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Near edge X-ray absorption fine structure (NEXAFS) spectra were obtained using total electron yield detection
for poly(butylene terephthalate) (PBT) and poly(ethylene terephthalate) (PET) and their model compounds
4,4 -biphenyldicarboxylic acid dimethyl ester (PAM), &iphenyldicarboxylic acid (PCA), and terephthalic

acid (TPA). The spectra of PBT and PET were interpreted with the comparison of the spectral features of
model molecules and the polarized NEXAFS spectra of oriented films of PAM, PCA, and PBT. From the
polarization dependence, the peaks previously ascribedd 1s— s*(ring) or 7#*(ring/C=0) excitation at

289.8 eV and an O 1s> 3p/Rydberg or— 7*(C=O0) transition at 536.4 eV were reassignedatC 1s—
0*(0—CH,) transition and an O 1s> 0*(O—CH,) transition, respectively. The present results demonstrate
that the polarization dependence of the NEXAFS spectra of oriented small analogous molecules are useful
for the assignment of the NEXAFS spectra of polymers.

1. Introduction Another important experimental approach is the examination
of the polarization dependence of the spectra of oriented
molecules using polarized synchrotron radiation. In organic
materials, the 1s level is the only core level for the major

Near edge X-ray absorption fine structure (NEXAFS) spec-
troscopy, also known as X-ray absorption near edge structure
gx':\glrzoss)czpe(:t\:vohﬁgﬁﬁ)s/,ngfa?gesngﬁgsvvgg?i? t?;zirlzcztggi)((a-sr?n constituent elements C, N, O, and F. The excitation from a 1s

pectr Py, which . . level is allowed only when (1) the final state has p character at
material characterization and also as an analytical technique for,

. o . the excited atom and (2) the electric vecof the incident
chemical specificatiod. For polymers, NEXAFS offers infor- X-ray has a parallel component to the axis of the p orbital. These
mation about the identification of the polymeric chain and the y P P P ’

functional groups, their orientation, and also the unoccupied selection rules are useful for assigning the spectral features when

electronic structures both in the bulk and at the surfat®&Also One can prepare an ‘?”e”‘ed sanplé? 22
the characterization of polymers using NEXAFS in the field of ~ FOr the spectral assignments of polymers, the use of molecular
micro-NEXAFS and organic reaction is rapidly growitg?? analogues is particularly useful. . First, the|.r molecular geom-
In these studies, it is critically important to make correct €tries are often known, and their electronic structure can be
interpretation of the spectra of fundamental polymers, since they calculated with reliable structural information. By examining
form the basis for interpreting the spectra of more complex @ series of molecules of different conformations, even the
polymers. conf(_)rmational dependence can be examined. SeC(_)nd, the
The relationship between core excitation spectral features andSPECimens of these molecules can be often prepared with much
the geometric and electronic structure of polymers has beenbetter degree of orientation than th<=T oriented polymeric speci-
explored by quantum chemical calculations and experimental Mens, which are prepared by techniques such as elongation or
studies. In principle core excitation spectra can be predicted Surface rubbing. We have demonstrated this point for various
by ab initi?223 or semiempirical quantum chemical calcula- Polymers such as polyethylefigroly(tetrafluoroethylene};?
tions?4-27 of various degrees of sophistication. However, it is and polyp-phenylenef?
still impossible to make reliable assignments only with these  In this study, we report C K-edge and O K-edge NEXAFS
calculations, and the experimental approach is indispensable studies of poly(butylene terephthalate) (PBT), poly(ethylene
One of the typical experimental approaches is the comparisonterephthalate) (PET), and their molecular analogues. PBT is
with the spectra of related compounds. Often the “building widely used in industry as electronic parts and has a similar
block” principle' is employed, in which the spectrum of a molecular structure to PET, which is a typical engineering
polymer is regarded to be composed of the spectra of its plastic. Recently the NEXAFS and ISEELS spectra of PET
constituent parts such as the monomer or other suitableand related molecules have been extensively studied. The
molecular analogues. Besides the NEXAFS spectra, the corespectra of PET itself has been reported by several gréfugs,
excitation spectra obtained by inner-shell electron energy lossincluding biaxially elongated oné8. The ISEELS spectra of
spectroscopy (ISEEL®) are also used for such comparison. small related molecules in the vapor phase were measured, and
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(d) 4,4-Biphenyldicarboxylic Acid (PCA) Figure 2. C K-edge NEXAFS spectra of PBT, PET, and related
molecules at an X-ray incidence angle of5%a) PBT, (b) PET, (c)
PAM, (d) PCA, and (e) TPA. Note that peak D does not appear in the

