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Das gleiche gilt fiir die Umladung auf SO,". Ahn-
liche Verhaltnisse liegen bei den PH,- und PH'-
Ionen vor. Da ein solcher Vorgang nur moglich ist,
wenn die EA des stolenden Ions kleiner ist als die
des gestoflenen Molekiils, muf} gelten:

(PH,) (CS,)
: (PH) :
EA (A, <EA

(AsH) (50y)
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Nach fritheren Untersuchungené besitzen CS, und
SO, EA-Werte von weniger als 1.1 eV, also sind
auch die EA der hier gefundenen negativen Elektro-
nen kleiner als 1.1 eV.

Dem Institut fiir anorganische Chemie der hiesigen
Universitdt danken wir fiir die Herstellung der ver-
wendeten Gase. Dem Bundesministerium fiir wissen-
schaftliche Forschung sprechen wir fiir die Uberlassung
von Geriten unseren Dank aus.
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Isotopic Effects in Single Filament Thermal lon Sources
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(Z. Naturforschg. 19 a, 736—740 [1964] ; eingegangen am 12. Februar 1964)

Isotopic effects occuring during the evaporation of microgram quantities of chemically pure
rubidium, potassium and lithium compounds are studied. The measured isotopic ratios show a time
dependent variation corresponding to a Ravieicu distillation. The fractionation factor is equal to
the square root of the ratio of the masses. The highest observed enrichments are 45% for lithium,
10% for potassium and 5% for rubidium. The measured isotopic ratio depends also on the filament
material and on the chemical composition of the sample. The discriminations are of the order of the

square root of the ratio of the masses.

On several occasions it has been observed that iso-
topic abundance ratios from mass-spectrometric
measurements show a drift over the course of the
measurement, reflecting an enrichment of the heavier
isotopes on the filament (e.g. BrReEwer!'; ReuTERs-
WARD 2; OrpzHONIKIDZE and SHIUTTSE ?; SHIELDS et
al. * etc.). This trend occures mainly in single fila-
ment ion sources and is most pronounced during the
measurement of light elements, such as lithium and
potassium (Hasrast 5, BEnTLEY et al. ¢, Horr 7 etc.).

We have attempted to study systematically the
time variation of the measured isotopic ratios. For
this purpose we chose lithium, potassium and rubi-
dium. Furthermore, we made some comparisons
between single and double filament ion sources and
studied the dependence of the measured isotopic
ratios on filament material and on the chemical com-
position of the sample. We did not try to obtain
absolute figures for isotopic ratios which would have
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required a calibration of the other discrimination
factors of the mass-spectrometer. Our studies were
also not aimed at measuring differences in natural
isotopic abundances.

I. Time Variations

The drift of the isotopic ratio with time may be
realized if we assume, that during the evaporation of
the alkali, the reservoir (or the material on the fila-
ment) undergoes continuous and complete mixing.
The observed isotopic ratio should then vary accord-
ing to the Ravreicn distillation formula (Conen 8) :

( [m,] ) _1 ([Mz]) ( [m2],
\[m] /e e\ [my] Jo \ [ma]e
([my]/[m4]); is the isotopic abundance ratio in the
vapor at time ¢, and ([my]/[m,]), is the ratio in the
reservoir at the beginning of the distillation. [m,],
and [m,], are the amounts of the isotope m, in the
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ISOTOPIC EFFECTS IN SINGLE FILAMENT THERMAL ION SOURCES

reservoir at the beginning and at time ¢ respectively.
The fractionation factor a is equal to Vmy/m,, if
the vapor pressures and the accomodation coeffi-
cients of the isotopes are the same.

For the study of time variations an amount of
0.1 to 0.5 ug of the respective alkali chloride was
placed in the center of a tantalum filament and trans-
formed into the sulphate by adding a droplet of sul-
phuric acid. Great care was taken to prevent the
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Fig.1. Time variation of the observed isotopic abundance

ratio of rubidium during the course of a measurement

(Rb,SO, on tantalum filament). Curve (a) and curve (b) re-

present double and single collector measurements taken dur-
ing the same run. Solid lines are RavLeicu curves.
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spreading of the sample over the whole filament.
Sometimes, a V-type indentation in the center of the
ribbon was made. In order to avoid crusting on the
surface, chemically pure reagents were used through-
out.

The temperature of the filament was raised slowly
until a satisfactory ion current was detected. Sub-
sequently, the temperature was held constant and the
decline of the ion intensity was followed over a
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Fig. 2. Time variation of the isotopic abundance ratio of po-
tassium (K,SO4 on tantalum filament). The solid line repre-
sents the RavLeiH curve.
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Fig. 3. Time variation of the isotopic abundance ratio of li-
thium (Li,SO, on tantalum filament). The solid lines repre-
sent the Ravieicr curve. Samples 1 and 2 have different

initial isotopic compositions.
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period of 10 to 38 hours until the evaporation was
complete. This was assured by raising the tempera-
ture of the filament at the end of the run.

