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Characteristics of Ion-Sensitive Emulsions
for Mass Spectrography—II .

‘ J. M. McCrea
Applied Research Laboratory"
United States Steel Corporation
Monroeville, Pa. 15146 .~

Abstract

An earlier investigation of the properties

of ion-sensitive plates has been extended to include

adhitional-types‘of spectrographic-emuléions and to
obtain:more'extenSive,datafon the widely used Ilfo:d .“
Type Q2 emulsion, LQngfobability fesponse piots are .
used to compéfe'theudiffergnt-emuisions and emulsion :
batches. . | |
The effects of variations in exposure and
processing conditions on theiTypeAQZ plates_héve'beenf

investigated.' These effects are correlated, where

.

possible, with the coating analyses and microstructure

of the plate emulsion.




Introduction

Although.sensitivity for the detection of kilovolt-z
energy-range ions is the most important property of the_ion-.
sensitive plates generally uéed as detectors in spark-source
solids mass spectrometeré, the outgassing properties, plate
uniformity, and other factors can profoﬁndiy inflﬁence the
over-all usefglness of a type of blate as a mass spectro-
graphic detector. In a previous paper,l) the author describe&
methods for evaluating £he sensitivify, contrast, pumpability,
.and coating éharacteristics-of ion-sensitiVe emulsions. These
' methods have been used to evaluate severai,differentAemulsibn
number lots of the widely used ilford Tybe Q2 plates and three,
6ther ion-sensitive producps;' | t

Post-54325 Q2 Plates

" Ilford Ltd. introduced an improvement in the Q2

2) For

emulsioﬁ as a running‘chahgé at emulsion No. S54325.
the earlier‘work,l) énly one-éample lét‘(s4358) of the improved
product was available. Six additional‘pbst—s432§\Q2 emulsions‘
have now been evaluated. fhree’of these emulsion lots were

the standard 2- by lSFinch.plateé normally ﬁséd in the
Consolidated Type 21-110 double-focusing spark-source mass
spectrometer, and the other thrée were in an emergency‘ship-
ment of éhortéf.plates in the.sizes (2 by~lb or 2 by 12 inches)

normally used for the Associated Electrical Industries MS=7

\
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mass spectrometers. Although Ilford now cuts the 2- by 15-
inch Q2 plates by a procedure that eliminates the bar defects

referred to by them as "coated edges", ) such a procedure has-

.definitely not been used for the 2- by 1l0-inch plates., All

2- by 10-inch plates examined were from emulsion lot S4488,i
and all had pronounced end bars of the type previously re-
ported in a study of piate uniformity,4) The uniform area of
these plates was approximately 2 by 8.5 inches. fhe appearance-

of the uniform regions of ali'plates examined was good except

for lot S4495, in which some plates were blotched with white

opague regions.

Examination of tﬂe'coatings, Table I, has shown that
the silver-gelatin ratio Qf~the Q2 plafés is distinctly dif-
ferent from that of convent&onal-spectrographic-types such as -
Kodak Type 1 or 103-a. The coating density varies from the
light coét»of 54460 plates to the heavy. coat Of iot-s4399.,
After a pro-ration fo: plate aréaliﬁ the manner<justified by
earlier data,l) pumping characteristics of e?ery,lot were
nearly identical. The microscopic appeafances of all Q2
plates except lot S4409 were similar. The plates in lot S4409
exhibited an extreme uniformity of surféce and a uniform grain
distribution; the other Q2 emulsions showed a definite but

limited surface irregularity. This difference between S4409

of
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and the remainder of tﬁe Q2 plates may be distinguished in
Figure 1; it is;plainiy evident in the original-photomicrographs.

