AR
W Durham

University
Durham E-Theses

Mugro-gas analysis in relation to radiochemical
problems

Edward James Wilson

How to cite:

Wilson, Edward James (1950) Migro-gas analysis in relation to radiochemical problems. Doctoral
thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/8787/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/8787/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

.

MICRO-GAS ANALYSIS 1IN RELATION TO -

RADIOCHEMICAL PROBLEMS,

= THESIS ==

presented in canditature for the degree of

DOCTOR QOF PHILOSOPHY

of the

URIVERSITY OF DURHAM,

by

EDWARD JAMES WILSON, B.Sc.




The work described in this thesis was carried out
in the Radiochemical Depar'hneht of the Science Laboratories,
Durham, between September 1947 and August 1949 under the

supervision of K, F, CHACKETT, B.Sc., Ph.D.




ACKNOWLEDGEMENTS.,

I wish to take this opportunity of thanking
Dre K.F. Chackett for his expert guidance and the
enduring patience with which he hé.s supervised my
ﬁprk d\p;ng the past two years., I heartily thank
Professor Paneth for suggesting the problemg tacRed,
for his perpetual interest in the work involved and
for all his very useful advic;e and encouragement,

Afpreciations are extended to the Keeper of the
_Minerals in the British Museum (Natural History) for
the liberal supply of meteorite samples, and to the
personnellof the University of Michigan and the U,S.
Signal Corps. concerned ﬁith the U2 fligﬁts, for the
stratosphere air sampless

My thanks are also due to the Department of
Scientific end Industrial Research for the grant

covering the full two years,




SUMMARY .

The‘thésis comprises four entirely séparate préblems, but
each involves the determination of minute quantities of helium,

" Earlier work in the field of helium messurement is reviewed,
special emphasis being laid on the work of the two investigators,
Lord Rayleigh and Professor Paneths A full description of modern
Helium techrique is givén. |

The first experiment was concerned with the disintegration
constant of Uranium I, The micro=chemical Qethod of determination
had been carried out by Gunther, who cbtained a somewhat different
'result.from the value calculated by physical metﬁods. Following
Bunther's procedure, we uéed uranium nitrate eolutions, but
accomplishing the experiment within three weeks as compared with
his three yeers, we were able to show that the value of the dis-
integration constant, calculated from the volume of helium produced,
was in fair agrégment'with the physical velues As the other
experiments seemed more: urgent, the urenium experiment had to be
abandoned with only three results obtained, '

Stratosphere air samples collected by V2 rockets-i_n America
were analysed snd the composition of the gases nitrogen, argon,
neon and helium estimatede Oxygen was removed by a heated copper
spiral, and the helium and neon separated’ by fractional adsorption
on .charcoal and measured separately with Pirsni gauges. Argon was
determined by a Mclieod gaﬂge after removal of nitrogen in a Caleium
furnace, The composition of the stratosphere at 50 km, and 70 lm,

is practically the same as ground air, which constitutes evidence




that Burbulence still overcomes diffusive segregation up to that

altitude,

Bauer?'s théory that cosmic radiation produces helium in
meteorites was disproved inlour‘ third experiment., Samples of
meteorite taken from the centre and the outer edge were shown to
have the same helium content; if cosmic radiation had resulted

in the production of helium, there would he an appreciable excess

’

in fhe edge samples, due to the absorption of cosmic rays by the
material of the meteorite, We were surprised to find how
homogenecusly f'listributed the radicactive elements must be on the
whole mass of one particular meteorite. '

In conjunction with other work 'being carried out in the
department, the helium content of certain Beryls and Metites
were determined, Heating of beryl orystals with caustic potash

at a temperature of 7000C for one hour released all helium from
the beryls, but it was necessary to use powdered magnetite heated
with fusion mixture at the same tempefature for 3 hours to perform
" the sams function. The values found agreed with those of

Lord Rayleigh.
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CHAPTER I.

HISTORICAL INTRODUCTION.

1. THE HELIUM WORK OF LORD RAYLEIGH,

A The identification of the inert gas helium as a constituent of the
sun was first recorded by Lockyer in 1868 (L,2,L3). It was not until 1895,
however, that the existence of the gas in terrestrial minerals was detected
by‘Rams'ay and Crookes by means of its characteristic spectrum (R1). Even
theri, before radicactivity had been discovered by Becquerel, Ramsay had
noticed the peculiar association of the gaé with minerals of uranium and
thorium,  In 1902, Rutherford and Soddy explained the phencmencn by the
production‘ of doubly chafged helium nuclei- e,jecte& from disintegrating atoms’
of radioactive elements R subsequently collecting two electrons fram the
matter of the mineral or rock and becaming a neutral atom.

Since this discovery a great deal of important work has been accom-

plished by Strutt (the late Lord Rayleigh) in the measurement of the gas, and
4oompa.rism of the volumm with the quantity of the radiocactive material present.
His experiments commenced in 1908, in which year he showed that practically
all rocks contain a certain proportion of helium, and that there was only
one case where the helium content was far in excess of that which could be
explained by the pfosence of uranium aod thorium. This outstanding case
was themimeral Beryl - even today there is no explanation'f‘or this excess
(s.1,82). Strutt used large quantities of rocks and minerals, sometimes
‘as much as one kilogramme, and partially released the helium by heatirig the
minerais to redness for two hours. He estimated that at least 50 per cent
of the occluded gﬁs would be released in this manner, Nitrogen, the main

constituent with helium and argon, ‘was removed by sparking it with an excess
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2.
of oxygen, and charcoal codled to =80°C was employed to purify the helium -
from all other gases. The actual volume was measured in.a McLeod Gauge
ocpable off detecting quantities as small as 10~6 cc. gas (S3,S4).

Lord Rayleigh did not tackle the subject again uutil 1933 when he
again attempted to explain the presence of excess heliuni in beryls. By
heating beryls from known geological formations he was able to show that
the 1ar_gc helium content was limited to specimens of great geologicel age,
and never found in younger specimens, He concluded that the helium must

ccme from some other element besides uranium or thorium. (r2).

2. THE HELIUM WORK OF PROFESSCR PANETH AND HIS COLLABORATORS,

~ Practically twenty years elapsed after tﬁe intial work by Lord Rayleigh '

before any further- .{.nterest was taken in the p‘resence of helium in rocks,
when it was realised that iuxportant information could be gleaned by deter-
' m:[ning the ages of various types of rocks and meteorites,'the quantities of
radioactive elements being so small that other age methods were unsuitable,

In 14928, Paneth and: h:.s collaborators had constructed apparatus, which
employing spectroscopic detection, was capable of detectmg with certainty
quantities of helium and neon down to 10—-10 cc. - By this means they could
even detect 10 ~5co. of air by the presence of neon lines alone. (P9.)

They utilised the apparatus to test the possibility of the formation
of helium artificielly from other elements, under various conditions such
as bombardment of potassium salts by cathode rays, passage of an electric
discharge through hydrogen or compounds of hydrogen, and _gction of ¢ and f3
rays on water and mercury. With the neceasary precautions teken to exclude
the entry of air or diffusion of helium from air through hot glass, they were
able to show that no helium in quantity larger than 10~10 cc. was obtainable
by these methods (P10). |




- helium to nitrogen blus argon was greater than the corresponding ratio in

'concenh'ating helium greatly in comparison with neon, In fact, at a little

below atmospheric pressuré, they dissolve in egyual times at the ordmary

3.
The third experiment ca.rrled out proved that glass is permesble to
heiium at the ordina.ry temperatures and that at 0.5 atmosphere pressure
about 10-16 co/cm?/hr. passes through soda glass of thickness 0.5 mn.  Since
the rate of diffusion of neon ukder the same conditions is practicany
negligible, n'eon-vf'ree.‘helium can be obtained with little difficulty (p10).
The measurement of helium in varicus gas wells of Germany was
accomplished later that year. The helium and neon were purified bjr the
remal of oxygen, nitrogen and cerbohydrates with heated calcium, Further
wrﬂication with cooled charcoal removed argon, and the ratio of helium to
neon was determined spectroscopicaily after first measuring the volume,
Most gas wells were shown to contain only about 0.006 per cent helium
compared to the 1 per cent or more in American wells (PL).
 .In the same year a new research was begun on the deteﬁinatibn of the
age of meteorites using the Helium Method.. The minute quanti_ties of gas
were removed from small portions of iron meteorites by dissolving them in
compiete abéenoe of air, .Quantitieg of helium varied between wide }imits

eege 2 x 10~10 oo, to 2 x 10~5 cc. per gram. (P5).
. The determination of the helium content of "moldavités" and artificiél

glass comprised the sixth experiment, The rare gasses were released when

the moldavites were heated or fused with sodium carbonate, and the ratio of

the atmosphere, It was shown that the excess ‘helium was in the region of
1.6 x 10"9. cc, per gram of material.‘ This excess helium was due toi't;he

glassy nature of the moldavites, since artificial glasses have the power of

temperatures, é.pproximately ten times as nnxgh"helium as neon, . In spite of
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the very small partiallpressurerf helium in the atmosphere, this action is
sufficient to explain the greater part of the helium content of holdavites,
since artificial glasses in which the helium cannot be of radiocactive origin
but must be de&ived from air, has a helium content amounting to 4.2 x 10'.'6
cc./gme Determination of the age of moldavites and other types of glassy
materials by tﬁe helium method is therefore impossible (P11).

In 1930, a hoé wire manometer - Pirani Gauge - was first employed to
measure the minute quantities of helium and neon, The gauge and a compen=
sating manometer occupied'two arms of a Wheatstone Bridge. The galvanometer
deflection w£$ shown to bear a linear relationship both to the to£a1 pressure
and to the percentage of helium in the mixture. Quantities of helium from
7 x 10°9 cc. to 1 x 10 co. could be determined with an errar which falls
fram 50 to 1 per cent within the limits stated (P12,P13).

Later the following year éﬁ improved apparatus was developed which was
capable of dissolving materials in acid without the admission of air or of
radiocactive impurities. By employing this in conjuﬁction with the hot wire
manumetef, the helium of the iron part of the meteorites was determined, In
38 meteorites, the values lay Betﬁeen 0.23 and 36 x 10'5.qc/gm. The non-
ferrous parts appeared to contain only slightly smaller guantities, Investi-
gation of the liberation of ﬁélium from ferrous meteorites was undertaken,
and shown that on heating fo 1000°C for several hours, only about 2 to 6
per cent of the total helium was liberated (P13). |

Helium Researches X described a method which permitfed thg determination
of radium emanation of the order of 10~13 curies with an error of about 20
per cent, In combination with the helium method, the ages of meteorites

were calculated (P8.).
In 1935, Gunther and Paneth were ablF to detect as little as 0.1 per cent
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hydrogen amd 0,002 per cent neon in 10~7 ce. helium, They were aﬁle to show
that the air near the ground contained less than 2 x 104 per cent hydrogen.
(c6.) |

In 1935 , Professor Paneth worked in conjunction with Professor Holmes
to determine the ages of the incllusions found in kimberlite, fhe minerals from
the diamond pipes of South Africa, using the helium method.. Specimens of
rocks were heated with various fluxes at various temperatures to estimate the
correct;conditions for complete liberation of helium, Heating to a temperature
of 800°C to 900°C for two hours proved the simplest method of driving cut all
the helium, Tﬁe helium ratio of kimbeflite corresponding to an age of 58
million yedrs. was consistent wifh the late Cretaceous Age asgsigned to the
' giamond pipes (H2).

In the same year, experiments were carried out on the spectroscopic
identification and manometric measurement of artificially produced helium.
Neutrons from 2,04 curies of radon mixed with beryllium,, prod{:ced during its
decay 2.4 x 10;"7'cc. helium by the reactién' s
. '1gB + gn = ‘?le + ;Li
(e7). | -

More work on artificially produced helium was accomplished,during 1938,
ﬁen attempts were resumed to explain the large excess of helium 1n beryls.
The work entailed the identification and measurement of helium produced by
| the action of Yrays on beryllium, - It was conclﬁded that the disintegration
product of beryllium, which emits neutrons when irradiated by Y-rays, is two
atoms of helium and not the isotope of beryllium of mass 8 (G2).

‘ *In Helium Researohes XV, various specimens of old beryllium metal were
analysed for helium; the experimenters not finding any, concluded that the

heljum of beryl could not be ascribed to disintegration of 8Be, nor to the
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‘influ.ence of natural sources of Y*ra.ys. Since bery‘lliuxﬁ itself does not
produce adequate amounts of helium, the helium in beryls must be ascribed
to some other element (F1). |

Prior to 1946, micro a.nalyses' of fhe helium and neon contents of
| atmospheric air h.ad‘been carried out by Glueckauf in Professor Paneth's
laboratory, He had constructed a.fractionating column so that helium and
neon could be fractionally adsorbed on charcoal, subsequently separated and
measured individually with a Pirani gauge. Atmospheric air at ground level
waé universally of the same composition, but there were indications of a
élighf increase of helium in the stratophere above 20 km. although the

figures were not conclusive. (G3). -

3« OTHER WORKERS IN THE HELIUM FIELD,

When, after ﬁayleigh's pioneer work, the helium method of age
detezﬁimtims fell into disrépute, investigatoi's did not appreciate the fact
that radicactive rocks may retain the bulk of the helium despite the high
pressures set up within them during geologio time. Lack of sensitive
apparatus made it impossible for them to measure the helium content of igneous
rocks"whére the concentration was only about one millionth of that found in
radioactive minerals.

| Dubey working in Professor Holmes! and in.Professor Paneth's laboratories
(D1), made the Pirst helium age determinations of igneous rooks when he |
measureé. the radium, uranium, thorium and helium in rocks from the Whin Sill
and Cleveland Dykes, and estimated the respective ages to be 182 million
years and 26 millions years. Natural]_.'y' these ages are a minimum,

Between 1932 and 1936, an elaborate time scale was evolved largely

through the work of W.D. Urry (U1). It was most convincing that the ages
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‘obtained were in appargnt agreement with those obtained by the lead method.

In 1936, Evans end his oo-«-workers'began fhei.r researches into the
subject, and because of the apparent success of the method, they constructed
apperatus which was capable of "mass production" of age results (E2).

The method involved the use of a direct fusion furnace first used by
Evans in 1935 (E1), but modified so as to be more airtight, Fusion was
carried out between 15000C and 20000C when 99 per cent helium was released
witﬁin 5 mipufes. Hydrogen from the gases evolved was removed by passing
over cupric oxide heé.téd in the presence of pure oxygen. The normal
charcoai tubes were employed for adsorption of all gases except helium, and
measurement of _the latter was accomplished with a McLeod Gauge. Results
were accurate to 2 per cent for 104 cc, helium, -

Evans and Goodman concluded that although other methods of age
detefmina-tions had been discovered, the lead and helium methods still remain

the outstandingly promising radiocactive ones.
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8.
CHAPTER 2,
THE HELIUM APPARATUS.

1, PRODUCTION OF OXYGEN,

Air free, and consequeﬁtly helium free oxygen, is necessary as a
f’lushing agent, and for the removal of hydrogen. Origj.nally the gas was
prepared by electrolysis of caustic soda using nickel electrodes, the hyd:;'ogen
- and oxygen evolved being stored in ‘separate reservoirs, The present arré.nge.-
ment, suggested initially by Glueckauf, involves the ﬁreparation of axygen
alone by the catalytic decomposition of hydrogen peroXide by platinum black,
Providing the piece of platinum black is large enough (ebout 12 cm?) and
freshly prepared, the reaction can be extremely rapid, at least two litres
" NTP’ of the gas being prepared within an hour. - |
. The main oxygen line and storage bulb (Fig, 1) are first evacuated and
the charcoal H Baked far half an hour during evacuation, to drive eut all
adsorbed 'g/?.ses, especié\lly helium, After the chércoal has: cooled down, the
stopoocks F and G are closed and bulbs A and C evacuated alone through D and
E. When the peroxide solution begins to boil and dissolved air is evolved,
the iron bar attached to the platinum black is moved by a magnet to lower
the platinum into the solution. | A vigorous evolution of oxygen takes placé,
which flushés out remaining air from the peroxide and also the concentrated
sulphuric acid in GC. vThis is to dry the oxygen, and valve B functions as
a non-return valve should acid accidentally suck back,

Though one would expect, because of the larger bubbles produced, that
continuous evacuation while the oxygen is being evoived woudd be a more rapid

method of ridding the peroxide of dissolved air, it must be remembered that

the gas space above the solution will contain scme helium, and the total

pressure of this gas space is always a few mm. of mercury even dnrixig evacuation,
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The helium in this w:!.11. maintein a partial pressure which will gradually be
redn;:ed on evacuation, as the rate of evacuation is greater than the rapidity
with which the helium will redistribute itself throughout the ges space. As
léng as there ié an appreciable pressure of gas in this space, 80 will there
" be a partial pressure of helium, -and the greater the.t volume, the longer the
evacuation will have to continue to reduce the partial pressure of helium to
a negligible quantity. Consequently for a rapid removal of helium, it was
found better to continue oxygen évoiution until a pressure of about 10 cams.
was built up, and then rapidly evacuate. this gas, at the same time ceasing
oxygen pro@ction. - Performing this ‘operation half a dogzen times is quite
sufficient .to rid the whole apparatus of_'helium.