Investigations were carried out on two mass-spec-
trometers in order to ascertain that the observed
effect was not limited to one instrument. Tons were
detected with a single ion collector, without electron
multiplier. The rubidium measurements were done
both with a single and a double collector, the latter
permitting a higher relative accuracy.

Fig. 1 shows the results of one of the rubidium
runs. The per cent figures along the abscissa were
obtained from the time integral, f [ dt, of the ion
intensity. The curves were calculated from equation
(1) with a=1/87/85. Within the experimental errors
the measured points fall on the Ravreicn distillation
curves. The observed enrichment of the heavier iso-
tope near the end of the run amounts to 5%. The
points along curve (a) and (b) are of the same run
and were taken alternately with a double and a single
collector respectively. The double collector balancing
panel was not calibrated absolutely, thus absolute
ratios cannot be read from curve (a). The curve
only demonstrates the time variation in the measured
8Rb/%Rb ratio. Fig.1 shows that the Ravreicm
effect may be observed with both single and double
collectors, the latter giving a higher relative accuracy.

Figs. 2 and 3 show log-log plots of a potassium
and two lithium runs. The solid lines again represent
the RavLeiGH curves with o = }/my/m, . The highest
observed enrichments for potassium and lithium are
10 and 45 per cent respectively. Two different salts
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were used for the lithium analyses. Sample (1) was
purchased in 1960 and may have been enriched
artificially. For all three elements the time variation
of the isotopic ratio is in agreement with a RayLeicn
distillation curve, indicating that the mixing time in
the reservoir on the filament is short compared with
the duration of the mass-spectrometric measurement
(several hours to more than a day). Many runs on
several mass-spectrometers proved, that this be-
havior is not accidental and the fractionation fac-
tor is indeed equal to the square root of the mass
ratio. This result agrees essentially with the results
of Reurerswirp? on potassium. Brewer! found
smaller fractionation factors, but he used an entirely
different loading technique.

Our measurements with a double filament ion
source showed smaller enrichments, in accord with
the results of Hasrast 3.

A deviation from this regular Ravreicu fractio-
nation was often observed at the beginning of the
measurements. At values [/dt<5 per cent the
measured isotopic ratios consistently appeared be-
low the Ravreicu curve. Fig. 4 shows the beginning
of a rubidium measurement where this initial sharp
rise of the observed ratio is clearly visible. This ob-
servation is contrary to that of Ruk and Snukovrv-
kov ? who found an initial decrease of the 'K/3°K
ratio.

If the ratio between the ordinate intercept of the
RayLeicH curve and the first measurable isotopic
ratio is formed, a figure of the order of the frac-
tionation factor a of that element is obtained. The

Fig. 4. Initial steep
rise of the isotopic
ratio and subsequent
1 shallow Raviecn di-
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15% stillation (Rb,SO,4 on
tantalum filament).

? G.R.Rux and Y.A.Suukorivkov, Dokl. Akad. Nauk, SSSR 94, 667 [1954].



ISOTOPIC EFFECTS IN SINGLE FILAMENT THERMAL ION SOURCES

same behaviour was observed in potassium and
lithium runs. We have not made further experiments
to study the cause of this effect. However, since it is
not reproduced quantitatively in every run, it may
cause an appreciable error not only for absolute but
also for relative measurements.

Fig. 5 shows the two principle time variation
effects. If the temperature is not kept constant, more
irregular variations are observed.
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Fig. 5. General pattern of the time variation during the course
of a measurement.

II. Chemical Effects

We have investigated the dependence of the meas-
ured isotopic ratio of the three alkalis on the chemi-
cal composition of the sample and on the filament
material used. To guard against spurious results
these investigations were carried out on three dif-
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ferent mass-spectrometers. In all cases curves of the
type shown in Fig.5 were obtained, with a Ray-
LEIGH fractionation factor of Vmy/m, . However, dif-
ferent chemical compounds and different filament
materials yielded differences in the absolute isotopic
composition. These differences were entirely repro-
ducible and are summarized below:

1) The [m,]/[m,] ratios (m,>m;) on tungsten
filaments were consistently lower than those on tan-
talum for the three alkalies, the deviation beeing of
the order of J/my/m, (Tab.1). Studies of the same
substance on tantalum and tungsten actually gave
parallel RayLeiGH curves.

