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3,000° K. The curves in the three figures are displaced vertically
by varying amounts to fit the scales of the figures. The color tem-
perature of a Tungsarc lamp is not over 3,000°, and possibly nearer
2,900°. The relative energy incident on the plates may, as a first
approximation, be taken as equal to this, since nothing in the spectro-
graph or illuminating system introduces appreciable selective absorp-
tion or reflection in the visible region.

Curve 4 approximates the relative energy absorbed at each wave
length from a source of 3,000° color temperature by a material of
the reflectance represented by curve 2. In making this calculation,
the transmission gy the dyed silver bromide was taken as negligible
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Fi1gurE 1.—Reversal on plates bathed with pinakryptol yellow and bromide

8olid lines represent densities of Platss, on left-hand ordinate scale. The curve marked H E is for the
Herschel effect on a pure bromide emulsion without dye; 1.5 has been subtracted from all densities to
bring the curve on the same plot with the others. Dashed curves (right-hand ordinate seale) are: (1)
Absorbancy (minus log transmittancy) of pinakryptol yellow solution, 1.0 g per liter, in 1 cm thickness;
(2) minus log reflactence of silver bromide dyed with pinakryptol yellow; (3) log relative spectral energy
distribution of a black body at 3,000° K.; (4) log spectral distribution of energy absorbed from a source
suc%i?f (3) by silver bromide dyed with pinakryptol yellow; and (5) log quanta absorbed under these
conditions

and the absorption as (1 —reflectance); the absorption was multiplied
by the relative energy for this wave length, and the logarithm of this
quantity plotted. The transmission was not measureable with the
available apparatus, but appeared to be not over 10 per cent for the
samples actually used for measurement of reflectance. Curve 5 in
each of the figures was obtained by dividing the energy absorbed at
each wave length by the frequency of the radiation (the inverse of
the wave length). This procedure gives the relative number of
quanta of energy absorbed. The logarithm of the number was plotted.
As curves 3, 4, and 5 all express only relative values, plotted on a
logarithmic scale, they have been shifted vertically so as to produce
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F1Gure 2.—Reversal on plate bathed with pinakryptol green and bromide

Solid line, density of plate. Dashed line, absorbanc%{ ff pinakryptol green solution, 1 em thickness, 0.02 g
per liter
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F1oure 3.—Reversal on plates bathed with fuchsin and bromide

Bolid lines represent densities of plates; upper curve made with red filter over slit of spectrograph. Dashed
curves: (1) Absorbancy of fuchsin solution, 0.0024 g per liter, in 1 cm thickness; (2) minus log reflectance
of silver bromide dyed with fuchsin; (3) lop"\ralative spectral energy distribution of a black body at 3,000°
K.; (4) log spectral distribution ofenergy ahsorbed from a source such as (3) by silver bromide dyed with
fuchsin; and (5) log quanta absorbed under these conditions
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the minimum confusion in the figures. As a first eﬂa roximation, the
extent of a given photochemical reaction produc y different fre-
quencies not too widely separated may be expected to be proportional
to the number of quanta absorbed at each frequency. There are in
many cases very large deviations from this theoretical prediction, the
higher frequencies (shorter wave lengths) tending to be the more
effective, but in the absence of more definite knowledge the effect of
varying frequency on a reaction should be compared with the number
of quanta absorbed by the material which is believed to be chemically
activated by the radiation.

Considering the region covered by curve 5 in Figures 1, 3, and 4, it
is obvious that there 1s excellent correspondence between the reversal
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F1GURE 4.—Reversal on plates bathed with safranine and bromide
Bolid lines represent densities of plates. Dashed curves: (1) Absorbancy of safranine solution, 1 c.n thick-
ness, 0.008 g per liter; {21) minus log reflectance of s[lve_r bromide dyed with safranine; (3) log relative
spectral energy distribution of a black bodly at 3,000° K.; (4) log spgrtral distribution of energy absorbed
from a source such as (3) by silver bromide dyed with safranine; and (5) log quanta absorbed under

these conditions

and the energy quanta absorbed by the dye on the silver bromide.
The maxima fall together within the limits of error of the determina-
tions. Figure 2 shows that the relation between reversal and the
absorbancy of dye solution is the same for pinakryptol green as for the
other dyes. The inevitable conclusion from these data is that the
spectral sensitivity of the reversal process depends on the absorption
by the dye as directly as does spectral sensitization of the ordinary
type. ’thls confirms the earlier work by one of us.* It is in direct
contradiction to Liippo-Cramer’s conclusion, which we shall be able to
show is the result of the misleading impression of spectral sensitivity

which may be given by inspection of exposures through filters.
In Figures 3 and 4, there are marked minima of density around 420
to 430 my, which are obviously the result of light absorbed by the
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silver bromide itself. The combination of absorption which increases
with decreasing wave length and energv incident on the plate in
amounts increasing with increasing wave length determines the loca-
tion of maximum absorption and hence of maximum reversal. In
Figures 1 and 2, this maximum of reversal is shifted to 450 and 465 my,
respectively, by the absorption of the dye superposed on that of the
silver bromide.

In Figure 1, the curve marked H E represents the density of a

late coated with pure bromide emulsion which, after the first uni-
orm exposure, had been bathed in 1 per cent potassium bromide
solution without dye, then dried and exposed in the spectrograph usin
a red filter over the slit to eliminate the second order spectrum an
stray light of short wave lengths. An exposure of 2} hours was neces-
sary to produce this limited reversal, which is the true Herschel effect,
while the other curves were obtained in 4% or 13% minutes using dyes.
The maximum reversal lies at about 660 my, and the short wave-
length limit is not set by the filter, which cuts off at about 590 mu.
Hilsch and Pohl ? found that the maximum of absorption by photo-
silver was just short of 700 mu. A similar Hersche{)effect was ob-
tained with the 4-97 pure bromide emulsion used for the reversal
experiments with dyes.

Ten-minute exposures were made on all the dyed plates with the
same red (Wratten “A”) filter. The upper solid line in Figure 3
represents the reversal on a fuchsin-dyed plate under these conditions;
the corresponding result on the safranine-dyed plate is omitted be-
cause it so nearly coincides with the shorter exposure without filter.
There was no measurable reversal on the plates dyed with pinakryptol
green and pinakryptol yellow, confirming the results obtained without
the filter. It is evident from this that high relative sensitivity to red
light is not a common property of all emulsions treated with desensitiz-
ing dyes, but occurs only when the dye has the proper absorption.
There is no indication from our results that the Herschel effect was in-
creased by the presence of the dyes. There is some sensitivity to red
light in every case, as Liippo-Cramer has demonstrated, but the
spectral sensitivity indicates that this should not be called the Herschel
effect. Its origin is evident from the data in Figure 5 on long spectro-
graph exposures. Process plates were given the usual uniform ex-
posure to white licht, then bathed with pinakryptol green, pinakryptol
yellow and 2-m-nitro-styrrylquinoline dimeth lsufphate, each at a
dilution of 1:5,000 in bromige solution, dried, and exposed in the
spectroEraph for five minutes without filter, and one hour with the
minus blue filter (absorbing radiation of wave length less than 500
myu) over the slit. Curves 1 and 2 show clearly that as the exposure
was increased, the region of reversal on the pinakryptol yellow bathed

late extended into the red without indication of a second maximum.
he behavior of the plate bathed with pinakryptol green (curve 3) was
similar, but there are indications of a secondary maximum about 640
my corresponding to the secondary maximum of absorption of the dye.

