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A simple fwrnace type mess spectrometer positive
ion source hes been designed constructed snd tested. This
source opersted satisfectorily under certein conditions
and wes used in the determination of the relstive sbundances

of the copper isotopes.
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Positive ion sources designed for mess spectrometer or
mees spectrogreph anslyses of solids, non voletile et ordinery
temperatures, have been reported in the scientific literetures,
(1)....(37). ¥ach of these is one of the three distinct types:

(e) Purnsce Source, (b) Hested Filament Bource or (¢) Spark Source.

Furnace Source.

The furnace source employe s small electrically heated
vepourizing chember or "furnace”, conteining the ssmple to be vepourized
end mounted in such e manner that the emergent vapours pass into the
ionizing chember of the source. Iomization is brought ebout by bouwb-
exdment with electrons of specific energy. The furnace, if constructed

of metal, may cerry the heating current, thus scting es both hesting
element and vepouwrizing chember. Otherwise, the fuwrnace i¢ heated by
en electricelly insulated hesting element, (1)...(16).

In arder to produce positive lon currents of the order of
10°13 amperes the furnace must meintein a stesdy pressure of about
10°% mm., due to the ssmple in the ionization chember, (),(1h).

This means 1t must operate satisfactorily at o tempereture correspond.
ing to 8 ssmple vepour pressure of spproximetely 10°3 mm. The substence
from which the furnsce is comstructed plsces » meximum on ite set-
isfectory opersting tempersture. Nier found this limit to de 1200°C.
for Nichrome V, (4), while Blesikney and Bsmpson found it to de 2900°C.
for tungsten, (5). However, samples have been snalysed using this type
of source st temperstures renging from 38°C, to 2000°C. (Teble 1).
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Well resolved snd steady ion cwrrents ere not resdily
obteined from semples which ere hygroscopic. For best results such
semples should be hendled entirely in s dessicated stmosphere. A
small furnece could be loaded under these conditions, dut would
necessarily be exposed to the stmosphere during the process of its
being mounted in the mses spectrometer tube, White and Cameron
stete that if possible the semple in guestion should be studied in
en element or compound forwm which is not hygroscopic, (1), Nier
hes obtained relative sbundance measurements for normel ursnium from
samples of UCLy snd URBry, both of which are quite hygroscopie, (16).
Rendowm fluctustions in ion currents resulted in en isotope sbundence
retio with 1,0 precision, slthough twenty-six seperate meseuremente
were mede.

There is the possibility of preferentisl isotope evaporstion
when & fwrnece type source is used. Vepouwrizetion is & swrface effect
end when it takes place from the liguid state the lighter isotope
(Mons My ) a.nmumummw-mmx)’. Until
such time as o steady state is resched, vepourizeation tekes place et
e grester rete them mixing within the semple. There is, therefore,
an isotope effect which gives rise to mess discriminmetion., If such
en effect existe isotope sbundence retice are found to chenge with
time of heating.

Nier investigsted the abundance ratioce for caleium in this
respect, (4). He vapourized the csleium from the solid state and
a8 would be expected, he found no chenge of the caleium isotope ebune
dance retios with time of heeting. There 18 no epprecieble mixing in
the solid stete snd hence no chenge in the ratios with time.



For heavier ions this effect is less pronounced because
with incresse in stomic number there is o merked decrease in the
factor (Ialﬂx)*.

The furnsce type source produces singly and multiply cherged
positive ions., Thies is en importent fector in sbundance ratio work.
The presence of multiply charged ions permits the checking of relative
sbundances by the study of several different sets of ions for each
sample snalysed. With multiply cherged ioms, it is poesibls in general
to meke relative sbundence measurements in e mess renge free of
reeidual fons,

Table 1 shows the solid samples which have been studied
with mass spectrometers using furnsce type positive ion sources. In
ell, thirty-three elements renging in mess numbers from 7 to 238 have
been vapourized from the liquid stete or the solid stete. Hygroscopic
samples, samples which sublime snd ssmples which decompose have been
enalysed successfully. The range of temperstures covered is from less
than 200°C. to grester than 2000°C. Singly and multiply charged
ions have been produced, although the latter have not been considered
in every case. If obteinable in & suitable element or compound form
having en apprecisble vapour pressure st e tempersture below 2000°C.,
any solid ssmple non volatile at ordinary temperatures may be enslysed
through the use of a furnsce type positive ion source.

Filament Souwrce.

