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SCOPE AND GUNTENTSS

The relative flssion ylelds of the isciopes of krypton and
zencn have been determined masgs spectromstrically. Abnomel fission
yields, resulting in fine structure in the mass fission yleld curve,
have been found in both mass ranges, A shift of the fine structure
%o Lowor rasses has been cbserved in going from U5 4 n fisslon to
U8 4 n fission, From this shift in fine structure it has been
possible to detemmine the proportions of U and U® neutren fission
that have cecurred in the sample., Evidence is presented to show that
the observed fine structure and the shift in this fine structure is the
result of a canbination of two effects invalwving the extre stability
of closed meutron shells of 50 and 82 meutrons which fall in the Kr and
Xe ranges respectively.

The capture of thermal neutrons by Xe™3J, wiich modifies the
fission yields in the 135 and 136 maas chains, has been studied so that
the obgserved fission yields at these masses may be suitably corrected,

Finally, the branching ratio between the isaneric states of
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Kr25 and the half-life of the long-lived iscmer have been re-
determined and found to be 0,29 and 10,27 ¥ 0,18 yrs, respectively.
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DNTAODUCTION

Nuclear reactions resulting in the fission of heavy nuclei
are among the most interesting, and widely studied, nuclear processes
known today. The fission act may be a spontaneous reaction (1,2) or
an induced reaction brought about by the bombardment of the nucleus
with particles (3) or electromagnetic radiation (4). The object of
this particular investigation has been to compare abnormal fission
yields which occur in the krypton and xenon mass ranges (in the neigh-
bourhood of the 50 and 82 neutron shells) for U5 and U°2° neutron
induced fission and to determine the proportions of U>>2 and U0
fission that occur: in nuclear reactors under various irradiating cone
ditions, In addition the extent of capture of thermal neutrons by
Xe135 has been studied by measuring the increase of the Xo136 fission
yield caused by this reaction. The half-life of the long-lived isomer
of Kr®5 and the branching ratio between the isomeric states of Kr85
have been precisely determined,

The neutron induced fission of the uranium isotope of atomic
weight 235 may be described as follows:

92“235 S onl Yy 92“236 —>z, M + 2*2 + Yn+Q ees(1)
Zy +23 =92
By +Ap =236 -4
A thermal neutron is captured by U233 to form a compound nucleus with
atomic weight 236. This nucleus is in a highly excited state and
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breaks into two lighter fragments with atomic weights Ay and Ap and
atomic numbers Zy and Zp respectively. In addition ¥ neutrons are
released (2.5 neutrons per fission act in U235 (5)) as well as
approximately 200 Mev. of energy, Q.

Radiochemical determinations (6) of the yields of the mass
fragments resulting from fission have shown that, in general, AjNAp.
Rather it has been found that the nucleus divides in an asymmetric
fashion and the most abundant yields occur in the neighbourhood of 94
and 140 mass units., When the logarithms of the fission yields, determined
radiochemically, (6) are plotted . against mass number two
distinet maxima result as shown in Fig. 1, It will be noted that
symoetric fission, i.e. Ay=A, # 117, is about 600 times less probable
than the asymmetric division to masses in the neighbourhoed of 94 and
140 mass units,

The smooth curve illustrated in Fig, 1 is determined from the
cumulative yield of the various masses and does not represent the
distribution at the instant of fission. Since the neutron to proton ratio
is higher than the stable ratio in this region of the periodic table,
the primary fission products are unstable and undergo successive B~ dis=
integrations which change the atomic number by one unit but do not alter
the mass number, It has been shown that the fission fragments achieve
stability after approximately three B~ disintegrations (7) and the
release of about 11 Mev. of energy, Tables I and II list several of the
fission chains resulting from successive B~ disintegrations and ending
in the stable isotopes of Kr, Rb, Sr, Xe, Cs and Ba,
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TABLE I
FISSION PRODUCT CHAINS IN THE LOW MASS RANGE

Mass Nuclear Charge
32 33 34 35 36 37 38
83 S 8¢ —b Br —D k’
\\ \
84 0N Se_—b Br —D gg
\ \
‘\ h-hhx’
85 N \\ \ /? vy )&
\\ \ \({).2" ¥e)
86 \ Br — Kp
b A
87 ‘\\ . Br /vxg\Rb T
A ~~oxr — (6.3 20 YSI

'ggabh end products are underlined.

Vertical arrows represent the emission or ebsorption of a neutron
50 neutron nuclides

e zp U235 + n. Caleulated from postulate of equal charge displacement
______ g8 4 n e " " " " 21.2}




TABLE II

FISSION PRODUCT CHAINS IN THE HIGH MA3S HANGE

Mass Nuclear Charge
50 51 52 53 Sh 55 56
L) \Sb-——DTe—DI—D Xe"
\
\\‘ \
132 b —p Te —p I —p Xe
133 \Wh —D>Te —D I —D %o —D Cs
134 Sb\‘—b\'ro oI —b Xe
‘\\ /V X'e"
\ ly x
135 & ——Ph—>1% I Cs™ —D Ba
\‘\ \ \ v /V o o
' \ Xe
136 d \:> I > ;&
\“ \/V xe x
By Cs™ —p> Ba
137 | \\b XB/V 3
138 < \J,> Xe > Cs D> Ba
N
¥

Stable end products are underlined.

Vertical arrows represent the emission or absorption of a neutron,

82 neutron nuclides

~% 5 U235 4 p. Calculated from postulate of equal charge displacmgt

....... Z 02384':1 " " n " " " "

2 6
%0135 and Csl37 have half-lives of 2,1 x 10° yrs, and 33 yrs.
respectively and their yields may be measured mass spectrometrically
with the stable end products,




Thode and Graham (8) used a mass spectrometer to determine
the relative yields of the fission product chains ending in the stable
rare gases Kr and Xe, By this method relative yields of the stable
isotopes that grow from the active fission products or are formed as
primary fission products may be determined with an accuracy of 1%
or better, This accuracy is much better than ‘can be obtained using
standard radiochemical techniques. When a suitable point of nornaliia-
tion is chosen these mass spectrometer yields may be combined with the
radiochemical yield data to precisely determine the shape of the
fission yield curve in the mass regions from mass 83 to 86 and from
mass 131 to 136, Thode and co-workers (9, 10) have also studied the
adjacent fission chains ending in the stable or long-lived isotopes
of Bb, Sr, and Cs (see Tables I and II),

