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Lo THZ MICRO-DETERUILATION OF URANIUM,

In the determination of the ages of rocks and
meteorites by the well-known radioactive methods it is
necessary to estimate the amounts of uranium and thorium,
and of either helium or lead, present in these rocks.
ﬁranium is present in such small quantities as to demand
micro-techniques for its estimation. Of the three methods
é.vailable for the mioro-determination of uranium two are
. direoct methods, and the third an indireot umethod based on
the assumptibn that radioactive equilibrium exists betwaen
the uranium and its decay product radiur, A brief ascount
of these three methods is given here in ordér to appraise
their advantages and disadvantages, and to indicate that an
independent method for uraniumcestimation, affording the
same sensitivity but with greater accuracy, would be of usge
in the solutioh of certain radioactive problems.

4 full bibliography of chemical and radiochemiocal
nethods f6r the estimition of uranium, on both the mscro-
ecale and the micro-scale, can be found in & recent review
by C.J.Rodden (1),
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etric Method.

¥hen uranium compounds are exposed to ultra~violet .
‘1light they become ;iuox;esqent,, and the fluorescence may be
intensified by fusing the uranium with z0lids such as borax or
sodium fluoride. This fluorescence was made the basis of a
method for the estimation of microgram quantities of uranium by
F.Hernaggef and B.Karlik (2). Standards of known amounts of
uranium fluzes of a constant amount of sodium fluoride
were prepared, and the fluorescence of these standards
compared with that of an.ux;known 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
comparison a range of sta.nda.rd. of 1077 g to 2 x 10'6 g. of
uraniom is recommended, tmt this depends on the instrument
used. Instruments ﬁcorporating photo-electric cells for
measuring the fluorescence give much better results than
the visual 'method,_jﬁ' and quantitative measurements can be made
down to 10'9 ge. with an acouracy of about 5 per cent. The
minirm quantity of uranium detesctable by this method is said
to be 107t 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
fluzxing with the standard amount of socdium fluoride the
uranium mist be extracted from all other elements in a very
pure gtate., Traces of many elements interfere with the
amouht of fluoresoenoe of the fused uranium dise, causing
it to be either auenched of enhanced. Although uranium may
be separated from many interfering elements by extracting
its nitrate Zrom solution with organic solvents, such as
ether, the danger of contamination when such small quantities
are being handled is very real indeed. |

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 emisgion of alpha~particles from the isotopes
U238, U235 and U234. The rate of alrho~particle emission is
: directly propertional to the amount of uranium present.

The uranium is sepa.raf.ed from all other radio=
elements by co-precipitation with iron and aluminium, which
are precipitated from a'bailing solntion as hydrorides by

carbonate~free ammonla. The precipitate, which may contain

traves of co-precipitated hydroxides of other noneradioelements

is dried, ignited and weighed.
Fron a suspension of this finely-ground




precipitate in aﬁboﬁol uniform #thin layers® are prepared,
and the rate of alpha-particle emission from the layers
determined in an ionisation chamber.

Héq the rate of alpha-particlé emission from the

1ayer is not the same ag that from the uranium present, since

the layer hag a finite thickness, and consequently some alphar
particles will not reach the surface or will fail to travel
the minimim dista,nce,inn the ionisation cha.mbér to record an
alpha~particle pulse.

| The alpha~particles e,mitted‘per hour 'by each
" elemert will be given by:i= |
| 0=0CpA(1- em) (1)

where ~ 6= the mean count per hour,

C = the mean number of alphaa-particles emltted
per hour by U238, ,

m = the weight of the “thia layer®,
p= the ratio of the number of alpha-particles
counted to the number which would be counted
in all directions, _
and = a pa.raméter which is a funetion of

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

(ii) the minimm distance an a,lpha—particle
' mst travel in the chanmber for detecticp

- {(iii) the area of the *thin layer®,

' (iv) the stopping power of the la.yer for
alpha~particles,

and (v) the denscity of the "thin layer".

-
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The ratio of the number of alpha-#pa.rtiéles'emitted from U234
to the mumber emitted from U238 is 1.00 sirce these are
menbers of the same radicactive series and in eguilibrium.
 The ratio of U235 to U228 is 0.045. Thus equation (1) above
Tecomes
c = c/& {2.046 - sm)

The ratio (3 ig 0.50 for flat surfaces, but it is talfen a.é
0.48 vhen coreeotions are made for the cdepth of the
containing dish and the area of the layer.

Hence, c¢=0C (0.982 - (ps) m)
The term & can be eliminated by measuring ¢ 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 = N
U238 Aoz B8

In use the method has not proved very sensitive
but is gultable for estimting,uranium conteats of the order
- of micrograms per gram of rook. 10"5g.» of uranium gan be
measured with an accuracy of 30 per cent. Nor rock specimens
whoge uranium contenie are less than &_xﬁicrogram per gram,
the following method has proved much ¥Inre sensitive and has

been widely applied. .



o Thie method in 1ts various mdiﬂcatiom hag been
wmely applied to the determination of uranium in rocks
end meteorites, snd to the determination of the redium
content of mmral waters and ocean sediments. If it can
be mmd tf;at thers is radioczotive equilibriox between
uranitm and radiom in %he specimen under exmmination, then
the uranium content can be estimeted by measuring the amount
of radivm pregent and applying the relation:

¥ A = 5 )
Ra Ra U238 vo3g

| Ra&ium.n;@n.y be &omrately determined by collecting
and meagur ing lts dedsy product radon, which is an inert gas,
This is the smenation method of H.Mache, St. Meyer and
E.Schweidler (4) and many modifications have been made to the
techuique by W.D.Urry (5), R.D.Svans (6) and others.
‘The essenﬁ@ steps in tho method arei-

(i) ‘E&e m&on mzet be conmpetely removed frozdi.t,s parent
. " . um,

(ii) It must '.be tr&mt&rred without contamimation into an
ionismtion cham:nar, and ths lonleation measured,

(13i) The apparatos miet bg calibrated by using a known
. amount of radon from & radon standard,

(4w} The slshe~partiole | generated in the fonisstion

- ghazber mugt be an ti ily revorded as they are
produced. .

Various methods have been used for mzoving radon
from its parent radium, Two of these involve fusicn
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techniques, the radon being removed from the radium in situ
by direct fusion of’th§-rock‘sampleor by fusing>it with
garbonate; 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 suiphate. The
sulphate precipitate is filtered off, fused with sodium
carbenate and brought into solution with hydrochloric acid,
This solution is then sealed of? until the radon can attain
radicactive equilibrium with the radium. .

The radon is carried into the ifonisation chamber
in a stream of radon-free nitrogen, until the pressure in
the icnisationldhamber has reached a stanﬂard; usnally'a
few mms. of meroury above ihat of the atmoasphere. It is
advisable that the radon should have as few taps as possible
to negotiate before enterihg‘the chatiber since it i3
susceptible to absorption.oh tép grease:

Because of the decay«éf the raddon whilst in the

 1031satien chamber and the growih of its decay prodaots,
gome of wkich emit further alpha=particles, a time of about
three hours is allowed to elapse after ihe radon has entered
the‘dhamber before counting is commenced; It is neeesséry |
to count for long periods of time, because of the
gtatistical Zluctuations in the emission of alpbaépartioles,

and some sort of automatic recording device is essential. -
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4 oareful callbdbration of the apparatus using
reliable radium standards mist be carried out before
attempting the estimation of unknown radiua samples, and
frequent re-calibrations are necessary to ensure the
satistactcrj working of the apparatus, '

This method in the hands of & careful and
- experienced worker 1s capable of giving very good results,
Ite chief disadvantage liez in the fact that the technique
is complicated, and the snags are many for the unwary and
the iﬁexperiem«a&. The equivalent amount of uranium shich
ocan be estimated by this method is 10‘.83. withan agouracy
of about 5 per cent. |

Although the first and third of the methods
degoribed here for the micro-determination of uranium are
very sengitive and of goo@ accuragy they possess certain
operational disadvantages whioh have heen imlio@tea aboves,
#ith the advent of the new Nuolear Research Fmileions in
‘which the tracks of alpha~particles can be easily detested
and counted under high power magnification a new method of
recording the rate of emission of alphaepartioles has
pregented itgelf., The research undertsken by the suthor
- hasg been concerned with the development of censitive and
accurate methods for the detection and estimation of uranium
. by the Photographio Method.
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farly in 19n. c.'r.a.wnm (7) had mecaeded in
photogra.ming the tracks of single alphasparticles ia his
oloud chamber. This achievement probably inspired 'R
Reingumum (8) to attempt the picdaction of similar iraoks
in o photographic emlsion, end he succssded im showing
4hat an alphaeparticle in its possage through the emulsion
rendered developsble the silver halide grains along its path,
Although O.Migge (9) was the first to discover the phenomezon
in 1909, and correctly attritubed it to the radiosctivity of
the minaral zircon to which the emlsion was exposed, he did
not idenﬂ.fy 'Bhe series of dots forming the tracke with the
passage of alphsparticles. B8.Kinoshita (10) also showed in
1910 that alpha-particles could render silver hallde grains
developable, but he failed to deteot say tracks as such due
to the mct that the alpha~particles he used impmged oa the
emlsion at angles diftering from the normel by only a few
degrees, , c : |
The findings of Reingamum were comfirmed in 1912
by W.Michl (11), who messured the track lengths and mumber
of grains per track for alphs~particles of duzoreaﬁ""mngos.
From his experiments he computed the range in air of the
alpha~particles from polonium to be 348 om., in good
agreemsnt with the value of 3,77 om. given by Gelger,
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The firgt dark-field photograps of alpha-particle tracks
in photqgraphic eﬁulsions, published by W.Makower and
H P.Walmsley (12) in 1914, reveal tracks consisting of a few
mdely-spacgd'grains, making it difficult to distinguish
either the beginning or the end of a track from the
"béokground fog® of the erulsion, Michl published drawings
of his tracks vhich were very ruch like these.

A further advance in technique was made in 1927
by L.Myssowsky and P.Tschishow (13), who prepared plates
with emulsion coatings greater than 50# in thickness in order

to register longer tracks.

Important contridbutions 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
emlsions, and in attempts to produce emilsiorsof 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 spacing and sgemingly indterminate length.
However, a certain degree of discrimination between alpha-
particle and proton tracks was achieved.

Bafore great strides could be made in the
application of the photographic technigue to problems
involving nuclear particles of vastly different ionising



povers, for vhich it seemed particularly suited, it became
clear that photographic emulsions posgessing the following
properties would have tc be developed.

(1) The "vackgrourd fog® consisting of hundreds

-~

of thousanés of siﬁgle graing per sq. cn., reveale&'ig
unexposed plates on development, mould have to be con%iderabmy
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
Afogt persisted. It most probably arose from the chemical
treatment of the ermlsion, but possibly by the action of
: eosﬁic‘rays or by gamma radiation from any radicactive |
substences In the vieinity of the emlsion,. Mechanical shock
was alsop said to be a cause of “fog".

(ii) Greater definition of trascks would he necessary.
A reduotion in grain size and an increase in the number of
developed grains in track would give greater definition, and
to ensure this the halide content of the emilsion mould have
%o be increased.