The reversal obtained with 2-m-nitrostyrrylquinoline dimethylsul-
phate, one of the simplest dyes of the pinakryptol series, is of par-
ticular interest because Liippo-Cramer ® has used this as evidence
that the reversal effect is independent of the spectral absorption of

 Hilsch and Pohl, Proe. 8th. Int. Cong. Phot., p. 29, 1931.
4 Liippo-Cramer, reference 3 ““ Sensibilisierung und Desensibilisierung,” pp. 284-285, and Figure 53.
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the dye. The 5-minute exposure without filter on the plate treated
with this dye produced a reversal which would be represented by a
curve quite close to (1) in Figure 5. Examination of curve 4 shows
that the slope on the long wave length side is steeper than that of
curve 2, made with pinakryptol yellow. This is to be expected, since
absorption by 2-m-nitrostyrrylquinoline dimethylsulphate was found
to be very slight at wave lengths over 400 my; the spectral sensitivity
was therefore determined almost entirely by the absorption of the
silver bromide.

On visual inspection of the plates made with this material the
reversal could be detected to over 700 my, but could not be measured
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FicurE 5.—Reversal on plates given long spectrograph exposures

Curve 1, 5-minute exposure; curves 2, 3, and 4, 60-minute exposures with minus blue filter in front of slit
of spectrograph. Curves 1 and 2, plate bathed with pinakryptol yellow and bromide; curve 3, plate
bathed with pinakryptol green and bromide; and curve 4, plate bathed with 2-m-nitrostyrrylquinoline
dimethylsulphate and bromide.

with any accuracy on the microphotometer because it involved small
changes in relatively high densities. Another piece of the same plate
used for curve 4 (fig. 5) was exposed behind an Eder-Hecht wedge for
two and one-half minutes at 30 em from a 75-watt, gas-filled lamp.
The result is reproduced in Figure 6; the similarity to Liippo-Cramer’s
results (reproduced in his fig. 53) is obvious. The wedge and filter
exposure appears to indicate a relative sensitivity to the longer wave
lengths which is not confirmed by the quantitative measurements on
the spectrograph exposures. The answer appears to lie in what
Liippo-Cramer has called the ‘““time effect,” the marked failure of
the reciprocity law for this process in the sense that the photographic
effect falls off much less rapidly than the intensity. This shows in
the original of the Eder-Hecht exposure as an extraordinarily long
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and flat ‘“toe’” of the characteristic curve. The consequence is that
intensity differences, as judged from the threshold of photographic
effect, tend to be equalized and the filter strips on the Eder-Hecht
wedge are printed for a distance out of proportion to the relative
spectral sensitivity.

II. EFFECT OF BROMIDE AND DYE CONCENTRATIONS

The curves of Figure 7 reé)r%ent the results of an experiment which
we believe to have considerable theoretical significance. Process
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Ficure 7.—Densities of plales after specirograph exposures

(1) Preexposed, washed, bathed with solution of safranine in pure water, and dried before spectrograph
exposure; (2) preexposed, bathed with solution of safranine and potassium bromide, and dried before
spectrograph exposure; and (3) plate of same emulsion, untreated

E]at-es were given suitable preexposures. They were then cut in
alves. One half of each was washed for five minutes in running

water to remove all soluble bromide, then bathed in a 1: 30,000

solution of safranine in distilled water, dried, and exposed in the

spectrograph. The other half was bathed in a 1: 30,000 solution of
safranine in 1 per cent KBr solution, then dried and exposed in the
spectrograph. All plates were given a series of spectrograph expo-
sures. Curve 1 in Figure 7 represents a plate given 4-second pre-
exposure, washed and bathed in safranine without bromide, and
exposed 30 seconds in the spectrograph. Curve 2 is for a plate given
8-second preexposure, bathed in safranine plus bromide, and exposed

90 seconds in the spectrograph. Spectral sensitivity was not de-

pendent on the exposure times; densities for the above values were
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Ficure 6.—Process plate given uniform exposure lo white light, then bathed in
a mized solulion of 2-m-nitrostyrrylquinoline dimethylsulphate and potas-
stum bromide, dried, and exposed again to incandescent light through an
Eder-Hecht wedge

l.etters on the narrow strips to the right have the following significance: R, red filler; G, yvellow;
G R, green; B, blue.
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chosen as the most suitable for plotting together. Curve 3 in Figure
7 is for an untreated plate of the same kind exposed in the spectro-
graph for 1 second, without preexposure. :

Curve 1 has a maximum of density at 565 my; curve 2 has a min-
imum of density at the same wave length. The maximum at 565 mpu
in curve 1 obviously indicates sensitization in the ordinary sense by
safranine (in spite of its marked desensitizing properties, this dye is
described in the 1903 edition of Eder as “a moderately good green
sensitizer’’). The corresponding minimum in curve 2 demonstrates
beyond question that the reversal process is also brought about by
light absorbed by the dye. The energy acquired in this way may
either form or destroy latent image, depending on the conditions in
the emulsion, the silver (or bromide) ion concentration being the
variable involved in this experiment.

The maxima in curves 1 and 3, and minimum in curve 2 at 450 to
460 mu * demonstrate that the same relation holds for radiation ab-
sorbed by the silver halide itself as for that absorbed by the dye.
Under normal conditions, it is used to form latent image, but 'in the
presence of both dye and soluble bromide it instead destroys image
already existing. A maximum of reversal in this region can be de-
tected in Figure 2 of Mauz’s paper illustrating exposures on fuchsin
bathed plates.

The dye reversal process has generally been associated in the
literature, with the longer wave lengths, but there are other illustra-
tions of reversal by radiation absorbed h{ the silver halide. This is
the case for solarization ** and for reversal on plates which have been
converted to iodide.®

Further evidence on the nature of the reversal process was obtained
from a different type of experiment. Liippo-Cramer ' has given
characteristic curves of dye reversal with varying concentrations of
dye. These curves were made with an intensity scale, and in view
of the marked anomalies of the process with regard to intensity it
seemed worth while to repeat them with the time scale, which might
be simpler to interpret. The experiments were made with safranine
on process plates. After constant preexposure, the plates were
bathed in solutions of the dye at a dilution of one part of dye to 15,
30, 60, 120, 240, and 480 X 10° parts of 1 per cent KBr solution.
These dilutions are indicated by the corresponding numbers on the
curves of Figure 8. All plates were dried together, then given a
nonintermittent sector wheel exposure (0.11 to 30 seconds) to the
light from a 500 c¢. p. ““Point-o-lite’’ lamp at 0.9 m, with a Wratten

inus Blue filter. A second set of plates was exposed 2 to 512 seconds.
The combined curves from three test strips for each of the two
exposures are plotted in Figure 8 as changes in densitﬁ from the
unexposed portion of the plate. The reproducibility of these curves
was relatively poor, although the individual curves for each set of
conditions were smooth; the probable error in location of each curve
is of the order of 0.2 in density.