The filament source employs & metal filament which may be
a dipc, tube, strip or helix, costed or impregnsted with the ssmple.
The passage of sn electric current through thie filament causes the
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thermionic emiseion of positive ioms, (17)...(27).

In order thet the emission of positive thermicns from &
metsl in vacuum be poseidble, the electron work function of the surface
of the filament must exceed the ionizstion potential of the metellic
sample with which the filsment is coated or impregnated. The mechsnism
of thermionic emiseion is essentially the came as that of the formetion
of ione from vepowr. In the case of thermionic emission the atome to
be ionized resch the surface by diffusion from within, e process which
is enhanced by the heat of the filament., For positive ion emissions
which sre sufficiently steady to give reproducidble values over » renge
of temperature the Richardson equation:

I « aTeed/T
ie found to hold., I is the ssturation current per sgquare centimeter
of emitting surface. A ie & universsl constant, T is the absolute
tespersture snd b depends upon the nature of the metal end the temp-
ereture. In genersl, positive thermions will be emitted from such
ssuples 1f they sre heated on suitadble filaments to temperatures Just
less than their respective melting points, (38).

The lighter of two isotopes in & heated sample has the
greater thermal velocity. Thermionic emission is 8 surface effect
end if 1t proceeds from the liquid stete, in wvhich there is perfect
mixing et the surface, the lighter isotope (meses My) is favoured in
mmm«w-m(m)‘. If, however, the thermiomic
emission proceeds from the solid stete, where there is no such mixing,
this teotope effect is mot detected, (21),(27). When o filament source
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is used as 8 source of positive ilons in mess spectrometer relative
ebundence studies, such an isotope effect would lesd to mase dis-
erimination.

Positive thermions sre readily obteined from many sslte.
Most common selte emit positive ioms when heated to ebout 700°C. The
more electro-positive the metellic comstituent of the sslt the greater
is the ion emission. The moet mobile iomn of the selt ie found to be
the one emitted, (38),(19). nm"moammchummm
negative helide ions ere detected. Cd'' and 2o’ 1ons sre emitted
from Cdlp end Znllp., Investigetions show that the positive ions
enitted correspond in general to those formed during electrolysis of
the sslte. These are, in the case of 0dIp end Zn0ly, CA'" aend Zn .
It ie elso mown that, in thermionic emission from slkeli metel salts,
singly cherged elkeli ions sttached to molecules of the selt are formed.
That 1s to say, ionic end molecular eveporstion proceed simulteneously,
(38).

Ternary systems prove to be better thermionic emittors then
4o binsry ones (17). This is because the ternary system is in ell
probability o three dimensionel network of three different types of
ions, - one of which floete in the "holea" charvecteristic of such
networks. Therein, it is free to migrete to the surfece and de
emitted mnder the influence of e smell potentisl. It hes been esteblished
thet guch is the structure of the alksli eluminium silicates which
nnmmumummtmaam-m«qmu
positive thermions.

A good emittor should have san ionic lattice with the fons
being held in the lattice by smell forces only (17). Otherwise, the
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compound should be thermally stable in order that sveilable energy

can be concentreted to bresk down the iomnic lattice. If there is en
absence of lattice structure of any kind, es is the case with metals,
ideal vepourization mey de realized.

Table (2) showe the semples which have been studied mase
spectrometrically, weing filament type sources. The elements in -
vestigated are meinly elkelies or alksline esrths. All of these
elsments with the exception of Al, Ce, Y, and V have been studled
through the use of fuwrnace type sources. A serious disedventage of
the thermionic emission o filament source i® the sbsence of multiply
charged ions in the mejority of ceses (17).

mm.
The sperk sources reported in the scientific literature sre¢

of two kinde, First, there is the Dempeter Spark Source (29). In
this positive ion source & high frequency ocecillating spark is in -
ductively coupled to two electrodes one or both of which may be the
element or @ compound of the element to be investigated. This nature
of source is powerful, It will produce ions with platimm end gold,
e¢lements which are ioniged with great difficulty by any mesns. Singly
end multiply charged ions sre produced. Becondly there 1s the discherge
tube containing en inert gas. A high voltege diechsrge gives rise to
positive ione of the cathode meterial or of the semple plsced in the
well of the cathode. The inert ges helps maintain the discharge
scross the tube., This source has been used effectively in spectroscopy
for e number of years. It too is quite efficient (28)...(37).