(213) Emlsions slearly revealing the differences
in ionlsing power between different charged particles, such
as alpha~-particles and protons, would be required.

{iv) 4 range of plates with emulsion thicknesses

varying from tens of microns to some hundreds of microns







would be needed.
: Recent

Ia 1946 é.F.Pomu, G.P.8.0cchialini, D,.L.Livesey,
and L.,V.Chilton (17} produced a new photogrephis emlsion
for the detestion of fast charged particles which had
greatly impr0v§d properties over those used hitnerto, The
development of tﬁis‘emulsion.uadoubtedly owed much to the
admirable work of the regearch staff of Ilford Ltd.,. It -
contained 80 per cent by weight of silver broamide, which wmas
ébouz eight times the normal quantity, btut in spite of this
large? insrease in halide content the "back-ground fog* of
the emlsion was much less than that of the *half-tone!
emilaions formerly used. The-photomicrograpﬁs of alpha~
particle and proton tracks obtained by using the new
emlsion were ekoellent: the tracks heing clearly defined,
and the ”énergy resolution® being muohlgreater than anything
previously achieved. Spacing hetweon grains was very small .
indeed, enabling range meagurements to be made with fair
aecuraéy, and. the detection and counting of alpha-particle
tracks uader hig@ DOver magnificétion was a coﬁparatively
simpie matter, even.thougg gome of these tracks "dipped®
steeply in the emlsion. N

Some phatomicrographs of aipha~particle tracks
prepared by the author are shown hers. The emlsion used

is the Ilford Type C2 Emulsion, which is very similaer to
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that used by Powell and his collaborators. The curvature
of some of the tracks is due to shrinkage of the emulsion in
drying after processing.
' ~ The greparative‘datéils’for a number of new

. ermlsiong with gilver hai;de contentr of 80 per cent and-morp,
are given in a very usgful paper by P.Demers (18). Demers
worked independently ¢f Powoll el alii, and the grain sizes
of bis emelsions are sorewhat smaller than theirs She grain
diameters varying between 0.lp end 0.2t . The qualities
which he cbnsiders necessary in a Nuclear Research Emulsion
ére cesentially those outlined here,
An Appreoiation of the Fhotograzhio Method.
) The developmen:t of photogrephic emlsions with the
mialities indicated in the foregolng section has enabled the
Photogravhic Method To assume pronminence smeng the methods
svailable for the investigation of the properties c¢f nuclear
charged particles. FRven prior to 1946, haéever, the
.photographle technigue had a wide application in the realm
-of musloar physiss, although many physieists voiced serious
objéotians %0 it on the grounds of the inferior qualities of
the amlsions and the severe limitations these imposed on the
- experinental dats obtainable. & full asecount of avolications
of the method up to 1341 can be found in a review by M.X.
Shapiro {19). |

" At the present time the metliod is being used in a
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great variety of experiments in mclear physics and
radzochemstry. Physiclsts the world over are finding the
new Nuclear Research Bmlsmns an indlspensable tool in
their researches into ftbe ‘phenomena; produced by ‘cosmic rayse.
In the hand of C.F.Powell and his collaborators (20) (21) |
(22) the method has led to significant aiscoveries regarding
the pro;iuction éxid ‘decay of mesons, and in determinations.
- of the masses of these pa.rtioles. A determination of the
disintegra.tion csongtant of uranium ha.s been made by H.Yagoda
and N.Kaplan. ( 23)‘ using the photographic method and is in
goaa egx‘eement‘with the velue obtained by other methods.
E.Broda (24) has initiated a gearch for unknown alpha~particle
emitt'ing" elements by loading photographie emlsions with |
solutions of many elements of atomic mumber less than that
éf-'ﬁiémth. These are but three examples of the many ways
'~in which the new Nnclear Research Emulsions are being used to
"help in solving ohemical and physical problems,

.The chief advantage the method has over other
methods used for detecting nuclear charged particles lies
in the contimuous sensitivitj of tfxe photogré.phic emlsion.
Exposui'es may be made for long periodsof time without the
néed of supervision by the research worker, provided
_'-"adequa.t'e précautions are-ta_.ken. The plates are cheap easy

to process, and when processed provide the investigator with
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a permanent record of his experiment whioh he can examine
at his lelsure. The abgence of background in the emlsion,
too, is a great advantage, for althoughvtraoks may be
obsérved in unexpose&'p1ates, due to radioactive impurities
in the emlsion er ia the plate baoking; they are very rare
indeed.’

Against these advantages, hoﬁever, mist be offset
ﬁhe following’disadvantages. The éxamination~ot even a small
area of plafelunder.high power magnifleation, especially
where measurements of track lengths have to be made or large
numbers of tracks counted, is & long and tedions business. A4
microscope with binocular vision is *asséntial, it long )
observa.ticx'l' is necessary, in order to avoid eye-strain, and
the observer mist take a quarter of an hour's rest every hour,
4 further disadvantage of the method is due to the fading of
the latent image in the emilsion. The latent image of &
particle track, produced in the emulsion at the beginning of
a long exposure, may partially or totally fade berbre the plate
is developed; oonsequently no track will be seen by the
obgerver on axaminétion.l This less of tracks due to fading
can seriously'limlt the useful exposure time of an emulsion.
The amount of fading variecs considerably with experimental
conditions, and the typs of emlsion used, and is of such
importance that much research work hasg been dore to

investigate the conditions affecting it.
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111, THE FADING OF THE LATENT IMAGE IN PHOTOGRAPHIC

| | It has been known. for many years that the latent
image of an alpha~particle track in a photographic emlsion
may undergo 's?erious' fading if the development of the emlsion
ié del‘é:s'ed for more than a few days. With the old type
emlsions the rate of fading of the latent image mé observed
by B.Blau (25) to be rapid, and J.Lauda (26}, also using
0ld type emilsions, found that the rate of fa.eung of the
latent 1mége was influenced by the conditions of humidity,
 temperature or vacuun under which the emilsion was stored.
With the advent of the new Nuclear Research emlsions, and
their consequent wids appl:io‘a-.tion in nuclear physicg and
' -chemlstvry;z[ many workers have studied the phenomenon, In view
of the importance of the fading factor in experiments
invoi‘ving exposures of long chxration, as in the measuremént
of low levels of alvhaeparticle activity, the following short
review of recent experimental work in the field is preseﬁted.'

Recent Work.'

) H.Yagoda and N.Kap]‘.é.n (27) have shown that
temperature, humidity and the presence of hydrogen peroxide
| have a pronounced _effect' on the rate of fading of the latent
image. They exposed plates coated wiﬁh new types of
Eastman NTA emlsions to a flux of 5000 alphappmiole§ I
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""perr B@G. Der c:m%, uaing ag alphasparticle source a thin
211m of equilibriated barium-radium sulphates separated
£rom the emﬁ.sion layer by 1 mm, of air. The photographic
‘densities of the images formed by delayed development, and
of the oontrol developsd immediately after exposure, were
’:maa.suréd on & recording densitomster, The amount of fading
uas compated by them as a fractional lose in grain density.
 Under normal storage conditions they found that after 40
deys there had been only 40 per cent fading, and they
Published photogratie to show that an alpha~particle trask
wag stm recognigable as such after this time interval.
However, in an atmosphere saturated with water vapour at
390, total fading of the latent image ocourred in a few
houra, vhersas .sto:rége of the emlsion over freshly=-diatilled
‘water caused no fading of the latent zngé. The hydrogen
peroxide consentration of the atmosphere was found to
accelerate fading apprecisbly, and after storing emalsions
for 24 hours over 3 per ¢snt hydrogen pgmxidé at 3590 « the
l‘atsam‘. imsge was completely obliterated. After loading the
emulsions with borax or lithium eulphate it was found thas
t!;;e‘ 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
ionlsing alrha~particle radiation on the water in the
emulsion was the cause of the fading,
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In 1948 W.A.Lamb and F.W.Brown (28) also used

' Eastman NTA emlsions to study the effect of temperature

on the rate of fading of the latent ,ima.ge: exposing their
emlsions to & source of Po*i0 alpha~particles. Rowever,

- instead of computing the fractional loss in grain density
as did Yagoda and Eaplan, they estimated the loss in track
counts for varying conditions of exposure. The results they
give are only s‘emi-manti‘tat-ive: tut show that at 0°C. there
is only about 0 per cent loss in track count whereas at
40 0 there is 50 per cen.t loss after 20 days.

In 1949 R.Copnens {239) (30) made a more dstalled
s‘tudfy of the influence of humidity, temperature, and the
l.oa.ding of em}..sio*:.s with borax, on the fachng of the latent
image. Heo used both .Llfor& Bl and €2 Type emlsions, and
eleotmlytioe.lly deposited Polonium or pulverised pitche-
blende as his alphamparticle sourcs. If the percentage
number of tracks per field is plotted against the time of
delayed development in days a curve of characteristic shape
is obtalned - the control being reckoned as 100 per cent.

- & tﬂxole geries of curves ha.ving thiz characteristic shape
, ﬁas been obtalpned for different stora.ge conditions of the
_exposed plates. ' The shape of this surve clearly shows that
the rate of fading is not a linear funotion of the time of
delayed d@velo;;men"c. The traock count remains approximately

‘constant for a time, which varies with the conditions of
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stérage, then decreases rapidly, and finally tends slowly
towards zero. A typical curve taken from Coppeng! resuita
ig shown opposilte. Underneath this curve is a dotted curve
showing the mmber of tracks having "lives" between t-dt
and thdt plotted against the time of delayed development ¢,
This ecurve is of the Gaussian type, and shows a mimm for
& time T, which is thé most probable 'lifei‘ of the latent
image of a track. Coppens claims that this curve may be
represented by the equation . |

nhere K and [’ are cengtante.
The factor ‘!/(9 is a oonstant for a specific type of emlsion
being 5/3 for Ilford Type 02 emalsion. An experimental curve
@iotained by the author is shown undernealh that of Coppens.
This was obtained using Ilford Type C2 emilsion, with a
pieee of uranium as aléha#particle source, The magnitioation
nsed for eounting wo.3 1425, aga.inst a mgnltieation of about

same shape. sa::ficimt tra.cka were eountod per plate to .
give a statietical oounting devia.tion of only 1 per oent.