The curves for dilutions of 30 to 480 X 10°fall into a regular progres-
sion, the reversal beginning after longer and longer exposure as the

11 On the pure bromide emulsion used for the exposures recorded in Figure 4, the corresponding minimum
lay at 420 to 430 mu. The shift is explained by the presence of 3 per cent silver lodide in the silver halide of
the process emulsion used for Figure 7.

B Renwick, J. Soc. Chem. Ind., vol. 39, p. 156 T, 1820. _
®# Lippo-Cramer Phot. Ind., ol. 25, p. 1099, 1927. Zeit. 1. wiss. Phot., vol. 26, p. 345, 1929
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dilution increases. The most unexpected feature of the data is the
formation of a negative image in the early stages of exposure at the
highest dilutions, pre('edmtr the reversal. This has been observed
by Liippo-Cramer 7 in a few cases of exposures with the intensity
scale. With the intensity scale, the reversal may be followed by a
negative image (at the highest intensities). This has frequently been
observed by Liippo-Cramer, and confirmed in this laboratory;

S LA Hijoe e e :

Fi1cure 8.—Characleristic curves of reversal process with safranine-dyed plates,
made by lime-scale exposures

Densities on curves are changes from value produced from original uniform exposure. Numbers on curves
multiplied by 10? indicate dilution of safranine.

it is faintly visible in Figure 6. No indications of this second negative
were found in these time-scale exposures; it is possible that it might
have occurred if the exposure could have been sufficiently prolonged,
but at the lower dilutions of dye the minimum density was maintained
without change over a range of exposure of more than 10 times.

The dye at a dilution of 15 X 10° produced slightly less effect than
at the next higher dilution. Liippo-Cramer'® has frequently observed

7 Lilppo-Cramer, Zeit. {. wiss. Phot., vol. 2, p. 850, 1020. Camera, vol. 6, p. 182, 1928.
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that the more concentrated solutions may produce less effect, and
has explained this on the basis of the mutual replacement of adsorbed
dye and bromide ions on the silver halide with varying concentrations.
It is not excluded, however, that in the plates bathed with the stronger
solutions the excess unadsorbed dye may act as a filter to reduce
the light absorbed by the dyed silver halide.

III. DISCUSSION

The outstanding feature of these data is the excellent correspond-
ence between the energy absorbed by the dyed silver bromide and the
reversal.

It must be remembered that any photochemical process is necessa-
rily the result of absorption of radiant energy by the reacting system.
In the plates as exposed in the spectrograph there are three materials
possessing selective absorption in the visible spectrum and near infra-
red. These are the silver halide, the dye, and the products of the
first exposure (probably, but not positively identical with the latent
image). Absorption by silver sulphide (sensitivity nuclei) may also
reasonably be included with the products of exposure. Silver halides
have strong selective absorption for radiation of wave lengths less
than 500 my; the dyes have strong selective absorption for regions de-
pending on the dye; and the products of exposure, plus silver sul-
phide, have selective absorption for the red and near infra-red,?
which is extremely weak because of the minute traces present.
Energy absorbed by any of these three from radiation in or near the
visible region is a potential source of photochemical reaction in the
plate, since the absorbing molecules must thereby become ‘“excited”
or “‘activated.” The energy of activation may simply be transformed
to heat, without reaction; an unknown proportion is so lost in the
plates under discussion. A chemical reaction may follow activation
either because the activated molecule itself breaks down, or because
the energy of activation is transferred ® to some other species of mole-
cule, causing it to be chemically activated and therefore to react.
This second process is commonly termed sensitization or photo-
chemical catalysis. The spectral sensitivity of the plate will be deter-
mined by the primary process, the absorption of energy; but the pho-
tochemical yield from a given energy absorption (expressed when pos-
sible in terms of molecules reacting per quantum of energy absorbed)
depends enormously on secondary chemical processes following the
primary absorption; that is, on the chemistry of the system in which
the absorption takes place.

Assuming anything like equal yield in terms of molecules reacting
per quantum of light absorbed in different parts of the spectrum, we
would therefore expect a marked reaction to be produced by the spec-
tral regions absorbed by the silver bromide and the dye, respectively,
and a very slight one in the red where the selective absorption by the
latent image is strongest. The observed photographic reversal cor-
responds to this assumption. The plates bathed with fuchsin and
safranine, on which the two main regions of absorption are far enough

2 This process in gases occurs largely by *“collision of the second kind.”” Thissame term has been applied
by Leszynski and others to hypothetical energy transfer from sensitizing dyes to silver halide; without
denying the possibility of such energy transfer phowgraﬂhhilc sensitization, it seems quite undesirable in
the present state of our knowledge to apply the term of on'’ to a process occurring in the solid state.
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separated so that they can be clearly distinguished, were most sensi-
tive in the region around 420 to 430 mgy, since the reversal was as
strong as in the lon%er wave lengths, while the energy received on
unit area was much less. As the absorption could not be measured
quantitatively in the plates, it is impossible to estimate the relative
quantum yield in the two regions.

In the opinion of the writers, the results given by Mauz ** are in
agreement with ours, in spite of their superficial differences. His use
of a prism spectrograph with an ineandescent source of about 2,850°
color temperature caused a great concentration of energy in- the red
end of the spectrum. A simple calculation from the scale of his pub-
lished figures and the energy distribution of such a source shows that
the plates received about 85 times as much energy per unit area in the
spectral region 600 to 700 my as in the region 400 to 420 my, as against
a ratio of 6 for the same regions in our instrument. His exposures
were, furthermore, so long as to produce reversal over the entire visi-
ble spectrum in every case, thus tending to obscure the differences
between the plates bathed in different dyes. However, the influence
of the absorption by the dye is clearly evident from his figures. The

lates bathed with fuchsin and phenosafranine have marked maxima
in the red which are not shared by the other dyes. That bathed with
pinakryptol yellow has its strongest reversal between 400 and 500 my.
The results with pinakryptol green are more difficult to interpret, but
the appearance of the plates between 400 and 500 mu, where the cen-
tral part of the spectrum is dark and the edges light, is most probably
explained by a maximum sensitivity in this region, combined with
overexposure sufficient to produce the second negative. The light
edges are the result of reversal in the region of irradiation from the
more strongly exposed central portions. A similar effect may be
detected in spectrum 8 (fig. 2) of the paper by Carroll. In Figure 2
of Mauz’s paper the reversal in the region of absorption by the silver
halide, where it is distinct from that of the dye, was obscured by the
low intensity incident on this portion of the plates, but a secondary
maximum is detectable at about 460 mpg.