When the flushing is complete, stop=cock G is openediand the oxygen
colleéted in storagé bulb I, Tha.nks to the diﬁ‘usion of heliu.m through
glass and.- the liberation of dissolved helium from the glass when the pressure
inside the glass is much less than s.tmospherio pressure, it is necessary to
repurify the oxygen once a week, by adsorbing it on charcoal cooled with

liquid- oxygen and evacuating the system for approximately half an hour.

2, LIBERATION 'AND PURIFICATION OF HELIUM.

A typical experiment involving every part of the Helium Apparatus is
the extraction of helium from a meteqrite. .Originel work with meteorites
necessitated a few grams of the substance; it is now possible to determine
the content in snly a fraction of a gram, usually about O,1 grame The most
suiﬁble solvent for ‘\the.meteor'ite is sulphuric acid appreximately 5 N and
saturated with potaésium persulphate, Use of a;cid of greater concentration
and in the absence of persulphtlate tends to produce passivity :Ln a short space

of time, and even wa.rmmg the solution fails to dissolve the meteorite within
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12 hours. The saturated solution must be freshly prepared, otherwise

decomposition of the persulphate will have occurred and the iron will become
passive,

The meteorite drillings qccﬁpy the small closed side tube of the
dissolving vessel A while acid in the vessel is ieing flushed clear of air
by electrolysis (Fig. 2). Then by means of a magnet the drillings are
tran.sferred to the solvent, -when a brisk evolution of hydrogen takes place,
Appreximately 10 cms. pressure of pure oxygen is introduced at this stage
: thrcugh stopcock B and a ourrer;t passed through the heating coil until the
latter just commences to glows Hydrogen burns quietly here unless the oxygen
pressuré approaches about 20 cms. Depending on how fine the drillings are
and the presence or absence of grease, it is usually .possible to dissolve
the whole within half an hour. Initial warming of the solution by hot
water around the vessel assists in starting a rapid dissolutidm.

| It is impossible to remove all traces of hydrogen in A and unles's it
is totally removed (i.e. less than 10~9 cc; ‘remain), its presence will effect
‘the measurement of the inert gases. Catalytic burning of hydrogen with
oxygen by circulation through a heated palla.dium furnace proves the simplest
and mosbt effective methods Gas from the dissolving vessel is therefore
flushed into the circulating part of the apparatus by lowering the mercury
in the ventil D until it Just lips the bend, cooling charcoal H with liquid
nitrogén or oxygen and slowly opening stop-cock C. To ensure complete removal
of heliuﬁ from the vessel, five quantities of oxygen each of about 10 cms, °
pressxire are used and at the same time the sulphuric acid is electrolysed to
drive out dissolved helium. - The ventil functiéns as a non-return valve,
preventing back diffusion of helium. " Once all the helium, oxygen and.
remaining hydrogen have been flushed into the circulating chamber, ventil D is
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‘closed and the De&ar removed fram charcoal H, The palladium furnace G and
tﬁe circulating pump E, which is a metal ba.r and sollenoid actuated by a
make=andbbreak motor system, are switched on, Circulation is continued for
approximately 20 minutes which is sufficient time to remove all traces of
hydrogen'f‘lrcxn the mixture, |
The only gases which now remain are helium and oxygen and if an air
leak has occurred at some stage .during the eiperiment, an equivalent amount
of neons The whole is transferred to the fractionating columm by first
closing stop-cock I and then slowly opening stop-cocks T+ The remaining
helium in the glass tubing to the left of stopcock I is pumped into the
~ fractionating colum by Toeplering about five times, i.e, raising the mercury
beyond the sollenoid, dropping the valve K by switching off the sollenoid,
and lowering the mercuty, Some of the latter is retained by the valve,
. consequently creating a vacuum in the bBulb of the T-oepler into which more of
the gas from the- side~tubes will expand. In order that the gas space before
the fractio}ting.oolunm be as small as possible, the mercury is raised

practically to stop=cock J,

3+  FRACTIONAL ADSORPTICN OF HELIUM AND NEON ON CHARCOAL.

A comprehensive survey of the theoretical aspects of fractionel
adsorption and desofption as well as the practical applications of helium
and neon sepa.ration'hé.s been .outlined by Glueckauf (G3), and so nothing more .
thén a brief’ sﬁmmary of the theory plus an account of the operation of the
fractionating column of the Helium Apﬁarams is necessary here.

A gas will distribute itself between an adsorbent and a gas space,
the quantity a.dsorbed depending on the quantity of adsorbent, the volume of

the gas space, the temperature of the adsorbent and the adsorption coefficg.ent
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of the gas in question. Using two gases of different adsorption coefficients,
an optinum ratio of the quéntity of the.adscrbeﬁt to the volume of the gas
space will exist for a maximum separation of the two gasess Such an optinum
cdndition occurs when the rétio of'thé.gas space to the quantity of adsorbent
equals the square root qf the adsorption ﬁoefficientsb and when the suﬁ of
the distribution factors equals 1

ORZINET I

(2) 2 + b =1 where a = 1
; 1+

4@

o
L}
-

1 +f3s

4

With this date, it is then possible to calculate the mumber of

adsorption'units to give the desired degree of sépération, and also £he nunmber
of fractional operations necessary for separatién.
Glueckauf chose a convenient value for S as 2,5 grams, which corresponds
to a gas space of approximately 80 ccs. in theory. This.gave optinum values
for the distribution coeffiéients of helium a = 0.769 and neon b = 0,231,
Thé correct.numbef ofAfraotionating units is theoretically 12 and the mumber
of fractional dperatibns to separate helium from neon equal to 2 x 12 = 24
.opé:ations. .The charcoals of the‘cqlumh are grouped together, for convenience
of cooling, into three batches, two of five charcoals and one of two, An °
extra small bulb of charcoal between C and D (not shown in Fig. 3) functions
in & similar marmer to the charcoal in the Pirani gauges, i.e. to adsorbd
g;ses evolved from tap grease or from the walls of the glass.
' Though theoretically one should obtain complete separation of the two
gaseéxat the 24th opération, in pfactice'it is difficult to obtain such exact

conditions. The capacity of each bulb was not exactly 90 cc., and in order

|
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to re't;a.in oxygen or other carrier gas in the column but allowing neon to
pass through after measurement of helium, it was found better to have a longer
charcoal U-tube and a correspondingly larger bulb at the beginning of the
colum, However, a cheek on the distribution can easily be obtained by
fractionating pure helium or pure neon in ‘turn, and calculating the percentage
~of each coming over outside the limits. |

The column is operated in .the following way :-
all gases except most of the helium and part of the neon are adsorbed on the
first charcoal A (fig. 3). When the mercury is lowered below the side-tube,
the rare gases helium and neon will distribute’ between the charcoal and the
gas m, bulb B. Raising the mercury in the front columh aﬁd lowering

that in the rear bulbs transfers the gas to the rear bulbs; then raisiné

the mercury in the rear bulbs and lowering it in the front tz-ansférs the gas
to the second charcoal -~ this is one complete operation. The bulbs function
as Toepler pumps. At the thirteenth operation the first fraction of helium
- expands from the capillary tubing C into the large bulb D, The same applies
to subsequent operations, then the mercury in the bulb is raised to compress
tﬁe helium into a standard volume ready for measurement with the Pirani
gauges, in the same manner as described in the next section.

So that urmecéssary operations are avoided in the fractionation of the
neon, the first Dewar is lowered to Just cover the hend of the first charcoal
after the seventeenth operation, the last batch of helium having passed the
fifth charcoal, Then after the twenty-second operation, the second Déwar
is removed altogekher, After measurement of the helium, the last Dewer is
lowered to that the liquid nitﬁogén just lips the bends of the charcoal-=-
this will prevént any nitrogen or oxygen entering the Pirani space shc;uld the

level of liquid nitrogen become too low at some stage in Dewar 1. A further
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25 to 30 operations usually suffices for camplete removal of neon.

4. PIRANI GAUGES.

The present design of the Pirani: gauge used on the Heiium Apparatus
is indicated 1n fige 4. It is the design of Dr. W.J. Arrol once a
collabqrator of Professor Paneth's, For high senéitivity and stability
it is‘esséntial to have aw small a gas space as possible and at the same
time maintain a constant temperature. Hence the shape of the gauge with
the essential gas si:ace at the bottom which when in use, is covered to a
depth of 15 cms. by liquid oxygen or nitrogen. The compartment above the
internal seal through which the leads to the Wheatstone bridge traverse, is
- evacuated prior to installation, to prevent spurious. temperature effects by
cond/uction and cor;veotion if air were presents Small pieces of charcoal
safeguard fhe gauge from gases liké hydrogen released by glass walls or by '
stop-cock grease, and gold shavings. prevent mercury vapour from attacking
. the soft soldered leads. A fine nickel wire approximately 30 cms. in length
is soft-soldered to tungsten filaments sealed through the internal seal, The
wire, in the shape of a W to conserve space, is I;eld taut over a supporting
glass rod by means of a tungsten spring, Two ldentical gauges are employed,
ose of which A is permanently undei" vacuum and only present for compensating
purposes, and the other B is the working gauges They form two arms of a
Wheatstone Bridgé network in oconjunction with a resistance box and a sensitivé
moving=coil galva.n.ometer. A potent:ia»;b of 1 volt is applied to the gauges

when in use,

When gas at very low pressures enters the 1ower evacuated space of

the working Plrani the heat wire will lose part of its energy by impact of

"cold" molecules upon its surface. The thermal conductivity of the gas iw







15.
proportional to ifs pressure when the latter is small, COn‘sequently, the
resistanee of the wire will change and the galvanometer spot be deflected
a cerfain distance, The latter will be a measure of the gas introduced and
beers a: l'inear relationship to the pressure. Sensifivity naturally depends

on the gas employed. In all our experiments only pure helium or neon

~entered the gauge and thus calibration was only necessary for these two gases.

To calibrate the Piranis, a known volume of helium or neon is introduced
from the calibration apparatus. Here mercury is raised to C and the latter
6pened to a reservoir of He or of Ne, The mercury is lowered beyond D and

raised éently until the meniscus barely touches the lip of the cup. A

. pressure reading is taken with a cathetometer, the right hand limb of the

U-tube being open to the vacuum pumps. This cupful of gas at the pressure
Just measured is trapped by raising the mercury once again beyond stop-cock

C and closing same, Expansion of this cupful of gas into the large volume

E and below cup F is accomplished by lowering the mercury again., Cupful F

of .this ge.s is then trapped and the gas space above it evacuated, before re~

expansion of this gas into the large volume again, Cupfuls of this last

expansion are now suitable far calibration.
The exact velume of the gas introduced into the gauge is determined as
follows :=

Volume of pipette D = 1.0313 co.
Volume of pipette F =  1,0141 cc.

The volume of the expansion space had been determined before the |
appa.ra.tus was constructed as shown in the diagram and -was found by comparing
the pressure of gas in bulb B (volume = 48,082 cc.) with the pressure exerted
by this bulbful when expanded into the whole space. |

. This ratio = 9.385.
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Therefore, expansion space = 9,385 x 48,082 -
| 48.082 = 403.15 co.
1.0313 cc gas (in D) at pressure p 5m, is equivalent to
P/760 x 1.0313 eo~. at 760 mm pressure,
When exparxded' into volume 403.15 cc. and 1.0143 co. teken, this is
equ_livalent to
7&.}. x 1.,0313 x. ___lagjl;; cc. at 760 mm, pressure.
This volume is again expanded into 403,15 cc. and 1.0141 cc. taken,

equivalent to

)
B/760 = 1.0313 x (%.%52)2 ce. at 760 mm, pressure.
" The temperature correction is
2 T = 273
75/ 293 +(t~-20
= 273 (1+1/293 (-20))
293 .
= - 273 (1 = .003% (t=20) )
293

Therefore, final volume of rare gas introduced into the Pirani is

P/760 x 1.0313 x # _gﬂ;;__/ 213 (1 - .oo;u (t-20) )
. . 293 '

or Woosse =Px 8.0006 x 1079 x ( 1 = 40034 (t~20) ) cc.

when P is mm Hg and t is ©C.

During our experiments on air analysis, we ‘used the gauges over a less
sensitive range than hitherto and in order that a reasonable deflection te
obtained'during oelibrat’ion we . fouxrd it necessary to use not only the'gas
trapped in cup D but also the gas above it to stop-ﬂcock C. This volume
was determined by ta.king a pressure reading with mercury touching the lip of
the oup, ‘trapping this gas by ralsingl the mercury above the tap and then

expanding this cupful into the space above the cup, The ratio of the two
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pressures gave thg ratio of the volume of the cup to the totalvolume above
the 1ip of the cup. |

In an attempt to discover why owt results on air analysis were so
variable individually, we'decided‘tq re=check every part of the apparatus
"including the'éalibratibn of the galvanameter scale, This was done by using
a standard 5 ohﬁ resistance in parallel with one of the one ohm reistances
of the bridge circuit, - Switching in this resistance produced the same effect
as letting ;n helium into the gauge. Deflections were taken over all ranges
af the scale, and it was discovered that using a defleétion of ebout 10 oms,
on a 50 om, scale, readings at each end were about 6 per cent greater than
in the centre of the scale ! So unless calibrations were perfarmed over the
same distance of the scale as used when measuring the helium and neon, results
could not in general be concordant. -

A graph was therefore drawn of deflection against range, a parabolic
~curve Pitted by a least squares method, and a correction table calculated
whiﬁh gave the correction to be applied to any reading between given limits.

we could thus reduce any reading to what would have been read on a

perfectly "linear" scale,
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CHAPTER 3.
REDETERMINATION OF THE DISINTEGRATION

CONSTANT OF URANIUM I.

1. INTRODUCTIQN,

A1l calculations of geological age by the radioactive method necessarily
involve the disintegration constant, or the half-life value, of the disinte-
grating element, -In connection with cur work on the ages of rocks and
meteorites, using the classical helium method, we have attempted to obtain
a reliable figure for the disintegration constant of uranium by measuring the
helium generated asd ~particles in a known time by a known amount of uranium,
This inethod has previously been used by Glinther (G5) who stared solutions of
uranium nitrate, originally frge from helium, for periods up to three years
and then measured the ‘neliumvprc;duced. Since these experiments were carried
out, significant improvements in technique have been achieved, and in the
present experiments ura.nium golutions were kept for 6nly two or three weeks,
This greatly reciuces the chences of accidential leakage and eliminates the
risk of helium diffusing through the walls of the glass vessel containing the

solutions. . |

During the later stége's of our: research on this subject, we were fortunate |
in receiving-frm;x I.C.I. Widnes, extremely pure uranium metal, whose date of
purification wgs lmown. The metal could of course, be left in the open air
‘for any length of tim; wikhout any leakage of helium from.tit or_diffusion of
air into it; this eliminéted the rather troublesome difficulty of storage
of solutions in perfectly air tight apparatus.

Gunther's ,value of the disintegration constent is approximately ten

per cent higher than that reported by Kovarik and Adems (K1), who quote
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/\ UI = 1. 520 X 10"‘10 years"1 (corrected by Nier see later).
This figure has been confirmed by Yagoda and i{aplin (11). |
A UL = 1,52 x 10~10 years~1 (also corrected by Nier).