The response characteristics of Q2 plates processed
in ID19 developer under standardized‘conditions, Table IT,
reveal the unexpected.fact that the very uniform S4409 plates
have undesirable properties. 'Th¢.79 percent background trans- L
mittance for S4409 is much less aéceptable than the 85 to 95
percent typical oﬁ the other Q2 emdlsions. ‘The definition Qf
strong ion and photon images ié.visibly poofer on S4409.platés
than on- typical Q2 pléfes., Plates for maés spectrbgrapﬁiC'use
do not have an antihalation backing, and4the~poor‘imége defi~-
nition of strong photon images.results-from ﬁalation, the
exposure of the emulsion by'séattered'iight ffom’the primary:
image undergoiﬁg partial.ahd total reflection at thé‘second ”
surface of the emulsion suppdrt. |

Because ions and secondary_light in the ultraviolet
cannot penetrate thé glass for reflection,.the exposure induced
in reg%ons adjacent to the primary image.of a strong ion ex-
posure is not halation. .But.the extent of such induced equsureé
in Q2 plates does increase with the susceptibility'of the plates

to halation. Thus the intensity of halation about an image pro-

. duced by a heavy eipogﬁre of visible light may be used as an

. N . o .
empirical measure of image definition expected in mass spectrography.

¢
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In thé;microﬁhotometer trace 6f a heavily exposed,
processed image of a tungsten-light band on a Q2 plate, Figufe 2,
the secondary absorption maxima adjacent to the main band are
halatio; effects. For a_given difference in indexes of refrac- .
tion across the seqo;dqsurface of the supéort,'the;separationj~"
of the secondary sideibands is propoftionai té the thickness
of;the suppoft. The sgcondary maxima aré completely suppressed -
by backing the QZ platetwitﬁ'a‘red lacquer, Figure 2. ‘A,giyéerol-
"wetted piece 9f flat—black.éaper on the second sugfacé also

. suppresses hélatipn. Anéthér'wetting liquid can be used if it
has a refractive index almost the same aS"origreéter.than'that

of glass.. The emulsion structure affect;,the intensityx@f.the
secondary maxima by‘affecting the sqattering of-the.light'trans-
mitted into the support. The response plot for the secondary-
makima on logarithmic'probability paper turns out to be  nearly
linear and parallel to the responsé plot of‘the main band,

Figure 3. So long as a supporﬁ‘medium of the same thickness

and index of refraétion and a light band of given width are:

used, the halation tendency of the emulsion may be measured:by
the ratio of exposures required in the maiﬁ and secbndary bands
to attain the saﬁe leﬁel of absorption. To provide a simple
calculation with the effects of small slope differences elimi-

naﬁed, the average of the exposﬁre ratios at the relative
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absorption levels of 5; 10, and 20 percent was computed as an
index of halaﬁion. TheAprimary light band was 0.57 mm wide.
On this basis, S4409 piates are clearly inferior to those pre-
|

pared ffom other-Q2 emulsions.

The ion responses of the various Q2 batches listed in
Table II show considerable variation in the slope, ér contrast
term G,l) and in thé level of absorption achieved with a satura=- -
tion expo;ure'of Fe+ ions.' The exposure necessary. for 95'percent'5
relative transmittance that correéponds fairly closely with the
"just visible liné" shows fair precision within iots. The ion
response curves for different inemulsionS'tend'ﬁo.pivotw
about a region near the 10 éércentltransmittance level, Figure 4.
This may explain R. ﬁrown's and the author;s observatioﬁé that-
the visual.results.from mass spectrpgraphic.plates usually gqmg-_ '
pare favorably in éccuracy and preciéion with data,obtained:fréﬁ? :
the plates by photome;ric means.s) .