Conclusions based on a process as complicated as this must be
accepted with considerable caution, but the field for speculation is
extensive and tempting. The theory of the true Herschel effect
(reversal without dyes) is apparently simple. Absorption of red and
infra-red radiation by the products of the first exposure causes them
to react, naturally destroying their effectiveness as latent image
whether the reaction is regression to the original form or not. The
photographic sensitivity 1s very low, corresponding to very weak
absorption; emulsions containing iodide show the Herschel effect
with great difficulty because the traces of absorption by brom-iodide
in the longer wave lengths cause a reaction (latent image formation)
which counteracts the Herschel effect at least photographically, and
probably chemically. The Herschel effect may be materially in-
creased by changes in the chemistry of the emulsion, increase in
bromide ion concentration and the presence of traces of copper salts
being definitely established as promoters of the effect. As alkali
bromides have no absorption in the visible region their effect must be
on the secondary chemical processes following absorption.
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The possible views of the effect of the dyes on reversal are that: (1)
Energly absorbed by the dye is used in the reversal reaction, either
directly or indirectly, and (J.I‘Z) the dye, like soluble bromide, increases
the effect of absorption of energy by other materials, via the secondary
chemical processes; this is the view taken by Liippo-Cramer.?? These
theories are not mutually exclusive, since the second may apply
independent of the first. The tendency to reversal in the presence
of the dye certainly exists, since the rate of fading of the latent image
in the dark is quite appreciable, especially when soluble bromide as
well as desensitizer is present. This is essentially the same reaction,
going on slowly under thermal activation of the dye molecules, and
rapidly under photochemical activation. Further evidence that the
dye causes a tendeney to regression independent of its absorption of
light comes from the observed reversal by radigtion which must be
absorbed by the silver bromide itself. In this case, we must assume
that the energy absorbed by the silver bromide is transferred to the
latent image. This is reasonable, since the converse process—spectral
sensitization of silver bromide by colloidal silver—is a well-known
Ehenomenon. Energy absorbed by the products of exposure n:ust

e effective in producing reversal in the presence of the dye, but it is
nearly negligible in comparison to that acquired by the other absor-
bents. Our data fail to show that the sensitivity of the dyed plates
to the red and infra-red resembles what might be expected 1f the true
Herschel effect played any appreciable part in the reversal process.
We accordingly consider that it is unjustifiable to identify the Herschel
effect and the dye reversal to the extent which has been common in
the literature.

The analogy between sensitization in the ordinary sense and the
reversal phenomena under discussion is evident from the data on
spectral sensitivity. It receives considerable confirmation from the
effect of variables common to the two processes. The mostimportant
of these is the silver (or bromide) 1on concentration. Increase in
silver ion concentration (up to the point where fog interferes) greatly
improves ? the effectiveness of ordinary sensitization; conversely,
increase in bromide ion concentration by addition of soluble bromide
increases reverals bl}?' desensitizing dyes,* and decreases sensitization.
We have shown in Figure 7 that the action of safranine, as the result
of activation by light which it selectively absorbs, may be either, an
increase or a decrease in density, depending on the bromide ion con-
centration of the emulsion. e have already expressed the opinion
that the bromide ion concentration alters the oxidation-reduction
potential of the silver halide grain with respect to its environment
through the varying adsorption of bromide or silver ions to its sur-
face. Further evidence that the reversal is an oxidation process is

iven by Liippo-Cramer’s observations ** that photo-silver may be

leached by pinakryptol yellow plus bromide in light, and that under
some condifions desensitization and reversal may be appreciabl
decreased by the presence of reducing agents, such as nitrite. W{l
also have the increase in sensitization (hypersensitization) by reducing

1 “Die an und fiir sich, besonders in langwelligen Gebiste vorbandene Tendenz zur Umkehrung der
Bromsilberzersetzung (Herscheleflekt) durch die Farbstofie infolge Keimisolierung unterstiitzt wird.”
(Handbuch, vol. 8, pt. 3, p. 285.)

1 Carroll and Hubbard, B. 8. Jour. Research, vol. 9 (RP488), p. 529, 1932,

¥ Lippo-Cramer, Die Kinotechnik, vol. 11, p. 399, 1929,

8 Lippo-Cramer, Phot. Ind., vol. 28, p. 385, 1930.
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agents,”® and the increase in reversal by oxidizing agents.” These
effects are somewhat erratic and difficult to reproduce, but appear to
be real. The evidence establishes a strong presumption. that sensi-
tization and reversal by dyes are not only photographically but
chemically opposite directions of the same process.

The nature of the characteristic curves with varying dye con-
centrations, in Figure 8, may be interpreted by the hypothesis that
reversal begins when a given oxidation potential is reached. Oxi-
dation potential under constant illumination should tend to increase
with increasing concentration of dye, and with increase in latent
image. The required potential may then be built up either by more
concentrated dye and less image, or bf' an increase in image with the
most dilute dyes. Once the reversal process is started, it may be
able to continue without a decrease in reduction potential to the orig-
inal value, if the quantity of dye is assumed to be chemically equiva-
lent to many times the silver of the latent image.

Sensitization and reversal by dyes may be both brought about by
energy absorbed by the dye. The simplest and most probable
theory is that the dye, chemically activated by absorption, then
takes part in an oxidation or reduction reaction with silver bromide
or photo-silver. The evidence from spectral sensitivity, however,
does not distinguish between this case and the transfer of the acti-
vation energy from the dye to another material which then reacts.

WasHINGTON, February 13, 1933.

# Bokinik, Zeit. {. wiss. Phot., vol. 30, p. 330, 1932; Carroll and Hubbard, B. 8. Jour. Research, vol. 10
(RP525), p. 211, 1933.
7 Lippo-Cramer, Die Kinotechnik, vol. 10, p. 506, 1928,
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A COMPARISON OF RESOLVING POWER AND SENSI-
TIVITY OF PHOTOGRAPHIC PLATES WITH VARYING
DEVELOPMENT

By Burt H. Carroll and Donald Hubbard

ABSTRACT

Special developers recommended for reducing the graininess of photographic
images are all based on increasing the solvent action of the solution on silver
bromide, and deecreasing the reduction potential. Five of these formulas were
compared with ordinary pyrogallol and metol-hydroquinone by testing sensitivity
and resolving power of three emulsions, each developed with each of the devel-
opers. These results were supplemented by practical spectrographic tests, and
experiments with two other developers. ittle useful improvement over the
standard develcpers was obtained in any case, as increased resolution was, in
general, accompanied by decreased sensitivity. These results do not apply to
the pictorial use of special development to reduce graininess.

CONTENTS
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3. Measurement of resolving power
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IV. Summary
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I. INTRODUCTION

Both scientific and practical applications of photography tend to
demand a better combination of sensitivity and resolving power than
is now available. While recent investigations have shown that, other
conditions being the same, sensitivity increases with the size of the
silver halide grains in an emulsion so that there is a fundamental con-
nection between the two, the resolving power of the developed image
is always far less than the limit imposed by the silver halide grain
size. Pdrt of this is caused by clumps of grains in the emulsion, and
part by the substitution of irregular and much larger grains of silver
in the developed image for the original grains of silver halide. The
latter at least is obviously susceptible to some control by the con-
ditions of development. In the extreme case of development after
fixation, where the silver halide grain has been removed and the silver

263



264 Bureaw, of Standards Journal of Research [Vol.5

of the developed image is deposited from the developing solution,
Seyewetz' has shown that the metal may be deposited in com-
pact hexagonal crystals quite different from the spongy graing pro-
duced by any developing agent ? under the conditions of ‘“chemical”
development.

