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In this study, the polymer structures of PMMA, SAN and SMA polymers were
examined from bulk to surface by positron energy. The polymers were analyzed by
Positron Annihilation Lifetime Spectroscopy (PALS), the latest technique for
studying the structure of polymers. The most important parameters of PALS
technique are orthopositronium lifetime 13 (0-Ps) and orthopositronium intensity I3
(0-Ps), These parameters help us to measuring the free volumes and hole fraction

of the polymers, these physical parameters play important role in innovation new

Kirkuk, IRAQ
Iragi Journal of Applied
Physics
Electronic. Optical
Q4 and Magnetic
Materials
5JR 2023

0.18

polymers. The free volume and holebility ratio measured with the PALS technique
as a function of electronic density. The minimum and maximum values of free
volume were determined in PMMA and SAN, the minimum and maximum values of
holebility ratio were determined in SMA and PMMA respectively.
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1. Introduction

In this work, the polymers structures of
poly(methyl methacrylate) (PMMA), styrene-co-
acrylonitrile (SAN) and styrene-co-maleic (SMA)
have potential uses and applications in wide field. To
investigate the free volume and holebility ratio for
each polymers formed the aim of this study.

Today, PALS is the newest and most effective
method used to measure microscopic size of defects in
the molecular structure, Additionally, Positron
Doppler Broading Annihilation Radiation (DBAR) is
among the methods to obtain information about
structural change. The Potential uses of polymers
(PMMA, SAN and SMA) in many field. It is
important to examine it from a scientific perspective,
and the aim of this study were to examine these
polymers and to extract their physical properties and
parameters like free volume, hole fractions and
extracting the density profiles how changes from bulk
to surface for each polymer. For this purpose, the
latest technique in physics, The PALS [1,2]. To
studying and extracting the microscopic defects size,
free volume and hole fraction as a function of positron
energy dependence. The PALS system use for elastic
collision with matter, are very important to investigate
the physical properties, thermodynamic and
mechanical behavior of polymers molecules. The aim
of this study is to determine the nanometric scale
defects [3] of the molecules of pure PMMA, SAN and
SMA polymers, such as the changes in profiles of free
volume and hole fractions from the bulk to the
surface, how changes the microscopic defects from
bulk to surface. The aim is to examine and extracting
free volume and hole fraction rates, which are among
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the most important factors of the density function, to
compare the change rates and to provide opportunities
for synthesis in further studies.

The electron is negatively charged (¢’) and the
positron is positively charged (¢*). Positron magnetic
moment and charge value are equivalent to electron.
Other parameter properties are almost the same as
electron values. The positron is a member of the
lepton family and obeys to Fermi statistics [4], one of
the basic characteristics of the positron is that it exist
in a weak interactions and softer interactions with
materials. A stable positron is very difficult to find in
nature. Positrons are obtaining by the decay of weak
neutron radioisotopes, giving off gamma energy
greater than 1.05 MeV, and can be obtained from ?Na
[5], which is cheap and has a half-life of about three
years.

Within the material, the positron-electron pair can
survive for only a few of a nanosecond before being
annihilated. A positron can capture an electron and a
bonded structure could be formed before the pair
annihilates. This neutral structure is called
positronium atom (Ps). Ps is often found in molecular
structures. Positronium tends to form in free volume
and hole fraction [6-11] within matter. According to
different combinations of positron and electron, the Ps
atom could exist in two basic levels. The positronium
atom is at the single level ('Sy), which were called
parapositronium (p-Ps), when the spins of the electron
and positron are antiparallel, if the spins are parallel to
each other, it is found in the (°S) triple level called
orthopositronium (o0-Ps). The p-Ps atoms make up a
quarter of all Ps atoms, while o-Ps atoms make up
three quarter of all Ps atoms. The lifetime and
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extinction events are different for p-Ps and o-Ps,
which are explained by quantum electrodynamics.
While the lifetime for free p-Ps annihilated with two
photons is 0.125 ns, the lifetime for othopositronium
0-Ps annihilated with three photons is a few ns. The
positronium (Ps) atom has almost the same structure
and wavelength as the hydrogen atom, and its size is
twofold Bohar radius) [12].

