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ABSTRACT

The Micro-Estimation of Uranium by the Counting ef Alpha-Particle

Tracks in Photographic Emulsions.

N

The microscepic examination of a Nuelear Research emulsion, after
exposure to an alpha-particle soiurce and subsequent development, reveals
the presence of tracks consisting of clossly-packed grains, which can be
easily and efficiently counted at a magnification of 1000. Th
application of this Photographic Method to the quantitative estimation
of low levels of alpha-particle activity is limited only by the amounts
of alpha-ﬁé;tiole‘emitting impurities incorporated in the emulsion
during menufacture, and by the fading of the latent track image.
Attempts were made to estimate microgram amounts of uranium using this
technique.

The uptake of uranium from & uranyl acetate solution by the Ilford
Type C2 Nuclear Research emulsion is influenced by the Solute concentration,
the pH., the temperature and the time of immersion. Using controlled
pis., of 2 and 4, & standard immersion time of 30 minutes and an
immersion bath temperature of 25.0° C, it was found that the uptake of
uranium was directly proportionel to the uranyl ion concentration for
uranium concentrations between 10-3 g./ml. and;10‘5 g./ml., but at lower
concentrations this was not the case. Consequently a more sensitive

' method was develeped.

The uranium to be estimated was deposited on the plame ground end
of a glass rod, about 0.15 cm2 in cross~-seotion, and this firmly clamped
against a piece of emulsion for & measured time of exposure. After
development the whole area of emulsion oocupied by the tracks was
counted, and the amount of uranium determined from the track count.
The emulsions used were loaded with borax prior %o exposure to prevent the
fading of the latent track image. Employing this External Source method
10-6 g, , of uranium can be éstimated with an agcuracy of 3 per cent, and
10-8 g., with an estimated accuracy of 6 per cent.
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I, THE MICRO-DETERMINATION OF URANIUM.

In the determination of the ages of rocks and
meteorites by the well-known radiocactive methods it is
necessary to estimate the amounts of uranium and thorium,
and of gither helium or lead, present in these rocks,
Uranium is presenf in such small_Quantities as to demand
micro-techniques for its estimation, Of the three methods
available for the micro-determination of uranium two are
direct methods, and the third an indirect method based on
the assumption that radicactive equilibrium exists between
the uranium and its decay product radium. A brief account
.0of these three méthods is given here in order to appraise
theirvadvantages and disadvantages, and to indicate that an
independent method for uraniumestimation, affording the
same sensitivity but with greater accuracy, would be of use
in the solution of certain radioactive problems.

A full bibliography of chemical and radiochemical
methods for the estimation'of uranium, on Both_the macro-
gcale and the micro-scale, can be found in a recent review

by C.J.Rodden (1).

~
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The Fluorometric Method.

When uranium compounds are exposed to ultra-violet
light they become fluorescent, and the fluorescence may be
intensified by fusing thé uranium with solids such as borax or
sodium fluoride. This fluorescence was made the basis of a
method for the estimation of microgram quantities 6f uranium by
F.Hernegger and B,Karlik (2). Standards of known amounts of
uranium fluxes with a constant amount of sodium fluoride
were prepared, and the fluorescence of these standards
compared with that of an unknown amount of uranium treated
in exactly the same manner.

Good results have been obtained by visual
comparison in instruments from which all extraneous light is
excluded, and specimens differing by less than 5 per cent in
uranium content can be clearly distinguished. For visual

6 g. of

comparison a range of standards of 10-1 g. to 2 x 10~
uranium is recommended, but this. depends on the instrument
used.ilnstruments incorporating photo-electric cells for
measuring the fluorescence give much better results than

the visual method, and quantitative measurements can be made
down to 10"9 g.uwith an accuracy of about 5 per cent. The
minimum quantity of uranium detectable by this method is said

to be 10T g

Of all the methods available for the estimation
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of traces of uranium this is by far the most sensitive,
It suffers, however, from the disadvantage that before
fluxing with the standard amount of sodium fluoride the
uranium must be extracted from all other elements in a very
pure state., Traces of many elements interfere with the
amount of fluorescence of the fused uranium disc, causing
it to be either quenched/gf/énhanced. Although uranium may
be separated from many interfering elements by extracting
its nitrate from solution with organic solvents, such as
ether, the danger of contamination when such small quantities

are being handled is very real indeed.

W.D.Urry's Radiochemical Method.

This method, devised and developed by W.D.Urry (3),
for the estimation of traces of uranium in rocks, is based
on the rate of emission of alpha-particles from the isotopes
U238, U235 and U234. The rate of alpha-particle emission is
directly proportional to the amount of uranium present.

The uranium is -separated from all other radio-
eléments by co-precipitatimi with iron and aluminium, which
are precipitated from a boiling solution as hydroxides by

carbonate-free ammonia. The precipitate, which may contain

S

vz

traces of co-precipitated hydroxides of other non-radioelements

is dried, ignited and weighed.

"From a suspension of this finely-grbund
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precipitate in alicohol uniform "thin layers' are prepared,
and the rate of alpha-particle emission from the layers
determined in an ionisation chanber.

Now the rate of alpha-particle emission from the

layer is not the same as that from the uranium present, since

the layer has a finite thickness, and consequently some alphe-
particles will not reach the surface ar will fail to travel
the minimum distance in the ionisation chamber to record an
alpha;partiole pulse.

The alpha-particles emitted per hour by each

element will be given by:-

o= CA (Ll - en) B 4 (1)

where ¢ = the mean count per hour,

C = the mean number of alpha-partlcles emltted
per hour by. U238,

m= the weight of the "thin layer",
p= the ratio of the number of alpha-particles
counted to the number which would be counted
in all directions,
and 8 = a parameter which is a function of

(1) the mean range of alpha-particles in
nitrogen,

(ii) the minimum distance an alpha-particleé
- must travel in the chamber for detectiop

(iii) the area of the "thin layer!,

(iv) the stopping power of the layer for
alpha~particles,

and (v)  the density of the "thin layer®'.
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The ratio of the number of alpha-particles emitted from U234
to the number emitted from U238 is 1.00 since these are
members of the same radioactive series and in equilibrium.
The ratio of U235 to U238 is 0.046. Thus equation (1) above
becomes -
cC = C'(S i2.046 - sm)

The ratio p is 0.50 Por flat surfaces, but it is taken as
0.48 when corrections are made for the depth of the |
containing dish and the area of the layer.

Hence, ¢ =0 (0.982 - (Ps) m)
The term Pg can be eliminated by meésuring ¢ for two or
more values of m.

A test of the method is provided by measuring
independently the amount of radium associated with the

uranium, and applying the relationship

N o _Mew

U238 N yn®

In use the method has not proved very sensitive
but is suitable for estimating uranium contents of the order
of micrograms per gram of rock. lO'Ssg. of ﬁrar;ium can be
measured with an accuracy of 30 per cent. For rock specimens
whose uranium contents are less than a microgram per gram,

the following method has proved much More sensitive and has

been widely a.pplied.‘
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The Indirect Method by Determination of Radium.

This method in its various modlflcatlons hag been

1dely applled to the determlnatlon of uranium in rocks
and meteorites, and to the determination of the radium
content of natural watens and ncean sediments., If it can
be assumed that there is radioactive equilibrium'between
uranium and radium in the specimen under examination, then
the uranium content can be estimated by measuring the amount

of radium present and applying the relation:

¥ A — 1§ A

Ra Ra - U238 U238
Radium may be accurately determined by collecting
and measwr ing its decay product radon, which is an inert gas.
This is the emanation method of H.Mache, St. Meyer and
E.Schweidler (4) and many modifications have been made to the
technique by W.D.Urry (5), R.D.Evans (6) and others.
The essentidl steps in the method are:-

- (1) - The radon must be competely removed from its parent
radium.

(ii) It must be transferred without contamination into an
ionisation chamber, and the ionisation measured.

(iii) The apparatus must be calibrated by using a known
o amount of radon from a radon standard.

(iv): The alpha~particle pulses generated in the ionisation
chamber mist be automatically recorded as they are

produced.

‘Variuns}methods have been used for ®moving radon

from its parent radium. Two of these involve fusion
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techniques, the radon being removed from the radium in situ

by direct fusion of the rock sample or by fusing it with
carbonate., Another method is to bring the whole of the
rock specimen into solution and remove the radium from the
solution by co-precipitating it on barium sulphate. The
sulphate precipitate is filtered off, fused with sodium
carbonate and brought into solution with hydrochloric acid.
This solution is then sealed off until the radon can attain
- radioactive equilibrium with the radium.

The radon is carried into the ionisation chamber
in a stream of radon-free nitrogen, until the pressure in
the ionisation chamber has reached a standard; usually a
féw mns. of mercury above that of the atmosphere. It is
advisable that the radon should have as few taps as possible
%o negotiate before entering the chamber since it is
susceptible to absorption on tap grease. 4

Because of the decay of the radon whilst in the
ionisation chamber and the growth of its decay products,

" gome of which emit further alpha—particles,-a time of about
three hours is allowed to elapse after the radon has entered
the chamber before counting is commenced. It is necessary
to count for long periods of time, because of the
statistical fluctuations in the emission of alpha-particles,

and some sort of automatic recording device is essential.
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A careful calibration of the apparatus using
reliable radium standards must be carried out before
attempting the estimation of unknown radium samples, &and
frequent re-calibrations are necessary to ensure the
satisfactory working of the apparatus.

_ This method in the hands of a careful and
experienced worker is capable of giving very good results.
Its chief disadvantage lies in the fact that the technique
is complicated, and the snags are many for the unwary and
the inexperienced. The equivalent amount of uranium which

-8 :
can be estimated by this method is 10 g, wit%én accuracy /

of about 5 per cent;

 Although the first and third of the methods
described here for the micro-determination of uranium are
very sensitive and of good accuracy they possess certain
operational disadvantages which have been indicated above.
With the advent of the new Nuclear Research Emulsions in
which the tracks of alpha-particles can be‘easily detebted
and counted under high power magnification a new method of
recording the rafe of emission of alphé-particles has
presented itself.. The research.undertaken by fhe author
has been concerned with the development of sensitive and

accurate methods for the detection and estimation of uranium

by the Photographic Method.
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I1. THE PHOTOGRAPHIC METHOD.

. Early in 1911 C,T.R.Wilson (7) had succeeded in
photographing the tracks of single alﬁha—particles in his
cloud chamber. This achievement probably inspired M.
Reingamum (8) to attempt the production of similar tracks

in a photographic emlsion, and he succeeded in showing

that an alpha~-particle in its passage through the emulsion
rendered developable the silver halide grains along its path.
Althoﬁgh O:Mﬁgge (9) was the first to discover the phenomenon °
in 1909, and correctly attributed it to the radioactivity of
the mineral zircon to wﬁich the emmlsion was exposed, he did
not identify the series of dots forming the tracks with the
passage of alpha-particles. S.Kinoshita (10) also showed in
1910 that alpha~particles could render silver halide grains
‘developable, but he failed to detect any tracks as such due
to the fact that the alpha~particles he used impinged on the
emulsion at angles differing from the normal by only a few
degrees.

