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DESCRIFTION OF A DEMPSTER TYPE DOUBLE FOCUSING
KAS5 SPECTROMETER



1. Introduction

Barly mass spectographs provided for either curncuealor valacu.yg
focusing. In order to study the heavy elements it was necessary to select
& narrow bundle of rays having & amall spread of energies. This selection
resulted in an undesirable decrease in intensity.

In 1935:Mnn3domibad en instrument in which the particles
were first deflected 90 degrees by an electric field in a oylindrical
chamber, and then through 180 degrees by & magnetic field. 1In 1937 hoh
showed mathematioally how thie arrangement of fields produced both direction
and velocity focusing.

In 1934, Matteuch and 3cmg§pubum¢ﬂ the general theory for mass
spectrometers for all combinations of & radial electric field and & homo-
geneous magnetic field. Two years later &ttauchssm::ﬁ that Dempster's
double foousing mass spectograph was a special case of this general theory
and that it satisfied the conditions for #auble foousing.

In 1945, Duckworth and Roberts built a duplicate of Dempster's
double focusing mass spectograph in whieh the ione were recorded and measured
photometrically., At MoMaster, intereet lay in the relative abundande of the
isotopes, rather than in acourate mass determimations. Hecause of the diffi-
culties inherent in obtaining these abundaaces7trm the relative blackening
of a photographie plate, it was decided to convert the instrument to a mass
spectrometer in which the isotopic abundances are messured by positive ion
currents. ‘This necessitated the designing and rebuilding of the source,
collector assembly, and the accompanying eleetroniec units. The condenser
chamber and magnetic analyser were unchanged.

0-1-
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Resolving Power

The resolving power of a mass spectrometer is given by the relation

|
A 51’\'32

where r is the radius of the ion patﬁ in the magnetic field

8y is the exit slit width and

8, 18 the entrance slit width,
For this spectrometer

ra: Ge5 oms,

8y = o3 mms.

By = 00,1, or .2 mms.
giving a resolving power of approximately 271,238 or 190 respectively.
Relation between accelerating and deflecting voltages.

The initial energy of an ion of mess m, and charge e is given by the

relation

my®— Va.o. where v is the veloeity of the ion and Va the

ol

accelerating potential,
In order that the ion travel through the electric field in the central path
of radius a, the following condition must hold:
my® _ Vd.,e where Vd is the deflecting voltage and x the distance
a x :

between the deflecting plates.

Hence, 2Vae=a Vd.e or Vd = g&.Va
x &

For this spectrometer a — B.454 oms, d = .508 ocms. giving Va < 8,35 Vd.

@
H. Shields pluced the exit slit at a point corresponding to the position on
the photographic plate where the lines were most clearly defined.
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Thus the accelsrating voltage should be 8,35 times as large as the voltage
applied to the deflecting plates whereas in operation the ratio is about 7.

2o The Mess Spectrometer
% :
The mass spesctrometer will be described under the following general

headings; the source end, the condenser chamber, the msgnetic analyser, the
collector assembly, and the vacuum system. The conetruction of the instru~-
ment is all metsl except for the necessery "Nykroy" insulators, and the
glass envelope surrounding the source end. loth silver solder and soft
solder were used in the construction of the instrument. This is very unsatis-
factory in that the ilnstrument cannot be "baked" in order to eliminate residual
geses. A different method of assembling the tube, which would allow "baking®,
would increase the anslysing efficiency of the instrument., All metal sur-
faces are cadmium plated to prevent rusting. The conienser assembly, magnetiec
analyser, and sylphon bellows are painted on the outside with glyptol varnish
to render the spectrometer vacuum tight,
2+.{a) The Source Znd.