2. Experimental Part

The most important parameters of the positron
annihilation lifetime spectrometry technique shown in
Fig. (1) are the orthopositronium lifetime 3 (0-Ps) and
orthopositronium intensity I3 (o-Ps) [13,14],
determined by analyzing the positron lifetime spectra.
The orthopositronium lifetime and orthopositronium
intensity data were taken [15] for each polymers
within application positron energy of PMMA, SAN
and SMA. Then have been calculated the free volume
and hole fraction [14,15] parameters for each of
polymers under examination were calculated from the
Tao-Eldrup model[ 18] and the values of radius of free
volume and hole fractions are listed in tables (1), (2)
and (3). The free volume and hole fraction measured
depending on the positron energy [16,17]. In this
model, the positronium atom (Ps) is considered or
assumed to be in an infinite potential well of radius R
of the free volume. The following relationship is
obtained from the integration of the positronium atom
with the overlapping of the surrounding electron
density [18] or electron layer 0R=Ry-R, where R
represents the free volume hole diameter as a function
of orthopositronium lifetime t3 (0-Ps).

-1
zg(o—pi)zl 1- R +Lsin£ ey
2 OR-R 2rx OR-R

with 0R=0.1656nm is represent the electronic density
parameter or electron layer. The free volume radius of
the infinite well potential could be calculated by using
Eq. (1) and could express the free volume value
calculated from equation as in below
<v,(z,)>=47R’ /3 ()
Additionally, orthopositronium intensity I3 (o-Ps)
and orthopositronium free volume are linearly
proportional with orthopositronium lifetime, The
positronium hole fraction /4, and free volume are
linearly proportional as a function of orthopositronium
lifetime may expressed [19,20] as in below

h,, =CLv,(t) 3)
where C is a constant and for polymers its value is
0.0018 A3. The calculated free volume radius R,
positronium hole fraction and free volume values are

tabulated in tables (1), (2) and (3) for PMMA, SAN
and SMA, respectively
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Fig. (1) A schematic diagram of positron annihilation lifetime
spectroscopy system

3. Results and Discussion

The longest-lived component, o-Ps lifetime (t3)
and its intensity (I3) are obtained from the analysis of
the positron lifetime spectra. The o-Ps lifetime can
serve as a measure of the free volume size. A
positronium (Ps) is considered to have an infinite
spherical potential well of radius R. The relation (18)
between the radius R and the o-Ps lifetime (t3) allows
to find the average free volume, in a spherical
approximation where Ro=R+AR with AR=0.1656nm
as an adjustable parameter for a measure of electron
layer inside the spherical potential well.

In Fig. (2), the free volume and hole fraction for
the PMMA structure are plotted as a function of
orthopositronium lifetime 13 (0-Ps). The positron
energy intensity 3.0-0.3 keV were used to investigate
the density gradient profile from the bulk to the
surface. The free volume and hole fraction increased
when they approached to the surface and were

determined as 113.12-89.59 A3 and 7.27-3.52,
respectively.
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Fig. (2) The Free volume versus 13 (0-Ps) for PMMA

In Fig. (3), the free volume and hole fraction for
the SAN structure are plotted as a function of
orthopositronium lifetime 13 (0-Ps). The positron
energy intensity 3.0-0.3 keV were used to investigate
the density gradient profile from the bulk to the
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surface. The free volume and hole fraction increased
when they approached to the surface and were

determined as 135.04-97.84 A3 and 6.88-2.84,
respectively.
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Fig. (3) The Free volume versus 13 (0-Ps) for SAN
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Fig. (4) The Free volume versus t; (0-Ps) for SMA

In Fig. (4), the free volume and hole fraction for
the SMA structure are plotted as a function of
orthopositronium lifetime t3 (0-Ps). The positron
energy intensity 3.0-0.3 keV were used to investigate
the density gradient profile from the bulk to the
surface. The free volume and hole fraction increased
when they approached to the surface and were
determined as 130.99-109.25 A? and 6.06-2.79,
respectively.