After 15 months' exﬁerience.with post-S4325 Q2 plates,‘
one is left with the impression fhat ﬁhe emulsion change has
not yielded as many benefits as was anticipated from the initial
evaluations. The contrast G for ions in all lots exéept the
sample S4358 and lots S4409 and S4460 is low enough to overlap
the range of pre-S4325 piates; Although'micropoiosity has been

substantially eliminated from the Q2 plate, the saturation
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transmittance level for Fe ion exposure rises to the 5 percent
rangaAin lots S4399, S4462, and S4488. A variation of satura-
tion level with energy or charge level, similar to that reported

for the Q1 plate,l)

is also noticeable in these emulsion lots.
None of this variability in saturation level appearé to cor-
relaté with physical or .chemical properties of the coating.
The poor image definition in S4409 platesAdoes appear to cor-
relate with an overly ;mooth microscopic appearance of the
emulsion. |

The survey of the seven Q2 lots shows that emulsion
calibration data must be 6btaiﬁed.for every emulsion lot if
photometric methods are to be used for calculation of analytical
data from the plates. The consistency observgd within a lot
indicates that a common calibration plot for plates Qf each lot.
is sufficient for'routine work over two or three weeks. Over
longer periods or for special investigations,.additional‘cali-

bration plots should be prepared.

Processing of Q2 Plates

The 2.5 min -development in ID19, followed by 2.5 min
of rapid fixing at 25 C were selected from a limited survey of

1) Further inﬁesﬁi-

processing conditions with four developers.
gation of processing conditions, Table III, confirms that the

2.5 min development time gives good sensitivity with low
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processing fog. The Ibl9 de§eloper permits considerable latitude
in choicevof 25-C processing times.

A_few experiments with ID19 at 28.7 C again showed.
good latitude, but were ‘discontinued because of severe staining.
Microdol X, a deveioper suggested in a mass spectrometer news-
letter,6) was tes£ed. In addition to severe staining pf Q2
platés; developer deplétion evidéﬁt1y caused_erratic results.
All work with Microdol X was discqntinugd~as soéQ as the con—l
sistency and stain-free properties of the sulfiteéfree aevelbperA
suggested b? Kennicott7) were‘ascertainedf. For Type Q2 plates
processed in the sulfite-free de&eloper,,the response data are
nearly linear when plotted<on-lpgarithmic probability paper.

The cpntrast‘G is.a;mostAthe,same as thét obtained with ID19
developer. 'The,developmént‘background is substantially less
than the backgrpund obtained with. ID19 devéloper, but this

feature is attained at the price of a lessened sensitivity.

" Although the data of Table III show that it takes about twice

the exposure to produce the same relative transmittance value
on a Q2 plate developed in sulfite-free developer as on a plate
processed in ID19, the noise level on the microphotometer traces

of the former plates is about half that encountered with traces

. of the latter. Accordingly the detectability of weak lines with

sulfite-free”developer is at least as good as it is with ID19.
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The sulfitleree develbper also decreases the intensity of the
fog patéhes that lie on the high-mass'éide of very intense lines
and, that probably result from secondary particles generated at
the position of these lines. It is therefore superiof to ID19
for study of lines located in these fog patches. .The photometer
traces for. the same iron exposure after processing Q2 plates in
ID19 and sulfite-free Qeveloper;'Figure 5, show clearly that

59+ and Ni60+

the background;;noise,§and fpg;patch near the Co
lines are lower on the plate déQéloped in sulfite-free developer.
The three-way improvement of background, noise, and fog patch
clearly more than offsgts the loss in development sensitivity;
accordingly the authér‘intends to use the sulfite-free developer
for analytical determinations of cobalt andlnickel in high-’
purity ifon. Although the sulfite-free aéveloper~offer; a
distinct advantage in the determination of nickel and cpbalt,
and also in reduction of the Fef backgrquﬁd at the Mn55+,line
positioh for'general.platé processing, the author intends to
continue as before with a 2.5 min dévelopment at 25 C in the
more sensitive ID19.

To compare the developed-grain ch&racteriétics, light-
exposed. areas ofAsimilar image transmittance on plates processed
by different téchniques were‘photomicrographgd, Figure.ﬁ.: Al-

though there is a suggestion that fine grain developers such as
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Microdol X may produce'less weil consolidated silver aggregates,
differences in'developed texture are barely apparent and not
nearly as prominént as the differences in unprocesséd emulsions,
Figure 1.