The envelope surroumding the source assembly (figures 1l and 2) is a
glass tube of 45 mm. I.D., flanged at one end and closed at the other by a
brass and sylphon bellows assembly sttached to the glass with Aplezon wax (¥).
A 3/16 inch stesl rod passes through a Wilson vacuum seal attached to the
bellows assembly and ends inside the glass envelope. A 1} inch length of 15
mills dismeter tungsten wire, to which is secured the crucible containing

b

4 general desoription of parts of the instrument unchanged in the conversion
from a spectogreph to a spectrometer is taken direotly from & report by D.
T. Foberts. For more detailed information concerning the ocondenser plates,
pole pieces, stc. reference should be made to this report.
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the sample to be analysed, is held in the end of the rod by a drilled hole
and set serew. The Wilson seal enables the rod, and hence the crueible,
to be moved in and out, and the bellows with tirse spring loaded tilting
screws, allows the rod to be tilted in any direection,

Inside ths glasa envelope, the stesl rod passes through & cireular
“lykroy" spacer which is bounded at each end by a ring, grooved to fit the
spacer, and clamped together by three threaded studs. Three other studs,
bolted to the upper ring, support a dise which holds the shield., A tung~
sten wire fastoned in the end of the steel rod, passes through a small
hole in the centre of the dise and thea supports a erucible inside the
shield. ‘The erucible is a % inch length of 63 mills diameter tantalum
wire, one end of which is recessed to hold the sample, The tungsten wire
fits into & hole drilled in the other end of the crucible which is sgueezed
tightly against the wire.

Two tungsten rods, whioch support s tungeten filament (thickness
001 ineh, width .030 inch) surrounding the erucible, are brought through
holes drilled in the diso and "Mykroy" spacer, and serve as conductors for
the filament current. Two copper-tungsten wire press seals connect the
filament current supply to the filament through the glass envelope.

One side of the filamont is grounded to the sssembly such that the
filament and shield are at the same potential. The high voltage is eonnected
directly to the filament which raises the entirs source above ground potential
and henge the necessity of an isolation transformer. A lead from the crucible
surrent stablilizer, elipped on the end of the steel rod, raises the potential
of the orucible 500 volts above that of the filament. The crucible is heated
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by eleetron impact and positive iona originmating within the crucible are
acoelerated to the hols in the shield by the same potential that scoeler-
ates the electrons from the filsment to tho erucible. After emerging
from the hole in the shield, the ions are further sccelerated by the
applied potential between the shield and the entrunce alits, whioch are at
ground potential,

A flange soldered to the murce end of the condenser chamber is
threaded on the outside and grooved on the surface facing the soures to
take a rubber gasket. A threaded (female) knurled brass ring, engaging
with the threaded flange, presses the flanged end of the glaass anvelope
egainst the gasket, thus meking a vacuum tight joint between the source
end and the condenser chamber,

The entrance slit fits iunto a counterbore in the holder that supports
the deflection plate sscembly such that the distance from the slit to the
effective boundary of the electro-static field is § inch. The alit is
aligned by means of a dowel beside the counterbore in the holder. There are
three slits aveilable of widths .05, .1, and .2 mms.

2. (b) The Condenser Chamber

The condenser ahuaba;(rigam 3) made of brass, which is silver
soldered together, contains the curved plates used to produce s 90 degree
deviation of the ions. The plates (figpure 4) made of Armeo magnet iron for
nsgnetic shielding, are insulated from eseh other, end from the grounded
brass chamber, and have leads which are brought out through the chamber

o :
Fote: Upper flange joint shown in figure 3 is8 not used. See figure l.
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wall by means of small kovar-glass seals. The defleocting plate assembly
is an independent unit and cen readily be removed from the chamber for
¢leaning purposes, The end of the chamber remote from the source carries
one~half of a flange joint which is bolted, with & rubber gasket in between,
to & similar flange soldered to the magnetic analyser.

2. (¢) The Magnetic Analyser

The magnetic analyser (figure 5) fite between the poles of the
electro-magnet and is bullt up of two Armeo iron pole-pleces separated by
& semi-gciroular brass spacer. A totally enclosed semi-oylindrical eshamber
is formed by e bucking plate aoross the diametesr which carries at one end
e half flange joint fitting to the one on the condenser chamber. At the
other end is 2 large hole, 2 inches in diameter, bounded by four threaded
rods which support the colisctor assembly. The gap over which the magnetic
field is effoctive 1s 1/8 inch and by automatiocally varying the magnet
current, isotopess of different masses are focused on the exit slit.

