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ROLE PLAYED BY AMMONIUM SALTS IN THE
CLEARING OF NUCLEAR EMULSIONS
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ABSTRACT. The effect of the addition of various ammonium galts (ammonium chlo-
ride, ammonium sulphate, and ammonium acetate) to the usual hypo solution on the clearing
time ot nuclear omulsions and also their influence on the grain size and the shrinkage factor,
have boen wvostigated in viow of some contradictory results reported by various authors in
reeont, years,  The addition of the ammonium salts has been found to cause a deerease in
the clearing time, and then a slight inereasn after attainment of the optimum concentration,
The addition of ammonium salts, however, has heen found to have no eflect on vhe grain size
or the shrinkage fwctor of nuclear emulsions.  Results obtained have also been cxplained
on the basis of the current theory,

Thick emulsions necessitate longer clearing times, and this prolonged fixation
leads to severe distortions in nuclear emulsions.  As such, the methods for decreas-
ing the clearing time have been studied by various authors, and it has been found
that the addition of ammonium salts to hypo decreases the fixation time consider-
ably, because the ammonium salts of hypo are better complex forming salts with
silver halides than the sodium salts of hypo.

(NH,,5,0
ONH,Cl-+Na8,0, == g 4-2NaCl
22 —
Ammonium salt of hypo

Piper worked on this problem, and investigated the change in the clear-
ing time of thin plates with a change in the concentration of ammonium salts.
He reported a fall in the clearing time with an increasc in the concentration of the
ammonium salt, till an optimum concentration is attained, after which, the clear-
ing time has been reported to increase again.  Also, according to him the < <Cl>>
ion in ammonium chloride is responsible for eating up the developed grains, near
the surface of the emulsion.

Prakash et al. (1958) reported a contradiction to the observations made
by Piper. According to them, the clearing time decreases up to an optimum
concentration of the ammonium salt, after which it remains more or less constant,
and does not have an appreciable rise as reported by Piper.

In view of the above contradictions the author found it useful to take up some
work in this direction. The observations and the results thus arrived at are
reported in this paper.
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EXPERIMANTAL PROCEDURE

The ammonium salts selected were ammonium chloride, ammonijum acetate
and ammonium sulphate. The first salt was selected. beeause in addition to am-
monium thiosulphate the chlorine ion concentration affects the diffusion rate of
the fixer. and therefore. may suppress the reaction and also hecanse it offers a
direct verification of the observations marde by Piper and those due to Prakash
et «l. Ammonium sulphate and acetate were selected  so as to study  the
effect due of any other two suitable ammonium salts, not tried so far.

For this work Ilford K, plates of 100, 200, and 400 microns, and also K, and
G; plates of 200 micron thickness were used. so 8s to study the effect on the clearing
time by a change in the thickness and type of the emulsion.  Further, the experi-
ments were conducted in the following stagoes :

1) Effect of the change in the concentration of ammonium chloride on the
clearing time of K, Itford 100 micron plates Kgand G, was studied. using different
concentrations of hypo. Plates were direetly put in the fixing solution maintained
at 17°C.  Care was taken 1o see that the level of the fixing solution is same in
all the three cases. The results are plotted as shown in Fig. 1.
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Fig. 1. The percontrge conecntration of NH ('] against tho cloaring time in minutes
for different concontrations of hypo for 100 platos K & G5 (tomperature 17°CY),

The curves show a fall upto an optimum value of concentration, and then a
rise, although the rise is not as pronounced as reported by Piper. Morcove.r,
a shift in the position of optimum concentration was ohserved with a (zhange in
the hypo concentration, as shown in Fig. 1. Change in the type of emulsion, how-
ever, has been found to have no effect on the clearing time of the emulsion.

2) Secondly, the change in the clearing time of K, and K, 200 micmr.x plates
with a change in the concentration of the three ammonium salts was studied. A
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fall, and then a rise has been observed in the case of all the three curves, for am-
monium chloride, ammonium sulphate and ammonium acetate. The rise is more
pronounced in the case of ammonium chloride than in the case of other two am-
monium saits, Results, which have further heen found to be independent of the
type of emulsion used, are represented in Fig. 2.
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Fig. 2. Percontage concontration of \arious ammoninm salts clonring time in minutes
for 200 Tiford K, & K, plat.s tomperature during clearing 17°C hypo eoncon-
tration in each solution 409,

3) Thirdly, the effect of the emulsion thickness over the percentage reduction
in the clearing time was investigated in the case of K, plates for all the three
ammonium slats. The curves were found to have & fall up to 200 microns in all
the cases excepting for ammonium chloride where the fall persists beyond 200
microns. These results are plotted as shown in Fig. 3.

RESTULTS AND DISCUSSTON
The results may be discussed in light of the three stages of observations men-

tioned above.

1. The rise and fall of curves shown in Fig. 1 can be accounted for as
follows :

Ammonium salts of hypo being better complox forming salts with silver halides,
as compared to sodium salts of hypo, any increase in the concentration of the
ammonium salts should decrease the clearing time.