Evaluation of EmissionFSEgctrographic Plates

Dempster's mass spectrometer group at Chicago used

8:9) yhen Q plates were

11)

10 '
virtually unobtainable. ) Subsequent work by Sch®nheit on

9)

Kodak Type 111 plétestas ion. detectors
Perutz plates supports the Hayden and Lewis observation ‘that
ultraviolet-sensitized'Type III plates are about ten times more
sensitive to ions than the unsensitized plates. Rudloff has
recently studied SWR £film and a composite detector consisting

of a highly sensitive phosphor'aﬁd rapid X-ray film.l?) Al-
though he did not difectly study the ion response of ﬁltraviolet—
sensitized SWR film, he suggested that ultraviolet sensitization
offered advantages only for prqtoné and other ions of very 1light
mass. Because the most ion-sensitive mémber in a series of
siﬁilar emulsions is almost certainlf'also going to be the one.
with the largest'érains and'greatesf'sensitivitylto light, the
author evaluated Kodak Types 1l and 103a spectroscopic plates.'
Typé 1 plaﬁes are about lOAtimes‘as_sensitive to tungstén light
as Type III plates, aﬁd Type 103a is a very fast finer-grain-

: . ot . 13)
class plate with a sensitivity close to that of Type 1. )
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Coating and pumpability data were determined for the
Type 1 and 103a plates, nonsensitized or "Class O" sensitivity,
Tablé I and Figure j. - The large grains of the Type 1 emulsion
can be clearly distinguished in Figure l. The outgassing charac-
teristics of Type 1 and 1l03a plates are unsatisfactory compared
to those of Type Q2, and necessitate long pﬁmping times-priér to-
the detefmination of ion-rgsponse data.‘ After it was ascertained’
that the slightly leSSflight sensitive 103a plate had about the
same sensitivity to‘ions_as the Type 1, the experiments on ultra-
violet-sensitizatiop of'spectroscopic platés were cbnfined to
Type 1 plates.

Because Kodak discontinued factory supply of ultra--
. violet-sensitized spéctxoscopic.plates-in Maréh 1961, the user
" must now sengitizéjthgiplafes as réqﬁired prior to use.l4) A
solution of "Ultraviolet Sensitizef‘No.-Z" (Easﬁman.Catw.No.<
8269) may be applied to Type 1l plates by swab coating in the-
manner recommended by Kodak,ls) but: the author chose to shift
from the highiy flammable cyclohexane to a nonflammable, low
toxicity degreaSihé solveﬁt consisting mainly - of 1,1,1-"
trichloroethane (Dow-Chemical "Chlorothene NU"}, .Type ; plgtes
were also successfully sensitized with the Ultraviolet Senéiﬁizing
Solution (Cat. No. 3177) by swab~coatingifollowed by a subseéuent

rubdown of the emulsion surface with a stiff rubber  wiper. to

' .
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distribute the fluorescent oil droplets; this solution is not
recommended by the author or by Kodak for coating of spec-
troscopic plates. The Sensitizer No. 2 was psed to sensitize
Q2 plates, which had.to be dip-coated because the emulsion is-
too fragile to stand-up'satisféctorilylto swab coéting. The
sensitizer was removed from thejglass rear surface of dip-
coated Q2 plates by sWabbing»with excess solvent before the.
piates were finally dried fdr use.

The pumping characteristics of the sensitized p;ates
were influenced by the thoroughness of solvent removal during
drying. A well-dried sensitizing coat made very little dif-
ference to the pressﬁre-time curves for Type 1 plates~but
substantially altered the curves for Q2 plates, Figure 7.
Ultraviolet sensitization'increaseg the ion-detection sensi-
tivity of the Type 1 emulsion about one hundredfold, Table IV.
The sensitizer acts as an ion-to~light energy transducer for
the Type 1 emulsion.. ‘The net resultlis~high contrast, negli-
gible image transmittance at saturation, and response plots
that are fairly linegr-oﬂ logarithmic probability paper, with
‘more deviation at. higH exposure than is gncountered.with
uqsensitized Q2 emulsions.