Kovarik and_Adams used a counting method with a thin film of uranium
oxide, U308, on an eluminium plate 'a.s' the saiirce of o =particles, in an
ioﬁisation chamber. In order that the obsérved count could be corrected to’
the theoretical one hundred per éent geometry, they used a grid plate of brass
drilled w‘ltﬁ identical cha.nnelé according Ato a set pattern over the source,
Counts were teken with the grid in various positions. |

~ Yagoda and Kaplin detected and counted the X~particles from a thin film
of U308 using a fine grain photographic emul’s_ion.

| Bofh these methods are in a sense modern versions of Rutherford's
original work in which thé rate of o« -particle emission from 2 known quantity
of U308 was measured by observing the scintillations produced on a aine
sﬁlphide scree'n. (¢1.) Iﬁ view of the known technical difficulty of this
method, this value | |
AUl = 1.14.8':: 10~10 years=1

is sufficiently close to the value given above,

These are to be compared with Glinther's value of

A UL = 1.7% x 10~10 years =1 (corrected in the same way as
Kovarik and Adams).

Gliinther himself suggested that the discrepancy might be due to his
failure to pu.rify the urenium from thorium, and more particularly its dis-
integration produc'l;.s. Most uranium minerals contain thorium, but when
purifying the uranium it is nof sufficient merely to purify from thorium, but
also toA extract the meso-thorium I (radium isotope). Meso~thorium I, while

not an X =emitter itself gives rise to meeo-thorium II, which in turn gives
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radiothorium, both by ﬂ ~particle emission. The latter element, a thorium
isotope, emits K ~perticles, Since the half-life of meso=thorium I is 6,7
years and meso~thorium II is 6.hoﬁms, while the experiment itself la;e.ts 3
years, it is obvious that too much helium will be found unleés meso~thorium

I is rigorously excluded.

UL , 1 UII
[4.56;:10% UX{f 3.4x105a
UXT “2%45d To - Th R4Th
10 -
8. 3x10%a 11.34;:1_0 B _ sesornIl 1,9
Ra MesoThI™ ©+78 T
1590 a. 3.644
R\;l
3.83d
Y . TLA 555
RaA |

Ginther did carry out a barium precipitetion which would remove meso-
thorium I, but he failed to purify from thorium, hence both the latter end
radio=thorium might have been present, and if so would have accounted for
the excess helium he discovered. In our experiment we havi adopted the |

method of extraction with ether, in which uranyl nitrate is fairly soluble.

‘Uranium X and other isotopes of thqriu.m are not soluble and are removeﬁ in
the aqueous 1ayer. | |

The percentege of actino-uranium, U235 in uranium salts was not known
when Rutherford, Kovarik and Adems, and Gunther made their determinations of
the disintegration constant. They therefore assumed that all fheo(-particles
counted derived from Urenium I and Uranium II. . Actually this is not s0;

| hence the cofrection applied by Nier which was menfioned above, Neir

determined the ratio of AcU &o UI plus UII to be 1 : 139 by mass spectrographic
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means (N1). He estimated that the ratio of activity of the actinum series

to that of the uranium series to be about 4.6 per cent. This means that

51&.':63 x 100 = 2,3 per cent;~

of the 9bservedo(~15&rticles come from AcU and 57.3 per cent from UI and UII.
On the other hahd, the weight of UI and UII is (I = I/139) 100 = 99,3 per
cent of the total; therefore the actual rate of helium production by the
Ul and and UIT alone is 97.3 x 100 = 98 0 per cent of the apperent rate. In
addition the value b39r9K2varik and Adams has- to be .corrected for the change
in the accepted atomic weight of uranium from 238,12 to 238,045 and in the
electronic charge from 4.77 x 10 e.s.u. to 4.80 R

Attempts heve been made by Kovarik and Adams (K3) to obtain the relative
activity of the actino~uranium by the "step-method" employed in thgir
determination of the disintegration constant of. thorium (K2:). The method
utilises the faot that the ranges and energies of the{ ~particles emitted
by some elements differ so mich from each c;ther, that it is possible to
absorb them ;electivei;r by varying thicknesses of aluminium plates. It
mould therefore be possible to stop:the K -particles from Urenium I and
Uranium II by aluninium foils - leaving thosé from actino~uranium to be
-Qounted alone,. Though the method was applied in this case, the apparatus
wag ﬁrxfoftunately affected by chenges in atmospheéric pressure, so the resp.l.ts

were not very accurate., They did show, however, the ratio of activity of

the actino~urenium to the uranium to be of the order of 5 per cent.

2, METHOD,
(a) Employing Uranium Nitrate Solutidns.

The specific property of pra.nium nitrate being fairly soluble in ether

was first recorded by Crooks (C6).
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Grétigs and Collie utilised thié'method when they determined the half
life of Uranium II (G4,G5). Wheh the crystals of uranium nitrate U02 (NO3)2
6H20; are shaken up with ether in a separating funnel, the water of crystall-
isation forms an adequate amount of aéﬁeous layer in'which>all impurities,
especially meso~thorium I and thorium will dissolve. This layer can be
discarded once all the crystals have gone into solution and the whole
thoroughly sheken up. It ig not necessary to add a further quantity of water
to ensure 'thorough puri;ty when "Mu" crystgls are employed.

The u;anium nitrate is then extracted with pure water, and the ether
boiled off before the solution is suitable for the expefiment. Weli over
one hundred ygars will elapse before theAquaﬁ%ity of Ionium, also an X=emitting
element produced by the dinsintegration of Uranium II will mske a possible
error or more than 0.,1% of the total K =particles emitted. Consequently,
repurificdtion duriﬁg the course of the experiment was unnecessary,

With the uranium nitrate solution in the main flask of the ufanium
apparatus, all dissolved air and helium is reﬁoved by flushiﬁg through with
electrolytic gas and the apparatusAieft.under-vacuum for two or three weeks,
The helium.producéd as o =particles by disintegration of the uranium is then
flushed out with eiectroiytiécgas again, and collected ih a small receiving
vessel, where the hydrogen/oxygen mixture is burned at an electrically heated
| platinum coil. Purification and measﬁfement of the heliuﬁ is then
accampl ished by the Helium Apparatus.

It is essential that all experiments with helium be performed in
apparatﬁs made of soda glass, because of the abiiity of the gas to diffuse
relatively rapidly throughihafd glasses like pyrex. A certain amount of
helium will diffusé through.séda_glass when under vacuum, The most

appreciable source of excess helium, however, is the adsorbed helium released
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into a vacuum from glass. ' Gunther, in his experiments, used flasks of
similar capacity to ours, and found that 3x 10~7 cé. helium diffused into
his blank p.ic;paratus in 1142 days e.g. approximately 3 x 10~10 cc./per day.
In three ﬁeeks, that would mean about 6 x 10-10 cc. ht;.lium, or within one
per cent of the amount of helium producéd by disintegration, Releése of
helium from ninerals a.nd glass is also greatly accelerated by the presence
of hydrogen, and therefore the initial flushing of the solution with
electrolytic gas will.replace most of this dissolved helium. (Ck.)

| Experiments on the actual rate of diffusion of heiium through glass
and minerals have been performed by Paneth and Rayleigh. Paneth quoted
_10"16 cc./am?/hour as the amount of helium which diffused through soda glass
(P10,R3). | |
(b) EMPLOYING URANIUM METAL,

Because the date of purification of.the uranium metal was known, the
volume of helium present within a known weight of the sample will give the
disa;.ntegrat_ion_oonstant of the metal. As a recheck on the date of purifi-
cation, however, the sample could be left for a further two months or so and
the volume of helium once more measured. From the difference in the helium
contents, and knowing the time end weight of the sample dissolved, the
disintegration constant could be calculated. With this method, it is not
hecessary to maintain a perfect vacuum for more than the time required to .
dissolve the sample,

| A very convenient solvent for this experiment is a séturated solution
of potassium ocupric chloride (ZKCi,CuCIQ. Z20). Such a solution is capable
- of dissolving & 20 gram sample of uranium metal within hslf an hour.,,
Hydrogen is evolved during the process and can be used to displace the helium
into the burning chamber attached to the Helium Apparatus, where the hydrogen

is tumned with pure oxygen, and the helium measured in the normal way,
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Dissolution of the uranium is repidly increased when the solution is
warmed to about 60°C. The uranium first displaces copper from the cupric
dchloride;’ and the presence of the.potassium chloride aids the solution of
the copper, probdbiy on accaunt of the fcrmation of a double salt,
| U 4 20l = UCY, + 2Cu
Cu + CuClp ; CugCls
Treadwell (™) recommends using a small percentage of concentrated HCl with
the aouble-salt when dissolving metals like iron., We found the reaction

Jjust as rapid without the acid.

3. EXPERIMENTAL,

(a) PREPARATION OF SOLUTICONS,

Approximately 500 grams of "Analer" urenium nitrate (002(N03)2.6H20)

were shaken up with ether, and when all crystals had dissolved ‘the aqueous .
layer was sepérated. The pure uranyl nitrate etherial solution was then
extracted withvdistilled water to transfer most of the nitrate fo the aqueous
layer. The latter was'thgn voiled and stirred vigorously to evaporate the
dissolved ether, After making up the solution to 1000 ml., gravimetric
analysis was carried out on 1 ml, portions of the‘solution.. They were slowly
evaporated tofdryness, strongly ignited with a Mecker burner and heated to
constant weight. Ihe nitrate in this way was completely convertedvto
uranium oxide Uz0g.

SOhltiono | 1o

1109530 gns. .

Wt. of crucible I (const. weight)

LI n I + U308 - = 12,1510 gms.
Wt. of U308 = 0.198 gm,
Wt. of crucible II | = 10.8790 gm.
"o " II + Us0g = 11,0790 gms.
Wt. of g = 0.200 gm. '
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1. ml, uranyl nitrate solution = 0,199 £m. ﬁ308
(M.W. of U308 = &2.2, M.W. of U02(NO3)2.6H20 - 502,1)
‘ -Now 842;2 . U308 are equivalent to 3 i 5021 gm; uranyl nitrate

0.199 " n " L] " 0.356 " .on f

.. 1000 ml, uranyl nitrate solution contains 356 gm. UO2(NO3)26H20

(5 ml. were removed for the gravimetric analysis i.é.
1,780 gm, . )
354 ggs.;uranyl.nitrate crystals,

I~

5 x 0,356-

i

Amount remaining in solution

Solution II.

'Caiculated as above,_this solution contained 278 gm. uranyl nitrate.

Two solufions were originally prepared, and later when the apparatus
was modified, a further quantity was made up and divided between.the above
two solutions.,

Solution III,  contained ' 428 gm, uranyl nitrate,

Thus the two solutions contained the following amounts of uranium nitrate

"

Solution I & 568 gm. uranyl nitrate = 270 gm, uranium. .

Solution IT & 492 " " . om @233 m "

 (b) INITIAL EXPERIMENTS WITH NO. 1. APPARATUS.,

(1) DESCRIPTION AND USE OF APPARATUS.

Fig., 5. outlines the first apparatus designedAfor the'production and
collection of helium from uranium nitrate solutions. It was kept entirely
gseparate from the Hélium.Apparatus in case of accidental radioactive
contamination of the latter, Like the Helium Apparatus it was constructed
eﬁtirely in soda glass. ' . '

A is.Fhe electrolysef containipg a solution of 5 N sulphuric acid and

platinum foil electrodes, B is the main flask half filled with the uranium
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nitrate solution (approximately 1000 ml,) F is the receiving vessel where
the electrolytic gas is burned and the heiium collected, If is detachable
at cone D for re-attachment to the Helium Apparatus,

‘The appa.'ratus was evacuated by opening stop cocks C slowly to the
rotafy pump.  Electrolysis was begun in both A and F to flush out dissolved
air from the sulphuric acid and nitrate soiution. Because of.the small
volume of F (20 cc,), only 10 minutes of electrolysis was sufficient to
displace all helium from this vessel and the sulphuric acid, but electrolysis
of A and fiushing of B was continued for a further two hours, Helium
very easily diffuses backwards, but if electrolysis ts carried out in -
batches, i.e. electrolysipg until a pressure of say 10 cms. mercury has built
up, end then rapidly e\(acuating and repeating the process about ten times,

- complete removel is ensured, | ‘
After 24 hours, a blank was ocarried out to test the apparatus for

| ‘leaks, The apparatus, itself, in the é.bsence of the solutions had been
tested beforehand by leaving under vacuum for. 48 hours - a Tesla Acoi.l_ discharge
indicateé the absence of any noticeable leak, Helium from the uranyl nitrate
solﬁtion was displaced by electrolytic gas from'A. | With stop=cock E open,
and a small current passed through the platinum coil until it just glowed,

the electrolytic gas bubbled past the mercury shown in the diagram, This
functioned as a non-return valve, and the reduced pressure in F was maintained
by the burning of hydrogen and oxygen. Two hours ofi electrolysis produced

a volume of electrolytic éas more than ten times the volume of the solution,
a sufficient quantity to thoroughly remove all traces of helium from the

- nitrate, E was -thén closed, and to avoid uranyl nitrate being forced into

A when the collecting vessel was removed, air was introduced first by snipping

the small capillary protruding from A.
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on aé%achiﬁg the collecting vessel to the Helium Apparatus and once
more passiﬁg a current &hough the heating coil to burn aﬁy‘reéidual hydrogen,
it was noticed %hat, on opening E to the vacuum, an excessive volume of gas
bubbled'pasf the meréur;, and indicated a pressure.in F higﬁer than that of
water vapour alone, AThis would be satisfactorily explained on the basis
that oxygen wou;d dissolve preferentially to hydrogen in B, leaving an excess
of hydrogen to be swépt into F. | _

‘Two stop=cocks C were employed to decrease the possibility of air
leaking into the apparatus via the pump.

(i1) OBSERVATIONS AND MODIFICATIONS.,

If the first four complete egperiments, the amount of helium obtained
was much smaller than would be'expeéted from the accepted value of the
uraniumvhalf—life; ‘This was partly explained by thegincreasing pressufe
in F,'to which reference has already been maﬁe, which made it impossihle to
"~ flush ouf the solution thoroughly towards the end of the experiment without
using déngerously high pressureé. This effect was overcome somcwhat by
burning the electrolytic gas continuously instead of in batches as was first
planned, This method ensured better stirring of the solution beceuse of the
larger size'of bubbles at the reduced pressure, It had the disadvantage,
however, in not removing the hellum from the gas space S0 efficiently as in
- the batch method.

At one stage in the experiments, it was thought that a smaller gas
space above the solution would assist in giving a more rapid and complete
removal of helium from the uranium, Butfthe,increasé in volume necessitated
& more rigorous original evacuation, and after many ac01dents had ocourred
at the intlal stages of evacuation and electrolysis, we returned to the idea

of having a gas volume approximately half the volume of the ‘solution.
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Another greét improvement was the‘replacement of the collecting vessel
by one of much larger capacity, Whereas with the small flask of 20 cc. volume
a pressure of 10 cms, hydrogen in excess of oxygen was Built up within three
quarters of an hour of electrolysis, because of the differences in solubilities,
with the larger flask of 50 cc. capacity, the pressure even after two hours
electrolysis was éufficiently small s; as not to decrease the rigorous
stirring effect, Consequently flushing éut of the soiutions becams more
thorough and carried ocut in a shorter time.

The.egperimental results ﬁere, however, invalidated'by the fact that
large amounts of neon were found with the hélium; indicating incomplete
removal of air initiaily, or, alternatively a leak at some stage of the
experiment. It is, however, possible that scﬁc of the gas measured as neon
may have;been hydrogen, if the combustion had not_been carried to completioh
in the Helium Apparatus. In later experiments particular caere was taken to
avoid this possibility. A

Three more experiments carried out with the first abparatus produced l
rqasonably reliable results, In each case, however, there had been a
slight air leak; bui”knowing.the exact amount of neon present, and the normal

ratio of neon to helium in the atmosphere, the corresponding amouhts of

(c) EXPERIMENTS WITH NO. 2 AND NO. 3 APPARATUS,

helium actually dﬁe to disintegration was calculated.
The second ufanium Apparafus (Fige 6) was slightly modified by ‘

incorporating a manometer to indicate how quickly the electrolytic gas was ‘

being burned, and an additional stop-cock G so that the helium vessel could

be regoved ﬁithout introducing air into the mein part of the apparatus. This

stop~cock was purposely Zeft out of the first apparatus, because of:the .

additional possible source of leakage. The electrolyser was somewhat larger

o 4 A
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and employed nickel electrodes of a more.substéntial nature than those of
Platinum foil, which jerked about during electrolysis, with a danger of
shorting. The 1arger'é1ectrolyser also provided e more rapid stream of
bubbles through B, With nickel electrodes, a caustic soda electrolyte
‘became necessary.

