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Semicrystalline nylon 6,12 filaments were analyzed by Raman spectroscopy at two
different orientations with respect to the exciting laser beam: either with the fiber axis
parallel or perpendicular to the beam. The Raman spectra show differences between
these two orientations, demonstrating the feasibility of this technique for studying
molecular anisotropy. The relative intensities of the principal bands at each orientation
are described. Also, X-ray diffraction data are presented to corroborate the anisotropy
of the fibers.
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INTRODUCTION

Raman spectroscopy has been successfully applied to the study of
polyamides synthesized either by self-condensation of an w-aminoacid
or from polymerization of their cyclic anhydro-derivatives. In parti-
cular, to the so called double number nylons, with general structure
—[NH—(CH,),—NH—CO—(CH);),—CO],,— which are of special
relevance for their practical applications. Among this type of polymers,
nylon 6, 6 and nylon 6, 10 have been previously studied by dispersive
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Raman spectroscopy [1]. The application of the relatively new FT-
Raman technique to this type of materials has proved to be quite
convenient in terms of the fast acquisition times, absence of fluorescence
and good quality of the data obtained, as can be noticed from the reports
of several double number nylons found in the literature [2]. In the case of
nylon fibers or filaments, the extrusion process by which these are
obtained is known to induce a preferential orientation of the polymer
chain along the main axis of the fiber. It has been shown in the past, that
it is possible to observe orientation effects by dispersive Raman of drawn
polymers [3]. In the present work, the Raman spectra of nylon 6,12
fibers, commercially known as Zytel, were analyzed at two different
orientations with respect to the incident laser light by using FT-Raman
spectroscopy.

EXPERIMENTAL

Filaments of commercial semicrystalline nylon 6,12, 0.20 mm in
diameter (Dupont, ZYTEL 158), were employed. To perform the
Raman study the fibers were cut to 10 cm length and join together in a
tight bundle. A tight bundle of fibers of about 0.5 or 3 cm in diameter
was placed in the sample compartment for the perpendicular and
parallel measurements, respectively. The FT-Raman measurements
were carried out on a 910 Nicolet FT Raman bench, equipped with a
Nd:YVO, laser emitting at 1064nm. A 180° refractive optical
configuration was used, in which the detection takes place along the
direction of the incident light.

Two orientations of the fibers were analyzed: a parallel one, in
which the laser light was parallel to the axis of the fibers and a
perpendicular one, with the laser light perpendicular to the same axis.
Raman spectra were taken with a resolution of 4 cm™' and a laser
power of 400 mW.

Typically, 200 scans were taken in an 8 min. routine for each spectrum.
The Raman data were subjected to a correction procedure which takes
into account the variation with frequency of the interferometer
throughput, the transmission characteristics of the filters and the
detector sensitivity. The X-ray diffraction experiments were performed
on a Siemens D-5000 diffractometer in the 2° to 70° range at a scanning
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rate of 4°/min. in two orientations: parallel and perpendicular to the
fiber axes.

RESULTS

The Raman spectra of nylon 6,12 filaments obtained for both
orientations, parallel and perpendicular, as described above, are
shown in Figure 1.

Table I summarizes the relative intensities of the main bands for
both spectra along with a tentative assignment. All intensities are

UM,

T T T T T
3400 2910 2420 1930 1440 950 460
RAMAN SHIFT (cm-1)
FIGURE 1 Raman spectrum of nylon 6,12 fibers oriented (a) with the fiber axis

parallel to the incident laser light. (b) with the same axis perpendicular to the incident
light.
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TABLE I Relative intensities and assignments (2,4) of the Raman bands of nylon
6, 12 fibers with their axis parallel and perpendicular to the incident laser light

Parallel Perpendicular
fem™') Assignment Iy (cm_l) IjL
v 14
3304 N-—H stretching 11.3 3304 12.8
2884 CH; stretching 2.1 2902 1.0
1634 C=—0 amide | 24 1636 45
1439 CHj; bending 1 1439 1
1298 ve HtVUN-H 4.9 1294 1.2

amide 1
1128 C—C stretching 78 1129 1.2

normalized to that of the 1439 cm™' band, which is the most intense
for both spectra. From these data it can be observed that in the
perpendicular spectrum all modes, with the exception of the (C=0),
appear more intense than in the parallel spectrum. Also, several small
bands are discernible which are not observed in the parallel spectrum,
namely the 1106 and 1064 cm™' bands which have been previously
observed in ref. [4] for nylon 12. Another point can be remarked from
the experimental data: the two peaks observed in the CH; bending
region, the strong one at 1439 cm™' and the weak shoulder at 1475
cm™' reliably indicate that this material crystallizes in the triclinic
structure with one chain per unit cell, since similar peaks are have been
observed for the C,6Hs4 which crystallizes in this way [5].

Figure 2 shows X-ray diffractograms of the nylon 612 fibers taken
in a parallel and in a perpendicular orientation with respect to the fiber
axes. As observed there, in the perpendicular setup, two reflections are
clearly defined, at 20° and 24°, corresponding to the (100) and (010)
crystalline planes respectively, whereas the parallel case only shows the
reflection corresponding to the (002) plane. These reflections have been
previously observed for nylon 10, 10 [6].

CONCLUSIONS

It was possible to observe the molecular anisotropy of commercial
nylon 6,12 fibers by means of Raman spectroscopy and x-ray
diffraction. The Raman data obtained provides an interesting
indication of the crystalline structure of this material.
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FIGURE 2 X-ray diffraction patterns of the semicrystalline nylon 6, 12 fibers taken (a)
parallel to the axes of the fiber (b) perpendicular to the same axes.
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