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Introduction

The free radical reaction in Y-irradiated polymers has been
studied in relation to molecular motions and the higher
order structure of polymeric systems. The spin trapping
technique which has recently been developed, enables us to
observe unstable free radicals by trapping and transforming
them into stable ones. We have done some preliminary

work on the spin trapping reaction in solid polymers irradiated
by 7-rays '~3,and now describe a study on low density
polyethylene. This study may also offer a new method for
spin labelling synthetic polymers which have no functional
groups suitable for studying molecular motions of polymers.

Experimental

The material used was low density polyethylene (LDPE,
Nihon Unicar Co. DXM 189). Spin trap phenyl N-tert-
butylnitrone(PBN) was mixed with the xylene solution of
purified low density polyethylene, and cast to form sheets
at room temperature. The conditions for sample preparation
are listed in Table 1. In Table 1 F, is the trap factor defined
as a ratio of the number of PBN added to the reaction
system to the expected number of polymer radicals estimated
from G-value. The sheets were irradiated by %Co y-rays to
the total dose of 5 Mrad at —196°C in vacuum. The irradiated
samples were annealed stepwise for 3 min from — 196°C at
various temperatures and e.s.r. was observed in each step at
—196°C. es.1. spectra were recorded by Nihon Denshi
model JES-3BSX spectrometer using X-band and 100kHz
field modulation.

Results and discussion

Figure 1 shows e.s.r. spectra of the annealed samples at
—196°C. Sample I shows well known sextet spectra caused
by the alkyl type radical —CH,—CH—-CH,—* and the
intensity of spectra decreases with increasing annealing
temperature. However the sample containing the spin trap
shows the same spectra as that of the polyethylene sample
before annealing, but begins to show an asymmetric line
shape at about —70°C. This triplet spectrum can be caused
by the nitroxide radical formed by the spin trapping
reaction between the spin trap and the alkyl radical. The
spin trapping reaction may take place as follows:
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In order to determine the temperature at which the spin
trapping reaction initiates, the change of spectral line shape
was inspected by a line shape parameter. Figure 2 defines
the line shape parameter which is sensitive to the change
from the sextet to the triplet, respectively. The broken line
represents the spectrum containing both the sextet and the
triplet, whose peak P shifts from P, to 2, when the
component of the triplet increases. Figure 3 shows the
change of the line shape parameter with temperature. It
is noted that the parameter is kept almost unchanged for
sample I in the whole temperature range, while it begins
to decrease at about —70°C and becomes constant above

Table 1 Sample preparation

No Sample F; Polymer {gr) PBN(g)

| L. DPE 0 0.0471 —
1 LDPE 5 0.0625 0.00016
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Figure 1 E.s.r. spectra of LDPE at various annealing temperatures.
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Figure 2 Definition of line shape parameter f
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Figure 3 Change of line shape parameter with temperature,
O, Sample |; ® Sample |l

30°C for sample II containing PBN. This change clearly
indicates that the spin trapping reactions takes place at
—70°C and are complete at 30°C.

Figure 4 shows the change of radical concentration with
annealing temperature for the sextet and the triplet spectrum
for sample II. Three steps of radical decay are observed as
shown in the figure by the arrows. The final step of radical
decay (step III) takes place at about —80°C and this decay
has been attributed to -relaxation in polyethylene 5

This spin-trapping reaction can also be treated as a
competition reaction of the alkyl radical with the spin trap
and another radical as follows.

—de,/dt =
—de,/dt

k CE+ k,CoCy 1
kyCaCy 2

where %, is the rate constant of recombination reaction of
the alkyl radical, k, is the rate constant of the spin
trapping reaction, C, is the concentration of the alkyl
radical, and C; is the concentration of the spin trap. k; can
casily be estimated from the equation of the second order
reaction 8k, was calculated by computer by the Runge-
Kutta-Gill method. Figure 5 shows the Arrhenius plot of
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k,. This plot can be regarded as a linear line which has a
breaking point at 35°C. The activation energy of the spin
trapping reaction calculated from the slope of the plot was
found to be 1.5 and 5.4 kcal/mol below and above the
breaking point, respectively. This change in the activation
energy suggests a change in the mechanism of the spin
trapping reaction. Below 35°C it can be considered that
alkyl radicals were trapped by the traps which are located
very near to the alkyl radical. Above 35°C the trapping
reaction may possibly proceed by the reaction between the
alkyl radical and the trap which tumbles and diffuses through
a polymer matrix. This deduction is supported by the fact
that the spin probe (2,2,6,6-tetramethyl-<4-piperidinol-1-
oxyl) having similar size to that of PBN diffuses through in
LDPE above 20°C).”

Figure 6 shows e s.1. spectra of spin labelled LDPE,
formed by the spin trapping reaction. At low temperatures
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Figure 4 Change of radical concentration with annealing
temperature, O, sextet; ® triplet
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Figure 5 Arrhenius plot of k;
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Figure 6 E.sr.spectra of PBN-labelled LDPE at various
temperatures. (a), —110°C; (b), 90°C; {c), —110°C

the spectrum has a broad asymmetric line shape, indicating
that the label is in an immobilized state (Figure 6a). The
line becomes sharper and the line separation narrows as
temperature increases (Figure 6b). At 110°C the triplet
changes into a triplet of doublets (Figure 6¢).

This doublet may be caused by the f-proton in the
label, whose interaction is masked by the line width of the
triplet below 110°C.

Figure 7 shows the temperature variation of the
separation of the triplet. The result of the spin probe
method is shown in the same figure. It is found that a small
narrowing takes place at about —20°C and rapid one at 67°C.
Comparing the result of the spin label with that of the spin
probe, it is noted that the narrowing temperature is
considerably shifted to higher temperatures by formation
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Figure 7 Change of line separation with temperature, O, spin
probe; ®, PBN-labelled

of a chemical bond between the radical and the host polymer.
In the previous paper we proposed a theory on the relation
among the narrowing temperature T,(~ T'soG, T and the
molar volume ratio of the segment of the host polymer to

the probe® and this theory was experimentally proved.*1°
According to this theory, this increase in T, value is attributed
to the mechanism that larger activation volume for jumping

of the radical site into an adjacent hole becomes necessary

for formation of spin labelled segement of host polymer.
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The carbazolyl chromophore can confer photo-activity
on a polymer, and a number of such polymers have been
studied.! Of these poly(N-vinyl carbazole) is the most
important technically, and shows very efficient excimer
formation and exciton migration characteristics. When the
carbazolyl chromophore is attached to the backbone by a
spacing group (as in a series of carbazolyl substituted metha-
crylate polymers) both excimer formation and exciton
migration are reduced. Poly(249-ethyl) carbazolyl methyl
methacrylate), I, exhibits excimer formation without long
range exciton migration ',and as such forms a useful reference
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material for the study of excimer trap characteristics.
Poly(9-carbazolyl methyl methacrylate), II, forms charge
transfer complexes with tetracyano ethylene (TCNE), but
exhibits no appreciable excimer emission or exciton
migration.

In this preliminary communication we report the progress
of continuing study of these phenomena.

Excimer characteristics

The absorption and emission spectra of the polymer are
illustrated in Figure 1. The fluorescence from ‘monomeric’
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