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ABSTRACT

Positron lifetime studies were performed in the amorphous and liquid
phases of glycerol-water solutions over a broad temperature range. The effect
of various inorganic quenchers and inhibitors of different concentrations
was investigated in both phases. The temperature dependence of the quenching
supports the assumption that the quenching is diffusion-controlled. Signif-
icant changes in the lifetime paraneters were found in the vicinity of the
phase transformation temperature.

AHHOTALNA

NMPoBOAUNNCE W3MEPEHUST A/IMTENIbHOCTU XW3HU MO3WTPOHOB B CMECU FvuepuHa
C BOJOW B WMPOKOM AMana3oHe TewmnepaTyp B aMopdHoli u xuakoli tasax. B obeunx
(azax M3yyasloCb B/IMSHWE HEOPraHWYEeCKUX FacsalmMx U MHIUMOGUTOPHLIX A06aBOK pas-
JINYHOW KOHUEHTpaumun. W3mepeHHasi TemnepaTypHas 3aBUCMMOCTb MNOATBEpPXAAEeT npen-
MOSIOKEHNE O 3HAUUTENIBHOM BAUSAHUM AMPPY3UN HA ABMEHUE raweHusi. W3mepeHsl cy-
WWeCTBEHHbIE W3MEHEHUs MapamMeTpoB A/IMTENbHOCTU XU3HU BOGAM3M TemnepaTyps (a3o-
BbIX MEPEXOA0B .

KIVONAT

Pozitron-élettartam méréseket végeztink glicerin-viz keverékben széles
hémérséklet-tartomanyban amorf és folyadék-fazisban. Mindkét fazisban ta-
nulmanyoztuk kildnb6zé koncentracidban bevitt szervetlen quencher és inhibi-
tor anyagok hatasat. A quenchelés mért hémérsékletfiggése alatamasztja azt
a feltevést, hogy a jelenséget a difflzid nagyban befolyasolja. Az élettar-
tam-paraméterekben jelent8s valtozast mértink a fazisatmeneti hdémérséklet
kdzelében.



1. INTRODUCTION

Recently an extremely active interest has been shown in positronium
chemistry, especially in questions concerning the inhibition and quenching
of positronium and its formation in different substances [1-7]. The Kkinetics
of positronium reactions have been investigated extensively [8-14] and many
enlightening conclusions have been drawn mainly on results of postiron life-
time measurements carried out using a broad range of chemicals of different
concentrations [15-35].

In an "ideal pure" substance where positronium can be formed it is
assumed that the positron lifetime spectrum is composed of three componentss
xo/MD.1 ns/ with intensity 1Q representing the annihilation of p-Ps, T™/mMa.r-
0.4 ns/ with intensity originating from the so-called "free annihilation™,
t2/7°0.7-5 ns/ with intensity 12 belonging to the annihilation of o-Ps. If
inhibition of positronium formation is caused by certain chemicals the 12
value will decrease - depending on the concentration of the reagent - leaving
the value of x2 constant. On the other hand the positronium quenching will
results predominantly in a decrease of the lifetime of the o-Ps. If both
effects are present at the same time it can be quite hard to determine the
correct values of t2, 12 since the assumption 12 = 3 1Q no longer holds true
thereby increasing the uncertainties of the evaluation. Im most cases the
evaluation is somewhat uncertain so far as the short lifetime value and its
intensity are concerned, with only the 1 =1 + 1/, = f(rQ , ) and
t2, 12 parameters being calculated from the measured spectra. The investiga-
tion of positron annihilation in the liquid and amorphous phases of glycerol-
-water solutions can be of special importance because the inhibition and
quenching effects of solutes could possibly be adequately distinguished when
performing the measurements iIn a broad temperature range.

Our aim has been to study the inhibition and quenching procedures in
the presence of various inorganic ions of different concentrations in liquid
and solid phases of glycerol-water, studying at the same time the formation
and annihilation of Ps and its phase-dependence, to determine whether it
could be influenced by inhibitors and quenchers in the solid phase, indicating
thus the formation of positronium.



It has been expected at one and the same time that such measurements
might well yield useful information about the validity of the spur reaction
model [6]-

2. EXPERIMENTAL

A glycerol-water /13 % H20/ solution was chosen as basic material for
the experiments because it has a well-known glassy structure in the solid
phase and on the other hand due to its being a suitable solvent for the
chemicals used. The selection of chemical reagents based on previous results
was intended to include possible pure inhibitor, quencher-inhibitor and
"neutral’” diamagnetic reagents.

The glycerol and all the other chemicals used were of analytical purity
and were produced by REANAL, Budapest. The lifetime measurements were carried
out using a fast-slow coincidence apparatus of improved energy selection and
self-resolution shape with the use of NE 111 scintillators, XP 1023 photo-
multipliers and ELSCINT STD N-1 /snap-off/ discriminators. After selecting
the proper input signal range by appropriately chosen attenuators [36], a
290 ps FWHM value - as determined by 60Co - was achieved and maintained during
all the measurements. The measured spectra were recorded on a 512-channel
multichannel analyser.

