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The molecular orientation in multilayer films of fluorinated comb polymers with various side-chain lengths can be
characterized by near-edge X-ray absorption fine structures (NEXAFS) spectroscopy at the C K- and F K-edges. The
spectra are found to change significantly with respect to the incidence angles of the soft X-rays and the number of layers
in organized molecular films as well as chemical modifications such as fluorocarbon side-chain lengths, the atoms at the
w-position of the fluorocarbon side-chains, and o-methyl substituents. Analysis of these changes of the NEXAFS spec-
tra provides useful information about the average molecular orientation in the X- and Z-types of mono- and multilayer

films of the fluorinated comb polymers on solids.

Fluorinated polymers and amphiphiles have been already
used practically in thin films thanks to their physical behavior
of low friction coefficient"? and chemical-resistance. The mo-
lecular orientations of fluorocarbon chains, in addition to the
characteristics of a large van der Waals radius and electronega-
tivity of the fluorin atom, seem to be indispensable to such
functions.®> Fluorocarbon chains —(CF,—CF,),— of poly(tetra—
fluoroethylene)**> take some helical conformations with rigid
rod-like forms which are clearly different from the normal hy-
drocarbon chains with the frans zig-zag planar structure. For
fabrication of well-defined molecular alignments controlled at
the monomolecular level, the monolayer assemblying method
could be applied to the fluorinated comb polymers. Structural
characterizations of those films have been carried out using the
in situ Brewster angle microscopy, the scanning electron mi-
croscopy, the atomic force and friction force microscopies
(AFM and FFM) and both the out-of and in-plane X-ray dif-
fractions.®”®

Furthermore, for the purpose of clarifying the molecular ori-
entation of the fluorinated comb polymers in the organized
molecular films, researches have applied the near-edge X-ray
absorption fine structure (NEXAFS) spectroscopy with polar-
ized continuous light in the soft X-ray region. In general, the
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NEXAFS spectra can be expected to give the information
about binding energies and short-ranged lattice structures of
the constituent elements in surface region of solids by utilizing
the short mean free path of released photoelectrons, such as a
partial electron yield (PEY) mode.>!° Previously, orientation
of hydrocarbons in the Langmuir—Blodgett (LB) films of cad-
mium arachidate'' and the photopolymerization of a long-
chain diacetylene derivative in LB films'> have been elucidated
and discussed by using the angular dependence of the incident
X-ray on the NEXAFS spectra, and by referring to the obser-
vations of the ultraviolet photoelectron spectroscopy (UPS),
respectively. It is expected that the NEXAFS spectroscopy has
a preference to fluorine compounds with a relatively large scat-
tering power of photoelectrons.

In previous reports, oriented perfluorotetracosane [n-CF;-
(CF,)»CF;] and poly(tetrafluoroethylene) [PTFE, (-CF,-),]
evaporated films have been studied by polarized NEXAFS
spectroscopy.'*'> Recently, a study that compared the experi-
mental NEXAFS spectra with the ones calculated for the
rubbed PTFE film, was reported by Castner et al.'® Further-
more, molecular alignments of n-alkane multilayers on al-
kanethiolate monolayers and the structure of self-assembled
films of octadecyltrichlorosilane have been investigated by soft
X-ray absorption spectroscopy.'”'® Structural studies of elec-
trodeposited iridium oxide films in aqueous electrolytes have
also carried out by in situ X-ray absorption spectroscopy.’® As
the primary result of a part of this work, we reported the char-
acterization of organized molecular films of the fluorinated
comb polymers with the polarized NEXAFS spectroscopy at F
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K-edge.® In this investigation, the molecular alignments in
the transferred films of the comb polymers with fluorocarbon
side-chains having various lengths and different atoms at the
w-position are investigated by NEXAFS spectroscopy at both
C K- and F K-edges for the X- and Z-types of mono- and mul-
tilayer films on solids. We have also studied the effects of hy-
drogen bonding to introduce the disordering molecular ar-
rangement, depending on various spreading solvents and on
the number of layers. The curve fitting of the asymmetric
peaks of NEXAFS spectra and their dependence of the inci-
dence angles for the films of fluorinated comb polymers were
analyzed to obtain the orientation of the fluorocarbon side-
chains, assuming their uniaxial orientation.

