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Masses have been determined by means
of new mass spectrographic comparisons for the
nuelides mﬁs, ziu”, zn®8 and mm, The values
obtained are compared with earlier ones from
another laboratory. Mass differences have been
obtained, whieh, together with those from
miclear resction experiments, provide a basis
for the adjustment of former mess values.

These adjustments have lead to better agree-
ment between mass determinations and nueclear

disintegration data.
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INTRODUCTION

P. W. Aston first pointed out the fact (1) that atomic masses
are not integrally related. This was attributed to differences in
nuclear binding energies of different nueclei. This binding energy is
the energy which would be required to split the nueleus into its com-
ponents, if such a process were pogsible. Since a nucleus possesses
less mass than ite individvel nueleons, by determining ite atomie mass,
its binding energy c¢an be found. This gives a measure of the stability
of the nucleus.,

In the study of nuelear properties which depend upon stability,
mass determinations are very useful. When nuelear reactions take place,
energy is lost or gained. A knowledge of the mass difference between the
original and final nuclei, together with a knowledge of the particles
emitted or absorbed, gives the energy release, or Q-value of the reaction.
Predictions based on mass values can be made regarding the probability of
certain resctions taking place. The mass difference between neighbouring
isobars, giving as it does the total decay energy, is useful in establishe-
ing the details of a decay scheme. Mass differences are also useful in
the study (2) of double beta-decay. This simultaneous emission of two
beta-particles has been predicted for otherwise stable isobars, whiech are
separated by two atomic number units. In these cases, the intervening
nuclide is heavier than either.

Mass determinations support the theory (3) of nuclear shell struc-
ture. This theory attributes greater stability to nuclides possessing

1



certain numbers of protons and/or neutrons. Mass determinations show that
the masses of these nuclides are lower (4) (5) than normal, and also that
discontinuities (6) exist in the slope of the binding energy curve at

points eorresponding to these nuelides.



MASS DETERMINATIONS AND TRANSMUTATION DATA

The earliest and most obvious way to determine the mass of an
atom is to weigh it. "hereas objects on a macroscopic scale are weighed
by observing the effect of the earth's grevitational field, ionized atoms
are weighed by observing the effects of electric and magnetic fields.

The mass spectroscopist causes ions to move in special fields, and come
pares the deflections which they experience with the deflection of a
standard ion.

At the present time, accurate Q-values are available from studies
of the energetics of nuclear decay and transmutation. As stated above,
but conversely, energy released or absorbed in a tranemutation gives a
measure of the mass change. Thus atomic mass differences can be deter-
mined by muclear reaction experiments. These determinations must of
course be referred to standards to obtain atomic masses.

Mass spectroscopic determinations and reaction determinations do
not always agree. There has been, until very recently (7), a bothersome
diserepancy (8) between mass speetroscopie and transmutation masses for
012. This has been quite serious, since 012 is widely used as a substan-
dard in mass spectroscopy. Also, in the iron-nickel-zine region, objection-
able differences (9) have shown up between the masses determined by the
two methods. This has brought suspicion upon mase spectroscopic data
for these elements. With this problem in mind, the author hag undertaken
to redetermine some of the atomic masses in thie region by means of new
comparison ions. It was hoped that some of the discordent mass differ-

ences could be rectified.



I. Mass spectrograph. The instrument used is a large Dempster type
(10) mass spectrogreph. It consists of a 90° electrostatic analyser,
and a 180° magnetiec analyser. It is shown schematically in figure 1.
The symbole used are those of Herzog (1l). The separation of the elee~
trostatie analyser plates is 0.200 inches. Their mean radius of curva-
ture is 7.9 inches. A potential Aifference between them of about 700
volts was maintained by batteries.

The magnetic field is located in a 0.125 inches gap between pole
faces. The ions enter this field ss a narrow beam of small energy spread,
having been selected by the slit Sz, which follows the electrostatiec
analyser. This beam is focussed, after being deflected through 180°,
onto a photographie plate. The radius of ocurvature of the path of the
best focussed ions is 9.1 inches.

The accelerating voltage used in thies investigation was sbout
14,000 volts. The magnetie field current was well stabilized electroni-
eally. A fileld of about 6000 oersteds was used. Two diffusion pumps
backed by mechanical pumps, maintained the vacuum. The source and
analyser regions were pumped separately. The usual operating pressure
in the analyser was 5 x 10~8 mm. Hge In some instances, this was sub-
stantially inereased, in order to observe any effect produced.