O\\ ::: //0 spectra of PCA and TPA, and peak | does not appear in the spectra of

/C C\ PBT, PET, and TPA.
HO OH
(e) Terephthalic Acid (TPA) confirming that the solvent was completely removed from the
Figure 1. Molecular structures of (a) poly(butylene terephthalate) Cast film by evaporation. The samples of PAM, PCA, and TPA
(PBT), (b) poly(ethylene terephthalate) (PET), (c)' 4iphenyldicar- were commercially obtained from Wako Pure Chemical Industry

boxylic acid dimethyl ester (PAM), (d) 4biphenyldicarboxylic acid Ltd. and were used without further purification. The thin films
(PCA), and (e) terephthalic acid (TPA). te)d) are model compounds  of PAM and PCA were prepared by vacuum deposition onto
of PBT and PET. Si(100) wafer at room temperature under vacuum of the® 10
. ) Parange. The film thicknesses were about 150 nm. The sample

theoretical calculations of the state of the art have been of TpA was prepared by scrubbing the sample powder on a
performed for these moleculésl?.18 However, there are still  gcratched copper plate. We also prepared a thin film of TPA
some ambiguity about the spectral assignments. by spin-coating onto Si(100) wafer wita 1 wt %solution of

In this work, we aimed to reexamine these spectral assign- TPA in pyridine. However, we could not measure the NEXAFS
ments and solve the remaining ambiguity by the use of new spectra of this TPA film because the film sublimed away in a
model compounds. The molecular analogues used wefe 4,4 vacuum chamber before the NEXAFS measurements could be
biphenyldicarboxylic acid dimethyl ester (PAM), 4fiphe- performed.
nyldicarboxylic acid (PCA), and terephthalic acid (TPA). The ¢ K-edge and O K-edge NEXAFS spectra were measured at
molecular structures of PET, PBT, and these molecules areipe goft X-ray beamline 11A of Photon Factory at National
shown in Figure 1. The observed spectral features were |nsiityte for High Energy Physics. Synchrotron radiation from
assigned by (1) the comparison among the observed spectra angpg storage ring was monochromatized by a Grasshopper
in particular, (2) the use of polarization dependence for well- 5nochromator with a grating of 2400 lines/mf#! The total
oriented specimens of the model compounds as well as gnergy resolution was estimated to be about 0.3 eV in the C
moderately oriented PBT. The well-oriented model compounds K-edge NEXAFS region and 0.5 eV in the O K-edge region.
actually exhibited clear polarization, and new assignments are \jonochromatized X-rays were introduced into the measurement
given to several features. chamber with a base pressure of 4@®a, and the NEXAFS

Together with the work of previous workers, this offers an  spectra were obtained in the total electron yield mode. A metal
example of how detailed assignments can be reached for thegrid coated with evaporated gold was inserted into the optical
whole spectrum of fundamental polymers by the combination path, and the photon flux was monitored as the hole drain current

of various experimental and theoretical methods. lo from this grid by a picoammeter. The emitted electrons from
the sample surface were collected and amplified by a channel-
2. Experimental Section tron, and the resultant curreh§ was measured by another

picoammeter. The signal from each picoammeter was converted
PBT and PET without additives used in this study were to atrain of pulses by ¥—F converter, counted, and sent to a
commercially obtained from Teijin Limited. Their thin films ~ Ppersonal computer. The NEXAFS spectrum was obtained as
were spin-coated onto Si(100) wafers ki 1 wt %solution Is/lo vs photon energy.
of PBT and PET in 1,1,1,3,3,3-hexafluoro-2-propanol at 4000  The specimen was mounted so that it could be rotated around
revolutions/min. Examination of these films by X-ray photo- a vertical axis to change the incidence anglef the X-ray
electron spectroscopy revealed the absence of an F 1s peakielative to the substrate surface from glancing angle=(20°)
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Figure 3. Comparison of the C K-edge NEXAFS spectra in the low
photon energy region.