Experimental

Materials. Table 1 shows fluorinated amphiphiles with vinyl
groups as monomer materials, 2-(perfluoroalkyl)ethyl acrylate and
methacrylate, F(CF,),CH,CH,OCOC(X)=CH, [rn = 6, 8, and 10;
abbreviated as FF,EA and FF,EMA for X = -H and —-CH3; , re-
spectively], and also 1H, 1H, 11H-icosafluoroalkyl acrylate and
methacrylate, H(CF,),CH,OCOC(X)=CH,, [n = 4, 6, 8, and 10;
abbreviated as F,A and F,MA for Z = —-H and —CH3, respective-
ly]. These were purchased from Daikin Fine Chemicals Co. Ltd.
and purified by recrystallizations repeated several times from n-
hexane solutions. These analogous monomers containing the fluo-
rocarbons with various chain-lengths sealed in Pyrex glass tubes
in a vacuum were irradiated with °Co y-rays (1.0 Mrad in lig.-N,)
at —196 °C, and the post-polymerization treatments were carried
out in the range of —83 ~ 50 °C. The obtained comb polymers
were dissolved in a little acetone or tetrahydrofuran and purified
by precipitation through pouring into tetrachloromethane.?'*
These fluorinated comb polymers were practically insoluble in
common organic solvents without trifluoroacetic acid. The tactic-
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ity of these polymers was obtained to be almost syndiotactic
(Diad: 57.4%) by "H-NMR analysis according to the reference.”®
Their molecular weights were estimated to be 1.5-6.0 X 10* from
the intrinsic viscosity of [1] = 0.12-0.54 for these trifluoroacetic
acid solutions at 30 °C. Chemical structures of these fluorinated
comb polymers are also indicated in Table 1, together with the
abbreviations of Poly-FF,EA, Poly-FF,EMA [n = 6, 8, and 10],
Poly-F,A, and Poly-F,MA [n = 4, 6, 8, and 10].

Procedures. These samples were dissolved in trifluoroacetic
acid as a good solvent. The monolayers were spread on the dis-
tilled water surface (Milli-Q Plus, 18.2 MQcm) to allow the solu-
tion to flow down along a small glass rod projecting from the sur-
face of the aqueous subphase into a trough, according to the meth-
od suggested by Trurnit.>* These monolayers were transferred
onto NESA glass substrates at 5 °C by a horizontal lifting® and a
surface-lowering method®® at various surface pressures to obtain
the non-alternating X- and Z-type films, respectively. It is consid-
ered that the polymer skeletons and the fluorocarbon side-chains
are exposed to the air in the outermost surfaces of the X- and the
Z-type films, respectively. NEXAFS spectra were measured on
the BL-7A and -11A soft X-ray beamlines at the parallel-polar-
ized, grazing incidence monochromator station of the Photon
Factory in the National Laboratory for High-Energy Accelerator
Research Organization (KEK-PF) with synchrotron radiation from
a bending-magnet source.””?® The F K-edge and C K-edge spectra
were measured in the photon energy regions of 660-760 eV and
275-325 eV, and in the partial electron yield mode (PEY) with
—450 and —200 V retarding voltages, respectively and 2.0 kV
accelerating voltage under the vacuum of 10™8 Torr. The optimi-
zation of the retarding voltages at both edges was carried out for
every sample. These conditions could provide the clear NEXAFS
spectra that contain the structural information of the top few layers
of the multilayer films by considering the probing depth about 50
A, as illustrated by Scheme 1.° The resolution of the spectra was

Table 1. Fluorinated Amphiphilic Vinyl Monomers of Acrylate and Methacrylate and Those Comb
Polymers Containing Fluorocarbons as the Side-Chains Used in This Work, Together with Their