The findings of Reinganum were confirmed in 1912
by W.Michl (11), who measured the track lengths and mmber
of grains per track for alpha~particles of different ranges.
From his experiments he computed the range in air of the
alpha~particles from polonium to be 3.8 cm.; in good

agreement with the value of 3.77 cm.fgiven by Geiger.




-10-

The first dark-field photographs of alpha~particle tracks
in photographic emulsions, published by W.Makower and
H.P.Walmsley (12) in 1914, reveal tracks consisting of a few ‘
Widely-spacedﬁgrains, maryking it difficﬁlt-to distinguish ”
either the beginning or the end of & track from the ,
"background fog" of the emulsion. Michl published drawings
of his tracks which were very much like these.

| A.further advance in technique was made in 1927
by L.Myséaﬁsky and P.Tschishow (13), who prepared plates with
emilsion coatings greater than SOr.in thickness in order fo
‘register longer tracks.

Important contributions were made during the years
from 1931 to 1935 by H;Wambacher and M.Blau (14) (15), and ©
by A.Jdanoff (16), in the development of proton-sensitive
emuiéions, and in attempts to produce emulsions of small
grain size, with small gaps between the constituent grains
in a track. These experiments met with only partial success
as the photomicrographs published by Jdanoff reveal tracks
with large grain.spacihg and seemingly indeterminate length.
However, a certain degree of discrimination between alpha~
pérticle and proton tracks was achieved.

Before great strides could be made in the
application of the photographic technique to problems

involving nuclear particles of vastly different ionising
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powers, for which it seemed particuiarly suited, it became
clear that photOgraphic emulsions possessing the following
propérties would have to be developed.

(i) The "background fog" consisting of hundreds
of thousands of single grains per sq. cm., fevealed in
unexposed plates on development, would have to be considerably
reduced. Although the most careful precautions were taken in
the handling of plates, all light being rigidly excluded and
all the solutions used in processing carefully filtered, the
"fog" persisted. It most probably arose from the chemical
treatment of the emulsion, but possibly by the action of
cosmic rays'or by'gamma radiation from any radioactive
substances in the vicinity of the emulsion. Mechanical shock
was also said to be a cause of "fog'.

(ii) Greater definition of tracks would be necessary

A reduction in grain size and an increase in the number of

d

developed grains in trackquuld give greater definition, and
to ensure this the halide content of the emulsion would have

to be increased.

(iii) BEmulsions clearly revealing the differences
in donising power between different charged particles, such
as alpha-particles and protons, would be required.

(iv) A range of plates with emulsion thicknesses

varying from tens of microns &6 some hundreds of microns
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| would be needed,
Recent Advances in Photographic Ermulsions. _

I, 1946 O.F.Powell, G.P.S.0cchialini, D.L.Livesey,
| and L.V.Chilton (l?)iproduced a new photogfaphic emilsion
~for the detection of fast charged particles which had
greatly improved properties over those used hitherto. The
development of this emilsion undoubtedly owed much to the
admirable work bf the feséarch staff of Ilford Ltd.,. It
contained 80 per cent by weight of silver bromide, which was
about eight times the normal quantity, but in spite of this
large increase in‘hélide content‘the "back-ground fog" of
the emlsion was much less than that of the "half-tone"
emulsions formerly used.' The photomicrograpﬁs of alphé-
particle and proton tracks obtained by using the new
emilsion were excellent: the tracks being clearly defined,
and the "energy resolution! beiqg mich greater than anything
previousiyAachieved; Spacing befween grains was very small -
indeed, enabling range measuremenis to be made with fair
_ accuracy, and the détéction and counting of alpha—particle;
tracks under high power magnification was a comparatively
simple matter, even though some of these tracks "dipped®
steeply. in the emulsion. |

~ Some photomicrogfaphs of alpha-particle tracks
prepared by the author are shown here.v The emuision usgd

is the Ilford Type C2 Emulsion, which is very similar to
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that used'byAPowell and his oollaporators. The curvature
of some of the tracks is due to shrinkage of the emulsion in
drying after processing.

B The preparative details for a number of new
emmilsions with silver halide contents of BQ per cent and more,
are given in a very useful paper by P.Demers (18). Demers
worked independently of Powell et alii, and the grain sizes
of his emulsions are somewhat smaller than theirs the grain
diameters varying between O.%F and 0.2 . The qualities
which he considers necessary in a Nuclear Research Emulsion

are essentially those outlined here.

An Appreciation of the Photographic Method.

-

The.development of photographic emulsions with the
qualities indicated in the foregoing section has enabled the
Photographic Method to assume prominence among the methods
available for the investigation ef the properties of nuclear
charged péfticles. Even prior to 1946, however, the
photogfaphic technique had a wide application in the realm
of nuclear physics, although many physicists voiced serious
objections to it on the grounds of the inferior qualities of
the emlsions and the severe limitations these imposed on the
experimental data obtainable.' A full account of applications
of the method up to 1941 can be found in a review by M.M.
Shapiro (19).

" At the present time the method is being used in a
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great variety of experiments in nuclear physics and
radiochemistry. Physicists the world over are finding the
new Nucléar Research Emulsions an indispensable tool in
their researches into the phenomena produced by cosmic rays.
In the handsof C.F. Powell and his collaborators (20) (21)
(22) the method has led to significant discoveries regarding
ﬁhé production and decay of mesons, and in determinations

of the masses of these partigles. A determination of the
disintegration constant of uranium has been made by H.Yagoda
and N.Kaplan (23) usihg the photographic method and is in
goodvagreemeﬁf with the value obtained by other methods.

_ E.Broda (24) has initiated a search for unknown alpha~particle
emitting elements by loading photogra-hic emulsions with
solutions of many elemenﬁs of atomic number less than that
of bismuth. These are but three examples pf the many ways
in which the new Nuclear Research Emulsions are being used to
helpAin solving chemical and physical problems. -

The chief advantage the method has over other

methods used for detecting nuclear charged particles lies
in the continuous sensitivity of the photographic emilsione.
Exposures may be made for long periods of time without the
need of supervision-by the research worker, provided
adequate precautlons are taken. The plates areé cheap easy

to process, and when processed provide the investigator with
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a permanent record of his experiment which he can examine
at hie leisure. The absence of background in the emulsion,
too, is a great advantage, for although tracks may be
observed in unexposed plates, due to radiocactive impurities
in the emulsion er in the plate backing, they are very rare
indeed;

Against these advantages, however, must be offset
the following disadvantages. The examination of even a small
area of plate under high power magnification, especially
where measurements of track lengths have to be made or large
numbers of tracks counted, is a long and tedious business. 4
microscope ﬁith,binocular vision is essential, if long i
observation is necessary, in order to avoid eye-strain, and
the observer mist take a quarter of an hour's rest every hour,
‘ A‘furthef disadvantage of»the method is due to the fading of
the latent image in tﬁe erulsion. The latent image of a:
particle track, produced in the emlsion at the beginning of
a long exposure; may partially or totally fade before the plate
is developed; consequently no track will be seen by the
observer .on examination. This less of tracks due to fading
‘can seriously limit the useful exposure time of an emlsion.
The amount of fading varies considerably with experimental
conditions, and the type of emulsion used, and is of such

importance that much research work has been done to

investigate the conditions affecting it.
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I1I. THE FADING OF THE LATENT IMAGE IN PHOTOGRAPHIC
) - EMULSIONS., |

It has been known for mepyyears that the latent
image of an alpha~particle track in a photographic emlsion
maf'undergo serious fading if the development of the emulsion
is delayed for more than a few days. With the old type
emulsions the rate of fading of the latent image was observed
by M.Blau (25) to be rapid; and J.Lauda (26), also using
old type emulsions, found that the rate of fading of the
latent image was influenced by the conditions of humidity,
temperaturé or vacuum undef which the emulsion was stored.
‘:With the advent of the new Nuclear Research emulsions, and
their consequeﬁt wide application in nuclear physics and
chemistry, many workers have studied the phenomenon. In view
of the importance of the'fading faotor in experiments
‘involving exposures of long duration, as in the measurement
of low levels of alpha-pgrticle activity; the following
short review of recent experimental work in the field is

presented.

Recent Work.
\ H.Yagoda and N.Kaplan (27) have shown that

| t emperature, humidity and the presence of hydrogen peroxide

have a pronounced effect on the rate of fading of the latent
image. They exposed plates coated with new types of

Eastman NTA émulsiqns to a flux of 5000 alpha-particles
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per sec. per cm., using as alpha~particle source a thin
film of equilibriated barium-radium sulphates separated
‘from the emulsion layer by 1 mm, of aif, The photographic
densities of the images formed by delayed development, and
of the control developed immediately after exposure, were
méasured'on a recording densitometer. The amount of'fading
was computed by them as a fractional loss in grain density.
Under normal storage conditions they found that after 40
days there had been only 40 per cent fading, and they
published photographs to show that an alpha-ﬁartiole track
was stil; recognisable as such after this time interval.
: HoweVer, in an atmosphere saturated with~water vapour at
3590. total fading of the latent image occurred in a few
hours, whereas storage of the emulsion over freshly-distilled
Waterlcaused no fading of the latent image. The hydrogen
| peroxide concentration of the atmosphere was found to
accelerate fading appreciably, and after storing émulsions
for 24 hours over 3 per cent hydrogen peréxide at 2500. the
latent image was completely obliterated. After loading the
- emlsions with borax or lithium sulphafe it was found that

the fading action of hydrogen peroxide was inhibited. These .

authors put forward a hypothesis suggesting that in situ
production of hydrogen peroxide by the action of highly

ionising alpha~particle radiation on the water in the

emlsion was the cause of the fading.
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In 1948 W.A.Lamb and F.W.Brown (28) also used
.‘Eastman NTA emilsions to study the effect of temperature
on the rateé of fading of the latent image, exposing their

emulsions to a source of Po210

alpha~particles, However,
instead of computing the fractional loss in grain density
as did Yagoda and Kaplan, they estimated the loss in track’
-qéunts for varying conditions of exposure. The results'they
give are only semi-quantitative, but show that at 0°C. there
is only about 10 per cent loss in track count, whereas at
40°C. there is 50 per cent loss after 30 days.

In 1949 R.Coppens (29) (30) made a more detailed
study of the influence of humidity, temperature, and the
loading of emulsions with borax, on the fading of the latent
image.' He used both Ilford Bl and C2 Type emulsions, and
electrolyticaily deposited Polonium or pulverised pitche-
blende as his alpha~particle source. If the percentage
nunber of tracks per field is plotted against the time of
delayed development in days a curve of characteristic shape
“is obtained - the control being reckoned as 100 per cent.

