiosulfate
monobath is less. At step 6, the covering power of the control developer
and the mercaptoacetic acid monobaths are 14 and that of the sodium thio-
sulfate monobath is less than 11. And at step 3, the control developer
and the mercaptoacetic acid monobath have a covering power of 15 and that
of the sodium thiosulfate monobath is 14. The effect of these two types

of development on the rate of density growth for the mercaptoacetic acid



T

and the sodium thiosulfate monobaths can be seen in Figure 4.3.1-1. This
figure compares the density-development time and the transmission-fixing
time curves of a 0.1 molar mercaptoacetic acid monobath and a 0.4 molar
sodium thiosulfate monobath. The transmission-fixing time curves show
that the rate of fixation for the two monobaths are approximately the
same. Also, the rate of density growth of the two monobaths appear to be
the same up to 15 seconds of development time (i.e., at 15 seconds, both
monobaths produce the same density); this indicates that both of the
monobaths are developing by chemical development at the initial stage of
development. The density growth of the mercaptoacetic acid monobath
nearly ceases after 15 seconds while that of the sodium thiosulfate mono-
bath continues to increase up to 2 minutes, but at a rapidly decreasing
rate of growth. This decrease in rate after 15 seconds is due to the
stopping of chemical development and the continuing of solution physical

development, which develops at a much slower rate.
4.3.2 Competition between Rate of Fixation and Rate of Development

The result of this investigation indicate that the mechanism of develop-
ment of the mercaptoacetic acid monobath does not consist of a competition
between the developer and the mercaptoacetic acid for the exposed silver
halide in the emulsion. Figure 4.3.1-1, which compares the density-
development time and the transmission-fixing time curves for 0.1 molar
mercaptoacetic acid monobath shows that development ceases virtually
before the mercaptoacetic acid begins to clear the silver halide from the
emulsion. This indicates that development is stopped by some mechanism
other than that of the mercaptoacetic acid removing the exposed silver
halide from the emulsion before it can be developed. The development

with mercaptoacetic acid monobaths at higher mercaptoacetic acid concent-

rations also appear to stop before all of the exposed silver halide is
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removed from the emulsion by the mercaptoacetic acid. This can be seen
in Figures 4.3.2-1 and 4.3.2-2, which compare the density-development
time curves and the transmission-fixing time curves fort he 0.2 and 0.4
mercaptoacetic acid monobaths. These results strongly indicate that
development with a mercaptoacetic acid monobath stops before all of the
exposed silver halide can either be removed from the emulsion by mercap-

toacetic acid or reduced to developed silver by the developer.
4.3.3 Proposed Mechanism

Newniller and Pontiusll conducted experiments with the mercaptan compound
phenylmercaptotetrazole. They determined that phenylmercaptotetrazole
completely covered a clean metallic silver surface, and when an adequate
amount of it was added to a physical developer, it completely stopped
development. If the same phenomenon occurs with mercaptoacetic acid,

the mechanism of development could consist of a competition between the
rate of development and the rate of adsorption of the mercaptoacetic acid

to the developed silver surface.

The mechanism would proceed as follows: (1) chemical development would
occur; (2) simultaneously, the mercaptoacetic acid would form very stable
silver complexes with the undeveloped silver, and also mercaptoacetic
acid would be adsorbed at the surface of the developed silver: and (3)
after the mercaptoacetic acid completely covered the surface of the
developed silver, the development nucleus would be isolated from the
developer, and development would cease. In order to determine if this is
the correct mechanism, experiments similar to the one carried out by

Newmiller and Pontius should be conducted on mercaptoacetic acid.
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SECTION 5
CONCLUSIONS

This investigation confirmed the difference in the development characteri-
stics of mercaptoacetic acid monobaths and sodium thiosulfate monobaths
that Haist observed in an earlier investigation. The present investi-
gation used Panatomic-X film which was developed at 35 degree centigrade
in mercaptoacetic acid monobaths and sodium thiosulfate monobaths at
various fixing agent concentrations; the monobaths were identical except
for the fixing agents used. The differences in development characteristics
of the two monobaths that were confirmed were: (1) the mercaptoacetic
acid monobath produced less silver than the sodium thiosulfate monobath;
(2) the density growth for the mercaptoacetic acid monobath shows an
initial sharp rise followed by a period of zero growth, whereas the

sodium thiosulfate monobath showed a much longer and slower period of
density growth; and (3) the covering power of the mercaptoacetic acid
monobath was much greater than that of the sodium thiosulfate monobath.

It was necessary to confirm Haist's results due to the fact that in his
comparison, the two monobaths were not identical. These additional
differences were also observed during this investigation: (1) It required
4 times the molar concentration of sodium thiosulfate to attain the rate
of fixation of that obtained with mercaptoacetic acid; (2) the mercaptoacetic
acid monobath produced equal or greater covering power than the same
phenidonehydroquinone developer without any fixing agent, whereas a sodium
thiosulfate monobath produced a covering power less than that of the same
phenidonehydroquinone developer without any fixing agent present; and

(3) the time required for a mercaptoacetic acid monobath to reach its
maximum density is independent of the concentration of mercaptoacetic
acid, whereas the time required to reach maximum density for a sodium

thiosulfate monobath increases with decreasing concentration of sodium

thiosulfate.
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A comparison of the covering power, the density-development time curves,
and the transmission-fixing time curves for the two monobaths showed that
the development of the mercaptoacetic acid monobath proceeded primarily
by chemical development, and the development ceased before all of the
exposed silver halide could be either removed from the emulsion by the
mercaptoacetic acid or reduced to developed silver by the developer. The
development of the sodium thiosulfate monobath proceeded initially by

chemical development, but afterwards, a significant amount of solution
physical development occurred.



APPENDIX A
VERIFICATION OF THE PURITY OF THE MERCAPTOACETIC ACID STOCK SOLUTION

Two titrations were made with the mercaptoacetic acid stock solution in
order to verify its purity. The stock solution was reported to consist

of 80-percent mercaptoacetic acid in aqueous solution. The first titration
consisted of titrating iodine with mercaptoacetic acid. The second

titration consisted of titrating mercaptoacetic ‘acid with sodium hydroxide.

A.1 TITRATION OF IODINE WITH MERCAPTOACETIC ACID

The following reaction takes place during the titration of iodine with

mercaptoacetic acid:

2 HSCH,COOH + I, —=——> HOOCCHZS—SCHZCOOH + 2 HI

2
If VIZ = volume of iodine used in the titration,

CIZ = concentration (in molarity) of the prepared
iodine solution used in the titration,

Vg = total volume of the prepared mercaptoacetic
acid stock solution added during the titration,

and Cg concentration (in mg/ml) of the prepared mercapto-

acetic acid stock solution used in the titration,

The millimoles of mercaptoacetic acid consumed during the titration

(Myaa) can be calculated from the following equation:

Myaa = 2 C1p Vi,
And the percent mercaptoacetic acid in the stock solution (%MAA) can be

calculated from the equation:

Myan (92-12)
MAA = —————— X 100,
Cg Vg

o

where 92.12 is the molecular weight of mercaptoacetic acid.
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A.1.1 Apparatus

The apparatus for the titration of iodine with mercaptoacetic acid
consisted of a 50 ml beaker in which either a measured volume of 0.1
molar iodine solution (methylalcohol solvent) could be added from the
burette on the left or a measured volume of the mercaptoacetic acid stock
solution at a congcentration of 0.0230 grams/liter could be added from

the burette on the right. Stirring was accomplished by using a magnetic

stirrer.
A.1.2 Procedure

The procedure for the titration consisted of adding a specific volume
of the iodine solution to the beaker from one of the burettes and then
adding the mercaptoacetic acid stock solution to the beaker from other
burette until the iodine solution, which had a deep purple color, became

clear.
A.1.3 Results

Table A.l3-1 shows the volume of iodine used, the volume of the mercapto-
acetic acid stock solution added to reach the end point, and the calculated
percent of mercaptoacetic acid in the stock solution for five titrations.
The average value of the percent mercaptoacetic acid in the stock solution
was 81,207 percent with a standard deviation of 2.478 percent. In order

to determine if the stock solution contained 80 percent mercaptoacetic
acid, a hypothesis of the mean statistical test was performed on the data
collected. See Appendix I for a description and the results of the test.
The statistical test showed that there was no reason to doubt that the

stock solution contained other than 80 percent mercaptoacetic acid.
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Table A.1.3-1. Data of the Titration of 0.1 Molar Iodine with the

Mercaptoacetic acid Stock Solution and the Calculated percent of Mercapto-

acetic Acid in the Stock Solution.

Run Number Volume of Iodine Volume of Stock Solution Percent MAA

1 14.90 ml 14.10 ml 84.55
2 15.10 ml 14.85 m1 =~ 81.35
3 14.95 ml 14.70 ml 81.37
4 18.25 ml 19.55 ml 77.55
5 20.15 ml 19.85 ml 81.22

Mean Value of %MAA = 81.207
Standard Deviation of %MAA = 2.478
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A.2 TITRATION OF MERCAPTOACETIC ACID WITH SODIUM HYDROXIDE

The titration of the mercaptoacetic acid with sodium hydroxide consists
of two neutralization reactions. The first reaction to occur is the

neutralization of the carboxyl group (COOH) which has a pKa value12 of
3.58.

SHCH,COOH + NaOH ~——9 SHCH,C00™ + Na™ + H,0

The second reaction to occur was the neutralization of the mercapto group
(SH) which has a pKa12 of 9.78.

SHCH,CO0™ + NaOH ——37SCH,C00™ + Na© + H,0

When a plot is made of pH as a function of volume of sodium hydroxide
added, an inflection point should occur at the completion of each of the
neutralization reactions: The first inflection point should occur when
the carboxyl group (-COOH) is completely neutralized which is the point
where one mole equivalent of sodium hydroxide has been added, and the
second inflection point should occur when the mercapto group (-SH) is
completely neutralized which is the point where two mole equivalents of

sodium hydroxide have been added.
A.2.1 Apparatus

The apparatus for the titration of the mercaptoacetic acid with sodium
hydroxide consisted of a Blue M Magic Whirl Utility Water Bath adjusted

to a temperature of 25 degrees centigrade, a Beckman Research pH meter,

a 50 ml burette that contained a standarized 0.1 molar sodium hydroxide
solution, a 1500 ml beaker that contained 500 ml of a 0.001 molar mercapto-
acetic acid solution in which the electrodes from the pH meter were
immersed, and an electromechanical stirrer with an attached glass stirring

rod to provide stirring during the titration.
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A.2.2 Procedure

After the 500 ml of 0.001 molar mercaptoacetic acid was allowed to come

to a temperature of 25 degrees centigrade, the procedure consisted of
adding incremential volumes of the standardized 0.1 molar sodium hydroxide
solution to the mercaptoacetic acid solution and recording the pH
measurement. Whenever pH readings were made, the electro-mechanical
stirrer had to be‘turned off because it caused the pH meter indicator to
oscillate. In order to more accurately define the two inflection points,
smallér increments of volume of sodium hydroxide were added near the

point at which one and two mole equivalents of sodium hydroxide had been

added; near 5 and 10 ml respectively.
A.2.3 Results

Table A.2.3-1 contains the pH values as a function of total volume of
sodium hydroxide added and the calculated value of the first and second
derivatives of pH with respect to volume (pH/AV and AZpH/AVZ). Figure
A.2.3-1 is a plot of pH as a function of volume of sodium hydroxide added.
The plot shows a definite inflection point near 5 ml where the carboxyl
group (-COOH) was neutralized, but there is some doubt about the presence
of an inflection point near 10 ml where the mercapto group (-SH) should
have been neutralized. A plot of the second derivative of pH with respect
to volume (Asz/AVZ) was made in order to more accurately determine if
the second inflection point actually exists. (The second derivative will
be zero at the inflection point.) The plot of the second derivative in
Figure A.2.3-2 crosses the zero axis at 5.3 ml at the first inflection
point, but near the region of 9 to 12 ml the second derivative fluctuates
about zero. Therefore, it can not be said with certainty that an
inflection point exists near the 10 ml region where the mercapto group
should have been neutralized. However, since the mercapto éroup has such

a large pKa value, 9.78, the inflection point may not be detectable.
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Table A.2.3-1. Data for the titration of 0.001 molar mercaptoacetic acid
solution with a standardized 0.1 molar sodium hydroxide solution and the
calculated values of the first and second derivative of pH with respect to
volume of NaOH (ApH/AV and AZpH/AVZ).

Volume of NaOH pH ApH/AV  (ApH/0.1 ml) Asz/AV2

0 ml 3.524 0.016

1.05 ml 3.696 0.020 * +0.004
2.10 ml 3.906 0.024 +0.004
3.15 ml 4,162 0.032 +0.008
3.70 ml 4.336 0.041 +0.009
4.25 ml 4.561 0.061 +0.020
4.85 ml 4.928 0.200 +0.139
5.00 ml 5.228 0.547 +0.347
5.20 ml 6.322 0.977 +0.430
5.30 ml 7.299 0.855 -0.122
5.40 ml 8.154 0.511 -0.344
5.50 ml 8.665 0.313 -0.198
5.60 ml 8.978 0.191 -0.122
5.70 ml 9.169 0.096 -0.095
5.85 ml 9.313 0.052 -0.044
6.95 ml 9.990 0.027 -0.025
8.00 ml 10.273 0.018 -0.009
9.10 ml 10.474 0.017 -0.001
9.60 ml 10.560 0.011 -0.006
9.95 ml 10.597 0.015 +0.004
10.10 ml 10.620 0.010 -0.005
10.20 ml 10.630 0.007 -0.004
10.45 ml 10.647 0.008 +0.001
10.95 ml 10.689 0.013 +0.005
12.05 ml 10.828 0.008 -0.005
13.15 ml 10.916
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FIGURE A.2.3-1 pH as a function of volume of sodium hydroxide added for
the titration of 0.001M mercaptoacetic acid with 0.1 M.
sodium hydroxide.



Figure A.z.5-2 ‘Ihe second derivative ot pli with respect to volume of SOdil.lm
hydroxide added for the titration of 0.001 M. mercaptoacetic
acid with 0.1 M sodium hydroxide.
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A.3 SUMMARY OF THE RESULTS

In spite of the inability to find the inflection point for the neutra-
lization of the mercapto group, it was assumed that the stock solution
was pure due to the fact that the titration of the iodine with the
mercaptoacetic acid gave a value of 80-percent mercaptoacetic acid in

the stock solution, which was the reported value.



APPENDIX B

VERIFICATION OF DEVELOPMENT UNIFORMITY WITH THE EXPERIMENTAL
SETUP FOR THE RATE OF DENSITY GROWTH DETERMINATION

Development uniformity was tested by comparing the density at the opposite
extreme edges of a uniformly exposed film strip that had been processed
with the experimeﬁtal setup used for the rate of density growth deter-
mination. The test was conducted at both 25 and 35 degrees centigrade

in order to determine if operating at an elevated temperature had a

degrading effect on development uniformity.
B.1 DEVELOPER USED FOR THE TEST

The developer used for the test was the same as the sodium thiosulfate
monobath used by Haist7 in his comparison of a sodium thiosulfate and a
mercaptoacetic-acid monobath. However,; the sodium thiosulfate was not
used in the formulation for this test. The developer solution consisted
of the following:

Phenidone - 4 grams/liter

Hydroquinone 12 grams/liter

Sodium Sulfite - 50 grams/liter
pH at 11.000.

The developer solution was buffered with sodium monohydrogen phosphate
(NazHPO4

in which the developer solution was prepared is described in Appendix D.