Teble (3) shows the elements which have deen studied with
mese spectrogrephs using one or cther of these types of sources. Thie
neture of source doee not lend itself favowrebly to mess spectrometer work.,



It produces multiply cherged ions which, enroute to the focussing
field, may chenge their charges, thus giving rise to spuwricus iom
cwrrents. Also there is the problem of shielding the fon cwrrent
collector as well as the extremely sensitive D.C, ion vurrent awp-
lifter from the effects of the fluctuating fields set wp by either
of these ion sowrces. Finally a sperk type source does not give
rise to an ion cwrrent of constant megnitude. Thie is not serious
in isotope detection vwork es done with mese spectrometers end spectro-
graphe but it does meke precision relative sbundsnce measurements
impossible.



Apperstus

The mees spectrometer used is of e 90° sector type (39).
FPigare 2, (¢) end (d) shows the smell electrically hested furnsce in
detail. The 0.040" nickel sleeve, when losded with & sample, 1s closed
et each end with e nickel plug. A smell hole i pricked at the centre
of the losded sleeve which is then spot welded to the lower terminals
of the two swell prese seals held in place on the 1id of the furnsce
with & spring clamp end screv (Fig. 2,d). Cere is taken to have the
hole in the sleeve opening downwerd. The 1id ie secured to the furnace
by two smell screws. With the pyrex cap of the sowrce end of the mess
spectrometer tube envelope removed, the losded furnsce mey be lowered
into place on the "A" plate of the sowrce plete sssembly (Fig. 1),
(Pig. 2,4). Tvo studs on the "A" plate (Fig. 2,8) determine the
position of the fwmace.

Figure 1 shows the fuwrnace mounted in such e menner that
emergent vapours pass directly into the ionising chamber of the source.
The nickel sleeve scts as the hesting element of the furmace. Power
is brought to the loaded sleeve through 0.040" copper leeds a Joining
the upper terminale of the emell press sesls (PFig. 2,d4) to a two
wire press seal in the source end of the mses spectrometer tube
envelope.

rmmmm«u-mnuw”mmtersm
voltage trensformer (Hsmmond 115b4), fed from e 25 cycle, 115 volt
power line through two Variscs commnected in series. The lower portion
of the furnece projects through the two in order thet there de no
electrostatic disturbance of the ion sccelersting potentisl or the

ionizing electron besm by the A.C. supply of the furnsce. One end
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of the furnsce hesting element is connected electricslly to the "A"
plate. The fwnace, therefore, floste st the scoelerating potential
level end o8 & result must de well insulated from ground. Veriecs
being sutotransformers do not provide this insulstion vhereas the low
voltage output, high voltsge insulstion trensformer does. The series
Variescs permit course snd fine sdjustment of the fwnace temperature.
Residusl geses in the meee spectrometer tube do not in generesl
interfere unlese they give rise to ions in the mese range to dbe studied.
However, if the pressure due to residusl gesses is too grest, serious
scattering of the ion bDesam end hence poor resolution will result.
Following en enalysis the furnsce box is thoroughly clesned. Also the
nickel sleeve and plugs sre diecerded ond e nev sssenbly employed for
eech consecutive semple. These precoutions eliminete the possidility
of contaminetion by previous semples. The msse spectrumeter tude
envelope is wound with # heating element for "beking” purposes. The
tube may thus De kept at mtmouptohoo“ . for sny desired "beking”
period. There is & pyrex cep st the source end Joined to the mein
envelope by @ 50/50 ground glese Joint using Apiezon black vecuum vax
st the interfece. A moistensd towel keeps the tempersture of the Apiezon
vex below its melting point end so meinteins s vacuum sesl at the ground
glase Joint during “"beking”. If the pressure due to residuel gesses in
the tube ies low end the mess renge in question is free of residusl ions,
the "baking” process msy be omitted. It is necessarily omitted when
the tempersture involved is sufficient to ceuse the vapourizetion of
the ssmple. In this case, it is necessary to evecuate the tube without
"baking” to s pressure wheme scattering of the ion beam due to residusl
geoes is negligidble. Before esach snslysis the instrument is checked
for residual ion currente due to tube contemination or residusl geses.
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Ions of different messes are drought to a focus on the
collector by varying the current through the colls of the focussing
electromagnet. The ratio of the potential between "A" and "J" to that
between "A" and "C" 1s constant for sll values of the accelersting potential
"A" to "C" (Pig. 1). This arrangement reduces the analyzer mess discrim-
ination to a minimum (46,47) for those cases where it 1s necessary to use
different sccelerating potentials in order to study the isotopes of a
particular element in several mass range. e.g., U*; mlt mxgﬁ UG13+;