to normal incidence § = 90°). The photon energy was
calibrated using hexatriacontane CHz(CHy)34CHz) in the C
K-edge region and potassium sulfate@Q) in the O K-edge
region in standard materials, which were calibrated using the
vapor spectra of A2 N,,32 O,,34and Sk.3> The higher energy
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3. Results and Discussion

A. C K-Edge NEXAFS Spectra. Figure 2 shows the C
K-edge NEXAFS spectra of (a) PBT, (b) PET, (c) PAM, (d)
PCA, and (e) TPA at an X-ray incidence anglefof 55° (so-
called magic angfe9. At this incidence angle, possible effects
of preferred molecular orientation can be remo¥%éd.Figure
3 shows the expanded spectra in the low photon energy region
corresponding to the C ks x* excitations. The spectrum of
PET was almost identical to that of PBT. The spectra of these
compounds are fairly similar, but there are also differences. First,
the peak D appearing in the spectra of PBT, PET, and PAM
does not appear in those of PCA and TPA. Second, peak |
appearing in the spectra of PAM and PCA does not appear in
those of PBT, PET, and TPA. The energies and proposed
assignments of the features are listed in Table 1, together with
the assignments about PET by other workers.

We start the detailed assignments from the examination of
the polarization dependence. In parts a, b, and c of Figure 4,
the C K-edge NEXAFS spectra of PBT, PAM, and PCA are
shown as functions of the X-ray incidence an@leespectively.

All the sets of spectra show dependenceéprindicating the
successful preparation of oriented films. On the other hand,
the spectra of PET film and TPA powder showed little
0-dependence. A high degree of orientation in evaporated films
of molecular materials has also been observed for other
compounds such as alkarfgserfluoroalkane$2and aromatic
hydrocarbons? We note that simple spin-coating of PBT still
gave a reasonably oriented film. This is in contrast to the case
of PET, where even biaxial elongation did not give well-oriented
films 16

component of the lowest energy doublet peak of hexatriacontane The6-dependence is most clearly seen in the spectra of PAM,

was taken to be at 287.8 €¥'while the main peak energy of
K,SQ, at the O K-edge was taken to be at 536.9%€VThe

where the peaks A, 'AB, C, E, and F are strongest at normal
incidence @ = 90°), while they become weak with decreasing

resultant energy scale, when compared with those of other worksg. Other peaks D, G, H, I, and J show the opposite trend. In

on PET-related compounds, agrees with that in ref 16 but shows
a 0.4 eV difference from that in ref 17. The origin of this
deviation is not clear at present.

X-ray diffraction measurements were carried out at room
temperature on the PAM and PCA thin films, using a Rigaku
RAD-rC system. A convention&—26 scanning technique in
the symmetrical reflection mode was used, with Gurddiation
and a graphite monochoromator.

The ground-state molecular structure of PAM was provided
by a semiempirical geometry optimization with the modified
neglect of diatomic overlap-parametric method 3 (MNDO-
PM3)¥” using the program MOPAC version®8.

the spectra of PBT and PCA, on the other hand, peaks'A, A
B, C, E, and F are strongest at the grazing incidefice 0°),
while they become weak with increasitly Peaks D, G, H,
and | show decreasing intensity with These trends are just
the opposite of those for PAM.