A whole series of curves having this éharacteristic shape
ﬁas been obtained for different storage conditions of the
exposed élates.“The shape of this curve clearly shows that
the rate of fading is not a iinear function of the time of

"delayed development. The track count remains approximately

constant for a time, which varies with the conditions of
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storage, then decreasesrapidly;‘and finally tends slowly
towards zero. A4 typical curve taken from Coppehs' results
ig shown opbosite. Underneath this curve is a dotted curve
showing the nvmber of tracks having "lives" between t+dt
and t-dt plotted against the time ofﬁdelayéd development t.
This curve is of the Gaussian type, and shows a maximm for
a time T, which is the most probable "life" of the latent
image of a track. Coppens claims that this curve may be
represented by the equation'
- (=m°
n = Ke,-ﬁfl
where K and F are constants.
The factor T/F is a constant for a specific type of emulsion
being 5/3 for Ilford Type 02 emlsion. An experimental curve
obtained by the author is shown underneath that of Coppens.
This was obtained using Ilford Type C2 emlsion, with a piece
‘of uranium as alpha-paiticle source. The magnification
used for counting was 1425 against a magnification of about
400 used by Coppens, but thelcurves have substantially the
same shape., Sufficient tracks were counted per plate to
give a statistical counting deviation of only 1 per cent.
This fading experiment was carried out during a heat wave
in July 1949, when the temberature and humidity were very

high. Coppens has shown that such conditions cause
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acceleration of the fading of the latent image, but if the
emilsion is immersed in a solution containing between 10 g.
and SQ'g. of borax per litre for 10 minutes, before exposure
to the alpha~particle source, then no fading of.the latent
image occurs for periods up to 50 days of delayed development.
) Later work by G.Albouy and H;Faraggi (31) confirms
all the foregoing observations and throws lightﬂon other
factdrs‘influencing fading; They show that the pH of the
gelatin in the emulsion can influence the rate of fading,
and when emulsions_are immersed in solutions which are
appreciably: a¢id, that is solutions whose pHs are less than
2, the rate of fading is accelerated. The author can confirm
this observation qﬁalitatively, for in the course of the
present work emulsions were immersed in solutions of uranium
at pﬁs'less than 2 and the fading of the tracks observed
was quite considerable. Albouy and Faraggi found that in
the presence 6f dry oxygen the rate of fading was much -
greater than in the presence of dry aif or nitrogen, but
fhat the rates of fading in all three cases were less than
the fading rate in moist air. These experiments also revealed
that the rate of fading at the top of the emlsion was
greater than at the bottom. In seeking for a mechanism to
explain the influence of the various factors mentioned on

the rate of fading of the latent image these authors discount
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the hypothesis suggested by Yagoda and Kaplan, on the grounds
that the amount of hydrogen peroxide produced.by the ionising
power of alpha~radiation on the water in the emulsion is
not sufficient to cause a detectable amount of fading. The
mechanism which they propose is the:oxidation of silver
according to the following équation:- ‘

24Ag+ 0 + HO = 2 Aé+ + 20H
They claim that the experimental data support such'a '
mechanism and argue briefly as follows; |
(a) A rise in temperature causes an increase in the rate of
fading, and this is to be expected since a temperature rise
will accelerate the oxidation reaction;
(b) High aﬁmOSpheric humidity and temperature cause the
émuision to swéli and thereby increase its water plus oxygen.
uptake. Such conditions have been shown to markedly increase
tﬁe rate of fading.
(c)‘ A low pH will favour the above reaction, whereas a
high éne will retard it. It is claimed that the retarding
action of borax and sodium carbonate on the rate of fading

is due to the fact that these solutions have high pHs.




Conclusionsg.
It is clear from the experimental evidence available

that the factors influencing the fading of the latent image
in Nuclear Research emlsions are as summarised below.

(1) An increase in temperature causes an increase in the
) rate of fading, a decrease in temperature retards it.
(ii)  Water vapour in the presence of oxygeﬁ causes rapid

) fading, but in the>absence of oxygen water causes no
fading at all. In a dry atmosphere of oxygen fading
is appreciable, but not so rapid as in the presence

of water vapoui.

(iii) 1In a dry inert atmosphere, such as dry nitrogen, the
rate of fading is very slow.

-(iv) In vacuo there is no appreciable fading after many days
delay in development.

(v) A low pH éccelerates fading: a high pH retards it.

(vi)  The rate of fading depends upon the type of emilsion,

i its grain size, and the pH of the gelatin:

(vii) If an emulsion is immersed in a solution containing
10g. of borax per litre for 10 mimtes, and allowed

to dry before exposureyto an élpha-particle source,

then there is no detectable fading of the latent image

after periods of delayed development up to 50 days.

(viii) The presence of okidising agents in the atmosphere

other than oxygen, such as hydrogen peroxide, causes
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very rapid fading.

The mechanism of fading is not fully understood,
althdugh there can be no doubt that it is due to the oxidation
of active centres in the emulsion. The mechanism suggested
by Albouy and Faraggi is according to the equation:

2Ag + 0 + HO = 24Ag" + 208
Empioying this mechanism all the factors affecting the rate
of fading can be satisfactorily explained except.-the
inhibiting action of salts such as borax, sodium carbonate
and lithium sulphate. The explanation that the inhibiting
action of these salts is due to the high pHs which they give
in gelatin can hardly be valid, since the inhibiting action
of borax is greater than that of sodium carbonate although
its pH is smallér, and the pH of lithium sulphate is very
little greater than that of the untreated emulsion. 'However,
‘it may well be that the solubility of oxygen in adueous
gelatin containing a high concentration of these salts is
very mich less than its solubility in water alone, and a
decrease in the amount of oxygen taken up by the gelatin
would certainly retard the rate of fading.

In view of the large number of factors influencing
the rate of fading of the latent images of alpha~particle
tracks, it is practically impossible in an experiment involving
the continuous éxposure of an emulsion to a weak source of

alpha~particle activity to obtain an accurate estimate of the

r
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number of tracks lost due to fading. Therefore, it is

advisable to store emulsions during long exposures under

" such conditions that the mumber of tracks lost due to fading

- will be negligible; The following methods would seem to be

the most satisfactory.

(a) Store the plates in a vacuum desiccator, and keep the

i desiccator in a refrigerator. There is a danger in
using this méthod that the emulsion ﬁill cone away
from its glass backing.

(b) Store the plates in a desiccator in an inert atmosphere,

(¢) Treat the plates before exposure with a solution
containing about 10 g. of borax per litre, and store
them under normal atmospheric conditions, or in a
refrigerator. .

'The author has used method (¢) with satisfactory results

in some recent work,
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IV. THE ATTEMPTED ESTIMATION OF RADIUM BY THE

PHOTOGRAPHIC METHOD,

Since very small amounts of radium are easily
and qqantitatively removed from solutioﬁ by co-precipitation
with a few milligrams of barium sulphate, .which may _
subsequentlyAbe brought into a solution of'very small
volume, the following method of estimating radium by the
photographic method was attempted. This method; if
successful, would have been independent of standard solutions

of radium, but dependent on uranium standards.

Method.

A émall drop of solution containing é known amount
of uranium"is mixed with a drop of radium solution of
known volume, from which all the disitegration products of ;?{
radium have been removed, and thé mixed solutions allowed to
~ penetrate a piece of Nuclear Research emulsion. After a

measured time of exposure, and subsequent development,

examination of the emlsion under the microscope reveals
both single alpha-particle tracks and "stars". The single
tracks are formed by alpha~particle emissions from the
uranium isotopes U238, U235 and U234, and by the alpha-
particles emitted during the disintegration of radium atoms

to radon atoms. The stars are formed by successive alpha-
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particles from single radium nuclei, as indicated in the

radium series of radiocactive elements shown below.

Ra __ « Rn < Rad o« RaB

1590}’. 3082(1. 3005!11. 26 8m ﬁ
RaC
B~ 19.Tme
RaC! RaCt'!

RaG _ RaF E Rak

Stable l40d. 5.04.

( Abbreviations:- y=years, d= days, m=minutes, s=seconds.)

-

The stars are mostly three-branched and four-branched, since
.radium-D}has a long half-life and consequently the chance of
an alpha~-particle from radium-F appearing is small, but one

five-branched star has been observed.

A track count of a certain number of fields of view
of the emlsion is carried'but, care being takén that it
should be representative of the whole of the emlsion, and the
nunbers ‘of single tracks and stars noted. From the disintegration
conétants of radium and radon it is possible to calculate the
ratio of single tfacks to stars given by the radium.

This ratio is given by:-
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Number of radon atoms present after time t

Numper of radon atoms disintegrating in time t

The muber of radon atoms produced in time t is No A %
Ra Ra

where No is the number of radium atoms present initially.
Ra 4
Let this number be Ny,

The number of radon atoms present after time t is given by:

At
No_ ARa _p &
Ra ARn <’ c )

Let this number be No,
Thus the ratio Single Tracks - No

Stars N1 - No

Using these formilae, therefore, the number of
single traoks due to radium may be calculated, and hence the
"numbef of tracks due to the uranium may be had by subtracting
this value‘from the total singlé alpha~particle track count,
Now the concentration of uranium present‘in the original drop
is known, and so by using the disintegration constants of |
radium and uranium it is possible to calculate the radiunm

concentration.

Exgerimental.-

Before work with mixed gsolutions of uranium and
radium could be sfarted it was necessary to discover whether
the calculated ratio of single tracks to stars produced by
-radium would be giﬁen by track counts in a photographic

emlsion.
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Solutions of radium varying in concentration from 2 xlO'log,

Ra/ml. to lO'llg. Ra/ml. were used. All radon was removed
from the solutions before immersions were made by passing
nitrogen through for 5} hours, during which all disintegration
prqduots of radon had time to decay completely.> The plates
were given exposure times varying with the strengths of the
radium solutions used, and track counts of the numbers of
'single tracks and stars were made. 4 Cooke microscope was
used to count the tracks, an oil immersion objective with a
magnification 95x being employed in conjunction with an
eyepiece magnifying 10x, givihg an overall magnification of 950.
The ratios of single alpha~-particle tracks to stars for the
different exposure times were calculated and compared with

those obtained by track counting. The results appear in Table 1.

Table 1.
Exposure Time Calculated Ratio Found Ratio
in days. Single tracks/Stars. Single tracks/Stars.
1 | 10.74 | 11.0%1.5
' 15.0+2.3
4 _ , 5.36
4 | 2.49

7 1.15
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The reasons for the wide differences between the
calculated ratios and those found experimentally were
considered to be among the following,’

(a) All the disintegration products of radium may not have

"~ been removed before the plates were immersed.

(;5 Some of the radon formed may have escaped from the

i emilsion before disintegrating, or alternatively may
have diffused within the emulsion. |

(¢) Radioactive impurities emitting single alpha~particles
may have been present in the radium solution used.

These possible‘sources of error were investigated in the order

given above, -

(a) 1In order to ensure the complete removal of all the

disintegration products of radium the solution was treated

as fdllows. "A few milligrams each of barium chloride, lead

acetate gnd bismuth nitrate were ad&ed to the solution, which

was acidified-with a few drops of glacial acetic acid.

Hydrogen sulphide-gas was passed through the solution until

the precipitation of the sulphides of bismuth and lead was

complete,Awhen the precipitates were removed by centrifugation.