12H20) and sodium hydroxide solution. The details on the manner

B.2 PROCEDURE

Four 6-inch film strips were uniformly exposed in the Kodak 101 Sensito-
meter using a 2.0 and a 0.6 neutral filter so that the density obtained

would be on the linear portion of the characteristic curve. Each film
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strip was notched at one end, and the notched end was placed at the
bottom of the polypropylene test tube for development. Two film strips
were developed for 5 minutes at 25 degrees centigrade using the apparatus
and procedures that were used for the rate of density growth deter-
minations. (See paragraphs. 2.3.1 and 2.3.2 for details). The other two
films were developed for 5 minutes at 35 degrees centigrade using the same
experimental setup and procedure. Each of the 4 film strips was also
stopped, fixed, and washed using the same apparatus and procedures as that
used during the rate of density growth determinétion. Density measurements
were made on the processed film strips at the extreme ends of the exposed
portion of the film strips with the MacBeth TD-102 Densitometer. The
location of the density measurements were designated by the following
nomenclature: (1) The density of the portion of the exposed film strip
that was developed near the bottom of the test tube was called the bottom
side; and (2) the density of the exposed film strip developed near the
opening of the test tube was called the top side.

B.3 RESULTS

Table B.3-1 contains the density measurements for the 4 film strips. Also
included in the table are the mean density, D, and the sample variance
sp2. In order to determine if the film strips were developed uniformly,

a hypothesis of the mean statistical test was performed to see if the
density on the bottom side of the film was the same as that on the top
side. The statistical test showed that there was no significant difference
for either development temperature (see Appendix I for a description and
the results of the statistical test). Therefore, it was concluded that
the experimental setup was developing uniformly. During the experiment

a problem was observed. The Base + fog of the image was found to be very
high; 1.29 when developed at 25 degrees centigrade and 2.31 when developed

at 35 degrees centigrade.
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Table B.3-1. Data for the verification of development uniformity at

25 and 35 degrees centigrade.

At 25 Degrees Centigrade

Location of. Density Density _ $. 2
Measurement Run 1  Run 2 D D
“Top Side 2.45  2.41  2.430  8.00 X 1074
Bottom Side 2.47 2.40 2.435 24.50 X 10—4
At 35 Degrees Centigrade
Location of Density Density _ s 2
Measurement Run 1 Run 2 D D
Top Side 3.28 °3.33  3.305  12.50 X 1074
4

Bottom Side 3.29 3.36 3.325 24.50 X 10~




APPENDIX C

DETERMINATION OF AN ACCEPTABLE ANTIFOGGANT FOR
THE MONOBATHS

The results of the verification of development uniformity showed that
considerable fog density was being produced using the selected phenidone-
hydroquinone developer (see Appendix B). Therefore, a satisfactory anti-
foggant had to be found. Two antifoggants were .tested for use in the
monobaths to be used; potassium bromide at a concentration of 15 grams
per liter and the sodium salt of 2  anthroquinonesulfonic acid at a
concentration of 0.25 grams per liter. The tests for the determination
of a satisfactory antifoggant were conducted in three major phases: The
first phase consisted of determining which of the two antifoggants would
best reduce the fog density at 25 degrees centigrade; The second phase
consisted of testing the better antifoggant in the mercaptoacetic acid
and sodium thiosulfate monobaths at 25 degrees centigrade; and the final
phase tested the effect that increasing the temperature to 35 degrees
centigrade had on the fog density of the control developer and the sodium

thiosulfate and the mercaptoacetic acid monobaths.
C.1 CONTROL DEVELOPER AND MONOBATH COMPOSITION USED FOR THE TEST

The basic developer solution was the same as that used in Appendix B
for the test of development uniformity. The basic developer solution
was modified for the sodium thiosulfate and mercaptoacetic acid monobath

by adding the appropriate fixing agent at a concentration of 0.2 molar.
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C.2 PROCEDURE

Six inch film strips were exposed in the Kodak 101 Sensitometer which
contained a 2.0 and a 0.6 neutral density filter. The film strips were
developed either at 25 or 35 degrees centigrade for 5 minutes in the same
experimental setup used for the rate of density growth determinations. The
density measurements of the base + fog density on the processed film

strips were made with a MacBeth TD-102 Densitom%ter outside of the exposed

area of the film.
C.3 RESULTS

Table C.3-1 contains the measurements of the density of base + fog for
the three phases of the tests for a satisfactory antifoggant. Also
included in the table are the mean density of base + fog (Dg+p), the
standard deviation (Sp), and two times the standard error of the .sample

mean (2 SEJ.

C.3.1 Comparison of the Effectiveness of the Two Anti-Foggants in
Reducing Fog Density (At 25 degrees centigrade)

Table C.3-1A shows the comparison of the density of base + fog produced
by the control developer when it contains the two antifoggants; potassium
bromide and the sodium salt of 2-anthroquinonesulfonic acid. The table
also shows the density of base + fog for the control developer without
any antifoggant and for D-76 (D-76 is one of the recommended developers
for Pantomic-X film). The 2-anthroquinonesulfonic acid had no effect on
the fog density. The addition of the potassium bromide substantially
reduced the fog density produced by the control developer, but it was

still higher than that produced by the D-76 developer.



Table C.3-1,

(A)

c-3

(A) Data for the comparison of the density of base + fog
of D-76 and the control developer with and without various
antifoggants at 25 degrees centigrade; (B) data showing
the base + fog density at 25 degrees centigrade for the
two monobaths at a concentration of 0.2 molar with 15
grams of KBr per liter added; and (C) data showing the
effect that raising the temperature to 35 degrees has

on the density of base + fog when 15 grams of KBr per
liter are added to the control developer and the two
monpbaths at a concentration of 0.2 molar.

Solution

Density of
Base + Fog = 2 s
Run 1 Run 2 B+F D D

o
wn

Control Developer 1.31 1.27 1.290 0.028 0.040
with no antifoggant

Control Developer
with 15 grams of KBr 0.69 0.72 0.705 0.021 0.030

per liter

Control Developer

with 0.25 grams of

the Sodium salt of 1.30 1.31 1.305 0.007 0.010
2-anthraquinone-

sulfonic acid per

liter
D-76 Developer 0.27 0.26 0.265 0.007 0.010
(B)

Density of

Base + Fog = _

Solution Run 1 Run 2 CB+F Sp 255

0.2 molar Sodium 0.30 0.31 0.305 0.007 0.010
Thiosulfate Monobath
0.2 molar Mercapto- 0.24 0.24 0.240 0.000 0.000

acetic Acid Monobath




Table C.3-1 (continued)

©)

Density of

Base + Fog 5 2 s—

Solution Run 1 Run 2 B+F °p °D

Control Developer 1.64 1.58 1.610 0.042 0.060
0.2 molar Sodium 0.35 0.36 0.355 0.007 0.010
Thiosulfate Monobath
0.2 molar Mercapto- 0.24 0.24 0.240  0.000  0.000

acetic Acid Monobath




C.3.2 Effect that the Addition of Potassium Bromide had in Reducing
the Fog Density in the Monobaths (at 25 degrees centigrade)

Table C.3-1B shows the density of base + fog produced by film strips
developed in the 0.2 molar sodium thiosulfate and mercaptoacetic acid
monobaths at 25 degrees centigrade. The mercaptoacetic acid produced a
base + fog density less than that of the conventional D-76 development
and the sodium thiosulfate monobath produced a base + fog only slightly
above that of D-76 development (0.04 density un{ts).

C.3.3 The Effect that Increasing the Temperature to 35 Degrees Centi-

grade had on the Fog Density of the Monobaths and the Control
Developer

Table C.3-1C shows the density of base + fog produced when the control
developer, the 0.2 molar sodium thiosulfate monobath, and the 0.2 molar
mercaptoacetic acid monobath are developed at 35 degrees centigrade with
potassium bromide added as the antifoggant. The increased temperature
had little effect on density of base + fog of the two monobaths; there
was no change in the density of base + fog for the mercaptoacetic acid
monobath and only a slight increase for the sodium thiosulfate monobath
(from 0.04 density units above that produced by D-76 development to 0.09
density units above it). However the base + fog density of the control

developer increased all the way to 1.61.
C.4 SUMMARY OF RESULTS

The results of the tests conducted on potassium bromide and the sodium
salt of 2-anthroquinonesulfonic acid as an antifoggant for a sodium thio-
sulfate and a mercaptoacetic acid monobath indicated that potassium bromide

is a satisfactory antifoggant for the development of the monobaths at 35



degrees centigrade. The mercaptoacetic acid monobath produced less base
+ fog density than conventional development, and the sodium thiosulfate
monobath produced a base + fog density of only 0.09 density above that of
conventional development. Neither the addition of the 2-anthraquinone-
sulfonic acid or pottasium bromide were successful in reducing the fog
density of the control developer to an acceptable level. The addition

of the sodium salt of 2-anthroquinonesulfonic acid had no effect on the
fog density of the control developer.



APPENDIX D

COMPOSITION AND METHOD OF PREPARATION OF THE MONOBATHS
AND FIXING AGENT SOLUTIONS

The basic monobath composition was similar to the sodium thiosulfate mono-
. 7 . . . . .

bath used by Haist et al.’ in their comparison of a sodium thiosulfate

and a mercaptoacetic acid monobath. The monobaths consisted of the

»

following:

Phenidone 4 grams/liter

Hydroquinone 12 grams/liter

Sodium sulfite (anhydrous)

50 grams/liter

Sodium thiosulfate pentahydrate or
Mercaptoacetic acid

required molar concentrations

Potassium bromide 15 grams/liter

pH at 11.000.

The monobaths were buffered with a solution of sodium monohydrogen phosphate
(Na,HPO,4. 12 HZO) and sodium hydroxide. The fixing agent solutions

contained the complete monobath composition with the exception of the
developer and potassium bromide. The fog problem was not known when the
clearing time determinations were made, and therefore the potassium

bromide was not included in the sodium thiosulfate and mercaptoacetic

acid solutions. The fixing agent solution, then, consisted of the

following:

Sodium sulfite (anhydrous) - 50 grams/liter

Sodium thiosulfate pentahydrate or - required molar concentration
Mercaptoacetic acid

pH at 11.000.

The fixing agent solutions were also buffered with a sodium mono-

hdrogen phosphate-sodium hydroxide solution.
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D.1 METHOD OF PREPARING THE MONOBATHS

The monobaths were prepared in 2000 ml samples. There was some problem
in dissolving the phenidone in non-alkaline solutions. Therefore, the
phenidone, hydroquinone, and sodium sulfite were dissolved by a method
described by Haist13 and was accomplished as follows: (1) the sodium
sulfite was dissolved in 1000 ml of distilled water; (2) then a small
portion of hydroquinone was added to prevent th§ phenidone from oxidizing
in alkaline solution; (3) the phenidone was added to the solution; (4)
next, a sufficient quantity of sodium hydroxide pellets to dissolve

the phenidone were added to the solution; and (5) after the phenidone had
completely dissolved, the remainder of the hydroquinone was dissolved in
the solution. Next, the fixing agent (if required) and the potassium
bromide were dissolved in the solution, in sequence. The resulting
solution was buffered and adjusted to the proper pH as follows: (1) The
solution was titrated with 1.0 molar sodium hydroxide until a pH of
11.000 was reached; (2) then the sodium monohydrogen phosphate-sodium
hydroxide solution, that was buffered to a pH of 11.000, was added to the
monobath solution until it reached a volume of 1900 ml; (3) the monobath
solution was again titrated with 1.0 molar sodium hydroxide until a pH

of 11.000 was attained (the addition of the buffer solution to the
monobath solution caused the pH to drop); and (4) lastly, the monobath
solution was diluted to the required volume of 2000 ml with distilled

water.
D.2 METHOD OF PREPARING THE FIXING AGENT SOLUTIONS
The fixing agent solutions of sodium thiosulfate and mercaptoacetic acid

were prepared in 100 ml samples, which consisted of S5 grams of sodium

sulfite and the appropriate amount of sodium thiosulfate pentahydrate or
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mercaptoacetic acid required for a concentration of 0.1, 0.2, 0.4, or 0.8
molar. The fixing agent solutions were prepared in the following manner:’
The fixing agent and the sodium sulfite were dissolved in 50 ml of distilled
water; next, the solution was titrated with 0.1 molar sodium hydroxide
until a pH of 11.000 was reached; then, the sodium monohydrogen phosphate
sodium hydroxide solution, which was buffered at a pH of 11.000, was

added to the fixing agent solution until it reached a volume of 95 ml;

the fixing agent solution was again titrated with 0.1 molar sodium
hydroxide until a pH of 11.000 was attained (thé addition of the buffer
solution to the fixing agent solution caused the pH to drop); and lastly,
the fixing agent solution was diluted to the required 100 ml with distilled
water. In the preparation of both the monobaths and the fixing agent
solutions, a pH reading was made after the solutions were diluted to

the required volume with distilled water in order to verify that the pH

did not vary from 11.000 by more than 0.02.



APPENDIX E

PROBABLE CAUSE OF THE FIIM NOT COMPLETELY CLEARING
IN THE CLEARING TIME DETERMINATIONS

An absolute value for clearing time was not obtained because the trans-
mission continued to increase for up to 30 minutes without attaining a
maximum transmission. Two distinct possibilities come to mind as the
cause of the problem: (1) the fixing agent may‘have become exhausted
before the film was cleared; or (2) some constituent may have been present
in the Panatomic-X emulsion which slowed the fixing of the film at a

certain point in the fixation process.
E.1 EXHAUSTION OF THE FIXING AGENT

An approximate calculation of the millimoles of silver in the film strip
and millimoles of sodium thiosulfate in 6 ml of a 0.1 molar sodium thio-
sulfate solution was made in Table E.1-1. The results of this calculation
indicate that the problem was not caused by exhaustion of the fixing
agent; there was almost 25 times more millimoles of sodium thiosulfate

present in the solution than millimoles of silver present in the film.

E.2 COMPARISON OF THE RATE OF FIXATION OF PANATOMIC-X FILM WITH CINE
POSITIVE FILM

In o}der to determine if the problem of the Panatomic-X film not completely
clearing might be caused by constituents present in the Panatomic-X emulsion,
a comparison of Panatomic-X and Cine Positive Film was made using a 0.1

molar sodium thiosulfate solution as the fixing agent. The data of the

percent transmission as a function of fixing time for the two films is
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The film strips used for the clearing time determinations were approximately
3/8 inch X 4 inches. The square feet of film used was 3/8 inch X 4 inch/

144 square inches/square foot = 0.0104 square feet.

X-ray fluorescence silver analysis of the PANATOMIC-X Film used determined
that the silver content was equal to 252 milligrams/square foot. There-
fore, the samples.of film strip contained 0.0104 square feet X 252 milli-
grams of Ag/square foot = 2.62 milligrams of Ag. Hence the number of
millimoles of silver in the film strip was equal to:

2.62 milligrams of Ag
107.88 milligrams of Ag/millimole

= 0.0242 millimoles of Ag.

Since 6 milliliters of 0.1 molar sodium thiosulfate was used, the milli-
moles of sodium thiosulfate was equal to: 6 milliliters X 0.1 millimoles/

milliliter = 0.6 millimoles of sodium thiosulfate.

The ratio of millimoles of sodium thiosulfate in the solution to milli-
moles of silver present in the film was equal to: 0.6 millimoles/0.0242

millimoles = 24.8.