““Chemical”’ development may, however, be modified so as to pro-
duce smaller silver grains, with a probable decrease in the frequency
of clumps, by decrease in the reduction potential, and increase in the
solubility of the silver halide in the developing solution. The result
is that a considerable proportion of the silver halide is reduced in
solution, and the silver deposited on the development nucleus as in
‘““physical” development. This type of developer was first used and
explained by the Lumiéres and Seyewetz,? and the same principles are
involved in the “borax” developers now in wide use by the motion-
picture industry. A high concentration of sodium sulphite is used to
increase the solubility of the silver halide, and carbonate is entirely
omitted, so that the alkalinity is relatively low (pH approximately 9)
and the reduction potential is correspondingly decreased. The
alkalinity of sulphite solutions is somewhat too low and borax is
generally added to raise it to the desired value; being a good buffer,
it may be added in sufficient quantity to maintain the pH reasonably
constant during development. The use of borax has given its name
to this class of developer, although the high concentration of sulphite
1s really the more important feature. Practical studies of the var-
1ables in this class of developer are given by Carlton and Crabtree *
and by Moyse and White.®

This comparison of a number of developer formulas by their effect
on the characteristics of three emulsions was intended primarily for
choice of developers for use in difficult spectography, such as stellar
spectra, Zeeman patterns, or band spectra. The requirements may
be summarized as (1) the minimum error in determination of the
distance between closely separated lines, combined with (2) the
minimum exposure for recording the lines. The first is not determined
solely by the grain size of the image, since resolving power is dependent
to a very large extent on fog, and contrast; the factors involved are
summarized by Sandvik,® who emphasizes the necessity of measuring
resolving power by tests related to the intended application. The
second requirement makes it necessary to consider the effect of devel-
opment on the effective sensitivity of the plate, since the differences
in resolving power characteristic of emulsions differing by 50 per cent
in speed are, in general, as great as any which can be produced by
special development. There is obviously no advantage in the use of
a high-speed emulsion and special developer if both sensitivity and
resolving power can be equaled by a moderate speed emulsion with
standard development, and we are unable to understand how the
Tumiéres and Seyewetz 7 are able to pass so lightly over this point.

1 Sayvewetz, Chimie et Ind., Special No.; p. 418; September, 1925,

2 Roszs, The Physics of the beveloped Bilver Image, chap. 1.

? A. and L. Lumiére and A. Sevewetz, Brit. J. Phot., 51, pp. 630, 866; 1904.

4 Carlton and Crabtree, Trans. Sot, Motion Picture Engrs., 13, pp. 406-444; 1929,

t Moyse and White, Trans. Soc. Motion Picture Engrs., 13, pp. 445-452; 1929,

¢ Bandvik, Proc. 7th Int. Cong. Phot., p. 243; 1928, .

" A. and L. Lumidre and A. Seyewetz, Sci. et. Ind. Phot., 12, p. 128; 1928; *“‘On compensera facilement
I'inconvénient de la legére surexposition exigée par ce révélateur en s'addressant & une émulsion trés

sansible comme celle de la plaque Lumiére * Etiquette Violette *.""
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II. EXPERIMENTAL PROCEDURE
1. CHOICE OF PLATES

All tests were made with plates, as the precision measurements of
spectrography and astronomy are still impossible on film base.

The Seed’s 23 was chosen as a moderate-speed emulsion of the
general type most useful in spectrography. The Speedway and Press
plates are the fastest emulsions available on glass from their respec-
tive makers. The resolving power most frequently becomes a serious
consideration when it is necessary to uge this type of plate, and the
advantages of special developers may be expected to be most evident

with those emulsions.
2. SENSITOMETRY

Sensitometric measurements were made by the standard methods
of this bureau. KExposure was by nonintermittent sector wheel at
an intensity of 1 m candle of the quality of noon sunlight.

The Seed’s 23 and Speedway plates were tested with a light source
consisting of a gas filled incandescent light operated at a color tem-
perature of 2,810° K. and a filter of Corning ‘“Daylite” glass. The
Press plates were exposed to the source adopted by the Seventh
International Congress of Photography, an incandescent light operated
at 2,360° and- the corresponding Davis-Gibson filter. The difference
in speed numbers with these sources appears to be within the limits
of error of sensitometry. Development was carried out at 20°
using the brush method for the developers where the maximum
time did not exceed 12 minutes. The slow developers, requiring 30
to 120 minutes, were necessarily used without agitation; the plates
were left emulsion up in the solution and did not develop the streaks
which are liable to occur in a vertical tank. Densities were measured
in diffuse light, the fog density being automatically subtracted; using
backed plates, the fog strip was uniform throughout. Speed numbers
are 10/z. Where a single number is given, the curves crossed on the
exposure axis within the limits of error; a noticeable shift with time
of development is indicated by the use of three speed numbers.
Some indication of the changes in the underexposure region is given
by the density at an exposure of 0.0294 candle meter second; the
exponent (as I))e) indicates the contrast to which the plate was
developed.

3. MEASUREMENT OF RESOLVING POWER

Resolving power was measured with the same parallel-line test
object and lens used for this purpose by Davis and Walters® their
procedure being in complete agreement with the later recommenda-
tions of Sandvik.! The test object consists of groups of six parallel
lines separated by spaces of equal width, in which the density exceeds
that of the lines by approximately 4. This was photographed on
the backed test strips at such scale that the distances between centers
of lines in the image varied from 8.3 u to 25 p. Each test strip was
given a series of exposures increasing by a factor of about one-third.
'he performance of the lens at f/11 was found to be slightly superior
to that at f/16 because of the distinct appearance of diffraction at the
smaller stop.

¢ Davis and Walters, B. 5. Sci. Paper No, 439.
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Plates were developed to a contrast within their normal working
range. On completing the sensitometer tests, ¥ was plotted against
the time of development, and also against the corresponding values of
fog, and the required time read off the curve. Asa cEeck on the inter-
pcﬁat.ion, sensitometer exposures were developed with each set of
resolution tests strips. KExcept where excessive fog would be pro-
duced, the Seed’s 23 plates were developed to a v of approximately
1.5 and the Speedway to approximately 1.0. The Press plates were
developed to what was jucrged, from inspection of the curve of v
against fog, to be the optimum contrast; we consider the results
with this emulsion the most satisfactory.

The- greatest uncertainty in determination of resolving power lies
in assigning a number to any given test image. The strips were
observed with a binocular microscope with 25 mm objectives and
10 X eyepieces under lighting conditions found to impose very little
eyestrain. A considerable number of readings were also made by
projection at 800 diameters, the image being observed from 1 or 2 m
distance; the light intensity was too low for comfort, and the results
while in reasonable agreement with those by the other method, are
considered less satisfactory. The criterion for resolution which was
applied, was that all six lines of a group should appear suitable for
degnjte settings of a cross hair. The resolution number assigned to
a test strip was the minimum separation resolved at any one of the
series of exposures. All tests were made in quadruplicate; the num-
ber given in the tables for a given emulsion, developer, and observer
1s the average of four strips.

