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ABSTRACT 

kp, values are an indication of o-Ps reactivity in molecular media via 
pseudo first order kinetics. Although pure pentene isomers exhibit similar o-Ps 
annihilation characteristics, cis-2-pentene shows rather unusual behavior when 
mixed with abs. EtOH and a heavy metal catalyst. In this study, comparison of 
kps values in pure 1-pentene, trans-2-pentene and cis-2-pentene isomers with 
those for various abs. EtOH/pentene isomers/Pt, abs. EtOH/pentene 
isomer/Pt-on-charcoal and D20/Pd mixtures will serve to further characterize 
o-Ps behavior in molecular liquids. The kps values will also be indirectly related 
to catalytic activity of Pt and Pt-on-charcoal. 

INTRODUCTION 

Chemical quenching of o-Ps in molecular liquids may be studied using 
classical transition state theory, in which o-Ps forms a complex with medium 
molecules, as  follows(1): 

k~ 
2$<2j Ps + M Pe-M as> 2 

where 
46 

= 0-Ps pick-off annihilation rate 

j\, = o-Ps chemical quenching annihilation 
rate 

ka & kb = rate constants for formation and 
dissociation of the Ps-M complex 

Since medium molecules are present in large excess compared to o-Ps, the system 
may be treated using pseudo first order kinetics. 

Pentene reaction mixtures consisted of lOpCi " ~ a ,  absolute ethanol and 
pentene isomer. The abs. EtOH/pentene volume ratio was varied as  shown in 
Table 1. Lifetime and intensity determinations were made for mixtures containing 
no catalyst, with catalyst, with external mixing and with external mixing (2,3). 
D20 mixtures consisted of 40pCi3'Na, 2ml DZO and varying amounts of 5% Pd-on- 
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charcoal catalyst, shown in Table 5. In these mixtures, Ps is formed in the 
molecular medium outside the heavy metal catalyst and then interacts with the 
metal double surface layer, described by the Jellium model. 

Table 1 

Abs. EtOH/Pentene Volume Ratios 

Pentene Abs. EtOH/Pentene P t  or 5% Pt-on-ch. 
Vol. R a w )  

1 - 2/19 l/l, 112 
Pentene 

trans-2- 211, I l l ,  112 
Pentene 

cis-2- 211, l/l, 112 ,  
Pentene 0.25/2, 0.75/2, 

1.5/2 

RESULTS 

-6J I 
1 2 3 4 5 6 7 8 9  

EtOH (M) 
4 PtINo Mlx + No CatalystINo M 

Graph 2 
Abs.EtOH/cis-2-Pentene 

Graph 1 shows kps values for 2/1, 1/1 and 1/2 abs. EtOH/pentene ratios 
with no catalyst and upon addition of 0.6mg Pt powder. Although r3 did not 
change appreciably for 1-pentene, trans-2-pentene or cis-2-pentene, comparison 
of kps values is interesting. One pentene and trans-2-pentene show similar kps 
trends. When catalyst was added, kps values were lower for all three 
abs. EtOH/pentene ratios. One would expect lower kps values upon addition of 
catalyst since double bond electron density would be less available to Ps if 
pentene were adsorbed to the catalyst surface a t  the double bond. 

The cis-2-pentene isomer shows very different and interesting behavior. 
For the 1/2 and 2/1 ratios marked increases in kps were observed when Pt 
powder was added, while the 1/1 mixture showed a large decrease. The 
increased kps values for the 1/2 and 1/1 ratios indicate the possible formation 
of some type of bound, cage-like species between 0-Ps and medium molecules. 

Earlier lifetime and intensity measurements for this isomer resulted in an 
o-Ps intensity approaching 100% for the 1/2 abs. EtOH/cis-2-pentene ratio. 
Subsequent repetition of this trial resulted in an o-Ps intensity of approximately 
75%. Several very long lifetimes were obtained. The 1/2 ratio again showed 
unusual results. For the series with no catalyst, this ratio has the longest 
lifetime (5.26ns). Upon addition of Pt powder, a dramatic increase in lifetime 
occurred (from 5.2611s to 25.5ns). The 0.5/2 ratio showed a similar lifetime 
increase. With Pt-on-charcoal catalyst, a large lifetime increase was obtained for 
the 0.25/2 ratio. kps values increased for four of these reaction mixtures, 
including the 1/2 and 0.5/2 ratios, when Pt catalyst was added (see Graph 2). 
Since this indicates increased reactivity of o-Ps with medium molecules, i t  is 
again an indication of formation of a loosely bonded o-Ps species. 

When external mixing was applied with a Vortex mixer during the counting 
period, all lifetimes for samples with Pt catalyst were markedly quenched. Note 
that kps values decreased for five of the six samples (Graph 3). This clearly 
indicates disruption of the cage-like structures during mixing. 
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For samples containing Pt-on-charcoal, increases in kps were observed for 
three reaction mixtures when catalyst was added (Graph 4). The 0.5/2 ratio 
showed only a slight increase, while the 0.25/2 ratio showed a very large 
increase. An unusually long lifetime was obtained for this sample (12.9ns) and 
the combined o-Ps intensity was approximately 43%. Although a long lifetime was 
not obtained for the 1/2 ratio, the combined o-Ps intensity was 66%. 
Antiinhibition is again occurring here due to enhancement of o-Ps reactivity with 
medium molecules. External mixing resulted in decreases in kps values for three 
samples, the largest decreases occurring for the 0.5/2 and 1/2 ratios (Graph 5). 
This was accompanied by a decrease in lifetime for four samples. 

kps were calculated for several DZO/Pd and D20/Pd-on-charcoal mixtures. 
For samples containing Pd with no mixing, kps values generally increased with 
decreasing Pd content, as did the intensity values (Graph 6). Mixing and non- 
mixing produced almost exactly opposite effects with respect to Ps reactivity. 
For samples containing Pd-on-charcoal erratic behavior was observed (Graph 7). 

DISCUSSION 

Kps values in weak Ps acceptors are known to vary in different solvents 
and are strongly influenced by polarity differences(4). The dipole moments of 
EtOH and D20 are similar; i.e., 1.66D and 1.85D, respectively (5). The dipole 
moment for pentene isomers is approximately 0.34D. Substitution of D20 for EtOH 
in the cis-2-pentene reaction mixtures is necessary for a valid comparison of 
these two solvents. 

The kps values reported here have clarified our hypothesis that clathrate- 
type structures are forming in several abs. EtOH/cis-2-pentene mixtures with 
catalyst. They have also indicated that a transition state or other loosely 
bonded species involving o-Ps is forming(6). This could be verified by activation 
energy determination from temperature controlled experiments followed by 
computer simulation of the potential energy surface and geometry of the bonded 
species. Future work in our laboratory will concentrate in this direction. 

Table 5 

Mixing No Mixing Mixing No Mixing 

pd T3 kps.107 r3 k p , . l ~ ~  t3 kpS.lo7 ~3 kpS.lo7 
(mg) (ns) (M-~s-') (ns) ( M S )  (ns) (M-~s-') (ns) (M-~s-') 
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