Macnamara, Collins and Thode (11) have shown that some of the
Xe yields determined mass spectrometrically do not fall on the smooth
fission yield curve drawn from the radiochemical data., Specifically
they have found that in the fission of U237 with thermal neutrons the
yields of the 133 and 134 mass chains are high by 26% and 35%
respectively. It has been postulated by Glendenin (12) that this fine
structure of the mass yield curve may be due to the extra stability of
nuclides with 82 neutrons which fall in the Xe mass range. Mayer (13)
has recently summarized the experimental facts which indicate that
nuclides with shells of 50, 82 and 126 neutrons are particularly stable
configurations and Harvey (14) has shown that the binding energy of
the 5lst, 83rd., and 127th neutron is about 2 Mev lower than the
binding energy of the 50th, 82nd, and 126th neutron, Blendenin suggested



that nuclides formed as primery fission products with one more neutron
than a closed shell will evaporate this extra neutron rather than
undergo B~ disintegrations as is usually the case., The Glendenin
mechanism, however, requires that gains to one fission chain must be
balanced by losses to adjacent chains. The predicted decreases at
masses 135 and 136 corresponding to the high yields at masses 133 and
134 have not been observed experimentally (9). It has been suggested
(15, 9) therefore, that in addition to the Glendenin mechanism,
nuclides with 82 neutrons are favoured in the primary fission process
and that the observed fine structure is a combination of these two
effects. One would expect the latter effect to be a function of the
distance of the nuclide from the Bohr-iheeler stability curve and to
increase as we go from mass 131 to 136 while the Glendenin effect,
which depends on the instability of the 83rd neutron should decrease as
the Bohr-Wheeler stability curve is approached. Empirical curves to
represent the variation of these effects have been established (15, 9)
and fair agreement with experimental results has been obtained,

Glendenin and co-workers (16) have also reported fine structure
in the 98-100 mass range where the Mo isotopes have high fission yields,
By folding the fission yield curve for the heavy mass peak over the light
mass peak in such a way that the masses of complimentary fission products
sum to 233.5 they have shown that the fine structure in the two mass
ranges (i.e. 98-100 and 131-136) coincides. These results confimm the
suggestion of Wiles et. al. (15, 9) that some fine structure is a result of
a structural preference in the initial fission act since it is
difficult to gchlain the high Mo yields from the point of view of closed



neutron shells in that range, There is, however the possible exception

of extra stability of the 40 proton shell in this mass range and
Duckworth and Preston (17) have found a break in the packing fraction
curve which they attribute partly to the stability of this configuration.

Considerable information may be obtained about the fission
process by studying the variations in the complete fission yield curve
resulting from the fission of different nuclei when bombarded by high
energy particles as well as thermal neutrons. The fission yield curves
for U*2° and Pu?3? have been established (6) and are plotted with the
U235 fission yield curve in Fig, 2. Several striking differences in the
shape of the curves are observed, Generally the 0235 thermal neutron
fission yield curve is more symmetrical about its mid-point at mass 117,
The shift to the heavier masses required to account for the greater mass
in U2 and Pu®3? is made up almost entirely of a shift of the lighter
mass peak. The peak to trough ratio varies considerably, indicating that
symnetric fission yields have increased by a factor of four for y23e
fission,

Spence (18) has determined the variation of U5 fission yields
with neutron energy and finds that symmetri¢ fission increases by a
factor of 100 when the energy of the neutrons increases from thermal
energies to 14 Mev, Turkevich and co-workers (19, 20) have established
the yield curves for the fission of Th?32 with 2.6 Mev, pile neutrons
and fast neutrons from the Li 4+ D reaction and report that symmetric
fission yields increase by a factor of ten for the higher energy
neutrons, Schmitt and Sugarman (21) have produced fission in natural
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uranium by means of x-rays of energies ranging from 22 to 100 Mev
and find that symmetric yields inerease by a factor of 100 for 48
Mev x-rays as compared to the yield observed for U35 thermal
neutron fission, Turkevich et al, (20) have shown that the peak to
trough ratio increases over a range of 300 when high energy fission
yields are compared with the yields for thermal neutron induced
fission., Meitner (22) has reported completely symmetric fission for
deuteron induced fission of 31199.

It is apparent that a more symmetric type of fission occurs
when higher energy particles or electromagnetic radiations bombard
the fissioning nucleus, While the complete fission yield curve
cannot be established from the rare gas data the extent of yield
variations in the Kr and Xe mass ranges resulting from the above
mentioned effects may be precisely determined.

Assuming the postulate of equal charge displacement (12)
(i.e. equal fission chain lengths for the two fission fragments) it
is possible to caleculate the most probable charge, zp, for a given
mass, to be expected for the primary fission products from the following
formula:

Zp = Zy = 0.5 (Zy + %3355 . ,) =) )
Where Z, represents the most stable charge (non-integral) for a given
mass A (according to Bohr-Wheeler (23) )} 2y and Z(g33,5 . ) are tle
most stable charges for the given chain and its compl imentary fission
chain respectively, The equation may be modified for fissioning
nuclei other than 0235 by substituting the appropriate values in place
of 233.5 and 92.



The Z,, values for US> and U%° have been caloulated and
lines have been drawn through these points in Table II, It will be
noted that the Zp = 235 line crosses the line joining nuclides with
82 neutrons in the region of masses 133 and 134 which have been
observed to have abnormally high fission yields in U235 fission.

Since the Zp - 238 line intersects the 82 neutron line at lower masses
it may be expected that the fine structure will shift toward the
lower mass range (132 and 133) in U238 fission,

Since it has been observed in this laboratory that the high
fission yield at mass 134 is not constant but varies with irradiation
conditions or pile position or both, it was felt that this
variation may be due to shift of the fine structure resulting from
different proportions of 0235 and 0238 fission and experiments were
planned to investigate this effect further, Uranium metal and uranium
oxide samples have been irradiated under conditions such that the
resulting fission will be that of 0235, U8 or mixtures of these.
Once the Xe fission yields are known for the two nuclei it should be
possible to determine the proportion of U232 and U8 fission that has
taken place during irradiation.