Three or four observers were used in all cases. The identity of
the test strips could not be entirely concealed from the observers,
but there is little evidence of prejudice. The errors of observation
will be discussed with the results.

4. SPECTROGRAPHIC TESTS

Some of the developers were compared under conditions of actual
spectrographic work. The carbon arc band at 3,883 A was photo-
graphed with the large grating spectrograph of the spectroscopic
section of tnis bureau, using a concave grating of 21-foot radius,
15,000 lines per inch and a 5 u slit width. After careful focusing on
backed lantern-slide plates, Speedway plates (emulsion 2469) were
given a series of eight exposures each tc the same source. Iigure 1
18 a reproduction at 163 diameters of the band head on the lantern
slide focus plate and on Speedway plates developed with five formulas,
the best exposure in each case being selected for enlargement.

5. DEVELOPERS
(a) MATERIAL

The developing agents were commercial materials passing the
United States Government specifications with the exception of para-
phenylenediamine (base). This is very unstable in air. The avail-
able material was twice sublimed under reduced pressure at the start
of the investigation, the product being white and giving a nearly
colorless solution, but it was distinctly darkened in a few weeks.
Sodium carbonate was assayed by acid titration, and sodium sul-
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hite by iodine titration. The amounts given represent actual
a,CO, &nd Na.S0,; U. S. P. borax was twice recrystallized for use.

(b) FORMULAS

Pyrogallol.—This is the developer normally used for sensitometry
at the Bureau of Standards:

Stock solutions:

)85 T At e e T i, Tt ml__ 1, 000
PR T OTIMION o oo i o B ot il s 5 o e g~ 60. 0
Potassium metablsulphlte .................... 12. 0
B{Water ___________________________________ ml__ 1,000
Sodivm BphEte . e G R g-- 95
C {Water ___________________________________ ml__ 1, 000
Bodinm CAYDONRRS . « -« o e wns oma e e e g 70

For use, 1 volume each of A, B, and C plus 7 volumes of water.
Concentrated mtal-hydrogmmm —A developer of the universal
type much used for practical work at this bureau:

Waker. o, o B te 00 B A8 el aicu b RIOE b 0 B MY ml._ 1, 000
IRRROL o i s e e i e o S e g 1.6
S OO . o s o e e e B S e S e B g-- 56
DIOCITOITE BRI . i i o s e bt i R St e B 21. 3
BOGIT EATDORAEE s o e a i R n e n e R R £ 30. 0
Potassiom bromide. 1 0 e e enasaka g .75

Dilute metol-hydroguinone.—Recommended by Lumiéres and Seye-
wetz ' as giving a slight reduction in grain size, equivalent to the
MetoLhydroqumone—borax formula:

| E T R BT 5 S e SN St e g-- 0.16
M YOOI o as e s e e e s e e g.- .30
e L e b vt Y Wb e T Y ST T Dl LR ST g-- 30
SO CAFPDORANS . e s el g-- L6
Botassion: Dronsion; il .. s - 5o sl 4B s towt bhlmanmas a3
LT VR s SRS S L WIE L A . liter_.. 1.0

Metol-hydroquinone-boraz—Recommended for reduction of graini-
ness in motion-picture negatives: !

.7 e e B SRS AL e bt et Sl LSl 1 S g-- 20
Sodiam salphite s s 8 cn e e e g-- 100

My ArOgIDORe ) o it o o e e ke R S S S g hi
s R e L T gl 20
o T Y e e g (o S ot liter.. L0

Carlton and Crabtree ? state that graininess can be further
decreased by reducing the concentration of developing agents in this
formula to one-half, other concentrations being unchanged.

Metol-boraz—Recommended by Moyse and White for use with
motion-picture negatives.™

IRERON., e v e St it N S T et o Lt PP e ey B g- 25
Sodium sulphlte ................................... g-- 75

LT ool U P L I SN SERA N - § STk g._. 50
Waler 1o ke ot i liter.. LO

p-Phenylenediamine-boraz.—Recommended by the Lumiéres and
Seyewetz * as “giving the best results.”

10 Lumigres and Seyewetz, Sci. et. Ind. Phot., 8A, p. 126; 1928.
i Crabtree, Trans. So¢, Motion Picture Eng., p. 77; 1027,

11 Moyse and White, Trans. Soc. Motion Picture Eng., 13, p. 445; 1929,
M Lumidres and Seyewetz, Sci. et. Ind. Phot., TA, p. 108; 1927,
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Phenylenediamine (base) . . . - - __ ... g--. 10
g;)dium T p L IR P R | W 0. et T g.. 60
BORRE - o == c o i s R S e e R S e R g-- 50
WEEOE B0 BORRD. - = oo o el e S Bt s e o v A liter_.. L0

p-Phenylenediamine-carbonate—The Lumiéres and Seyewetz '
state that this formula iives more rapid development and better
density than the diamine-borax, but the grain is noticeably coarser.

g—l’henylenediamine L e e e R s Py Ay g-- 10
O B DR . e e g-. 60
oI oD ORARe . o e e e g.. 3.0
T O SRS I 1 Lo vl (R liter.. 1.0
Hydroquinone-borax:
Hydroquinone_ _ e g2 50
NOINI SIIIIINE o o v b g i s s i i s S e o5 v g-- 75.0
2T R e s e e e e R SO oy o .0 o510
Water fomaake. . ool ol venmasinnireniut et u s liter.. 1.0
Physical developer:'®
177 o7 SRR LA S | R SO S G S R U ST W g-- 250
Gittle-field o ensias s snssnassrass sy ua 1-15 e OKED
20 per cent gum arabic solution. .. ___.___. WAL i)
WWALAE B0 DR o i i o 5 ok o o e liter.. 1.0

For use add 2 ml of 10 per cent silver nitrate to 50 ml of the above.

Of these developers, the pyrogallol and concentrated metol-hydro-
quinone are common practical formulas. The metol-hydroquinone-
borax and metol-borax formulas, which can now be classed as practical,
are based on the use of high sulphite concentration and greatly reduced
alkalinity with a developing agent of high reduction potential; the
rate of development indicates that only a small proportion of the silver
in the developed image can be derived from the slow process of solution
of silver halide and reduction in solution. In the f}-phenyleuediamine
developers the ‘“‘chemical” development is greatly decreased by the
use of a developing agent of low reduction potential,"” and reduction
takes place at a low rate which probably corresponds to ‘“physical ”’
development. The hydroquinone-borax formula is comparall?)le to the
p-phenylenediamine-borax, in reduction potential and solvent action;
it was introduced only to see if a specific effect of the developing
a.%ent on the resolution was detectable, as we did not expect it to be
of practical value. Physical development is known to have a favor-
able influence on resolution both by its effect on grain size and because
it gives a surface image free from the effects of irradiation. It might
be of value in spite of the known depression of speed in case it made

ssible a resolution which could not be obtained with any emulsion

y normal development.

