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ABSTRACT: The surface composition and near-surface depth profiles of annealed films of poly(amide
urethane) block copolymers were measured using angle-dependent electron spectroscopy for chemical
analysis (ESCA). Segregation of the fluorinated polyamide soft segment to the surface was detected and
quantified. The poly(amide urethane)s were made from amine-terminated polyamides with N-alkylated
fluorinated side chains as well as fluorinated backbones, methylenebis(cyclohexandiyl diisocyanate) (H12-
MDI), and butanediol.1 The resulting copolymers display extremely low surface energy. A deconvolution
program was utilized to obtain composition-depth profiles and to confirm phase segregation.

Introduction

The synthesis and characterization of low surface
energy poly(amide urethane) block copolymers have
been previously reported by the University of Pittsburgh
group.1 Analysis of contact angle measurements indi-
cated a surface dominated by the fluorinated compo-
nents; we are interested in further discerning the
composition and morphology of the surface at the air-
polymer interface. In the present work, angle-depend-
ent electron spectroscopy for chemical analysis (ESCA)
is employed, and the topmost 100 Å of annealed films
has been examined.
Since photoelectron intensities detected by ESCA are

convoluted signalssi.e., all atoms in the path of the
X-ray contribute to the signal2sdeconvolution methods
must be used to obtain composition-depth profiles.
Such methods have been employed by several research
groups, including a method of regularization by Ratner
et al.3 used to analyze polymers and several different
deconvolution algorithms introduced and compared by
Fulghum et al. for the determination of overlayer
thicknesses and/or concentration gradients.4 The present
work utilizes a recently developed numerical method
that simulates depth profiles of the individual compo-
nents in a block copolymer by introducing boundary
conditions based on the composition.5

The series of fluorinated polyamides and their corre-
sponding poly(amide urethane) block copolymers de-
scribed in structures 1 and 2, along with Tables 1 and
2, were studied. The present work focuses on samples
which have been annealed to attain a thermodynamic
equilibrium. Since fluorocarbons display very low sur-
face energy, these poly(amide urethane)s would be
expected to have a low energy surface if there was
microphase separation. Previous work reported contact
angle measurements and determined critical surface
tensions as low as 11 dyn/cm;1 therefore, such phase
segregation was suspected. The low energy surface
properties of these copolymers make them potential

candidates for minimal-fouling coating applications.6,7

Experimental Section
Sample Preparation. The preparation of the poly(amide

urethane) block copolymers has been previously described.1
The structures of the copolymers are shown in structures 1
and 2, with their compositions and code names given in Tables
1 and 2.
The films of the polymers were prepared by casting 0.2-

2.0% solutions from 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP)
or the mixed solvents of dimethylacetamide and tetrahydro-
furan onto aluminum foil. The films were annealed in an
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Table 1. Four Different Polyamides and Their Code
Names

n m

total no. of
fluorines per
repeat unit code name

1a a 3 0 0F-6F
1b 1 3 5 5F-6F
1c 1 4 5 5F-8F
1d 6 3 15 15F-6F
a Prepared with a nonfluorinated propyl side chain.

Table 2. Four Different Poly(amide urethane)s and
Their Code Names

n m

total no. of fluorines
per repeat unit of
polyamide blocks code name

wt %
polyamide

2a a 3 0 0F-6F-HBb 44
2b 1 3 5 5F-6F-HB 45
2c 1 4 5 5F-8F-HB 30
2d 6 3 15 15F-6F-HB 37

a Prepared with nonfluorinated propyl side chain. b H ) H12MDI
and B ) butanediol.
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Abderhalden pistol for 48-72 h at several degrees above their
glass transition temperatures.1 Ultrasonic extraction of the
films in hexane did not produce significant differences in ESCA
measurements. Thus, evanescent surface impurities can be
eliminated as a contribution to the results.
Instrumentation. Angle-dependent ESCA data were ob-

tained using a Physical Electronics (PHI) Model 5100 spec-
trometer equipped with a Mg/Ti dual-anode source and an Al/
Be window. The system uses a hemispherical analyzer with
a single-channel detector. Mg KR X-rays (1253.6 eV) were
used as an achromatic source, operated at 300 W (15 kV and
20 mA). The base pressure of the system was lower than 5 ×
10-9 Torr, with an operating pressure no higher than 1 × 10-7