The magnet (figure 6) is made of Armeo magnetic irom and the sur-
faces of the poles rare precision ground to a low tolersnee for the pole
#8p which reveives the magnetic analyser chamber. To ensble the current
to be stabilized electronically, the eoils were randomly wound with a large
number of turns of small diameter wire.

2. (&) The Collector issembly

The collector assembly (figure 7) is machined from a brass eylinder
% inches 0.D., end turned down to 2 inches 0.D, at both ends to form two
shoulders. Two tungsten leads are brought out of the closed end of the
eylinder by two kover seals. Inside the oylinder one end of a small brass
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rod is soldered to ome lead. The other end of the rod is roecessed to
form & doep FParaday cup to collect the positive fons.. The other kovar
seal supports & suppressor plate kept et a negative potential of 45 volte
- with respest toc the Faraday ocup. This negative potential repels any
secondary electrons emitted from the collector cup when it is bombarded
by the positive ions. Nour counter-sunk serewse in the wall of the chamber
hold the exit slit plate over the open end of the collsctor assembly with
the .2 mm. elit directly in front of the collesetor cup,

The shoulder near the open end of the collector sssembly sits upon
& thick rubber gusket surrounding the-z ineh 1.D, hols in the backing plate.
& ving, 2 inches l.D., with four attuched sleeves whiech fit over the fowr
threaded rods in the backing plate, presses ageinst the upper shoulder of
the assembly, thus making & vacuum-tight joint between the sollsctor
assenbly and the backing plate., The four sleeves allow the collector
assembly %o be tightened against the backing plate until the exit slit just
clears the pole pleses.
2, (8) The Vecuum System

The spectrometer is evacuated through a horizontsl pumping lead
soft-soldered to the curved surface of the condenser chamber on the side
remote from the source end., A 1} inch kovar-glass seal joins this lead
to & large stop-cock (approximately 15 mm. bors) which changes the direct-
ion to a vertical one. Glass tubing, 25 mms. in dlameter, continues down
from the stop-cock into & ligquid eir trap., The side arm of the trap is
sealed to the top of & large capacity mercury condenmsation pump. This
pump i@ of a design favoured by the Clarendon lLaboratory and is of the
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single jet inverted umbrella type. The baoking side of this pump is
conneected by rubber tubing to & Duo-Seal fore pump. A 1949 H.0.A. ionie
zation tube iz sealed in between the stop~-coek and trap while a Meleod

gauge is conmected between the trap amd the top of the condensation pump.
The loweast pressure obtainaed is 1.0-63:1. Hge which rises quickly when the
filament is turped on to about 10.4m,. Hge After a few moments an opera-
ting pressure of approximately 10‘51!&, Hge. 18 obtained,

3. Electronic Units

3¢(a) Megnet Current Stabilizer

Sinee the manss which is focused on the exit alit varies as the
nqmova: the magnetic fleld it im essential that the magnet current be
maintained constant within narrow limits, The magnet is wound with approxi-
mtely 40,000 turns of No, 26 F&S, Yormvar magnet wire and requires a current
of about 150 ma. for saturation of the yoke. This cuwrrent is obtained from
a standard 2000 volt supply whioh has a variae (Rl s Tigure 11) in the primery
eircuit for adjustment of the output voltage. A complete description of the
stabilizer is glven by R. saum..s Because the contiol tube 1s a triode
there is an optimum plate voltage depending on the plate cwrrent and the

recommended plate voltapes for various wvalues of magnet aurrent are listed

below,.
Magnet Current (ma) Flate Voltage (volts)
10 190
20 220
30 245
40 270
50 295
60 315
70 330
20 355
90 370

100 390
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A small A.0. motor driving & 10 K "Helipot™ provides automatic
magnetic scanning. The rate of scanning is varied by a 100 X potentiometer
in persallel with the "Helipot".
3¢ (b} Deflecting Voltage Supply

The defleoting voltage source, also deseribed by R. mmm:? supplies
one of the eleetrostatic deflecting plates with &« positive volbage and the
other with an equal negative voltage with respect %o gound. DBecauases of the
eritical relationahip batween the acoelerating wltags and deflecting voltage
a'100 X "Helipot" was substituted for the potentiometer Rg,. (See figure 7,
R, Shields Thesis).
3. {e) Ageslersting Potontisl Supply

The accelerating potential is supplied from a special high voltage
transformey giving & waximum output of L0 Fv. &t 10 na. D.C. The primyy
of the transformer is fed from two variac comtrols (ﬂ5, Rgo figwre 11) in
perellel to provide e ccmrse and fine adjustment and regulated as showm in
figure 8, Across the output is a O-1 ma. meter in series with a chain of
¢orone shielded precision resistars giving a total resistance of 20 megohms
and a full-scals deflection of the meter for an output voltage of 20 Xv.