Abbreviation
Abbrev. length
Monomers
F(CF,),CH,CH,0COC(X)=CH, X=H FF,EA
2-(perfluoroalkyl)ethyl acrylate
X = CH; FF,EMA
methacrylate
H(CF,),CH,0COC(X)=CH, X=H F,A
1H, 1H, (n + 1)H-partialfluoroalkyl acrylate
X = CH; F,MA
methacrylate
Comb polymers
[OC(F(CF,),CH,CH,0)C(X)-CH,],, X=H Poly-FF,EA
Poly-2-(perfluoroalkyl)ethyl acrylate n=6,8,10
X = CH; Poly-FF,EMA
methacrylate
[OC(H(CF,),CH,0)C(X)-CH,],, X=H Poly-F,A
Poly-1H, 1H, (n + 1)H-(partialfluoroalkyl) acrylate n=4,6,8,10
X = CHs Poly-F,MA

methacrylate
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Scheme 1. Mean free path of scattering electrons with the soft X-ray absorption of organic thin films.

Table 2. Standard Samples

Edge Standard samples Peak position'®!
CK Hexatriacontane (HTC) 287.80 eV (Cls—c™(C-H) transition)
FK Perfluorotetracosane (PFT) 693.97 eV (Fls—c™(C-F) transition)

0.3 eV at the C K-edge. The NEXAFS spectra were measured
without any pre-annealing and no contribution from the substrate
of NESA glass could be detected. In addition, no drastic structur-
al changes such as bonding scission® of fluorocarbons could be
found from IR spectroscopy and X-ray diffraction results taken
before and after the measurements of NEXAFS spectra.

Analytical Procedures of NEXAFS Spectra. a. Correc-
tion of Photon Energies on the X-Axis:  From the measure-
ments of the polarized NEXAFS spectra for the standard samples
of oriented films deposited by evaporation at magic angle on sev-
eral edges (Table 2), the energy on the X-axis was corrected by the
obvious peak positions.

b. Normalization of Spectral Intensity on the Y-Axis:  The
relative intensities of every peaks in NEXAFS spectra were cor-
rected for variation of the incident angles accompanying changes
of the probing area on the sample. The changes of the peak inten-
sity with decrease of the ring current were normalized by the
edge-jump, which corresponds to the transition to the continuous
state in higher energy region than vacuum level, that is, the differ-
ence of the base lines before and after the absorption bands of
spectra.

From the angular dependence of the normalized intensity of
NEXAFS spectra plotted against the incident angles, it is possible
to compare and discuss the order of molecular orientation, de-
pending upon the film types and the chemical modification.

c. Spectral Analysis (Curve Fitting) of NEXAFS Spectra:
According to the literature,”!! the obtained NEXAFS spectra were
deconvoluted by fitting the following Gaussian function from the
lower to the high photon energies. The Gaussian equation was ex-
pressed by the following I,

I, = H X exp{—1/2[(E — P)((ITc)I*} (1)
where I' = E X m + b (antisymmetric parameters m and b were

constants), F£ is a photon energy near the resonance (generally
from zero values at the peak position of the step), H is a peak

height, P is the peak position, and ¢ = 2 X (In 4)"? = 2.355,
respectively.

d. Determination of the Molecular Orientation Angle:
The orientation angles of fluorocarbon side-chains for several
comb polymers in the films were determined by comparison of the
polarized dependence of the peak intensities for the NEXAFS
spectra with the calculations based on the following uniaxial mo-
lecular orientation in the films.?>*° In contrast to the hydrocarbons
with the trans zig-zag conformation, the fluorocarbons take the
helical conformation having nearly thirteen carbons per period. In
the case of fluorinated comb polymers, if one assumed the uniaxi-
al molecular orientation of the helical axes to the surface normal,
the helix conformation of the fluorocarbon with C-F bonds tilted
on the average 75.7° to its normal axis could be estimated in the
film,*'33%32 35 indicated in the inset of Fig. 10,>!° The normalized
intensity is given by:

B
R = ) 3
(1 — 3sin°B)B + 4sin°f
B = 25in?0 + 2 sin*a — 3 sin’@ sin’;
6: incident angle, f3: angle of refraction,

The orientation angle of the fluorinated side-chains was obtained
by fitting the polarized dependence of the normalized peak inten-
sity of 0™(C—F) at 694 eV for the NEXAFS spectra to the angular
dependence curves with the assumed molecular orientation.**3!