In Fig. (5), the hole fraction for the PMMA, SAN
and SMA structure are plotted as a function of
positron energy intensity 3.0-0.3 keV were used to
investigate the gradient profile of hole fraction, as it
seems when increase the positron energy intensity the
hole fractions decreased in polymers. Figure (6) shows
the relation between the orthopositronium intensity I3
(0-Ps) and positron energy, when increase the positron
energy intensity leads to increase the orthopositronium
intensity I3 (o-Ps).
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Fig. (5) The hole fraction versus positron energy for polymers
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In Fig. (7), shows the relation between the
orthopositronium lifetime 13 (o-Ps) and positron
energy, when increase the positron energy leads to
decrease the orthopositronium lifetime 3 (0-Ps), the
physical meaning of this event the electronic density
is going to be lesser than interface to surface,
electronic density of materials were starting to
decrease from interface to surface (electron depth
profile). And it were determined that the free volume
(vf) increasing from interface towards the surface as in

Fig. (8).
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3. Conclusions

In this work, the structure and defect rate of
PMMA, SAN and SMA polymers were studied. To
know how are change the gradient of free volume and
hole fractions from the bulk to the surface in order to
extract the interfacial thickness. The parameters
orthopositronium  lifetime and orthopositronium
intensity have been obtained that measured by PALS
technique, then had been extracted the free volume
radius and hole fraction gradients. It were determined
that all three polymers showed an increase in their free
volume and hole fraction from the bulk to the surface.
This determinations will play a very important role in
synthesizing new polymers.
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Polymethylmethacrylate (PMMA)

Table (1) PALS parameters as orthopositronium lifetimes and orthopositronium intensities in terms of low positron energy of
polymethylmethacrylate. 7, is taken as 125 ps as fixed in all calculation

E(keV) | ws(ns) | (%) | RA) [ hes(%) | vf(A)
(0.003) | (£0.01) | (£0.3) | (£0.01) | (£0.11) | (+0.11)
3.0 190 | 221 | 2755 | 352 | 8859
25 200 | 234 | 2849 | 416 | 9878
2.0 196 | 267 | 2812 | 448 | 9318
15 198 | 298 [ 2830 | 509 | 9503
1.0 200 | 303 | 2849 | 554 | 101.60
0.7 199 [ 322 [ 2840 | 556 | 9597
05 207 | 331 | 2912 | 617 | 10351
03 215 | 357 | 2983 | 7.27 | 11312

Polystyrene-co-acrylonitrile (SAN)

Table (2) PALS parameters as orthopositronium lifetimes and orthopositronium intensities in terms of low positron energy of
polystyrene-co-acrylonitrile. 1, is taken as 125 ps as fixed in all calculation

E(keV) | ws(ns) | (%) | R(A) | hes(%) | vi(A)
(£0.003) | (£0.01) | (£0.3) | (0.01) | (0.11) | (+0.11)
30 201 | 164 | 2.858 | 284 | 97.84
25 203 | 175 | 2876 | 344 | 99.72
2.0 200 | 182 | 2.849 | 347 | 9690
15 208 | 234 | 2921 | 434 | 10446
1.0 215 | 252 | 2.982 | 504 | 111.18
0.7 218 | 263 | 3.008 | 540 | 114.10
05 221 | 274 | 3.034 | 571 | 117.03
0.3 239 | 283 | 3182 | 688 | 13504

Polystyrene-co-maleic (SMA)

Table (3) PALS parameters as orthopositronium lifetimes and orthopositronmum intensities in terms of low positron energy of
polystyrene-co-maleic. 1, is taken as 125 ps as fixed in all calculation
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E(keV) | ws(ns) | (%) | R(A) | hes(%) | vi(A)
(£0.003) | (+0.01) | (0.3) | (£0.01) | (£0.11) | (+0.11)
3.0 243 | 142 | 2.965 | 279 | 109.25
25 247 | 163 | 3.000 | 332 | 11313
2.0 220 | 181 | 302 | 378 | 116.06
15 245 | 202 | 2.982 | 404 | 111.18
10 247 | 225 | 3000 | 458 | 11313
0.7 221 | 241 | 3034 | 508 | 117.09
05 226 | 252 | 3076 | 553 | 121.97
0.3 235 | 277 | 3015 | 6.06 | 130.99
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