3. (4) The Crucible Ourrent Stabilizer.

The crueible current stabilizer is fed through a variac control
(By, figure 11) followed by an isolation transformer. The circuit (figure 9)
was originally designed to supply & crucible cumrent of about 10 ma. with
& potential difference of 500 volts bstween the erucible and filament, To
obtain & larger current, the secondary of & 2.5 volt filament transformer
was conneoted in series with the filament. The orucible current controls
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(33. RA' figure 11) sre mounted on & panel separate {rom the rest of the
unit.

The temperature of the crucible depends lergely on the electron
powes supplied and ¢an be approximstely saleulated from the stotnn-mltmn:
radiation squation.

3. () The D.C. Amplifier and Recoxder

The D.C. amplifier is & duplicate of the type used on the other
mass spectrometers in this laboratory. The 954 chamber is mounted on the
framework holding the magnet and is connected to the collector lead by a
7 ineh length of polystyrene shielded wire, The manual shunt selector
has five ranges (figure 10), the relation between any two consecutive
ranges belng approximately 3:l. The 7000 ohm resistor, in sories with the
preeision shunt resistors, is conmoted directly to the cathods of the
12 7 5 vacuum tube. The signal is fed to & Brown "Rlectronik” Recorder
which has & maximum input impedance of about 500 ohms for satisfsotory
gperation. Two Hrown Recorders are available. One, with a four second
response, has a sonsitivity of 5 millivolis full-seale deflection and is
used when running microgram swaples. The other recorder, which is used
with milligram samples, bhas a two second response but is only half as
sengitive,

Lo The Ceneral Assembly
The dolly supporting the mase spectrometer consists of a framework

of 1} inches steel tubes, Rubber tired casters are attached to the four
corner uprights to facilitate moving. The whole of the base of the dolly
1s covered with a § inch stoel sheet and & similar plece covers the top
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leaving an opsening on the loft for the mounting of the diffusion pump.
The top sheet supports the magnet and mase spectrometer. The front of the
dolly is covered by thres pansls on which are mounted various controls.
With reference to figure 11, 31 is o switch and indleater light for the
fore pump, 32 for the diffusion pump, 53 for the high woltage supply, S,
for the cruecible surrent supply, 95 for the magnet current supply, and
Sgfor the ionization sauge.

Two uprights on the left nae, axtending about 4 feet sbove the
level of the top of the dolly, support a woden platform fitted with
bakelite insulators which sarry the high tension lsads to the apectromster.
The top of the rear upright is bored to fit a 1% ineh flaxible aluminium
conduit which carries the zsua; from the electrical units., The leads pass
down the inside of the tubular uprights, emerge unisr the top of the dolly,
and are then distributed to the various eontrols,

On top of the wooden platform is the erucibdble ourrent supply and
isolation transformer. The ecrucible curremt controls ars mountsd on a
bakelite peanel sscured to the wooden platform, The ionization gauge
sirouit is mounted on the right rang side of the dolly underneath the top
plate. (not shomm in tiaurc 11)

uth the exception of the D.C. amplifier and RBrown Recorder which
are on the right of the dolly, the rest of the elsctrical units are housed
in two cabinets on the lsft. An emergency switeh (87, figure 11) is
mounted between the two cabinets and so arranged that the magnet ourrent,
ug«hrstiag voltage, and erucible cgrrouis can be open circuited immediately.