The prineiple slit, Sp, of the collimating system was ad justed

to 0.001 inches. This corresponds to & resolution of 1 part in 7000.



II. Ion source. A smell version of the type of ion source described

by Shaw (12) was used to produce ions. It is illustrated in figure 2.
It consiste of » tubular erucible surrounded eomcentrically by a tung-
sten filament. The plane of the filament is slightly behind the open
end of the e¢rueible. The housing consists of a eylinder with & eap.
There is a smell hole in the cap directly in front of the open end of
the erueible, The solid to be ionized is placed in the erucible. Cases
can be ionized by leading them into the crusible reglon.

When the filament is hot, electrons of 500 volts energy bombard
the erueible. With a current of a few milliamperes, sufficient heat is
produced to volatilize many metals snd salts. The electrons also ilonize
the vapor so formed, and any other gas in the vicinity.

The electron bombardment voltege also serves as a drawing-out
voltage for the ions. The hole in the esp 1s lined up with the collimat-
ing slits for maximum ion current. The space in which the ions receive

their acceleration is about 0.5 inches.

III. Doublet formation. A doublet is a pair of lines obtained on a photo-

graphie plate, which is due to two iom types of slightly different e/m

ratios. Thus, 2 singly charged atom c¢f a certain mess will form a doublet
with a doubly charged atom of double its mass number. The spacing of the
doublet depends upon the packing tractiant difference between the two ion
types. BSince it is not difficult to achieve uniform dispersion over short

distances, doublets are used to determine mass differences,.

‘Tha packing fraction of an atom is defined as EE& x 10% where
M is its atomic mass and A, the nearest integer to i, is the mass number.



With the Shaw-iype source described, doublets could be obtained
quite resdily. The number of ions formed of any element depeads upon the
amount of that element present in the geseous state, and the eleciron ecur-
rent uged. Thus, if a gas at a certain pressure is introduced, the ion
current should very almost linearly with the electron current.

In the e¢ase of ions produced from a #0lid 1a the erucible, the
ion current depends upon a higher power of the eleetron current. The
electrons must provide energy'ta vaporize the solid before it ean be
fonized. Thus, the ion current does not begln until the electron current
is appreciable, and then rises more sharply fthan with gases. It is ob-
vious that 2 condition ¢an be resched when the "gaseous" ion current,
and the "solid” ion current are equal in intensity.

Individual doublets with s0lid and gaseous elements can be matched
in intengity in this way. This is very importent, especially when photo=-
graphic recording ic used. The peak intensity of 2 line may not exactly
correspond to its center, and errors in measurement of the doublet spac-

ing eould result.



THE DOUBLETS

I. Mass 66

At mass 66 a doublet was formed with singly eharged Zn66 and

doubly charged Xama. From meny doublet photographs, eight were chosen

as being suitable for measurement. The reference distance used to deter-

132 134

mine the mass dispersion was the distance between the Xe and Xe lines.

I1. Hass 67

7
Singly lonized Zn° and doubly iomized Xe % form a doublet at

masg 67. Ten doublet photographs were measured. The reference distane
wae the same as that taken for the doublet at mass 66.

III. Mass 68

1736
Singly charged Zn°C and doubly charged Xe = form a doublet ab

mags 68. Nine doublet photographs were found satisfactory and were mea-
sured. The reference distance taken was that between the xglm and Iom
lines.
IV. Mass 58

Singly charged Ni%® formed a doublet with the fragment CaHgO.
This was quite 2 broad doublet. The dispersion distance used was that
between the CzHg0 and C4Hg lines. Twelve doublet photographs were mea-
gured. Some exposures were made at higher than normsl pressure, in

order to determine whether or not this factor would affect the doublet

spacing.



MASE DIFFERENCES

Table I gives the mass differences determined in the course

of this investigation.

TABLE I
Mass Differences (millimass units)
e . 2556 25.61 £ 0,15
ixe™>* . 2n87 25.26 * 0.20
k:«m i 27.70 £ 0.20
Cglig0 =~ 158 106.23 £ 0.20

The xenon masses in the calculation of these differences are
based on xenon-hydrocarbon differences by Halsted (13), and recent car-
bon and hydrogen values by Mattauch and Bieri (14). The xenon masses
caloulated and used are Xol2 = 131.94605 % 15, Xelo* = 133.94778 £ 12
and Xel®® = 135,95020 £ 10 A.M.U. The new masses caleulated are listed

in table II.