Dip coating ofAthe Q2 emulsion may be the indi;ect

-<caus§‘of a substantial reduction in ion-detection sensitivity.

a
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The sensitizing layer -may act as a desensitizing layer because
it is so thick that it shields the emﬁlsion from ions and partly
from fluorescent ultraviolet ligh£ as well. The sensitizer-
coated QZ plates are not only less sensitive than uncoated ones,f
but are also less sensitive than sensitized Type 1 plates. |
These results confirm not only the correctness of the work by
Hayden and'Lewisg) on T;pe lli plateS'but also Rudloff's opinion
that ultravioleg‘sensitization is of littlé practical. use as'a
technique for pgbducinglan ion sensitivity greater than that
.found‘in SWR emﬁisions.' |

[o] . ’
Centrifuged-Emulsion Film, Type SC.5

Type . SC.5 film. for spectrographic work in the far

ultraviolet is one of three C-type or centrifuged-emulsion

o

films made experimentally in the Paris research laboratories

@ !

of Kodak-Pathe. it fs distributed on ; limited commercial
bagis in the United States by Eastman Kodak, and is used ex-
~tensi€ely inurdéket:borhe spectrogxaphs.for stﬁdy-of.the'
.'ﬁitréQiblet region of the solar spectrum. Tﬂe ultraviolet
:sensitivity of the SC.5 film abéye 170 g is- reported to be
Aabouﬁ éight times that'oﬁ the DC.3, another centrifuged

16)
emulsion with a sensitivity close to that of SWR. ‘Because

, S : 1)
. of the excellent ion sensitivity of SWR plates, a series of.

,iod=exposure tests were made on SC.5 film. They showed an

extfemely high sensitivity to ions.

o -
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The grains of the SC.5 emulsion are spherical and

stand out clearly under the microscope. A wide range of grain

diameters was present in the emulsions examined. Centrifuging
improves the accessibility of the grains to ultraviolet light
and ions by reducing gelatin shielding. The pumping curve for-

SC.S film in Figure 7 shows that the cellulose acetate. base of

the emulsion is gassy. The outgassing of the base is accompanied

by embrittlement and distortion, and on more than one occaéionr
one edge of an SC.5 film actually sprang out of the 35-mm

adapter used in the mass spectrometer plate holder. 1In spite

4

of the handling difficulties occasioned by the acetate base,

54+ 57+
e

' 58+ . . o
- 8C.5 film detected Fe . F , and Fe ions in quantities

between 1/5 and 1/20 .of those just detectable with Q2 plates.
The iron—ion—respoﬁse.plots on logarithmic probability paper
are nearly linear. gn interesting variation in the mass
sﬁéctral'background was noted with the SC.5 film; the secondary
56+

fog patch on the high-mass side of the intense Fe line

shifted towards higher mass compared with its position on Q2

plates. . The C059¢

and Ni60+ lines are free of interference
. _ +. A
‘from this patch-on SC.5 film, but the Cu63 and Cu65+ lines
are affected.

The variation in sensitivity and contrast (G) cannot

be -assigned to the emulsion, because handling problems caused

[
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+ by the acetate base may be producing part of the variation.

& a

Results on SC.Sifilm verify the intuitive reasoning on the
possibility of an.emulsioh with a sehsitivity to ions about

ten times greatér than thoserf Q2 and SWR émulsions.’ The
desire for such ion-séﬂsitivé emulsions is long standing;

Aston presented his ideas on the subject in 1933. 7 The
increased ion sgnsitivity of the SC.5 emulsion is useful to,

the gesearéher ;nly-for special problems becéuse the bbjectibﬁ-f
able outgassing and distortion of the cellulose acetate.suéport
preclude routine use. The SC.5 emulsion on a dimensionally
stable polyester or glass support would oﬁfer theiéoséibilities_
of both faster routine analysis and aﬁalytical‘aécessibility of
concéntration ievels about one-tenth .of those now éttained with
Q2 plates. This meané accessibility'below the pgr? per billion
level for those spark-source mass spéctrometers,now working in

the 1 to 10 part per billion range.