INVESTICATION OF A SHAW TYPE SOLID ION SOURCE
EMPLOYING A DOUBLE FOCUSING MASS SPRCTROMETER



1. Introduwetion

a
In mass spectrometry there are several methods of obtaining ion

gurrents from solid samples., In one method the sample is reduced to a
molecular beam by vapourization in a furnace or crucible after which
jonizetion occurs by electron impact. Another procedwe involves the
thermiounic smission from e filament, impregnated with the sample., The
source discussed here is one originated by A. E. Shawli’n which a tantalum
erucible, containing the solid sample and heated by electron impact, pro-
duces beams of positive lons,

It is evident that ionization in this type of source depends to &
large extent on the sample being studied, that is, whether or not the
sample is a good ion emitter. According to Janasfzthe necessary condition
for positive thermionic emission is that the elsctron work function of the
erucible must exceed the ionization potential of the sample., Blewett and
J‘rmaslzuagaat that the sample should bave an ionic lattice structure and
be thermally stable so that sufficient energy can be supplied to the
lattice to effect a partial breakdown of the structure and permit singly-
charged lons to escape with the aid of a drawing out potential, The
alkali metal salts, the rare earths, and the alkali-alumino-silicates ‘are
satisfactory thermionc jon emitters.

2.  Operation

To introduce a sample the knurled ring holding the flanged end

of the glass envelope against the condenser chamber is unserewsd and the

glass envelope containing the source assembly is removed, The filament

a
A Survey of the various types of sources has been compiled by Mr. R. H.
lille, M.S¢. Thesis, MclMaster University, 1949.
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leads are disconnscted from the press seals and the sourse usseubly is
removed from the glass envelope by sliding the stsel rod forwuad. The
wire, holding the crucible £illed with the solid sample, is fastened in
the end of the steol rod and lined up such that the open end of the crue
gible lies directly in line with ths centre of the hole in the srield.

The source assembly ie then put back in the glass eunvelope, the Llanged
ond of which is eouted with cello-seal grease before connecting to the
condenser chamber again. Ny adjusting the sylphon bellows the centre of
the hole in the shield is lined up with the entraunce slits.

The erucible is heated dlowly at the begimning to prevent the
sample from spattering. Because the ions have approximately the same
initial snergy, the watio of the accelerating potential %o the deflecting
plates voltage is vory oritical. (S5ee page 3) In adjusting to obtain
this relation the instrument is lined up on the potasaium ion currents
which are always large, sven at very low temperstures. rFotussiua is pre-
sent aa an impurity in the tantaluws metal. BSitting om top of the K39+
peak the mccelersting potential ani source are adjusted far meXimum fon
gurrent., Then while scanning over the nm ss range under study the tempera-
ture of the crucible is inoreased until the desired peaks appear. The
accelerating potential and source assembly are then readjusted for maximum
ion ocurrent before beginning & run,

3 General Discussion

Results obtained indioste that lona are formed by eleotron impact
&8 well as by thermal ionization., ®ith a sample of Ba@la. the following
fons ure obtained, Ba , Ba'", Bac1’, ma1"", mes.; . AS %0 6ne hes e~
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ported finding doubly-charged barium ioms formed by thermionic emission,
the presence of these lons suggests that there iz some xaﬁimtim by oleg-
tron impact. With e sample of Pbl,, which is very volatile and therefore
ot likely to be thermally lonized, Pb and Pb’ fons are found., Both
have maximum ion currente when the ecrueidble is as fer away from the en-
tranee slits as possible. The same is true for the sgf and Hg.ﬁ peaks
which are alweys present. On the other hend the - peaks are a maxinum
when the erucible is about 1.2 oms. from the entrance slita., Similarly
there is an optimum position at about the same point for ¥ fons which
are amitted directly from the hot orucible,

Referring %0 figure 12 it can qualitatively be scen that there is
an optimum position of the erucible for the maximum number of ions to enter
the slits if all the ions originate inside the hols in the orucidble, that is,
they ars the result of thermionic emission (case b), When the orucible is
moved further beok than this optimum position asz in case o, moleculss ionized
by the eleetron beam in the region between the filament and the arucible lie
within tho permisaible come und can tharefore get through the slita. As the
grucible is moved back further, more ions ¢rsated by electron impact will be
detectod until a limiting position is recched, determined by the size of the
hole in the shield.