‘l‘his fa.ding experiment wag oarried out during a hea.t Vave
' 1:1 July 1949, vhen the temperature and humidity were very -
‘high. Goppens ha.s shown tha.t guch oonditiona osuse '
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acceleration of the fading of the latent image, but if the
emzlsion. is dmmersed in a solution containing between 10 g
and 50 g. ar borax rer litre for 10 mimtes, before exposure
to the alphaﬂparticle source, then no fading of the latent-
image ocqurs=fbr periods up to 50 days of delayed development.
'Later work by G.Albouy and H.Faraggi (31) confirms
all the foregoing observations and throws light on other
factors influenoing fading. They show that the pH of the
gelatin in the emlsion canvinfluénce'the rate of fading;v
‘and when emulsions are immersed in'solutions vhich ars
‘appreeiably acid, that ié solutions ghose pHs are less than
2, the rate of fading is accelerated. The author oan confirm
this observation qualitatively,'for in the course of the
present work emulsions were immersed in solutions of uranium
at pHs less than 2 and the fading of the tracks observed
wag quite cénstderable. Albouy-ahd Faraggi found that in
the presence of dry oxygen the rate of fading was much
greater than in the presence of dry air or nitrogen, but
that the rates of fading in all three cases were less than
the fading rate in moist air. These experiments also revealed
that the raﬁe of fading at the top of the emilsion was
greater than at the hbttom. In seeking for mechanism to
explain ﬁhelinfluence of the various factors mentioned on

the rate of fading of the latent image these anthors disscount
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the hypothesis suggested by Yagoda a.ndkaplmx, on the grounds
that the amount of hydrogen peroxide produced by the ionising
power of alpha-radiation on the water im the emilsion is -
not sufficient tx; cause a detectable amcurnt of fading. The
mechanism which they propose is the oxidation of silver
according to the foliowing equationse

2Ag+ 0 + H® = 24g + 200
?hey‘ claim that the experimental data support such a
mechanism and argue briefly as follows. |
(a) A rise in temperamre caises an increase in the rate of
fading, and this is to be expected since a temperature rise
wi]_.ll accelerate the oxidation reaction.
(b) High atmospheric In;miditf and temperature cause the
emlsion to swell and tﬁereby increase its water plus oxygen
uptake. Such conditions havé been shown to markedly increase
the rate 'of. fading. '
(c) A low pH will favour the above reaction whereas a
high one will retard it. It is claimed that the retarding
action of borax and sodium carbonate on the rate of fading

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



It i olear fron the experimental evidence available
that the fastors influenoing the fading of the latent imge
in Fuclear Remearch emilsions are ap summarised belows | )
(%) An inorease in temperature canses an increase in the.
' rate of fadlng, o decrease in tem erature returds it.
(ii) Hater vapour in the presence of oxygen osuses rapid
) fading, but in the absence of oxygen water causes mo

fading at all. In a dry atmoaphere of oxygen fading
is appreciable, but oot so rapid as in the presence
. of water vapour. | , \
(s.ii) In a dry inert atmosphere, euch as dry nitrogen, the
E x'_am of fading is iery alow,
(iv)  In vaouo there iz no appreciable fading after many days
" aclay in development,
{v) A low pif accelerates fading: a high pH retards it.
{vi)  The rate of fading.depends upon the type of emlsions,
- its grain glze, and the ¥ of the gelatin.
(vii) If an emulsion is immersed in & solution containing
| 10g. of borax per litre for 10 mimutes, and allowed
to dry before exposure to an slpha~particle source,
then there is no deteotable fading of the latent image
after periods of delayed development up to 50 days.
(viii) The presence of oxidising agents in the atmosphere

other than oxygen, such &8 hydrogen peroxids, caugos
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very rapld fading, - A
Thegmechanism of fading is notifulLyfunderstoqd,
although there oan be no doubt that it is due to the oxidation
of active centres in the emulsion. The mechanism suggested
by Albouy and Faraggl is according to the equation: -
2Ag + 0 +HO = 248 4+ 208
Employing 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
aetion 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
ite pH ie smaller, and the pH of lithium sulphate is very
little greater than that of the untreated emlsion. However,
it may well he that the solubility of oxygen in aqueous
gelatin containing a high concentration of these salts is
very mch less than its solubility in water alone, and &
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 facters influenocing

the rate of fading'bf the latent images of alphaeparticle -
tracks, it is practically impossible in an experiment involving

the contimous exjosure of an emlsion to weak source of

alpha~particle activity to obtain an acourate estimate of the

13
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number of tracks lost due to fading. Therefore, it is
advisable to store emilsions during long exposures under'
such conditions that the number of tracks lost due to tading
will be negligible. The following methods would seem to be
the most satisfactory.
(a) Store the~plateé in a vacuum degiccator, and keep the
: * desiccator in a refrigerator. There is a danger in
psing this method that the emilsion will comé away
from its glass backing.
(b) Store the plates in a desiccator in an inert atmoschere,
'(o)' Treat the plates before esposure 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 (o) with satisfactory results

-

in some recent work.
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Iy. E ATTEMPTED ESTIMATION OF RADIUM BY THE
PHOTOGRAPHIC HFTHOD.
Since very small amounts of radium are casily

and quantitatively removed from solution by co-precipitation
with é few milligrams of barium sulphate, which may
‘subsequently be broucht into a solution of very small
volume, the following method of estimating radium dy the
photograshic method was attembted. This method, if
successful, would have been independent of standard solutions
of radiuzg'hut dependent on.?ranium standards.

Kethod.

-

A small ¢drop cf solution containing a known amount
of uranium is mixed ﬁith a drop of radium solution of .
knownr volume, from which all the'diaitegrétion Products of
radium have been removad, and the mixed solutions allowed %o
penetrate a piece of Muclear Research ermision. After a
meagured time of exposure, and subsequgnt devélopmgnt,
exanination of the emlsion under the microscope reveals
both single alpha~particle tracks and "stars®. The single
tracks are formed by alpha»p&rticie emissions from the
uranium isotopes U238, U235 and U234, and by the alpha=
éarticles emitted during the disintegration of radium atoms

to radon atoms. fThe 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. Bh & _ RaA  «

a

__RaB
1590y. ~ 3.82d. 73 ,05m. ”26.83.\&
yls.m o
Racl 000

TN N

/ﬂ/ ano
RaG  _o¢ RaF __ 8 Ral
Stable 140d. 5.0d.

( Avbreviationsi~ y=years, d=dzys, m=mimtes, s8=seconds.)

-~

The stars are mostly three—branohed_- and four-branched. since
radium-D has a long half-life and consequently the chance of
‘an alpha-particle from radium.F appea.rixig is small, tut one
five-branched star Las been observed. |
A track count of a certain number of fields of view
of the emulsion is carried out, care being taken that it
should be representative of the vhole of the emlsion, and the
numbers of single tracks and stars noted. From the dl’si'ntegration
éonstants of radium and radon it is possible to calculate the
ratio of single tracks to stars given by the radium,
This ratio is given byi~
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Number of radon atoms pregent after time ¢
Number of radon atoms disintegrating in time ¢

The number of radon atoms produced in time t is RoR /\Rat )
a

where No  is the number of radium atoms present initially.
Let this mumber be Nj.

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

%o ARa Ak
Ra/\ 'I»'—-Cﬁ

Rn
Let this number be KNo.

Thus the ratio gingle Tracks __ N
| - ~ T M-

Stars

Using these forrmlae, therefore, the number of
single tracks due to fadium may be calculated, and hence the
number of tracks due to the urasiun miy be had by subtracting
this value from the total cingle alpha-particle track count.
Now the concentration of uranium présenf; in the original drop
is known, and so by using the disintegration constants of
radium. and uranium it is possible to. calculate the radium

concentration.

Experimental,

Before work with mixzed solutions of uranium and
radium could be started it was neceggary to discover whether
the calculated ratio of sizigle tracks to stars produced by .
‘radium w_qxild be given by track counts in a photographic

emilsion,
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Solutions of radium varying in concentration rrom 2 x10 108

Ra/ml . to 10"113. Ra/ml. were used. All radon was removed
from the sclutions before immersions were msde by pasai_ng
nitregen through for 5} hours, during which all disintegration
products of radon had time to decay completsly. The plates
wore given exposure times verying with the atredg%hs of the
radium solutions used, and track counts of the numbers of
single tracks and stars were made. A Cooke nioroscope was
used to count the tracks, an oil imersion‘objeotive with &
magnification 95x being employed in conjunction with an
eyeplece magnifying 10x, giving an overall magnification of 950
The ratios of single al ha-partiole tracks to atars for the
different exposure times were oaloculated and compared with
those obtained by track ocounting. The results appear in Table 1.

- Zgble 1.
Exposure Time Calculated Ratio Found Ratilo
in days. Single tracks/Stars. Single tracks/Stars.
1 ' 10.74 11.0%1,5
15,0 2,3
N ) c. '
: EEE
. 4 - 2.49 53
7 1.15 3.26% 0.2
3 34292 0.2
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The reasons for the wide differences between the
calculated ratios and those found expe;imentaliy were
considered to be among the following. .

(a) . All the disintegration products of,radium_méy not have
i been removed before the plates were immersed.
(v) Some of the radon formed may have escaped from the
- emilsion before disitegrating, or alternatively may
have diffused within the emnision.
(c) Radioactive impurities emitting single alpha~particles

. may have_been,present in the radium~solufion used.
These possible sources of error were investigated in the order
given above. , | .‘
(a) Inorder to emsure the complete iomoval of all the
disintegration products of radium the solution was treated
as follows., 4 few milligrams each of barium chloride, leadv
acetate and bismuth nitrate were added to the aolntlon, which
vag acidified with a few drops of glacial aoetic aciad, |
' Hydrogen sulphide gas was passed through the solution until
the precipitation of the sulphides of bismth and'lead was
.complete, when the precipitateslwere rexoved by centrifugation,
These sulphides carry down with them as co—preeipitaﬁed |
sulphides all the disintegration products in the radium series
after radon. Excess hydrogen suprhide was removed by passing
nitrogen through the filtrate, and the solution made neutral

-to litmus by adding caustic soda dropwise. One drép of
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glacial acetic acid was added and nitrogen passed through
the solution for six hours. Emlsions were immersed in this
solution, and after processing they were track counted. No
appreciable difference in the single track - star ratio was
found, -
(b) In order to test the possibility of the egeape of radon
from the emulsion & plate was immersed in a concenirated
radium solution, dried, and a second smulsion placed on top
of it'so that the two emmlsions were face to face. After
development the second emglsion showed many‘single tracks,
but no stars, indicating that radon did not diffuse from the
firét emilsion into the second, although the 208sibility of

it escaping through the narrow air gap between the two emilsions
eould not be ignored. Accordingly, an« experiment in which

any radon which escaped from the emlsion would be collected
and estimated was performed for the author by Mr.E.R.Nercer
of the Radiochenmistry Department. Two pieces of plate were
immérsed in a solution containing about 1.6 x 10'9g, Ra/ml.
for 10 mimtes, washed briefly, and allowed to dry. One of
these was placed inside a small glass vessel, from which all
air 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 o0 coze o equilibrium with the

radium in the emulsion. The gas in the vessel was then carried
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. into an ionisation chamber in a stream of pure nitrogen, and
the radon estimated by ita rate of alpha-partiole emigsion.
After a measured time of exposure the seeond piece of plate
wag developed and track counted. F‘rom the_ track count an
estimate was made of the‘amunt of radium per unit volume
‘taken up by the emilsion, These measurements revealed that
approximately 20 per cent of the radon formed escaped

from the emlsion.