TABLE II
NEW MASS VALUES (Atomic mass units)
20%® 65.94737 * 15
2°" 66.94857 L 20
zn%8 67.94740 * 20
n*® 57.95411 % 20



DISCUSSION OF DATA

The values obtained for the nuclides studied can be compared
with those based on differences obtained by Collins et sl. (15). Thie
is done in Table ITII. Mattauch and Bieri's new carbon snd hydrogen

masses were used to recaleulate Collins' zine and nickel masses.

TABLE 111
COMPARISON OF MASS VAIUES
Nuelide Collins et al. Author Diserepancy x 10°
zn56 65.94712 * 5 65.94737 * 15 + 28 % 18
207 66.94806 ¢ 66.94857 % 20 +51t 2
Zn®8 67.94677 * 6 67.94740 * 20 + 63 %21
N %8 57.95337 * 9 '57.95411 * 20 +7a % 22

The disorepancies in the zine masses might be due to an error
oceurring systematically throughout the xenon determinations of Halsted,
or a systematie error in this investigation. In either case, it is ex-
pected that the zine-zine differences should be satisfactory.

The mass differences between the zine isotopes are given accurate-
ly by ¥, n (16) and n, Y (17) reactions. These may be compared with dif-
ferences between mase values. Table IV shows this comparison.

The mass difference found for zn°> - zn®7 agrees with both nuclear

67

data and previous mess determinations. The value found for the Zn"" -

Zn66 difference lies midway between nuclear data and the determinations

9



10

of Collins. However, the nuclear data involved here are considered quite
reliable, so0 that it is satisfying to see that this investigation has

6 66

yielded better agreement in the case of the Zn®' - Zn°°® difference than

did earlier work.

TABLE IV
COMPARISON OF MASS DIFFERENCES

WITH TRANSMUTATION DATA

Nuelides Trans. Data Collins et al. Author
7087 . 2066 1.00147 21 1.00094 % 8 1.00120 ¥ 22
zn%® . 2057 0.99877 % 10 0.99871 % 9 0.99883 * 24

The weighted mean of the nuelear va=lue and the result of this
work is 1.00135 % 16 A.M.U. for the zZn87 - zn® aifference, indieating
that the Collins value for either Zn°® or Znb7 must ve adjusted by about
0.4 mM,U. Sinee the Collins’ value for Zn®® - zn87 gives good agreement,
it is suggested that the Zn®® value should be reduced by 0.4 mM.U. This
change has the merit that it makes all the diserepancies between the
masses of Collins and the author approximately equal, which would be the
case 1f the errors were really systemstic. Also, the disagreement (9)
with nuclear data in the case of the Zn®® - Cu®% aifference would bve
sorrected.

A serious discrepancy also existe between the nickel masses of
Collins and the author. This is so far unexplained. However there is
reason to believe (9) (18) that the accepted masses of all the isotopes

of nickel have been too low by about 0.6 millimass units.
Some attempts were made to determine whether or not the operating



11

pressure in the mese spectroscope could influence doublet spacings and
hence mass determinations. No effect wmas observed in the case of the
Zn - Xe doublets, but there was some indication that the nickel doublet
might suffer from such an effeet. Table V illustrates the results of
this part of the investigation. The numbers given are the ratios of the

doublet spacings to the dispersion distances for the different pressure

ranges.
TABLE V
RESULTS OF PRESSURE VAR;A‘!‘I&NS
{pressure in units of 18‘6 mm.Hg. )
Doublet Oyl 0 = N15® xe1®® . 2056
pressure { 5<p<15) { 50<p<E0) {3<p<8) {10<p<14)
mean 0.10911%15 0.10763%22 0.0257618 0.02570%11
extremes 0.10825 0.10627 0.02518 0.02494

0.11025 0.10908 0.02631 0.02640

The errors quoted in this table are purely statistical in
nature, and do not include any svstematie errors. They are therefore
smaller than those guoted in Table I.

At present, work is contimuing along this line in order to pro-

vide more conclusive results.
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Legend
c - crucible
f - filament
g - gas inlet
h - housing
i - insulator
k- cap
| - leads

p - focussing plate
s - crucible support
t -glass tube
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