Table E.1-1. Approximate calculation of the millimoles of silver and
the millimoles of sodium thiosulfate present when a 3/8 by 4 inch strip
of PANATOMIC-X Film is fixed in 6 milliliters of a 0.1 molar sodium thio-

sulfate solution.
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shown in Table E.2-1, and the plot of percent transmission as a function
of fixing time is displayed in Figure E.2-1. The two films appear to be
clearing at the same rate up to 25-percent transmission, and then, from
that point on, the two behave entirely differently. The transmission of
the Cine Positive Film continues to increase at approximately the same

rate and reaches its maximum transmission (86-percent) in less than one
minute. The transmission of the PANATOMIC-X Film, on the other hand,
increases at a significantly slower rate, and its transmission continues

to increase even after 30 minutes. In other words, the clearing of the
PANATOMIC-X Film seems to be controlled by two rates (one rate progressing
at the same speed as the Cine Positive Film up to 4-1/2 minutes, and

after that a much slower rate occurs), whereas the clearing time of the
Cine Positive Film seems to be operating with only one rate. Since the
iodine content of the PANATOMIC-X emulsion is much greater than that of

the Cine Positive emulsion, one possible explanation for the decrease in
the rate of clearing time of the PANATOMIC-X Film may be that the amount

of iodide released during fixation may cause the thiosulfate solution

to approach saturation. Table E.2-2 shows an approximate calculation of
the silver ion concentration and the maximum allowable halide ion concen-
tration for saturation with both bromide and iodide, when fixing PANATOMIC-X
Film in a 0.1 molar sodium thiosulfate solution. The results of this
calculation indicate that the solution would not be saturated with either
halide ion. Although it can not be stated with certainty why the PANATOMIC-X
Film did not completely clear in the thiosulfate solutions, the differences
in the fixation rates of film cleared in Cine Positive Film from that
cleared in the PANATOMIC-X Film strongly indicate that the problem was

caused by composition differences in the two emulsions.
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Table E.2-1. Data for the comparison of percent transmission as a function
of fixation time for PANATOMIC-X and Cine Positive Films
fixed in the 0.1 molar sodium thiosulfate solution.

.Timg Percent Transmission Time Percent Transmission
(in Min) PANATOMIC-X Cine Positive (in Min) PANATOMIC-X Cine Positive

0.5 1.0 2.0 16.5 44.8 -
1.0 1.2 2.2 17.0 45.1 ---
1.5 1.9 2.9 17.5 " 45.3 ---
2.0 2.3 3.8 18.0 45.5 ---
2.5 3.9 5.0 18.5 45.5 ---
3.0 7.0 7.1 19.0 45.5 ——-
3.5 12.0 11.0 19.5 45.5 ---
4.0 19.0 16.9 20.0 46.0 ---
4.5 25.0 25.3 20.5 46.0 -
5.0 29.0 36.0 21.0 46.1 -—-
5.5 31.5 54.0 21.5 46.2 -
6.0 33.8 74.0 22.0 46.3 ——-
6.5 36.0 88.0 22.5 46.4 -—-
7.0 37.7 88.5 23.0 46.5 -
7.5 39.0 88.5 23.5 46.5 -
8.0 39.9 88.5 24.0 46.5 ---
8.5 40.3 88.5 24.5 46.5 -
9.0 41,2 88.5 25.0 46.5 ——-
9.5 41.8 88.5 25.5 46.7 ---
10.0 42.0 - 26.0 46.7 ——-
10.5 42.5 —- 26.5 46.8 -
11.0 42.9 - 27.0 46.9 S
11.5 43.0 - 27.5 46.9 ---
12.0 43.2 -—- 28.0 47.0 -
12.5 43,6 ——- 28.5 47.1 -
13.0 43.8 - 29.0 47.2 ---
13.5 43,9 - 29.5 47.2 -
14.0 44.1 -—- 30.0 47.2 -
14.5 44.4 --- 30.5 47.2 -
15.0 44.8 --- 31.0 47.3 ---
15.5 44.8 -—- 31.5 47.5 -

16.0 44,8 --- 32.0 47.5 -
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Table E.2-2. Approximate calculation of the silver ion concentration,
and the maximum allowable halide ion concentration to reach saturation for

both bromide and iodide when fixing PANATOMIC-X Film in 6 ml of a 0.1
molar sodium thiosulfate solution.

From Table E.1-1, the millimoles of silver in the emulsion was determined

to be 2.42 x 10—2, and the millimoles of sodium thiosulfate in the

solution was found to be 0.6. The reaction of sodium thiosulfate with

v

silver halide is:

-2 -3
Ag X + 2 5505 == Ag (S,04), =~ + X

- -3
At the completion of the reaction, the millimoles of 8203 2, Ag(8203)2 ,
and X are: ’
$,0,7% = 0.552 millimoles
Ag(SZOS)Z_S = 2.42 x 1072 millimoles

X~ = 2.42 x 1072 millimoles

In a2 6 ml solution, each of this constituents will be at the following
molar concentration:

[S,057%] = 9.2 x 107% molar

[Ag(S,05),7°] = 4.04 x 10"% molar

[X"] = 4.04 x 107% molar

The Ag(SZOS)Z—3 complex dissociates according to the equation:

Ag(S505) 73 =P Ag+ + 2 5,057

(4.04 x 1075 - X) X 2X



The concentrations of Ag+, 8203 2, and Ag(S 03)2 3 must satisfy the

following equation:

K [Ag+][5203 ]
[Ag (52 3) 2 ]

Where Ky is the dissociation constant and is equal to 3.5 x 10'14

at 25
degrees centigrade. If X equals the moles/liter of }\g(8203)2-3 dissociated,

then the following dissociation equation may be written:

-2 2
3.5 x 10-14 _ IX][9.2 x 10 = + (2x)]
[4.04 x 1073 - (X)]
Assuming that 2X is negligible compared to 9.2 x 10-2, and X is negligible

compared to 4.04 x 1072, the value of X is calculated to be 1.67 x 10714,

X is equal to the silver ion concentratiep in solution. The concentration
of iodide and bromide which can exist in equilibrium with this silver ion

concentration can be calculated from the equation:

() = g

Where K., is the solubility product of the respective silver halides.

sp

-12

At 35 degrees centigrade, K., for Ag Br = approximately 1.5 x 10 s SO

sp
the solution would be saturated by 102 N [Br"] and therefore is far from

saturation.

However, the solution would be saturated by 2.6 x 10-2 N [I7]. If the
PANATOMIC-X emulsion is 10 mol % Ag I, I will be 4 x 10-4 N. The thio-
sulfate solution therefore was not saturated by either ion of the iodabromide

emulsion, even though its fixing rate was apparently much reduced.
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COMPARISON OF THE SENSITOMETRIC CHARACTERISTICS OF THE
TWO EMULSIONS OF PANATOMIC-X FILM

Two emulsions had to be used in the rate of density growth determinations.
The amount of film required for these determinations was underestimated
and a different emulsion had to be used for the rate of density growth
determination for all of the mercaptoacetic acid monobaths and some of

the runs of the 0.4 molar sodium thiosulfate monobath. In order to
determine the implications in interpreting the results, a comparison was

made of the sensitometric properties of the two films.

F.1 PROCEDURE

Three film strips of film #1 and three film strips of film #2 were
exposed in the same manner as was done in the rate of density growth
determinations (see paragraph 2.3.2). Each of the film strips was
developed for 5 minutes at 35 degrees centigrade in the same experimental
setup and by the same procedure used in the rate of density growth deter-
mination (see paragraphs 2.3.1 and 2.3.3 for details). The films were
also stopped, fixed, and washed by the same method as that described in
paragraph 2.3.3. The density of each step of the processed film was

measured in a MacBeth TD-102 Densitometer.
F.2 RESULTS.

Table F.2-1 contains the data for the density of the two films at the
various exposure steps. Also included in the table are the mean density

(D), the standard deviation, (SD), and 2 times the standard error of the



F-2

sample mean, 2 Sﬁu Figure F.2-1 shows the plot of the characteristic
curves of the two films (the—orrop—is—disployed—as—i—3-Sy). Film #2

has a slightly higher density than film at all exposure steps except

the very low and the very high exposures where there appears to be no
difference. The gamma of the two characteristic curves were found to be the
same when the gamma of each curve was determined by using the method of
linear regression, analysis (See Appendix I for a description of the method
and the data); film #1 was found to have a gamma of 1.113 with a 95-per-
cent confidence interval of *0.099, and film #2°was found to have a gamma
of 1.132 with a 95-percent confidence interval of +0.074. There was
little difference in the density of base + fog for the two films; film #1
had a base + fog density of 0.27 and film #@ a base + fog density of 0.26.

F.3 IMPLICATIONS OF USING THE 2 FILMS FOR THE RATE OF DENSITY GROWTH
DETERMINAT IONS

There was no problem in interpreting the results of the rate of density
growth determinations because of using 2 different emulsions. Film #2,
which had produced the higher densities, was used for the rate of density
growth determination with the mercaptoacetic acid monobath, and the
densities of the mercaptoacetic acid monobath were considerably below
that of the sodium thiosulfate monobaths, which used the less reactive
film #1 (See Figures 3.4-1 through 3.4-4). 1In addition to being used
with the mercaptoacetic acid monobaths, the more reactive film (film #2)
was also used for part of the determinations with the 0.4 molar sodium
thiosulfate monobath; i.e., the rate of density growth determinations for
the 0.4 molar sodium thiosulfate monobath used both film #1 and film #2.
The mixture of the two films using the 0.4 molar sodium thiosulfate mono-
bath resulted in a somewhat larger experimental error than that of the

other monobaths. However, this mixture of films with the 0.4 molar sodium
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Table F.2-1. Data for the characteristic curves of Film #1 and Film #2.

Film #1
Log Density

Exposure Run 1 Run 2 Run 3 D °D 2 sy
Z.38 0.39 0.38 0.36 0.377 0.017 0.020
2.70 0.56 0.54 0.53 0.543 0.017 0.020
1.00 0.78 0.75 0.80 0.777 . 0.026 0.030
T:Z? 1.05 1.02 1.07 1.047 0.026 0.030
1.53 1.38 1.34 1.38 1.367 0.026 0.030
1.79 1.55 1.58 1.59 1.573 0.022 0.026
0.13 1.73 1.74 1.67 1.713 0.039 0.045
0.50 1.88 1.88 1.84 1.867 0.026 0.030
0.82 2.00 2.04 1.94 1.993 0.051 0.059
1.14 2.06 2.12 2.01 2.063 0.056 0.064
1.48 2.16 2.26 2.24 2.220 0.053 0.061
B+ F 0.27 0.27 0.27 0.270 0.000 0.000

Film #2
Log Density _ s 2 se

Exposure Run 1 Run 2 Run 3 D D D
2.38 0.39 0.39 0.40 0.393 0.010 0.012
2.70 0.60 0.60 0.60 0.600 - 0.000 0.000
1.00 0.88 0.84 0.87 0.863 0.022 0.026
1.27 1.15 1.18 1.18 1.170 0.017 0.020
1.53 1.46 1.46 1.47 1.463 0.010 0.012
1.79 1.72 1.68 1.70 1.700 d.020 0.023
0.13 1.87 1.86 1.87 1.867 0.014 0.016
0.50 2.02 1.95 2.02 1.997 0.002 0.003
0.82 2.18 2.12 2.08 2.127 0.052 0.060
1.14 2.24 2.10 2.19 2.177 0.073 0.084
1.48 2.27 2.18 2.13 2.193 0.071 0.082
B+ F 0.26 0.26 0.26 0.260 0.000 0.000
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Figure F.2-1. Comparison of the Characteristic Curves of Film #1 and Film #2
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thiosulfate monobath does not prevent it from being interpreted; the
densities of the films processed in the 0.4 molar sodium thiosulfate
monobath are significantly higher than the strips of film #2 processed in
the mercaptoacetic acid monobaths and significently lower than the strips

of film #1 developed in the other sodium thiosulfate monobaths (See
Figures 3.4-1 through 3.4-2).



APPENDIX G

VERIFICATION THAT ONLY DEVELOPED SILVER WAS MEASURED
IN THE SILVER ANALYSIS OF THE DEVELOPED IMAGE

When the concentration of silver present in a developed emulsion is
determined by X-ray fluorescence silver analysis, not only is the
developed silver measured, but also any silver complexes present. In
order to determine if a significant amount of silver complexes were
measured, selected film strips whose silver concentration had been
previously determined were fixed twice in sodium thiosulfate solutions,
and the silver concentration was determined a second time. The selected
film strips used were those developed in the 0.4 molar sodium thiosulfate
monobath and the 0.05 molar mercaptoacetic monobath for 2 minutes. Silver

determinations were made on exposure steps 10 and 6.
G.1 SODIUM THIOSULFATE SOLUTION USED

The sodium thiosulfate solution used for the tests consisted of 20-percent
sodium thiosulfate and 5-percent sodium sulfite. Two separate 1000 ml

solutions were made.
G.2 PROCEDURE

The selected film strips were fixed in the first sodium thiosulfate
solution for 30 minutes. Then the film strips were washed for 30 minutes
and fixed for 30 minutes in the second sodium thiosulfate solution. They
were washed for an additional 30 minutes and dryed. The silver concent-
ration was determined at exposure steps 10 and 6 by X-ray fluorescence

silver analysis.
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G.3 RESULTS

Table G.3-1 shows the data for the silver concentration determined on
exposure steps 10 and 6 of the selected film strips, both before and

after its treatment with the sodium thiosulfate solution. Also included
in the table are the mean silver concentration (Ag), the standard
deviation (S Ag), and 2 times the standard error of the sample mean

(2 SF@?‘ The data is graphically displayed in Figure G.3-1 showing Ag

and *2 Sgxg. It can be seen from Figure G.3-1 that the silver concentration
decreases slightly when it is treated with the sodium thiosulfate solution,
but this change in silver concentration appears to be insignificant in
comparison to the experimental error from the measurements; this was
confirmed with a hypothesis of the mean statistical test on the silver
concentration data which showed that there was no significant difference

in the two silver concentrations (see Appendix I for a description of

the statistical test and the results).
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Table G.3-1. Comparison of the silver concentration of selected film
strips before and after they have been fixed in a sodium
thiosulfate solution.

Before Treatment with Sodium Thiosulfate

‘ Exposure Silver Conc.

Solution Step Run 1 Run 2 Ag SAg 2 Spo
0.4 molar sodium 10 122.3 139.2 * 130.75 12.87 18.29
thiosulfate monobath 6 180.6 189.2 184.90 6.08 8.62
0.5 molar mercapto 10 42.7 34.3 38.50 5.94 8.40
acetic acid monobath 6 136.6 133.9 135.25 1.90 2.69

After Treatment with Sodium Thiosulfate

Exposure Silver Conc. ___

Solution Step Run I Run Z Ag SAg 2 Sig
0.4 molar sodium 10 117.4 138.3 127.85 14.79 20.72
thiosulfate monobath 6 176.9 187.8 182.35 7.71 10.88
0.05 molar mercapto- 10 39.3 33.8 36.55 3.89 5.49

acetic acid monobath 6 133.6 130.0 131.80 2.55 3.61




lqure G.3-1,

of Developed Agq (in mg /sy 1)

Conc.