Summary and Conclusions.

Several emulsion,lots of Ilford Q2 plates and develop-
ment procedures fér these plates have been evaluated. Image-
definition waS<si§nificantly poorer on the particularly.uniform
S4409 emulsion lot of Q2 plates. Ultraviolet.sensitizatidh_

greatly decreased the ion sensitivity of the Q2 plate, and

although it greatly increased the ion sensitivity of the Type 1
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plate it did nqt bring. the sensitivity of the Type 1 plate.
up to the level of the ﬁnsenéitized Q2 platg. ‘Further work
on ultraviolet sensitization is unlikely to yield a detector
more sensitive to ions than the unsensitized Q2 plates.. The
very high ién sensitivity of SC.5 film shows that the centri-
- fuged emulsions may become useful a§ ion dgtectors ﬁith
sensitivities{greatef,than-those of Q plates.

None of the emulsion-processing cbmbinations studied
meet all thé qualifications for ideal ion-sensitive plates‘sug—
gested previously.l) The Qé plate deve;oped in ID 19 develdper
is the best all-round compromige:ofvdetector properties fort
routine mass-spectrographic applications.. In special situgt#éns
the researcher may gain advantages through low-noise developﬁent
of Q2 plates Qith-a sulfite-free developer, or frém the very

highly sensitive ion detection provided by SC.5 film. -
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Table I

Coating Properties of Ion-Sensitive Plates and Films

Microscopic Structure

2 . Grain
: , ) Coating, mg/cm Ratio Thickness, ‘Diameter,
Identification Size, in. Total Silver Ag/Tot u, Calc u , Appearance
o - \ ([ :

Q2 S4358 2 x 15 0.53 ©0.19 0.36 . 2.0 : Almost uniform
S4399 2 x 15° 0.63 0.24 0.38 2.3 Almost uniform
S4409 2 x 15 0.52 " 0.19 0.37 2.0 Uniform
S4460 2 x 12 0.47 0.17 0.36 1.7 ’ >0.8 ﬂ Almost uniform
S4462 2 x 12 0.54 0.19 0.35 -2.,2 Almost uniform
S4488 2 x 10 0.58 0.18 0.31 2.7 Almost uniform
$4495 2'x 15 0.53 10.19 0.36 2.1 ) \ Almost uniform

103a-0 C1B2 4 x 10 3.9 0.79 0.20 22 1.0  Uniform

1-0 ClL4 © 2 x 10 4.8 1.1 0.21 . 25 3 Clustered, voids

: ‘ ‘ . in top layer

SC.5 101264 1.35 x 7.1% 2.0 0.32 0.16 12 0.8 Densely packed,

' : ‘ wide range of
- diameters

*  Supplied as a film, dimensions 35 x 180 in mm.




"Table II

a

Response Characteristics of Post-54325 Type Q2 Plates

(=4 - Y

Exposure for.95 Percerit . o
Absolute Percent Transmittance Relative Transmittance Contrast G,
Emulsion of Typical at Saturation for Seconds- Picocoulombs  transforms/cycle Index of
No. Background Photon Fet Ion of Photons of Fe>b? Photons Fet Ion Halation
54358 89 0.2 2.0  0.21 0.010 - 1.50 1.33 0.022
54399 90 1.7* R 5.2 0{12* ~0.0104 1.49* .. 0.89
A 2 . . ’ . ' ° - R ) ' .
$4409 79 0.4 0.8 0.10 0.0051 -~ - 1.73 ° 1.22 0.031
S4460 93 1.3 2.6 . 0.18 ' 0.0166 ‘ 1.38 1.28  0.022
20 1.0 2.8 0.0091 - . _ 1.23 ‘
S4462 92 1.2 5.6 0.15 0.0079 1.22 - 0.97 0.024
87 0.9 5.4 : 0.0127 S 1.04
S4488 - 95 ‘ 1.4 5.1 - 0.22 - 0.0110 1.22 0.99 0.014
4 92 S , : : :
S4495 ' 91 0.6 2.9 0.13 - 0.0105 1.17. 1.03 0.017
: 89 1.2 2.3 0.15 - 0.0090 1.02
87 3.2