The measurements have been performed using 22Na of some 20 yCi activity
diffused into very thin glass foils by thermic ion exchange [37,38]. All
sample preparations were carried out by carefully reproducing the procedure
developed and described earlier [38].

The temperature dependence of the annihilation spectra was measured by
applying a cold-finger type cryostat - similar to that in ref. [37] - filled
with liquid nitrogen.

Computer evaluation of the spectra was done by a least-squares fitting
program. The evaluation was performed with the assumption of two and three
components with the two-component evaluation yielding better X2 values.
Consequently, we used the results of the two-component evaluation not forget-
ting the possible slight changes of t2, 12 caused by this artificial limita-
tion [7].- Special care was taken to avoid fast cooling and freezing as it had
been proved earlier [19] to effect strongly the 12 values measured in the
solid phase.

3. RESULTS

The dependence of t2 values on temperature for the pure solvent and the
solutions are shown in Fig. 1/a, while that of 12 values for the same set of
samples is shown in Fig. 1/b. The results clearly show the inhibition and
quenching of Fe/CIO™/2 depending on its concentration and, moreover the
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Fig. 1. The temperature dependence of T~12 / /a/ and 12 / /b/ values meas-
ured iIn pure glycerol-water /1Zlwt % HMO/ solution and in the pre-
sence of various quenchers and inhibitors.

1., pure glycerol-water; 2., 0,05 M Fe/CIO./
3., gXMFe/ClI0O/ ; 4., 1,25 M Fe/CI0 /2;
5., 4 0,05 M Mg7Ci04/t 0,1 M HC104; 7., O 0,05 M NaClo4

"inertness” of NaClO”. The concentrations of NaClO™ and HCIO™ solutions were
chosen so as to keep these solutions containing CIO™ ions the same as in
Fe/C107~/2 solutions. The temperature dependence of Fe/CI0™/2 solutions shows
maximum in t2 with decreasing temperature. In the range of lower temperatures
t2 has nearly the same values more or less independently of the amount of



chemicals used.

It is apparent from the figure that the addition of HCIO™ to the
glycerol causes an inhibition of Ps formation both in the solid glass and
liquid phases. It should be noted that the measure of decrease in 12 is
approximately the same in both phases thereby showing the inhibition of
the long-lived formation. With decreasing temperature the 12 value increases
for all the components investigated.

There is a significant change in lifetime parameters in the vicinity of
the glass transformation temperature [39].

The inhibition effect caused by Fe/C10./_ is attributable to electron
scavenging by Fe2+ in the positron spur. Siﬁifar explanation can be given
for the inhibition by Mg/C10™/2 too.

A resonable interpretation of the inhibition effect of HCIOM is that
it is due to the presence of H+ ions; the CION ion seems not to have an effect
because in NaClO™ solutions the inhibition effect was not observed.

In the solid phase the inhibition, i.e. the decrease in 12 as compared
to the 12 value of glycerol-water, is remarkable giving evidence that the
inhibition is not controlled by the diffusion of electron acceptors. This
fact seems to support the spur model since the number of electrons in the
spur - possibly moving equally well both in the solid and in the liquid phase
- attracted by positive ions resulting thus in a decrease in Ps formation
may be similar if these positive ions diffuse in the liquid phase or are
strongly localized in the glassy phase. The very few measurements reported
in glassy phases when investigating quenching and inhibition [9,40] state
the possibility of Ps-formation in amorphous solids, but some of the results
obtained from solid molecular substances showed evidence not of positronium
but of some other positron bound-system formation, underlining the importance
of the basic material used.

The increase of 12 with decreasing temperature is a noteworthy effect
but for its interpretation further studies are required.

The quenching effect of Fe/Cl0./_can be attributed to the paramagnetic
Fe ions. The concentration-dependgnz maximum in t2 values for glycerol
containing Fe/C10./_ seems to suggest a diffusion-controlled character for
the quenching. Thel fotion of Fe“  ions is slowed down by the strongly increas-
ing viscosity of glycerol as the temperature decreases; the higher the concentra-
tion of the paramagnetic Fe2+ ions the lower the temperature belonging to the
above maximum /i.e. the higher the quenching effect of the Fe2+ ions "‘enclosed”
by the viscous liquid which accounts for the remaining quenching in the case
of higher Fe2" concentration/. The decrease of x2 at lower temperature stems
from the decrease in the free volume in the system.

These results show that the glycerol-water system is a useful solvent
for the investigation of quenching and inhibition of the ions and enables the
separation of the quenching and inhibition effects in different phases.

2+
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