This explanation, although it agrees with the experimental results,
may not be entirely correct as no acscount has been taken of the fisld dis-
tribution between the crucible and the shield, and between the shleld and
entrance slits. Both of these flelds would influence the actual path of
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the ions., The possibility of scattered electrons passing in front of
the crucibdle should also be considered.

If the filament is placed betweon the open end of the crucible
and the shield as shown by the dotted lines in figure 12 B, instead of
around the gentre of the orucibls, larger ion currsnts are obtained, In
this case, the electrons which are attracted to the open end of the crucible
ionize any molecules which are vapourized from the sample. The ions pro-
duced in this way, added to those formed by thersal emission, inorease the
detected ion current. As an exaample the potaseium ion cwrrents were in-
ecreased about threefold.

However, when the filament is in this position amall peaks due to
the residual geses in the spectrometer appear at practicslly every mass
unit up to mess 140, Thie is also the case, but to & much lesser extent,
when the crucible is back beyond the optimum position as in case o. By
keeping the distance between the end of the shield and the erucible as
small as possible, about 1 mm., most of the background peeks are eliminated,

The actual position of the erucible and filsment then will depend
largely on the sample, If the isotopic mass of the sample is under 140,
then the filument should be about the centre of the erueible and the crueible
a8 cloge to the shield as possible. The shield should be set about 1.1 cms.
from the entrence slits and then varied while oparating the instrument to
obtain the apttm position. On the other hand, for volatile substances
such as Fbl, and UF, which have isotopic masses above 200, the filament
should be placed between the shield and the orucible and the crucible set as

far back from the slits as possible, As there are po residunl peaks in this
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mase renge, full advantage can be taken of lonization by electron bombard-

mont .
' Sources of Zrror

In considering the gorrections wiioh aust be applied to the
obzorved abundances, poassible preferential smission of the lighter mass
ions duse Yo thelr higher thermel velocities should be aonsidamdik i any
such mass discrimination exists the last determination in & run would have
larger mt&_aa of heavier masses than did the {irst determinutions. No such
offect was noted with sny of the sauples.

The possible dependence of ion emission on the meas of the isotope
should be considered. However, as mentioned before, alnee in this type of
source the étﬁe&eney of ionization depends on the lonization potential of
the sample and the work function of the crucible and not on the mass, it is
concluded that this effect is negligible. ;

The condition for amo diserimination between light and heavy ions
in their passage through a mass spectrometer is that the paths for different
fons be the o SR by bringng different masses
to focus at e fixed point, the exit slit, by varying the msgnetic field and
keeping the accelerating potential constant.

Inaccurscy could be caused by nonelinearity of the lﬁlihm grid leak
resistor., However, the grid leak resistor is of the same type as the ones
used on the other msass spectrometers in tﬁxs research laborstory and they
have been chocked and found to be constent within one percent. Therelore,

messurements are assumed to be in érrar. due to the grid leak resistor by

1o more than this amount,
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Sinoce iom currents are measured over different ranges, sbundance
measurenents are dependent on the shunt fectors. The shunt factors were
checked twice in tlwree months and found 4o be constant within & thixd of
one perceut,

In view of the above discussion of errors it may be concluded
that the lom currents sre proporticnal %o the isotopic abundagses to an
acourasy of less then one and one~ball pesrgent.

The greatest difficulty with a solid source mass spectroneter is
enoountered not in the ilastrumantation but in the amell iampurities which
way be preseunt eilher 1a the instrument itself or in the sample. Theose
impurities may produce small fon currents in the range being obsesved
and therefors incorreel abundancs asusurensnts are oblalmed. Impurities
in the instrument itself can be detected by running an empty orucible.
Yousurements are thean made in & region free from residual ion currents
but if this is not possible the abundanoss must be corrected accordingly.
Iapurities detected in the Ball,, and 5rClp samples emphasize the nesd
for better mthoda of obtaining chemically pure substances. This bscomes
i reasingly diffiouls in the preparation of microgram mlqs of radio=
- aetive material.