All experimenfs with this apperatus gave an excessive helium deflection,
" and attempts failed to discover the source of the leak, It was.abandoned
for No.3 apparatus. |

'The flushing agent wes hydrogen, pfoduced b& lowering the zinc rod
B by means of spindle C into dilute sulphuric acid (fig. 7). Liquid-oxygen-
"cooled charcoal was used to adsorb ipe hydrogen and maintain the continuous
stream of bubbles through the urenium nitrate solution. D could be
detachéd, fixed.to the Helium Apperatus and the hydrogen burned with an.
external source of pure oxygen leaving the helium to be measured in the
normal weye. Flushing of the solution, unfortunately, could not be maintained
for very long, being limited by the amount of charcéal évaiiable inD, In
one hour the latter became saturated.and during the last quarter of hour,
the stream of Bubbles being so slow, were far from effective,. This apparatus,

too, was abandoned for No. 4 which employed electrolytic ges again,

() FINAL EXPERIMENTS WITH NO.4 APPARATUS., .

| .With No.4 apparatus depicted in fig, 8, the only part which must remain
perfectly air tight during the three week period, is the uranium solution
 flask and the glass tubing connecting it to the ventils, The remainder of
thé apparatus could be're-evacdated Just priﬁr to the rémoval of the helium
for determinatidn. Two electrolytic flasks were used in series so that a
rapid evolution of electrolytic gas could be produced with consequent

rigorous stirring of the solutions. The electrolytic gas, cérrying the
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helium with it, was burnt in a special combustion vessel which commnicated
direétly with the Helium Apparatus, In order that the gas could be burned
quietly at the platinum spiral without risk of sudden explosions, a valve

was incorporated which maintained a maximum pressurc'of 5 cms, of mercury

at the burning side of the apparatus,  With this low pressure, the

rigorous stirring effect could also be mainfained. A Electrolysis was
continued for about'tﬁo hours before transferring the helium to the circulating
part of the Helium Apparatus and measurlng the helium in the normal way. _

In figv/7/cnly one electrolyser is indlcated A Bisa mercury valve
to avoid sucking back of the concgntrated sulphuric acid from C to A, Water
vapour and caustic soda caused stop~cock E to become very streaky gnd apt to
~ leak hence the flask C with concentrated H2S0L to absorb the water vapour,
Ventils F and H of this design allowed an excess pressure agalnst the ball
bearing, so that, even though‘stop~cock E may leak slightly, air would not
reach flask B, Also, complete evacuation at both sides of stop~cocks E and
similarly to the right of H could be accomplished without evacuating part
of the water exerting a small pressure in G.

Several tests were carried out after leaving the solution over-night,
but in each case a large amount of helium was measured, which indicated in
actual fact a leskage of the order of 10 cu, mm. air per day; In an
endeavour to eliminate this, no detectable leak having been discovered in .
the appafatus, the glass~tubing connecting the uranium flasks to the ventils
was coated with wax.

By this time,'we had been fortunate in obtaining samples of pure uranium
metal, end so experiments were immediately begun with:these.

(e) EXPERIMENTS WITH URANIUM METAL.

The apparatus designed for this experiment is shown in Fig. 9.



,i A
|
;
}
1
1
i N
i N
N
N
‘ \ j
T - .




b
Electrolytic gas produred again from sodium ﬁydroxide solution.with nickel
electrodes was to flush out all air from the potassium cupric chloride solution
in flask B. Stop-cocks D and E were then closed and the remainder of the
apparatus thoroughly evacuated with the charcoal in K baked at the same time
It was necessary to have the sokvent in a separate flask from the uranium -
to avoid partial dissolution of the latter during the initial flushing of the
solvent. Once evacuation was complete, electrolysis was commenced agein, and
a pressure built up in flask B. With stop~cockC then closed and stop-cock
D opened, the pressure of electrolytic gas in B caused the liquid to be siphoned
into F. Stop~cock D was then closed again, the water trap J cooled with
liquid oxygen to avoid saturation of the charcoal with water vapour and the
" charcoal tube itself then cooled, The spindle H was turned to lower the
" uranium suspended in the platinum basket G into the solution. The cone
and socket of the spindle were immersed in mercury to avoid any leakage of air
past it.

Hydrogen evolved duringlthe rigorous disgolution of the uranium was
adsorbed on the charcoal, and later allowed to leak slowly into the burning
chamber to be burned with oxygen. When all the uranium had dissolved and
most of the helium concentrated in the burning vessel, electrolysis was once
more commenced to drive out the helium remaining in the normal way.

Two éxperiﬁents were carried out using approximately 20 gms. of uranium
metal, but in each case a iarge amount of ﬁeon waé also present indicating
8 leak during the dissolufioﬁ. This mgy have péen due to the cone end

: 1 : :
socket of the uréfiggfglgsk war@ing up so much during dissolution, that air

\

slowly leaked in.
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4. RESULTS.

(a)-SPECIMEIN CALCULATION.

Dﬁriﬁg the courée of our experiments we had assumed that a complete
sépératioﬁ of helium and neon had occurred At the 25th operation of the
fraétionatiﬂg colum of the Helium Apparatus, When we carried out the
experiments on stratosphere air anaiyéis; we re-cheékedfthe helium/neon
disfribution and discovered that 6 per cent of éhe neon came over with the
.helium fraction; and that a further 3ok per cent caﬁe over after the 39th
operation, at which operation Glueckauf in his experiments had fractionated all
hié neoﬁ. Our results were accordingly re-calculated.

Thg fesulﬁs of'gxpériment No, 5 suffice as a specimen calculation,

He deflection (13th to 25th operational incl.) = 13.60 cms.

Ne deflection (26th to 39th - e 2.11 cms.

The above neon deflection is actually 90. 6 per cent of total
Total Neon = %8%%‘x 100 = 2.33 gms.
13.60 = (6% 2.33 ) = 13.60 - 0. 14

Net‘V He deflection

Ve

13.46 cms.

Tﬁe Pirani gauge was known to be 0,636 times as sensitive for neon as
for helium; so that assuming the neon to be due to a leak in of air and using
the known helium and heon contents of eir (5.24 and 18,2 p.p.m. respectively)

the deflection of 2.33 for neon would be equivalent to

2,353 x Ez%:rz::—‘l—s.—z = 2.33 x;O.l’;.Sh. = 1,06 cms, helium,

He from uranium alone = 13.46 - 1,06 cms.
= 12,40 cms.
: |
A calibration with & known quantity of helium gave 1 cm. deflection‘correspcy/
to 3.38 x 10-8 cc. NT.P.

He from ufanium = 12,40 x 3.38 x 10~8 ce.




Helium produced by UI and UII alone in 19.0 days (correcting for the AcU as

explained previously)

= 98 x 12,40 x 3.38 x 10-8 cc. NIP,

700 |
= 4.10 x 10~7 cc.

Now the helium production of 1 gm. uranium in 1 year will be :-

1 x X x 22,4 x 1073 ce., NTP (twice because UII is in

2x .
238 , equilibrium with UI)

x A x 22,4 x 103 x 270 cec.

So that 4,10 x 10~7 co. = 19,0 x
' 365 2
He in 19.0 days from 270 gm, uranium which gives

N[N

= 410 x 10-7 x 365 x 238 1
A 2 x 19.0 x 22.4 x 105 x 270 years
A = 110x 107 4 0,078 = 1.55 x 10-10 years=1, g
~19.0
tt = _0.693 . .48 x 109 . ;
| 1.55 x 10~10 X === )

33.
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(c) DISCUSSION AND COMPARISON WITH LITERATURE.

From the results so far obtained it can be seen that the amount of neon
measured is not proportional to the time the apparatus has spent under wacuum
“and therefore one can assume that the apparatus is not appreciably porous to

neon or that a slow leak existed through the glass itself,

Some of the soft glass tubing used in the construction of the apparatus,
was véry streaky, one or two streaks passing right through the wall of the
glasé in such a longitudinal fashion that detection with a Tesla coil was
impossible, Such ce;pillaries can be closed naturally by heating the tubing
before employing it. As a further precaution, the glass can be covered with
wax,

However, in later éxperiment's, if the leak had been due to streaky
glass,- the amount of neon detected would have been proportional to the time
the apparatus had spent under vacuum. .

Initial flushing of the solutions during the later experiments was quite
adequate, Theré was no necessity to allow air into the apparatus before
commencing the next experiment, and to ensure thorough removal of helium, the
solution was flushed again before commencing a run. The only conclusion we
can arrive at to explain this presence of neon is leakage of air past the stop-
cocks during the t_hrge weeks or so. It is difficult to believed that a leakage
could have occurred when new s'l';op-cocks were employed, especialiy stop~cocks
which were ground before use, one would expect two stop~cocks in series to
maintain a good enough vacuum on one side when the space .between them was
evacuated also. |

Though the last apparatus incorporating mercury ventils as a protection

against leaks should giire the answer to the problem ocutlined above, absolutely
pure uranium metal which cen be stored for ma.ny months unprotected in any way,
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is a far more suitable material with which to tackle this problem. The amount
of helium which escapes from'fhe surface layer of the metal is negligible
compared with the bulk of the sample itself,

It is unfortunate that other more urgent probléms have had to be tackled
leaving no time for detection of the existing leak in thé Uranium Metal
Apparatus,

Compaiing the mean of our results with that of Kovarik and Adams, we
see that it is within 3% of their value, in better agreement then the result

of Gunther, whose purification was suspected.

Rutherford and Geiger 1,48 x 1010 years=1
Kovarik and Adams 1.520 x 10~10 »
Yagoda and Kapliﬁ. 1.52 x 10~10 n
Gunther - 1,7% x 1010w
Ours 1,57 x 10~10  »

CONCLUSION,

Uranyl nitrate solution purified thoroughly from all daughter products
of uranium and -also of thorium and its daughter products, is a suitable matérial
for. determining the half-life value of Uranium I, proitided the flask containing
the solution is not in contact with any stop-cock or other similar source of
leekage., It is necessary to maintain a rapid stream of électrolytic gas
bubbles through the solution at a reduced éressure of 5 cms. mercury for'two
hours or so in the initial evacuatioﬁ of the vessel and élso in the actual
displacement of the Helium intq the apparatus for measurement.

A far more convenient method for the determination is the utilisation of

the pure metal which retains the A~particles as helium within the metal lattice.

A perfectly air tight apparatus is nof,necessary, as long as no air lesks in

during the two hours duration of the experiment. The most suitable solvent

[}
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for dissolﬁng the metal completely and rapidly is a saturated solution of
potassium cupric chloride. Measurement of the amount of helium per gram of
matal of samples from the same piece, at two separéte times differing by about
2 months when employing a 20 gm. »sa.mple , would enable us to calculate the
diéintegrat-ion constant of UI. '

Our valué:. for the disintegration constant was. in agreement with that

of Kovarik and Adams,
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CHAPTER 4.

THE CHEMICAL COMPOSITICON OF THE STRATOSPHERE,

1. INTRODUCTION.

Analyses of air in the twoposphere over various geographical regions

of the earth's surface have shown that the percentage composition is

380

iremark y constant. Water vapour in the air varies, naturally, according

to geographical position, weather and height, and consequently tables

of composition usually refer to dry air,

TABLE I.

GAS | COMPOSITION
_ by vol:

NITROGEN 78499
OXYGEN 20495
ARGON 0,93
CARBON DIOXIDE ‘ 0,03
NEON - - 1,82 x 103
HELIUM 5024 x 10™%
KRYPTON ' 1 x 1074
XENON - 8 x 106
OZONE ! | | 1 Jt_‘lO"6
RADON ' 6 x 10-18
HYDROGEN : 1 x 1074

! Varisble == increasing with height.

'' Variable =~ decreasing with height.

The atmosphere up to some'uhknown height is constantly in a state
of turbulence, which maintains a constant composition of the .afEOSphere,

there being no time for the lighter constituents to separate out by

DENSITY
(air = 1,000)

0,9670
1,1053
1,377
1,529
0,6963
0.1381
2,868
4525
1,624
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diffusive segregation. The density of the air in the troposphere will
 therefore vary exponentially with altitude and will also vary with the
temperature, in accoardance with the following equation :

P = Po e~h/H.
where p is the density at any level h
fo is the density at ground level, |
end H . is a quantity, having the dimensions of a length, and defined
by RT/mog where mo is the mean molecular weight of air.

If the troposphere is uniform in temperature and composition, and
g is to all intents and purposes constam.: » then H is constant. It is
sometimes referred to as the "height of homogeneous atmosphere", because
the total mass of the atzhosphefe, per vertical column of unit cross~section
is f P dh or Po H, the same as for an atmosphere of uniform density and
total height H (C2). | _

Now should turbulence cease to exist, and the air remain perfectly
still, the lighter constituents will have an upward velocity of diffusion
relative to the heavier ones, This velocity,.in a mixture of given
composition, is uniformly proportional to the density and therefore should
increase with altitude. The constituents will distribute accgrding to
Dalton's Law and the following equation will hold good: «

Px = po &V

where/’ x is the density of constituent x at any height h.

and Hx = RT/myg (my = molecular weight 6f x) (M2).

Maris and Epstein (M1), have calculated the rate of diffusive
segregation of various constituents at various heights assuming the air
to be thoroughly mixed and then left undistured for a certain length of
times Equilibrium ﬁll set in more repidly at high levels where the
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rressure is lows The following table shows their results :-

TABLE II,
HEIGHT (km) He A 02
200 . 2 min, © 12 min, 8 min,
180 26 min, 2.3 hrs, 1.‘6 hrs.
160 4,8 hrs, 25 hrs. 17 hrs.
140 2.8 days 14.8 days - 10,4 days
120 3 days 180 days 130 days.

100 1.2 years 6.4 years 4.5 years,
N (for 50% diffusive segregation).

Assuming, therefore, that the disturbance causing mixing of the
constituénts ocours periodically,. from the above data, and knowing the
period of‘t.he disturbance, we can estimate an.altitude where the per-
centage of diffusive segregation is large during the period of the
disturbamce, Consequently, should the disturbance be due to the, say,
change in temperg.'bu_re between night and day, we can say that there will
be appro:;imately ten hours rest in the atmospheres, This corresponds to
a height of 150 km.,, above which height more than 50% of the helium will
segregate from the remaining gases. ' .

Observations on meteor trigds at heights of 70 km. and also on
noctilucent clouds between 80 km., and 100 km. show that these regions
are subject to strong winds, From Maris and Epstein's figures we mst
expect that diffusive segregation cannot ocour below 100 km,

As we proceed higher in the stratosphere this diffusive power must
slowly preponderate and the composition of the air will slowly change,
giving a grea.tez; percentage of the lighter gases, Evidence of spectro-

scopic data of the Aurora, however, show no trace of either helium or hydrogen
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but mainly oxygen and nitrogen in atomic and molecular form. (A recent
publication by Hermen, however, suggests that a number of bands in the
spectrtﬁﬁ of the night sky may equally well be attributed to a superimposition
of Helium on a Nitrogen spectrum as to a metastable Nitrogen speci;mm (H1).

But tﬁis fact does not definitely prove that helium and hydrogen are not
present in the upper atmosphere. It is not known whether or nof. helium or
hydrogen are expected to emit light under the conditions of Auroral excitation,
We could, on this basis, say that mixing overcomes diffusion throughout the
stratosphere as well as the atmosphere and that helium exists in the same
proportion throughout; or, on the other hand, due to the high temperatures
which gxist in the upper atmosphere, thermal diffusion of helium atoms will

| be so gréat, that the light gas will escape altogether from the earth!s surface.
At certain times of the year this temperature rises to as much as 1000°A.

The hydrogen content of the troposphere is very small, and in the
stratosphere the possibility of the molecules dissociating into atoms which
have thermal velocities about one and a half times as great as hydrogen
molecules, exists with en even greater reason for loss of hydrogen from the
earth. (J1,02)s Helium is continually being evolved fram rocks which are

slowly being sedimented during the ages, and this fact would account for the

much greater propoftion of helium to hydrogen in the ti‘oposphere.