2NH,Cl+Na,S,0, == (NH,),S,05-2NaCl
(NH,);{Ag(S,05),]
. +N

Ag complex

Complex formation |3(NH,),8,0,+AgBr == H,Br
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The optimum concentration can be cxplained on the basis of the reversible
nature of the reaction, and so also the shift in the position of the optimum with
respect to different hypo concentrations. The rise in the curves may be explained
as being due to the fact that higher complexes of ammonium thiosulphate and silver
halides are unstable as compared to the higher complexes of sodium thiosulphate,
and silver halides. The clearing time, however. is independent of the type of the
emulsion as is expected,
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2) A fall, and then a rise in the curves is obtained in case of all the three
ammonical salts, as is explained on the basix of the explanations given above.
The more pronounced rise observed in the case of ammonium chloride can be
explained as being due to the presence of < <(Ch > ion which effects the rate of
diffusion, as chlorine harden the gelatine of the emulsion, thereby increasing the
clearing time by oftecting the diffusion rate. As this factor iy absent in the case
of other two ammonium salts, the rise is not as pronounced in their case,

3) The percentage fall goes on decreasing in the case of higher thicknesses
for NH,Cl, whercas for other salts it remains constant after 200 microns. The
reason for this is that upto 200 microns the diffusion velocity of the fixing solution
docreases with an increase in the thickness, and hence a fall in the curve. In
case of ammonium chloride this effect persists beyond 200 microns, because of the
contribution of the =< (1> > ion, which, however, is not the case with other
ammonium salts. Also. the diffusion velocity becomes independent. of emulsion
thickness beyond 200xm. which explains the flatness of the curves beyond 200um.
Effect on the shrinkage factor and the grain size:

Effect on the grain size was investigated so as to find out whether or not
the chlorine cats away the developed grains at the surface as reported by Piper.
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For this, the grain size at the top and the bottom of the plate was found in case
of pure hypo, and hypo with each of the other ammonium salts. (The optimum
concentration being used in each case). The plates of the same type were simul-
taneously put in the four different baths and the fixing carried out under the same
experimental conditions. The observations regarding the shrinkage factor and
the grain size are shown in Tables I and I1

TABLE 1

Observations regarding the shrinkage factor

Shrinkage factor

b Mmoo m d e et et it e i e e

s i - e

Plate thickness Pure hypo ITypo with optimum coneentration of
in #m NHy (1 (NH), SO, NHC.0 Hy
100 2.00 2,16 2.05 2,04
200 2.50 2.60 2.4 2.72
400 2.75 2.50 2.50 2.75

- O T S

TABLE I1

Observations regarding the grain size

Grain size

Thicknoss Surface
of the plate of Froe Ifypo having optimum concentration of
n 4m cmulsion hypo NH 1 (NH )80, NH 0,11,
100 Bottom 05 0.75 0.5 0.5
Top 0.9 0.5H0 0.5 0.0
200 Bottom 0,75 0.75 0.5 075
Top 0.75 0.75 075 075
400 Bottom 0.5 0.75 0.5 0,50
Top 0.75 0.7h 0.75 0.50

D T SO YSOuy 0 U gy S R SOV S OO P,

The study of the shrinkage factor, and the grain size reveals that within the
allowed statistics, the shrinkage and the grain size is in no way affected by the
addition of the ammonium salts. Tt also contradicts the hypothesis that chlorine
is responsible for cating away the emulsion at the surface. The optimum concen-
tration of the various ammonium salts used by the author are 1.5%, for ammo-
nium chloride, 2.5% for ammonium sulphate and 2.59%, for amonium acetate.
Relative study of the suitability of these salts as regards the clearing of thick
plates :

For thick plates the clearing time depends predominantly upon the diffusion
velocity of the fixing solution, as against the thin plates. C(onsequently then
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pH value of the fixing solution becomes an important factor. To make a relative
study of the usefulness of these salts as regards the clearing of thick plates, pH
values of the various concentrations of these solutions werc caleulated by the usual
formulae, Vogel (1958). The results are shown in Table TIT: .

TABLE III

Observations regarding clearing time

Cone, of the
amm, salt9, N 1.0 1.5 2.0 2.5 3.0 3.5 4.0

pH-ol (NI1,); 50,-
(optm. cone.)-!-

It
x
=
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P4

ES § N
pl
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hypo (409,) 5.3 5.6 5.0
I)H OfNrHl(:-_gOzH-‘-
(optm, conc.)-+ 6.3 6.8 6.9 6.0 7.4 7.8 7.9 8.1
hypo (10%)
pH-of NH,(1
(optm conc.)-| 6.1 6.5 6.7 6.8 6.2 0.7 Aot 5.2

hypo (40%)

et it b 4 mmdom @ h ol bk o v 8 4 W et ok ok bt 4o e See 4 e —

The table clearly shows that the pH value of hypo-{- amm. sulphate and also
hypo-4amm. chloride solution is well within the zeid region. thus ensuring o high
diffusion velocity, and the pH value of amm. acctate being in the basic region,
it does not have a high ditfusion velocity. Therefore, amm. acetate | hypo is
pot as suitable for clearing as the other two salts. Amm. sulphate. however, has
been found to be most snitable for this purpose.
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