200~
190~
1
N0
1607
150
140 -
180
120
Ito |
100 ]
1
30 7
70
60
$0 A
HO
30
20 ]

10 1

O-Before T Yeatment
“AfTer Treatment

13

b g

L U
ST STep

| Yo : 6 |

Ol Molay Sedium
Thio sutfote MonobaTh

STep
| 1o

r
STep

¢

0. 05 Molar mevcoptoncetie

ACrd

Mono bath



APPENDIX H
NUMERICAL DATA

This appendix contains the numerical data from the clearing time deter-
minations, the characteristic curves, the density growth determinations,

and the silver concentration determinations.
H.1 DATA FROM CLEARING TIME DETERMINATION

The data for percent transmission as a function of fixing time for the
various mercaptoacetic acid and sodium thiosulfate solutions are contained
in Table H.1-1 through H.1-7. Also included in these tables are the

mean percent transmission (T), the standard deviation (ST), and 2 times

the standard error of the mean (2 ST).
H.2 DATA FOR THE CHARACTERISTIC CURVES

Data for the characteristic curves for PANATOMIC-X Film developed in the
control developer and the sodium thiosulfate and mercaptoacetic acid

monobaths are shown in Figure H.2-1 through H.2-5. Also included in the
tables are the mean density (D), the standard deviation (Sp), and 2 times

the standard error of the sample mean (2 Sp).
H.3 DATA FROM THE DENSITY GROWTH DETERMINATIONS

The data for density as a function of development time for PANATOMIC-X
Film developed in the control developer and the sodium thiosulfate and
mercaptoacetic acid monobaths at exposure steps 10, 8, 6, and 3 are
shown in Tables H.3-1 through H.3-18. Also included in the tables are
the mean density (D), the standard deviation (Sp), and two times the

error of the sample mean (2 Spy).



H.4 DATA FROM THE SILVER CONCENTRATION DETERMINATION

Table H.4-1 contains the data of silver concentration of selected film
strips determined by X-ray fluorescence silver analysis and the calculated
value of covering power. Table H.4-2 contains the mean value of silver
concentrations and covering power (Ag and CP), the standard deviation of
the silver concentration (SAg) and the covering power (Scp), and two

times the standard error of the sample mean of the silver concentration

and the covering power (2 ng'and 2 SEﬁa calculated from Table H.4-1.
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Table H.1-1. Data for the clearing time determination for the 0.1 molar
sodium thiosulfate solution.

Time Percent Transmission
(in Min.) Run 1 Run 2 Run 3 Run 4 T ST 2 57
0.5 1.0 1.2 1.0 1.0 1.05 0.10 0.10
1.0 1.3 1.5 1.2 1.3 1.33 0.13 0.13
1.5 1.5 2.0 1.9 2.0 1.85 +0.24 0.24
2.0 2.1 2.8 2.3 3.0 2.55 0.42 0.42
2.5 3.0 4.4 3.9 4.9 4,05 0.81 0.8l
3.0 5.0 7.1 7.0 9.2 7.07 1.72 1.72
3.5 9.0 12.0 12.0 14.9 11.97 2.41 2.41
4.0 14.8 18.7 19.0 22.1 18.65 2.99 .2.99
4.5 21.2 25.9 25.0 29.5 25.40 3.44 3.44
5.0 27.5 31.2 29.0 33.6 30.33 2.66 2.66
5.5 31.3 33.8 31.5 35.9 33.13 2.17 2.17
6.0 33.7 35.9 33.8 38.2 35.40 2.12 2.12
6.5 36.2 38.3 36.0 40.9 37.85 2.28 2.28
7.0 38.9 40.9 37.7 42.9 40.10 2.29 2.29
7.5 41.0 42.7 39.0 44.3 41.75 2.28 2.28
8.0 42.1 44.0 39.9 45.1 42.77 2.28 2.28
8.5 43,2 45.0 40.3 46.0 43,63 2.50 2.50
9.0 44.1 45.9 41.2 46.9 44.53 2.50 2.50
9.5 44.9 46.7 41.8 47.4 45.20 2.59 2.59
10.0 45.7 47.1 42.0 48.0 45.70 Z2.64 2.64
11.0 46.7 48.0 42.9 48.8 46.60 2.61 2.61
12.0 47.3 48.8 43.2 49.0 47.07 2.69 2.69
15.0 48.9 49.9 44.8 50.1 48.43 2.47 2.47

20.0 50.1 51.1 46.0 51.2 49.60 2.45 2.45
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Table H.1-2. Data for the clearing time determination for the 0.2 molar
sodium thiosulfate solution.

Time Percent Transmission

(in Min.) Run 1 Run 2 T ST 2 s
0.5 1.9 2.0 1.95 0.07 0.10
1.0 4.5 4.1 4.30 0.28 0.40
1.5 15.0 14.0 14.50 0.70 0.99
2.0 28.0 27.5 27.75 0.35 0.50
2.5 34.0 33.9 33.95 0.07 0.10
3.0 38.5 38.3 38.40 0.14 0.20
3.5 42.4 42.4 42.40 0.00 0.00
4.0 44.9 44.9 44.90 0.00 0.00
4.5 46.4 46.7 46.55 0.21 0.30
5.0 47.9 48.2 48.05 0.21 0.30
5.5 48.9 49.0 48.95 0.07 0.10
6.0 49.2 49.9 49.55 0.49 0.70
7.0 49.9 50.1 50.00 0.14 0.20
8.0 50.1 50.7 50.40 0.42 0.60
10.0 50.8 51.1 50.95 0.21 0.30
13.0 51.4 51.8 51.60 0.28 0.40
20.0 52.1 52.5 52.30 0.28 0.40
30.0 52.5 52.9 52.70 0.28 0.40
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Table H.1-3., Data for the clearing time determination for the 0.4 molar
sodium thiosulfate solution.

Time Percent Transmission _ 2 s
(in Min.) Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 T ST ST
0.25 1.5 2.5 1. 2.0 1.5 2.2 1.78 0.55 0.45

0.50 4,8 7.0 3.
0.75 17.0 20.0 12.

0
5 5.7 50 6.0 5.33 1.19 0.97
0 16.0 15.0 18.0 16.33 2.73 2.23
1.00  32.5 26.0 27.0 34.0 30.0 36.0 30.92 3.61 2.95
1.25  37.7 41.0 32.2 41.5 36.5 44.6 38.92 4.38 3.58
1.50  42.2 46.0 37.0 45.5 39.4 48.9 43.17 4.07 3.32
1.75  44.9 48.5 39.9 49.0 42.4 50.9 45.93 4.26 3.48
2.00 45.8 49.3 40.9 --- 43.6 51.2 46.16 4.17 3.72
2.25  46.2 49.9 41.4 --- 44.4 51.9 46.76 4.21 3.75
2.50  46.8 50.2 41.9 51.0 44.9 52.0 47.80 3.95 3.22

1

5

2.75 47.2 50.8 42, 51.2 --- 52,2 48.70 4.14 3.70
3.00 47.8 51.0 42. 51.4 45.3 52.4 48.40 3.91 3.20
3.25 48,2 51,1 --- --- === --- 49.65 2.05 2.90
3.50 48.6 51.2 --- ---  --- --- 49.90 1.84 2.60
3.75 49,0 51.3 --- === === --- 50.15 1.63 2.30
4.00 49.3 51.4 --- 51.8 46.1 52.8 50.24 2.66 2.37
5.00 50.1 51.7 441. 51.9 46.6 53.0 49.50 3.49 2.85
6.00 50.7 --- --—=  ---  46.9 53.2 50.27 3.17 3.67
7.00 --—- 51,9 --- 52,3 47,1 53.4 51.17 2.79 2.79
10.00 --- 52,2 --- 52.8 47.9 54.0 51.72 2.66 2.66

15.00 --—- 52,8 --- 53.2 48.7 54.8 52,37 2.60 2.60
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Table H.1-4. Data for the clearing time determination for the 0.8 molar
sodium thiosulfate solution.

Time Percent Transmission

(inMin.) Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 T ° 2 sy
15 10.0 10.0 10.0 10.0 9.0 9.0 11.0 11.0 10.00 0.76 0.53
30 39.5 39.0 38.0 33.0 36.5 39.0 45.0 42.0 39.00 3.56 2.52
45 50.0 43.0 45.8 47.0 47.0 47.0 52.0 50.0 47.42 2.83 2.00
60 50.5 50.2 48.5 50.5 50.8 50.1 52.0 50.0 50.36 0.97 0.69
75 52.0 52.0 49.9 50.9 52.0 51.1 --- 50.0 51.13 0.93 0.70
90 52.8 52.2 50.8 --- 52.8 51.3 52.0 50.0 51.70 1.05 0.78
100 --- 52,7 51.0 --- 52.8 51.6 --- --- 52,03 0.87 0.87
105 53.0 --- 51.2 --- --- ---  --- --- 52,101.27 1.80
110 --- 52,9 51.4 52.9 52.9 51.8 --- --- 52.38 0.73 0.65
120 53.0 52.9 51.4 --- 53,1 51.8 --- --- 52,44 0.78 0.70
135 53.0 52.9 51.4 52.9 53.1 --- --- --- 52.67 0.71 0.63
150 53.0 52.9 51.4 52.9 53.1 --- --- --- 52,66 0.71 0.63
165 53,0 --- 51.4 --- 53,1 --- --- ---- 52,50 0.951.10
180 -  --- 51.4 --- 53,1 --- --- ---  52.251.201.39
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Table H.1-5. Data for the clearing time determination for the 0.1 molar
mercaptoacetic acid solution.

Time Percent Transmission

(in Min. and Sec.) TRun 1 Run 2 Run3 T Sp 2 57

10 sec 2.0 1.5 1.5 1,67 0.29 0.33

20 sec 3.0 3.0 2.5 2.83 0.29 0.33

30 sec 4.0 6.0 4.5  4.83 1.04 1.20

40 sec 7.0 9.0 8.0 8.00 1.00 1.16

50 sec 16.0 19.0 13.0 16.00 3.00 3.46
1 min 34.0 42,0 31.0 35.67 6.25 7.21
1 min 10 sec 44.5 52,0 47.0 47.83 3.81 4.40
1 min 20 sec 47.0 53.0 51.8 50.60 3.18 .3.67
1 min 30 sec 47.9 54.4 54,5 52.27 3.78 4.36
1 min 40 sec 48.0 54.7 56.0 52.90 4.28 4.93
1 min 50 sec 49.0 54.7 56.0 53.23 3.74 4.33
2 min 49.0 54.0 56.0 53.00 3.61 4.16
2 min 15 sec 49.0 53.9 56.1 53.00 3.63 4.18
2 min 30 sec 49.0 53.5 56.2 52.90 3.63 4.18
2 min 45 sec 49.0 53.5 56.3 52.93 3.68 4.24
3 min 49.0 53.0 56.5 52.83 3.75 4.33
4 min 49.0 53.0 56.5 52.83 3.75 4.33
5 min 49.0 53.0 56.8 52.93 3.90 4.51
7 min 49.5 52.5 56.9 52.97 3.84 4.44
10 min 52.0 50.8 56.9 53.23 3.22 3.72




Table H.1-6.

Data for the clearing time determination for the 0.2

molar mercaptoacetic acid solution.

. ‘Time Percent Transmission 2 s
(in Min. and Sec.) Run 1 Run 2 Run 3 Run 4 T T

10 sec 4.0 3.0 4.0 4.0 3.75 0.50 0.50

20 sec 40.0 30.0 43.0 45.0 31.60 6.64 6.64

30 sec 50.0 47.0 53.0 54.0, 51.00 3.16 3.16

40 sec 56.5 54.0 55.0 56.0 55.37 1.11 1.11

50 sec 57.0 55.0 55.0 56.0 55.75 0.96 0.96
1 min 57.0 55.1 55.0 56.0 55.77 0.93 0.93
1 min 15 sec 57.0 55.2 55.0 56.1 55.83 0.92 0.92
1 min 30 sec 57.0 55.5 55.0 56.0 55.95 0.91 0.91
1 min 45 sec 57.0 55.7 55.0 56.5 56.05 0.88 0.88
2 min 57.0 55.8 55.0 56.5 56.07 0.87 0.87
4 min 57.9 56.8 56.5 56.8 57.00 0.62 0.62
7 min 58.6 59.5 -- 56.9 58.33 1.32 1.53
10 min 59.1 59.9 -- -- 59.50 0.57 0.80
15 min 59.9 60.0 -- -- 59.95 0.07 0.10
20 min 60.1 60.1 -- -- 60.10 0.00 0.00




Table H.1-7.

Data for the clearing time determination for the 0.
mercaptoacetic acid solution.

H-9

4 molar

Percent Transmission

Time (in Min. and Sec.) Run 1 Run 2 T T 2 sy
10 sec 34.0 37.0 35.50 2.12 3.00

20 sec 47.0 53.5 50.25 4.59 6.38

30 sec 49.9 55.9 +52.90 4.24 5.98

45 sec 53.0 56.2 54.60 2.26 3.30

1 min 53.5 56.6 55.05 2.19 3.10
1 min 30 sec 53.8 56.9 55.35 2.19 3.10
2 min 54.1 57.0 55.55 2.05 2.90
3 min 54.8 57.7 56.25 2.05 2.90
5 min 55.4 58.0 56.70 1.84 2.60
7 min 55.8 58.1 56.95 1.63 2.30
10 min 56.0 57.5 56.75 1.06 1.50
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Table H.2-1. Data for the characteristic curves of PANATOMIC-X Film
developed for 4 minutes in the control developer and the
0.05 molar sodium thiosulfate monobath at 35 degrees
centigrade.

Control Developer

Density

Log Exposure Run 1 Run 2 D °p 2 sp
2.38 1.64 1.56 1.600 0.057 0.074
2.70 1.90 1.84 1.870 0.042 0.059
1.00 2.34 2,31 2,325 0.021 0.030
1.27 2.84 2.82 2.830 0.014 0.020
1.53 3.30 3.20 3.250 0.071 0.101
1.79 3.46 3.44 3.450 .0.014 0.020
0.13 3.46 3.67 3.565 0.149 0.211
0.50 3.68 3.73 3.705 0.035 0.049
0.82 3.69 3.76 3.725 0.049 0.069
1.14 3.74 3.75 3.745 0.007 0.010
1.48 3.84 3.79 3.815 0.035 0.049
B+F 1.45  1.52 1.485 0.049 0.069

0.05 Molar Sodium Thiosulfate Monobath
Density _ s 2 s
Log Exposure Run 1  Run 2 D D D
2.38 0.98 0.88 0.930 0.071 0.101
2.70 1.32 1.27 1.295 0.035 0.049
1.00 1.72 1.66 1.690 0.042 0.059
1.27 2.06 2.04 2.050 0.014 0.020
1.53 2.38 2.36 2.370 0.014 0.020
1.79 2.64 2.64 2.640 0.000 0.000
0.13 2.85 2.86 2.855 0.007 0.010
0.50 3.07 3.12 3.095 0.035 0.049
0.82 3.28 3.34 3.310 0.042 0.059
1.14 3.47 3.53 3.500 0.042 0.059
1.48 3.64 3.73 3.685 0.064 0.090

B+F 0.91 0.75 0.830 0.113 0.160
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Table H.2-2. Data for the characteristic curves of PANATOMIC-X Film
developed for 4 minutes in the 0.1 and 0.2 molar sodium
thiosulfate monobaths at 35 degrees centigrade.

0.1 Molar Sodium Thiosulfate Monobath

Density

Log Exposure Run 1 Run 2 D °p )
2.38 0.80 0.79 0.795 0.007 0.010
2.70 1.17 1.15 1.160 0.014 0.020
1.00 1.58 1.53 1.555 0.035 0.049
1.27 1.86 1.88 1.870 0.014 0.020
1.53 2.38 2.24 2.310 0.099 0.140
1.79 2.64 2.59 2.615 0.035 0.049
0.13 2.74 2.82 2.780 0.057 0.081
0.50 2.92 3.06 2.990 0.099 0.140
0.82 3.29 3.23 3.250 0.028 0.040
1.14 3.37 3.44 3.405 0.049 0.069
1.48 3.50 3.58 3.540 0.059 0.083
B+F 0.56 0.56 0.560 0.000 0.000

0.2 Molar Sodium Thiosulfate Monobath

Density

Log Exposure Run 1 Run 2 D ) 2 sp
2.38 0.68 0.65 0.665 0.021 0.030
2.70 0.96 0.95 0.955 0.007 0.010
T.00 1.35 1.35 1.350 0.000 0.000
1.27 1.79 1.72 1.755 0.049 0.069
1.53 2.18 2.12 2.150 0.042 0.059
CT1.79 2.59 2.45 2.520 0.099 0.140
0.13 2.84 2.74 2.790 0.071 0.101
0.50 2.98 3.04 3.010 0.042 0.059
0.82 3.20 3.10 3.150 0.071 0.101
1.14 3.36 3.23 3.295 0.092 0.130
1.48 3.51 3.28 3.395 0.163 0.230
B+F 0.42 0.38 0.40 0.028 0.040
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Table H.2-3. Data for the characteristic curves of PANATOMIC-X Film
developed for 4 minutes in the 0.4 molar sodium thio-
sulfate monobath and the 0.05 molar mercaptoacetic acid
monobath at 35 degrees centigrade.