In air at ground level there are 1.4 x‘ 1014 atoms of helium per c.c,
and at the base of the stratosphere (i.e. 10 km, high) 3 x 103 atoms; the
total' column would therefore contaiﬁ 1x 1020 molecules per 8q. cmy On an

average, the nunber ofo(‘-particles produced per second per gram of igneous
rock on the earth's surface is 1.2 If we take the age of the earth as
3 x 109 years then the total number produced inA geological time per gram of
rock is 3 x 169 x 365 x 2L x 3600 x 12, which is amroxﬁately 4 x 1016 atoms
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of heliums From the amount of sodium which has sedimented during the ages,
knowing that the average content of sodium in rocks is about 2.8%, it has
been estimated that 8,3 x 1023 gram rock have been washed away. Thé area
of the earth's surface is 4 x 1018 sq., cm, and 8,3 x 1023 gram is equivalent
to 1.6 x 105 gram per ag. om., which would release 6 x 1021 helium atoms
into the atmosphere per sg. om.. of the earth's surface. But only 0,1 x 1021
atoms per sq. cm. remain, consequently more than 98% of the Helium produced
in geological time has disappared from the earth's surface,

. Conclusive evidence of the existence of an éxc_essive proportion of
helium can only, at present, however, be proved by gas analysis of air
samples taken from the stratosphere (L1), |

Both oxygen and helium contents have been measured in samples collected
by manned and unmanned balloons up to a height of 29 km. Figures indicate
no deviation in the percéntage composition of either gas up to 20 kms After
this level, there is an indication of an increase of helium and a
corresponding' decrease of oxygen. These variations are rather spasmodic
with no definite increase with altitude, ~ Though' the analysis of the air
sample taken at 21 km.-has a surplus of 7% helium, one of the analyses at
2345 km, only indicates a éurplus of 0.,5%.‘ It is quite possible that the
air sample became contaminated with excess helium in some way. -The same
may be said about the oxygen analysis. As will be seen later, oxygen can
very easily be lost during the sealing of the sample bottles (R4). To all
intents and purposes there is sufficient turbulence up to 30 km. to frevent
any appreciable diffusive segregation ocourring. Thoughwe cannot expect
turbulence to ceé.ae altogether, we would expect diffusion to overcome mixing

uniformly end therefore show a steady increase in the surplus of helium, It
can be shown mathematically, that, should turbulence cease altogether, the
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proportion of helium would increase by 14 per cent per km. height (C3).
~ Before anything‘ of a definite nature can be ;‘émarked about this
surplus of helium, it will be necessary to obtain air samples from a much
gi'eater altitude, Since 30 km. is practically the limit for unmenned
balloons, we must turn to other modes,of'sampling. During the pagt three
years a team of scientific workers in the Department of fercnasuticsl
Engineering at the ‘University of Michigan, U,S.A., have deve;oped ingenious
methods of sampling stratosphere air in metal bottles during teste with V2
rocketss A number of successful flights have been carried out, and thanks
to Professor M(H. Nichols and Drl. D.W. Higelberger of the University of
Michigan, and to Dr, Michae}Ferenoe of the U,S. Signal Corps, and the
permission of the Meteyol/ioal Branch of tho.U.S. Signal Corps, we have
been able to analyse one or two saxhples taken during the flights,
A paper has already been published in "Nature" giving the results of
our first aoalyses. (c1). |
TABLE TII.

Helium and Oxygen contents of the Stratesphere,

Ht. in Km, . Helium : Oxygen.
. 10747 by vol, Varaition % Vol. Variation
, (% He) — (% 02)
0 5¢240 0 gzo. %5 0
917 _ - 20,92, 0
R 20,893 0, 14
16.5 527 0.5
18,0 - 5,26 Ouke
18, .28 ' - 0.7 20,9 0
_ ° ° ' - 2.20. 82% -0, 38
19'0 50 27 oi5 200 873 , . "0- 38
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Table III continued.

Ht. in Km, , Helium Oxygen.
: 1044} by vol. Variation % Vols Variation
' (% Be) __(%00)
22,0 (5045 (bt 20,573
(5634 (2.0
22,5 é5.51~ 25.1
5¢3k . ' 1.9
23.5 gs.&é ?"2
, 5.27 0.5
2,..0 ! 2 Thsy =0, 86
' 725,0. 5435 244
28 - 29 N 204393 ~2.5
36, &3).
2. METHOD.

(2) COLLECTION AND FREPARATION OF AIR SAMPLES.

When air sambles were collected during the flights of unmanned balloons,
small evacuated flasks of some 500 cc. capacity were émployed. At the
required altifude, or when the balloon burst,-the opening of a small
parachute used tb convey the scientific instruments back to earth,
automatically broke a glass capillary admitting air into the flask., After
‘a few. seconds, a timing device switched on a heating coil encircling the
glass capillary. The heat melted some picein wax which sealed the capillary,
Due to the excessive heat generated by the V2 rockets passing through the
atmosphere; such a device became unsuitable at higher altitudes.

- .In V2 flights, metal bottles were employed, substantial enough to

withstand‘the sudden ébck of returning to terra firma without the assistance

of parachutes. These metal bottles of some 500 cu. in. capacity were

thoroughly tested beforehand, for mechanical shock by dropping on to a
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concrete floor from 100 ft. and for leakage, by first baking under vacuo
at 1500C for 24 hours, leav1ng under vacuum for a few days and then testing
for leakage of air by means of a hot wire gauge installed in each bottle.

- One end of the bottle was sealed with a glass teat and a scratch mark
made around its The teat itself was protected by a metal cap screwed to the
bottle,., and cohtaining a "mouse-trap" and "rat-trap" assembly. At some
stage during the flight af the V2, usually during the free climb, a timing
mechanism operated a relay which passed an electric current through a fuse
wire holding a small metal bar against a spring ("mouse~trap"). When the

fuse burned through; the bar was released and forced suddenly by the spring

" against the teate This was severed at the scratch mark and allowed air

‘into the bottle via an inlet manifold., The latter had an inlet port
protuding a few inches ocutside the V2, and an exhaust, so that the whole was
continu;lly flushed with air as the V2 proceeded upwards.

A feW'Seconds after the "mouse-trap" operated, a 400-cycle power supply
released the rat-trap assembly, which squeezed tight a small copper tube
between the glass tube and the bottle itself, The copper was tinned
insi&e, and suffioient heat was generated‘to gecurely solder the copper tube
and produce an air tight seal,

‘Both the "mduseﬁtrap"'and "rat-trap™ mechanisms were discarded later
and replaced by'pyrotechnic openers and sealers. Squibs fired by the timing
circuit, ignited a black gun=-powder, which created enough pressure to drive
down a small hammer to either break a glass seal or clamp shiit the copper
| tube flor sealing; . Sufficient heat was generated by the powder to carry out
the_soldering mentioned above,

* On recovery of'the bottles, a sample extractor was coupled to the bottle,

and this assembly evacuated. Inside this extractor was a punch which could




be screwed into the copper diaphragm (at the opposite end of the bottle

from the opening and sealing mechanism), puncturing it and releasing the

air into the ‘sampling apparatus. A rressure reading was taken to check that
the sample had 'been teken at the correct altitude, and that no leak had
occurred, 'The sample was then pumped by Toepler pumps into 50 cc. lime
glass flasks equipped with septa and'therefore suitable for fixing directly
to our apparatus, |

(b) METHOD OF ANALYSIS.

The method employed in analysing the samples for helium aﬁd neon
was similar in many réspects to that employed by Glueckauf (G3), and entailed
the regoval of oxygen by a heated copper spiral from a known volume of air,
8;16. measuring the absolute volumes of helium and neon present, by the
ﬁelium flpparatus.. A sepa.rate.;. afparatus employing heated calcium was used
to measure the volume of argon. ‘ |

The lime glass flasks received from America, were sealed to the
apparatus_at A, and a small steel ball removed from the side-tube indicated

in the diagram (Fig. 10), by means of a magnet, and allowed to drop suddenly,
broke the septa and released the a:Lr samples, U-tube B was cooled with
liquid oxygen to trap the water vapour and carbon dioxide, if any, before
Athe gas reécheé the Toepler pump, Here all the gas could be concentrated
in bulb C by Toeplering about a dozen times. A fraction of the samples was '
: ir.ltroducedi into D, the reaction chamber, where oxygen was removed with the
heated spiral, leaving nitrogen, argon, neon and helium, Pressure readings
were taken with the mercury meniscus tguching :the glass tip shown in the
| diagram, | |
Reduction of the spirel was-accomplished by introducing hydrogen ar

coal-gas via the left arm of the 3~way stop=cocke P_éussing a small current
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so that the copper just glowed for two minutes wasllong enough for the
reduction.. The two pieces of pofassium hydroxide were there to mske sure
the air samples was dry and to absorb any water vapour produced should
hydrogen have been present in the sample,

It was necessary to determine the volume of the reaction chamber D
in situy, A few ccs. of ordinary air in a flask similar to A were employed,
the septa broken aw above, carbon dioxide and water vapour removed, and the
whole of the sample Toepiered into C whose volume had 5;en determined prior
to installation. The preséure of this gas was measured with a kathetometer
using the side-tube leading from the U~tube as the evacuated limb,

Let volume of C be V1 and this pressure be P4,

With the meroury raised beyond the vacuum tube of the reaction vessel,
and just beyoﬁd‘G, the tap C was epened, so that the gas distributed into
the side-~tube to G. The mercury levels at C were adjusted again and another
pressure reading taken -—= Po, By lowering the mercury at G a fraction of
an inch, the gas expanded into D, and another pfessure reading was taken =~
P3e Then the mercury was raised to the tip D, and this time a pressure
‘reading teken at D. -

Thus, if Vo = volume of, side-~tube.

volume of reaction chamber 4 bulb,

V3
V), = volume of reaction chanber,
~ then, A
P{V1 a Pp(Vq + Vo) = P3(Vq + Vo + V})
therefore ‘
vz = PqVy(1/P3 = 1/P2).
Since only the fraction of gas ogoup&ing the reaction-cﬁamber and

bulb was concentrated into the reaction chamber, then




P3V3 = BV

Therefore, Vi = PyV4(P2 - P3) / P2Pj.

m— t——
— r——— ——

When removing ‘the oxygen from the sample, the gas was first allowed to
partly expahnd into the 'bﬁlb below the reaction chamber, A small current
‘wa: p;.ss-ed through the copper until the latter was just visible in a
darkened room, for- two minutes, and then the gas allowed to cool before
raising the mércury and taking a pressure reading., The process was repeated
until the reading became cbnstant. Thus the percentage of nitrogen plus
é.rgon was calculated. |

Helium and neon were separated in the normal way by means ‘of the
fractionating colump of the Helium Apparatus, and measured ‘separately in the
Piranl gauges. ' | ¥

4 small percentage of the samples were adsorbed on F (fig. 10) cooled
in liquid_ oxygens,. This was then seaied off and fixed to the Argon Apparatus.

Oxygen of this sample was determined by precisely the seme method é.s
above, using copper A, and then the nitrogen and 'tllrgon t;*ansferred to the
Ccalcium Furnace by adsorbing on. charcoal B (fig. }O{. The calcium was
vapourised and at once combined with the nitrogen to form. a nitrides All
that remained of the stratosphere air sample was argon and a negligible
quantity of other rare gases. | The volume of the argon was determined with
the ﬁcLeod Gauge C.

2, EXPERIMENTAL. -

(a) MEASUREMENT AND REMOVAL OF OXYGEN.,

Oxygen, because of its ability to combine with most elements of the
Periodic System, and the ease of adsarption by glass and most farms of grease,

is not an element which caen be ahalysed in small quantities with any high
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degreé of accuracys. The usual me';:hod adopted for estimation in a dry ges,
is by combination with heated cépper wire, when the diminution in pressure
of a known volume of gas is a measure of the oxygen present. B
| Though it may appear a simple operatibn to pass an electric current
through a copper spiral suspended in the gas, and continue the process until
the pressure becomes const_a.nt, it is not so easy to obtain very accurate
results unless certain precautiohs are taken. Copper oxide, for instance,
dissociates at high temperatures and evolves oxygem. It is therefore
‘necessary to maintain a fairl& low working temperature.

| After & few experiments with sir samples, we finally adopted the
following procedure whenever introducing en ordinary air sample'. into the
reaction shamber and determining the oxygen content : =
(‘1 )! The copper spiral was reduced with coal gas using apﬁroximately
5 cecse at 1 cm. pressure. ' This was done by passing current through the
copper, which quickly turﬁed reddish in colour, and the heating continued .
f',orltwo minutes to complete the reduction. Any occluded hydrogen on the
copper s@ace was removed by heating thé copper with the reaction vessel
open to the piz_mps for 5 to 10 minutes. .
(2) When air was introduced through the lstop-cock above D,(method
adopted when a stratosphere air sample was already fixed at A-), the open
" arm of the stop=cock was always flushed out beforehand. (This also
concerns the Helium measurements =—- see later).

- (3) air v;ras dried before introduction to avoid saturation of the
potassium hydroxide pellets. (This also concerns helium and neon
measurements, ) |

(1) The oxygen content was determined immediately after the air wes
introduced, because of the active state of the copper which is capable of

removing a percehtage of the oxygen even if left in contact with air for

L
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periods over about one hour.

(5) Removal of the oxygen was accomplished with & glowing copper
spiral, just visible in a practically darkenéd room. = After two minutes
oxidation the gas was allowed to cool and a pressure reading taken after
five minutes, The heating was repeated until a constant reading was
obtained. Withnskill it wes poséible to remove more than 99 per cent of
the oxygen during the first heating and the Meminder during the seoond.

As an indication of the ease of cambination of oxygen, we analysed a
sampie of air which had first passed over some warm iron before being
introduced into the reaction chamber, "In actual fact, thé vacuum pump of
the Helium Apparatus was switched-off'and before the metal mercury diffusion
. pump had cooled down completely, the méin vacuum line was qﬁickly opened to
the atmosphere, Part of this ai; was then used as the sample, Though the
épeed of passage over the heated metel was very rapid, more than 20 per cent
of the oxygern had been removed from the samplel

VOLUME OF REACTION CHAMBER.

P1 = 60 7& CliSe -at 2500-
3.254 "
Py = 2,050 "

P2

P, = 11343 "
V4 (standard) = 24,73 cc.
Tnerefore, vl‘_ = P1v1 (P?_"P}) = 7 . ity. )
i Toh 2 cCe. capacity

'Oxygen determinatiogs carried out on sixteen sgmples are shown as
follows, where the amouﬁt of oxygen is in per cent by volgme of the total
vokume of dry air taken _ ‘

21,2, 20,2, 20.1, 20.5, 20.9, 21.3, 20.9, 20.9, 20,6, 20,4, 20.9, 20,6,

20,6, 20.3, 20.3, 20.8.
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Mean with probable error = 20.7 # Q.1 per” cent.
(Glusckauf's figure was 20.98 per cent.)
| When the f:Lrst two'stratosphere samples were tested for oxygen, none
‘was d_etected whatsoever. This can be explained when émstudies the
mechanism' of sealiné the stratosphere air samples in the metal.bottles -
_ tinned copper heated to a high tempera:bure and retaining this high temperature
for many minutes, when the heat of the hottle can only be lost by conduction
and radiation and very little by comvection at the reduced pressure. However
(it is rafher remarkablé that the oxygen should completely disappear -frcm
the s'am:ple, especially when it is already in the bottle before the heat is
spplied to the tinned coppers No other explanation could be found acoounting
for this phenomenon - oxygen must exist at this altitude cert&mly more than
just a fractlon of a per cent. 'In later sagples, oxygen was detected and
measured, but in no case was the percentage as much as in ordinery aire.
Hydrogen was also tested for in the sample. An oxidised copper
séiral was employed, but on heating in the stratosphere eir samples, there
was no noticeable decrease in pressure, indicating less them 0.05 per cent
- hydrogen. : : ’
(b) MEASURRMENT OF HELIUM AND NEON.
(1) HELIUM AND NEON DISTRIBUTION OF THE FRAQTIONATION COLUMN.

The fractionation column has already been described in a previous

section of this worke

| During most of the experiments on stratosphere air enalysis, liquid
-oxygen was used. as the cooling agent for the charcoals of the column and the

‘Pireni gauges. | Oxygen boils at a constant temperature and does not became

contaminated with other lowerboiling gases. The boiling point of hydrogen

on the other hand, will gradually increase, due to the slow absorption of
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oxygen from the atmosphere. Contamination with .oxygen, however, was not
as 1a.j.-ge as expected, and it only became necessary to use a fresh supply
every three days.

The disadvantage encountered when-using liquid oxygen, was the poor
separation of helium‘ and neons As much as six per cent of the heon was
estimated fo be liberated with the helium fraction and, unless conditions
were exactly the same Quring each experiment this figure was found to alter.