Although it is felt that fine structure should also oceur in
the Kr range in the neighbourhood of the 50 neutron shell its existence
had not been definitely established. The Kr isotopes fall farther
down the side of the light mass peak and their yields change rapidly
due to the steepness of the mass yield curve in this region., A4s a
result of their position farther down the side of the peak the fission
yieldes are lower than the Xe yields by a factor of five and mass



spectrometric determinations are usually less precise, The lines
joining the Zp values and the 50 neutron nuclides have been drawn
in Table I. It will be noted that the Zp lines do not cross the
50 neutron line within the Kr range under study and hence fine
structure would not be expected to occur here., However, these Zp
values were calculated on the assumption that the fission chain
lengths are the same in both mass regions and consequently the Zp lines
fall at lower Z values., Since the fission chains appear to be
shorter here the Zp line may be shifted toward higher Z values and
cross the 50 neutron line in the Kr isotope range. It is possible,
then, that some fine structure may occur here and an extensive inves-
tigation of this region was carried out, the results of which are
reported in this thesis.
In order to determine the fission yields it is necessary to

consider certain reactions which result in fission chain branching.
The variation in the 135 and 136 mass chain due to the reaction -

Xel35 4 n —p xel36 wse (3)
is important since Xe135 has a high neutron capture cross-section in
the thermal neutron range. The extent of capture of neutrons by this
isotope is of interest for two reasons. First, in order to determine the
fission yields, the 136 mass chain ending in stable 2136 (Table II)
must be decreased while the fission yield of the 135 mass chain ending
in 33 yr. 0st3% must be increased by an amount dependent on the extent of
the above reaction., Secondly, since the capture cross-section of xel35
for thermal neutrons is so large its presence must be considered in pile

design and operation,
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The vertieal arrows (Table II) from Xel35 and Xe™>' represent
the capture of a thermal neutron by Xe®?” and the delayed release of
a neutron by Xel37, Both of these reactions tend to increase the
figsion yield of Xel36, The emission of a neutron by Xel37 is thought
to be constant (0.2% of fission) but the percentage inecrease of Xel36,
resulting from the capture of a neutron by 10135 will be a function of
the thermal neutron flux and the length of time the sample has been
irradiated in the pile,

Calculations of the inecrease to be expected in the 136 mass
chain resulting from reaction 3 have been carried out., The ratio of
the amount of Xel36 produced by neutron capture in Xel35 to the amount
resulting from the decay of 1136 is given by =

136
Xe _& e
10135 = t=0 (Mo, atoms ;ﬁs present at any time t), F‘,q&?} 4T
136
Xe ¢ YIB6 5.5 « % ooo(l&)
1136

F = thermal neutron flux n/cm?/hr,
Fc_xon"’ = thermal neutron capture cross section for hl”.
Y1336 o fission yield of 1336,
f = total number of fissions per hour.
T = irradiation time in hours,
The mumber of atoms of Xet> present at any time, t, may be calculated as
follows:



daNy 135

‘a‘t‘-‘x."'- "’\1135"1135 . '\x.BSngl” - Gopa3sMy135 o F
i g-gl-'\zﬁz-“l e (5)
where K ""x.135 +Gega135 . F eeo (6)

The number of atoms of 1135

i 'dfz - !2 of = "2’2 soe (7)

!2 » £ ,\
nz -—-T.' l-e" ”J eoe (8)
2
Substituting in equation 5, integreting and employing limite
Ny =0at time © = 0 we get

By = Y2.f. ere (9)

(2 o"’th o=kt oKt ]
- - “
LK (k- 42) X (&= d3)
Substituting equation 9 in equation 4, integrating and employing limits
t=0tot =T we get

t=T v ookt R R 1
PO oxe135) Np.dT = P U0y 135.X5.8) + o é
=0 £ Ap(x-dy) K2 K(E~dz) Ap(k~dp)
1 1
- --; a + m] ooo(lo)

- 'ﬁnn5oxzofoq ...(11)



Substituting equation 1l in equation 4 we obtain finally

136

e &

X% Y35 .. Q. P . Ugr35 s ()
6 Yy136 . £ . T

"

Xe

Figure 3 is a plot of equation 12 showing the percentage
increase of Xel3é for various flux values fram 10 to 10M4 thermal
neutrons/cm.%/sec., and for irradiation times sufficiently long to
produce 1017 and 108 fissions in the uranium sample. In addition
the curve for a constant irradiation time of seventy hours has been

plotted,



1€

'S/ud/u XNT4 NOWLN3N n
§ 9 L 862l 2 € ¥ 6§ 9¢86 €l

™
0
1<
L 2]

T T T

— v — —

4y 0L=3NIL -—-— Sdde ]0s

Illl/l \\\\\
SNOISSI3_O —----— R i o

SNOISSI4 O —— ~
1] oy

o B O Y

ge® X U *gePX .
¥Od4 S3AYNO TVOILIMOIHL 4 aa
. 106

€914

001

og®X 3SVIHONI %



EXPERIMENTAL

I LE PREPARATI
Uranium samples weighing from 10 to 50 gms. were irradiated,

at as nearly a constant flux as possible, for periods long enough to
produce approximately 1017 fissions. Previous work (8) in this
laboratory had shown that sufficient fission produet xenon and krypton
gas (10"3 cc, at N,T.P,) for mass spectrometric analysis was produced
when this number of fissions had occurred., In most cases the irradiated
materials were allowed to "cool" for sufficient time after removal from
the pile, for all the precursors to decay to the stable rare gas isotopes,
The rare gases were extracted from the uranium using the method
deseribed by Arrol, Chackett and Epstein (24). The extraction and
purification apparatus is illustrated in Fig. IV , Concentrated cupric
potassium chloride in flask Fl, was thoroughly flushed with dry hydrogen
from reservoir H, to eliminate the air dissclved in the solution. The
hydrogen which had been previously dried and purified by passage through
an activated charcoal trap cooled to liquid nitrogen temperature was
passed through the solution in Fl by manipulation of stopcocks Tl, T2,
T3, and T4, The uranium disc was placed in a platinum basket which was
suspended from a curved glass rod whose movement could be controlled
from outside the vacuum system through a greased standard taper joint in
the wall of flask Fp, After the sample had been placed in F; the vessel
was evacuated through '1'5. Hydrogen was now allowed to flow into !'1
through ‘1‘3 to force the cupric potassium chloride solution into Fp via

17
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stopcock T, The rate of dissolution of the metal was controlled by
raising or lowering the platinum basket in Fz. The liberated gases
were allowed to flow through T5 into the drying trap B, containing
solid potassium hydroxide pellets, through two U tubes C and D,
containing anhydrous magnesium perchlorate and finally through Tg into
charcoal trap E, which was cooled in liguid éd.r. From this point

the gases were manipulated using standard high vacuum technique .
Mercury ventils Vy, 72, VB and Vk replace all stopcocks to avoid
possible absorption of the rare gases in the stopcock grease,

By warming F and coeling charccal tube G in liquid air the
gas mixture was moved to the section of the apparatus containing the
calcium furnace K., After exposure to Ca vapours at 450° to 500° C
for about 20 minutes the residual gas volume was measured in the
calibrated MeLeod gauge. The Ca purification procedure was repeated
until the volume of the gas remained constant, The purified gas was
then condensed in charcoal tube L, at liquid air temperature and the
tube was sealed off from the vacuum line.