0.4 Molar Sodium Thiosulfate Monobath

Density
Log Exposure Run 1 Run 2 Run 3 D °p 2 D
2.38 0.45 0.43 0.46 0.446 0.015 0.017
Z2.70 0.67 0.68 0.72 0.690 0.027 0.031
T.00 0.95 0.98 1.04 0.990 0.006 0.007
T.27 1.25  1.40 1.40  1.350  0.087  0.100
1.53 1.58 1.68 1.74 1.667 0.081 0.093
T.79 1.88 2.00 2.00 1.960 0.069 0.080
0.13 2.15 2.07 2.25 2.157 0.090 0.104
0.50 2.36 2.40 2.46 2.407 0.050 0.057
0.82 2.51 2,58 2.58 2.557 0.040 0.046
1.14 2.72 2.77 2.69 2.727 0.040 0.046
1.48 2.84 2.80 2.80 2,813 0.023 0.027
B+F 0.30 0.26 0.28 0.280 0.020 0.023
0.05 Mercaptoacetic Acid Monobath
Density
Log Exposure Run 1  Run 2 D °p 2 sy
2.38 0.31 0.31 0.310 0.000 0.000
2.70 0.48 0.45 0.465 0.021 0.030
1.00 0.81 0.74 0.775 0.049 0.069
1.27 1.20 1.14 1.170 0.042 0.059
1.53 1.52 1.42 1.470 0.071 0.100
1.79 1.70 1.59 1.645 0.078 0.110
0.13 1.84 1.75 1.795 0.064 0.091
0.50 1.97 1.90 1.935 0.049 0.069
0.82 2.18 2.06 2.120 0.085 0.120
1.14 2.34 2.22 2.280 0.085 0.120
1.48 2.49 2.42 2.455 0.049 0.069
B+F 0.26 0.26 0.260 0.000 0.000




Table H.2-4. Data for the characteristic curves of PANATOMIC-X Film
developed for 4 minutes in the 0.1 and 0.2 molar
mercaptoacetic acid monobaths at 35 degrees centigrade.

0.1 Molar Mercaptoacetic Acid Monobath

Density

Log Exposure Run 1 Run 2 i ) )
2.38 0.26  0.27 0.265 0.007 0.010
2.70 0.34 0.34 0.340 0.000 0.000
1.00 0.52  0.52 0.520 0.000 0.000
1.27 0.82 0.80 0.810 0.014 0.020
1.53 1.06 1.08 1.070 0.014 0.020
1.79 1.24 1.28 1.260 0.028 0.040
0.13 1.41 1.43 1.420 0.014 0.020
0.50 1.57 1.54 1.555 0.021 0.030
0.82 1.67 1.70 1.685 0.021 0.030
1.14 1.75  1.82 1.785 0.049 0.069
1.48 1.85  1.92 1.885 0.049 0.069
B+F 0.24  0.24 0.240 0.000 0.000

0.2 Molar Mercaptoacetic Acid Monobath

Density _ s 2 s

Log Exposure Run 1 Run 2 D D D
2.38 0.25  0.25 0.250 0.000 0.000
2.70 0.27  0.27 0.270 0.000 0.000
1.00 0.36  0.34 0.350 0.014 0.020
1.27 0.50  0.47 0.485 0.021 0.030
1.53 0.62 0.66 0.640 0.029 0.040
1.79 0.72  0.79 0.755 0.049 0.069
0.13 0.83  0.88 0.855 0.035 0.049
0.50 0.98  0.92 0.950 0.042 0.059
0.82 0.98 1.04 1.010 0.042 0.059
1.14 1.10 1.03 1.065 0.049 0.069
1.48 1.14 1.06 1.100 0.057 0.081
B+F 0.25  0.24 0.245 0.007 0.010
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Table H.2-5. Data for the characteristic curve of PANATOMIC-X Film
developed for 4 minutes in.the 0.4 molar mercaptoacetic
acid monobath at 35 degrees centigrade.

Density
Log Exposure Run 1 Run 2 D °p 2 sy
2.38 0.24 0.24 0.240 0.000 0.000
7.70 0.24  0.24 0.240 0.000 0.000
T.00 0.25  0.24 0.245 0.007 0.010
T.27 0.25  0.25 0.250 0.000 0.000
1.53 0.26  0.26 0.260 0.000 0.000
1.79 0.28  0.28 0.280 0.000 0.000
0.13 0.31  0.30 0.305 0.007 0.010
0.50 0.33  0.31 0.320 0.014 0.020
0.82 0.36  0.34 0.350 0.014 0.020
1.14 0.35  0.34 0.345 0.007 0.010
1.48 0.36  0.37 0.365 0.007 0.010
B+F 0.24  0.24 0.240 0.000 0.000
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Table H.3-1. Data for density as a function of development time for
PANATOMIC-X Film developed .in the control developer
at 35 degrees centigrade for exposure steps 10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density
(in minutes) Run 1 Run 2 D D 2 S5
1/2 0.88 0.90 0.890 0.014 0.020
1 1.08 1.05 1.065 0.021 0.030
2 1.36 -- 1.360 ' -- --
3 1.59 1.57 . 1.580 0.014 0.020
4 1.90 1.84 1.870 0.042 0.059
6 1.92 2.04 1.980 0.085 0.120
8 2.21 2.04 2.125 0.120 0.170
12 2.21 2.28 2.245 0.049 0.069
16 2.30 2.00 2.150 0.212 0.300
Step 8 (Log Exposure = 1.27)
Development Time Density
(in minutes) Run 1 Run 2 D D 2 °D
1/2 1.62 1.70 1.660 0.057 0.080
1 2.03 2.00 2.015 0.021 0.030
2 2.45 -- 2.450 -- --
3 2.65 2.66 2.655 0.007 0.010
4 2.84 2.82 2.830 0.014 0.020
6 2.80 2.83 2.815 0.021 0.030
8 2.92 2.85 2,885 0.049 0.069
12 2.96 2.94 2.950 0.014 0.020
16 2.88 2.95 2.915 0.049 0.069
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Table H.3-2. Data for density as a function of development time for
' PANATOMIC-X Film developed in the control developer
at 35 degrees centigrade for exposure steps 6 and 3.

Step 6 (Log Exposure = 1.79

Development Time Density
(in Minutes) Run I Run 2 D Sp 2 sy
1/2 2.10 2.29 2.195 0.134 0.189
1 2.68 2.72 2.700 0.028 0.040
2 3.11 - - - -
3 3.28 3.34 3.310 "0.042 0.059
4 3.46 3.44 '3.450 0.014 0.020
6 3.34 3.48 3.410 0.099 0.140
8 3.46 3.38 3.420 0.057 0.080
12 3.51 3.64 3.575 0.092 0.130
16 3.38 3.60 3.490 0.156 0.221
Step 3 (Log Exposure = 0.82)
Development Time Density _ s 2 s—
(in Minutes) Run 1 Run 2 D D D
1/2 2.66 2.87 2.765 0.149 0.210
1 3.21  3.27 3.240 0.042 0.059
2 3.45 - 3.450 -- --
3 3.64 3.68 3.660 0.028 0.040
4 3.69 3.76 3.725 0.049 0.069
6 3.68 3.73 3.705 0.035 0.049
8 3.74 3.75 3.745 0.007 0.010
12 3.88 3.91 3.895 0.021 0.030
16 3.30  3.92 3.610 0.438 0.490
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Table H.3-3. Data for density as a-function of development time for
PANATOMIC-X Film developed in the 0.05 molar sodium

thiosulfate monobath at 35 degrees centigrade for exposure
steps 10 and 8. '

Step 10 (Log Exposure - 2.70)

Development Time

(in Minutes) Run 1 Run 2 D Sp 2 s
1/4 0.75 0.74 0.745 90.007 0.010
1[2 0.90 0.90 0.900 0.000 0.000

1 1.05 1.08 -1.065 0.021 0.030
2 1.28 1.30 1.290 0.014 0.020
3 1.30 1.31 1.305 0.007 0.010
4 1.32 1.27 1.295 0.035 0.049
6 1.35 1.33 1.340 0.010 0.020
8 1.36 1.35 1.355 0.007 0.010
12 1.40 1.40 1.400 0.000 0.000
16 1.41 1.45 1.430 0.028 0.020

Step 8 (Log Exposure = 1.27)

Development Time Density _ s 2 s—

(in Minutes) Run 1 Run 2 D D D
1/4 1.28 1.28 1.280 0.000 0.000
1/2 1.58 1.60 1.590 0.014 0.020

1 1.85 1.86 1.855 0.007 0.010
2 2.02 2.05 2.035 0.021 0.030
3 2.02 2.06 2.040 0.028 0.040
4 2.06 2.04 2.050 0.014 0.020
6 2.12 2.10 2.110 0.014 0.020
8 2.13 2.09 2.110 0.028 0.040
12 2.24 2.14 2.190 0.071 0.100
16 2.20 2.32 2.260 0.085 0.120
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Table H.3-4. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.05 molar sodium
thiosulfate monobath at 35 degrees centigrade for
exposure steps 6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density
(in Minutes) Run 1 Run 2 D p 2 55
1/4 1.68 1.72 1.700 0.028 0.040
1/2 2.11 2.15 2.130 0.028 0.040
1 2.50 2.47 2.485 .0.021 0.030
2 2.60 2.65 2.675 0.035 0.049
3 2.65 2.62 ©2.635 0.021 0.030
4 2.64 2.64 2.640 0.000 0.000
6 2.71 2.70 2.705 0.007 0.010
8 2.74 2.74 2.740 0.000 0.000
12 2.78 2.81 2.795 0.021 0.030
16 2.84 2.92 2.880 0.057 0.080
Step 3 (Log Exposure = 0.82) _
Development Time Density _ s 2 s
(in Minutes) Run 1 Run 2 D D D
1/4 2.16 2.29 2.225 0.092 0.130
1/2 2.80 2.91 2.855 0.078 0.110
1 3.18 3.17 3.175 0.007 0.010
2 3.22  3.29 3.255 0.049 0.069
3 3.27 3.30 3.285 0.021 0.030
4 3.28 3.34 3.310 0.042 0.059
6 3.40 3.37 3.385 0.021 0.030
8 3.37 3.42 3.395 0.035° 0.049
12 3.64 3.57 3.605 0.049 0.069
16 3.29 3.79 3.540 0.354 0.500
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Table H.3-5. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.1 molar sodium
thiosulfate monobath at 35 degrees centigrade for
exposure steps 10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density
(in Minutes) Run 1 ' Run 2 D 5D 2 sy
1/4 0.74 0.71 0.725 0.021 0.030
1/2 0.93 - 0.930 -- --
3/4 0.94 1.00 0.970 .0.042 0.059
1 1.06 1.07 1.065 0.007 0.010
2 1.12 1.14 “1.130 0.014 0.020
3 1.15 1.15 1.150 0.000 0.000
4 1.17 1.15 1.160 0.014 0.020
6 1.19 1.15 1.170 0.028 0.040
8 1.17 1.22 1.195 0.035 0.049
16 1.20 1.28 1.240 0.057 0.080
Step 8 (Log Exposure = 1.27) .
Development Time Density _ s 2 s—
(in Minutes) Run 1 Run 2 D D D
1/4 1.30 1.28 1.290 0.014 0.020
1/2 1.64 - 1.640 -- --
3/4 1.70 1.79 1.745 0.064 0.090
1 1.84 1.86 1.850 0.014 0.020
2 1.83 1.86 1.845 0.021 0.030
3 1.86 1.87 1.865 0.007 0.010
4 1.86 1.88 1.870 0.014 0.020
6 1.90 1.98 1.940 0.057 0.080
8 1.94 2.01 1.975 0.049 0.064
16 2.08 1.99 2 0.090

.035 0.064
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Table H.3-6. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.1 molar sodium

thiosulfate monobath at 35 degrees centigrade for exposure
steps 6 and 3.

Step 6 (log Exposure = 1.79)

Development Time Density
(in Minutes) Run 1 Run 2 D °p 2 sp
1/4 1.78 1.77 1.775 0.007 0.010
1/2 2.30 - 2.300 -- -
3/4 2.42 2.56 2.490 .0.099 0.140
1 2.56 2.60 2.580 0.028 0.040
2 2.52  2.60 ~2.560 0.057 0.080
3 2.58 2.58 2.580 0.000 0.000
4 2.64 2.59 2.615 0.035 0.049
6 2.63 2.72 2.675 0.064 0.090
8 2.64 2.83 2.735 0.134 0.190
16 2.77 2.82 2.795 0.035 0.049
Step 3 (Log Exposure = 0.82)
Development Time Density _ s 2 s—
(in Minutes) Run 1 Run 2 D D D
1/4 2.27 2.33 2.300 0.042 0.059
1/2 3.00 © - 3.000 -- --
3/4 3.11 3.21 3.160 0.071 0.101
1 3.21 3.26 3.235 0.035 0.049
2 3.16 3.30 3.230 0.099 0.140
3 3.29 3.26 3.275 0.021 0.030
4 3.27 3.23 3.250 0.028 0.040
6 3.36  3.40 3.380 0.028- 0.040
8 3.31 3.56 3.435 0.177 0.250
16 3.79 3.55 3.670 0.170 0.240
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Table H.3-7. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.2 molar sodium
thiosulfate monobath at 35 degrees centigrade for
exposure steps 10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density
(in Minutes) Run 1 Run 2 D °p 2 sp
1/4 0.60 0.62 0.610 0.014 0.020
1/2 0.76 0.78 0.770 0.014 0.020
1 0.88 0.89 0.885 +0.007 0.010
1.1/2 0.92 0.90 0.910 0.014 0.020
2 0.94 0.93 “0.935 0.007 0.010
4 0.96 0.95 0.956 0.007 0.010
6 1.04 0.97 1.005 0.049 0.069
8 1.03 0.98 1.005 0.035 0.049
16 1.02 1.06 1.040 0.028 0.040

Step 8 (Log Exposure = 1.27)

Development Time Density _ s 2 o
(in Minutes) Run 1 Run 2 D D D
1/4 1.08 1.12 1.100 0.028 0.040
1/2 1.45 1.46 1.455 0.007 0.010
1 1.61 1.64 1.625 0.021 0.030
11/2 1.70 1.65 1.675 0.035 0.049
2 1.70 1.67 1.685 0.021 0.030
4 1.79 1.72 1.755 0.049 0.069
6 1.85 1.80 1.825 0.035 0.049
8 1.76 1.84 1.800 0.057 0.080
16 1.82 1.92 1.870 0.071 0.101




H~-22

Table H.3-8. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.2 molar sodium
thiosulfate monobath at 35 degrees centigrade for
exposure steps 6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density
(in Minutes) Run 1 Run 2 D D )
1/4 1.51 1.58 1.545 0.049 0.069
1/2 2.04 2.11 2.075 0.049 0.069
1 2,27  2.33 2.300 .0.042 0.059
11/2 2.44 2,35 2.395 0.064 0.090
2 2,36 2.39 “2.375 0.021 0.030
4 2.59 2.45 2.520 0.099 0.140
2.51 2.65 2.580 0.099 0.140
16 2.64 2,74 2.690 0.071 0.101