In Figure 5, the X-ray diffraction pattern of PAM thin film
on Si(100) wafer is shown. The observed reflections can be
well-explained with a single interplanar spacing of about 1.5
nm, which is close to the length of the long axis of a molecule
of PAM in the optimized geometry shown in Figure 6. This
shows that the PAM molecules are oriented with their long axis
vertical to the substrate, with the plane of the benzene ring

TABLE 1: Experimental Energies (eV), Assignments, and Polarization Dependence for Features in the C K-Edge NEXAFS
Spectra of Poly(ethylene terephthalate) (PET), Poly(butylene terephthalate) (PBT), and Its Model Compounds,
4,4-Biphenyldicarboxylic Acid Dimethyl Ester (PAM), 4,4'-Biphenyldicarboxylic Acid (PCA), and Terephthalic Acid (TPA), and

Comparison of the Assignments of Features between the Results

of This Work and Those of Previous Papets

this work ref 17 ref 16
energy (eV) polarization energy energy polarization
feature PET PBT PAM PCA TPA dependence  assignment (eV) assignment  (eV) dependence assignment

A 284.4 2844 2845 2845 285.0 T *(ring) 284.8  7*(ring) 284.4 T T*(ring)
A’ 285.1 285.1 285.0 285.0 285.7 4 a*(ring) 285.45 7*(ring) T r*(ring)
B 287.0 287.0 286.7 286.7 287.5 T *(ring) 287.4 o*(C—H)
C 287.8 287.8 287.9 287.9 288.6 T a*(C=0) 288.27 n*(C=0) 287.8 4 7*(C=0)
D 288.7 288.7 288.8 o 0*(O—CH,) 289.0 a*(ring/C=0) 289.1 o*(C—H)
E 289.8 289.8 290.1 2894 2904 4 a*(ring) 290.1 #a*(C=O0) 289.7 T r*(ring)
F 291.0 291.0 290.6 290.6 291.8 T a*(C=0)
G 2927 292.7 2922 2922 2931 o o* 2928 o* o a*
H 296 296 296 296 297 o o* 296.4 o* g o*
| 299 299.5 o o*(ring—ring)
J 303 303 304 303.4 303 o o* 303.3 o* g o*
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Figure 4. Polarization dependence of the C K-edge NEXAFS spectra of (a) PBT, (b) PAM, and (c) PCA on the X-ray incidenc®, aeigliéye

to substrate surface.
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Figure 5. X-ray diffraction profile §—26 method) of PAM thin film
on Si wafer. The sharp diffraction peaks correspond to a lattice spacing
of 1.5 nm.

almost parallel to the surface normal. PCA thin film also
showed X-ray diffraction peaks, but not those corresponding
to the standing molecular orientation as seen for PAM. Since

the assignments of these observed peaks of PCA are not clear

at present, X-ray diffraction does not offer definite information
about the orientation of PCA molecules. However, the opposite
0-dependence of the NEXAFS spectra of PCA to that of PAM
indicates that the molecular long axis is parallel to the substrate.
On the basis of this structural information, the observed
polarization dependence can be easily interpreted.

As stated above, it is known that the absorption intensity from
a 1s level is largest fdE along the axis of the 2p atomic orbital
forming thez* or ¢* orbital, while it becomes zero foE
perpendicular to the axis. In a planaconjugated system, the
or* orbitals are composed of 2prbitals, which are perpendicular
to the plane. Thus an excitation tar orbital is allowed for
E vertical to the molecular plane. On the other hant,
excitations localized in @ bond becomes allowed wheh
becomes parallel to the bond, which is in the molecular plane.
Therefore thex* and o* excitations are expected to show
opposite dependence @h

For vertically standing PAM molecules, the excitations to
thesr* orbitals will be strong for normal incidence, while they
will be weak for grazing incidence. On the other hand,dte
excitations will appear at both normal and grazing incidences.
From thef-dependence of the spectral features of PAM, we
can assign the peaks A, AB, C, E, and F tar* excitations
and D, G, H, I, and J te* excitations. This is in agreement

1.5nm

Figure 6. Optimized molecular structure of PAM calculated by the
MNDO-PM3 method. The upper half consists of (i) the phenyl ring
and the COOC part of the ester group in a plane and (ii) the three H
atoms in the methyl group. The lower half also has the same structure.
The angle between the planes of the upper and lower halves i& 66.2

with the well-established assignment that the peak A in the
spectrum of PET is due to the* excitation in the benzene
ring.1418 As seen later, such estimation of molecular orienta-
tions is also supported by the polarization dependence of the O
K-edge spectra.

