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University of Washington, Seattle, Washingtom

Abstract — The structural features exhibited by a series of unoriented

and uniaxially oriented linear polyethylene samples prepared under
carefully controlled conditions have been examined by polarized and

nonpolarized infrared experiments. Specifically, structural
arrangements associated with the noncrystallime phase of the polymer
have been examined both experimentally and theoretically.
Experimentally, it was observed that the conformational arrangement of

the noncrystalline phase was insensiive to density for samples whose
bulk density was less than 0.96 g/cm . Above this value,
significant conformational changes were observed with increasing
density. Conformational changes with orientation were also analyzed

theoretically by approximating the noncrystalline phase as a random
coil. Comparisons of the experimental results with those predicted by
the random coil model led to gauche (g) trans (t) conformational
seqyences to be assigned to the bands in the controversial 1200—1400
cm region. Finally, quantitative measures of the crystalline and
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EXPERIMENTAL
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elsewhere (6,14—16). The specific extinction coeficient was then calculated from the
measured absorbance, A, the sample density, d(g/cm ), and the sample thickness, b(cm),
using the following expression (6):

e = A/b d (cm2/g)
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THEORETICAL

Nonpolarized Measurements
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e =e W +e W (9)1078 ag1078 ag at1078 at
= (e + (e — e )q )W

at1078 ag1078 at1078 g a

where e and e are the extinction coefficients for the
ag1078 at1078
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fraction of noncrystalline material in a given conformational sequence may be obtained
between any two samples using these relations. To illutrate, the relative weight
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Fig. 3. Specific extinction coefficient for the 1078, 1303, 1352, and 1368 cm1 bands,
determined using baseline 4, as a function of weight fraction crystallinity for
linear polyethylene.

The linear dependence of the 1894 cm1 crystalline band, indicates that
the crystalline extinction coefficient, e , for a pure crystalline material

c1894
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To reveal this deception, these data were reanalyzed applying two different methods.
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Fig. 6. The product of the noncrystalline extin-
ction coefficient for the 2016 cm1 band
and the relative conformation ratio
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the 1352 and 1303 cm1 bands dereased the most, with the 1352 cm1 band decreasing
slightly more than the 1303 cm band. The order in which these bands decreased agrees
well with the data of Glenz and Peterlin (11), who investigated highly drawn polyethylene
samples. Since each of these bands has been associated with at least one chain segment in
the gauche conformation this result suggests that the fraction of the noncrystalline
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Fig. 10), while Nagai (27) used the axis system depicted as Fig. lOc independent of
conformational sequence. When using these different results, it is important to note that
the orientation of the transition moment (a'), which was defined to be normal to the CH2
plane, is twice the orientation of the transition moment (a), which was taken along the
C—C bond (37).

Combining equations (24) and (25), the following expression for K in terms of G is
easily obtained:

K*= G2
*

/G2 (26)
<ttt >tttt

(a) tgtg, gtg'

Fig. 10. Local orthogonal axes defined by Flory and Abe (41).
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