Tube L was designed to facilitate the introduction of the gas
sample to the mass spectrometer for analysis. A small iron slug was
sealed in the tube above the glass break-off and the upper portion
evacuated on the mass spectrometer sample line. The iron slug was then
raised by means of small permanent magnets and allowed to strike the
glass break-off. The gas was then transferred to the mass spectrometer
sample line where it was condensed in a similar charcoal tube until
analysis could be carried out.

Usually a three to four e gas sample, at N,T.P,, made up



of argon, krypton and xenon,was collectedy the argon being present
due to the fact that the uranium metal was originally processed in an

argon atmosphere,

II MASS SPECTROMEIRY

All gas samples were analysed on a 180 degree direction
focusing mass spectrometer (8), Magnetic scanning was employed through=
out to focus ions of 1500 volts energy. An Applied Physics Corporation
Model 30 vibrating reed amplifier was used to amplify the ion current
which was recorded on a Leeds and Northrup Speedomax strip chart recorder,
Typical isotope patterns for fission product krypton and xenon are shown
in Figs. 5 and 6 respectively. At least ten double sets of peaks were
recorded and averaged for each analysis.

Care was taken to insure that there were no residuals in the
mass spectrometer before the samples were admitted and each sample was
checked for impurities in the neighbourhood of the krypton and xenon mass
ranges, To remove any condensable impurities that may be present in the
samples a liquid air trap was used between the sample input line and the
mass spectrometer,

As an indication of the reproducibility of results over long
periods of time reference is here made to Tables XIII and XIV of this
thesis where the analysis of the same gas sample, carried out after six
years, is compared with the original result, It will be noted that the

percentage difference in the two results was never greater than ¥ 1%,
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IITI RESULTS

The extent of capture of themal neutrons by Xel3> has been
determined, mass spectrometrically, by following the variations in
the 10136 fission yield as a function of the neutron flux. Samples for
investigation were irradiated at various flux positions of the Chalk
River N.R.X. and Oak Ridge Reactors (Table III). One disc, No. 12,
was irradiated in a cadmium sheath. Since cadmium has a high absorp-
tion cross section in the thermal neutron range and up to one electron
volt (25), the energy range in which the resonance capture of Xelo?
oceurs, the percentage increase in the fission yield of XQBé due to
reaction 3 should be negligible in this sample, The resulis obtained
for the cadmium sheathed sample are, therefore, used as a base level
from which the extent of reaction 2 may be calculated,

In scme cases the uranium discs were dissolved before all the
precursors of Xe™3L and Xel32 (see Table II) had decayed completely
and corrections to the 131 and 132 fission yields for the amount of pre-
cursor still present at the time of dissolution have been carried out.

Table IV gives the mass spectrometer abundance data for the
isotopes of fission product xenon for the samples investigated., The
xenon fission yields at masses 131, 132, 134 and 136 are normalized at a
value of 3,28% for the 131 mass chain (9). The Xel36/Xel31 ratio is
plotted as a function of the neutron flux in Fig. 7 where the curve has
been drawn through the experimental points using the method of least
sqQuares,

Originally the change in the Xet36/xel3% ratio was used to



TABLE III

URANIUM IRRADIATION DATA

S g::i::: 'x{ie::t?)? neui‘::‘:s;./‘:o’:
1 N.R.X. Chalk | 1L hrs. 5 x 1083
River
2 " " 20 hrs. 6 x 1012
3 " . 35.5 hrs, 3.6 x 1012
b " " 35 days 3 x 1012
5 v o 345 hrs. 2.6 x 1012
6 " " 12 hrs, 2,6 x 1012
7 . . 57 hrs. 2.1 x 1012
3 " " 68,5 hrs. 1.8 x 1012
9 . " 70 days 7.5 x 1043
10(a)(b) Oak Ridge 16 days 6 x 1011
11 N.R.X. Chalk | 68 days 1 x 108
River
12* n " |11.5 days 1.5 x 1013

'l;lux values for N.R.X. Reactor were estimated from data con=-
tained in Chalk River Report No. C.R.E. 414 « "Some Data on
Pile Irradiation" by I. L. Wilson (26).

X3ample No. 12 was irradiated in a cadmium sheath. See text.



TABLE IV
MASS SPECTRUMETER ABUNDANCE DATA FUR THE ISCTOPES OF
FISSION PRODUCT XaNoN™

SAMPLE % PISSIGN YISLD |
a WASS UNIT

131 132 134 136
1 3.28 489 8.95 8.70
2 3.28 L9l 8.84 7.93
3 3.28 he92 8.95 7.86
4 3.28 4e99 9,11 g.11
5 3.28 4492 9.02 8.17
6 3.28 he92 8.88 7.72
7 3.28 LJ91 8.95 7Tk
8 3.28 he9h 9.03 8.04
9 3.28 Le93 8.99 7.81
10 ~ (a) 3.28 Le92 8.93 7.6k
(v) 3.28 be 9L 8.80 7.52
1 3428 491 8,98 7.26
12 3.28 497 8.7 7.08

*Xenon isctope abundances at masses 131, 132, 13i and 136 have
been normmaliged at 3.28% for mass 131 determined radiochemically

for 1131.
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establish the Xel35 burning correction to the 08135 and 10136 fission
vields but considerable variation in this ratio was found for a group
of samples irradiated in the N.R.X, reactor during the months of April
and September 1951, These variations indicated that notonly was the
136 fission yileld varying, due to neutron capture in Xel33, but that the
other xenen isotope: yields were also functions of the irradiating
conditions, Recently uranium dises (sample No. 11, Table III) were
irradiated in the thermal column of the N.R.X. reactor at a neutron flux
of 10M n/em?/sec. The xenon fission yields determined for this sample
and the cadmium sheathed sample (No. 12) are plotted in Fig. & where the
smooth curve has been arbitrarily drawn through the thermal column yields
at masses 131, 132 and 136, It is noted that the yields for the two
samples differ at masses 132, 134 and 136 by 1.2%, 3.1%, and 2,5%
respectively. The 2.5% difference at mass 136 should be largely due to
the burning of Xe™2? in the thermal column sample, On the other hand the
variations in the 132 and 134 mass yields camnot be explained by neutron
capture processes. The high percentage of fast neutrons (50% of the
thermal neutron flux (26)) available for fission of the cadmiuwm sheathed
sample suggests the possibility of some U238 4 p fission superimposed on
the U235 4 n fission.