Step 3 (Log Exposure = 0.82)

Development Time Density _ s 2 s—
(in Minutes) Run 1 Run 2 D D D
1/4 1.96 1.87 1.915 0.064 0.090
1/2 2,63 2.72 2.675 0.064 0.090
1 2.86 2.95 2.905 0.064 0.090
11/2 3.09 2.96 3.025 0.092 0.130
2 3.04 3.06 3.050 0.014 0.020
4 3.20 3.10 3.150 0.071 0.101
6 3.24 3.17 3.205 0.049 0.069
8 3.20 3.20 3.200 0.000 0.000

16 3.18 3.37 3.275 0.134 0.190
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Table H.3-9. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.4 molar sodium
thiosulfate monobath at 35 degrees centigrade for exposure
steps 10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density
(in Minutes) Run 1_Run 2 Run 3 Run 4 D p 2 sy
1/4 0.46 0.46 0.48 - 0.467 0.011 0.013
1/2 0.58 0.60 0.59 0.60 0.593 0.010 0.010
3/4 0.66 0.65 0.63 - - 0.647 0.015 0.018
1 0.66 0.66 0.64 0.66 0.655 0.010 0.010
11/2 0.68 0.70 -7 - 0.690 0.014 0.020
2 0.64 0.67 0.74 - 0.683 0.051 0.059
3 0.69 0.67 0.68 - 0.680 0.010 0.012
4 0.67 0.68 0.72 - 0.690. 0.027 0.031
8 0.65 0.69 0.68 - 0.673 0.021 0.024
16 0.71 0.67 - - 0.690 0.028 0.040
Step 8 (Log Exposure = 1.27)
Development Time Density _ s 2 s
(in Minutes) Run 1 Run 2 Run 3 Run 4 D D D
i/4 0.82 0.87 0.90 - 0.863 0.040 0.047
1/2 1.10 1.15 1.16 1.18 1.147 0.034 0.034
3/4 1.26 1.26 1.22 - 1.247 0.023 0.027
1 1.26 1.25 1.32 1.28 1.277 0.031 0.031
11/2 1.41 1.41 - - 1.410 0.000 0.000
2 1.22 1.30 1.40 - 1.307 0.090 0.104
3 1.31 1.36 1.44 - 1.370 0.066 0.076
4 1.25 1.40 1.40 - 1.350 0.087 0.100
8 1.35 1.38 1.30 - 1.343 0.040 0.047
16 1.45 1.35 - - 1.400 0.071 0.101




Table H.3-10.
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Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.4 molar sodium

thiosulfate monobath at 35 degrees centigrade for

exposure steps 6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time

Density

(in Minutes) Run 1 Run 2 Run 3 Run 4 D °p 2 ]
1/4 1.17  1.26 1.31 - 1.247 0.071 0.082
1/2 1.61 1.68 1.73 1.73 1.687 0.057 0.057
3/4 1.81 1.85 1.80 - - 1.820 0.027 0.031

1 1.82 1.86 1.78 1.92 1.845 0.060 0.060
2 1.80 1.93 1.98 - 1.903 0.093 0.108
3 1.98 2.00 1.93 - 1.970 0.036 0.042
4 1.88 2.00 2.00 - 1.960 0.069 0.080
8 2.02 1.99 1.97 - 1.993 0.025 0.029
16 2.14 2.00 - - 2.070 0.099 0.140

Step 3 (Log Exposure = 0.82)

Development Time Density _ s 2 s—

(in Minutes) Run 1 Run 2 Run 3 Run 4 D D D
1/4 1.46 1.60 1.69 - 1.583 0.116 0.134
1/2 2.07 2.21 2.29 2.18 2.187 0.091 0.091
3/4 2.36  2.48 2.42 - 2.420 0.060 0.069

1 2.38 2.48 2.47 2.58 2.477 0.082 0.082
2 2.38 2.59 2.58 - 2.517 0.119 0.137
3 2.69 2.59 2.68 - 2.653 0.055 0.064
4 2.51 2.58 2.58 - 2.557 0.040 0.047
8 2.66 2.64 2.75 - 2.683 0.059 0.068
16 2.94 2.69 - - 2.815 0.177  0.250
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Table H.3-11. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.05 molar mercaptoacetic
acid monobath at 35 degrees centigrade for exposure
steps 10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density
(in Minutes and Second) Run 1 Run 2 D p 2 sy
5 sec. 0.31 0.31 0.310 0.000 0.000
10 sec. 0.37 0.37 0.370 0.000 0.000
15 sec. 0.40 0.38 0.390 . 0.014 0.020
20 sec. 0.40 0.39 0.395 0.007 0.010
25 sec. 0.37 0.39° 0.380 0.007 0.010
30 sec. 0.42 0.44 0.430 0.014 0.020
1 min. 0.44 0.46 0.450 0.014 0.020
2 min, 0.48 0.47 0.475 0.007 0.010
4 min. 0.48 0.45 0.465 0.021 0.030
8 min. 0.46 0.50 0.480 0.028 0.040
16 min. 0.48 0.55 0.515 0.049 0.069
Step 8 (Log Exposure = 1.27)
Development Time Density _ s 2 §—
(in Minutes and Second) Run 1 Run 2 D D D
5 sec. 0.53 0.66 0.595 0.092 0.130
10 sec. 0.86 0.87 0.865 0.007 0.010
15 sec. 1.01 0.91 0.960 0.071 0.010
20 sec. 0.98 1.00 0.990 0.014 0.020
25 sec. 0.97 1.01 0.990 0.028 0.040
30 sec. 1.10 1.18 1.140 0.057 0.081
1 min. 1.22  1.19 1.205 0.021 0.030
2 min. 1.19 1.22 1.205 0.021 0.030
4 min, 1.20 1.14 1.170 0.042 0.059
8 min, 1.29 1.18 1.235 0.078 0.110
16 min, 1.26 1,38 1.320 0.085 0.120
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Table H.3-12. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.05 molar mercapto-

acetic acid monobath at 35 degrees centigrade for
exposure steps 6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density
(in Minutes and Second) Run 1 Run 2 D ) 2 sy
5 sec. 0.81 0.92 0.865 0.078 0.110
10 sec. 1.22 1.24 1,230 0.014 0.020
15 sec. 1.42 1.34 1.380 ° 0.057 0.081
20 sec. 1.40 1.45 1.425 0.035 0.049
25 sec, 1.48 1.46 1.470 0.014 0.020
30 sec. 1.69 1.63 1,660 0.042 0.059
1 min. 1.72 1.69 1.705 0.021 0.030
2 min. 1.67 1.70 1.685 0.021 0.030
4 min. 1.70 1.59 1,645 0.078 0.110
8 min. 1.80 1.70 1.750 0.071 0.101
16 min. 1,83 1.96 1.895 0.092 0.130
Step 3 (Log Exposure = 0.82)
Development Time Density _ s 2 s
(in Minutes and Second) Run 1 Run 2 D D D
5 sec. 1.08 0.99 1.035 0.064 0.091
10 sec. 1.55 1.64 1,595 0.064 0.091
15 sec. 1.91 1.78 1.845 0.092 0.130
20 sec. 1.93 1.97 1.950 0.028 0.040
25 sec. 1.96 1.91 1.935 0.035 0.049
30 sec. 2.19 2.25 2.220 0.042 0.059
1 min. 2.28 2.19 2.235 0.064 0.091
2 min. 2.14 2.21 2,175 0.049 0.069
4 min. 2.18 2.06 2.120 0.085 0.120
8 min. 2.28 2.22 2.250 0.042 0.059
16 min. 2.42 2.54 2.480 0.085 0.120
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Table H.3-13. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.1 molar mercaptoacetic
acid monobath at 35 degrees centigrade at exposure
steps 10 and 8. '

Step 10 (Log Exposure = 2,70)

Development Time Density
(in Minutes and Second) Run 1 Run 2 D ) 2 sp
5 sec. 0.31 0.31 0.310 0.000 0.000
10 sec. 0.32 0.32 0.320 0.000 0.000
15 sec. 0.34 0.34 0.340 . 0.000 0.000
20 sec. 0.32 0.34 0.330 0.014 0.020
25 sec. 0.34 0.34" 0.340 0.000 0.000
30 sec. 0.34 0.34 0.340 0.000 0.000
1 min. 0.34 0.34 0.340 0.000 0.000
2 min. 0.34 0.34 0.340 0.000 0.000
4 min. 0.34 0.34 0.340 0.000 0.000
8 min, 0.34 0.36 0.350 0.014 0.020
16 min. 0.33 0.36 0.345 0.021 0.030
Step 8 (Log Exposure = 1.27)
Development Time Density _ s 2 s—
(in Minutes and Second) Run 1 Run 2 D D D
5 sec. 0.58 0.54 0.560 0.028 0.040
10 sec. 0.68 0.70 0.690 0.014 0.020
15 sec. 0.77 0.81 0.790 0.028 0.040
20 sec. 0.76 0.82 0.790 0.028 0.040
25 sec. 0.80 0.80 0.800 0.000 0.000
30 sec. 0.80 0.83 0.815 0.021 0.030
1 min, 0.80 0.82 0.810 0.014 0.020
2 min 0.84 0.82 0.830 0.014 0.020
4 min. 0.82 0.80 0.810 0.014 0.020
8 min. 0.85 0.86 0.855 0.007 0.010
16 min. 0.82 0.90 0.860 0.057 0.081
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Table H.3-14. Data for density as a function of development time for
PANATOMIC-X Film developed in the 0.1 molar mercapto-
acetic acid monobath at 35 degrees centigrade at exposure
steps 6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density
(in Minutes and Second) Run 1 Run 2 D p )
5 sec. 0.82 0.79 0.805 0.021 0.030
10 sec. 1.07 1.04 1.055 0.021 0.030
15 sec. 1.24 1.20 1.220 . 0.028 0.040
20 sec. 1.19 1.24 1.215 0.035 0.049
25 sec, 1.24 1.26° 1.250 0.014 0.020
30 sec. 1.24 1.27 1.255 0.021 0.030
1 min. 1.26 1.24 1.250 0.014 0.020
2 min. 1.28 1.26 1.270 0.014 0.020
4 min. 1.24 1.28 1.260 0.028 0.040
8 min. 1.32 1.34 1.330 0.014 0.020
16 min. 1.39 1.32 1.355 0.049 0.069
Step 3 (Log Exposure = 0.82)
Development Time Density _ s 2 s—
(in Minutes and Second) Run 1 Run 2 D D D
5 sec. 1.06 0.99 1.025 0.049 0.069
10 sec. 1.48 1.34 1.410 0.099 0.140
15 sec. 1.68 1.59 1.635 0.064 0.091
20 sec. 1.59 1.66 1.625 0.049 0.069
25 sec. 1.64 1.67 1.655 0.021 0.030
30 sec. 1.64 1.62 1.630 0.014 0.020
1 min. 1.66 1.62 1.640 0.028 0.040
2 min. 1.68 1.66 1.670 0.014 0.020
4 min. 1.67 1.70 1.685 0.04¢ 0.069
8 min. 1.74 1.71 1.725 0.021 0.030
16 min. 1.76 1.76 1.760 0.000 0.000
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Table H.3-15. Data for density as a function of development time for
Panatomic-X Film developed in the 0.2 molar mercaptoacetic

acid monobath at 35 degrees centigrade for exposure steps
10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density

(in Minutes and Seconds) Run 1 Run 2 D D 255'
5 Sec 0.26 0.26 0.260 0.000 0.000
10 Sec 0.27 0.27 0.270 0.000 0.000
15 Sec 0.27 0.28 0.275 0.007 0.010
20 Sec 0.28 0.28 0.280 0.000 0.000
25 Sec 0.28 0.28 0.280 0.000 0.000
30 Sec 0.28 0.27 0.275 0.007 0.010
1 Min 0.28 0.27 0.275 0.007 0.010
2 Min 0.28 0.26 0.270 0.014 0.020
4 Min 0.27 0.27 0.270 0.000 0.000
8 Min 0.27 0.28 0.275 0.007 0.010
16 Min 0.28 0.26 0.270 0.014 0.020
Step 8 (Log Exposure = 1.27)

Development Time Density _ s 25—
(in Minutes and Seconds) Run 1 Run 2 D D D

5 Sec 0.39 0.36 0.375 0.021 0.030
10 Sec 0.48 0.47 0.475 0.007 0.010
15 Sec 0.52 0.54 0.530 0.014 0.020
20 Sec 0.54 0.49 0.515 0.035 0.049
25 Sec 0.54 0.54 0.540 0.000 0.000
30 Sec 0.50 0.52 0.510 0.014 0.020
1 Min 0.50 0.51 0.505 0.007 0.010
2 Min 0.50 0.52 0.510 0.014 0.020
4 Min 0.50 0.47 0.485 0.021 0.030
8 Min 0.51 0.52 0.515 0.007 0.010
16 Min 0.50 0.52 0.510 0.014 0.020
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Table H.3-16. Data for density as a function of development Time for
Panatomic-X Film developed in the 0.2 molar mercaptoacetic

acid monobath at 35 degrees centigrade for exposure steps
6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density

(in Min. and Sec.) Run 1 Run 2 D 5p )
5 Sec 0.59 0.52 0.555 0.049 0.069
10 Sec 0.70 0.72 0.710 0.014 0.020
15 Sec 0.83 0.83 0.830 0.000 0.000
20 Sec 0.84 0.78 0.810 0.042 0.059
25 Sec 0.82 -.82 0.820 0.000 0.000
30 Sec 0.77 0.80 0.785 0.021 0.030
1 Min 0.80 0.76 0.780 0.028 0.040
2 Min 0.80 0.80 0.800 0.000 0.000
4 Min 0.72 0.79 0.755 0.049 0.069
8 Min 0.80 0.82 0.810 0.014 0.020
16 Min 0.76 0.82 0.790 0.042 0.059
Step 3 (Log Exposure = 0.82)

Development Time Density . s 25—
(in Min. and Sec.) Run 1 Run 2 D D

5 Sec 0.77 0.65 0.710 0.085 0.120
10 Sec 0.90 0.92 0.910 0.014 0.020
15 Sec 1.10 1.12 1.110 0.014 0.020
20 Sec 1.14 1.01 1.075 0.092 0.130
25 Sec 1.07 1.11 1.090 0.028 0.040
30 Sec 0.97 1.06 1.015 0.064 0.091
1 Min 1.08 0.98 1.030 0.071 0.101
2 Min 1.05 1.13 1.090 0.057 0.081
4 Min 0.98 1.04 1.010 0.042 0.059
8 Min 1.10 1.03 1.065 0.049 0.069
16 Min 1.02 1.02 1.020 0.000 0.000



H-3I

Table H.3-17. Data for density as a function of development Time for
Panatomic-X Film developed in the 0.4 molar mercaptoacetic

acid monobath at 35 degrees centigrade for Exposure steps
10 and 8.