end ucl), ",
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Urenium Tetrachloride.
A sample coneisting of 15 milligrems of UCL), wes placed in the

funace and the mass spectrometer tube was thoroughly "baked". Stesdy
1mmummmwm'13mmmumu+ were
obtained continuously over s period of eix hours. Poor resolution
persisted for all settings of sccelersting end focussing variables.
This wee ettriduted to the fact that considersble scattering was taking
place. This scettering was probably due to the degsssing of the UDL.
Good resclution was obtained with e similar semple which hed bDeen des-
sicated before being placed in the furnece. A wvslue of 138 + 3% for
the retio U230/u235 yag celoulsted from U™ lon current messurements
mede on thie ssmple. The results obtained with smell semples (1 mg.)
were unsatisfectory beceuse of the difficulty in hendling UCl)y which
is hygroscopic., However, W1, and other hygroscopic meterisle cen be
uged if kept et sll times in s dessiceted stmosphere. It has been
ouggested thet these hygroecopic compounds be prepered in the fwrnece
after the system hos been dried end degnesed.

Uranium Tetrafluoride.

With milligrer ssmples of UF), no ion currents corresponding
to U, W, UFp", UF3',r UR)" vere detected until the furnsce sttained
relatively high temperstures. At these temperstures there were detected
urp’, UF;" end UM ton currents which incressed in megnitude ss the
furnsce tempersture was reised dut dissppesred completely before decoming
large enough to permit sccurste messurements being mede. After seversl
such semples had been tested it beceme obvious that the sccelersting
potentisl wes bDeing shorted out. Rither excessive heat from the furnsce
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or ssmple condensation ceused the pyrex specers of the source plste
ssseubly to become conducting. This placed a high resistence short
eireuit from "A" to “"C" (Fig. 1) thereby chenging the accelerating
potentisl velue send causing the diseppesrsnce of the iom currents.

Chloride.

Copper isotope abundence messurements were wede on two samples
of CuCl from the seme source (Merck Reagent). Stesdy snd well-resolved
Cu’ fon cwrrents of 10% - 10713 smpere megnitude were recorded graphicslly
vith o Leeds and Northrup Speedomsx recarder. From this dats Cu®3/cu®
isotope sbundsnce retios were meagured. Table 4 gives the results of
these measurementa:

Table 1]
Copper Isotope Abundsnces
63 /o, 65
le Ton Studd Cu”’/Cu cision
Merck Resgent CuCl cut 2,293 +0.002

. ’ . » 2.29h4 +0,001

Average 2.204 + 0,002

Fach sbundence ratio represents the aversge value caloilated from
elght pairs of Cub3 and Cu> 1on current pesks ss recorded by the Leeds
end Northrup Speedomex. (Tsble 5) shows the copper lsotope sbundance
retios as determined by other investigstors.



Teble 5
Copper Isotope Adundance Ratios
Investigetor 0u63/cué3 metio
Inghrem (48,49) 2.23% + 0,010
Dempster (50) 2.229 + 0,033
Cemeron and White (1) 2.220 + 0.020
Pweld (s1) 2.330 + 0,030
Duckworth end Hogg (52) 2.277 + 0.017
This work 2,29k + 0,002

Aversge 2.26h



wlhe

Other experimentors have reported similar difficulties in
comnection with emall samples of hygroscopic substances such as UCl).
To cbtain 10-13 empere fom currente from UPy e tempersture sbove thet
at which the Muwnace cen operste satisfactorily is necessary. Othere
have reported similar difficulties concerning the operstion of ion
sources at high temperatures (1)...(16). In esch cese the meximum
tempersture is different depending on the neture of the source. Semples,
such es CuCl, which are not hygroscopic snd have appreciadble vapour
pressures below 1000°C are eseily handled and investigated mess spectro-
metrically. Although the precision of the copper sadbundsnce messurements
io better then +0.1 percent the sbeolute sccurscy is probebly no better
then £1.0 percent,

The furnece wsed is cepsdle of producing lom currente of
sufficient magnitude for the msss spectrometric anslyses of sny sample
which melte, decomposes or sublimes, provided the ssmple hee s vapowr
pressure of 10> m, In the 1iguid or solid stete st & temperature in
the renge 50° - 950°C. If srrangements sre mede to loed end mount
the Nonece in o deseicsted atmosphere, hygroscopic samples mey also
be studied.