In view of the fact that the 132 and 134 yields for the cadmium
sheathed sample vary with respect to the thermal column yields the
%6236 /%013h ang ¥e136/%6132 ratios determined for this sample could not
be used to establish the hl35 burning correction. Therefore, the
Xe136/xe131 ratio which is considered the most reliable was used for this

purpose,

%
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xel35 burning corrections determined from the 101'36/10131
ratio (Fig. 7) are in good agreement with theoretical values taken
from the curves of Fig. 3, in the medium flux range, In establishing
the theoretical curves a capture cross section of 2,8 x 106 barns for

10135 was used and the fission yields of 1135 and ID6 were assumed
to be equal,

A0 !‘

Mass spectrometer fission yield studies have shown that the
Xel34 figsion yield is abnormally high for U2 + n fission (11).
Since this fine structure in the mass fission yield curve has been
attributed to the stable neutron configuration of 82 neutrons it would
be interesting to determine whether the fine structure remains
unchanged or if it shifts to other masses for the fission of different
nuclei, A shift in the fine structure would explain the results of
the preceding section, In order to investigate this effect further the
following irradiations were carried out. Normal uranium discs were
irradiated in the thermal column of the N.R.X. reactor at a neutron flux
of 1 x 10]‘1 thermal neutrons/c.n.z/ sec,3 UO3 powder depleted about 30 to
50 times in U%?? yas irradiated for six months in the Los Alamos Fast
Reactor at a neutron flux of about 1032 neutrons/am?/sec. with an
average energy of 0,5 Mev,; finally, normal uranium samples were
irradiated in the Los Alamos Reactor for periods ranging from two to
five months also at a flux of approximately 10%2 neutrons/cm?/sec. The
detailed irradiation data are given in Table V and the mass spectrometer



TABLE V

URANIUM IREADIATION DATA

Sample Nuclear Irradiation T‘Timo in Neutron q&—'

No. reactor particulars reactor |neutrons/cm./sec,

11 N.R.X. Normal U
Chalk River pghermal column | 68 days 1 x 10t
12 . " Normal U
Cd sheathed |[1l1.5 days l.5 x 1013
13 Los Alamos
Fast Heactor Normal U 65 days 1012
14 . . Normal U 166 days 1012
15 LI leted 192 days 1012
O 3n 053

*Flux values for Chalk River irradiations are for the thermal
neutron flux, Los Alamos irradiations were carried out in a fast
neutron flux with an average energy of 0.5 Mev.



TABLE VI

MASS SPECTRUMETER ABUNDANCE DATA FOR ISUTOFES OF

FISSION PRODUCT XENOH

% FIS3ION YIELD

MASS UNIT
I 131 132 13% ~13%

11 3428 491 8,98 7.08%
12 3.28 497 8.7k 7.08
13 , :

1 3,28 5420 8.17 7.20

15 3.28 LT3 6.57 5.85

3.7 5.43% Te55* 6.72%

x Mass 136 yield has been corrected for thermal neutron
capture (see Fig. 7).

* Yields adjusted at mass 136 to indicate the same
percentage fine structure shift for the Los Alamos
normal uranium sample at masses 132 and 134. See text,
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fission yield data are given 1n lfrable Vi. The thermal column results are
the average of three dotonninations ;vhilo the U03 and normal uranium sam-
ples irradiated at Los Alamos were done in duplicate. In all cases the
xenon fission yields agreed within the standard deviation of the indivi-
dual determinations,

The samples are listed (Tables V and VI) in order of increasing
amounts of U238 fission expected., For example, sample No, 11, irradiated
in the thermal colwsn should show little U238 4+ n fission whereas sample
No. 15, depleted in U235 and irradiated in the Los Alamos Fast Reactor
should show little U23% + n fission (less than 1%).

The xenon fission yields for samples No, 1l and No. 15 given in
Table VI are plotted in Fig. 9, normalized at 3.28% for Xel3l, Although
the normalization point employed is arbitrary, it is apparent that the
relative yields have changed., The 134 fission yield has decreased while
the 132 yield has increased for U238 4 n fission as compared to U235 &

n fission, indicating a shift in the fine structure to the lower mass
range.

Since the mass yield curves for the two fissioning nuclei do
not cross in the region of mass 131 (see Fig., 1I), some other point
of normalization must be found in order to compare the fission yields,

In Fig. 10 the fission yield data for samples 11, 12, 13 & 14, and

15 (Table VI) have been plotted in the following manner; the thermal
column results have been normalized at 3.28% for Xel3l as have the
results for the Los Alamos normal uranium and cadmium sheathed
irradiations. The normaligation point for the depleted uranium results
(No« 15) has been adjusted (see Table VI) so that the Los Alamos normal
uranium yields indicate the same percentage fine structure shift at
masses 132 and 134 measured from the smooth curve arbitrarily drawn

through the ﬁherml column data at masses 131, 132 and 136. For example,
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the fine structure shift at mass 134 in going from U?35 4 n fission
(thermal column sample No, 11) to U%38 4 1 fission (U03 sample No, 15)
amounts to 33%-12% = 21%, The shift in fine structure between the
thermal column and Los Alamos normal uranium samples (No, 13 & 14) is
3% -« 21% = 12%. Therefore the percentage shift in fine structure
for the normal uranium irradiated at Los Alamos amounts to 57%.
Similarly, at mass 132 the percentage of the total fine structure shift
for the Los Alamos normal uranium sample is 6 4 10.6 or 57%. Assuming
that the fine structure shift is linear these results indicate that
approximately 60% of the fissionsoccurring in the normal uranium sample
were due to U8 4 n fission while only 4O% were due to U235 & n fissien.
Rough calculations from Los Alamos pile data are in agreement with this,

Considering only the UO3 depleted uranium sample it would
appear that the fine structure for 0238 + n fission decreases at masses
136 and 134 and increases at masses 132 and 131 as compared to the fine
structure observed for U>? + n fission. The Los Alamos normal uranium
results are in agreement with this at masses 132 and 134 but do not
agree at masses 131 and 136, the discrepancy amounting to 8% and 5%
respectively. A 5% correction for burming of Xe™? would bring the 136
mass yield inte agreement but it hardly seems probable that reaction 3
could have proceeded to this extent in the Los Alamos reactor where the
average neutron energy is 0.5 Mev,

The fine structure shift for the cadmium sheathed sample
(Fig. 10) indicates approximately 11% and 19% U238 4 n fission when
calculated from the yield values at masses 132 and 134 respectively,
This is rather good agreement in view of the fact that normalization
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had to be carried out at mass i3l in spite of the fact that the 131 fis-
sion yield has been found to increase due to the shift of fine structure
in U238 4 n fission. It may well be that the fission yield curves for
the two uranium nuclei should be tilted with respect to one another in
this mass range but it is not possible, from the data available, to
determine the amount of tilt that may be required., Fission yields for
adjacent mass chains for both U235 and U238 figsion would permit a more
accurate location of the smooth curves from which the fine structure could
be measured., In order to overcome the normaligzation problem absolute
fission yields must be determined using isotope dilution techniques.
Bach sample must also be monitored so that the neutron flux at which the
irradiation was carried out may be determined. This would involve a
tremendous effort but may be essential before the complete picture can
be obtained.