Results and Discussion

(1) Spectral Analysis and Comparison of Molecular Ar-
rangements of X- and Z-type Monolayers for the F K-edge
NEXAFS Spectra of Fluorinated Comb Polymer Films and
Their Dependence on Chemical Structure. The NEXAFS
spectra at the F K-edge and C K-edge for the fluorinated comb-
polymer films were deconvoluted by fitting several Gaussian
functions from the lower to the high photon energy and each
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Poly-FF;oEA
X-type 10 layers
Normal incident

Poly-FF;oEA
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Grazing incident (6=50°)

- helical axis
<G
=14
F
680 725
Photon energy / eV
Transition level
Peaks Photon energy from Fls
a 694.0 eV 6*(C-F)
b 696.6 eV ¢*(C-F)
c 698.3 eV ¢*(C-C)
Fig. 1. Deconvolution of the F K-edge NEXAFS spectra for

the X-type 10 layers of Poly-FF(EA film and their assign-
ments in the bottom.

band could be assigned by referring to the literature values.
For examples, the F K-edge NEXAFS spectra for the X-type
10 layers of Poly-FF;(EA with the normal and grazing X-ray
incidence could be assigned to transitions from the F1s level to
the 6™(C—F) and o*(C-C) levels at 694.0 & 696.6 eV and
698.3 & ~709 eV, respectively, as shown in Fig. 1 with the
Table at the bottom. The symbol E means the electric vector.
These assignments are consistent with the early work for evap-
orated films of perfluorotetracosane presented by Seki, et al.;'
the assignments of peaks at higher energy region were made
plausible by the curve fitting.

Figures 2(a) and (b) show the F K-edge NEXAFS spectra of
the X-type and Z-type monomolecular layers for Poly-FF;(EA
for various incidence angles. It is found that both spectra de-
pend significantly upon the incidence angle at the monolayer
level. The peaks at 694 and 698 eV have been assigned to the
transitions from F1s to the 6™(C-F) and ¢*(C—C) orbitals, re-
spectively. The relative intensity of the 6™(C—F) peak, attribut-
able to the fluorocarbon side-chains, with respect to the o* (C-
C) becomes maximum at normal incidence and weakened at
grazing incidence (6 = 70°) for both films. These results sug-
gest that the transition moments of the 694 eV band were rath-
er parallel to the surface, indicating the nearly perpendicular
orientation of the fluorocarbons. Compared to the Z-type film,
in which the fluorocarbon side-chains are exposed to air, the
X-type film, in which the outermost surface consists of the

a o *(C-F) peaks
@ 694 ¢V, 6*(C-F) | 30 L
698 eV

6*(C-C)

0 10 20 30 40 50 60 70
Incident angle / degrees

PEY intensity / arb. units

i . 1 ) n
680 690 700 710 720

Photon energy / eV

(b)

PEY intensity / arb. units

680 690 700
Photon energy / eV

Fig. 2. Incident angle dependence of F K-edge NEXAFS

spectra for (a) X- and (b) Z-type monolayers (25 mN m™ !,
5 °C) of Poly-FF;;EA on NESA glass substrate glass sub-
strate. (inset Fig. 1(b)). Plots of the normalized 694 eV
peak intensity vs. the incident angle, as indicated in the in-

set of Fig. 1(a).