5.  Results

isad Iodide
b
2

under the following operating conditions:

An analysis of PhI. revealed the pressnce of ?b* and }*b*‘* ions

b
This sample was prepared by Mr., J. MacHamara from a sample of pitchblende
ore whiech ariginated from Ureat Dear lake.
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Accelerating Voltage 3040 volts

Deflecting Voltage 448 volts
Hagnet Current 52 mR.
Entrance 81lit X1 nmm,

A tungaten crucible was amployed with a small cap which fitted
over the open emd of the orucible. A very fine hole in the centre of the
cap allowed s molecular beam to escape from the crueible., The filament
was placed betwesn the shield and the filament to take full advantage of
fontzation by electron impast. A sample set of the Fb pesks is shown in
figure 13. The average resulisof ten sets of pesks is tabled below and
compared to results obtained by Aston.

Table 1
Percentage Relative ibundunce of ilass

Experimental Results 206 207 208
This Work 90.6i'09 7'6—1}1 l.8%1
17
Mﬂn. ?. ¥, 89.8 7.9 2-3

Uranium Tetrafluoride

l Several samples of U!'“ were tried with the filament aronnﬁ the
centre of & tantalum orucible, but the ion currents dmyod too quickly
to obtain any measurement of the U20/U%2® ratio. With the £ilament
betwesn the erucible and the shield steady ion currents were obtained
PORBRURIS - U'f’ g-}*' W'{'. o, m;' m‘{". m,.;‘ WBH : WJ; TI.?['
The results tabled below Pere obtained from the U ion curreants. The

-

0235 peak is not completely rassolved as shown in figure 13, but by drawing
in the base with the ald of s french curve good precision was obtained.
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Table 2
Experimental Hesults Ratio U338£§335
This Work " ULl.21 1%
Nier, A. O. 139.0 * 1%

Rubidium

Fubidium was dotected in two radicactive samples of otrontium
earmma‘ They appeared at a comparativaly low temparaturs and dis-
appesred gulckly when the tomperaturs was raised. Escause the ratio of
the rublidium isotopes 1s in close agreement with that obtained with
natural rubidium, and that if radiomctive rubidium were present it could
bhe ﬁhare only in very small quantities, 1t is concluded that this ia
natural rubidium, probably introduced ms an impurity in the chemioal)
reagents used in the preparation of the sample, The first result tabled
below is the aversge of § sets of peaks while the second iz the average

of 5 gatas.
' Table
Experimental Fesults Ratio gbssﬁbw
This Work, lst result ﬂ.561.31
This mk' 2nd result 2.603506
This Work, average 258
19
&m, A. Ko 205930%
Parium Ch de

Measurable lon ecurreuts of 1.0 xz 107 amperes have been obtained
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with 10 microgram samples of Iaamz. As barium has soven known isotopes,
it takes severul minutes to scan one complete set of peaks, The sample
decays quito rapidly at first, with the pesult that only 5 or 4 complete
sets of peaks can Le obtained. The smmple does not entirely disappsar
for ion curreats can still be detected after several howrs; however, they
wre so ssall thet it is impossible to devect B 20 and 3132, Pigure 4
is a sample of the bLeriuam peaks obtained, The results tabled below are
the averages of three compleve seis.

The opersting comlitions for both BaCly and SwCip {reported below)

are:

Asoelerating Potential 6780 volt e

Deflecting Voltage 900 wolts

Hagnet Current for Da 60=T0 ma.

Magnet Cwryent for or. bly=bb ma,

Batrence Jlits o2 Hie

Table i
Percentage Helative ibundance of Mass
Experimental Results 0 32 L4 15 136 1y 1
This Work J06 099  2.33 6.47 7.70 11.03 72.13
1,002 $.001 *.03 .04 .03 .03 *.16

Hier, A. 0.20 <101 .99;7 242 6.59 7.81 11l.32 71.66

Strontium Chloride

Five and ten microgram samples of SrCl, mixed with various amounts

of BaCly, up to ome milligram, yielded ifon currents of the order of 1.0 x 10-11

amperes. At a crucible current of approximately 4 ma., the first peaks which
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wore detected In the atrontium range wers dus to ﬁaCIH:lam. As the
current was inorsased to 10 ma. these pesks diwypmdc and singly-
charged strontium ions were detected. The stronmtium ion currents lasted
long enough with each sample to obtain at least & complete sets of peaks.
Sr¢l and Sr peaks obtained with a ten microgram sample of fwr(Cly &rs
shown in fizure 15. Table 5 contalns the averasge results of § different
mierogram samples of Sérﬁlz.