It has been suggested by Glendenin (12) that the fine structure
observed in the mass yield curve results from the emission of the
loosely bound 83rd neutrons from the primary fission products after the
initial fission act has taken place., The fission yields predicted by
this mechanism for U235 + n and U238 4 n fission have been calculated
using the methods employed by Glendenin., The predicted percentage
variations from the arbitrarily drawn smooth curve (Figs. 9, 10) are
given in Table VII, column six, The corresponding experimental fission
yields and variations from the smooth curve are given in columns four
and five respectively. A decrease in the fine structure at mass 134
and an increase at masses 132 and 131 is predicted in going from U235 4
n fission to U238 4 n fission, as found experimentally, However, this



TABLE VII

COMPARISON OF EXPERIMENTAL AND PREDICTED XENON FISSION YIELDS

Fissioning | Mass u;‘-%&“ M.S, Departure Departure
nuclide chain | yields* | yields |from smooth| predicted by
- ——
% % %
233 131 | 3.28 3.28 # - + 2,7
132 Le91 491 - +1h5
133 6.13 - - +20
134 6.77 8.9¢8 +33 +17,7
135 7.03 - - - 1.1
136 7.08 7.08 - -17.2
e 1L | 3.8 | 3.7 +15 +16.8
132 he91 543 + 10,6 +25.5
133 6.13 - - +21,9
134 6.77 7.55 + 12 - 2.4
135 7.03 - - ~19.1
136 7.08 6.72 “5ebs -16.2

¥3mooth curve arbitrarily drawn. (Figs. 9, 10).
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mechanism requires that gains in one fission chain must be balanced by
losses in adjacent chains and consequently a decrease is predicted at
masses 135 and 136, While the results reported here do not permit a
check of the 135 mass chain the large predicted decrease at mass 136
has not been observed., It seems, therefore, that the fine structure
cannot be wholly due to the Glendenin effect Dut may be a combina-
tion of this effect and some preference for nuclides with 82 neutrons
in the primary fission process as suggzested by Wiles, et al. (15, 9)
and discussed in the introduction.

(b) Krypton
Krypton fission yields have alsc been determined for those samples

irradiated for the study of the extent of capture of thermal neutrons
by Xel35 (Table III). The mass spectrometer abundance data are given
in Table VIII and the Kr86/kr8h, xr86/kr83, Kkr85/kr83 and Kréh/Kr83
ratios are plotted in Figs., 11, 12, 13 and 14 respectively, where the
curves have been drawn using the method of least squares, It is apparent
that while the 83, 85 and 86 fission yields remain relatively constant
(less than 1% variation) with flux, the 84 fission yield varies by 3

to 4%. This variation in Kr®4 yleld agsin suggested the possilility of
fine structure in the mass yield curve in this mass range and the
variation of this fine structure with irradiating conditions., Results
obtained for the thermal column and Los Alamos irradlated samples

(Nos. 11, 13, 14 and 15) bear this out (Table IX). The yields for these
samples are plotted in Fig, 15 where the thermal column (No, 11) and
Los Alamos normal uranium results (Nes. 13 & 14) have been normalized,
arbitrarily, at a value of 0.50% at mass 83. Unfortunately absolute



TABLE VIII

MASS SPECTRUMETER ADUNDANCE DATA FOR ISOTOPES OF

FISSION PRODUCT KRYPTON

R S L S T e e T o s

SAMPLE NO, ATOM %
MASS UNIT
83 8l 8s* 86
| 13.89 27.27 Te45 51.40
2 13.99 27.89 7.22 50,90
3 14,12 26,69 757 51.63
5 13.88 26,67 Tebdy 52.02
8 14.16 26,38 7.66 51.80
9 14.17 26,50 7.50 51.83
1 (AN | %m | Ta | 2
11 14,12 26.25 7.53 52,10
12 14.05 26.76 7.69 51.51

39

*xr85 yields have been corrected for the decay of the 10,27

yr. iscmer,
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TABLE IX

FISSION PRODUCT KRYPTON ABUNDANCE DATA USED TC ESTABLISH

CURVES OF FIGS. 15 AND 16,

Sample |Mass | Atom |Fission|Total Mass 85 % Fission Yield
No. | No.| & [rield® |Chain YieldP I
% ®  |sample 15 |Sample 15 |Sample 13 & 14|'Sample 12
Rodzg;d To Red;g%d To| Adjusted [Adjusted
: at | O. at For For
Mass 86 Mass 86 02380% 02330%
Fission Fission
11 83 [4.d2| 0.50
8L |26,25| 0.93
85 | 7.53| 0.27 1.20
86 |52.10] 1.84
12 83 |14.05] 0.50 O.k5
8l |26.76] 0.95 0.85
85 | 7.69| 0.274 1.22 1.09
86 |51.51| 1.83 1.63
13 | 65 [k.53] 0,50 1 0.35
& 8L |28.71| 0.99 0.70
14 85 | 6.48) 0,223 0.99 0.70
15 ' | &3 %.k.52 0450 0.49 0.24
84, [30.80] 1.06 & 1.035 0.50
85 | 5,23 0.18 0.80 0,78 0.38
86 hb?.% 1.70 1.66 0.80

8grypton isotope abundance data relative to a fission yield of 0.50% for mass 83.
bThe mass 85 chain yield has been corrected for the decay of the 4.4 hr. isomer of
Kr85 by placing the mass 85 yield on the smooth mass yield curve for sample HNo, 11
(0235 + n fission). This gives a branching ratioc between the isomeric states of
5 of 0.27/(1.20-0.27) = 0.29. The mass 85 chain ylelds for the other samples
have been ratioed up assuming that the branching ratio remains constant for U235
+n and U238 4 n fission.
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fission yields in this mass range have not been firmly established.
Since the Xe/Kr ratio, in which there is 2 diserepancy between

reported values (8, 24), is required before the krypton and xenon
yields may be related to one another, this ratio must be redetermined,
However, the normalization factor used will not alter the conclusions
drawn here. The depleted UOg yields have been adjusted, as in the
xenon range, so thai the Los Alamos normal uranium yields indicate the
same percentage fine structure shift from the smooth curve for

235 4 n fission, at masses 84 and 86, When this is done it is
apparent that large yield variations occur at masses 84 and 86 and that
approximately 60% U238 4 n fission,(for example, 8 # 13.5 = 59% at
mass 84 and 6 ¢ 9.8 = 61% at mass 86) has taken place in the Los Alamos
normal uranium sample, the same proportion that was determined for this
sample from the xenon isotope fission yields,

