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Abstract: The calculation of different parameters of positammihilation in polymeric materials, to determine
parameters like free volume hole size, positron{is) formation probability, DBAR line-shape paraemnst
and positron trapping rates in ordered and disedleegions of semi-crystalline polymers are diseds3 he
programs are validated with data from standard| eretd research papers. The computer source doales
been written in Fortran-77.
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Introduction and Experimental:

Paositron Annihilation Spectroscopy (PAS) referatgroup of techniques used to study materials, @ither
positron is used as a nano-probe [1-4]. The ahilit AS to study free volume in polymers arisesrfithe fact
that the Ps atom (a positron-electron-bound ststieapped in free volumes, and annihilates thetle a&ymuch
longer lifetime when compared to the crystallingioas of the polymeric material. The para-positoomi(p-Ps)
decays with a lifetime of 125 pico-seconds (ps), tme ortho-positronium (o-Ps) lives for a longend,
especially in open or vacant spaces like the foderme holes in polymers, annihilating with a lifeé between
1 nano-seconds (ns) and 5 ns. A semi empirical tequdetween the measured ortho-positronium (o-Ps)
lifetime and free-volume hole radius (R) has beest fjiven by Tao [5], and later elaborated by E{ul[6].

T; = 0.5 [( 1— %) + isinirr (%)]’1 Q)

In equation (1), B=R+tARandAR is empirical parameter which is determined byfiitieg of observed o-
Ps life timet; with known hole and cavity sizes. The best fittatlie of AR from all known data is 1.655.
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Results and Discussion:

The positron parameters like free volume hole ¢iZg Ps formation probability (P), fractional free
volume (F) of semi-crystalline polymers has beemmated using Fortran 77 code. The raw positron tata
first analyzed using the POSITRONFIT (PATFIT-88bgram to extract the lifetime componenty @nd
corresponding intensity componentg (Ising 3 component (i=3), free fit analysis [7heTfollowing code is
validated with results presented by Nakanishi aahJ8].

C COMPUTATION OF R, V,PandF
REAL DR, R, RO, T3,S3,13,V,F, P, C
REAL X1, X2
DR=1.656E-10
R=0.01E-9
WRITE (*,*))ENTER THE VALUES OF t3 IN ns ANIS IN %'
READ (**) T3, I3
WRITE (*,*)'ENTER THE VALUE OF STRUCTURAL CONTANT C'
READ (*,*) C
DO 30 I=1, 100000
RO=R+DR
X1=1-(R/R0)
X2= (SIN(6.283*(R/R0))/6.283)
S3=0.5/(X1+X2)
IF (S3.GE.T3) THEN
WRITE (*,*)THE VALUE OF O-Ps LIFE t3 (in ndp’
WRITE (*,10) S3
10 FORMAT (E14.5)
WRITE (*,*)THE FREE VOLUME HOLE RADIUS (in mIS'
WRITE (*, 20) R
20 FORMAT (E14.4)
GO TO 100
END IF
R=R+0.00001E-9
30 CONTINUE
100 WRITE (*,*)’)ASSUMING SPHERICAL SHAPE FOR HOLE'
V= (4.0/3.0)*3.14159*(R**3)
P=(4.0/3.0)*13
F=C*I3*V
WRITE (**)'FREE VOLUME V (in cubic meter)'¥/
WRITE (*,*)'POSITRONIUM FORMATION PROBABILIT, P="P
WRITE (*,*)'FREE VOLUME FRACTION, F (%) ='\F
STOP
END
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The trapping rates [9, 10] in the ordered and de@d regions of a semi-crystalline material can be
determined in a straight-forward manner, startnognf Goldanskii’'s kinetic relations [11]. Positroae trapped
in voids in the crystalline (ordered) regions ofemi-crystalline polymer, and positronium (Ps) lie free
volume holes, the dynamic open spaces in the arnagpfdisordered) regions. The trapping rates irotdered
and disordered regions of the polymeric material iadicated by, andvy respectively, and are given by
equations (2) and (3).

Vo =[12/(1-15)] %X(1/ry -1hy) (2
vy = [4%13x(1/ 11 — Ut3)] / [3-(4%13)-(3x1y)] )

We have also written a program written in Fortrdnt@ analyze the DBAR spectra of polymeric matsraid
determine the line shape parameters (S- paranwteparameter etc., reflecting annihilation of pasits with
low and high momentum electrons in the materigl)tf#e details of which will be published elsewhere
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