The 6-dependence of the spectra of PBT and PCA can be
interpreted with the same peak assignments, but assuming that
the planes of benzene rings are almost parallel to the substrate
surface.

After establishing the distinction between thé& and o*
excitations, we will discuss the peak assignments in more detail.
We also refer the assignments by other workers, i.e., (a) the
extensive comparison with the ISEELS spectra of analogous
molecules, (b) extended dkel molecular orbital (EHMO)
calculations in the equivalent core approximatié(g) ab initio
calculations based on improved virtual orbital method on
analogous moleculég,and (d) the examination of biaxially
elongated film of PETS
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In the lowest energy region of the spectra in Figures 2 and

3, we see the dominating sharp peak A accompanied by a

shoulder (A) on the high-energy side. These features were
assigned to C 1s(€H) — x*(ring) transitions to the LUMO

and next LUMO, which are split from the doubly degenerate
a* LUMO of benzene owing to the symmetry reduction and

chemical shifts associated with the substitution of benzene ring

by the ester group.

A small peak B is observed on the low-energy side of the
intense peak C. The peak was assigne@&tC 1s(C-R) —
a*(C=C) transition by the EHMO calculatidhand a C 1s-
(CH,) — ¢*(C—H) transition by the result of ab initio calcula-

tion.1” Since this peak shows the same polarization dependence

with peak A, the assignmenbta C 1s(C-R) — #*(C=C)
transition is more plausible, although(C —H) excitation may
also contribute to this featufé=3°

The second intense peak C was assigoeal € 1s(G=0) —
a*(C=0) transition, which is characteristic of an ester or
carboxylic carbord#~18 Here thex*(C=0) transition has the
in-phase relationship of the two contributintfC=0O) portions.
This assignment is consistent with the present results.

At the higher energy side of peak C, two small peaks D and
E are observed in the spectra of PBT, PET, and PAM, while
only one peak E is observed in those of PCA and TPA. The
peak D was assigned to C 1s{®) — x*(ring) excitation by
EHMO calculation* C 1s(C-H) — a*(ring)/(C=0) excitation
by ab initio calculatiorty and C 1s— ¢*(C—H) excitation?6
Peak E was assigned to C-sg*(C —C) excitation by EHMO
calculation!* C 1s— z*(C=0) excitation by ab initio calcula-
tion” and C 1s— z*(ring) excitation1® Here thex*(C=0)
excitations in the two parts have the out-phase relationship.

J. Phys. Chem. A, Vol. 102, No. 36, 1998097
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Figure 7. Comparison of the O K-edge NEXAFS spectra of PBT,
PET, and related molecules at an X-ray incidence angle &f &)

PBT, (b) PET, (c) PAM, (d) PCA, and (e) TPA. Note that peak ¢ does
not appear in the spectra of PCA and TPA.

scattering**-42and extended X-ray absorption fine structure
(EXAFS). Thus it is not certain whether we can assign them
uniguely to specific transitions.

B. O K-Edge NEXAFS Spectra. The O K-edge NEXAFS

As described above, the polarization dependence of peaks Dspectra of (a) PBT, (b) PAM, (c) PCA, and (d) TFA@t- 55°

and E shows that they corresponddbd and * excitations,
respectively. Also we note the difference among the molecular
structures that PBT, PET, and PAM have-OH, bonds in the
molecule, while PCA and TPA do not. The peak D appears
only in the spectra of molecules containing-OH, bonds. From
these results, we assign the peakolatC 1s (G-CHy) — o*-
(O—CHy) excitation.

As for peak E, we note that there are several reports about
the NEXAFS spectrum of benzene, which ascribe the peak at

around 289 eV to the second weak transition640 This
should correspond to the C 1s{@&) — x*(ring/C=0) transition

by ab initio calculation, which was previously ascribed to the
peak DY Therefore, we assign peak E to this C 1s{@) —
a*(ring/C=0) excitation.