The krypton isotope at mass 85 has two isomers, (Fig. 17) a
long~lived one with a half-life of 10.27 yr. and a short-lived one with
a bok hr, half-life, Since the shorter<lived isomer will have com-
pletely decayed before the fission gases were extracted from the uranium
dises, the mass spectrometer results will only indicate the yield of
the 10,27 yr. isomer, All krypton yields have been corrected for the
decay of the long-lived isomer up to the time of analysis, In order to
compare the fission yields at this mass the KrS® yield for the thermal
colwm sample (U%5° ¢ n fission) has been placed on the smooth curve
and the yields for the other samples have been increased proportionately
(Table IX, column 5). This correction does not bring the other Kr8>
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yields into line, indicating fine structure at this mass also,
Actually there is a decided shift of the light mass peak for U235
+n and U8 4 5 fission (Fig. II). Figure 16 is a replot of Fig, 15
in which the depleted UO3 yields have been displaced at mass 86 (Table
IX) by 0.86% of fission to correspond to the above-mentioned shift,
The Los Alamos normal uranium results have also been adjusted at mass
86 in accordance with an indicated 60% U238 4+ n fission. Finally, the
cadmium-sheathed sample (No. 12) results were incorporated in Fig. 16
by adjusting the mass 86 yield to correspond to 20% U238 4 n fission as
found in the xenon studies. It is now possible to draw four roughly
parallel smooth curves from which the percentage variations may be cal-
culated. Again defining fine structure as the percentage variation from
the respective smooth curves, these results indicate large fine struc-
ture shifts at masses 84 and 85.
It will be noted that at mass 84 the fission yields are all higher
than the corresponding smooth curve values while at mass 85 the oppo-
site effect is found. The fine structure shift in going from U235 +
n fission to U238 4 n fission amounts to 4O - 20 = 20% at mass 84 and
29% at mass 85,
The fine structure determined for the Los Alamos normal uranium
(No. 13 & 14) and the cadmium-sheathed sample (No, 12) fall in the
intermediate range and indicate 12 + 20 = 60% and 3 ¢ 20 = 15% U238
+ n fission respectively when calculated from the mass 84 fission
yield values. However, when calculated from the yield values at mass
85, the corresponding U238 4 n contributions indicated are 52% and
0%. The U238 4 n contribution indicated for the Los Alamos sample
amounts to 60% and 52% when calculated from mass 84 and mass 85 fine
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structure shifts respectively, in good agreement with the values found
in the xenon range (57%). Por the cadmium-sheathed sample the 15%
U238 4 n fission contribution indicated at mass 84 agrees with that found
in the xenon range at mass 134 but does not agree at mass 85, This lat-
ter discrepancy may be due to the diffieulty experienced in measuring
the very small ion current recorded at mass 85 (see Fig., 5).
Since the mass 64 ylelds inorease while those at mass 85 decrease,
it may seem reascnable to account for this variation on the basis of neu-
tron emission from mass 85 rather than the fine structure due to a
structural preference for closed neutron shells in the initial fission
act, However, Kr®> has 49 neutrons, one less than a closed shell, and
the above reaction is considered to be highly improbable.

The existence of fine structure in the mass yield curve at masses
8L, and 85 seems to be definitely established for the first time., The
Glendenin mechanism (12) may be employed to predict the fine structure
that may be sxpected as a result of the emission of the loosely bound
51st neuirons from the primary fission products. These calculations have
been carried ocut and the predicted variations from the smooth curve
values are given in Table X, A comparison of columns five and six shows
that there is little agreement between predicted and observed fine struc-
ture in this mass range. It would sesm, therefore, that the observed
fine structure may be dus to a preference for nuclides with 50 neutrons
in the primary fission process or a combination of this and the Glendenin
effect as was suggested by the results reported for xenon isotopes,

(e) Sumary

Abnormal fission ylelds, resulting in fine structure in the

mass {ission yield curve, have been found in both the xenon and krypton



TABLE X

COMPARISON OF ZXPERIMENTAL AND PRADICTED KRYPTON FISSICN YIELDS

Fissioning |Mass [Smooth |[M.S. Departure Departure
nuclide Chain | curve jFields |from smocth [predicted by
yields® curve Glendenin
% % % mechani.sm
%
y33 g3 |o.50 [o.50 " + Ub
8L 0.77 0.93 +20 + 18
85 lom l.ZOb - - 8
—86 loell' 10841- » - 9
g8 & |o.2 [o.2 - +25
84 0.36 0450 + 4O -
85 | 0.55 (0.38° | - 29 - 13
86 0.80 0,80 - - 11

a See Fig. 160

b Krypton yields at mass 85 have been corrected for decay of 4.4
hr. isomer,
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mass ranges. A shift of the fine structure, to lower masses, has been
observed when going from 0235 + n fission to 0238 + n fission, From
the shift in fine structure it has been possible to determine the
proportions of U235 and yR38 neutron fission that have taken place in
uranium samples under given irradiation conditions.

These abnormal yields are most probabiy due to the presence of
closed neutron shells of 82 and 50 neutrons which fall in the xenon
and krypton mass ranges respectively. There is evidence that this fine
structure is to some extent due to a structural preference for these
closed neutron shells in the initial fission act. The Glendenin
mechanism, which involves the emission of the loosely held 83rd and
51st neutrons from the primary fission products, was postulated to
account for this fine structure but does not in itself campletely explain
the experimentally observed fission yields. It may be that these effects
are due to a combination of the two processes., Any comprehensive theory
of the fission process must take into account the observed abnormal
fission yields and the shifting of the = fine structure for the fission
of different uranium nuclei.

(1i1) Ihe Branching Ratio of Kzfo®

A branching ratio of 0,28 for the decay of the isomeric state
of Kr®5 has been reported by Bergstrém (28), who measured the ratio of
internal conversion electrons to B™ rays and corrected for the conversion
probability due to an M4 iscmeric transition., The precise determination
of the krypton fission product yields by mass spectrometric methods
allows one to check the value obtained from the B spectrum analysis,
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The ion current (Fig. V) measured at mass 85 is due only to
the 10,27 yr., isomer since the fission gases were extracted from the
irradiated material after a long "cooling" period. The fission yield
of the 10,27 yr. isomer was obtained by correcting the mass spectrometer
abundance data for radicactive decay. In order to establish the
krypton yield curves of Fig. 16 the yield of the 85 mass chain was
placed on the smooth curve for U7 4 n fission (thermal colwm sample
No. 11). The percentage of the 85 mass chain decaying through the longe
lived isomer was found to be 0.27 & 1,20 or 22,5%, which yields a
branching ratio of 0,29, This is in excellent agreement with the value
reported by Bergstrim and supports the conclusion that the Kr85
mass yield falls on the smooth fission yield curve indicating no fine
structure at this mass for U235 4 n fission,

Figure 17 illustrates the complete decay scheme for Kr8?