- As a result of this, we eventually reverted to liquid nitrogen both
on the column and for the gauges, and tested the temperature periodically
with avapour pressure thermometer., With. this lower temperature a much
better separation of the two inert gases was accamplished.

Though, the§fetically, one should obtain the same proportion of gas
in each operation of the fréci:ioné.ting coit.nnn, the temperature being constant ’
the emount of charcoal in the U-tubes being alweys the seme, and the volume
of the bulb being constant, in practice, however, many conditions gbovern the
.proportions. Firstly, the level of the liquid oxygen or niti;‘égen in the
Dewars = the charcosls must be constantly below the level of the liquide
Secondly, the time allowed for the gas to reach equilibrium ;between the
' -adsorbent and the gas phase at each operation - after practiée, it was

found that a convenient time was 10 second;s; Thirdly, the room temperatue -

this was especially noticesable during calibration of the Pira.nis. The
sensitivity seemed to increase linearly with room temperature. Perhaps
this m-ay' have been due to having most of the Pirani space outside the Pirani
Dewar, so that with increased temperature, the proportion of gas not cooled
by iiquid nitrogen woﬁld ‘be decreasd and consequently a large deflection

would result.
The distribution was carried out by Toeplering pure helium or neon

rd
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from the calibration part of the Helium Apparatus into the circulating
; apparatus, and fram here introduced into the fractionation column in the
usual way. Naturally the samé dead space prior to the first charcoal was
used in the distribution experiments and in the air analyses, Practions
of gas coming over after the 12th operation Masured individually,
W the results, the best "dividing line" between helium and neon was
estimated and the percentage of each.gas at each side of this lines: The
colunm had been built originally with the correct amount of charcoal in..
eacﬁ U-;-tube to give the separatioﬁ after the 24th operation using liquid
nitrogen. With liquid oxygen, 99.3 pér cent of the helium came over in the
first 25 operations together with 6 per cent of the neon. By lowering the
Dewar after the appropriate number of operatims, all the neon was liberated
from the charcoals in the next 25 operations, .

After it was discovered that even these figures wete notconstant
and altered by as much as 3 per cent, we: once more reverted to liquid
nitfo’gen.. With lthe latter 98,6 per cent helium came. over in 30 operations
and all the neon afterwards.

Before we attempted the analyses of the' third and fourth
stratosphere air samples, we decided to use the .correct amount of charcoal
in the column to give the best theoretical separation of helium and neon
af the 24th operation using liquid nitrogen. (The amount of ddsorbent

had heen changed when 1iciuid oxygen had been used,) We were not
| successful in obtaining complete separation, f:.nding that 1.5 per cent neon
came over in the first 25 operations with the whole of the helium,
(2) Helium and Neon in the sam_@s.
During the initial Aexperimeni:s with ordinary air, occasional experi=

ments resulted in a "tailing" of the neon deflections., i.e, a large numher
of further operations were necessary before the whole of the neon was




apparently removed. This was thought at first to be due to hydrogen,
éither evolved from stop=cock grease or fram the copper spiral after ‘
Are‘duction in coal ges. .Re=heating the spiral would perhaps release thé
hydrogen again, A

) It was not far some weekg,/ that a minute crack was detected in one
of the charcoal tubes of the fractionating column, This crack had escaped
detection previously by the Tesla coil and a poor vacuum had not been '
.apparenf when the charcoals had been baked, no doubt due to the expansion
of the glass and consequent dosure of the c:.rack.- After the charcoals had
been cooled with liquid oxygen, there had been no indication of a leak by
a deflection of the galvancmeter spot when a blank had been performed on
the oolumn.' It was only when the Dewar cooling the first five charcoa.lls
had been lowered far enough, that the leak had gonmenced. Theref are
inétead of a complete liberation of the neon on the samples by the 50th
operation, the deflections "tailed", Only when on one occasion the
Dewar had been lowered further than usual and operations of the column
begun almost immediately afterwards, and therefore before the glass had
warmed up sufficiently to close the crack, was it noticed that the meroury
in the bulb following the £hird charcoal became damp in appearance and the
bulb was evacuated of mercury more rapidly than neighbouring bulbs,

The presence of any pyrex glass in the Helium Apparatus can be a
very disturbing factor, For example, pyrex keys to soda glass stop~cocks
have caused a great deal &f trouble in the pasts Pirst indications of

" such became known when one or two experiments with ordinary air gave a
helium deflection: far in excess of the expected value, although the neon
deflection was corrects The ‘ﬁore of the key in question had not been
evacuated for a day or two, and consequentlz a fair proportion of helium

had diffmsed through, . ’ o




3+ RESULTS. -

() SPECIMEN GALCULATION.

Measurement of Oxygen.
P1 = 7.975 Oms. at’ 1800000
Po (after removal of 02 with Cu) = 6,318 cms. at 18.0°C

Therefore No + A . 12’_%%‘
Total Air

> Helium and Neon.

He deflection (13 - 25 ops) 30697 cms.

5491 cms.

Ne deflection (26 = 50 opsy
Now a negligible percentage of helium comes over after the 25th operation,
but 3.1 pef cent of the total neon comes over ‘pefore the 25th operation.

Therefore, total Ne deflection = 54.91 x 100/96.9

= 56,7 cms.

Therefore, total He deflection = 30,97 = 3.1% of 56.7
= 29,17 cms.

. Calibration of Pirani gauge.
9.75 x 10'80c,. per 1 cm. deflection for Helium.

1.72 x 10~ Tcc. per 1 cm, deflection for Neon.

Volume of Réaction Chamber == 5.48 cc.

Therefore, Volume of N2 + A

. X 60 18 x 2 CCe NeTePo
76 x 291

0426 cee NoT.P.

Therefore, __He = 29417 x9.75 x 1078 "= 6.65 ppm.
N2 + A 0.)-;26
Ne - 56.7x1.72x10°7 = 22,9 ppm.
‘N2 + A : 0426 -
or : He ) . o= 29,17 x 9075 X 10-8 = 5.29 Pph.
Standard Air _ 0.426 x 100

792
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Ne = 56.1 x1.72 x 10°7 = 18,0 ppm.

Standard Air 0.426 x 100
' ‘ 79.2

When galvencmeter scale corrections were applied, the following

was the method of calculation:-

Measu:ement,of Oxygen.

Py = 3.590 cmse &t 1844°Cs
| P, = 2.850 cms. " "
Therefore, Ng + A -= 2,850 % 100 = 79e4%.
Total Air - 3.590

Volume of N + A = 12:10 x 2,850 273 = 0.4232 cc. NIP.
76 x 291k |

~ Helium Calibration
P = 2.203 ClliSe at 20.7 C
V = 87.0h x 2.203 x ( 1 - .0034 (20.7-20)  x 10-8ce.

= 1.914 x 10~/ cc.
Deflections.

(1) 12.65 between 44 and 31 of scale

t

Scale Correction = =0.28
True Deflection = 12.37 cms.
(2) 12.64 between 45 and 32 of scale |
. Scale Correction = =0.35
True Deflection = 12.29 cms.
(3) 12,60 between 45 and 32 of scale. ]
Seale Correction = =0435.
True Deflection = 12.25 cms.
Mean Deflection = 12,30 cms.

| n
Since volume of the calibration apparatus is spproximately 400 cce,

end volume of the calibration cup is approximately 1 cc. therefore in four

calibrations, about 1 per cent of the calibration gas has been used. To




estimate -the correct deflection after three calibrations we must add 1/4%
to the mean. | |
Therefore, correct calibration deflection
= 12,30 + 0.03 = 12,33 cms.

Therefore, Helkum Sensitivity

= 1,914 = 1.554 x 1077 cc/cm.
12,33 _

Neon Calibration

5.125 cm.‘at 19.8°C,

P =
¥ = 87.04 x 5.125 x [ 1=0.0034(-0.2)] x 1078 ce.
=‘5%x1fsw.
Deflections. | _
(1) . 13.50 between 43 and 29 of scale.
' Scale Correction =-0621
True Deflection "= 13.29 cms.
(2) 13.62 between 43 and 29 of scale.
’ Scale Correction = =0.21
True Deflection = 13.41 cms.

(3) 13.56 between 41 and 27 of scale.

Scale Correction = -0.08

True Deflection 13.48 cms.

Mean = 13.39 + %% = 13.45 cms.

Therefore Neon Sensitivity

x 106 = 3,320 x 10~7 cc/cm,
13.45

Helium and Neon from Aire

Operations 13-25 == 18,02 between 45 and 26 of scale

Scale Correction -0.27

17 CliSe

True Deflection
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Operations 26-35 = 26,11 between 45 and 19 of scale
Scale Correction = -0.13
‘ ' True Deflection = 25.98 cms.
Operations 36f50 - 2.92 between 42 and 39 of scale
Scale Correction = =0,11
True Deflection = '2.82 cms.

Now 1.5% of the Neon cames over before the 25th operation. Therefore‘

total Neon = 25,98 x 2.82 =  29.2L cms.
0.985

Therefore, total Helium = 17.75 = Oull = 17.31 cms.

Therefore, 1€ = 17.31 x 1.554 x 10~7
Ny + & , 0.4232
= 6. 222 Eo Pellle ‘
Ne - = 29.24 x 3.320 x 10~7
No + A~ 0.4232
=' 22.92 E.E.m.
or _He = 6. 79.
Standard Air 2 x ‘_1'5?)"
= E.Oé E.Q.m.
Ne = 22,42 x Dk
‘ 100

Stamdard Air
' 1821 _Dop.m.

(b) TABLE OF RESULTRE.

(1) Experiments were carried out before the galvanometer scale error was

discovered, and naturally with results whose individual readings varied gred lye.

They do however indicate that the helium and neon contents of the stratosphere

at 70 km, differed very little from ordinary air.
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HELIUM (ppm to : NEON ( ppm) ARGON (per cent of
standard dry air) Standard dry air.)
Ground Air.
5¢37 1849 0.915
5423 _ . 18.2 _ 0.905
5.35 18.6 0.915
5.42 18.2
5.14 18.6
5.20 1745
49k 18.5
5,25 - ' 1842
5410 18.2
5.25 1841
Le93 174
5'39 BN 18.1
5-’-’-2 . 17'5

5.03 179 -

Mesn + probable error

5.22 + 0,03 18.1 + 0.08 0.912 + 0,003

Stratosphere Air 1 B

1,80 17.7

492 183 - 0.925

lean .
4286 + 0.04 180 + 0425 04925

- Stratosphere Air 3 B '
4.95 17.5 . 0.910
At o s

Yoz |
5011 + 0,10 17.9 £ 045 0,907 + 0.003

S —————————

( - 05 less than 0.5%.)
(2) With a greatly improved apparatus, more accurate column distribution

and a scale correction for the galvanometer scale, the following results were.

obtained :-
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HELIUM (ppm) NEON (ppm) ARGON,

Ground Air.

5.046 . 18.27 : 0.91
hots - 1eiob oo
5.083 . 17.90 0.913
5.007- ' 1800
5.077 ' : 18.15
4.979 18.00
5.078 ' :
' Mean
5,026 4 0,01 18,06 + 0,05 0.915 + ,002
Stratosphere Air 15 B |
5.052 18.07
5.052
Mean
5,041 + 0.009 18,01 + 0,05

(0o = 3.25%).

Stratosphere Air 16 A.

4,950 ' 17.85 A 0.911
4948 176k 0.910
1966 . 17.58 0.916
Mean
heBLT + 0.005 - 17.75 + 0.06 0.912 + 4002

(0o = 16.27 per cent).

“(c) DISCUSSION.

In our first series of determinations, there were a sufficient
number of analyses to give a fairly reliable result for the percentage of
constituents of ordinary air, taking into consideration the mean probable

error. Unfortunately, due to possihle changes in the distribution of

the column using liquid oxygen and the still greater source of error not known
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when the results were obtained, the lack of linearity of the gelvanometer,
the individual results were far from satisfactory. | Due~ito the smallness
of the samples supplied and the fact that part of these Asamples had to be
removed for the argon ‘ana_lysis, more than three analyses each could not be
attempted. |

| However, the resulté were sufficient to indicate the lack of any
diffusive segregation; to all inteﬁts and purposes stratosphere air at 70 lm
has the same chem:_’.cal camposition as troposphere air. If diffusive
segregation has occurred after 20 km., this is a pe'culiarity to that part
of the .stratospher,.e,l and turbulence predominates again at higher altitudes.

Unfortunately, after 'these results were oﬁtained, word was received

from A'merica, that 1.:he saxﬁples may in actual fact have been just ordinary
ground air. The latter may have been trapped during the flight of the
rocket, and perhap#, due to the great speed of the rocket, could not esceape
-completely.' Consequently oﬁ opening of the bottles durihg the free climb
of the V2 ,»instéad of stratosphere air rushing in through the inlet menifold,
ordinéry ground air forming a film around the rockeﬁ, entered. It must be
- remembered, howevef , that calculations on the pressure of the samples teken
corresponded with air taken at 70 km. It is most probable that, if thé, air
fiushed into the bottles had been ordinery air, the pressure reading would
have been higher.tha.‘n expected.

Alterations were accordingly carried out so that in future flights,

theré would be no likelihood of this possible contemination. The air bottles

were fitted 'into the nose of the V2, in a special compartment which coudd

be sealed off and evacuated prior to the flights The chance of air from
‘ the rear campartments forming a f£ilm of air around the nose of the rocket

was very remote unless the mach angle became greater than 90°, when the
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samples were taken. These samples, which we received and anal&éed within a
month. of the launching, were definitely of sjratosphere origin.

Before the second seriés of analyses, we had carried out the
gal\}anometer scale calibration and produced a table giving the correction
| to be applied to' any deflection. We were pleased to obtain such consistent

.results with a probable error between 5 and 20 times smaller than the
cdrresponding results with our first effects. We are satisfied that:
stratosphere air at least at aiti‘bude 50 km. is the same as ground air.

Up to the date of wnt:.ng th:Ls thesis , we have found no explanation
for the sbsolute d:.fference between our helium rat:l.o and that of Glueckauf,
namely 5.239 ppme The capacity of our reaction chamber was rechecked, the
distribution of the coltﬁnn remained constent and if the helium fozj éa]‘ibration
had been contaminated the apparent helium content would have been greater
not smallere - If the distribution of the column had changed during the
course of the exée:imen‘bs , one would expect iﬁconsistent results, vhereas,

.in actual fact, the results indicated were determined intermittently during

the three weeks duration of the analyses. In any case, had the distribution

altered just after the actual measurement and prior to measurement of the

last series of results, and remained constant during this period, so that the

ratio of neon to helium became 3.47 : 1, then the neon would accordingly be

reduceds To ccxnpeﬁsate for this the reaction vessel volume would have to

alter by as much as 2 per cent, to bring the figures for helium and neon up

%o those obteined by Glueckauf.  We measured this reaction volume three:

4imes and obtained a mean result with error less than 1%,  Thus we have no

explanation for this discrepancye

But the absolute error does not invalidate out sta.:tement that

stratosphere air is to all intents‘and' purposes of the same chemical ccmposiﬁoﬂ
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- as ground aire. An ocecasional deficit_ of helium can be ascribed to the
condition of the glass apparatus employed for extracting the samples from
the bottl'.es. The tpoubles encountered during experiments with helium using
glass apparatus are well known, and glass dissolves helium appreciably.
Consequently if glass freshly heated :is used shortly afterwards as a
reservoir for air semples, helium will be dissolved to make up the deficit.
Hence a possible reason for the deficit in samples 164, a sample taken
during the seme flight as 15B. ' |

'The method of analysis could be improved, s@what , if a more suitable
metal than copper were used to remove oxyéen. The metal would have to be
capablé of removing all the oxygen and aiso retain the gas when strongly
. heateds. A magnesium or zinc ribbon flashed in the eir sample would do the
- trick, but this involves removal of the wire assembly after each experiment,
and uhneceésary delay in obtaining a really dry reaétion chamber again. Tl
wet method is not su:?.table because of the small quantities employed and it is
'dOubtﬁJ.i that oxygen would Be ccxnpletely removed. . |

As long as the method of sealing the metal bottles is employed, a fair
portion of the oxiygen will disappear. It would be best to have a double
cap consisting of a Al or Cu tube connected to another Cu tube via a heat
insulator.  APter entry of the strdosphere air, the Al or Cu tube nesrest
to the bottle could be cleamped shut with a hammer mechanisp, and a fraction
of a second later the outer Cu tube clamped shut and soldered. With such a

cap the leak of air through the inner closed tube would be so slow that the

tinned copper would have campletely cooled and so be ineffective in removing

0Xygene
Argon being a heavier gas than either oxygen or nitrogen, any indication

of diffiisive segregation will be more apparent if the helium/argon ratio is




employed. There is no necessity to remove the oxygen unless absolute
'quantitiqs are required. We found no deviation of the percentage of argon
in the stratosphere air to that in ordinary air.