0.0080 ' "~ 0.86

* Data for Microdol X developer, data for ID19 not obtained.
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. Table III

,Processing Properties of S4495 Q2 Plates at 25 C

. . Transmittance Egposure'for Contrast G,
Developer Minutes in ¢ Absolute.at” ’ 95% Relative transforms
Type  Developer Fixer Background Saturation  Transmittance = per cycle

. Tungsten Light (Exposure unit, seconds)

ID19 1.5 2.5 © 96 1.1 0.132  © 1.43

2.0 2.5 94 1.3 . 0.113 1.42

2.5 2.5 . 94 1.2 0.119 1.41

3.2 2.5 91 1.0 0.095 1.39

6.0 2.5 86 1.0 0.099 ) 1.44

-40.0 2.5 80 0.6 0.079 .° 1.52

ID19* 2.5 1.5 90 1.1 0.117 A ©1.36

2.5 2.5 88 0.7 0.110 1.38

2.5 4.0 89 0.9 0.117 =~ - 1.54

Sulfite- 3.2 . 2.5 96 1.6 0.225 1.52

free 5.5 2.5 94 l.6 0.209 ' 1.52
Ion Exposure'(Expoéure unit, .picocoulombs of Fe56+)

ID19 1.5 2.5 ¥ 95 3.6 0.013 ©0.99

2.5 2.5 89 2.3 -0.009 1.02

6.0 2.5 84 1.2 - 0.013 ' 1.15

Sulfite- 3.2 2.5 ] . 95 4.7 0.022 . .0.90

free 3.2 2.5 7.7 0.025 ' 0.88

o6

* A fresh ID19 solution was used for the second series of tungsten-light
exposures. :



Table IV

~ Response Characteristics of Various Ion-Sensitive Emulsions o0
, Emulsion Transmittance: - Picocoulombs of Contrast G, ‘ :
Emulsion ¢ Absolute for Fed0+ for 95% transforms- Sensitizing Material

¥

" Type Number Background Fe® Saturation Relative Transmittance per cycle

and Method

0.0090 . 1.00

Q2  s4495 88 . 2.8
54495 . 86 0.3 7.8 | 1.69
1-0  1ocin4 75 0.4 52 | 1.80-
10C1L4 77 0.1 ~ © 0.65  2.44
10C1L4 83 0.3 0.65 : 2.07
lociLd - 79 0.3 0.9 1.70
103a-0 103A0C1B2 48 0.5 . 59 1.20
sc.5' 101264 .91 1.3 | 1 0.0036 ~1.06
101264 57 0.2 | 0.0007 1.25
101264 - 83 1.1 0.0006 1.51
101264 58 0.2

0.0019 0 1:12

‘None

Cat. No. 8269, dip

None .

Cat. No. 3177, swab-draw
Cat. No. 3177, swab-draw
Cat. No. 8269, swab

None

None
None*
None*
None**

Processing: 1ID19 in processor, Q2, 2.5 min; I-0, 3.0hmin; 103a~0, 3.2 min; SC.5,.1.9.min or
* sulfite-free developer 2 min or ** 12 min sulfite-free, stagnant.

Fixing: | Q2, 2.5 min; I and 103a, 8 min; SC.5, 1.5 min.

o |
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Type Q2 No 54488 Type Q2 No S4409
{(transmitted light) (transmitted light)

Type I-0 No 10ClL4 Type SC.5 Film No 101264
(reflected light) ' . (transmitted light)

Photomicrographs of Undeveloped Emulsion Surfaces,
‘Magnification X500 _ _ !

Figure 1
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Photomicrographs -of Exposed and Developed Emulsion
Surfaces of Q2 Plates, Magnification X500

Figure 6
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