Step 10 (Log Exposure = 2.70)

Development Time Density

(in Min. and Sec.) Run T Run 2 D D 25

5 Sec 0.24 0.24 0.240 0.000 0.000
10 Sec 0.24 0.24 0.240 0.000 0.000
15 Sec 0.24 0.24 0.240 0.000 0.000
20 Sec 0.24 0.24 0.240 0.000 0.000
25 Sec 0.24 0.24 0.240 0.000 0.000
30 Sec 0.24 0.24 0.240 0.000 0.000
1 Min 0.24 0.24 0.240 0.000 0.000
2 Min 0.24 0.24 0.240 0.000 0.000
4 Min 0.24 0.24 0.240 0.000 0.000
8 Min 0.25 0.24 0.245 0.007 0.010
16 Min 0.25 0.25 0.250 0.000 0.000
Step 8 (Log Exposure = 1.27)

Development Time Density S 2s—
(in Min. and Sec.) Run 1 Run 2 D D D

5 Sec 0.24 0.24 0.240 0.000 0.000
10 Sec 0.24 0.24 0.240 0.000 0.000
15 Sec 0.24 0.24 0.240 0.000 0.000
20 Sec 0.24 0.24 0.240 0.000 0.000
25 Sec 0.24 0.24 0.240 0.000 0.000
30 Sec 0.26 0.25 0.255 0.007 0.010
1 Min 0.25 0.26 0.255 0.007 0.010
2 Min 0.24 0.25 0.245 0.007 0.010
4 Min 0.25 0.25 0.250 0.000 0.000
8 Min 0.25 0.25 0.250 0.000 0.000
16 Min 0.25 0.25 0.250 0.000 0.000



Table H.3-18.

H-32

Data for density as a function of development time for
Panatomic-X Film developed in the 0.4 molar mercaptoacetic
acid monobath at 35 degrees centigrade for exposure steps

6 and 3.

Step 6 (Log Exposure = 1.79)

Development Time Density

(in Min. and Sec.) Run T~ - Run 2 D s )

5 Sec 0.24 0.25 0.245 0.007 0.010
10 Sec 0.27 0.28 0.275 0.007 0.010
15 Sec 0.29 0.29 0.290 0.000 0.000
20 Sec 0.27 0.27 0.270 0.000 0.000
25 Sec 0.27 0.29 0.280 0.014 0.020
30 Sec 0.29 0.28 0.285 0.007 0.010
1 Min 0.27 0.28 0.275 0.007 0.010
2 Min 0.26 0.28 0.270 0.014 0.020
4 Min 0.28 0.28 0.280 0.000 0.000
8 Min 0.27 0.26 0.265 0.007 0.010
16 Min 0.26 0.26 0.260 0.000 0.000
Step 3 (Log Exposure = 0.82)

Development Time Density _ S Do
(in Min. and Sec.) Run 1 Run 2 D

5 Sec 0.26 0.26 0.260 0.000 0.000
10 Sec 0.31 0.36 0.335 0.035 0.049
15 Sec 0.36 0.38 0.370 0.014 0.020
20 Sec 0.32 0.32 0.320 0.000 0.000
25 Sec 0.34 0.37 0.355 0.021 0.030
30 Sec 0.36 0.36 0.360 0.000 0.000
1 Min 0.34 0.36 0.350 0.014 0.020
2 Min 0.32 0.35 0.335 0.021 0.030
4 Min 0.36 0.34 0.350 0.014 0.020
8 Min 0.33 0.30 0.315 0.021 0.030
16 Min 0.30 0.30 0.300 0.000 0.000
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Table H.4-1. Data of selected test strips from the density growth determination of its
silver concentration by X-ray fluorescence silver analysis and its
calculated value of covering power.

. Run 1 Run 2
Silver Covering Silver Covering
Test Strip Conc. Density Power Conc. Density Power

Emulsion Only 250.0 - - 254.0 -

Control Developer .
(Step 10, Developed 129.3 1.36 10.52 - - _
for 2 Min.) )

Control Developer

(Step 10, Developed 173.7 1.59 9.15 166.7 1.57 9.42
for 3 Min.)

fontrol Developer
(Step 10, Developed 248.0 2.21 8.91 246.8 2.04 8.27
for 8 Min.)

0.1 Molar Sodium

Thiosulfate Monobath 228.7 1.12 4.90 228.4 1.14 4.99
Step 10, Developed

or 2 Min.)

).1 Molar Sodium

hiosulfate Monobath 242.1 1.17 4.83 240.6 1.22 5.07
(Step 10, Developed

for 8 Min.)

).4 Molar Sodium

fhiosulfate Monobath 122.3 0.67 5.48 139.2 0.74 5.32
(Step 10, Developed

for 2 Min.)

).4 Molar Sodium

fhiosulfate Monobath 118.6 0.65 5.48 121.3 0.69 5.69
(Step 10, Developed

for 8 min.)

).05 Molar Mercap-

toacetic acid Mono- 42.7 0.48 11.24 34.3 0.47 13.39
)ath (Step 10, Dev-

tloped for 2 Min.)

).05 Molar Mercap-

acetic acid Mono- 42.2 0.50 11,31 23.3 0.46 19.29
ith (Step 10, Dev-

oped for 8 Min.)
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Table H.4-1. | (Continued)

Run 1 Run 2
. Silver Covering Silver ~ Covering
Test Strip Conc. Density Power Conc. Density Power

0.1 Molar Mercap-

toacetic Acid Mono- 10.6 0.34 32.08 12.3 0.34 27.64
bath (Step 10, Dev-

eloped for 2 Min.)

0.1 Molar Mercap-

toacetic Acid Mono- 13.9 0.36 25.90 11.8 0.34 28.86
bath (Step 10, Dev-
eloped for 8 Min.)

Control Developer

(Step 8, Developed 178.4 2.65 14.86 170.8 2.66 15.57
for 3 Min.)

Control Developer

(Step 8, Developed 249.6 2.92 11.70 250.6 2.85 11.37
for 8 Min.)

iosul fate Mono- 121.8 1.30 10.67 124 .4 1.38 11.09
jath (Step 8, Dev-
loped for 8 Min.)

F Molar Sodium

1.05 Molar Mercap-
oacetic Acid Mono- 43.1 1.29 29.93 24.2 1.18 48.76
iath (Step 8, Dev-
loped for 8 Min.)

ontrol Developer
Step 6, Developed 220.6 3.11 14.10 - - -
T 2 Min.)

ontrol Developer
Step 6, Developed 242.8 3.28 13.51 236.3 3.34 14.13
or 3 Min.)

ontrol Developer
Step 6, Developed 246.7 3.46 14.03 247.0 3.38 . 13.68
br 8 Min.)

.1 Molar Sodium

hiosulfate Monobath 241.1 2.52 10.45 238.7 2.60 10.89
Step 6, Developed

or 2 Min.)



Table H.4-1., (Continued)

Run 1 Run 2
' Silver Covering Silver Covering
'Es_t Strip Conc. Density Power Conc. Density Power

0.1 Molar Sodium

Thiosulfate Monobath 250.0 2.64 10.56 254.3 2.83 11.13
(Step 6, Developed

for 8 Min.)

0.4 Molar Sodium

Thiosulfate Monobath 180.6 1.93 10.69 189.2 1.98 10.47
(Step 6, Developed

for 2 Min.)

0.4 Molar Sodium

Thiosulfate Monobath 189.6 1.97 10.31 182.0 2.02 11.10
(Step 6, Developed for

§ Min.)

1,05 Molar Mercap-
toacetic Acid Mono- 136.6 1.70 12.44 133.9 1.67 12.47
sath (Step 6, Dev-
goped for 2 Min.)

{.05 Molar Mercap-
oacetic Acid Mono- 137.7 1.80 13.07 115.6 1.70 14.71
iath (Step 6, Dev-
loped for 8 Min.)

l.L1 Molar Mercap-
vacetic Acid Mono- 90.6 1.26 13.91 91.6 1.28 13.97
iath (Step 6, Dev-
loped for 2 Min.)

L1 Molar Mercap-
oacetic Acid Mono- 94.1 1.34 14 .24 95.4 1.32 13.84
ath (Step 6, Dev-
loped for 8 Min.)

ontrol Developer

Step 3, Developed 246.0 3.64 14 .80 237.9 3.68 15.47
or 3 Min.)

ontrol Developer '

Step 3, Developed 249.2 3.74 15.01 251.4 3.75 14.92
or 8 Min.)

)



Table H.4-1. (Continued)

H-36

Run 1 Run 2
, ‘ Silver Covering Silver Covering
y'_rf_s_t Strip Conc. Density Power Conc. Density Power
0.4 Molar Sodium
Thiosulfate Monobath 191.7 2,66 13.88 186.9 2.64 14.13
(STep 3, Developed .
'for 8 Min.)
0,05 Molar Mercap
toacetic Acid Mono- 140.1 2.28 - 16.27 118.9 2.22 18.67

bath (Step 3, Dev-
eloped for 8 Min.)
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Table H.4-2. Data of the calculated value of the mean, the standard deviation, and 2

standard error of the sample mean for the silver concentration and the
covering power from the data in Table 40.

Test Strip

Ag

CP

Emulsion Only

Control Developer
(Step 10, Developed
for 2 Min.)

Control Developer
(Step 10, Developed
for 3 Min.)

Control Developer
(Step 10, Developed
for 8 Min.)

0.1 Molar Sodium
Thiosulfate Mono-
bath (Step 10, Dev-
eloped for 2 Min.)

0.1 Molar Sodium
Thiosulfate Mono-
bath (Step 10, Dev-
eloped for 8 Min.)

0.4 Molar Sodium
Thiosulfate Mono-
bath (Step 10, Dev-
eloped for 2 Min.)

0.4 Molar Sodium
Thiosulfate Mono-
bath (Step 10, Dev-
eloped for 8 Min.)

0.05 Molar Mercap-
toacetic Acid Mono-
bath (Step 10, Dev-
eloped for 2 Min.)

0.05 Molar Mercap-
toacetic Acid Mono-
bath (Step 10, Dev-
eloped for 8 Min.)

252

129

170,

247,

228,

241,

130.

119.

38.

32

.00

.30

20

40

55

35

75

95

50

.75

2

12

13.

.83

.95

.85

.21

.06

.87

.91

.94

36

7.00 9

1.20 8.

2.97 4

1.50 4

18.29 5

2.70 5.

8.40 12

18.88 15.

.520

.285

590

.945

.950

.400

585

.315

300

0.191

0.453

0.064

0.170

0.113

0.149

1.520

5.643

0.270

0.639

0.091

0.240

0.160

0.211

2.148

7.960



Table H.4-2. (Continued)

Test Strip Ag Ag Ag

CP

ZSW

0.1 Molar Mercap-

toacetic Acid Mono- 11.45 1.20 1.70
bath (Step 10, Dev-

eloped for 2 Min.)

0.1 Molar Mercapto-

acetic Acid Mono- 12.85 1.49 2.11
bath (step 10, Dev-

eloped for 8 Min.)

Control Developer
(Step 8, Developed 174 .60 5.37 7.58
for 3 Min.)

Control Developer
(Step 8, Developed 250.10 0.71 1.00
for 8 Min.)

0.4 Molar Sodium

Thiosulfate Mono- 123.10 1.84 2.61
bath (Step 8, Dev-

eloped for 8 Min.)

0.05 Molar Mercap-
toacetic Acid Mono- 33.65 13.36 18.90
bath (Step 8, Dev-
eloped for 8 Min.)

Control Developer
(Step 6, Developed 220.60 - -
for 2 Min.)

Control Developer
(Step 6, Developed 239.55 4.60 6.52
for 3 Min.)

Control Developer
(Step 6, Developed 246.85 0.21 0.30
for 8 Min.)

0.1 Molar Sodium

Thiosulfate Mono- 239.90 1.70 2.41
bath (Step 6, Dev-

eloped for 2 Min.)

29

27.

15

11.

10.

39.

14.

13.

13.

10

.860

380

.215

535

880

345

10

820

855

.670

3.140

2.093

0.502

0.233

0.297

13.320

0.438

0.247

0.311

4.410

2.962

0.700

0.329

0.420

18.810

0.620

0.349

0.439



Table H.4-2. (Continued)

fest Strip Ag

Ag

CP

J.1 Molar Sodium

Thiosulfate Mono- 252
path step 6, Dev-

eloped for 8 Min.)

0.4 Molar Sodium

Thiosulfate Mono- 184
path (Step 6, Dev-

eloped for 2 Min.)

0.4 Molar Sodium

Thiosulfate Mono- 185,

bath (Step 6, Dev-
eloped for 8 Min.)

0.05 Molar Mercap-

toacetic Acid Mono- 135,

bath (Step 6, Dev-
eloped for 2 Min.)

0.05 Molar Mercap-

toacetic Acid Mono- 126.

bath (Step 6, Dev-
eloped for 8 Min.)

0.1 Molar Mercap-

toacetic Acid Mono- 91.

bath (Step 6, Dev-
eloped for 2 Min.)

0.1 Molar Mercap-

toacetic Acid Mono- 94,

bath (Step 6, Dev-
eloped for 8 Min.)

Control Developer
(Step 3, Developed 241
for 3 Min.)

Control Developer

(Step 3, Developed 250.

for 8 Min.)

0.4 Molar Sodium

Thiosulfate Mono- 189.

bath (Step 3, Dev-
eloped for 8 Min.)

.15

.90

80

25

65

10

75

.95

30

30

3.04

15.63

22

.62

.59

.69

.14

.01

.29

.11

.20

.78

10.

10

10

12

13.

13.

14,

15.

14

14,

845

.580

.705

.455

890

940

040

135

.965

005

0.403

0.156

0.559

0.021

1.160

0.042

0.283

0.473

0.063

0.177

.568

.220

.790

.030

.640

.051

.400

.668

.089

.250



Table H.4-2. (Continued)

H-~4o

Test Strip Ag Ag v P Scp 2 5cp
0.05 Molar Mercap-
toacetic Acid Mono- 129.50 14.99 21.17 17.47 1.697 2.397

bath (Step 3, Dev-
eloped for 8 Min.)

°



APPENDIX I
STATISTICAL ANALYSIS

Two basic types of statistical tests were used in this investigation;
hypothesis of the mean and linear regression analysis. Hypothesis of

the mean tests were conducted to determine: (1) if the mercaptoacetic
acid stock solution contained 80-percent mercaptoacetic acid; (2) if the
experimental setup for developing the film was developing uniformly;

and (3) if an insignificant amount of .silver from silver complexes present
in the developed film were measured by X-ray fluorescence silver analysis.
Linear regression analysis was used to determine the gamma value of the
characteristic curves of PANATOMIC-X film developed in the control
developer and the sodium thiosulfate and mercaptoacetic acid monobaths.
Linear regression analysis was also used to compare the gamma values of
the characteristic curves of the two PANATOMIC-X emulsions developed in
D-76.

I.1 HYPOTHESIS OF THE MEAN TESTS

Two different types of hypotheses of the mean tests were made. The first
type tested to see if measured mean was the same as that of a hypothesized
mean. This test was conducted to determine if the mercaptoacetic acid
stock solution contained 80-percent mercaptoacetic acid, where 80-percent
was the hypothesized mean. The second type tested to determine if two
samples of data were from the same population. This type of test was
conducted: (1) to determine if the same density was produced at the
extreme edges of uniformly exposed film strips that have been developed
in the experimental setup used for the density growth determinations; and
(2) to determine if there is any difference in the silver concentration
of a processed film strip after it has been treated with sodium thio-

sulfate solutions.
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I.1.1 Test of Hypothesis of the Mean for Sample Versus Standard

I.1.1.1 Description of the Test14

In order to determine if the mean value of data collected is different
from that of a hypothesized mean, a“t"value calculated from the data is
compared to a t value obtained from the table of critical values of the
student's t distribution; if the calculated value is less than the t value
from the table, there is no reason to believe that the mean of the data
is different from the hypothesized mean, whereas if the opposite is true
(calculated t greater than t from the table) then the mean value of the
data is assumed to be different from that of the hypothesized mean. The
critical value found from the student's t distribution is dependent on
the predetermined o risk chosen; the o risk is the probability of
concluding that the mean of the data is different from the hypothesized
mean when in reality they_are the same. The t value is calculated by

using the equation: t =-5§;J£1

X

, where X is the mean value of the data,

pyo is the hypothesized mean, and Sy is the standard error of the sample
mean. Figure I.1.1.1-1 is a schematic representation of the test. The
shaded areas represent the critical region found from the table of critical
value of the student's t distribution. Since only a difference is being
tested, there are 2 critical areas in opposite directions (this is called
a two tall test). If the mean from the data and the hypothesized mean

are the same, the t value would be at the zero point in the schematic.