L. CONCLUSION,

Analysés of stratosphere air collected by V2 rockets fired in

America to altitudes of 70 and 50 kms. have indicated a negligible diffexenm

in the composition compared with ground air, as far as nitrogen, argon,
neon and helium are concerneds  Oxygen has béen partly removed in each
éase,due to the mechanism of closing the sample bottles. Absolute values
for all gases except helium, in both ground air and stratosphere air agreed
with the values defermined.éy Glueckauf for ground air., The mean figure
for helium in our first series of results agreed with Glueckeuf, but in our
more accurate second series, the mean was sbout four per cent low, althougﬂ
the neon determination agreed. No explanation, to date, has been found to

account for this discrepancy.

Three analyses plus an argon determination could be performed with

as little as 1.5 cce NTP of sample.

| Fran our results we have reason to believe that diffusive segregation
does not overcome turbulence in the sfratosphere below 50 km. at least.
Helium is not a relisble gas for indicating eccurate differences in compos-

ition of air despite the low density end inactivity if glass vessels are

used. A& more suitsble gas for the purpose is neon.
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CHAPTER 5.
THE MEASUREMENT CQF HELIUM IN METEORITES.

1. INTRODUCTION.

;t is now of general belief, though not definitely proved, tha.t
meteorites which strike the Earth, belong to our Solar Systems, They
efford the only means available at present, of analysis and age determin-
ations of extra-terrestrial matter, the pioneer work of which has been
extensively conducted by Paneth and his collaborators since 1928, (P5, A1)

| Up to 1942, a considerable number of meteorites were analysed for
the volume of helium occluded and for the amount of radiocactive material
present; Quantities up to 20 gm., were dissolved in a suitable solvent
such as potassium cupric chloride ar hydrochloric acid, the hydrogen
removed by burning with oxygen and the helium measured by the Helium
Apparatus,  After dissolution the radium and thorium X present were
precipitated together with barium as sulphates, the latter converted into
chlorides and the thoron and raﬁon evolved.from-the chloride solutions
measured in an ionization chamber connected with an electrometer valve.
The thoron, because of ité short half-life, was measured immediately
after preparation of the solution in a stream of nitrogen, whereas the
radon was allowed to accumlate before measurement. |

] Controlled experiments showed that it was possible to measure
quantities of radium of the order of 1 x 1013 gn: (corresponding to an
equilibrium amount of 3 x 10~7 gm, uranium) and of thorium salts of the
order of 1 x 10"6'gn, to an a.coura.cy'cf 10 per cent, Since all meteorites
cohtain similar emounts of ﬁranium, usually about 1 x 108 gm/gm., 30 gm.
meteorite will be necessai'y to measure to the above accuracye The limits

of error in the measurement of the heliuxg were negligible, but were high
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with the thorium, However, it.was most probable that age values were not
more than 1,000 million years out in the case of the highest ages, This
is not & lot when one éonsiders that ages estimated were as high as 7,000
million'lyears, a value which is .twice as high as the reputed age of the
Earth. '

_ At the time of puhlication of the results obtained ¢n meteorite
-a.ﬁalysis, an uppef- limif to the age of the Solar System had hot been
estimte‘d.. Consequently, Paneth, though he mentioned how one mst be

! sceptical about age determinations obtained by thé Helium method, because
of the inability of scientists to éxpla.in the "excess helium" in the minerals
beryl and magnetite, concluded that the age of the Solar system could hot
be less thgn 7000 millions years. This is considerably higher than the
age of rocks of the Earth, which have been determined by a more reliable
age method =~ the Lead Methc;d.

. It is now geologically established that the age of the oldest
rocks is of the ordef of 3500 million years. If we assumed that this
figure is representative for the age of the Solar system we must turn to
some hypothesis to account far the "excess helium" present in meteorites,
One hypothesis was put forward by Bauer in 1947 (B1).7

Bauef plotted the helium contents of meteorites obtained by Paneth
agains;t the logarithm of the masses and concluded that smallest meteorites
have the largest helium contehts and vice versaes This effect indicates
that the helium contents are felated to the pre-atmospheric masses and
actuslly opposite to what we would expect if there had been an appreciable
leakage of helium. Bauer states that this phenomenon would be expected
- if cosmic radiation was the source of the heliﬁm. Observations show that

.cosmic rays give rise to nuclear disruptions, and that o “particles are
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smong the disintegration products, From published data he adopted the
foliow:lng:-
(1) neim averége number of o ~particles produced per disruption,
(2) L= 150 gn./em? = mass in which on an average one cosmic ray
partlcle will give one disruption.
(3) J = 1.5 = number of primary cosmic rey particles crossing the
unit area per second,

Thus, helium production ia. N = -E-J- = 10_20(8/”0/@.' meteoroid.

Consequently for a very small meterori"te (negligible absaorption of
cosmic rays) the disruption process will produce the maximum observed
helium content .(4 x 105 cc./gme) in 304 x 109 years = i,e. within a time
equal to the present as.signed. age of the Solar System,

»Since in the atmosphere we never observe primary cosmic rays with
energieé less than 3 BEV, and if this can be attributed to the sun's
magnetic field it is possible that cosmic rays at solar distanoes about 3
astronomical units (an" acceptable distance if meteorites come from a
~disrupted planet between Mars and Jupiter) wilI produce & ~particles, On
this asisumptiog, helium production in meteorites may be.as much as 100
times the figure quoted above,

A ' In his second pa.per,‘ Baner (B2) calculates the radial distribution
of helium' produced by cosmic fays » assuming it to be proportional to the
coamic ray intensity. ‘ .He deduced a formulag=

N(r) . 1 \ | R+r T 52,2

— ) 1 R+r
No N [e..d/n duw= T ¢4/ a3 » BT e~d/D dd
. : Rer E r d2

where Ny = primary cosmic reay flux through a sphere of cross section

1 cm? in free space,
N(r) = flux at a point P, r cms. from the centre of a (iron) metecrite,

radius Rm density = 7.8gm/cc.
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| d = distance from point P to any point on the syrface of the sphere,
| D = distance in which on average one primary particle produced one
muclear disruption ( = 19,2 for iren).
From this he calculated N (r)/N as a function of .r, for meteorites
of masses 101, 102, 109 —eem kg,
Bauer Plotted such calculated values a,gainst the distance from the
centre of the meteorite and obtained the following graph.

Numbers denote wt., in kg. to power 10.
1.0 = : SR : :
N ' ]

. . .
0 00 200 400 500 500 700

Distance from Centre (cms.)

From this g,raiah, it is obvious that cosmic ray helium at the edge
of metorites larger than sbout 105 kg. can be little over half that in an
extremely small meteorite, due to the large mass of' the meteorite shielding
any edge from half the cosmic rays of free space, There will also be
| lai'ge radial variations in the helium content of all meteorites except at
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points more than 80 cms. .from the edge, This is only the case with
meteorites of greater mass than 10% kg In very large meteorites the
heljum produced at the centre fSrom cosmic rays will naturally be very
minute, |
| Bauer, in the same pape'r, calm]_.ated the helium contents per gram,

at the edge and at the centre of meteorite of different masses, assuming
that some of the outer crusts of the criginal mete;::roids wete lost in the
‘atmosﬁhere. ‘He assumed that cosmic radiation produced 4 x 100 ccs/gme
at the centre of a meteorite of mass 10 kg., and that all metecroids have
been irradiated for the same length of time, Actual values chtained by
Paneth, when plotted on the same graph appear near the theoretical curves.

He finally states that if 4 x 105 cé./gm. is actually prodiced in
small meﬁeorites by cosmic rays, then the process is sufficient to account
for all meteoritic helium; ' . |

Paper three (B3), summar;ieesl the evidence that cosmic rays account
for many of the phenomena- a‘ssooiated with the varying helium contents of
meté'orites. Bauer quotes the case c:f the Bethany meteorites which appear
to 'be identical in composition, though contdning varying- amounts of helium,
(Goamus 0.15 x 106 cc/gm., Amalia 3.0 x 10~6 cc./gm.)s It is possible
‘that Goemms was originally the centre of a meteoroid of mass 5 x 104 kg,
‘and that Amalia was 80 cms, further out i.e. on the edge of a sphere of
rﬁius 80 cms. and mass 1.5 x 10* kg  This latter walue happens to be
.the. ‘total mass of all the Bethany meteorites discovered, Though the
remaining 3,5 x 10% kg, seems to be rather a large qﬁantityto disappear
on passing through the earth®s atmosphere, Analysis of two points in
Amalia, 7 cms. apart, by Paneth did give a difference of 0.25 x 106 ce/gm
helium, Bauer calculated that fhere would be a possible difference of
0090 x 106 co./gm. if these two points had been radially disposed 80 cms.
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from the centre of a 5 x 10k kg, meteoroid. .

He ooncluded from this evidencé that the time of solidification of
the parent planet must have been less than 6 x 107 years ago, otherwise
the amount- of uranium and thorium present in the Bethaﬁj Goamus meteorite
would have: produced more than the observed helium content.  Because of
the shortér time in which the cosmic rays have to produce‘ ghe helium, the
production will have to be 70 times the estimate given previously, Bauer
considers this possible if there is a much greater cosmic ray flux in free
space then near the earth's surface, and especially if secondary cosmic
rays produce an apprecieble number of 0&~parti§:1es as well,

fo test the tiuth of Bauer's theory, we have analysed one or two
mefeorites for radical distribution of helium, In one metecrite, we have |
énalysed'éamples taken from seven different places of the meteorite. In |
othefs, we have confined curselves to outer edges and cenfre portions, \
Bith the Helium Apparatus in its present state of efficiency, 100 mg.
'samples can be measured with an accuracy af one per cent,
2. METHOD.
| The method of dissolution of the meteorite, end purification and
actual measurement of the helium liberated, has already been described as
& typical experiment employing the Helium Apparatus (see Chapter 2, part 2),
‘ - The samples themselves were taken from the meteorites either by
mesns of a drill or a hacksaws  Experiments by Paneth (Pik, P4) have
proved that heating the metearite metal to 40009C for three hours released .
only a small percentage of the hel:;mm « consequently th.e-; heat generated
during the drilling bf sawing of the material would not affect thereleaée |

of gas to any extent.
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3. EXPERIMENTAL,
(a) OXYGEN PRODUCTION.

In order to save time in the preparation of pure oxygen bf the
hydrogen peroxide ;nethbd, it was decided to use cylinder oxygen and liquify
this in a tube leading from the main oxygen line and equipped with a stop=
cocke When sufficient oxygen had been liquified, the stop~cock was
closed and the ren?ainder of the gas plus helium and most_of the neon pumped
awaye At frequent intervals the stop-cock was opendd quickly and closed
again'; This produced sudden boiling of the liquid oxygen and consequent
flus'hir_.lg out of dissolved neon in ite After repeating the process five,or
six times the oxygen line was clbsed to the pumps and the liquid allowed to
. evaporate,

However, after several unsuccessil blank experiments when in each
case a large amount of neon was detected, the method was abandoned and we
reverted to the hydrogen peroxide method again., We can only conclude
_that.neon-is so soluble in liquid oxygem, that prolonged boiling and
ev@ti@ would be necessary to completely remove it, It was quicker and
simpler to prepare pure oxygen from peroxide.

(b) DISSOLUTION OF THE METEORITE.

& most suitable concentration of acid was found by dissolving 200
mg, of fneteorite filings in varying concentrations of acid, with and

without potassium persulpha;te.
The ideal solvent (for the ghree meteorites we ‘analysed at any rate)

was estimated to be 5 cc. concentrated H250), with 50 cec, water and

saturated with persulphate, Because persulphate in solution slowly

decomposes to the hydrogen sulphate and oxygen, freshly prepsred solutions
were necessery to avoid making the metal passive and hence :ihso._‘l.uble. When
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a metal becomes passive, an invisible layer of oxide covers the whole
surface preventing lﬁ:.rther dissolution, until the oxide layer is
penetrated ,either mechanically or chemically., -Such. ions like persulphate
and chloride are capable of doing this, and therefore assist in dissolving
the metal, Using a saturated solution, 200 mg. metal can be dissolved
campletely w:lth:l.n 20 minutes.
ke RESULTS,
(a) SPECIMEN CALCULATION,

' Meteorite == -s;.cmmmo_mouﬁmms ( ¢ ~ centre)

Weight of Meteorite = 0,1588 gm, -~ cémpletely dissolved in 15 minutes.

P = 3.440 cms, at 22;800. V=28x 10,88 x [ 1« (22.6—20)] x 1078 ce.

= 2,964 x 1070 cc,
Deflections. | |
(1) 23.74 cums, between 42 and 18 of scale
Scaele corr, = +.05
. True reading = 23479 cms,
(2) 23.67 omss hetween 42 and 18 of scale
' Scale cofr. = +.05
Brue reading = - 23,72 cms,
(3) 23,47 cms. between 38 amd 14 of scale.
Scale corr, = +.26
True reading = 23,72 cms,
(k) '23.44 cms, between 38 and 14 of scale
| | Scale éorr. = +.26.
Brue reading = . 23,70, cms,

The first two calibrations were carried out before the measurement of thd
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helium from the meteorite, and the second two af terwards,

Mean deflection = 23.73 cms.

Since 1% of the calibration helium is lost after 4 cupfuls have been
removed from the calibration systein, we mst add 1% to the mean deflection
to obtain the frue deflection. ~ .

Therefare, true deflection is 23,72 + 3% P i

= 23,85 cmss

Therefore, He sensitivity = 2,964 % 10~6 cc.

28785

= 1.%3 X 10.'7 cc./cmo

Operations 1324 14,06 cmse between 45 and 34

Socale corr, -.3&-

True reading = 13,72 cms,
Operation 25 . ' 0,16 cms.
Operations 26-35 4Negli{gib1e.
preiiously %e had discovered that the capillary tubing comnecting the last
buldb of the fra.ctioa;ting column to the Pirani space was not small compared
with the volume of tije P:Lra.ni spaces In actual fact it is one per cent of
total volume, and unless this amount is allowed tovexpa.mi into the whole
Pirani space after measurement of the helium fraction, it ‘will appear in
the neon fraction, That is the reason for measuring up to the 2,th
fraction first and then measuring the 25th on its own.

Total Helium Deflection = 13,88 cms.‘

" Therefore, He/gm. mefeoﬁte e 13.88 x 12243 x 1076

1588
= 10,86 x 100 cce/an.




(b) TABLES OF RESULIS.

Meteorite = SACRAMENTO MOUNTAINS.

Sample : He x 10~6- cc.ng.
A (edge) 11,0
" .. 10,9
B (edge) _ 10,9
L 10,8
C (centre) .' 10,9
"o | 10,9
D' (centre) 11.0
" . 11,2
E (edge) - 11,1
. ‘ 1143
F (edge) _ 11.9
" ~ .8
P (centre) 11.6
o 11.5

Meteprite - THUNDA.

Samples. : He x 106 cc./mm.
Edge ‘ 30.8
- Centre | 30,3
Meteorite = TOLUCA :
| Sample " He x 1076 cc./gm.
Edge (inner slice) | 80,5
Centre " " 19.9
Edge (outer slice) 19.4

| . Edge (oufer slice; different part) 20,7
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Other Meteorites.

He x 106 cc./pm.