polymer main-chains, produces a higher normalized ¢™(C-F)
intensity, as shown in the inset of Fig. 2(a). It is therefore plau-
sible that the uniformity of molecular alignments of the fluoro-
carbons in the outermost layers was degraded during or subse-
quent to the deposition, although the toughness of the polymer
main-chain remained unchanged at the molecular level. Figure
3 shows the change in the NEXAFS spectra for the monomo-
lecular films of fluorinated comb polymers with different o-
substitutions of —H and —CH3 at the hydrophilic polymer main-
chains and with hydrogen (H) atoms instead of fluorine (F) at-
oms at the @-position of the fluorocarbons. A clear angular de-
pendence can be observed, suggestive of highly ordered mo-
lecular arrangements in the X-type monomolecular layers of
Poly-FF|(EA, Poly-FF,(EMA, Poly-F|yA and Poly-F,\MA.
All these films exhibited similar plots of the normalized 694
eV peak intensity versus the incident angle. The contribution
of the 6™(C—F) orbital (694 eV) attributable to fluorocarbon
side-chains was largest at the normal incidence, whereas the
o*(C-C) orbital (698 eV) became prominent at the grazing
incidence. These results indicate that the fluorocarbon side-
chains stand almost vertically and are anchored to the polymer
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Fig. 3. Incident angle dependence of F K-edge polarized NEXAFS spectra for X-type monolayers (25 mN m™!, 5 °C) of (a) Poly-
FF,(EA, (b) Poly-FjoA, (c) Poly-FF,(EMA, and (d) Poly-F;(MA on NESA glass substrate. Plots of the normalized 694 eV peak

intensity vs. the incident angle, as shown in the insets.

main-chains in the monolayers, irrespective of the chemical
structures.

(2) C K-Edge NEXAFS Spectral Analysis and Structural
Estimation for Mono- and Multilayers of the Fluorinated
Comb Polymers. Figure 4 shows the deconvolution of the C
K-edge NEXAFS spectra for the X-type 10 layers of Poly-
FF(EA with the normal and grazing X-ray incidence. The
transition bands from the Cls level were assigned as listed in
the bottom table. The three peaks at the lower energy region
were assigned to transitions from the Cls to the 6™(C—H) and
7*(C=0),**7* which could be considered without any contri-
bution to the orientation of fluorocarbons. Figure 5 shows the
C K-edge NEXAFS spectra for the X-type monomolecular
comb polymers films with hydrogen atoms (Poly-F,oA) instead
of fluorine atoms (Poly-FF|(EA) at the @-positions of the fluo-
rocarbon side-chains. The peaks at 293 and 296 eV can be as-
signed to the transitions from Cls to the 6™(C-F) and ¢™(C—C)
orbitals, respectively.' The relative intensity of the o™(C-F)
peak, also attributable to the fluorocarbon side-chains, with re-
spect to the 0™(C—C) becomes maximum at normal incidence
and weakened at the grazing incidence (6 = 70°) for both
films. In these cases, a clear angular dependence can also be
observed, suggestive of highly ordered molecular arrange-

ments in the X-type monomolecular layers of both Poly-
FF(EA and Poly-F (A, whereas the normalized Cls—6™(C-F)
peak intensity of Poly-FF|(EA exhibited higher values as com-
pared with those of Poly-FjyA. Since thresholds of the transi-
tion from Cls and F1s to the 6*(C-F), 6"(C-C), 6"(C-H) and
7*(C=0) are different and the molecular orientation could not
be estimated from the angular dependence of several peaks ex-
cept for the C1S and F1S—o™(C-F) transitions due to uncer-
tainty of peak positions, quantitative analysis of transition
peaks based on the normalization by edge-jump can be done at
C1S and F1S-0*(C—F) peaks only.

