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SEVERAL reports have recently been published
on the annihilation of positrons in aqueous solu-
tions, or on the effect of different additives on
this annihilation,!~* and the proposed treatment
of the observed results is based on attempts to
introduce the thermodynamic oxidation-reduction
potential of positronium.3:* Such a treatment,
however, is not completely correct for the follow-
ing reasons: a) in connection with the fast annihi-
lation of the positrons, chemical processes of the
type
Ox -+ Ps— Red - Ps*

(Ox — oxidizer, Red —reducer, Ps = e*e”, Ps*
= e*) are essentially irreversible; b) for the same
reason and because of the exceedingly small sta-
tionary concentrations of Ps and Ps*, one cannot
use for the analysis of the positronium reactions
the potentials of multi-electron transitions of the
type Me** + 2Ps — Me + 2Ps* (Me —metal);
c) no macroscopic metallic phase is produced in
reactions in which positronium participates, so
that there is no justification for operating with
standard metal-ion potentials. We note further-
more that the experiments described in references
1 —4 were carried out essentially in highly con-
centrated (2M) solutions of multi-valent ions, in
which the activity of the ions is, as is well known,
a highly indeterminate quantity. In order to dem-
onstrate the essentially kinetic character of the
action of different substances on the annihilation
of positronium in aqueous solutions, and in order
to arrive at a systematic comparison of such an
action with oxidation-reduction and magnetic
characteristics of different ions, we have carried
out a series of experiments to investigate the rate
of 3y annihilation of positrons from a Na?? source
(0.1 mC) in aqueous solutions. Without going into
details of the apparatus, which is similar to that
described by McGervey and de Benedetti,® we shall
indicate only the basic results.

1) The table indicates the decrease in the rate
of 3y annihilation compared with pure water under
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the influence of various additives (essentially,
different cations with a Cl~ anion inert to positro-
nium ). In the presence of a general tendency to-
wards reduction of the counting rate Cj3, on going
over to stronger oxidizers, there are, however,
also serious deviations from such a sequence.

Standard oxidationl- No. of Difference in
reduction potentia un- i
Substance Contcizzgtra- for the oxi?iizer-re- paired c E[mn )
mole/liter |ducer pair indicated| elec-| FS2-We to
in parentheses |trons water
|
KOH 1 +2.92 (K*/K) —0.02+0.31
BaCl, 2 -+-2.92 (Bat*/Ba) —0,55+0.39
NaCl 2 --2,71 (Na*/Na) +0.07+0.25
MnCl, 2 -+1.10 (Mn*+/Mn) 9 |—0.57+0,26
ZnCl, 2 ~+0.76 (Zn**/Zn) +0.24+0.34
FeCl, 0.1 -4-0.44 (Fe**/Fe) 4 1—-0.99+0.27
CrCls 2 +0.41 (Cr+++/Cr++) | 3 |—1.70x0.28
TINO3 saturation | +0.34 (TI*/Tl) —1.24%0.29
CoCl, 2 10.27 (Co*+/Co) 3 1—1.,17£0.,40
NiSO, 2 +0.23 (Ni*++/Ni) 2 1-1,03x0.36
CuCly 2 —0.34 (Cu**/Cu) 1 1—1.85%0.31
FeCls 2 —0.77 (Fet++/Fet*)| 5 |—2.62=0.33
FeCls 0.1 —0.77 (Fett+/Fett) 9 |—1,41+0.28
KMnO; | saturation | —1.63 (MnO’q-- —2.44%0.42
-3e/MnOy)
H,0, 30% by —1.78 (H0: + —1.55%+0.28
weight ~+2¢/H,0)

These deviations can be partially due to the

38, — 1S, conversion on unpaired electrons of
paramagnetic ions, but there is likewise no un-
ambiguous connection between the magnetic prop-
erties of the ions and the value of C3y. Thus, in
spite of the similarity of the data in the Table with
the results of McGervey and de Benedetti,® and
also with the results of Trumpy* (in those cases
where we investigated the same additives), we
do not consider it established that a systematic
variation of Cj, takes place with standard oxida-
tion-reduction potentials of the additives.