11’ the ratio 01’ single tracks to stars found by
track . counting i1g corrected for the losgs of 20 per. -eent of
radon thera, is still a big_discrepanoy,.befween.the caloulated
ratio and the observed one, Corrected ratios for various
ﬁimes of exposure are aﬁom in Table 2. in which onlyl
the mean values of parallel experlments are shown. (Cf. ‘Table 1)

Table 2. :

Exposure Time| Calculated Ratio | Found Ratio Singles/Stars
in Days. | Singles/Stars. corrected for 20% loss

of Radon.
1 10.74 | 10.0% 1.5
2 5e36 - 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 disorejuncies are
due to the diffusion of radon within the emlsion. Noreover,
the cscape of radon is probably not constant, and varies
with ochoanges in humidiiy and temperature,

() The difforent alshu~particle emitting elements present in a

f1.clear Reseurch emlsion may be identified by their track
lengtho, vhich can be measured .to the nearest micron.
Hor:qer,, since the difference between the caloulated and
oboerved cingls irack - gtar ratios was shown to be due to
the escaps of yadoxr from the emlsion and its diffusion
within i%, no thorough search for extransous alpha-particle
enitting lmpuritles was made.

- The method outlined here for the estimation of
radlum by a photogra hic method has been ghown to be
unvorkable owing to the escape of radon from radium loaded
ernlsions.



in 1947 E.Broda (32) (33) investigated the uptake
of uranium by Llford Type 02 Muolear Research emilsions
imeiseé& in golutions of uranyl acetate undsr differant
conditions. Fror the resulis of o gseries of seml-guantitative
cxperiments he assessed the influence of the following faotors.
{1) Time of wushing vf the erulsion after icmersion,
{2) 7Temporature of the imuersion bath.
(3) Time of itmersion.
(4) Concentration of hydrion - pH,
{5) OConoentration of deutral salt.
{6) Concentration of heavy metal jon = Pb?
| Broda fouxd thet the time of washing of the emulsion
after irmergion cculd be varied within wmide limits without
arfeoting the uptake of uranium. A smell inorease in the
terperature of the immorsion bath ‘cansea a relatively large
inorease in uptake, as evidenced by the faot that between 3°C,
and 32°C, the uptake inereased three-fold. The velooity of
uptake decreased rapidly with time of immersion until the
ernzlsion became appavently saturated with uranium. From the
track counta he obtained Broda showed that the emilsion took
up mch rore uranium per unlt volums than the concentration of

uranyl icn in the solution, and even allowing for the swelling
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of the emlsior during immersion it wus clear that most of
 $he urenium was ‘being agsorbed. The pH of the immersion bath
- had & pronounced effect on uptake; from pH 1 to oH 2.6 the
- uptake was reagonsble ccunsbant, but at higher pHs it increased
. rapidly with increasing pll. This imcrease in uptake with
. inc.rea-sing, pH Broda atteibuted to the -hycir.glysia of the
uranyl ion. ﬂe Pound that at constanst pB and constant
temperature the uptake of nranium by the emlsion was a linear
- funetion of the uranyl ion conceatration, except ot very low
_concentrations - abcut 10758, - when the uptake was greater
than the linear relationshin zjequired.- He further demonstrated
that a high co-neém:ration of nentral salt can considerably
reduce uptake, and tha’t high concentrations of heavy ‘metal iong
such as P'bﬁ, whilst not markedly affecting uptake can cause
serious desensitization of the emlsion.

'+ @areful consideration of these findings oointed $o.
. the. polssibility of developing a3 method for the micro-estimatlzon
of uranium by the immersion technique. The method is simple,

, . and is outlined below.

The Immersion Method.

& piece of Ilford Type 02 4Oy Muclear Research
 emulsion is ifmersed in a bath céntaining uranyl acetate,
under kmwwn conditions of temperature wad pH, for a measured

interval of time, It is removed, washed free from excess

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 emlsion under high magnification reveals mumbers of
single alpha.--’éérticle tracks from U238, 0235 and !}234',_— all
alpha~particle emitting isotopes of uranium. The number of
tracks in a certain volume of emulsion is counted, and since
uran.um is ta.kén up uniformly by the émilsioxi, the track
density per unit time of exposure gives a direct ﬁea.sure 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 Da.ys‘ Exposure, and this is hereafter referred to as the‘
abbreviation 4.7.C./F.0.V./10 days.

Since alpha~-particles are emitted at ra.z;dom the
number of alpha~particle tracks in each f£ield of view will
show etalistical Iluctuationé, and the percentage statistical
counting deviation will be given by 100//n, where n ig the
total mumber of iracks coun’ed. The counting of alpha-particle
tracks ie a fatiguing and time-consuming task, and as large
nuribers of plates had to be examinerd, not more than 625 tracks
per plate were counted, theredby giving & counting deviation of
4 per cent,

. In order to develop the method as an analytical tool
it mas necessary to estublish the reiationship between the
track count aad th'e uranyl ion concentration under the most
suitable immersion conditions. Therefore, all the conditions

influencirg the uptake of uranium which were investigates by
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Brods were re-investigntod, with the excopilons of (5) and (6)

@W’Wec

Exporizental.

A solutlon of uranyl ascetate, frasc of all alpha~
particle emitters except U238, U235 and U234, was prepared
from uranyl nitrate. This salt contains a progortion of
ionium, which stems trom U234 by aiphaepariicle emi¢sion and
itself emits an sipha-particle, oo it way nocessaxy o remove
this contaminant. Urystals of gr&xw}. aitrate, YOp( m;) g.KHQO.
ware shaken with a large volums of other, the uranyl nitrate
going into the stherssl layer and the lonium remiining in the
agueons layer formed L e ~ater of orysiallisution of the
nitrate, The sthereal layor wis mmvéd, the ethar carefully
svaporeted, and after wishing with a Little water the nitrate
wag eveporated to dryness. Suocessive gsmall gquanticies of a
mizture of glacial acetic soid and aoetic wmaydride were
addsd to the nitrzate, which was evaporaied to dryness after .
éve_ry addition, until no furtner niteous funes were evolved.
The residue, mairly uranyl uoetube, wn treated with glacial
acetic avid until a nagaﬁive test for nitrate ion was obtained
from a Yeab sample. The aostale thug pra;med was (issolved

in 5 per oent anstic asid,. The uranium content of this solution
- wag egbimated by removing three 5 ml. samples from the solution,
evaporating them to drynegs in silica cmiblezg and igniting
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them to constant wedght of U308 over Meker burners above 85090,
The three welghts agreed to within 0,2 per cent, and the solution
wag found to contain '81.25 g« of uranium per litre, From this
gtandard all the uranyl acetate solutione used were prepared
by diintion, |

Before commencing experiments amall pleces of Ilford
Type 02 40p plates, about 3 8ge.om. in ares were cut with &
diamond and cemented to mioroscope slides with Canads Balsam,
This facilitated the experimental handling of the plates, and
they were already mounted for microscopic examinaticn.
Moreover, the slides could be numbered for identifiocation by
soeribing on the glass with a dlamond.

Burmg manipaletion care wag taken that the plates
should not be contaminated, and all operations were carried
out in dim red light. With a few exceptions immersions were
made in blackened boiling tubes, which were clamped in a
thermostat maintained at 23°% 0,02°C. The time of immersion of
& plate wap réckoned from the time it was taken from the
immersion bath to the time of its entry into the developing
bath, and wesg measured by stop watch.

Imlsions were developed for 30 minutes, with inter-
. mittent rocking, in a solution containing one part of developer
to three parts of weter at 179-199C. The developer contained
242 go of metol, 73 g+ of anhydrous Napg03, 8.8 g. of
hydroquinone, 48 g. of anhydrous Naxl03 and 4 g, of KBy per



litre. After development the plates were washed briefly in
running water and immersed in & "atop dath® of 2 per cent
acetic asid for 10 minutes. They ware ized in a fixing bath
containing two parts of saturated 3&29363 solution, one part
of %acid herdener* and' eight parts of water until the
opaqueness due to silver halide had completely disappeared,
Pizing was usually complete in 30 to 40 mimtes, The %acid
hardener" contained 50 g, of anhydrous Hag®03, 75 ml. of
glecial scetio scid and 100 g. of potassium elum per Litre,

- After fixlng plates were washed in a stream of running water
for rore than an hour, All the solutions used in processing
were filtered before use, and when the developer began to show
& pale gtraw colour it was digcarded and a fresh supply
prepaered. Unfiltered solutions canse excessive background fog.

The pil measurements were made with a Casbridge
Ingtrument Company pH meter which gave readings accurate %o
©0.02 pif. The pH of the tuffered acetate~goetic acid solution
was adjustad #so the rquired value by the addition of asmall
drops of 3X. ROL or 38. NeOH,

The examination of the plates and the counting of
the alpha-particle tracks were carried out using a 95x oil
irmersion objective in conjunction with & 10x eyepiece, giving
an overall magnification of 950, and the arca of each field of
view wag about 2,54 x 1..0"'4eq,cm.
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The method 0f counting iracks was as follows. Fields of view
were chosen in such a way as to cover an area representative
df the vhole emilsion surface, cars being taken not topount
neér the edges of the emulsion, since tragk demsities were
always greater thers than in the interior, ZXach field of view
wag searched slowly from left to right, the search being
materially alded when the traock density was high by fitting a
squared grid into the eyepiece of the mloroscope. In this way
it wap possible to make an accurate count, no portion of a
£3eld o view being counted twice, It was the convention when
counting % include tracks which appeared only partly within
the field of view, The main ervors in track ococunting may be
sub«divided as fo?.!.ous..
(i) Frrors ‘due to non~identification of tracks, or the
identification of spuricus tracks.
(11) Errors due to contaminasbion of the emlsion, and to
) extraneous alpha~partiole tracks originating in the plate
" backing of the emlsioh. These may De classed as track
‘background. .
{1) Fiom the experience galned in examining thousands of
alpha~particle tracks it appears that the minimum rusber of
consecutive gralng reguired before a tragk can be fidentiried
a8 being due to the paseage of an alpha~particle is about five
or aix. Yugoda (34) claims that tracks of residual range of
0.3 aireom. can be differentiated from the background
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vhen a magnifieation of 1000x is used. "&ch a track mﬁléi
have a ra.nge' of a‘béut 2 mic-rox;s. in the emulsion, and proba.biy
consist of five or six grains. Thus some alpha-particles
emitted near the top or bottom of the emlaion mz;.y not leave
sufficient grains to be identified as a track., In addition,
tracks in the emlsion formed by alpha-particles Aemit."bed ab
angles normal to the surface may mot be counted, since as the
depth of focus is aliered such tracks will only appear as
persistent grains, and may easily be missed if the background
fog is appreciable. ‘
(i1) Examination of unexposed plates reveals very few
background tracks, only about one track being seen per hundred
fields of view. Besideé these tracks, due to contamination of
the emlsion in mamufacture, several stars per plate may be
obseﬁéd which gbviously have their origing in the glass backing
of the emulsion. These afa easily recognised as being spurious.
) It is worthy 62 note that in céses vhere it was
suspéct-ed that track counts were suspiciously high .me.a.énrenents
of the e‘tﬁﬂ.smn thicknesses of the plates being counted have
shown them to be mich greater than 40/1. In one cage an emlsion
thickness 75 per cent in excess of this was measured. Pisces of
emalsion used for immersion exzperiments ﬁére normally taken
from the central portion of the Ilford Type €2 Kuolear Researoh
plétes used, in order to avoid the wariation in emalsion
thickness, S |




Five plates werc irrorsed in 4 solution containing
{4 % 1‘3’4{;. of uranium per ml. for 30 mimtes at p 2.0 and
2500, After irmersion the plates were washed for 2 seconds,
30 secdmis, 1 mimute, 30 mimites and 1 hour respectively.
They were given exposure times of 1 day, processed and track
counted; and all of then guve an 4.T.C/F.0.V +/10 days within
the 1imits 7513,

This indicates that within the counting deviation of 4 per
cent the time of washing has no effect on the uptake of
uraﬁium by the erulsion.