We can also see a weak peak F at the lower energy side of

peak G in the spectra of PBT and PET. This peak is not clear
in the spectra of the model compounds. Its polarization
dependence shows itg* character. The C 1s(€0) — a*-
(C=0) transition predicted by ab initio calculation, which was
previously ascribed to peak 2,may correspond to this peak
F. Here ther*(C=0O0) transition has the out-phase relationship.

The peaks G, H, and J cover broatiresonances attributed
to the G=C(ring), C-C, C=0, and C-O bonds'*18

Peak | appears only in the spectra of PAM and PCA
containing a G-C bond between the two benzene rings. This
suggests that this peak corresponds to the C-1s*(C—C,
ring—ring) transition. To support this assignment, a similar peak
was also observed in the NEXAFS spectrg-térphenyl GHs—
CgHs—CgHs, which contains €C bonds among the benzene
rings3°

The high-energy excitations such as-GJ, however, in most
cases are mixed with other contributions such as multiple

are shown in Figure 7. The spectra are fairly similar, although
there are also differences discussed later. The energies and
proposed assignments of the features in the O K-edge NEXAFS
spectra of PET, PBT, PAM, PCA, and TPA are listed in Table

2 along with the energies and assignments for PET by other
workers.

In Figure 8a,b,c, the polarization dependence of the O K-edge
spectra of PBT, PAM, and PCA are shown. In the spectrum
of PAM, the intensities of the peaks a and b are strongest at
normal incidence = 90°), while they become weak with
decreasing. Other peaks c, d, and e show the opposite trend.
Since the results of X-ray diffraction for PAM film indicate
that the plane of benzene ring is almost parallel to the surface
normal, the present results indicate that the former and the latter
groups mentioned above correspond to #tieand o* excita-
tions, respectively. This is in agreement with the established
assignment that the lowest energy peak a correspond to the O
1s— z* transitions at the carbonyl oxygéfr.18

In the spectra of PBT and PCA, on the other hand, the
intensities of peaks a and b are strongest at the grazing incidence
(6 = 20°), while they become weak with increasifig Peaks
¢, d, and e show the opposite trend of decreasing intensity with
6. These trends can be explained with the same peak assign-
ments assuming flat-lying molecular orientation estimated from
C K-edge spectra.

All the spectra in Figures 7 and 8 are dominated by the two
intense peaks a and b at low photon energy, and all exhibit
broad, high-energy continuum features at 5350 eV. As
described above, it is well-established by both EHMO and ab
initio calculationd*17 that the first peak corresponds to an O
1s(CG=0) — a#*(C=0) transition, where tha*(C=0) orbitals
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TABLE 2: Experimental Energies (eV), Assignments, and Polarization Dependence for Features in the O K-Edge NEXAFS
Spectra of Poly(ethylene terephthalate) (PET), Poly(butylene terephthalate) (PBT), and Its Model Compounds,
4,4-Biphenyldicarboxylic Acid Dimethyl Ester (PAM), 4,4'-Biphenyldicarboxylic Acid (PCA), and Terephthalic Acid (TPA), and
Comparison of the Assignments of Features between the Results of This Work and Those of Previous Pap&ts

this work ref 17 ref 16
energy (eV) polarization energy energy polarization
feature PET PBT PAM PCA TPA dependence assignment (eV) assignment (eV) dependence assignment
a 531.2 531.2 531.1 531.7 5324 =& a*(C=0) 531.5 a*(C=0) 5329 =x a*(C=0)
b 533.5 5335 533.6 533.6 534.1 T a*(C=0) 534.0 a*(C=0) 5354 =& *(C=0)
c 536.4 536.4 537.1 o 0*(0O—CH,) 536.4 a*C=O0,ring)), 538.2 nodepend. IP(EO)
a*(C=0)
d 540 540 540 540.1 5404 o o*(C—0) 540.3 ¢*(C-0) 5418 o o*(C—0)
e 545.1 545.1 545.2 540.4 545.6 o 0*(C=0) 546  ¢0*(C=0) 545 ¢ 0*(C=0)
a|onization potential of the €0 oxygen species.
(a) d PBT OK-edge| | (b) 2 4 PAM, O K-edge - (©) d|  PCA, OK-edge

