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The e˜ects of vapour absorption on positron annihi lati on in cross- link ed
p olymer w ere investi gated. C ontrary to linear polymers, absorption of vapour
in cross- link ed resin leads to the shortening of o- Ps lif etime. I n vacuum ab-
sorb ed molecules di˜use out. A t ro om temp erature desorption of hexane
and hexanol is not complete ; full elimin atio n of absorb ed molecules requires
sample temp erature increase.

PACS numb ers: 78.70.Bj , 36.10.Dr, 61.41.+ e, 66.30. {h

1. I n t rod uct io n

Penet rat ion of vapours and gases into the poly mer stru cture is importa nt
from the vi ewp oint of practi cal appl icati on, e.g.:

| Porous ri gid resins are in com mon use as colum n packi ng in chrom ato -
graphy , however, in m ost cases organic polym ers swell in conta ct wi th vapour (or
l iqui d) changing thei r pore characteri stics. It can be seen in Fi g. 1, where the pore
di stri buti on in melam ine{ form aldehyde resin (MF R ) for dry and water satura ted
sam ple are presented;

| Resins are used as encapsul ati ng materi als for integrated circui ts, pro tect-
ing them from moisture, dust, shock etc. D i ˜usi on of water m olecul es into resin
a˜ects i ts protecti ve properti es.

In absorpti on vapour molecules Ùll smal l voids in the polym er structure or
di stort the chain geom etry . Cha nges in the size and numb er of free vo lum e holes
can be studi ed using the positro n l if eti me techni que. In a series of papers Ito et al .
[1{ 4] inv estigated positro nium l i feti m e and intensi ty vari atio n m ainl y for l inear
polym ers absorbi ng water, hexane, benzene etc. In thi s paper we want to present
som e resul ts concerni ng the inÛuence of v apour absorpti on and desorpti on on the
positro n l i feti m e in non-porous cross-l inked MFR .
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Fig. 1. Distribu tion of p ore radii in porous melamine{f ormal dehyde resin: a | dry

sample, b | w etted sample.

2. E x per i m en t a l

The resin was prepared by m ixing melamine, para- form aldehyde and poly-
m erizati on ini ti a tor, aging it duri ng 3 days and heati ng to 450 K for 3 h. Fi ne
gra ined (di am eter 2{ 8 ñ m) resin showed the speciÙc surf ace of ¤ 6 m2 , thus neg-
l igible. Two layers of grains wi th positro n source between them were pl aced in
a smal l cyl indri cal conta iner Ùxed in vacuum chamb er and vi ewed by two scin-
ti l lati on counters. The positro n l i feti m e spectra were registered usi ng a standard
fast- slow delayed coinci dence spectrom eter wi th 210 ps resoluti on, F W HM, and
analysed by POSITR ONFIT program [5], assuming 3 exponenti al components.
The long- lived com ponent wi th the l i feti m e §3 and intensi ty I 3 was ascribed to
the decay of or t ho -positro nium in smal l vo ids in the polym er structure. No very
long-l ived com ponent (§ > 1 0 ns) characteri sti c of o -Ps in pores was found.

The chamb er conta ined an arm wi th a valve, behind whi ch an ampoule wi th
l iqui d coul d be placed. The chamb er was evacuated to the pressure ¤ 0 : 3 Pa
and then the valve was opened allowing the vapour to Ùll the who le chamber
vo lume. Im m ediatel y after valve opening l i feti me m easurements started; a series
of measurements was conti nued up to stabi l izati on of the spectrum param eters;
the ti m e of one spectrum col lecti on was 3 h.

3. R esul t s an d d iscu ssio n

The l i feti me spectra of positro ns anni hi lati ng in the raw (\ as produced" )
sam ple were Ùrst m easured as a functi on of temperature. The l i feti m e of the com -
ponent belonging to o -Ps is shown in Fi g. 2. The sam ple, ini ti al ly kept at 95 K,
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wa s heated up to 330 K, stored 15 h at tha t tem perature and next the sequence
of tem peratures was repeated and extended up to 450 K. In the second run the
values of l i feti m e and intensi ty were slightly higher tha n tho se in the Ùrst one.
Af ter the second series and 15 h storage at 450 K the sam ple wa s su£ cientl y aged
and further runs wi th rising and decreasing temperature gave the §3 and I 3 val -
ues changing along the same curve; both param eters were f ul ly repro duci ble for
the same MFR sampl e. Cha nge of the sam ple to another one resulted in a slight
m odi Ùcati on of parameters, but the shape of tem perature dependence rem ained
the sam e as in Fi g. 2. Ab ove 450 K the §3 rose faster wi th tem perature. Thi s was
exp ected because the glasstra nsiti on point for our MFR polym er wa s located near
450 K. The l i feti m e of o-Ps is rather short; §3 ¤ 1 : 4 ns corresponds, accordi ng to
T ao{ El drup m odel [6], to the radius of free volume hole R = 0 : 2 2 5 nm .

Fig. 2. Temp erature dependence of o-Ps lif etime §3 in MF R. Dots and dashed line |

Ùrst run; diamond s and squares | second run; triangles | next runs (straight line is

Ùtted to the data from these runs ). T riangles denote the series w ith rising temp erature,

inverted triangles | with decreasing temp erature.