2) In accordance with the results of Green and
Bell! and of Trumpy,* we have also observed a
strong quenching of the counting rate Cgz, by ad-
ditions of the oxidizer anion NOj, and found in
addition that MnO; has an even stronger action.
But the action of MnO; (0.01 M) was found to be
perfectly identical in strongly acid (pH = 2),
neutral (pH =7) and alkali (pH = 12) solutions:
the respective values of Cj, were 5.13 + 0.16,
5.01 + 0.16, and 5.15 + 0.27 min~! (the value for
water being 6.04 + 0.09). This demonstrates con-
vincingly the decisive role of the concentration of
MnOjg, and not of the oxidation-reduction potential
of the system. We can arrive at an analogous con-
clusion from data on the quenching of C3y by
means of additives of Fe*** and Fe**, taken at
different concentrations.

3) The counting rate Czy as a function of the
concentration of the MnO; additive (in neutral
solution) is given by the following figures:
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C°“§i;‘tgﬁ°“ Saturated
r:ole/nlit‘ér solution 0.1 0.01 0.001 0 (water)
Cay, min~* 3.6x0.42 5.08+0.45 5.08+£0.12  5.50%0.30 6.04+0,09

It is obvious that the quenching of Cg3, appears
quite strongly even at low concentrations. In ex-
periments with high concentrations of highly ac-
tive additives, the value of Cj, tends to a limit
corresponding to the contribution of free 3y anni-
hilation. Therefore a quantitative comparison of
the effects of different additives on the formation
and conversion of positronium makes it obligatory
to perform the experiments at small concentra-
tions. At the present time we continue systematic
investigations of the kinetic characteristics of
different reactions of positronium in aqueous
solutions.

The authors are grateful to Academician A. N.
Frumkin for a discussion of the obtained results.
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A.S a result of relative measurements of longi-
tudinal polarization of the B particles emitted in
the decay of P32, sm!%3, Lul", Ho'%, m!!, and
Au!®® differences up to 12% have been observed
in the magnitude of the longitudinal polarization.
This result showed the presence of deviations of
the magnitude of the polarization from the pre-
dicted value, which for electrons is equal to v/c.
The size of these deviations was obtained from
results of absolute measurements of the polariza-

tion of the electrons from Sm!%3.2 The longitudi-

nal polarization of the electrons was converted to
a transverse polarization in crossed magnetic and
electric fields and was found from the asymmetry
of the scattering by gold from the relation

=+ [T [(A1—=Ty[Te) S,

where <o> is the degree of polarization, Jj
and Jp are the scattered intensities to left and
right, and S is a function of angle, energy and
charge. Using the values of S computed by Sher-
man,3 we found that in the case of Hol®® and !l
the differences of the values of the polarization
from the value of v/c¢ reached 12 —15%.

As we have noted,2 for a final judgment con-
cerning the magnitude of the deviation of the po-
larization from the value v/c we must have trust-
worthy values of the function S. The existing ex-
perimental data concerning this question are in
most cases not sufficiently exact, while for the
angles and energies which are of interest to us
there are no data at all.

In this connection, we undertook a measure-
ment of the quantity S in an experiment on double
scattering of unpolarized electrons by gold. In
the following we give a brief description of the
apparatus and the results of measurements for
energies of 245 and 290 kev and scattering angles
6y = 0, = 120°. At present, we are carrying out
measurements over an energy range 50 — 250 kev
and scattering angles 90 — 150°. The detailed de-
scription of the work will be published soon.

The geometry of the experiment is shown in the
figure. A beam of accelerated electrons 2, after
passing through a system of diaphragms, entered
a chamber in which there was placed the first
scatterer 1. The second scatterer 4 was in a
separate chamber at a distance of ~ 1 meter from
the first. The twice-scattered electrons were re-
corded by ring Geiger counters 3 placed at a dis-
tance of about 20 cm from the second scatterer.
To reduce scattering from the walls of the appa-
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