The rooult agrees with that of Broda (32).

~

. Plates were irmersed in a solution containing
7.4 % 10745, of uranium per ml. for 30 mimtes at pH 2.0 and
at temperatures of 0%c., 25°C, and 28°C,. The immersions were
corrisd out in duplicete, and the latez given exposure times
of 1 days The track counts are given in Table 3,
Table 3.

Temperature X0¢, 25%, | 289,

L

AJT.0./.50.7./10 daye 1 45 R 122
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There is almoab a three-fold 1mi~oaee in uptake of uranium
over even this small temporaturs range, and therefore it is
icperative to maintain the irmersion bath at o constant
tcmperature to obtain reproducible results,

This result confirme that of Ercda (32).

(3) Iime of lomersion. |

] (1) The comcentration of uranium, the hydrion
canaexztm@:ion and the temperature of the solution were maine
tained Aa.tA congtant values, and the time of mieion varied,
Ipmersionc were rmde in solution conteining 7.4 x 10"4g¢ o}
uranium per ml. at pH2.0 and 25°C, for periods of 1 nimte,

5 mimtes, 10 nimutes, 30 mmeé, 63 mirotes and 151 mimutes.
ALl plates were given an oxoofure time of 1 day.

~ Table 4 bslow ghovs the observed track counts for the different

times of Limmersion.

At 25%C. ana pHf 2.0 Uranium Oonen. 7.4 x 10~4g.U0/ml.

Tine of Immersion 1 5110 | 3| 6 150
in miputes. ?

AJT,0/F0.7./10 daysl 49 (60 | 19| 5| 0 64

These results are used to plot Graph 1 opposite. The lines
dravm through tho points on the curve give a measure of the
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of urmxim by t,h;e emilsion imcreuses ropidly ﬁi@x&}im of
fzmersion, voaches & meximum velue ard then sipesss to decrease
3z . This indicstes a tendengy for the uranium to be
slowly démrbaﬁ after an initlal gbrong a@sawﬁem The period

of time over which the incrsase in uptake iz rapid probably
. emims the pém{aﬁ ef swelling of the eml ienm '
(14) 7The above sxperiment wes repested using &
solution contaiming 2.1 x 1074g. of wrenius per m., and meking
the immersions st @1 4.0 end 19%. for the @ifforent
immerglon shown. Plates were givern exposare times cf approxs
imately 1 day, Ths results are givenm in Tadle 5.

5 times of

‘At 19°C, and pH 4.0  Uranium Comems 2.1 x 1074g.0/ml.

Time of Immersion 3| 6| 9| 12) | 55 115| 240|420
- in mimebes. #ﬂ

A.T.0./F.0.7./10 days| 16 (33 |44 | 47| 60 121|165 | 195

. The Pigures tm the sbove table zre used %o plot Gragh 2.
8ince these iumersions were mude &t Toom temperature they are
cosparable with those mads by Brode and show the same tremd
towsrds saturation, bet give ne evidense of desorption aw ia
Graph l.
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From the figures given in Table 4 the Avera.gs Track Count per
day for a plate immersed in a sniution containing 7.4 x 10‘47,
of uranium at PH 2.0 and 259C. for 30 mimutes is 7.5 tracks
per F.0.V. HNow, the area of each F.0.V. is 2.54 x 1074 sq.cnm.
and the thickness of the emilsion is 4 x 10~Jcm., and so the
volumé of ;amls‘ion exacpined ver F.0.¥, is approximately 10'6m1,
Prom _tﬁis it follors that the track density is 7.5 x 106 tracks
per ml. of emlcion, for cach day of exposure. The amount of
uranium regiired to glve this murber of aliha-partisles in a
dzy is 3.5 x 10"3g, Thue the emulsisp takes up about five
times the corcenteation of urzaiom in the solution. Swelling
of fhe ernlsion will account for some of this, btat there is no

doubt that urapium is adcorbel,

(4) Concentration of hydrion = ml.

o In this experiment all factors affeoting uptake were
| controlled except the pH, which was varied within wide limits,
- Immersions weré made i. solutions containing 7.4 x 10‘55. of
uranium per ml. for-30 mimtes at 259C, The experimental

results are given in Table 6.

Iable 6. .
At 25%, Uranium Concn. T¢4 = 10"5g..U/m1.

oH. 1.1 [ 1.5 | 2.0 | 2.45 | 2.95

A.T.C./F.0.V./10 days{1.07 | 4.8 | 8.0 2217 60
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abka A {Qontipuad) .
— -
it 3:55 | 3495 4480 | 4435
£.7.0./ F.0.V./10 d&ym‘ | & |1 | 713

The fisures in Table ¢ were used %o plot Gragh 3,

The gradual inorease in uptake of uranium from pH 1.1 to pH 2.0
may not be reul since at pis below i 2 there is considerable
£24in; of tracks, vhich would make the traok counts obtuined
teoo low. BMNoreover, as tﬁe niates iomrersed ot pis 1.1, 1.5 and
2.0 were glven exjosures of 13 dajs the track connt loas may
have baen conasidersble. All pther plutes were given ex osures
of 1 daye. | | '
f:‘heré is a ranid droreage in vptake of uranium beiween pH 2.0
and o 4.0 and it is shourht that in this pll reglon the uranium
is hydrolysed. After fH 4 the uptake of uranium is
approximitely conctan.s, and here the uranium is undoubSedly
fully hydrolyesd. |

The following figures, showing inoreusse in uptake -r;ith inorease
in pi, are given by Broda (32). . :

pH (caloulated) sessescee 10 1.6 2.0 2,6 31 307
Hormalised track oount .. 37 4L 41 67 330 600

' These figuren have boen used %o nlot the dotted curve vhich
has been normalised to £it Gragh 3 at plI 2, It will be noticed
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that the tw curves are similar in shape, although Broda did
not make immersions at pHs beyond 3.7 and consequently did
not observe the platesu after 93'4. The solution he ﬁsed
contained 1.2 g. of uranium per litre, and in consequence his
exposure times would be short. '_ Daring short expomrés the
fading of the latent image due to high .hydrion ¢oncentration
vould not be serious, and, therefore, the portion of the
dotted surve (Broda's curve) from pH 1.0 to pH 2,0 probably

repregents the true uptake of vranium.

(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 investigating the influence of uranyl ion concentration on
the uptake of uranium by the emilsion were (a) an lmmersion
time of 30 minutes, (b) a bath temperature of 25°C, and (c¢) pHs
of 2.0 or 4.0. The upteke at pH 4.0 is approximately 10 times

that at pH 2.0, and should give the rmore sensitive results, but
the effect of ur.nyl ion concentration at both pHs was studied.

Although it is in the region of pH 2 that small changes in pR
bring about rélatively large increage in uptake, it was decided
to make immersions at this pB rather than at, say, pH 1.5,
‘because of the effe¢t of hydrion concentration on the fading
of the latent image. An immersion time of 70 mimites at 25°C,

nas selected because after this time the emulsion is
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apparently saturcted with urasniom, thich tendc to Ye desorbed
if the impmersion ¢ pusinased. '

| {i) Pretes wexe imersed In wvaryl cogtole solutions
of difforeut concensrubinag Tor 30 pinutes ob 23°G, und pE 2,0,
maghed for %0 seconds, and stored in the durk for exposure
times which waried ascording o tho concentritlon of urcnium,
All immorpsions wore madc in Guplicato and the vewlis ay ear
in Table Te

Toble Te

At 25°C. and pH 2.0 Imnargion Time 30 ninites.
Concentration of Time of ,
Uraniu Ezosure | A.T.0./F.0.V./10 cays.
z 105g.0/m., paya.
19@ 1 176
1040 3 107
740 1 I5;
484 i 5
no 3 26
104 7 12
4. 1L 8,0
5245 6 5e9
2L RS 2.6
1044 2 1.45
14 35 0.83
540 36 0426
|
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(i1) Irmersions were mide inuranyl acesate solutions
of dizforent concentrations for 30 mimutes at 25°C. and pH 4.0,
nashe! for 30 seconds, a.nd storol in the dark for varying
perlods of time. The track counting of these emilsions ras
carried out using a new microscope giving o magnification of
1425, and the area of cach field of view was 1.41 x 10" %sq.com.
The results are shown in Table 8, |

. . Zable §.
At 25°C, and pHl 4.0 Immorsion Time %0 minutes.,
Concertration of Time of i
Uraninm Exposure | A.T.0./.F.0.¥./10 days.
x 105g JU/m, Ggs.
1086 1 53
74 1 43
53 1 27
25 4 146
10, 4 1.6
7+4 18 0.24
540 18 0.17

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

shovn to be a linear funotion of the uranyl ion concentration
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down to lo;‘sg,-ﬂ/ml.., ut at lower concentrations this is
clearly not the case. Emulsions which were‘ immersed in sclutions
of very low uranium content were given long exposures, and |
"!.:he examingtion of alphe~particle trucks ix.xuthene,emlsions _
reﬁéleﬁ mirked reduction of the grain densities. The data
pwaénted in Chapter 112 6-2 this thesié. show that during long
exposures & oonsiderabls amount of fading of the latent track
image oan teke place under norral atmospheric eonditions.
_ﬁnfsrtﬁmtaly vhen these experiments were carrisd out the
aerious nature of this fading was not known, and no special
prfei.ca.uﬁione were taken during storage of the plates to prevent
loss of trucks by fading. However, even allowing for a
congidereble amount of fading it is believed that the deorease
- in the ratlo £ the truck count to the uranyl ion concentration
shown in Gra_.ﬂ:k 6 is real. For instunce, the track count for
& uranium concentration of 5 x 10“Cg.U/ml. at pH 4.0 is only
the game ag that for & similar concentration at pH 2,0, when
it should be 10 times greater. The trend in Gragh 5 may not
be real, for although in this gase exposure times were very
much longer than those ai pH 4.0 the deorease in the ratio of
track count to uranyl ion concentration is not so0 pronounced.