Mea surements of absorpti on e˜ects were perform ed at room tem perature,
i .e. in glassy state of MFR . The changes of o -Ps li feti me as a functi on of ti m e of
resin exposure on vapour are shown in Fi g. 3. Fi l l ing the sam pl echam ber wi th dry
ai r has pra cti cal ly no inÛuence on § 3 . In the case of water, hexane, and hexanol
one observes shorteni ng of the li feti me wi th progressing absorpti on; exp osure on
benzene v apour gives no m easurabl e e˜ect. Parti cularl y e˜ecti ve is water absorp-
ti on; §3 shorteni ng in the presence of hexane vapour is 10 ti m es slower despite a
m uch higher hexa ne vapour pressure tha n tha t of water.
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Fig. 3. O r t ho -positroniu m lif etime as a function of vapour exposure time. Diamonds

| dry air; dots | w ater; inverted triangles | hexane; triangles | hexanol.

Simi lar shorteni ng of §3 l i feti me due to v apour absorpti on was observed by
Ito et al . [1] in polyi m ide 6FD A- TMPD , i .e. cross-l inked polym er in its glassy state,
contra ry to l inear polym ers in whi ch vapour absorpti on leads to l i feti me increa se.

Li f eti me shorteni ng can be expl ained by a slight expansion of the free volume
hole when a vapour m olecule is located in i t. Expa nsion of Ùlled hole reduces the
sizes of neighbouri ng voids. The o -Ps atom locates not in Ùlled but in empty
vo lume in the vi cini ty . No te tha t §3 reducti on from 1.4 ns to 1.22 ns means an
average decrease in l inear di mensions of the vo id by bare 0.022 nm . The change
of \ natura l " hole sizes is smal l com pari ng to changes in pore dim ensions when
MFR is produced in porous version (see Fi g. 1). Thi s interpreta ti on of l i feti m e
shorteni ng has some dra wbacks. The water m olecule is the smal lest of a ll used
in thi s exp eriment, thus di storti on of netwo rk should be smal lest, to o, as well
as the l i feti me shorteni ng, contra ry to the experim ental results. However, in our
exp eriment we observed the l i feti m e as a f uncti on of ti me, we have no inf orm ati on
on the am ount of absorb ed vapour. If the am ount of hexane (hexa nol ) absorb ed
is smal ler com pari ng to water, one can suppose tha t m aj ori t y of free vo lum es is
sti l l empty; the extent of distorti on around the occupi ed one, averaged over who le
polym er vo lum e, can be small .

Pum pi ng out vapour from the cham ber volum e leads to desorpti on of mole-
cul es from polym er matri x. The vari ati on of o-Ps l i feti me as a functi on of the
pum ping ti me is shown in Fi g. 4. W ater molecules were removed rapidl y; al ready
duri ng the Ùrst 3 hours §3 reached a value very close to tha t in MFR before
absorpti on. The ki neti c radius of water molecule is ¤ 0 : 1 5 nm [7], smal ler tha n the
average radi us of vo ids in the polymer structure, thus water penetra tes easily and
also easily di ˜uses out. In the case of hexane and hexanol the behavi our of these
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Fig. 4. Changes of o -Ps lif etime af ter evacuation of the sample chamb er. Symb ols are

the same as in Fig. 3. A rrow s indica te lif ting of the sample temp erature to 373 K .

Fig. 5. C hanges of long- lived comp onent intensity during absorption and desorption of

w ater. A rrow s indicate from left to right: beginni ng of expositi on of annealed sample to

w ater vapour, chamb er evacuation, increase in sample temp erature to 370 K .

m oleculesis more com plex: duri ng the Ùrst hours only a part of absorb ed m olecules
wa s rem oved from the m atri x; the l i feti me §3 , ini ti al ly rising fast, stopped at the
level evidentl y lower tha n before vapour exposure. It was necessary to increase the
sam ple tem perature to 373 K to restore the ini ti al value of the l i feti me (the Ùnal §3
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value shown in Fi g. 4 is higher tha n before absorpti on due to higher tem perature
| com pare §3 ( T ) dependence in Fi g. 2). In the case of wa ter absorpti on another
e˜ect is observed in Ps form ati on probabi l i t y. D uri ng absorpti on the intensi ty I 3

slightl y decreases, but after evacuati on of the chamb er, when §3 i s ful ly restored,
the intensi ty decreases further (Fi g. 5) and heati ng the sam ple becomes necessary
to get the ini ti al value of I 3 . Thi s e˜ect needs to be studi ed in deta i l , e.g. as a
functi on of tem perature.

4. Co n cl usion s

Positro ni um l i feti m eis very sensiti ve to small changes in hole geometry , thus
i t can be useful in studyi ng di storti on of polym er netwo rk. The observed changes
of the structura l void dim ensions are avera ged over the who le sam ple volum e.
One can supp ose tha t duri ng vapour absorpti on only a f racti on of voids havi ng
the size of several angstr �oms is Ùlled; theref ore, the decrease in the avera ge radius
of empty voids by 10% can m ean larger expansion of Ùlled ones. Size modiÙcati on
of nanovo ids in non-porous MFR is evidentl y smal ler tha n swell ing of pores in
porous m odiÙcati on of the same medium .

The l if eti me ri se duri ng absorpti on observed by Ito et al . in linear polym ers
seems to be the result of much easier di storti on of chains tha n of the cross-l inked
netwo rk; the vapour molecule pl aced between the chains bends them on the length
m uch larger tha n the m oleculesize, creati ng thereby a new free space in i ts vi cini ty .
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