If the calculated t value does not fall in the shaded area (the critical
region), there will be no reason to believe that the mean is any different
than the standard. However if the t value falls in the critical region,
it will be concluded that the mean from the data is different from the
hypothesized mean. As the o risk is increased, the area of the critical

region will be increased.
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Figure I.1.1.1-1. Schematic Demonstrating How the Hypothosis of
the Mean Test is conducted for a 2-tailed test.



I.1.1.2 Results of the Test to Determine if the Mercaptoacetic Acid
Stock Solution Contains 80-Percent Mercaptoacetic Acid.

The tested variable for this test was the percent mercaptoacetic acid in
the stock solution as calculated by the titration of iodine with mercapto-
acetic acid. It was assumed for the test that the population of sample
averages followed a normal distribution. The null hypothesis (Hy) to be

tested and the alternate hypothesis (H;) were:

L4

Hog: w = U0
Hy: w # ug, where u is the mean of the population
being tested and ug is the hypothesizéd mean (80-Percent). An o risk of
0.1 was taken. The calculated t value was 1.089 and the critical value
(t 9513 4) from the table of the student's t distribution was found to be
2.1318. Since the calculated t value was less than the critical value,
the null hypothesis is accepted and there is no.reason to doubt that the
mercaptoacetic acid stock solution conatains other than 80-percent mercapto:

acetic acid.

I.1.2 Test of Hypothesis of the Mean for Two Sample Averages

I.1.2.1 Description of the Test14

In order to determine if two sample means are from the same population,
the test for the hypothesis of the mean is accomplished in the same manner
as was done with the hypothesis of the mean test for the sample versus

the standard. The only difference is that the t value is calculated

differently. The t value, 5’ is calculated by using the equation:

t(v1+v

t = e—
(v1+vy)
A 1
._+—
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where Yi is the first sample mean, Yé is the second sample mean, nj is
the number of samples collected for the first sample mean, njp is the
number of samples collected for the second sample mean, and Sp is the
pooled estimate of the standard deviations. The pooled estimate of the
standard deviations (SP) is calculated from the expression:

o - ﬁlslz Vs,

P V1+V2 ’

where V; and V, are the degrees of freedom of the first and second samples
respectively, and S; and S, are the standard deviation of the first and
second samples, respectively. Of the two hypothesis of the mean test for
two sample means that were conducted, one used a two tail test and the
other used a one tail test. A two tail test was used to verify develop-
ment uniformity because its purpose was only to determine if two density
means were from the same or different populations, i.e., if the first
sample means were different from the second sample mean, it could be either
greater or less than the second sample mean. On the other hand, a &we- ©N€
tail test was used to determine if the silver concentration was the same
before treatment with sodium thiosulfate solution as after treatment with
the solution because the amount of silver in the emulsion after treatment
with the sodium thiosulfate solution could only be less than or equal to
the silver in the emulsion before the treatment. Figure I1.1.2.1-1 is a
schematic showing the difference between a one tail test and a two tail
test. The shaded areas represent the critical region in the schematic.

As can be seen there is only one critical region for a one tail test.

I1.1.2.2 Results of the Test to determine if PANATOMIC-X Film Develops
Uniformly in the Experimental Setup for the Rate of Density
Growth Determinations.

The two variables tested were the measured density at the bottom exposed
edge and the top exposed edge of a uniformly exposed film strip developed
in the experimental setup used for the rate of density growth determination.

It was assumed for the test that the population of sample averages followed
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Figure I.1.2.1-1.

Schematic Showing the Difference Between
(B) a one tail and (A) a two tail hypothesis
of the mean test.
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a normal distribution. The null hypothesis (Hp) to be tested and the
alternate hypothesis (Hj) were:

HO: uB = Y-«T

H13 HB # HT

where ug is the mean density at the bottom of the film strip and uT is
the mean density at the top of the test strip. An o risk of 0.1 was
taken. Table I.1.2.2-1 contains the data for the hypothesis of the mean
test at both 25 degrees and 35 degrees centigrade. Included in the table
are the pooled estimates of the standard deviation (Sp), the calculated

t value t(V1+V2), and the critical value from the table of the student's

t distribution, (tgil, 2). The calculated t value was less than the
critical value in both cases. Therefore, the null hypothesis was accepted,
and there is no reason to doubt that the density measurements in the

two measured areas of the film at either temperature are from different

populations.

I.1.2.3 Results of the Test to Determine if the Silver Concentration
of a Film Strip that was Measured by X-ray Fluorescence
Silver Analysis Changes after the Film Strip is Treated with
Thiosulfate Solutions.

The two variables tested were the silver concentration before treatment

with sodium thiosulfate solution and the silver concentration after treat-
ment with the sodium thiosulfate solutions for selected film strips whose
silver content was determined by X-ray fluorescence silver analysis. It

was assumed for the tests that the population of the sample averages followed
a normal distribution. The null hypothesis (Hp) to be tested and the
alternate hypothesis (Hl) were:

Hgp: up = up

Hi: up > ups
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Table I.1.2.2-1. Data for the hypothesis of the mean test to determine

if the experimental setup for the rate of density
growth determinations develops uniformly.

Temperature of 0.1

Development Sp t(V1+V2) £t 2
25 degrees 0.040 0.125 2.9200
centigrade

35 degrees 0.043 0.464 2.9200

centigrade
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where up is the mean of the silver concentration before treatment with
the sodium thiosulfate 2 ﬂo“and A is the mean of the silver
concentration after treatment with the sodium thiosulfate solutions. An
a risk of 0.125 was taken. Table I.1.2.3-1 contains the data for the
hypotheses of the mean test of the selected film strip. Included in the
table are the pooled estimate of the standard deviations (Sp), the
calculated t value, t(V1+Vy), and the critical value from the table of
the student's t distribution (t 0.125, 2). The calculated t value is
less than the critical value for all film strip; tested. Therefore,

the null hypothesis is accepted, and there is no reason to doubt that
the silver content in each film strigzgi;gg;! when the film strips are

treated with the sodium thiosulfate solution.

I.2 LINEAR REGRESSION ANALYSIS
I.2.1 Description of the Analysis and How it is Performed15

The purpose of linear regression analysis is to determine the best straight
line for data from two variables which appear to be linearly related. The
analysis also verifies whether or not there is in fact a linear relation-

ship between the two variables. The analysis also permits the calculation

of confidence limits on the best straight line.

1.2.1.1 Determination of the Best Straight Line.

Linear regression analysis employs the method of least squares to deter-
mine the line of best fit. This methods defines the line of best fit

as the line which: (1), passes as nearly as possible, through the mean
values of the response variables; and (2) makes the sum of the squares
of the deviation from the data point to the line a minimum. Linear
regression analysis determines the equation of the line of best fit; the

equation determined is Y = bo + b;X, where X is the predictor variable,



Table 1.1.2.3-1.
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Data for the hypothesis of the mean test to determine

if a significant amount of silver in the form of silver
complexes was measured by X-ray fluorescence silver analysis.

Solution in
which Film Strip

Exposure Step

was developed Measured Sp t(Vy+Vp)  t(0.125) 2
0.4 molar Sodium 10 13.86 0.209 1.6036
Thiosulfate Monobath .

0.4 molar Sodium 6 6.94 0.367 1.6036
Thiosulfate Monobath

0.05 molar Mercapto- 10 5.03 0.378 1.6036
acetic Acid Monobath

0.05 molar Mercapto- 6 2,25 1.534 1.6036

acetic Acid Monobath
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Y is the response variable, by is the intercept of the line, and b, is
the slope of the line. The co-efficients of the line of best fit (b, and

bj) can be calculated from the following equations:

nX;Y; - (in)(ZYi)

by =
nixg? - (5x3)?
IX. 21y X
CEX DYy - IXGIX5Y
bO - X 2 2 s
n i - (le)

where X represents the values of the predictor variable, Y represents the
values of the response variable, and n is the number of data points

collected.

1.2.1.2 Method of Verifying that There is a Linear Relationship Between
the Two Variables

In order to determine if a linear relationship exists between the two
variables, two tests are run; the first test determines if the data
collected shows any significant departure from a straight line relation-
ship, and the second test determines if the co-efficient b; is other
than zero. These two tests are accomplished by running an analysis of
the variance on the data. The data is reduced by using an ANOVA table
which partitions the total variability of Y into 3 major divisions:

(1) a sum of squares attributable to the value of the coefficient by;
(2) a sum of squares which estimates the effect of random error; and (3)
a sum of squares which estimates the extent to which the linear model

is inappropriate. The test for the analysis of variance consists simply
of determining if 2 variances are the same or different. The methad for
determining if the 2 variances are the same is done basically in the
same way as was done in determining if 2 sample means are from the same
population. The main difference is that in the analysis of variance,
the F distribution is used instead of the student's t distribution. In

order to determine if there is a difference in two variances, an F value
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calculated from the data is compared to a critical value obtained from
the table of F distribution. If the calculated value is less than the
critical value, it may be concluded that there is no difference in the
two variances. And the opposite conclusion is reached if the calculated
F value is greater than the critical values. As with a hypothesis of

the mean test, an o risk is chosen for this test which determines the
area of the critical region. Figure I.2.1.2-1 is a schematic representa-
tion of the test. The shaded area represents the critical region for

the test. The calculated F value for the test, to determine if the data

is linear, is calculated from the expression:
(MS)LF

F sy,

where (MS);p is the mean square value of lack of fit and (MS)g is the
mean square value of error; both MS values are taken from the ANOVA table.
The calculated F value, for the test to determine if b is real, is

calculated from the expression:

(MS)p,

SR CSPa

where (MS)b1 is the mean square value due to bl and (MS)g is the mean

square value of error; both values are obtained from the ANOVA table.

1.2.1.3 Determination of the Confidence Intervals for b, and b,.

Confidence intervals can be calculated on the coefficients found from
the linear regression analysis. The confidence interval (CI) can be
calculated for b;, the slope of the line, from the equation

tn-2, %—VMS(Residual)

vo(Xy - ijz

CI = ¢
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Figure I1.2.1.2-1. Schematic demonstrating how an analysis of the
variance is performed with an F test.
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and for bo’ the intercept of the line, from the equation:

tn-2, = /" MS(Residual)
CI = # ,
/n

where n is the number of data points collected, t is the critical value
from the student's t distribution with degrees of freedom (n-2) and a
preselected alpha risk, MS(Residual) is the value of residual mean square
from the ANOVA table, X; represents the values of the predictor variable,
X represents the mean value of the prédictor variable, and n is the number

of data points collected.

I.2.2 Results of the Linear Regression Analysis to Determine the Gamma
Values of the Characteristic Curves of PANATOMIC-X Film Developed
in the Control Developer, D-76 and the Monobaths

Linear regression analysis was conducted on the data from the characteristic
curve to determine the gamma of the curves (with a 95-percent confidence
limit); i.e., only by, the slope of the line of best fit was calculated.

The data points used for the analysis were the density measurement that

were located on the linear portion of the characteristic curves. Table
I.2.2-1 shows the calculated value of by and its 95-percent confidence
interval for the characteristic curves. An o risk of 0.05 was used for

the linear regression analysis. In order to verify that the data points

did not show any significant departure from a straight line relationship,
the following null hypothesis (Hg) was tested:

2 2
Ho' o LF <0 E
2 2
LF~ % g

, and the alternate hypothesis was:

Hl: o

where OZLF is the variance due to lack of fit and OZE is the variance

due to error. Table I.2.2-2 compares the calculated F value with the
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Table I1.2.2-1. Calculated Value of the Slope of the Line of Best Fit (bjp)
and the 95-percent Confidence Interval.

Solution in 95-Percent
which film b Confidence

Film was developed 1 Limit

#1 Control Developer 1.746 +0.228

#1 0.05 molar Sodium 1.324 | 0.140
Thiosulfate Monobath

#1 0.1 molar Sodium 1.351 +0.098
Thiosulfate Monobath

#1 0.2 molar Sodium 1.485 +0.144
Thiosulfate Monobath

#1 and 0.4 molar Sodium 1.227 +0.145

#2 Thiosulfate Monobath

#2 0.05 molar Mercapto- 1.312 +0.255
acetic Acid Monobath

#2 0.1 molar Mercapto- 1.038 +0.059
acetic Acid Monobath

#2 0.2 molar Mercapto- 0.547 +0.126
acetic Acid Monobath ¢

#2 0.4 molar Mercapto- 0.053 +0.009
acetic Acid Monobath

#1 D-76 Developer 1.113 +0.099

#2 D-76 Developer 1.132 +0.074
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Table I.2.2-2. Data for the F test to determine if there is any significant
departure from a straight line relationship.

Solution in

' which film Calculated Critical
Film was developed F Value Value
#1 Control Developer 1.00 10.128
#1 0.05 molar Sodium 0.04 10.128
Thiosulfate Monobath )

#1 0.1 molar Sodium 1.63 5.4095
Thiosulfate Monobath”

#1 0.2 molar Sodium 0.05 6.9943
Thiosulfate Monobath

#1 and 0.4 molar Sodium 0.22 4.4590

#2 Thiosulfate Monobath

#2 0.05 molar Mercapto- 0.07 10.128
acetic Acid Monobath

#2 0.1 molar Mercapto- 0.75 10.128
acetic Acid Monobath

#2 0.2 molar Mercapto- 0.07 10.128
acetic Acid Monobath

#2 0.4 molar Mercapto- 1.91 3.9715
acetic Acid Monobath

#1 D-76 Developer 4.07 5.9874

#2 D-76 Developer 5.46 5.9874
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critical value for each characteristic curve. In all cases, the
calculated F value is less than the critical value. Therefore, the null
hypothesis is accepted, and there is no reason to doubt that the data

from any of the characteristic curves shows any significant departure

from a straight line relationship. In order to determine if the calculated

slope of the line of best fit (bl) is real, the following null hypothesis
(Hy) was tested:

2
HO: o by < oEz, and the alternate hypothesis (H;) was:

. 2 2
Hy: Sby~ > g »

where ozbl is the variance due to by and ozE is the variance due to error.
Table I.2.2-3 compares the F value with the critical value for each of
the characteristic curves. In all cases the calculated F value is
greater than the critical value. Therefore, the null hypothesis is
rejected, and it can be concluded that the calculated value by is real

for each characteristic curve.
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Table I.2.2-3. Data for the F test to determine if the calculated slope
(by) of the line of best fit is real.

Solution in

_ which film Calculated Critical
Film was developed F Value Value
#1 Control Developer 450 10.128
#1 0.05 molar Sodium 528 10.128
Thiosulfate Monobath .

#1 0.1 molar Sodium 1059 6.6079
Thiosulfate Monobath

#1 0.2 molar Sodium 434 7.7086
Thiosulfate Monobath

#1 and 0.4 molar Sodium 299 5.3177

#2 Thiosulfate Monobath

#2 0.05 molar Mercapto- 157 10.128
acetic Acid Monobath

#2 0.1 molar Mercapto- 2280 10.128
acetic Acid Monobath

#2 0.2 molar Mercapto- 112 10.128
acetic Acid Monobath

#2 0.4 molar Mercapto- 217 5.594
acetic Acid Monobath

#1 D-76 Developer 1010 5.9874

#2 D-76 Developer 2110 5.9874
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