Intensity (arb. units)

520 530 540 550 560 570 580 © 520 530 540 550 560 570 580 520 530 540 550 560 570 580
Photon enrgy / eV Photon energy / eV ) Photon energy / eV

Figure 8. Polarization dependence of the O K-edge NEXAFS spectra of (a) PBT, (b) PAM, and (c) PCA for the X-ray incidencé, aafzigye
to substrate surface.

are in the in-phase. The second peak b was assigned as the @onclusion
1s(G-0) — #*(C=O0) transition by EHMO calculatiok and

as a combination of O 1s(€0) — 7*(C=0) and O 1s(C-0)

— a*(C=0) transitions, where the*(C=0) orbitals have the
out- and in-phase relationship, respectively, by ab initio calcula-
tion.!” These assignments are consistent withsthenaracter
deduced by the presently observed polarization dependence.

In this work, we studied poly(butylene terephthalate) (PBT),
poly(ethylene terephthalate) (PET), and their model compounds
4,4-biphenyldicarboxylic acid dimethyl ester (PAM), 4,4
biphenyldicarboxylic acid (PCA), and terephthalic acid (TPA)
by polarized near edge X-ray absorption fine structure (NEX-

) . AFS) spectroscopy. The observed spectral features of PBT and

The third peak ¢ has been assigned to an ©-Bp/Rydberg  peT could be assigned in detail by the polarization dependence
transition}* a combination of O 1s(€0) — 7*(C=0/ring) and and the comparison among the compounds.

c ls(C—Q) - JT.*(C:O) transitions by ab 'Tet'o calculaﬂiﬁ, Some of the features were reassigned on the basis of the new
and the |on|;gt|on onset of the=& oxygen.> Here thes*- . experimental observations. Also we have shown that well-
(C=O0) transitions have the out-phase. However, the polariza- ,jeniated samples of PBT, PAM, and PCA can be obtained by
tion dependence clearly shows that peak c is*dransition. simple methods such as casting and vacuum evaporation, and
We also note that this peak appears only in the spectra of PBT, e molecular orientation in these orientated samples could be
PET, and PAM including the ©CHy bond in the ester groups.  geqyced. These results have added another good example
From these results, the peak ¢ can be assigned to an® 1s  jemonstrating that the polarization dependence of the NEXAFS
0*(O—CH,) excitation. This assignment is also supported by gpecira of oriented small analogues is useful for the assignments
the results of photon-stimulated ion desorption spectroscopy of the NEXAFS spectra of polymers, besides the more reliable
from poly(methyl methacrylate). The photon energy depen- assignments of the spectral features. Another point of interest
dence of CH" ion yield shows maximum intensity at the energy was that a reasonably well-oriented sample of PBT could be
corresponding to peak ¢ in the O K-edge NEXAFS spectftiin.  prepared in contrast to the difficulty of orienting PET. This is
This excitation to theo antibonding state will lead to the 3 useful observation, since the NEXAFS spectra of these two
breaking of this G-O bond. polymers are almost identical. This suggests the possibility of

The broad peaks d around 540 eV and e around 546 eV aredeveloping a generally applicable technique of using chemically
clearly seen in the NEXAFS spectra of PAM at sntall They modifying a polymer for obtaining better oriented samples
were ascribed to O 1s(@0) — ¢*(C—0) and O 1s (&0) — without affecting the NEXAFS spectra.
0*(C=0) transitions, respectivel#:1617 These assignments are By combining the presently observed experimental results
consistent with the presently observed results, and we also adoptvith the theoretical and experimental work by others, we could
them. derive rather reliable spectral assignments about these polymers
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of fundamental importance, although there is some ambiguity
about the assignments of high-energy features. The accumul

tion of analyses with similar quality about other polymers will

establish a sound basis for the analysis of more complex

polymers.
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