These sulphides carry down with them as co-precipitated

sulphides all the disintegration products in the radium series

 after radon. . Excess hydrogen sulphide was removed by passing

nitrogen through the filtrate, and the solution made neutral

to litms by adding caustic soda dropwise. One drop of
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glacial acetic acid was added and nitrogen passed through

the solution for six hours. Emulsions were immersed in this
solution, and after processing they were track counted. No
appfédiable difference in the single track - star ratio was
found.

{b) In order to test the possibility of the escape of radon
from the emlsion a plate was immersed in a concentrated

radium solution, dried, and a second emilsion placed on top

of it so that the two emlsions were face to face. After
development the second emu}sion showed many single tracks,

but no stars, indioating'that radon did not diffuse from the
first emulsion into the second, although the possibility of

it escabing through the narrow air gap between the two emilsions
could not be ignored. Accordingly, an experiment in which

any radon which escaped from the emulsion would be collected
and estimated was performed for the author by Mr.E.R.Mercer

of the Radiochemistry Department. Two pieces of Plate were
immersed in a solution containing about 1.6 x 10-9g. Ra/ml.
bforAlO mimtes, washed briefly, and allowed to dry. One of
- these was placed inside a small glass vessel; from which all
alr was swept in a stream of radon-free nitrogen, and sealed
off.. The vessel was stored for about a month to permit any
radon which may have escaped to come to equiiibrium with the

radium in the emulsion. The gas in the vessel was then carried
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into an lonisation chamber in a stream of pure nitrogen, and
the radon estimated by its rate of alpha-~particle emission.
After a measured time of exposure the second piece of platé
was developed and track counted. From the track counf an
‘ estimate was made of the amount of radium per unit volume
taken up by the emlsion. These measurements revealed that
approximately 20 per cent of the radon formed escaped
from the emlsion. |

| If the ratio of single tracks to stars'found by
track counting is corrected for the loss of 20 per cent of
radon there is still a big discrepancy.between thé calculated
ratio and the observed one., Corrected ratios for various |

times of exposure are shown in Table 2, in which only the
mean values of parallel experiments are shown. (Cf. Table 1)

Table 2. -
Exposure Time| Calculated Ratio | Found Ratio Singles/Stars
in Days. Singles/Stars. corrected for 204 loss
: of Radon.
1 10.74 10.0%1.5
2 5.36 6.35 % 1
4 | 2.49 4.7 1
7 1.15 2.4 0.2
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It is almost certain that these further discrepancies are

' due to the diffusion of radon within the emulsion. Moreover,
the escape of radon is probably not constant, an@ varies
with changes in humidity and temperature.

(¢) The different alpha-particle emitting elements present in a
) Nuclear Research emulsion may be identified by their track
lengths, which can be measured to the nearest micron.

However; since the difference between the calculated and
observed single track - star ratios was shown to be due to
the escape of radon from the emulsion and its diffusion
within it; no thorough search for extraneous alpha-particle

" emitting impurities was made.

Conclusion.

| The method outlined here for the estimation of
radium by a photographic method has been shown to be
unworkable owing to the escape of radon from radium loaded

ermilsions. \
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Y. THE PHOTOGRAPHIC ESTIMATION OF URANIUM BY
THE IMMERSION METHOD,

In 1947 E.Broda (32) (33) investigated the uptake
.of uranium by Ilford Type C2 Nuclear Research emulsions
immersed in solutions of uranyl acetate under different
conditions. From the results of a series of semi-quantitative.
experiments he assessed the influence of the following factors.
(1) Time of washing of the emulsion after immersion.

(2) Temperature of the immersion bath,

(3) ‘Time of immersion. .

(4) Concentration of hydrion - pH;

(5) "Concentration:éf. neutral salt.

(6)_ Concentration of heavy metal ion - bet‘

) ‘ Broda found that the time of washing of the emulsion
after';mmersion could be varied within wide limits without
affecting the uptake of uranium. A small increase in the
temperature of the immersion bath caused a relatively large

. Increase in upfake, as efidenced by the fact that between 3°C.
and 3200. the. uptake increased three-fold. The velocity of
uptake decreased rapidly With time of immersion until the
emulsion became apparently saturated with uranium. -From the
track counts he obtained Broda showed that the emulsion took

up much more uranium per unit volume than the concentration of

uranyl ion in the solution, and even allowing for the swelling
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of the emlsion during immersion it was clear that most of
the uranium was being adsorbed. The pH of the immersion bath
had a pronounced effect on uptake; frbm PH 1 to pH 2.6 the
uptake was reasonably constant, but at higher pHs'it increased
rapidly with increasing pH. This increase in uptake with
increasing.pH.Broda attributed to the hydrolysis of the
uranyl ion., He found that at constant pH and constant
temperature the uptake of uranium by the emlsion was a linear
function of the uranYl ion concentration, except at.very low
concentrations - about 10'5M;4- when the uptake was greater
than the linear relationship required. He further demonstrated
' that a high concentration of neutral salt can considerably
reduce uptake, and that high concentrations of heavy metal ions,
such as Pb++, whilst not margedly affecting uptake can cause
serious desensitization of the émulsion.

Careful consideration of these findings pointed to
the possibility of developing a method for the micro-estimation
of uranium by the immersion tecﬁiique. The method is simple,

and is outlined below.

Thé Immersion Method.

A piecé of Ilford Type C2 40r Muclear Research
emlsion is immersed in a bath containing uranyl acetate,
under known conditions of temperature and pH, for a measured
interval of time. It is removed, washed free frdm éxcess

acetate solution; dried, and stored in the dark for a known
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time. 'When fully processed and dried, a microscopic examination
of the emulsion under high magnification reveals numbers of
single alpha-particle tracks from U238, U235 and U234, all
'alpha-particle emitting isotopes of uranium. The number of
tracks in a certain volume of emmlsion is counted, and since
uranium is taken up uniformly by the emlsion, the track

- density per unit time of exposure gives’a direct measure of
the amount. For the sake of uniformity the track counts are
normalised to give the Average Track Count per Field Of View
per 10 Days Exposure, and this is hereafter'referred to.as the
abbreviation 4.T.C./F.0.V./10 days.

Since alpha~-particles are emitted at random the
number of alpha-particle tracks in each field of view will
show statistical fluctuations, and thg percentage statistical
counting deviation will be given by 100//m, where n is the
total number of tracks counted. The counting of alpha~particle
tracks is a fatiguing and time-consuming task, and as large
numbers of plates had to be examinéd, not more than 625 tracks
per plate were counted, thereby giving a counting deviation of
4 per cent.

In order to develop the method as an analytical tool
it was necessary to establish the'relationship between the
track count and the uranyl ion concentration under the most
suitable immersion conditions. Therefore, all the cbnditions

influencing the uptake of uranium which were investigated by
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Broda were re-investigated, with the exceptions of (5) and (6)

~ ~

abov%.

Experimental.
A solution of uranyl acetate, free of all alpha;

particle emitters except U238, U235 and U234, was prepared

from uranyl nitrate. This salt contains a proportion of
ionium;rwhich stems from U234 by alpha~particle emission and
itself emits'an‘alpha-particle, so it was necessary to remove
this contaminant. Crystals of uranyl nitrate, UO2(NO3)2.6H0,
were shaken with a large volume of ether, the uranyl nitrate
going into the ethereal layer and the ionium remaining in the
aqueous layer formed by the water of crystallisation of the
nitrate. The ethereal layer was removed, the ether carefully
evaporated; and after washing with a little water the nitrate
was evaporated to dryness. Successive small quantities of a
mixture of glacial acetic acid and acetic anhydride were

added to the nitrate, which was evaporated to dryness after
every addition, until no further nitrous fumes were evolved.
The residue, mainly uranyl acetate, wa.s treated with glacial
acetic acid until a negative test for nitrate ion was obtained
from a test sample. Tﬁe acetate thus prepared was dissolved

in § pér cenf acetic acid.; The uranium content of this solution
was estimated by removing three 5 ml. samples from the solution,

evaporating them to dryness in silica crucibles, and igniting
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igniting them to constant weight of Uz0g over Meker burners
above 850°C. The three weights agreed to within 0.2 per cent,
and the solution was found to contain 21,25g. of uranium per
litre.' From this-standard all the uranyl acetate solutions
used were prepared by dilufion.

Before commencing experiments small pieces of Ilford
Type C2 40’& plates, about 3 sq, cms, in area, were cut with a
‘diamond and cemented to microscope slides with Canada Balsam.
This facilitated the experimental handling of the plates, and
they were already mounted for microscopic examination.

"Moreover, the slides could be numberéd for identification by
scribing on the glass with a diamond.

During manipulation care was taken that the plates
should not be contaminafed; and all operations were carried
out in a dim red light. With a few exceptions immeréions were
made in blackened boiling tubes, which were clamped in a
thermostat maintained at 25°f 0.02°C. The time of immersion of
a piate was reckoned from the time it was taken from the
immersion bath to the time of its entry into the developing

:bath, and was measured by stop watch.

Emulsions were developed for 30 minutes, with inter-
mittent rocking, in a solution containing one part of developer
to three parts of water at 170-1900.' The developer contained
2.2g. of metol, 72 g;'of anhydrous NapSO3, 8.8 g. of

hydroquinone, 48 g. of anhydrous Na2C03 and 4g. of KBr per
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litre. ‘Affer-development the plates were washed briefly in
runnipg water and immersed in a "stop bath®" of 2 per cent
acetic acid for 10 minutes. They were fixed in a fixing bath
containing two parts of saturated,Nagsgoj solution, one part
of "acid hardener®" and eight parts of water until the
opagueness due to“silvér halide had completely disappeared.
Fixing was usually complete in-30 to 40 minutes. The "acid
hardener" contained.50 g, of anhydrous NapS03, 75 ml. of
glacial acetic acid and 100 g. of potassium alum per litre.
After fixing'plafes were washed in a stream of running water
for mbre-than an hour. All the solutions used in brocessing
were filtered before use, and when the developer began to show
a pale straw colour it was discarded and a fresh supply
prepared. Unfiltered solutions cause excessivé background fog.

The pH measurements were made with a Cambridge |
Instrument Company pH meter which gave readings accurate to.
0.02 pH. The pH of the buffered acetate-acetic acid solution
was adjusted to the »quired value by the addition of small
drops of 3N, HCl or 3N. NaOH.