(3) Effects of Inter- and Intralayer Hydrogen Bonding
on the Molecular Orientation in Organized Molecular
Films of the Fluorinated Comb Polymers Having Hydro-
gen Atom at the @-Position of the Side-Chains. Due to the
effect of interlayer hydrogen bonding, subsequent layers of the
comb polymers with hydrogen atoms at the w-position of the
side-chains of the fluorocarbons in multilayer films exhibited
varying degrees of disorder. Figure 6 shows the F K-edge
NEXAFS spectra for the X-type multilayer (10 layers) films of
Poly-FF|(EA, Poly-FF,(EMA, Poly-F;yA and Poly-F;)MA.
The structural information of the top few layers was obtained,
taking into account the probing depth of the PEY mode.”!”
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Fig. 4. Deconvolution of the C K-edge NEXAFS spectra for
the X-type 10 layers of Poly-FF(EA film, and their assign-
ments in the bottom.

Again, there is a clear variation with respect to the incidence
angle. From the plots of normalized 6™(C-F) intensity, the
upper layers in the X-type multilayer films appear to be well-
ordered. In particular, the multilayer Poly-FF,;(EA and Poly-
FF(EMA films were more highly ordered than the monolayer
films. However, the multilayer film of Poly-F oA, having hy-
drogen atoms at the w-position of the fluorocarbon side-chains,
was notably disordered and the normalized intensity of the
o*(C-F) peak remained constant irrespective of the incident
angle.

Figure 7 shows the C K-edge NEXAFS spectra for the mul-
tilayers of comb polymers films with hydrogen (H) atoms
instead of fluorine (F) atoms at the @-position of the fluorocar-
bons. The multilayer film of Poly-FjoA, having hydrogen
atoms at the @-position of the fluorocarbon side-chains, no
longer depended on the incident angle and the normalized
intensity of the 6™(C—F) peak remained constant irrespective
of the incident angle.

Figure 8 shows the plots of the normalized intensity of the
0™*(C—F) peak on F K-edge polarized NEXAFS spectra vs. the
incident angles, varying with the number of layers for the X-
type films of Poly-FF(EA and Poly-F(A. For the Poly-
FF(EA film the increase of the normalized intensity with the
number of layers was clearly observed, suggesting the well-or-
dered layer-structures due to formation of a crystalline-like
packed molecular arrangements and with less influence for the
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Fig. 5. Incident angle dependence of C K-edge polarized
NEXAFS spectra for X-type monolayers (25 mN m™', 5
°C) of (a) Poly-FF(EA and (b) Poly-Fj,A on NESA glass
substrate. Plots of the normalized 293 eV peak intensity
vs. the incident angle, as shown in the insets.

surface roughness on the substrate. In the case of Poly-Fj A
the above-mentioned angular dependence of the intensities was
observed for the film below 6 layers, whereas the intensities
were unchanged with the incident angles for the films above 8
layers. These facts indicate that the molecular ordered struc-
tures decreased gradually with the number of layers and that a
random orientation of the molecules appeared in the films with
more than 8 layers. This is probably due to the interlayer hy-
drogen bonding between w-position hydrogen atoms and car-
bonyl groups of the Poly-FjoA film. The infrared spectra of
these films suggested the hydrogen bonding from the shift of
the Vc—o bands from 1750 cm™! (free of hydrogen bonding) to
1730 and below 1700 cm ™.

The formation of the intralayer hydrogen bonding between
w-position hydrogen atoms and carbonyl groups was observed
in the monolayer by the spreading from mixed solvents of
CF;COOH and n-hexane as the good and poor solvents, re-
spectively,'® Here the carbonyl band of the IR spectra for the
Poly-F A film was shifted and split, and the surface morphol-
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ogy with clear irregular domains was observed by Brewster

angle, scanning electron, and atomic force microscopies. In
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order to support these results, the change of molecular arrange-
ments in the several monolayers was also examined by polar-
ized F K-edge NEXAFS spectroscopy. Figure 9 shows the
dependence of the incidence angle on the F K-edge NEXAFS
spectra of the transferred Z-type monomolecular layer on
NESA glass at 15 mN m ™! for Poly-FA spread from the trif-
luoroacetic acid:n-hexane = 1:1 mixed solution, indicating
the well-ordered molecular orientation of the fluorinated comb
polymer in this monolayer. The fluorocarbon side-chains have
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g [
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Fig. 10. Plots of the normalized 6*(C-F) peaks of NEXAFS
spectra vs the incident angle for various molecular orienta-

tions assumed by the uniaxial in the X-type 10 layers of the
fluorinated comb polymers.

a slight tendency of random alignments, accompanied with
addition of the poor solvent into the spreading solution on the
monolayer level resolution.