‘Bethany. s 0u 1
éerra.niaL de Varas (small zﬁeteorite) 14,00
Staunton | - 0,85

Treysa - | 2541

(¢) DISCUSSION,
- Bauer®s theory can be discussed clearly if his facts are divided

undexj five separate headings, as follows:«
Using the formula N = nJ/L, we obtainléThﬁ x 60 x 60 x 24
| 5 1418 x 1078 co. Helium,
Now Powler (ubpublished work), wﬁo has recently carried out observations on -
the production of "stars" on éhotogréphic plates by cosmic rays at high
‘points in Switzerland and also ch balloon £lights, has postulated that in
QW\; , free space 6;000 s:l:ars/cc. emlgion/day will be obtaineds The numiaer of
WM " ~particles per disruﬁtion is on the average l.’S___ and since the der;sity
of the emulsion is 4, then the number of A ~particles per gram emulsion per

\' day is 2250, The equivalent number which will be produced in iron of Wk‘j 9

density 7.8 will therefore be 1150« 5/gm. mets/day, In 106 years this
will give 1.56 x 10~8 oo, Helium, a value 25% higher than Bauer's,
The equivalent amount of helium which would be produced by 1 x 10-8
- gm, uranium plus 4 x 108 gm, thorium in the same time is 0,24 x 10-8 cc,
Thus cosmic rays produce « -particles in iron 5 or 6 times more rapidly
then the average quantity of uranium and thorium already pregent in M

,"“%@B‘

mefeorites.
The action is sufficient to accoimt for all the helium in the

richest meteorite known, in a time less than the assigned age of the Solar
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Systems Taking into éonsideration the share of the helium by the uranium
and thorium, the age of meteorites will be much less than previously
estimated,

Because cosmic rays will not be a;bsorbed to any great extent- very
smail meteorites will contain the meximum helium content, providing one
assumes that all meteorites were born from the parent planet at the same

time,

On thé seme:basis as the postulate in (ii), there should be very
1little helium near the ce'ntre of large meteorites and practically ﬁo
radial distribution need the centre, For example, if we teke the helium
_content of a Qmall meteorite as 40 x 106 cc./gm., then in the centre of
a meteorite of mass 104 kg., the helium content will be about 0,03 x 10 x
106 cc./gme -’F., 142 % 106 cc./gme For 10 or even 20 cms. from the centre
this amount will vary very little, until about 40 cms, the amount will have
in‘créa.sed to about 0,1 x 4.0 x 10*6 cc./gme = 4.0 x 1046 cc,/gm., and fram
there to the edge will increase rapidly to a value a little over 0,5 x

40 x 106 co./gms |

_ According to Bauer, it is no longer necessary to separate
meteorites which have the same compoéition and found near each other. The
particular meteorites i’xe had ir mind, of éourse, were the Bethany ones,

B ecause of the small helium content of the Bethany meteorites and
14

the established uranium and thorium contents the age of the Earth cannot

be more than 6 x 107 years,
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Taking these points in order, we find we can add little to (i).

We have analysed a small meteorite Serrania de Varas, (original
mass about 1.5 kg., diameter about 8 cm,); and discovered the helium
content to be only 14 x 10~6 ccs/gm.  This helium content is only 1/3 of
the maximum content so far discovered; so, unless the meteorite was
originally the centfe of a reasonably large one, we can say that the theory
breaks down at this pointe If the meteorite had been the centre of a
.1arge.meteorite, fram Bauer's graph this must have been at least 102 kge
Consequently more than 98 per cent by weight would have been lost in
passing th:gough .the atmosphere,

In the case of (iii), if we considera meteorite having a helium
content of 11 x 1076 cc./gme at its centre, the radial variation must ﬁ;
several per cent over distances of 10 cms. The mass of the meteorite
‘Sacramento Mountains is 25 kgs It is possibie_, ir one considers Bauer's
graph again, that nearly 9/10ths of the meteorite haé been lost in the
atmosphere making the pre=atmospheric mass equal to 250 kg. This
carresponds to a sphere of radius about 20 cms, ‘

To £ind out how much we should obtaim 7 cms, from the centre of

this sphere, we cen substitute the appropriate figures into Nauer's

equation:~
R +r 2_..2 [R+r
N u ] e"d/Ddd + B =T ed/D .o
° b Re~r a,E

- This when evaluated, eand providing 4 is not too big, is
[«Vuz - ap) , (a/n)’(a—a/o) . (@p)5(6~ap) , (ap)(8 - ap
' 8!

6!
‘ ¢eo 0000 R + r
:, Rer
a/D(6-4/p) , (a/D)3(20-34/0) , (a/b)5(12-54/p)
[ 1x2x 3} +' 3xdx58 5x6x71

L)
X
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+ 7 2- ) ....OJ‘ R+r
_7x 9! R ey

whenﬂR =20, r=7

Above = 1;-% (0uli12 + 0,308 + 06185 + 0,010) = 1952 (0,449 + 0ol + 0,006)
: 28

+ 2 1[—0.,037 - 0,172 + ] ] ~351
| %. T9._2.(0.542 + 0,031 + 0,001) 32 -q.077~0.137
+1__ (0,303 + O ] |
53 (0,303 + 0,004)
= 0,288 + 0,25
= 00&
Consequently; shcmld Bauer's theory be correct, we should expeot to

£ind 0s5% x 40 x 1076 cc./gme 7 cms. from the centre of the sphere.

We certainly did not find this experimentally, In fact, the fiéures
for Sacramento Mountains show very litﬂe deviation between the points, |
A, B, .C, D, and E, three of which were edge samples and the other two
centre oxies. P and F agree with one another, but being from another part
of the meteorite the difference between bthe mean value and the mean value
of A, B, C, D, and E, which is 7% can be accounted for by inhamogeneity of
the distribution of uranium and thorium, This, natﬁralIy, cannot be
checked at present. |

It can be reéorded here, that we were surprised at finding the
results in such good agreement, indicating good homogeneity at least in
large areas of the meteorite. It is possible that the other piece of
Bethany on which Paneth garried out his expefiments was inhemogeneousj but
only one determinat;lon was carried out, and it may have been purely
coingidence that the value ontained for the centre portion was somewhat
less than the edge saixiple. No such far reaching conclusions as those of
Bauer should be based on this oﬁe figure. ‘

The metecrite Thunda, whose mass was sbout 6 kg., may have had a pre-
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atmospheric mass of 10~20 kg., in which case the present outer edge should '
contain sbout 0,85 x 40 x 10~6 = 34, x 10~6 co./gn. compared with 30 x 106
cc./gm. in the centre. Our value differed by less than 2% from the centre
value, - | '

The same maey be said about the metorite Toluca, which corresponds to
| a pre~atmospherioc mass of probably 70-80 kg. according to Bauer's graph,
Professor Panefh possesses an outer slice frqm ah unknown meteorite which
for various strong reasons is supposed to be part bf the-block of_ the
meteorite Toluca of which an inner slice is in the Science Museum (British
M;seum, Natural Histbry). We have measured the helium contents of both
and they Are identical. If our surmise is cdrrect, the original mass (not
the pre-atmospheric) wouldshav ebeen between 1800 and 1000 kg, The meteorite
of mass 80 kg, having 20 x 106 cc./gm. of heljum at the centre, should have
.a;t least 30 x 10"'6. ccs/gme at 14 oms. fram the centre, We found practically
" no difference between the outer edge and the centre.

Bauer!s hypothesis that the Bethany meteorites all belong to one fall
and that the di.f'ferentAhelium contents a.re due to radial distribution of helium,
néé,d ﬁot be ;ccepted on the fact that the composition of Bethany (Goemus) and
Bethany (Krantsz) are identical. .All meteorites have practically the same
amounts of uranium and thorium, and because 'experimenf.al egvidence gave
exactly.the‘same figures in these two cases, we cannot state definitely that
they belong to the seme meteorite, Paneth in his paper of 1942, states that
.10% acouracy could be obtained with 30 gr. samples in the case of the radio-
ac;tiv;'*«.measurements. Samples varying in weight between 15 and 20 grms, were
actually used, consequently the accuracy may have only been 15 = 20%, It is
quite possihle that Bethany Amelia (Krantz) is a different £all from the other
Be.tha.ny blockss Dr. Chackett has determined 6 Chilean metecrites which




~ contain helium varying between 0,56 and 2,00 x 10~6 cc./gm. Yet from other
evidence one would quess that they all came from the same fall,

' Pinally, on point (v), Bauer accounts for the small helium content
inABethany Gbamus, reputed to be the centre portion of a 5 x 10k kg
meteofite, by stating that the maximum age since solidification and presumably
since the breakup of the parent planet, was 6 x 107 years ago.. But there are
other meteorites containing far less helium, namely the Cape York metearite
with less than .001 x 106 cc./gm. aﬁd a Swedish one, Monionalusta, determined
by Dre Chackett, with less than .002 x 106 cc./gm.  Presumably these .
meteorites contain uranium and thorium, because they are undoubtédly meteoritic.
Even if théy contained only one tenth of the average amount of radiocactive
material, the greatest possible age would onlj bé Jor Ayx 106 years. So
uhless Bauer is prepared to increase the val@e for Cosmic ray flux to
broportions as much as 1,000 or even a few thousand times his present factor,
his statement regarding the maximum age of the parent planet must be reviewed.
Increasing this to such propoitions, however, makes his quantitative work
so far valueless, |

We must f;ce the possibility that the cosmic ray effect as we find it
" in the earth's atmoéphere has not.the same effect in outer mpace. It may
1pioduce heliuﬁ in meteorites, but be so pdwerful tﬁat absorption by twenty
or more cms. of iron is negligible,

'On the other hand, we may say that the breakup of the parent planet
of the meteorites was a very recent event, This will account for the very
low helium contents, unless they were.remoltén at some stage, because no small
body like a meteoroid can remain in a molten state for longs If we are to
aécept the fact that the age of the solar system is no more than 3,500 million
years, then a process as upknown at present as that operating in beryls, must

acoount for the "excess helium®,
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Though we have proved that helium does not vary radially in three
different meteorites, to really test tﬁe Bauer effect, a‘He?/Hek ratio of
meteorite helium should be carried ocut. Absence of He? would elmost certainly
exclude oosmic ray action.

5. CONCLUSION,

We have shovn experimentally by dissolving 100 mg, samples of
metecrite taken fram the centre and outer edge of three meteorites, that the
"Bauer effect" does not exist. Our results agree to within 1 or 2%, and
‘within these liﬁits there is no difference in the mean helium content of
- outef and centre sampies.‘

' Mbasureﬁent of the HeJ/Hel rafio in ﬁeteoritic helium should definitely

prove the existence ar non-sxistence of the Bauer effect.
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CHAPTER 6.
THE HELIUM CONTENTS OF BERYLS AND MAGNETITES.

1. INTRCDUCTION, )

In the Historical :Lntrodﬁction fo this thesis, it was explained that
Berylss are the only minerals of terrestiial origin which have extremely
high helium contents compared with the amount of radioactive material present.
Various investigators have attempted to explain this phenomenon, inclgziing
Lord Rayleigh and Paneth, ' |

It was suggested by Rayleigh, af;te'r he had proved that the helium
excess could not be ascribed to a radicactive « ~emitting element which had
disappeared during geological time, by shoﬁing that large helium contents
were li?lited to specimens of great~géologica1 age, that the helium must
come from another element besides uranium or thorium.

This problem has been tackled by E.R. Mercer of this department, who
ocarried out analyses on many beryls and concluded thaf the helium contents
are not proportional in any way to the amount of any of the other elementg

presents It was in conjunction with this work that the helium contents of

'tv‘vo beryls were confirmed using the Helium Apparatus.

-Magnefites are other minerals which have a high helium content, which
may however be explained by the very high retentivity of the mineral for this
ages The helium estimation of one magnetite has been carried out to

determine whether ar not it was of Pre-Cambrian origin. The redium and

~thorium analyses were carried out by Mr. Mercer,

2. . METHOD.

Liberation of helium from beryls by heating alone in the absence of

air were attempted first, and later with caustic potash as a flux.

A smell orystal of the beryl was chipped off and weighed, put in a
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platinum furnace and a gram or two of potash previously melted to get rid
.of occluded air, added, Ihe furnace was immediately attached to the Helium
~ Apparetus and evacuated, (Platimxm is not attaokeé_'by caustic i heated with
it in 'a.béeme of oxygen.) The furnace was raised to a temperature of 700°C
~ and maintained there far about 3/4 hour. '
Bef'ore cooiing, pure oxygen was introduced quickly to flush out the

Kelium and other geses produced during fusiom, int§ the circulating part
of the Helium A‘ppai‘atus. Purification and measufenent were cerried out in
the normél iva.y.

| In the case of the magnetite, it was found better to use finely
ground powder together with fusion mixture and prolong the heating for 3
hours,; Experiments conducted by Paneth in 1936 (H2), showed that very
little hglium is lost through powdering rocks and minerals if the helium
determination is carried out shortly afterwards,

30 . MMNTAL.

Experiments were carried out with two beryls, one from Pisek (Norway)
and reputed to contain 4e75 cusmme Helium/gram, and the other from
Leydsdorp (Transvaal) reputed to céntain 29,2 cu,mm. Helium/gram.

AApprux'il-nat'ely 7 mge of the beryl were accurately weighed ocut, and
heatéd,alone for half an hour at 7000 C, ' The amount of helium liberated was
only 2A per cent of Rayleigh's figure, Further heating for another 1 hour
'reieaaed a negligible amount. -

In the next experiment anout 1 mg. was employéd and heated with about

2 grams ‘of potash for 3/L hour, and the helium liberated shown to be half
‘that of Regleigh's. Since the object of the experiment was only to check
the the order of the result; no more experiments were carried out with the

beryl, : ' ' Y




The same method was applied to the second bgryl and in the case of
- the magnetite sufficient defail has been given above,
L. RESULTS.
(1) Beryl = PISEK (Norway).
Weight of Beryl = 0,0013 gm.
Helium calibration = 4,14 x 10°8 cc./om, deflection.
Helium content = 67,5 cms.

Therefore, Helium per gme beryl = 67.5 x btk x 10~8
0.0013

= 2028 Cle ﬂﬂo

(of. Rayleigh = L4/ ou. .ml?l./gm.) |

(2) Beryl ~ LEYDSDORP (Transvsdl).
Weight of Beryl = 0,00232 gm.
Heiium dAibration = 2.97 x 10=7 cce/cme
< Helium content = 213 cms.

Helium per gram, beryl = 213 x 2,97 x 1077
0,00232

= 2743 cus mm,/gm.

{cf. Reyleigh = 29.2 cu. mm/gm.)

(3) Magnetite= ANGOLA.

Weight of magnetite = 0.1201 gm.

Helium calibration

P = 7.7077 cms, at 20,20C, V=8 x 7,077 x 1078 cc -
5,66 x 107 oo
Deflections -
(1) =3.78 cms. betw een 41 and 37 of scale,
Scale correction =. =03 cas,

True reading = 3,69 cms.
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(2) =3.71 cms. betmeen 41 and 38 of scale
Scaie cor_rection = =,07
True reading = 3,64 cms,
Meen = 3.67 cmse + 3% = 3,68 cus.

Therefore. Helium sensitivity = 5,66 x 10~7
3

= 1,54 x 10°7 cc./cm.

Operation 13 = 0,68 cms. between 41 and 40

Scale correction = =,02 | 0,66 cms.
Operations 1l..~16 =~ 9,81 cms, between 40 and 31

Scale correction = =,10 9«71 cms,
Operatioxis 17-30 - 21.19 cms. between 41 and 20

Scale correction = +~07 2_2.26 cms.

Operations 31~40 = 0,69 cms. between 52 and 41
| Scale correction = =,05 0.6l cms.
Now 1.5 fer cent of the helium comes over after the 30th Operation.

Therefore total He = Qz_ég% = 33,13 cms.

Thus Neon due to air lesk = 0,64 = 0,50 = 0,14 cms,
’ 0‘06 cmnse He

This is negligi'ble.
Therefore Helium from the Magnetite = 32.63 cms.

He of magnetite 32,63 x 1.54 x 10~7
o ) 0. 1201

= 410 x 10”2 co./gm.

The uranium and thorium contents were 8,9 x 10~7 gm./gme and 1.1 x

10=5 gm./gme respectively, corresponding to an age of about 9.4 x 107 years,




CONCLUSION.

The large heiium content of two Beryls originally measured by
_ Lord Rayleigh were confirmed by heatihg a mimute cfystal‘ of beryl with
caustic potash in a platimum furnace for approximately 3/4 hour at 700°C.
Mere heating of the beryl alone was only capable of releasing about 2% of
the occluded helium, ‘ |

A magnetite of unknown age, but théught fo be of Pre=Cambrian origin,
was heated with fusion mixture for 3 hours to release all the helium. From
the helium content and the urenium and thoriun contents determined by
Mr. Mercer, it was estimated that the magnetite: was younger than of

Pre~Cambrian arigin,
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