The experimental data show that for a standard time
of imérsion of 30 mimutes at 259%C,, and at pHe of 2.0 or
440, the uptake of uranium by Ilford Type C2 Kuolear Research
em;gusiqn ig a linegr function of the uranyl fon concentration
for comeentrations between 10”3g.U/ml. and 10~ 5g.0/ml, AS
lower concentrations of uranyl lon the linear relationship mo
longer holds, Beoause of the uncertainty of 1;2&9 experimental
results in this region, due to loss of tracks 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 zadiz;g of the latent imsge esmlsions Aoould ba
stored under conditions designed to prevent fading, such &s
those cutlined 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-sstimation of uranium, and
many hours would have to be spent in treck counting to attain
the acouracy required. It io possible that by using emilsions
of much greater thicknees, and making immersions at higher
temperatures under similar conditions, the track counts could
be enhanced, but the uncertainty of the true relationship
betweeaxi the obgerved track counts and the uranyl ion

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

of uraniun in low grads ores, since very smuli pieces of _late

-can be cut from large plotes and these would reguire mch less

than nl. of solution for complete irmrmersion. However, a
nethod for: eatimating uranium down to 1‘0"‘8‘3. with fair
accurasy wag needed, | co attempts were made to develop methods
of greater sensitivity. Jm account of theae ig given in the

next chapter,




-5

Vi, THE PHOTOGRAPHIC MICRO~ESTIMATION OF URANIUM

BY THE EXTER URCE MET

When & drop of uranium solution is delivered onto
the surface of a Nuclear Researzh exmlsion" it will spread over
the 'whoi.e a.i“ea., and after drying some of the uranium muclei
will have penetrated into the emulsion and the remainder be
concentrated at or near the surface. The track count obta.ined
from a representative- é.rea. of the eimlsion, after a known time
of exposure, should give a measure of the -a.munt of uranium
present in the original drop provided the area of impregnated
.emllsion garface is known, An attempt was made to develop a
method for the estimation of microgram amounts of uranium
aggording fo this procedure, but it was found that the solutionm
had a strong tendenéy* to overflow the edges of the emulsion.
- This was especially so when the drop consisted of uranium nitrate
dissolved in quick-drying solvents such as an alcohol-water
m'ixture or ether, which have low surface tensions. If
dompa,ra.tively large areas of emulsicn &ere used in order to
check this tendency the observed track counts per ﬁeld of viev
were 8o mall, with low concentrations of uranium, as to
prohibi‘h the use of the method; the mmber of fields of view
which had to be counted to give the required counting ascuracy
” being very large indeed. !oreover, there was some uncertainty

a,é to the actual fraotibn of the uranium nmuclei which remained
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- on ‘t‘hé sarface of the amileion, as this varied with changes
in conditions of ewnporation and led to inaccurate results,
The method is recormended by H.Yagoda (35) 4n his recent book
a8 being ussful for uﬁs otudy of rare solutions, since only
very 'mn.l wlumes of solution are regquired,

Ingtead of evaporating a small drop of solution on
the surface of .ﬂm smlgion the drop may be evaporated on &
plane glaga sarface of mau ares, and this o.xéeml souroe
applied to the emlsion for the desired expomure time. In
this my uncertainty as to the tme time of exposure due to
the tims for the drop to evaporate is entirely eliminated.
Providing the amount of uraniom deposited is of the order of

siomgrams no corrections need be applied for source sbsorbtion
of alpha-partioles. Usipg this teohnique the method ontlined
below hay been developed.

A mcaa,mém drop of sclution, containing a known
amount of vraniusm, ia &alivezé& fros §'oalibratad gapillary
nicru-plipette onto the plane ground end of a glass rod of ,
about .15 sq.om. oross-ssotion, The drop is glowly mpera.tdd
to dryness using a redisnt heater, and the end of the glass
rod clamped against & piece of Ilford Type C2 mﬂ.éion. Atter
tixa deslred exposure time the emulsion 1s processed, dried,
and examined under the microscope using & magpification of 1425,
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| The deposit on the end of .the rod is far from uniform, most
of the uraniﬁm_migrating t0 the edges of the érop during
evaporation, and the track pattern revealed in the emulsion
by microscopic examination is similar to that sketched in
Fig. 1. |

2 c
The high track density defines the edges of the deposit, a.nd

'by means of the micrometers on the microscope, which enable

the stage to be moved along the x and y axes, an area
containing the whole of the tracks is meagured. Such an area
is 4BCD in Fig. 1. The whole of the area ABCD is systematically
track counted, commencing at A and traversing to B by moving
t‘hq;;gtage one F.0.V. diameter at a time. The distance AB is
fixéé'so as to be an exact mltiple of one F.0.V. diameter.

At B the stage is moved so that a distance along BC greater
than oge F.0.V. by 18 microns is covered. This avoids the
‘possibiiity ‘0of any track being cm.mt.'ed‘twice. The ,trézk
counting of the emlsion is resumed, traversing from N to A.
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All tracks start at the emlslon surface making
the track counting easier than in the ocase of immersed emlsions,
and tracks having their origins within the emilsion are not
counted. ©Such spurious tracks are very few. Should a track
appear only partly within a fiecld of view it is counted 1f
its emmlsion surface end appears within the field of view.

Account is kept of the mumber of ﬂelés of view
ocounted and of the total track count. The area of ons F.0.V.
15 1.41 x 10'49q.cm:.v, and so the area of emlsion counted is
| computed. It 1is agsumed that the average track density in the
unexamined portion of the emlsion 1s the same as that of the
track counted portion, é,nd although the digtribution of tracks
is very heterogeneous this is a reasonable assumption. Hence the
total number of tracks is estimated.

AJF.Eovarik and N.I.Adams (36) give the rate of
emission of alpha-particles from the isotopes U238, U235 and
: 5234 as 25.01 x. J.03 alpha=particles per aecond per gram of
uranium. Thus 10” 6 g.: of uranium emits 2160 alpha~particles
per daye. 'If a source of uranium containing exactly one
microgram is deposited o‘n- a plane glass surface and plaoéd-
against a photographic emilsion, at the end of one day's exposure
1080 tracks should be registered. This mumber is, of course,
subjeot to stati ®ical fluctuations, since alpba~particles are
emitted at random,




| premrod from the uranyl goatata standard purified for ﬁao in

~about 7 mm, bore glass tubing was drawn out into capillaries

-56e

| Using this figure the mumber of tracke expected from
the urenium deposit én a rod is caloulated.

In order to test the meshod varicus sources of ;amim;‘
trom 107 6 « 0f uranfum to 5 x 10"8'3. of uranium, wers deposised
on the plane gmunﬂ ends of glass rods and applied to pleces
of Ilford Type 02 emulsion. The obzerved track cocunts were
then compared with the caloulated values. |

Experimental.

The uranium solutions used in these experiments were

the Immersion Method. .
_ The ‘oapillary micro-pipettes wore mamifactured from
soft glasa tubing in the following way. A short length of

of about 0.5 mm. bore, and these were cut into 10 om. lengths.
The crogs-ssotions of the capilleries were inspected under the
microscops, and those with non=circular oress-sections were
disoarded. The bores of the sapillaries were :-smined
QiqmsﬁQpienIy along their ‘mtiro lengths &% intervals of 0.5
om, and those showing variations in bore greater than 0.5 per
cent were discarded, Only two out of sbout forty cspillaries
thus prepared and ingpected came up to these requirements. Fine
tips were drawn on the ends of these, md they were clesned in
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agua regia, wa.ahed and dried.

_ The micro-pipettes were eanbr&ted for capacity by
weighing the nercury in different lemgths of capillary. This
‘ pravidgd a fur“ther check on the uniformity ef bcre-, and
indicated the &ppmxima.te delivery per om. to be expected.
qunids are taken up in sach pipettes by. oapillary action, and
delivered by placing the tip of the pipette agalnst the surface
of the receptacle and expelling the liquid frem the pipette
by gentle blowing with the mouth. The expelled liquid will
form a drop around the tip of the pipette and when suffiocient
has been delivered the tip of thg pipette is withdrawn sharply
from rthe drop. In this way liquid is delivered without
creeping round the tip of the pipette, The technique requires
~practice tut it is easily abquired. Using' this method the
delivery per cm, of the micro-pipettes wag determined by
delivering measured lengths of concentrated B804, and
titrating .the acid against §/100 KOH with phenolphthalein as
indicator. The acid wae delivered onto thin glass cover slips.
and these dropped into distilled water in the tifra.tion vegsel.
The le.ngthé_u of aoid delivered were measured with & centimetre
rule fitt_edt wiﬁh é. vernier, and reading to 0.1 mm. In no oase
was the full volume of acid in the micro-pipette expelled,
since this would have introduced errors due to the narrow tip,
but measurements of the lengths delivered were made according
to Fig. 2.’ |




Bafore delivery

m"= = After delivery
1 1s the length of 1iquid delivered. ,
Typioal results of such a calibration are givea in Table 9.

: [

Zable 9.
Leagth of ,mé, of Volume of Bdivery of
36.6 ¥o Hyf04 | 0,806 B/100 | 36.6 B Hy804 | pipette per cm,

| @asiivered, ‘X0l uged, X 103311; x 107 'nl."

'é.‘sa am; | 18;05 ’ 3.97 1.2

3446 ome 25,65 584 | 1.69

2.40 om. 18,81 44 1.72

4473 O™ 36465 8406 1.70

1.91 cm, 14.60‘ J 3.20 ) 1,’68_

From these flgures thé capillary micro-pipette delivers
.70*0.02 2 107 3 ml./om.

The oapmary mioro-pipettes thus prepared and oaubra.ted ware

earettﬂly labelled and stored in olean test tubes with ocotton

4
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wol eo proteat the mpg.

The glasz rods with plane gmnd ends were prapared
from ordinary Pyrex glags rod ap follows. The rod was cub
- ints 12 om. lengtha, and one end of mt;h length trimmed with
' mechanical grinder until it wss about 4 mm. square. This
. end was mwxd«mwhanieauy with various grades of grinding
powdersg until n was plene, the final srizxding being done with
moist alumina,

Smnll piaﬁ.es of IlZord Type C2 plates were cut aad
 oemented to mwmaeepe alides before use, s described in
Ohaptar Vs

_ ~The camera used for holding the yrenium deposit
ag;amat the emlcion 13 mustrated in Fig. 3

Figs 3e
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The spparatus consists of a wooden bage about 9 inches by
S inches, in which two 3} inch wooden uprights are set, The
miorosgope slide 8 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 aluminiwm slotted bar A to be mved into position sbove the
mioroscope slide. A brass sorew B, bored to take the glass rod, |
pagses through the glot in the aluminium bar with its head
, reeﬁng against it, and when the glasg rod has been set in the
| required position fon the emlsion surfage a drass mt olamps
the sorew in position, ‘Thus the rod is supported vertically,
and the only weight pressing on the emnlsion surface ia that
of the rod ‘nzself. Examipations of reds held in this way
againet emlsion surfaces show that there is no visible air
gap betmeén the end of the rod and the emulsion. In practice
care :mat be exercised in setting the ends of the glass rods
againet the emulsion surfaces, otherwise thege may be damaged
and some *oz' the depoeits rubbed off the rods. The apparatus
18 covered with a light tight box for the mresion of exposures.
Helf a dogen exposures may be made in the camers at the same
time, | »

The emulsions were processed afbsr axposure
acoording to the method given in Chepter ¥, |
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The microscope used for examination of the emmlsions
and for track counting is shown in thé photograph opposite,
It was specially deslgned for work with Nuclear Research
emileions, being constructed by Cooke, Troughton and Simms Ltd.,
on the suggestion of Dr.Rotblat of' Liverpool University, and
hag certain distinctive features. | |