2) No significant differences in absolute ratio
were observed between Rb,SO, and RbNO,; when
investigated on the same filament material. However,
RbClI yielded higher 87Rb/%5Rb values than the two
other compounds. As can be seen from Tab. 2 these
differences are again of the order of Vmy/m, .

Thus the measured isotopic composition of rubi-
dium increased in the following order: sulphate on
tungsten — sulphate-on tantalum — chloride on
tungsten — chloride on tantalum. These effects were
clearly observed with all three mass-spectrometers.
They were again much smaller or absent when a
double filament source was used.

II1. Conclusions

If the Ravien distillation were the only dis-
criminating effect, one could in principle deduce
absolute isotopic abundances by taking the mean
value of the RayLeicn curve. However, as RavLEiGH
curves with different average isotopic ratios are ob-
tained when using different compounds or different
filament materials, it cannot be decided which of the
various methods yields the correct value. Further-
more, the ascertainment of an absolute value is
questionable as long as the initial enrichment effect
(cf. Fig. 4) is not understood.

7L1 41K
6Li 39K

Chemical compound  LisSOy4 Rb2S04

7 [r;;]/[ml] on Ta

87Rb
85Rb

RbNO3 RbC1

1.021

Table 1. Difference in the measured iso-
topic abundances of lithium, potassium and
rubidium due to filament material. The ab-
solute isotopic ratios, [m,]/[m,]. were ob-
S— tained by taking the mean value of the
1.011

1.11 Ravreien curves. The errors were calculat-

[ma]/[m1] on W + 0.03 +0.010 +0.004 -0.006 - 0.007 ed by quadratically adding the standard
B e — B 8 deviation, }/4i2/n—1, of n different tan-
/' ma 1.08 L0958 ) talum measurements to that of m tungsten

iy . -025 1.012 measurements. Tantalum and tungsten

measurements were alternately performed.
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(87Rb/#5Rb) from sulphate

(87Rb/85Rb) from chloride

“(87Rb/85Rb) from sulphate 1.019 + 0.007

(87Rb/85Rb) from chloride

(87Rb/#5Rb) from nitrate LOLL -4 G007

1.015 4 0.005

1.014 - 0.008

on Ta on W Table 2. Difference in the measured isotopic abun-

_ —_— B ) dance of rubidium due to various chemical com-
(87Rb/85Rb) from nitrate pounds. Given are the ratios of S7Rb/**Rb ratios

: 1.004 -+ 0,005 1.000 + 0.005 obtained from the two different chemical com-

pounds indicated in the first column. Absolute
ratios and standard deviations were calculated in
a corresponding manner as in Table 1.

Our results also show possible sources of error in
relative measurements. In the first place, the initial
enrichment effect may introduce an error because of
its unreproducibility. Secondly, the observed vari-
ation due to different filament material and different
chemical compounding shows the importance of hav-
ing the samples investigated under identical condi-

tions. This, however, may sometimes be difficult to
ascertain in the case of isotopic abundance measure-
ments of natural samples.

For stimulating discussions, comments and sugges-
tions we would like to thank Drs. L. T. Aupricu, P.
Esernaror, F. G. Houtermans, E. Picciorro, H. Vosnace

and G.W. WETHERILL.
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A theoretical investigation of the factors affecting the efficiencies of mass diffusion columns, with
particular emphasis on columns operated with partition membranes, for the separation of light
gaseous isotopes, is extensively treated. Expressions are derived for the theoretical maximum separa-
tion factor and separative power and the optimum flow profile. The effects of partition membranes
on column efficiencies are discussed and equations are derived to assess the performances of such
columns. It appears that the membrane position in a column is rather critical and means to obviate
unfavourable effects due to this, are suggested. Existing experimental results of GverprsiteL! et al. !
corroborate some of the main theoretical conclusions.

The elementary isotope separation effect, acting
in the radial direction in a mass diffusion column
(see Fig.1), is induced by a continuous flow of
vapour from a vapour supply tube to a condenser
which is concentric with the vapour supply tube.
The vapour stream creates a gradient of the partial
pressure of the gas with which the column is filled.
In the steady state a dynamic equilibrium is even-
tually achieved between the flow of gas moved to-
wards the condenser by collisions with the vapour
molecules and the back diffusion of the gas. due to
the gas pressure gradient. Due to the differences
in the diffusion rates of isotopes, lighter isotopes
will generally diffuse more rapidly against the va-
pour and consequently become enriched to the cen-
ter of the column.

* On attachment from the South-African Atomic Energy
Board, Pelindaba, Pretoria, Republic of South Africa.

Fig. 1. Schematic diagram of a mass diffusion column. 1. po-

rous vapour supply tube. 2. condenser. 3 boiler. p—— =

vapour stream. @ — condensate. —> counter-
current stream. — — ——> light isotope stream.