Semple
(1)

(2)
(3)
(%)
(s)
(6)
(7
(1)
(s)
@)
(1)
(3)
Cuglly (1)
Fe (9,12)
FeClp (1)
Ge (3)

9§§9§§eaerr§

Jon Studied

TARLE (1)

S
Vepour Pressurs determingd Melting Point
(in mm) (1a €9) (1a €°)
3.7 882 b55*
10-3 701.1 850
7.6 x 10°43 1077 (53) 1350
10-3 529 810
1950
10-3 2191 32
388
3.0 618 568
10-3 1254 1480
subl.
10-3 1320 1083
1.0 500 (%0) k22
1.0 1884 1535
é70

1900

e
1550%
1140
1500
1170
2900
767
713
960
3000
10k9
subl. 1300
2300
1366
3000
subl,

- gta
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Alp03 (17)

Ba0 (18)
(Ba0)(A2,03) (810, )(17,23)

Ca0 (30)
(0e0)(42503)(8102)(17,19)

Ce 03 (21)
Cey03 (17)
er (9)
Fe (22)
Ge 03 (23)
. (x7)
Ing03 (17,18)

y (23)
4 (2k,28)
(X20)(A1205)(B10p)  (26)
Lay03 (22)

"18 -

nanus (2)
R

21" 1800 tungsten
helix
Ba” tungetsn
Ba™ tungsten
helix
ca’ platinum
cat tungsten
helix
ce0’ 1000 tungsten
ceo™
helix
e’ 1200 tentelum
Pe' platinum
Ga* 1800 platinized
tungsten
gGa" 1800 tungsten
helx
In' 900 tungsten
In* platinum
foll
' tungsten
+
K platinum
1a0” 1000 tungeten

Mamner in Which
Thermionic Bource

. We—

conted with ssuple-
veter binder

costed with vemple

conted with semple-
water Binder

costed with semple

coated with semple-
watar binder

conted with cerium in
nitric acid solution .
converted to Celp by
spplication of heat prior
%o emission,

costed with sample-
vater binder

furnsce containing small
smount of Cr wetal,

wire electroplated with
sexple

conted with semple

nitric uu solution.



Sexpls
121

(1140)(A1505) (8105)(19,26)

(Mg0) (A1203)(8102)

HayPoOy
)

(Rb,0) (A1504 )(8105)

€20

TABLE (2), comt'd,

(27)

(27)
(19)
Q7)
(1)

(20)
{27)

(26)
(18)

(8r0) (A1;04) (8105)(17,23)

T1,03
Va0y
¥,04

(17)
(x7)

(x7)

29

Ton

e

1L

u-f-

Tewp
Studied in % ¥ilswent
760 pletinum
dise

platinum
stripy

tungsten
helix

platinum
strip

helix

tungeten
balix

platinum

platinuws
disc
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(32)
(32)
(33)

(29)
(33)

(32)
(29,35)
(3%)
(29)
(32)

(=9)
(33)
(36)

Inductively coupled H.F, cecilleting sperk Detween o
Al electrodes,

Aluminum cathode in neon discherge tube.

Inductively coupled H.¥, osecillating mk between gold
electrodes - 1.¢. "Dempster Spark Source”.

Dempeter Bperk Source - Be electrodes.

C4 cethode in neon dlscherge tude.
€4 in well in cathode of discharge tube.

Dempoter Spark Source - Nickel tubes wWith oxide of cerium
end reducing sgent ss electrode.

Dempeter Spark Source « Copper electrodes.

Dempeter Spsrk Bource - Nickel tubes with oxide and
reducing sgent s8 electirodes.

Dempater Spark Source -- .
Dempster Sperk Source -- "

memo.nmumwmahlmm
oxide ss electrodes.

Dempater Sperk Source - L1 electrodes.

Dempater Spark Source - Oxide plus tentalum in wickel tubes
ae slectroden,

Dempeter Bpark Source - Hd electrodes,

” « i elsctrodes.
3 « Pd electrodes.
¢ - Pt electrodes.
" « Oxide end reducing sgent in

nickel tubes ss electrodes.
Be in well of csthole in discherge tude.
Dempater Spesrk Eource - Sn electrodes.
" - Te electrodes.
Te in well of cethods in neon discharge tube.
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