(28) (27).

(iv)
Prior to 1945 the only Kr® isomer known had a 4e5 hr. half-
life, an activity first noted by Snell (29) in 1937 while studying
the d, p)reaction on Kr. In 1945 Hoagland and Sugarman (30) found an
activity with 2 minimum half-life of 10 years when investigating the
gaseous activities in fission products, They were able to show that
this was due to an isotope of krypton and assigned it either to Kr85
or kr87, Thode and Graham (8) of the Canadien Atomic Energy Project
independently discovered a long-lived isotope of krypton during in-
vestigation of gaseous fission products with a mass spectrometer, Their
results showed the definite existence of a long-lived isotope of krypton
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at mass 85 and hence an isomer of the known 4.5 hr. krypton of that
mass, The mass spectrometer work also indicated that the fission
yield of this isomer was about 25% of the total yield of the 85 mass
chain, By following the decrease of this isotope over a period of a
few months. Thode and Graham were able to show that it decayed with a
half-life of about 9.4 years. With this additional information the
uncertainty in the mass assignment of the activity reported by Hoagland
and Sugarman was removed and the 10 year activity was attributed to
ke85,

The early mass spectrometer determinations were not too precise
since measurements were made on samples that had only decayed a short
time, However, with these samples almost seven years old it has been
possible to redetermine the half-life of Kr83 with improved accuracy.
The results obtained are reported below,

Half-life measurements by the mass spectrometer method involve
the determination of the concentration of the radiocactive isotope
relative to a stable isotope after various time intervals., These measure-
ments are most accurate when the elapsed time between two isotope ratio
determinations is of the order of the half-life of the isotope being
investigated, which in the case of Kra5 is approximately ten years. In

the work reported here the Kr85

concentration was determined relative to
both the stable isotope Kr®% and the stable isctope Krf®, thus eliminating
any mass diserimination that may be inherent in the mass spectrometer,

The equation N = N_gt, where N is the concentration at time t, Ny the
concentration at zero time, and A the disintegration constant, was used

in the determination, By substituting the mass spectrometer ratios
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Kr85 /K84 and ke85/kr8®, obtained after different time intervals,
for N/ly, the half-life may be ecaleulated from the relation T3 =
0.6931/2« The ratios Krf5/kr®h and Kx®5/Kr® cbtained in 1945 were
substituted for Ny in all the ealculations.

A few uranium discs irradiated in 1945 were available in this
laboratory. Two of these were dissolved and the {ission gases ex-
tracted using the techniques developed by Arrol, Chacketi, and Epstein
(24). Since there are indications that small variations in fission
yields occur depending on irradiation conditions, it was fell that a
more reliable result could be obtained if the same gas studied in 1946
was re-snalysed, A sample of the original gas was, therefore purified
in & caleiuwm furnace (Fig. 4) and the small amount (< 0.00L ce.) of gas
remaining was analyzed in both the krypton and xenon mass ranges. The
results of this determination are included in Table XII as run No. 7.

Table XI gives the relative mass spectrometer abundance data
for the krypton isotopes obtained for sample L in 1946 and 1952, The
decmsointhoh‘”abmﬂamomrapariodatmrlymymh
readily apparent.

The half-life results obtained from seven different mass
spectrometer runs made on samples F, K, and L are given in Table XII,
Uranium samples F and K were irradiated at the same time (1945)and ia
ad jacent positions to sample L, which was investigated first in 1946.
It is, therefore, reasonable to assume similar irradiation conditions for
the three uranium samples., The results of run 7, given in Table XII, are,
of course, not dependent on this assumption, The Kr8S half-life
determined from the average of these results was found to be



ABUNDANCE DATA FOR ISUTOPES OF FISSIGN PRODUCT KRYPTON SAMPLE L

TABLE XI

DETERMIRED WITH A 180 DEGREZ MASS SPECTRUMEIER

Mass Unit 1946 1952
Atom % Atom %
83 14.25 £ 0,04 14,55 = 0,01
8l 26,76 £ 0,01 27.50 £ 0,01
85 7.43 ¥ 0,01 L85 2 0,00
86 51,52 = 0,04 53,09 % 0,02
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TABLE XII
Kr85 HALP-LIFE FROM MASS SPECTROMETER ABUNDANCE DATA

Run No, | Sample No. E]égs;gy z‘:;m Krscil 3%1&24 y;::) Average
Kr85/krBh | kr85/xr86
1 F 2027 9.95 10,11 10,03
2 K 2167 10.53 10.38 10.46
3 K 2168 10,64 10.39 10,52
b K 2176 10444 10.42 10.43
5 K 2176 10.34 10,09 10,22
6 K 2176 10,20 9.98 10,09
7 L 2139 10,19 10.13 10,16
10.27 ¥ 0,18* yrs.

*Standard Deviation



10.27 % 0,18 years.

As mentioned above the purified gas from disc L was analyzed
in both the krypton and xenon mass ranges. Tables XIII and XIV compare
the stable krypton and xenon isotope abundances determined in 1946
and 1952, The percentage differences shown indicate agreement within
1% which is indeed remarkable in view of the fact that the mass spec-
trometer has been completely rebuilt in the interval, We can, there-
fore, have considerable confidence in the isotope ratios obtained in
1946 which are used together with the more recent values to determine
the half-life of Krf5, The mass spectrometer is now equipped with
a vibrating reed electrometer and automatic recording, hence more

precise determinations are possible,



TABLE XIII

COMPARISON OF ADUNDAKCE DATA FOR STABLE ISCT.PES OF FISSION PRODUCT

KRYPTON SAMPLE L DETERMINED WITH A 180 DEGREL MASS SPECTROMETER

Mass Unit 1946 1952
. Atom % Atom® % Difference
83 15.40 % 0,04 | 15.29 £ 0.01 Q.71
8l 28,92 £ 0,01 | 28.90 # 0,01 «0,07
86 55.68 £ 0,04 | 55.80 % 0,02 +0,20
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TASLE XIV
COMPARISON OF ABUNDANCE DATA FOR ISOTOPES OF FISSION PRODUCT XENON

CAMPLE L DETERMINED WITH A 180 DEGREE MASS SPECTROMETER

b= ————— == -
1946 1952
Mass Unit Atom % Atom % % Difference
131 13.38 ¥ 0,04 | 13.39 2 0,01 40,07
132 20,09 2 0,04 | 20,01 ¥ 0,01 «0.40
134 35.76 £ 0,04 | 36,00 £ 0,02 +0,67
136 30,77 £ 0.04 | 30,63 ¥ 0,02 -0.45
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