(4) Estimation of the Orientation Angles for the X-Type
10 Layers of Fluorinated Comb Polymers. Figure 10
shows the estimation of the orientation angle for Poly-FF,(EA,
Poly-FF,(EMA, Poly-F;yA and Poly-F;)MA molecules in the
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X-type 10 layers from the polarized F K-edge NEXAFS spec-
tra. Assuming the uniaxial molecular orientation in the film
and taking the tilted angle 14.3° of the —CF, plane to the per-
pendicular direction of the molecular axis of the fluorocarbon,
we determined the orientation angles of the fluorinated side-
chain by comparison of the polarized dependence of the nor-
malized peak intensity for the NEXAFS spectra and the ideal
orientation angular curves. These results show that the fluoro-
carbons of Poly-FF(EA are in almost perpendicular orienta-
tion to the surface. This result agreed clearly with the value
estimated by the previous X-ray diffraction study.'® Poly-F,,A
were apparently orientated at the magic angle or showed little
polarization dependence due to a random conformation. This
figure indicated also the orientation of the fluorocarbons of
Poly-FF,(EMA and Poly-F;)MA molecules in the transferred
films, and those are found to be tilted about 20° or 40° to the
surface normal. This lack of dependence of the incidence an-
gles i.e., the glancing angles on the normalized intensities of
the side-chains of Poly-F,pA and Poly-F;MA can be ascribed
to some random orientation in the films due to the hydrogen
bonding.

(5) Dependence of the Side-Chain Length on the Struc-
tures of the Molecular Assemblies of the Comb Polymers.
In the case of various lengths (n) of the fluorocarbon side-
chains for the comb polymers of Poly-FF,EA and Poly-F,A,
the angular dependence of the F K-edge NEXAFS spectra for
X-type monolayers are shown in Fig. 11. No clear change of
the normalized intensity of the 6™(C—F) peak at 694 eV with

the incident angles could be observed for the films with n = 4
and 6, suggesting that the comb polymers with the shorter fluo-
rocarbon side-chains below n = 6 form random conformations
of the fluorocarbons in the films. The ¢™(C—C) bands at 698
eV in the spectra changed slightly with the incident angle,
reflecting any different conformations and inductive effects of
the fluorocarbons. Although molecular orbital and band calcu-
lations have been employed in the previous studies in an
attempt to interpret features in the high-energy region of
NEXAFS spectra,”!® the high-energy bands observed in the
present study are not readily interpretable.

Conclusion

The angular dependence of the incident X-ray on the NEX-
AFS spectra for the organized molecular films of fluorinated
comb polymers on solids gives very useful information on the
orientation of the fluorocarbon side-chains of those polymers.
Minor changes in the chemical structure of fluorinated comb
polymers, such as changing the a-methyl substituents on the
polymer backbones and substituting the hydrogen atoms in-
stead of the fluorine at the w-position of the fluorocarbons,
were found to affect significantly the polarization dependence
of NEXAFS spectra of the transferred films. The hydrogen
substitution at the @-position of the fluorocarbons is con-
sidered to allow the formation of hydrogen bonds with the
carbonyl groups of the esters and to distort the molecular ori-
entation in the comb polymer films. The NEXAFS spectra,
clearly related to the uniformity of the molecular orientation in
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the films, were also observed to vary according to the film type
(X or Z) and the number of layers in the multilayer films as
well as the fluorocarbon side-chain length.
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