The examination of the plates and the counting of
the alpha-particle tracks were carried out using a 95x oil
immersion objective in conjunction with a 10x eyepiece, giving
an overall magnification of 950, and the area of each field of -

view was about 2.54 x 10“4sq.cm.
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The method of counting tracks was as follows. Fields of view
were chosen in such a way as to cover an area rep}esentative
of the whole emulsion surface, care being taken not to count
near the edges of the emlsion, since track densities were
always greater there than in the interior.. Each field of view
was searched slowly from left to right, the search being
materially aided when the track density was high by fitting a
squared grid into the eyepiece of the micrbscope. In this way
it was possible to make an accurate count, no portion of a
field of view being counted twice. It was the convention when
counting to include tracks which appeared only partly within
the field of view.. The main errors in track counting may be
sub-divided as follows. |
(1) Errors due to non-identification of tracks, or the
) identification of spurious tracks.
(ii) Errors due to contamination of the emulsion, and to
i extraneous alpha-particle tracks originating in the plate
backing of the emulsion. These may be classed as track
background.
(i)  PFrom tﬁe experience gained in examining'thousands of
Aalpha-particle tracks it appears that the minimum ﬁumber of
consecutive grains required before a track can be identified
és being due to the passage of an alpha-particle is about five
or six.- Yagoda (34) claims that tracks of residual range'of

0.3 air—cm.'rangé can be differentiated from the background
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when a magnification of 1000x ié used. Such a track wﬁuld
‘have a range of about 2 microns in the emulsion, and probably
consist of five or six grains. Thus some alpha-particles
emitted near the top or bottom of the emulsion may not leave
sufficient grains to be identified as a track. In addition,
tracks in the emulsion formed by alpha-particles entering at
angles normal to the surface may not be counted, since as the
. depth of .-focus is altered such tracks will only appear as
persistent grains, and may easily be missed if the background
fog is appreciable.

(ii) Examination of unexposed plates reveals very few
Background tracks, only about one track being seen per hundred
fields of view. Besides these tracks due to contamination of
thé'emulsion in menufacture, several stars per plate may be
observed which obviously have theif origins in the glass backing
of the emulsion. These are easily recognised as being spurious.

It is worthy of note that in cases where it was

suspected that track counts were suspiciously high measurements
of thé emilsion thicknesses of the plates being counted have
shown them to be much greater than 40ﬁ. In one case an emlsion
thickness 5 per‘cent in excess of this was measured. Pieces of
emulsion used for immersion experiments were normally taken
from the dentral portion of the Ilford Type C2 Nuclear Research

plates used, in order to avoid the variation in emlsion

thickness,
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(1) Time of washing.

o | Five plates were immersed in a solution containing
7.4 x 10'4g. of uranium per ml. for 30 minutes at pH 2.0 and
2590, After immersion the plates were washed for 2 seconds,
30 seconds, 1 minute, 30 minutes and 1 hour respectively.
They were given exposure times of 1 day, processed and track

counted; and all of them gave an A.T.C./F.0.V./10 days within

-

the limits 75% 3.
This indicates that within the counting deviation of 4 per
cent the time of washing has ﬁo effect on the uptake of
uranium by the emulsion.

The result agrees with that of Broda (32).

-

(2) Temperature of Immersion.

Plates were immersed in a solution déntaining
7.4 x 1074g, of uranium per ml. for 30 minutes at pH 2.0 and
at temperatures of 20%., 25°C. and 28°C. The immersions were
carried out in duplicate, and the plates given exposure times
of 1 day. The track counts are given in Table 3.

Table 3.

Temperature 20°¢,

4,7.C./.F0.V./10 days 45
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There is almost a three-fold increase in uptake of uranium
over even this smal} temperature raﬁge, and therefore it is
,imperative to maintain the immersion bath at a constant temp-
eiature to obtain reproducible results..
This result confirms that of Broda (32).

(3) Time of immersion.

(i) The concentration of uranium, the hydrion
concentration and the temperature of the solution were main-
tained at constant values, and the time of immersion varied.

4

Immersions were made in solutions containing 7.4 x 107 'g. of

uranium per ml.;at pH2.0 and 2590. for periods of 1 minute,

5 minutes; 10 minutes, 30 minutes, 63 minﬁtes and 151 minutes.
All plates were given an eprsure time of 1 day.

Table 4 below shows the observed track counts for the different

times of immersion..

Table 40' . _

At 25°C. and pH 2.0 Uranium Concn. 7.4 x 10-4g.U/ml.

Time of Immersion 1] 5 || 3| 63 | 15
in minutes.

A,T.C,/F.0.V./10 days.| 49 | 60 79 | 715 70 64

These results are used to plot Graph-l opposite. The lines

drawn through the points on the curve give.a measure of the
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tradk‘counting deviation. If will be noted that the uptake

of uranium by the emulsion increases rapidly with timé of
immersion; reaches & maximum value and then appears to decrease
gra@ually.’ This indicates a tendency for the uranium to be

" slowly desorbed after an initial strong adsorbtion. The period
of time over which the increase in uptake is rapid'probably
covers the period of swelling of the emulsion,

(ii) The above experiment was repeated using a
solution containing 2.1 £ 10'4g;:of uranium per ml., and making
the immersions at pH 4.0 and 19°C. for the different times of
immersion shown. Plates were given exposure times of approx-

imately 1 day. The results are given in Table 5.

Table h.
At 19°C. and pH 4.0  Uranium Concn. 2.1 x 10 %g.U/ml.

Time of Immersion | 3| 6| 9 |12 | 20| 55| 115]|240 |42
in minutes. -

: A;T;c;/F}o;v;/lo daysJ 16 |33 |44 | 47 | 60 |121 | 165]/190[195

The figures franthe above table are used to plot Graph 2.
Since these immersions were made at room temperature they are
comparable with those made by Bréda and show the same trend
towards saturation, but give no evidence of desorption as in
Graph 1.

e e T
B T A R
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From the figures given in Table 4 the Average Track Count per

day for a plaﬁe immersed in a solution containing 7.4 x 10-4g}
of uranium at pH 2.0 and 25°c. for 30 mimtes is 7.5 tracks
per F.0.V. Now, the area of each F.0.V, is 2.54 x lO-.4 8Q.Cm.
and the thickness of the emulsion is 4 x lO.jcm., and so the
volume of emulsion examined per F.O0.V. is approximately 10.6ml.
From this it follows that the track density is 7.5 x 106 tracks
per ml, of emilsion, for each day of exposure. The amount of
uranium required to give this number of alpha-particles in a
day is 3.5 x lO‘jg. Thus the emulsion takes up about five
times the coﬁcéntration of uranium in the solution. Swelling

of the emulsion will account for some of this, but there is no

doubt that uranium is adsorbed.

(4) Concentration of hydrion - pH.

In this experiment all factors affecting uptake were
controlled except the pH, which was varied within wide limits.
immersions were made in solutions containing 7.4 x lO-Sg. of
uranium per ml. for 30 minutes at 25°C. The experimental

results are given in Table 6.

Table 6.

5

o 4 ) :
At 25 C., Uranium Concn. 7.4 x 10 “g.U/ml.

PH. . 1.1 1.5 2.0 2.45 2.95

A,T.C,/F.0.V./10 days. 1.07 4;8 8.0 22.7 60
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Table 6 (Continued) .

-~

pH. 3.55 | 3.95 | 4.60 | 4.95

4.T.C./.F.0.V./10 days{ 81 80 | 74 73

The figures in Table 6 were used to plot Graph 3.
The gradual increase in uptake of uranium from pﬁ 1.1 to pH 2.0
may not be real since at pHs below pH 2 there is considerablé

fading of tracké; which would make the track counts obtained

" too low. Moreover, as the plates immersed at pHs 1.1, 1.5 and

2.0 were given'exposures of 13 days the track count loss may
have been considerable. All other plates were given exposures
qf'l day. |
Tﬁere'is a rapid increase in uptake of uranium between pH 2.0
and pH 4.0 and it is thought that in this pH fegion the uranium
is hydrolysed. After fH 4 the uptake of uranium is
approkimately constant, and here the uranium is undoubtedly
fully hydrolyéed.

The following figures, showing increase in uptake with increase
in pH, are given by Broda (32).

pH (calculated) seeeeesse 1.0 1.6 2.0 2.6 3.1 3.7

- Normalised track count .. 37 41 41 67 330 600

These figures have been used to plot the dotted curve which

has been normalised to fit Graph 3 at pH 2. It will be noticed
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that the two curves are similar in shape, although Broda did
not make immersions at bHs beyond 3.7 and consequently did
not observe the plateau after pH 4;§ The solution he used
contained 1.2 g.‘of uranium per litre, and in consequence his
exposure times would be short.- During short exposures the
fading of the latent image due fo high hydrion concentration
would not be serious, and, therefore, the portion of the
dotted curve (Broda's curve) from pH 1.0 to pH 2.0 probably

represents the true uptake of uranium.

(5) Concentration of uranyl ion.
“ A careful study of the data presented in Tables 3,4,

5, and 6 led to the conclusion that the most suitable conditions.
for investigafing the influence of uranyl ion concentration on
.the uptake of uranium by the emuléion were (a) an immersion

time of 30 minutes, (b) a bath temperature of 25°C, and (c) pHs
of 2.0 or 4.0. The uptake at pH 4.0 is approximately 10 times

that at pH 2.0; and should give the more sensitive results, but

the effect of uranyl ion concentration at both pHs was studied.
Although it is in the region of pH 2 that small changes in pH

- bring about relatively large increase in uptake, it was decided
to make immersions at this pH rather than af, say, pH 1.5,
because of the effect of hydrion concentration on the fading

of the latent image.i’An immersion time of 30 mimutes at 259¢.

was selected because after this time the emlsion is




apparently saturated with uranium, which tends to be desorbed
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if the immersion is prolonged.

(1) Plates were immersed in uranyl acetate solutions

of different concentrations for 30 minutes at 25°C. and pH 2.0,

washed for 30 seconds, and stored in the dark for exposure

times which varied according to the concentration of uranium,

All immersions were made in duplicate and the mean results appear

in Table T

At 25°C. and pH 2.0

Table 7.

Immersion Time 30 minutes.

Concentration of

Time of . . ) E
Uraniunm Exposure A.,T7.C./F.0.V./10 days.
x 106g.U/ml.' Dggs.
1940 1 176
1040 1 107
740 1 75
484 1 51
210 3 26
104 7 12
4. 11 8.0
5245 6 5.9
21 13 2.6
1044 29 1.45
7+4 35
5.0 36
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| (ii) Immersions were made in uranyl acetaté solutions
6f different soncentrations for 30 minutes at 25°C. and bH 4.0,
washed for 30. seconds, and stored in the dark for varying
'periods of time.'-The track counting of these emulsions was
carriéd out using a new microscope giving a magnification of
'1425; and the area of each field of view was 1.4l x 10-4sq.cm.

The results aré.shown in Table 8.