III. DISCUSSION OF RESULTS
1. SENSITIVITY

The sensitometer tests of the three emulsions listed in Tables 1, 3,
and 5 show a wide variation in effective sensitivity of a given emulsion
developed with the different formulas. This variation increases with

1! Lumiéres and Beyewetz, Sci. et. Ind. Phot. 8A, p. 126; 1928.

18 Liippo-Cramer, Phot. Ind., 13, p. 660; 1915,

17 Nietz, Theory of Development, rates p-phenylenediamine hvdrochloride at 0.4 and metol at 20, hydro-
quinone being taken as 1.0; p-phenylenediamine base probably has a slightly higher potential than its sali.
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the speed of the plate, but.the order in which the developers fall is
practically the same for all three emulsions.

The special developers with high solvent action and low reduction

tential (p-phenylenediamine-borax, p-phenylenediamine-carbonate,

ydroquinone-borax) caused a very considerable depression in speed;
in the extreme case of purely physical development, the loss was 80 to
90 per cent. The dilute metol-hydroquinone developer, which would
be closely reproduced merely by diluting the concentrated formula to ten
times its volume and doubling the bromide, gave normal speed num-
bers, but, by far, the worst fog for a given contrast.

The metol-hydroquinone-borax and metol-borax developers some-
what unexpectedly gave higher speeds than the standard formulas,
and better densities in the underexposure region at moderate values
of .

TasLe 1.—Sensitometric characteristic of Seed’'s 23 plate (emulsion No. 7856) wilh
the different developers

[Figures in parentheses indicate time of development in minutes]

Developer Speed D § oo v Fog
@ ® @ o e 1
Standard pyrogallol___________._.... | ouff Dl D] 2] & DB &
Concentrated mgtol-hydroquinone...| 200 .08 {i: ﬁ 1‘% 2_“1‘%- (L% (ﬂ {::{
Dilute metol-hydroquinone. . ......... 713 I ol %l T2 B %S9
Metol-hydroquinone-borax_....___ w21 SRR B .9 98
3) (6) (1 3 (
MARDEE, i | sf D% R @ R B
7-Phenylenediamine-borax. .. ........ 165 .10 (?gl {‘_ﬂ?% {i?gli (ig [001% (lﬂ
p-Phenylenediamine-carbonate. ... .. es| .osff D] PO @] ot @@ oo
[(m} 19 } { )| G| Go| G| Go| @0
Physical developer 10°. .o oevceceenna- (20)27 .00
(40)37 7| 80| Les| .os| .10| .18

TABLE 2.—Resolution of Seed’s 23 plate (emulsion 7855)
[The resolution is expressed in microns spacing % %12 c]]osast set of lines resolved, and values are rounded
R

Resolution as determined by
observer
Developer ¥ Fog
C D H B8

Btandard pyrogallol __ .o 1.50 0.24 15.0 15.0 15.0 15.0
Concentrated metol-hydroquinone. ... .o oon 145 .06 14.0 15.0 16.0 14.5
Dilute metol-hydroguinone_ . ..o __________ . 56 A7 14.5 15.0 17.5 15.0
Metol-hydroquinone-bOrax. ... ..eeeeeeeamnnemnmeneoane 1.57 .3 | 14.0) 15.5| 160 16.0
Melolborx 1.33 .24 13.0 15.5 16.5 16.0
p-Phenylenediamine-borax_ ... .. _________ 1.35 .19 12.0 13.5 14.5 14.0
Phenylenediamine-carbonate. .. ... ..o L.37 « 27 13.5 13.5 16.5 15.0
o IR et 1 R TR S .90 08| 130| 140 145 15.5
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TaBLE 3.—Sensttomelric characteristics of Eastman Speedway plate (emulsion Nos.
2357 and 2469) with the different developers

[Figures in parentheses indicate time of development in minutes]

Emul- 1.0
Developer %ﬁf Speed D0.029 ¥ Fog
3 6) | @ 3 12
e e {(2357) 400 | 0.15 { ol inl } z} ol o &2
o | wo GG R) G G|
Concentrated  metol-hydroqui- | (2357) 0| .12f{LD| @ @yl @ @
none,

Dilute metol-hydroquinone....... (2357) so| .1z |f G| 60 (20 (3“] 00) | s
Metol-hydroquinone-borax__.____ (2357) so| mff 9 @1 0al @5 &) uy
3 6) | (12 3 8) | (12
o9 | o5 o B GF( 1% % B 92
BlSlolbORaK. o s osaciammesisnsaniea s | sl ® @ @] & ®| a
(2857) . 66| .88| L20| .12| .20| .30
i (3)300 (3) 6) | (12) (3) | | (12)

Metol-horax+0.5 g KBr/liter ... (2357) (6)440 . 25
(12) 510 51| .77 1o0| .o4| .09| .15
p-Phenylenediamine-borax. _ ... (2357) atg | Sn [f GO0 [ CO0) | 0D |- 480) [ (605 | (120
{30) 220 (30) | (60) | (120) | (B30) | (60) | (120)

g-Phenylenediamine-carbonate___| (2357) 60; _______
(120)420 67| .95| .90| .23| .30| .4
(2)31 (2) () (8) (2) (4) ®)

Phywsical developer 20°. ... .. (2357) (4)34 .00
(8) 52 20| .e0| ros| .10 .13| .2

TasLe 4.—Resolution of Eastman Speedway plate (emulsion 2357)

[The resolution is expressed as microns spacing of the closest set of lines resolved, and values are rounded

to 0.54 u]
Resolution as determined by
observer
Developer ¥ Fog
C D H S
Btandard pyrogallol .. o iicccciccicacnan. 0. 84 0.15 15.0 18. 3 17.5 18.0
Coneentrated metol-hydroquinone. - oo . 87 .06 15.5 17.5 17. 5 17.0
Dilute metol-hydroquinone Y .24 16.0 19.0 19.0 16.0
Metol-hydrogquinone-borax___________ 1.09 . 36 14.5 18,5 18.5 17.5
AL DO AT . o i i s i i s s e i i e S B4 .20 14.0 18.5 18.5 16.5
p-Phenylenediamine-borax_____ o aaa .97 .36 14.0 15.0 15.5 15.0
p-Phenylenediamine-carbonate .. ... .72 .30 15.0 17. 5 16.0 15.0
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TaBLE 5.—Sensitomeiric characteristics of Hammer Press plate (emulsion 4068)
with the different developers

[Figures in parentheses indicate time of development in minutes]

Developer Speed |Dox ¥ Fog
3

Standard pyrogallol....____..oooeeen 60| 032 1%‘31 L?“ ,‘_E% %‘gé %;ﬁ .%}
Concentrated metol-hydroguinone. ....... 495 -26 [l.li‘rl 1.(4% L5 ( 0% ; {2 31
15 15 60
Dilute metol-hydroquinone_............. 70 |- e B 4 B < il R W
Metol-hydroquinone-borax..—.............| 75| s @ @) G2 @ ©} a3
3 6 12 6 12
MO0 OTRT e od Bt P I 1 T A A A
p~-Phenylenediamine-borax____ ... .... 215 .12 (_3313 (F& {P?% (3??! (ﬁ?]g ( 5%
p-Phenylenediamine-carbonate............ 300 .22 {}a ('33% (?g% qﬂ {ﬂjg (M]
[ E?-DE 156 } (30) | (60) | (120) | (30) | (60) EIEC'J