Tabls 5

| Ratio of

Rxparimental Results gr98/0:87 588586

Thias Work 11.751.G69 8454 %.05
21
White and Cameron 11.89 8.49 "

Thorium and Uranium Oxide

Several samples of thorium and urenium oxide were introduced inte
the masa spectrometer but in each eua' only small lead peaks were detected,
In the thorium sample the P U° peak was the largest and with the uranium

oxide the Pb00

peak was the largest. This is as expected, because the
lead detected is the end product in the natural decay of the thorium and
uranium samples.
Conelusion

The results obtained with the microgram samples of Srclz ‘mggn%

the possibility of measuring tie relative abundences of radiocactive samples

c .

Probably at a low temperature the thermal energy supplied is not sufficient
to dissociate the Ball. molecule completely and BFall™ ions are emitted which
become doubly-charged Gy elestron bombardment. At the higher temperature the
ﬁh:ml energy supplied may be sufficient to separate the BaCl, molecule into
Ba and 201,
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such as strontium and cassium obtained from fission products. York
along this line is at present being carried out.

Heveral chunges with regard to the mass apectrometer are con=
templated. With the present crucible current supply the maximuwm tempera-
ture to which the sample can bo heated is not hot emough to obtain thers
mionic emission from the oxides of the heavy elsments. 4 cirecuit capable
of delivering up to 100 mu., with different crucible potentials up to 500
volts would supply sufficient ensrgy to the crucible and st the same time
permit experiments for the investigstion of the effect of various
accelsrating potentials for the slectron beam, As mentioned previously
the instrument is operated at a pressure of 105 am, Hg. An 03B oil
diffusion pump has been obtained and will be installed as soon as possible

in order to reduce the operating pressure to 19"'6 mm. Hge or better,
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PARTS LIST FOR ACCELERATING POTENTIAL CIRCUIT

rh) QS.
TG’ T?' 'fs, ??. :

o

¢ xw‘; 600 ".

.. «002 mPd. 600 v, .
.. 3,000 ohme, 20 watt .

&y % mecohm shisldod precision resistors

. 100,000 ohms, helipot.
. 7,500 ohns, 8 watts

100,000 ohme, precision resistors, 20 watt
106,000 ohms, 1 watt .

. 50,000 ohms, 20 watt

20,000 okms, 20 watt

. §,000 ohma, 20 watt

100,000 chms, 1 watt

1 megohm precision resistor, ) watt
1v

6%

6B,

. VE=108

VR~75

Q= Mi. meter

30-65 cheke

Hammond Trenaformer #269
Hommond Transforser f167
Hammopd Transformer #18032
Primeyy High Voltage Transformer
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_PARTS LIST FOR CRUCIBER SOURCE STABILIZER

TRy » Hammond Trensformer #24207
Ry, Hammond Transformer #20273 / =214 \‘,

Ty» 5UL4-G See § -1
Ty, T3, VR-150
ta s
Ty VR-I50
Ts, VR-75
T4y Tg, OBy
I 6§77 (esHT)
€y, Cg, 8 mfd. 600 V. electrolytie
?l, 5 amp. fuse
Ty, 1/32 amp. fuse
My, O=25 ¥MA. D.C., meter
My, 0=10 amp. A.C. meter
Ry, 1 megohm resistor, 1 watti
Ra, 150 ohms w.w, pot., 20 wati
R3, 150 ohms w.,w. 20 watt

R“. Rs. one 50 ohm resistor, C.T., 20 watt
126, 100,000 ohms, precision helipot.
Ry, 3,000 ohms, 10 watt
Rg, Rg, 5,000 ohms, 1 watt

Bygs Ryp»1500 ohms 20 watt

Ry
313 ’ 200,000 ohms, precision resistor, 1 watt

50 obms, C.T. 20 watt

1 ‘) -~ 20 ur
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