Table 8.
At 25°C. and pH 4.0 Immersion Time 30 minutes.
Concentration of Time of N o
Uranium Exposure | 4.T.C./F.0.V./10 days.
X l06g U/ml. d;;s. ‘ |
106 1 53
14 1 43
53 1 27
25 4 746
10 4 1.6
74 18 0.24
5.0 18 | 0.17

The data from Tables 7 and 8 were used to plot
Graphs 4, 5 and 6. The uptake of uranium by the emulsion is

shown to be a linear function of the uranyl ion concentration
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down to lO-sg.U/ml., but at lower concentrations this is
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clearly not the case.. Emilsions which were immersed in solutions
of very low uranium content were given long exposures, and

‘the examination of alpha—partioie tracks in these emlsions
revealed marked reduction of the grain‘densities.i The data
presented in Chapter III of this thesis show that during long
~exposures a considerable amount of fading of the latent track
image can take place under normal atmospheric conditions;
Unfortunately when thése experimehts were carried qut the
serious nature of this fading was not known, and no special
precantions were taken during storage of the plates to prevent
loss of tracks by fading.i However, even allowing for a
‘oonsiderable amount of fading it is believed that the decrease
in the ratid of the track count to the uranyl ion concentration
shown in Graph 6 is real. Fof instance, the track count for

‘a uranium concentration of 5 x ldf6g.U/ml. at pH 4.0 is only

the same as that for a similar concentration at pH 2.0, when

it should be 10 times greater. The trend in Graph 5 may not
be real, for although in this case exposure times were very
mach longer than those at pH 4.0 the decrease in the ratio of

track count to uranyl:ion concentration is not so pronounced.
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Conclusions.

The experimental data show that for a standard time
.of immersion of 30 minutes at 2500., and at pHs of 2.0 br
4.0, the uptake of uranium by Ilford Type C2 Nuclear research
emilsion is a linear function of the uranyl ion concentration
for concentrations between lO-Bg.U/ml. and lO-Bg.U/ml. At
lower concentrations of uranyl ion the linear relationship no
longer holds. Because of the uncertainty of the experimental
results in this region, due to loss of fracks by the fading of
the latent image during the long exposures used, no reliance
can be placed on the initial portions of the curves obtained.

With the knowledge now available of the factors
affecting the fading of the latent image, emulsions could be
stored under conditions designed to prevent fading, such as
those outlined in Chapter III. However, the track densities,
even for long times of exposure, are far too small at very low
uranyl ion concentrations to make the method of any use as an
analytical method for the micro-estiﬁation-of uranium, and
many hours would have to be spent in track counting to attain
the accuracy required. It is possible that by using emlsions
of much greater thickness, and making immersions at higher
temperaturés under similar conditions, the track counts could
be enhanced, but the uncertainty of the tfue relationship
between the observed track counts and the uranyl ion

concentration would remain.
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The Immersion Method could be used for the estimation

of uranium in low grade oreé, since very small pieces of plate
can be cut from large plates and these would require much less

than a ml. of solution for complete immersion. However, a

method for estimating uranium down to 10'8g. with fair

accuracy was needed, so attempts were made to develop methods

of greater sensitivity. An account of these is given in the

next.chapter{
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V1., THE PHOTOGRAPHIC MICRO-ESTIMATION OF URANIUM
BY THE EXTERNAL SOURCE METHOD,

| When a drop of uranium solution is delivered onto
the surface of a‘Nuélear Research emulsion it will spread over
the whole area, and after drying some of the uranium miclei
will have penetrated into the emulsion and the remainder be
concentrated at or near the surface.: The track count obtained
from a representative area of the emlsion, after a known time
of exposure, should give a measure of the amount of uranium
present in the original drop provided the area of impregnated
emilsion surface is known;v An attempt was made to develop a
method for the estimation of microgram amounts of uranium
according to this procedure, but it was found that the solution
had a strong tendency to overflow the edges of the emﬁlsion.
This was especially so when the drop consisted of uranium nitrate
dissolved in quick-drying solvents such as an alcohol-water
mixture or éther; which have low surface tensions. If
comparatively large areas of emulsion were used in order to
check this tendency the observed track counts per field of view
~were so small, with low concentrations of uranium, és to
prohibit the use of'the method; the nuﬁber of fields of view
which had to be counted to gi#e the required countigg accuracy
‘_ being very large indeed; Mbreéver,_therelwas some uncertainty

as to the actual fraction of the uranium nuclei which remained
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on thé surface of the emlsion, as this varied with changes
in conditions of evaporation and led to inaccurate results.
 The method is recommended by H.Yagoda (35) in his recent book
as being useful for the study of rare solutions, since only
very small volumes of solution are required.

Instead of evaporating a small drop of solution on
- the surface of the emlsion the drop may be evaporated on a
plane glass surface of small area, and this external source
applied to the emlsion for‘the desired exposure time. In
this way uncertainty as to the true time of exposure due to
the time for the drop to evaporate is entirely eliminated.
Providing the amount of uranium deposited is of the order of
micrograms no corrections need be applied for source absorbtion
of alpha—particles.A Using this technique the method outlined

below has been developed.

Thé*ggternal Source Method.

A measured drop of solution; containing a known
amount of dranium, is delivered from a calibrated capillary
micro-pipette onto the plane ground end of a glass rod of .
about 0.15 sq.bm. cross-section. The drop is slowly evaporated
to dryness using a radiant heater, and the end of the glass

rod clamped against a piece of Ilford Type C2 emulsion. After

the desired exposure time the emulsion is processed, dried,

and examined under the microscope using a magnification of 1425,
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The deposit on the end of the rod is far from uniform, most
of the uranium migrating to the edges of the drop during
evaporation, and the track pattern revealea in the emulsion
by microscopic examination is similar to that sketched in

Figo 1.

D c
The high track density defines the edges of the deposit; and

by means of the micrometers on the microscope, which enable

fhe stage to be moved along thé x and y axes, an area
containing the whole of the tracks is measufed. Such an area
‘ig ABOD in Fig. 1. The whole of the area ABCD is systematically
tradék counted, commencing at A and traversing to B by moving
the stage one F,0.V. diameter at a time. The distance 4B is
'fixedlso as to be an;exact*multipie of one F.0.V. diameter.

At B the stage is moved so that a distance along BC greater
than one‘F;O;VQ'diameter by 18 microns is covered, This avoids
the possibility of any track being counted twice. The track

counting of the emulsion is resumed, traversing from B to A.
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All tracks start at the emlsion surface making
the track éounting‘easier than in the case of immersed emulsions,
and tracks having their origins within the emulsion are not
counted. Such spurious tracks are very few. Should a track
appear only partly within a field of view it is counted if
its emulsion surface end appears within the field of view.

Account is kept of the number of fields of view
counted and of the total track count. The area of one F.0.V,
is 1.4l x 10'4sq;cm., and so the area of emulsion counted is
computed.i.lt is assumed that the average track density in the
unexamined portion of the emulsgion ié the same as that of the
track counted portion, and although the distribution of tracks
.is very heterogeneous this is a reasonable assumption. Hence the

total number of tracks is estimated.

A.F.Kovarik and N.I.Adams (36) give the rate of
emission of alpha-particles from thefiéotopes U238, U235 and
U234 as 25.01 x 103valph§-particles per second per gram of
uranium, ‘Ihus-lO"6 ge of uranium emits 2160 alpha~particles
per déy. If a source of uraﬁium containing -exactly one
microgram is deposited on a plane glass surface and placed
against a photographic emlsion, at the end of one day's exposure
1080 tracks should be registered. This number is, of éourse,
subject to statistical fluctuations, since alphé—particles are

emitted at random;
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Using this figure the number of tracks expected from

the uranium deposit on a rod is calculated.

_ ‘In order to test the method various sources of uranium,
from lo'ég; of uranium to 5 x 10.8g.,of uranium, were deposited
on the plane ground ends of glass rods and applied to pieces
of Ilford Type C2 emulsion. The observed track counts were

then compared with the calculated values.

Experimental.

The uranium solutions used in these experiments were
prepared from the uranyl acetate standard purified for use in
the Immersion Metﬁod.

The capillary micro-pipettes were manufactured from
soft glass tubing in the following way;A A short length of
about 7 mm. bore glass tubing was dfawn oit into capillaries
of about O;B mm, bore; and these were cut into 10 cm. lengths.
The cross-sections of the capillaries were inspected under the
microscope, and those with non-circular cross-sections were
discarded. The bores of the capillaries were examined
microscopically along their entire lengths at intervals of 0.5 cm;
and those showing variations in bore greater than 0.5 per cent
were discarded.A Only two out of about forty capillaries thus
prepared and inspected came up to these requirements. Fine

tips were drawn on the ends of these, and they were cleaned in
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aqua regia; washed and dried.

The micro-pipettes were calibrated for capacity by
weighing the mercury in different lengths of capillary. This
provided a further check on the uniformity of bore, and !
indicated the approximate delivery per cm. to be expected.
Liquids are taken up in such pipettes by capillary.ac¢tion, and
delivered by placing the tip of the pipétte against the surface
of the receptacle and expelling thé liquid from the pipette
by gentle blowing with the mouth. . The expelled liquid will
form a drop around the tip of the pipette and when sufficient
has been delivered the tip of the pipette is withdrawn sharply
from the drop. In this ﬁay liquid is delivered without
creeping round the tip 6f the pipette. Ihe technique requires -
practice but is easily acquired. Using this method the |
delivery per cm. of the micro-pipettes was determined by
delivering measured lengths of concentrated HpSO4, and
titrating the acid against N/100 NaOH with phenolphthalein as
indicator.‘The'acid was delivered onto thin glass cover slips
and these dropped into distilled water in the titration vessel,
The lengths of acid delivered were measured with a centimeter
rule fitted with a vernier, and reading to O.l mm. In no case
was the full volume of acid in the micro-pipette expelled,
since thié would have introduced errofs due to the narrow tip,
but measurements of the length delivered Were‘made according

to Fig. 2.




Before delivery

-¢=====I : After delivery

1 is the length of liquid delivered.

Typical results of such a calibration are given in Table 9.

Table. 9.

Length of - Mls. of Volume of Delivery of
36.6 N. HoS04 | 0.806 NA100 | 36.6 N. HpS04|pipette per cm.
delivered., | KOH used.” | x 10%ml. x 107ul.

2.32 cm. 18.05 C3.97 1.7

3.46 cm. 25,65 5.8 L 1.69

2,40 cm. 18.81 L 4.4 1.72

4.73 cm. 36 .66 8.06 ‘ 1.70

1.91 om. 14.60 3,21 © 1.68

From these. figures the capillary micro-pipette delivers
1.70%0.02 x 10 7mls./om.
The capillary mioro-pipettes thus.prepared and calibrated were

carefully labelled and stored in clean test tubes with cotton
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| wool to protect the tips.

The glass rods with plane ground ends were prepared
from ordinary Pyrex glass_rod as follows. The rod was cut
'into 12 cm. lengths, and one end of each length trimmed with
a’mechanical grinder until it was about 4 mm. square. This
end was ground mechanically with various grades of grinding
powders until it was plane, the final grinding being done with
- moisgt alumina, |

Small pieces of Ilford Type C2 plates were cut and
cemented to microscope slidés before use, as“described in
Chapter V.

The camera used for holding'the uranium deposit

against the emlsion is illustrated in Fig. 3.