By means of the two micrometers M the stage of the
microscope can be moved along the x and y axes go that
exami—nation .o‘f an emlgion can be made anywhere within an
area of 6.25 sq.cm., dut to examine an area larger than this
| the position of the plate von the stage must be altered. The
micrometer screws may be read accurately to 1 micron. The
wheel W1l enables the oil imersion objectives to be racked up
and down very slowly in making a thorough search of the full
depth of an emlsion, and it carries a scale gradmated in _
microns. Thus, with the aid of the micrometers and the finee
focussing adjustment fairly accurate measurements of traock
lengths can be made. The wheel W2 racks the whole of the stage
and eubstage into position beneath the objeotive, and wheel 3
adjusts the substage. The binocular eye-pieces can be moved
to the-l distance between the eyes 5? the observer, and prevent
undue eyestrain during observation. Measurements of the angles
between tracks can be made by fitting the goniometer provided
to the eygpiece. Numerous other eyepiece attachments are
~ ayailable.
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The microscope has a tuiltein illuminating systen_
with a variabie' diaphragm for regulating the light intensity,
and colour filters to aid observation. The best conditions of
illumination for track counting were obtained by adjusting
the illuminating system to give optimum illumination ﬂth the
diaphragm fully open, and then inserting the green colour

~filter and closing down the diaphragm until the.ughf: intensity

was just sufficient for clear obsemtioa. Emilsions were
counted at a megnification of 1425. ¥hen traversing along the
x axis the right hand micrometer screw was moved a distance of
1,34 x 10" %m. after the track counting cf each F.0.V., which
wag %the diameter‘ of one F.0.V.; and on reaching the edge of
the area to be counted the stage was moved a distance of |

1;62 X lc”zcm. along the ¥ axis by means of the front micrometer

- BCTew. ‘rra,ok.countmg wag then resnmed, traversing along the

x axis again until the oppbécité edge’of therareacwas-raachied.
In this way the whol’e‘of'ti;é'a;g;a. T examined. - - . Usually
this area was about 0.3 sq.cm., and approximately 65 per ccat
of this was aotually track counted, the other 35 per cent being
agsumed to have the same average track density.
Bo corrections were made to the estimated counts

for the background oouat of the‘lemlsion, as this only amounted
to about 1 track per 100 F.0,Vs. EBormally fewer. than 2000 F,.0,
were counted, and so the maximim background would be 20 tracks.
Most of these background tracke have their origins inside the
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emulsion and were comsequently not counted,

(i)

_ &posnr‘a‘s were made using sources containing amounts
- of uranium £TOM S.77 = 10’53@ te Te5 % m"sgg, and for time
inteyvals caloulated to give mufficient tracks to make the
statistical eauiat@,mg deviation emgll. All plates were not
exposed 0vsY the same time interval, and, therefore, there were
variations in elimuiic conditions, notebly of humidity and
teﬁspemﬁ'zr'e; et all ox_znéuma wore made during the winter
wonthse

The results of these exposures are given in Table 10,

¥eight of | Exposure | Counts |Percentage| Alphas ®
Uranium Tima Counting per g.0 ’;%
. 8 ~ in Obaetved. Deviationd per sec.| 2.50

|z 20°g. | Dayes - - x 10%.

571 ,-;__.} 3 | so60 | L3 [2.40 x 104 | 968
247 | e'.gs." | 25 | 2.1  |2.35 = 104 94%
935 | 233 | a2 208|237 2108 | 95
Y 59..5- | 11.92 | 3880 1.% |2.27z10% | 9
| 2344 3,79 877 346 |2.26 x 104 | 90,56

7452 1192 | 925 3.3 (2,36 x 204 | 94.5%
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" 411 the values obtained t‘or the rate of emission of alpbaw
B par* lslee xrom uranium are low coz:@a.red with the value of
2,50 x 1 alphas per ascond per gram of uranium given by
| Kovarik and Adams (36). It will be seea from the last column
_of Tatle 10 that two of the determinations, made with weak
aources and glven fairly long exposurss, are about 9 per osnt
~ too low. Allowing for & 1 per cent error in the welghts of
uraniom used, | taking mto sscount the counting deviation,
these valuss are still serlously low,
~The follawmg were comidereﬁ ag belng possible
reasous for the low track counts obtained.
(a) Loss of some of the deposit of uranium by sputtering
| &rlné the evaporation of ths drop of eolution,
(b) Loss of uranium from the glass rods during manipalation.
{0) Ioss of uranium by the sslution gverflowing the edges of
- rthe glass rod @uring evaporation,
. (4) Loss of tracks e to fading, .
(#) Loas of tracks by fallufe to recognise and count same,
0t these (a) and (4) were thought to be the most likely sources
of error, pinse the ands of the glags rods were carefully
~ waxed around their perimeters tc prevent the drop from ruaning
over the edges, and no overflowing was observed, The deposit
adhered very firoly to the end of the rod, and only exsremely
carsless handling oould rudb £t off. With the experience gained
in recognising and ocunting Q.pha-paruole tracke the number
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of trasks missed in counting was considered to be very small.
No ?recantions were taken to aveoid fading as the exposure times
were not very long, but recent work, to which reference has
already been made in Chapter III, has shown that fading can
be appreclable even in short exposurese.

In view of this further exposures were made using
borax loaded emmlsions, which have deen found to conserve the

latsnt track image for periods of 3-layed development up to

50 days.

Some pleces of Ilford Type C2 emulsion weire immersed
in a solution containing 10 g. of borax per litre for 10
mimtes and allowed to dry. E‘xposux_'es were made using these
erulsions and amounts of uranium varying from 4.'{6 X 10.6g.
to 4.54 x I.qu. Care was taken to avaporate the drops of
'solutvion very slowly using a radiant heater.
_ The 1_'esults of these exposures are presented in

Table 1l.
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Table 11.

Weight of | xposure | Counts Persentage] Alphas = | 4age
Uraniam | Time. Counting per g.U of
8 in Observed.| Deviation.| per sec. 2.50
x 10 g, Days. : x 104
476 1.77 | 90%0 19 |2.48 x 104 | 994
138 2.02 | 2980 1.84 | 2.48 x 104 | 99%
81.2 | 4.56 | 4030 1.66 (2.50 x 104 | 100.49
45.4 | 202 | 1000 3.2 | 2.5 x 104 1oo.4¢|

Prom ﬁhe figures in Table 11 it iz clear that the method is
& Vvery good ome for the micro-estimation of uraniom, and
couid likewise be used to make an accurate determination of
the disintegration constant of U238. There is no fading of
the latent track image in borux loaded emilsions stored under

ordioary stmospheric conditions Zor periods up to 50 days, and
-8

therefore the method should be workable down %o 10 “g. of
wraniug.,
Conclusions.

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

other methods. :Mici_'ogram amounts c¢an be estimated with an
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accuracy of 3 per cent and'lo'eg. with an acocuracy 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 2.48 x 104 alphe~particles
per second per gram, in very good agreement with the value
obtained by Kovarik and Adams (36) using the alpha pulse
counting method. )

The method should prove suitable for the estimation
- of the uranium contents of low grade ores and mineralé.
Attempts have been made to apply the method to the estimation
of uranium in magnetites. An aocount of this work is given
in Chapter VI1I,




THE _MICRO-ESTIMATION OF URANIUM IN WINFRALS.

It is essential in using the Exbernal Source Method

fha,t the deposit of uranium or the end of the glags rod should
be Pweightless®. Corroctions carnet be mede for the source
thickness unleds %his i vuiform. Thersfors, in cpplying this
‘method to the estimation of the urenium content cf minerals
and rock specimens the uranium mast be ext-acted from them in
a pare, corriem-free shate,

The urenium content of minerals ia ususily of the
Qrdey -o:f & microgran of wranium per gram of mineral, and
¥.DUrry (3) haz chown that snch a swmall cmount of uranium can
be quémtiﬁatively removea frow soluticn by co-precipitation
with the hydroxides of ferric iron and zluminium, using
carbonatesfree ammonis ag precipitant. Following the preliminary
separation of uranium in this way it must be cuantitatively
.removed from the carrier ivon and aluminium. It is well known
that uraryl nitrate can he removed from ameons snlutions
. eontalning a high proportion of neutrsl nitrate by extraction
with ether, but the partition coefficient for thz extraction is
dow, hingtead et alii {37) have sﬁovm that wagder similar
extraction conditions tetrahydrosylvan {Zemethyl tetrahydrofuran)

hag a much bigger partition coefficient for uranyl nitrate,
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. ¥ith the sbove faots in mind 1t me declded to use
"the following prbcednre in an abtempt o extract uranium
quantitatively‘ from minerals 1n~' & pure, ca.frier-f*ee sta.te’.i"
(1) The whole of the mineral specimen to be analyeed for

 * mranium, sbout 1 gram, is brought into solution.

(ii) Ferric hydroxide, and other co-precipitated hydroxides,
’ are precipitated from the solution by the addition of
carbonavesfree amwonia. Should the mineral contain iron
or aluminium, ¢35 in ’beryl‘s anc magnetites, no ferric
iron carrier is added to the solution; otherwise about
10 milligraiss of ferric iron are udded as Terric chloride.
B -(’i‘ii}?he precipivated hycroxides are Gissolved in the minimum
' amount of :zitr o acid, the solation &c{j&sté@ to about
L 50. pez 'cér';t'.-.ni’l;ra;ae_."coneéfrtratioﬁ vith drmoniom nitratey
| and extracked witl sicoessive equal volures of tetras
hydrosylvan wotll the extraction of urasium is complete,
{iv) The combined tetrshydrosylvan extvacts are cvaporated to
Gryness; and the recidue taken vp in SKN. nitric acid and
, eva.mra.teu 0 @ spall drop about 0.02 ul. in volume. This
drop is taken up in a cmpula.ry mic&ro-pzpe’zte and
delivered onto the end of a glase rod, where it is slowly
evaporated {o d.:'ynesé .
Before adopting this pmce-&uré» preliminary experiments
ﬁeré carried out to test the :extra.otien efficiency of tetra=

-hydrosylvan under different extraction conditions.



The tetrahydrosylvan was fractionslly distilled bsfore
uge, and the fraction coming over between 78.73°C, and 78.9°C.
was taken,

During extractions made with tetrahydrosylvan from
solutions containing 50, per cent ammonium nitrate and 5 per
cent vnitrio acid tie acid attacked the organic solvent, and on
slow evaporation of the tetrahydrosylvan after extraction it
exhibited & strong tendency to explodel Care was therefore
exsroigsed in all extractions with the solvent, and the nitric
&0id concentration was kept at the abéoluﬁe minimam, although
extraotion efficiency was much greater with the aoid in the
solution, The pHs of all acid solutions to be extracted were
adjusted to about pH 3, that is to the yellow colour given by
thymol blue ‘.indio'ator, and then 1 amell drop of oonaéntratzed
nitrioc acid added. The very glow evaporation of the tetrae
‘hydrosylvaﬁ from these extracts on a hot water bath proceeded
smoothly, and left dbehind a minnmm of drown roninous mtter,
probadbly & polymer. Thie was easily destroyed by treatment with
58, nitrio acid.