Hydroquinone-borax. ... .o oooeecceccaaaes 60) 200 A7
(120) 400 .28 .70 L00| .03 14 .40

TaBLE 6.—Resolulion of Hammer Press plates (emulsion 4063)
[The resolution is expressed in microns spacing of the closest set of lines resolved, and values are rounded

to 0.5 u]
Resolution as deter-
mined by observer
Developer r Fog
D H C
Bandad paromnllod - e e 1.14 0.15 15.0 15.0 19.0
Concentrated metol-hydroquinone .- ocoeooo oo 1.35 .11 15. 5 15.5 18.0
Dilute metol-hydroquinone. . . o oo ceeeeeeeee .80 .11 17.0 17.0 18.0
Metol-hydroquinone-borax_ oo meee .03 .22 16.5 15.5 18.0
b R e e o 7 S n e S PeEt| .92 .18 16.0 15.0 18.5
p—Phanyleuedhmin&m __________________________________ .75 .19 16.0 145 15.5
E henylenediamine-carbonate. ... ecceecccccccccaaaaa .75 .16 14.0 14.0 16. 5
T O O O T IO IR e i s o o e .57 .08 16.0 14.0 16.0

TaBLue 7.—Rating of developers, on resolving power only, by the different observers
[Two or three numbers are assigned where the resolution numbers for the corresponding developers were

identical]
Numerical order of the davelopem on scale of decreasing
resolution
Observer D Observer C | Observer H | Observer 8
Developer

B = = =

n -] ] o

A E z §. 1|3 ig) 01

j By E m | B § 7] g § w
Standard pyrogallol___ .. .o 34-5 2 21 7] 8] 17 213434345 o4
Cnnoentrated metol-hydroquinone_ .. _.____ 345 | 34 3] 4| 6| 3 3|34|56 2 8
Dilute metol-hydroquinone________________ 345 7 71 6| 7] & 7 7| 7]|345 34
Metol-hydroquinone-borax_ ___ ... =7 5 6] 5| 3] 4 4 5|56 67 7
Metolborax_ . e i &7 6|45 2| 2| 5| 56 6] 34 &7 5
p-Phenylenediamine-borax. . oo eeeeeeeena 2 1145 1] 1] 1 1 1 2 1 1-2
p-Phenylenediamine-carbonate_ ... ......_ 1]34 1] 3| 4| 2|56 2 1]|345 1-2




272 Bureaw of Standards Journal of Research [Vol.§

2. RESOLVING POWER

The discrepancies between the observers are of the same order as
the differences produced by the developers, so that the only unquali-
fied statement possible is that the development has little effect on
resolution. This is disappointing, since both our own photomicro-
graphs and those of the Lumiéres and Seyewetz '* show distinctly
smaller silver grains in the images dev eloped by the special formulas,
while the increasing use of the metol- hydroquinone-borax developer
for reducing graininess in motion-picture negatives indicates that this
type can decrease the number of clumps of grains. It seems necessary
to conclude that resolution as measured by the standard test is not
directly dependent on grain size, or on the factors controlling graini-
ness. Preliminary experiments on the accuracy of setting a cross
hair on fine lines developed by standard and special formulas gave no
indication of any marked improvement; refinements on the technique
employed will be necessary, but we believe that a study of the factors
influencing accuracy of such distance measurements on plates might
be of great.er utility than the usual determination of resolving power.

Table 7 shows that the individual observers were more likely to
agree on the order in which they placed the developers than on the
absolute magnitude of the resolution numbers; there was, however,
also a tendency to individual preferences for or against one or two
developers, which were maintained on all emulsions and which can
not be ascribed to previous bias. The data indicate:

1. Both p-phenyleneciamine formulas, the hydroquinone-borax,
and the physical cf:avelopers, improved resolution over the standard
formulas. The physical developer was no better than those first
mentioned.

2. The metol-hydroquinone-borax and metol-borax developers were
no better than the standard pyrogallol or metol-hydroquinone in their
effect on resolution.

3. The dilute metol-hydroquinone formula gives probably the worst
resolution. It is interesting to compare this with the concentrated
formula, which gives a much coarser grain, but is so far superior as to
contrast and fog that resolution is distinctly better; on a test object
of lower contrast ratio, or in actual spectrographic work with faint
lines, the superiority would be more marked.

Such improvement as was obtained was as distinet with the Seed’s
23 as with the faster plates. The Lumiéres and Seyewetz ' report
that in the case of a process plate the grain is practically independent
of the developer.

In spite of the negative results of the resolution test, there has been
general agreement that the spectrum plates developed with the metol-
hydroquinone-borax and metol-borax formulas show more detail than
the plate developed with the concentrated metol-hydroquinone; this
1s unquestionably true with thep-phenylenediamine-borax. Viterbi®®
has already illustrated good results obtained with the metol-hydro-
quinone-borax formula, but unfortunately gives nothing for com-
parison.

1 Viterbi, Proe. 7th Int. Cong. Phot., pp. 366-367.
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The resolution number and silver grain obtained with the hydro-
quinone-borax and p-phenylenediamine-borax developers are very
similar. We doubt that the latter reducing agent has a specific
influence independent of its reduction potential.

3. UTILITY OF THE DEVELOPERS

Judging the developers by their effects both on resolution and
sensitivity, it appears that none of those tried offer a marked improve-
ment over the standard formulas. The p-phenylenediamine
developers are unfortunately eliminated by their effect on sensitivity.
By way of illustration, the Press plate, developed with p-phenylene-
diamine-borax to a 4 of 0.75 and fog of 0.19, has a speed of 215 and
resolution number of 15; the Seed’s 23, developed with concentrated
metol-hydroquinone to a y of 1.45 and fog of 0.06, has a s of 200
and resolution number-of 14. In practice, the use of the latter com-
bination is very obviously preferable. The metol-hydroquinone-
borax and metol-borax developers increase the effective sensitivity
and may appreciably improve the detail of the image in some cases.
They are thoroughly practical developers if it is remembered that they
are quite sensitive to the soluble bromide which accumulates in use.
A small amount can be compensated by increasing the development
time (see Table 3) and may be an advantage; but it is well to remember
that in most scientific applications of photography the overhead
expense on & given exposure normally makes it very false economy
to endanger results by saving developer.

IV. SUMMARY

1. Six developers characterized by increased solvent action on
silver bromide and decreased reduction potential have been compared
with standard pyrogallol and metol-hydroquinone formulas. The
comparison is based on (a) sensitometric tests, using three emulsions;
(b) tests of resolving power by the parallel-line test object, using the
same emulsions; and (¢) spectrographic exposures with one of the
emulsions.

2. Only the developers with lowest reduction potential effected an

appreciable improvement in resolving power. These developers are
of no practical use because they greatly decrease the effective sensi-
tivity.

3. The “borax’’ developers used in motion-picture laboratories are
satisfactory for spectrographic work, but improvement over the
standard formulas can not be expected to be large.
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