Figf 3,
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The apparatus consists of a wooden base aboﬁt 9 inches ﬁy
5 inches, in which two 3} inch wooden uprights are set. The
micrbscope slide S is held in position by two horizontal grooves
Gl, along which it can be moved as required. Two more
horizontal grooves G2, cut near the tops of the uprights, allow
an aluminiunm siotted bar A to be moved into position above the
microscope slide. A brass screw B, bored to take the glass
rod, passes through the slot in the aluminium bar with its head
resting against it, and when the glass rod has been set in the
required position on the emulsion surface a brass nut clamps
the screw in}position. Thus the rod is supported vertically,
and the only weight pressing on the emulsion surface is that
of the rod itself. Examinations of rods held in this way
against emlsion surfaces show that there is no visible air
gap between the end of the rod and the emulsion. In practice
care mist be exercised in setting the ends of glass rods
ageinst the emulsion surfaces, otherwise these may be damaged
and some of the deposits rubbed off the rods. The apparatus
is covered with a lighﬁ tight box for the duration of exposures.
Half a dozen exposures may be made in thé camera at the same
time.

.The emulsions were processed after exposure

according to the method given in Chapter V.
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The microscope used for the examination of the emulsions
and for track counting is shown in the photograph opposite.

It was specially designed for work with Nuclear Research
emlsions, being constructed by Cooke, Troughton and Simms Ltd.,
on the suggestion of Dr.Rotblat of Liverpool University, and
has certain distinctive features.

By means of the two micrometeré M the stage of the
microscope can be moved along the x and y axes so that
examination of an emulsion can be made anjwhere within an
area of 6.25 sq.cm., but to examine an area larger than this
the bosition of the plate on the stage must be altered. The
micrometer screws'may be read accuratély to 1 micron. The
~wheel W1 enables the oil immersion objectives to be racked up
and down very slowly in making a thorough search of the full
‘depth of an emulsion,~and it carries a scale graduated in
microns. Thus, with the aid of the miérometers and the fine-
focussiﬁg adjustmeht fairly accurate measurements of track
lengths can bé made. The wheel W2 racks the whole of the stage
and substage into position beneath the objective, and wheel W3
adjusts the substage. The binocular eye-pieces can be moved
to the distance between the eyes of the observer, and prevent
undue eyestrain during observation. Measurements of the angles
betwéen tracks can be made by fitting the goniometer provided
to the eyepiece. DNumerous other eyepiece attachments are

available:
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The microscope has a built-in illuminating'system
with a variable diaphragm for regulating the light intensity,
and colour filters to aid observation. The best conditons of
. illumination for track counting were obtained by adjusting
the illuminating system to give optimum illumination with the
diaphragm fully open, and then inserting the green colour
filter and closing down the diaphragm until the light intensity
was Just suffiqient for clear observation, Emulsions were
counted at a magnification of 1425. When traversing along the
x axis the right hand microméter screw was moved a distance of
1.34 X ld-eom. after fhe track counting of each F.0.V., which
was the diameter of one‘FQO.V.; and on reaching the edge of
the area to be counted the stage was moved a distance of
1.62 x 10420m; along the y axis by means of the front micrometer
screw.i Track counting was then resumed, traversing aiong the
X axis again until the opposite edge of the area was reached.
In this ﬁay the whole of the area was ‘eéxamined, -. - Usuélly
this area was about 0.3 sq.cm., and approximatelyi65 per cent
of.this was actually track counted, the other 35 per cent being
assumed to have the same average track density. |

- No corrections were made to the estimated counts
for the background count of the emulsion, és this only amounted
to about 1 track per 100 F.0.Vs. Normally fewer than 2000 F.0.Vs

were counted, and so the maximum background would be 20 tracks.

Most of these background tracks have their origins.inéide the
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‘emulsion and were consequently not counted.

(1)

Experiments under normal conditions.

Exposures were made using sources containing amounts

of uranium from 5.77 x 10

6

. -8
g. to 7.5 x 10 g., and for time

intervals calculated to give sufficient tracks to make the

statistical counting deviation small. All plates were not

exposed over the same time interval, and, therefore, there were

variations in climatic conditions, notably of humidity and

temperature; but all exposures were made during the winter

months; _
The results of these exposures are given in Table 10.
Table 10.
Weight of | Exposure | Countsg Percentage Alphas %age
Uranium Time Counting per g.U of
8 in Observed.| Deviation per sec. 2.504
x 10 ge. Days. ‘ : x 10
577 1 5960 - 1.3 |2.40 x 104 | 968
247 0.92 2295 2.1 2.35 x 104 | 944
93.5 2433 2230 2.1% 2.37 x 104 95%
50.5 11.92 5880 1.3 2.27 x 104 | 914
234 3.79 877
7+52 ‘11.92 925
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All the values obtained for the rate of emission of alpha~-
particles from urahium are low compared with the value of
'2.50 X 104 alphas per second per gram of uranium given by
Kovarik and Adams (36). It will be seen from the last column
of Table 10 that two of the determinations, made with weak
.souQCes and given fairly long exposures, are about 9 per cent
too. low. Aliowing for a 1 per cent error in the weights of
uranium used, and faking into account the counting deviation,
tﬁese values are still seriously low. |

The following were cbnsidered as being possible
reasons for the low track counts obtained.
(a) Loss of some of the deposit of uranium by sputtering
’ during the evaporation of the drop of solution.
(b) Loss of -uranium from the glass réds during manipulation.
(c) Loss of uranium by the solution overflowing the edges of
’ the glassrod during evaporation.
(d) Loss of tracks due to fading.
(e) Loss of tracks by failure to recognise and count same.
0f these (a) and (d) were thought to be the most likely sources
of error, since the ends of the glass rods were carefully
waxed around their pefimeters to prevent the drop from running
over the edges, and no overflowing was observed. The deposit
adhered very firmly to the end of the rod, and only extremely

careless handling could rub it off. With the experience gained

in recognising and counting alpha~particle tracks the number
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of tracks missed in counting was considered to be very small.
No precautions were taken to avoid fading as the exposure times
ﬁere,not very long, but recent work; to which reference has
already been made in Chapter IIi, has shown that fading can
be appreciable even in short exposures.

In view of this further exposures were made using
borax loaded emulsions, which have been found to coﬁsérve the

latent track image for periods of deiayed development up to

50 days.

(2) Experiments with borax loaded emlsions.

Some pieces of Ilford Type C2 emulsion. were immersed
in a solution containing 10 g. of borax per litre for 10
minutes and ailowed to dry. Exposures were made using these
emulsions and amounts of uraﬁium varying from 4.76 x 10-6g.
to 4.54 X 10-7g. Care was'taken to evaporate the drops of
solution very slowly using a radiant heater{
The results of these exposures are presented in

Table 11. ,
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Table 11.
Weight of | Exposure %age Alphas dage
Uranium time Counts ounting | per g.U .of
8 in Observed.| Deviatiord per sec. 2.50 4
x 107 g. Days. x 10
476 1.77 9030 14 2.48 x 10% 99%
138 2.02 2980 | 1.8% [2.48 x 108 99%
8L.2 4.56 4030 1.6% 2.51 x lO4 100 .4%
4544 2.02 | 1000 3e2% 2.51 x 194 100 .4%

From the figures in Table 11 it is clear that the method is

a very good one for the micro-estimation of uranium, and
could likewise be used to make an accurate determination of
the disintegration constant of U238. There is no fading of
the latent track image in borax loaded emilsions stored under
ordinary atmospheric conditions for periods up to 50 days, and
therefore the method should be workable down to 10'8g. of

uranium,

Conclusiong.

The External Source Method for the micro-estimation
of uranium outlined above will compare very favourably with

other methods. Microgram amounts can be estimated with an
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8

accﬁracy of 3 per cent and 10" °g. with an accurady of 6 per
cent. The value for the rate of emission of alpha~particles
from the isotopes U238, U235 and U234 in naturally occurring
uranium obtained by this method is 2.%8 X lO4 alpha~particles
per second per gram, in very good agreement with the value
obtained by Kovarik and Adams (36) using the alpha.pulse
counﬁing method., )

The method should prove'suitable for the estimation
of the uranium contents of low grade ores‘and minerals.
Attempts have been made to apply the method to the estimation

of uranium in magnetites. An account of this work is given

in Chapter VII. )
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VII, THE APPLICATION OF THE EXTERNAL SOURCE METHOD TO

THE MIORO-ESTIMATION OF URANIUM IN MINERALS.

It is essential in using the External Source Method
that the deposit of uranium'oh the end of the glass rod should
be "weightless". Corrections cannot be made for the source
thi&kness‘unleés this is uniform. Therefore, in applying this
method to the estimation of the uranium content of minerals
and rock spedimens the urénium mist be extracted from them in
a pure, carrier~free state.- '

Thé uranium cortent of minerals is usually of the
_order of a microgram 6f uranium per gram of mineral, and
W.D.Urry (3) hds shown that such a small amount of uranium can
be quanti%atively removed-from solution by co-precipitation
with the hydroxides of ferric iron and aluminium, using
carbonate-free ammonia as precipitant. Following the preliminary
separation of uranium in this way it must be quantitatively
removed from the carrier iron and aluminium. It is well known
that uranyl nitrate can be removed from aqueous solutions
containing é high proportion of neutral nitrate by extraction
ﬁith ether, but the partition'coefficient for the extraction is
" low. Linstead et alii (}7) have shown'thatAunder similar
extraction conditions tetrahydrosylvan (2-methyl tetrahydrofuran)

has a mch bigger partition coefficient“for_uranyl nitrate.
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With the above facts in mind it was decided to use
the following procedure in an attempt to extract uranium
quantitatively from minerals in a pure, carrier-free state.
(i) The whole of the mineral specimen to be analysed for
) uranium, about 1 gram; is brought into solution.

(ii) Ferric hydroxide, and other co~precipitated hydroxides,

) are precipitated from the solution by the addition of
carbonate-free ammonia. Should the mineral contain iron
or aluminium, as in the beryls and ﬁagnetites, no ferric
iron carrier is added to the solution; otherwise about
10 milligrams of ferric iron are added as ferric chloride.

(iii)The precipitated—hydroxides are dissolved in the minimum

) amount of nitric acid, the solution adjusted to about
50 per cent nitrate concentration with ammonium nitrate,
and extracted with successive equal volumes of tetra-
hydrosylvan until the extraction of uranium is complete.

(iv) The combined tetrahydrosylvan extracts are evaporated to
dryness, and the residue taken up in 5N. nitric acid and
eyaporated to a small drop about 0.02ml. in volume. This
drop is taken up in a‘capiliary micro-pipette énd
delivered onto the end of a glass rod, where it is slowly
evaporated to dryness.

Before adopting this procedure preliminary experiments

were carried out to test thé extraction efficiency of tetra-

hydrosylvan under different extraction conditions.




Experimental.

The tetrahydrosylvan was fractionally distilled befbre
use, and the fraction coming over between 78.37°C. and 78.900.
was taken,

During extractions made with tetrahydrosylvan from
solutions containing 50 per cent ammonium nitrate and 5 per
cent nitric acid the acid attacked the organic solvent, and on
‘slow evapofation of the tetrahydrosylvan after extraction it
exhibited a strong tendéncy to explode! Care was therefore
exercised in all extractions with the éolvent; and the nitric
acld concentration was kept at the absolute minimum, although
extraction efficiency was much greafer with the acid in the
solution.. The pHs of all acid solutiens to be extracted were
adjusted to about pH 3, that is to the yellow colour given by
thymol blue indicator, and then 1 small drop of concentrated
nitric acid added. The very slow evaporation of the tetra-
hydrosylvan from these extracts on a hot water bath proceeded
smoothly, and left behind a minimum of brown resinous matter,
probably a polymer. This was easily destroyed by treatment with
5N. nitric acid. |

The effiéiency of the extraction of uranium from
uranyl acetate solutions by tefrahydrosylvan was first

investigated.
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Extraction of uranium from uranyl acetate solutions.