The efficlency of the extraction of uranium from .
uranyl acetate golutions by tetrahydmsylm was tirst
investigated., |



1 ml, of uranyl acetate eo].ution containing 2
miarogré.ms of uranivm was ran into a 10 ml. ceatrifuge tube "
| fitted with s ground glass stopper, and 1 ml. of 80 per cent
amnnium nitrate and 1 emall drop of conoentrated nitric acid
added. This solutlon was extraotea with foux 2 ml, amounts of
tetmhydmsylvan, the eolution beiag agitated for 2 to 3 |
mimﬁes after each solvent additzon, and the aqueous and organio
laye:a being separated after agitation by centrifugation. The
ﬁétrahydmsylm layers wgrev 'éiﬁhdrawn, ‘coxbined and evaporated
to dryness in a 10 rl. orucible over a hot water bath. The
visible resitne of brown polymer was destroyed by slow
evaporation to dryness with 5 F. nitric acid, and the invisible
residue of uranyl ni-tra.tge taken up in dilute nitric acid. ZThis
acid 'ao‘.'l_,utioxi was slowly evaporated to & emall drop of about
0,02 ml. _voiume, and the drop tfansterred onto the end of a
glasa rod by means of a capillary micro-pipette. The oracible
was washed with a amall amount _of dilute nitric actd, which
was taken down to small volume and also transferred to the end
of the glé.ss rod, These d:dpé were evaporated to dryness and
the uranium dstermined by the External Source method,

The results of several such extractions show that
nranium can be extractsd with an efficienocy appmximting to
100 per cent.



Extraction of urenium carried dowr hy forris iron hydroxide.

- To a solution containing 2 micrograms of uranium
about 10 milligrams of ferric irom, ag ferric chloride, were .
added, aad the volume made up to 150 ml. with distilled water.
The solution was heated to boiling point and & comeentr.ted
. soiution of carbonale-Iree amonia added dropwise until the
smell of e..monia fumes indicabed the pr-ese'mé of excess. The
sclution was maini;ained near the btoiling point for 10 minutes,.
and then se¢t aside for half an hour. The precipitaie was
remved by ceatrifugation, dissolved in the minimum of
~ concentrated nitric acid, translerred to a 10 ml. centrifuge
tube and the volume adjustod to 2ml. with distilled water. 2 ml.
of 80 per cent ammonium nitrete were added, the solution adjusted
“to pH 3, using thymol blue as indicator, and then one small
drop of concentruted nitric acié added. This solution was
exiracted with four equal volumes of tetrahydrosylven and the
combined extracts treated as previoﬁ;l'ir‘ described.

The results cf taree extractions cavried out in this
way wers very unsatisfactory, only 31 per cent, 34 per cent and
21 per cenl 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) . Inoomplete removal of uranium from the solntion by
. adsor ption on rerric hydroxide.

(b) I-oss of alpha-partiole tra.cks due to the faot that a

oertain a.mount of iron was extracted with the uranium,

| » a.nd caused source absorbtion of alpha-partioles.
{e) Incomplete extra.otion of uranium with tetrahydrosylvan.

Purther extractions were made using a doudble extraction
technique, the extract from the first tetrahydrosylvan extraction
being redissolved in nitric acid and the whole extraction
'procedure repeated in order to reduce the amount of iron which
came out with the uranium. 8ix extractions with equal volumes
of tetrahydrosylvan were made in both cases instead of four.
The percentage amounts of uranium extracted by this procedure,
as meagured by the track counts obtained, were still between
20 and 40 per cent. . _ .
| It is possible that some of the uranium was adsorbed |
onto 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 spiteof the fact that the extraction procedure
was very nnsa.tisfact;ory 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.




About 1 gram of magnetite, finely ground to pass 200
mesh, was acourately weighed cut into & pladimm cruofble.
4 few drops of hydrofluoric acid were added and & fairly
7igorous reaction ensued. When it had subsided a few mors drops
02 aoid were added, and the oruoible warmed gently until fumes
ceased %0 be eyolved. This was repeated nntil sbout 3 ml. 1in
all of hydrofluoric acid had been added, Ooncentrated sulphurie
acid was then added dropwise and ths crucible heated to drive
02f the fumes of hydrogen fluoride produced. This procedure
 was repeated until further additions of salphuric acid failed
to produce fumes. In this way the small amount of silioa in

. ‘the megnetite was rewoved., The residue was fused with 6 grams

of .amzydmﬁa fusion mixture « sodium and potassium carbonates -
over a Meker burper for about half an hour, and the fused mass,
- when cool, dissolved in ‘i»;h& min&mm 0f dilute nitric acid.
There was no residoe. Since maghetite is mainly Fe304 thie
solution conplsted ohiefly of the nitrates of iron, sodlum’
and potassium. I% wos heated to boiling point, and carbonate-
free amwnia added dropwise with coastant stirring until is

| was in slicht excess., All the iron in the solution was
precipitated in a finely-divided form, and was kept at the
boiling point for about 10 mirutes b?fore being get aside for
half an hour,
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The presipitate was separated by centrifugation, dissolved in

the minimm of nitric acid and ev'apara.ted to dryness. The

.residne wag dissolved in a.bout 5 ml. of extremely dilute nitric
.a.aid, and the solution divided into two 2.5 ml. portions.

_ these were extracted according to the double extraction method
previously deseribed, and the combined residues from the
‘extractions transferred to the gnd of a glass red so that the

uraniom could be estimated by the External Sburce method.

_ _The results of two such uranium estimations are
given here, \

Weight of wagnetite taken .... “1.0567 g. 1.123g g.

Exposure time of emlsion (days) 3.34 3.83
Ectinated mmber of tracks ... 1060 1630

‘Ampunt of uranium (gms.)- sere . 340 X 1(}"7 39 x 107

Weight of uranivm per gram of , , . ,
magnetite, tsave 2.8 x 161)"7 « 35 x 10‘73:.

An indirect determination of the uranium content of
this _m‘gﬁéi&‘ite; by measuring its radiuvm content, was madé by
Mr, t‘iﬁ;ﬁ.«ueroer‘,of the Radioshemistry Department, and a value -
of 89, x 0 120 of uraniun rer gram of magnetite obtained.
Comparison of this valus with those obtained shove shows that

the extraction of uranium from the magnetite ic still only

30 to 40 per cent efficient’




-76- '

Comelagis Y

. The procedure described here for the extraction of
amounts: of uranium from 10"6'@, to 10773.. from agqueous nitrate
media is very unsatisfactory. Whilst tetrahydrosylvan is mch
mors gfﬁcfien_t than ofhez‘ solvents for extraoting uranyl nitrate

. from concentrated nitrate solutions, it is not an easy liquid

_to handle because of its tendency to erupt with explosive

viclence vhen heated at temperatures above its boiling point.:“
Other solvents could be tried in the extraction,
such as ether or hexone, which may not extract iron together
with uranium. It is possible that the partition
chromatographic technique devised by Linstead and his
collatorators (37) might prove of use in the ceparation of the
aranium before its eptimation by the External 3§uroe ﬁethod.
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SUHMARY,

The work described in this the31- wae undertaken to

develop an sccurate method for the micro~estimation of
uranium. There is a need for such a method, since the accurate
estimation of amounts of uranium between 0,01 micrograms and
1l microgras is an essential step in the well-known radioactive
methods for the age determinations of minerals and meteorites.

- With the exception of the fluorometric méthod, the
methods in present use for the micro-estimation of ﬁranium are
bgsed on the rates of alpha-particle emission from radium ang
uraniume " The recently developed Muclear Research Emalsions}
have presented the scientist with a means of recording the rate
of enission of alpha-particles, whzoh is not subject to the
rechanisul breakdown or electrical interference prevalent in
the electronic instruments generallj uged for the purpose.
Hicroscopic examination of such an emulsi ion, after exposure to
an alpha~particle source and subsequent development, reveals
the presence of tracks, consisting of closely-packed cilvar
grains, which are clearly visible at a magnification of 200
and can be easily and efficiently counted at & magnificktion of
1600,

The application of this Photographic Method to the
quantitative estimation of low levels of alphae~particle
activity is limited orly by the amounts of alpha=-particle
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'emj.ttsiag impurities incorporated in the emilsion during
namfacture, and by the rate of fading of the latent track
image in the emlsion, The former is very ssall indeed, and
the latter can be eliminated for exposures up to fifty days
bystoring the emulsions under suitable conditions. These
oonditions are thoss of vers; low temperature and !mnidity,
and the absence of any oxidisling agent.,

An attempt to estimate uranium indireotly, by the
estimation of radium by the photographic method, was
unsucosessful. It was an essential part of the method that the
namber of radium "stars”, produced in the emulsion by four
successive alpha~particles emitted from one radium muoleus,
should be accurately counted. This proved to be impossible
due to the faot that & high proportion of the redon produced
by the radium in the emulsion escaped before disintegruting,
and hence the number of "stars® counted was too swmall.

The photographic estimation of uranium by the
Immersion Method was investigated, The normal method of
loading an emlsion w’it‘h an alphs~particle emitting element is
to immerse it in a suitable solution of the element for a
perlod of about 0 mimtes, rinse it briefly im tap water, and
ailow it to dry. In this immersion method the element 1s taken
up uniformly by the emi.sion. The uptake is influenced by the
solute concentration, the pH of the solution, the tiﬁe of
dmmersion and the temperature of the immersion Eath. The
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uptake of uranium by the emylgion ‘from uranyl acetate solutions
at m»rcllled \pﬂs of 2.0 and 4.0, a standard immersion time of
30 viam«s and at a temperature of 25°e. was investigated. It
' was found;tha_t for concentrations of uranium between 10~ g./ml.
and 10°5z./ml. the uptake of uranium, as measured by the
observed track count, was & linear function of the uranyl ion
conoex‘:tration,‘ but that at concentrations lower than 10'5g./m1.
the relationship between the uptake of uranium and the uranyl
ion concentration was uncertain. The track counts obtained
for the lower concentratibns’é;ere inaccurate due to loss of
tracks by the fading of the latent track image.

- Amounts of uranium’from 10'63.’ to 10'83.' were
accurately deterained by the External Source Methcd. The
uranium to be estimated was deposited on the plane ground end
of a glass rod, about 0.15 sq, cm. in cross-sestion, and this
wag firmly clamped against a piece of photographic em:lsion
for a measured time of exposure. After development the whole
of the area of the emlsion oocupied by the tracks was counted,
and from the estimated track count the amount of uranium wag
determined. With exposures made under brdinary atmospheric
conditions it was found that a small percentage of tracks was
lost due to fading of the latent image, tut emulsions loaded
with borax A'prevented this track ioss. Using this method 10'63.
of uranium ocan be estimated with an agcuraoy of 3 pér_cent, and

-Iodag. with an estimated acocuracy of about & per cent,
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In using the External Source Method it is essential
that the nra.nmm deposit should be "weightlegs®, as no

Acorreet,ieas can be a.pplied for source thickness 'beoause this

is not uniform. Therefore, in applying the method to the
estimation of uranium in minerals the uranium must be extra.eted
in a carrier-rree state. Attempts were made to remove the
uranium from ma.gnetite by adsorption on ferric hydroxide,
dissolving the hydroxide in the minimim of nitric acid, and
extraoting 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 100 per cent extraction is devigsed, the method should
give recults v;hich wiu‘ compare verynfavourably with those
obtainable by any other method,
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