'l ml. of uranyl acetate solution containing 2
micrograms of uranium was run into a 10 ml. centrifuge.tube
fitted with a ground glass stopper, and 1 ml. of 80 per cent
ammonium nitrate and 1 small drop of concentrated nitric'écid

added. . This solution was extracted with four 2 ml. amounts of

tetrahydrosylvan, the solution'being agitated for 2 to 3
minutes after each sglvent addition, and the aqueous and organic
layers being separated after agitation by centrifugation. The
fetrahydrosylvan layers were withdrawn, combined and evaporated
to dryness in a 1Oml. ocrucible over a hot water bath. The
visible residue of brown polymer was destroyed by slow
evaporation to dryness with 5N. nitric acid, and the invisible
4residue of uranium nitrate taken up in dilute nitric acid. This
acid solution was slowly evaporated to a small drop of about
0.02 n&.'voiume, and the drop transferred onto the end of a
glass rod by means of a capillary micro-pipette. The crucible
was wasﬁed'with a small amount of dilute nitric acid, which
was taken down to small volume and also transferred to the end
'of the glass rod. These drops were evaporated to dryness and
‘the uranium determined by the External Source method.

The results of several such extractions show that

uranium can be extracted with an efficiency approximating to

100 per cent.
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Extraction of uranium carried down by ferric iron hydroxigde.

To a solution containing 2 micrograms of uranium
about 10 milligrams of ferric iron; as ferriofchloride, were
added, and the volume made up to 150 ml. ﬁith distilled water.
The solution was heated to boiling point and a concentrated
solution of carbonate-free ammonia added dropwise until the
smell of ammonia fumes indicated the presence of excess. The
solution was maintained near the boilihg point for 10 minutes,
and then set aside for half an hour.‘ The precipitate was
removed by centrifugation, dissolved in the minimum of
concentrated nitric acild, transferred to a 10 ml. centrifuge
tube and thé volume adjusted to 2ml. with distilled water. 2 ml.
of 80 per cent ammonium nitrate were added, the solution adjusted
to pH 3, using thymol blue as indicator, and then one small
drop of concentrated nitric acid added. This solution was
extracted wifh four equal volumes of tetrahydrosylfan and the
combined extracts treated as previously ‘described. ‘

The results of three extraﬁtions carried out in this
way were very unsatisfactory, only 31 per cent, 34 per cent and

37 per cent of uranium being extracted.

The reasons for the low amounts of uranium being

- extracted are believed to be among the following.
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(a) Iﬁcomplete removal of uranium from the solution by

adsorption on ferric hydraxide.

(v) Loss of/alpha-particle tracks due to the fact that a
certain amount of iron was extracted with the uranium,
and caused source absorbtion of alpha~particles.

(c) Incomplete extraction of uranium with tetrahydrosylvan.

Further extractions were made using a double extraction
t echnique, the extract from the firSt tetrahydrosylvan extraction
being redissolved in nitrlc acid and the whole extraction
procedure repeated in order to reduce the amount of iron which
came out with the uranium. Six extractions with equal volumes
of tetrahydrosylvan were made in both cases ;nstead of four.,
The percentage amounts of uranium extracted 5y this procedure,

as measured by the track counts obtained, were still between

30 and 40 per cent.

It is possiblgAthat some of the uranium was adsorbed
6nto the walls of the crucible used for evaporation of the
tetrahydrosylvan‘extracts, although the crucible was carefully
rinsed with nitric acid in order to avoid this;

In spite of the fact that the extraction procedure
wag very unsatisfactory it was decided to attempt the estimation
of uranium in a specimen of magnetite, and check the result

against a similar determination made by the estimation of

radium in the sample.
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The estimation of uranium in magnetite.

About 1 gram of magnetite; finely ground to pass 200
mesh, was accurately weighed out into a platinum crucible. '
A few drops of hydrofluoric dcid were added and a fairly
Vvigorous reaction ensued. When it had subsided a few more drops
of acid were added, and the crucible warmed gently until fumes
ceased to be evolved. This was repeated until about 3 ml. in
all of hydrofluoric acid had been added. Concentrated sulphuric
dcid ﬁas then added dropwise and the crucible heated to drive
off the fumes of hydrogen fluqride produced. This procedure
- was reﬁeated until further additions of sulphuric acid failed
to produce fumes. In this way the small amount of silica in
the magnetite was removed. The residue was fused with 6 grams
of anhydrous fusion mixture - sodium and potassium carbonates =
over a Meker burner for about half an hour, and the fused mass,
when cool, dissolved in the minimum of dilute nitric acid.
There was no residue. Since riagnetite is mainly Fe30, this
solution consisted chiefly of the nitrates of iron, sodium
and potassium.  It was heated to boiling point, and carbonate-
frée amﬁonia added dropwise with constant stirring until it
was in slight excess. All the iron in the solution was
precipitated in a finely divided form,-and was kept at the
boiling point for about 10 mimmtes before being set aside for

half an hour.'
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The precipitate was separated by oentrifugatioh, dissolved in
‘the minimm of nitric acid and evaporated to dryness. The
‘residue was dissolved in about 5 ml. of extremely dilute nitric
acid, and the solution divided into two 2.5 ml. portions.
Thgse were extracted according to the double extraction method
previously described, and the combined residues from the
extractions transferred to the end of a glass rod so that the
uranium could be estimated by the External Spurce method.,

The results of two such uranium estimations are

given here.

Analysis 1. Analysis 2,

Weight of magnetite taken ..... 1.0567 ge 1.123g gQ

Exposure time of emlsion (days) 3434 3.83
Estimated number of tracks ... ... 1060 1630
Amount of uranium ( grms.) ..... 3.0x lO-7 3.9 x 1077

Weight of uranium per gram of

magnetite. = ...... . 2.8 x10 1g. 3.5x 10 g.

An indirect determin#tion of the uranium content of
this magnetite, by measuring its radium content, was made by
Mr.-E;R.Mercer of the Radiochemistry Department, and a value
of 897 x 10-7g .': of uranium per gram of ma.gnetite.obfained.
Comparison of this value with those obtained above shows that
thé extraction of uranium from the magnetite is still only

"30 to 40 per cent efficient.
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SUMMARY,

The work déscribed in this thesis was undertaken to
develop an accurate méthod for the micro-estimation of
uranium. There is a need for such a method, since the accurate
estimation of amounts of uranium between 0.0l micrograms and
1 microgram is an eséential step in the well-known radioactive
methods for the age determinations 6f minerals and meteorites.

With the exception of the fluorometric method, the
methods in present use for the migro—estimétion of urﬁnium are
baéed on the rates of alpha-particle emission from radium and |
uranium. The recently developed Nuclear Research Emulsiohs
have presented the scientist with a means.of recording the rate
of emission of alpha-particles, which is not subject to the
mechanical breakdown or electrical interference prevalent in
the electronic instruments generally used for the purpose.
Microécopic exaﬁination of such an emulsion, after exposure to
an alpha~-particle source and subsequent development, reveals
thé presence of tracks, consisting of closely-packed silver

grains, which are clearly visible at a magnification of 200

and can be éasily and efficiently counted at a magnificatioﬁ of

The application of this Photographic Method to the
quantitative estimation of low levels of alpha~particle
activity is limited only by the amounts of alpha-particle
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emitting impurities incorporated in the emulsion during
manufacture, and by the rate of fading of the latent track
'image in the emulsion. The former is very small indeed, and
the latter can be eliminated for exposures up to fifty days
by storing the emlsions under suitabie conditions. These.
conditions are those of very low temperature and humidity,
and the absence ofvany oxidising agent. |

An éttempt to estimate uranium indirectly, by the
estimation of radium by the photographic method, was
unsuccessful. It was an essential part of the method that the
number of radium "stars", produced in the emlsion by four
successivé alpha-particles emitted from one radium nucleus,
should be aocurateli counted. This proved to be impossible
due to the fact that a high proportion of the radon produced
by the radium in the emulsion escaped before disintegrating,
and hence the number of "stars" counted was too small.

The photographic estimation offuranium by the
Immérsion Method was investigated. The normal method of
loading an emlsion with an alpha~particle emitting element is
to immerse it in a suitable solution of the element for a
period of about 30 minutes, rinse it briefly in tap water, and
allow it to dry. In this immersion method the element is taken
up uniformly by the'emulsidn. The uptake is influenced by the
solute concentration, the pH of the solution, the time of

immersion and the temperature of the immersion bath. The



-81-

uptake of uranium by the emulsion from uranyl acetate solutions
at cantrolled pHs of‘2.0 and 4.0, a standard immersion time of
30 minutes and at & temperature of 25°0, was investigated. It
was found that for concentrations of uranium between 10'3g./ml.
and 10~Jg./ml. the uptake of uranium, as measured by the
observed track count, was a linear function of the uranyl ion
concentration, but that at concentrations lower than 10'5g./ml.
: thé relationship between the uptake of uranium and the uranyl
ion concentratioh was uncertain, The track counts obtained
for the lower concentrations were inaccurate due to loss of

tracks by the fading of the latent track image.

6g. to 10 8g. were

Amounts of uranium from 10
acourately determined by the External Source Method. The
uranium to be estimated was deposited on the plane ground end
of a glass rod; about 0.15 sq, cm. in cross-gection, and this
wag firmly clamped against a‘piece of photographic emlsion
for-évmeasured time of_ exposure. After development the whole

of the area of the emulsion occupied by the tracks was counted,

and from the‘estimated track count the amount of uranium wasg

determined. With exposures made under ordinary atmospheric
conditi§ns it was found that a small percentage of tracks was
lost.due to fading of the latent image, but emulsions loaded
with borax prevented this track loss. Using this method 10~6g.
- of uranium can be estimated with an accuracy of 3 per cent, and

:10-8g. with an estimated accuracy of about 6 per cent.
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In using the External Source Method it is essential
that the uranium deposit should be "weightless", as no
corrections can be made for source thickness because this
is not uniform. Therefore,’ in applying the method to the
estimation of uranium in minerals the uranium mst be extracted
in a carrier-free state. Attempts were made to remove the
uranium from magnetite by édéor;ﬁion on ferric hydroxide,
dissdlving the hydroxide in the minimum of nitric acid, and
extraeting the uranium from this solution with tetrahydrosylvan.
However, only 30 to 40 per cent of the uranium was extracted.

Thus the application of the above method to the
estimation of uranium in magnetite has proved very
unsatisfactory. However, when an extraction procedure which
gives lOO‘per cent extraction is devised; the method should
give results which will compare very favourably with those

obtainable by any other methdd.
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