Torr. A pass energy of 89.45 eV was used when obtaining the
survey spectra, and a pass energy of 35.75 eV was used for
the high-resolution spectra of elemental regions. Spectra were
obtained at the following take-off angles: 10, 15, 30, and 90°.
The instrument was calibrated using Mg KR X-radiation: the
distance between Au 4f7/2 and Au 4f5/2 was 3.65 eV, the distance
between Au 4f7/2 and Cu 2p3/2 was set at 848.67 eV, and the
work function was set using Au 4f7/2 and Cu 2p3/2 and checked
using Au 3d5/2. All metals were sputter cleaned to remove
oxides. Full width at half-maximum for Ag 3d3/2 was measured
to be 0.8 eV at a count rate of 30 000 counts.
ESCA Data Calculations. With the sensitivity factors

provided in the software supplied by PHI and verified by Vargo
and Gardella8 using polymer standards, the peak area integra-
tion and subsequent composition calculation (atomic percent-
ages) were performed using a Perkin-Elmer 7500 professional
computer running PHI ESCA Version 2.0 software. From the
atomic percentages, composition-depth profiles were achieved
using the following protocol.
In the previous work using the numerical method,5,9 the

poly(dimethylsiloxane urethane) (PDMS-PU) segmented co-
polymer chains are divided into soft and hard segments. Since
nitrogen is unique to the hard segments, the weight percentage
of PDMS (soft segment) or polyurethane (hard segment) can
be calculated from the atomic ratio of nitrogen to carbon (N/
C).5 In the present work, the poly(amide urethane) copolymers
can be similarly divided into soft and hard blocks. However,
it could be misleading to use fluorine to represent the entire
soft block in the copolymer with long fluorinated side chains,
particularly in the case of copolymer 15F-6F-HB.
In copolymer 15F-6F-HB, much of the fluorine is contained

in the side chain. Therefore, the long side chains would
expectedly orient toward the air-polymer interface due to
their lower surface energy when the copolymer is solution-
cast into films (see Scheme 1). In other words, the side chains
and the backbones in the same soft block could position at
different depths with the side chains closer to the surface.
Consequently, if one uses fluorine to label the whole soft block,
one would inevitably “locate” the soft block, especially the
backbones, at a shallower depth than the actual. The resulting
profile of the soft block concentrations versus sampling depths
would deviate. This possibility prompted us to determine the
concentration-depth profile of CFx (representing CF2 and CF3)
segments instead.

The principle of revealing the concentration-depth profile
of CFx is the same as that described in ref 5. The intensities
of the photoelectronic response from fluorine and carbon atoms
as functions of the take-off angles can be formulated as

where I is the detected intensity of photoelectrons from a given
atom, subscripts F and C denote fluorine and carbon, respec-
tively, θ is the take-off angle, F is the X-ray flux, R is the cross-
section of photoionization in a given shell of a given atom for
a given X-ray energy, N(x) is the depth profile of the atomic
density, x is the vertical distance from the free surface, K is a
spectrometer factor, and λ is the escape depth of the electrons.
For convenience, assuming F, R, and K are independent of

x and defining normalized intensity I′(θ) as I(θ)/(FRK), one can
integrate eqs 1 and 2 and obtain

or

Normalized intensities for different atoms at a take-off angle
θ, usually reported as a ratio, such as IF′/IC′, can be obtained
from the ESCA data.
As mentioned previously, the polymer chains were divided

into the CFx component and the non-CFx component. The
weight fraction (C) of CFx segments, the number density (η)
of carbon atoms in CFx segments, the number density (σ) of
carbon atoms in the non-CFx component, and the atomic ratio
(γ) of F/C in CFx segments for different copolymers were
calculated and summarized in Table 3.
To facilitate the understanding of the above definitions and

their calculations, a set of sample calculations of the values
of C, η, σ, and γ for 15F-6F-HB copolymer is given explicitly
as follows:

Scheme 1. Proposed Surface Structure of the
Poly(amide urethane)s

Table 3. Values of C, η, σ, and γ Used in Recovering the
Concentration Profiles of CFx

copolymers C η σ γ

0F-6F-HB 0.163 40.00 54.48 2.00
5F-6F-HB 0.319 18.04 57.82 2.29
5F-8F-HB 0.220 18.26 56.53 2.25
15F-6F-HB 0.314 19.14 57.15 2.12

dIF(θ) ) FRFNF(x)Ke
-x/(λF sin θ) dx (1)

dIC(θ) ) FRCNC(x)Ke
-x/(λC sin θ) dx (2)

IF′(θ) ) IF(θ)/(FRFK) )∫0∞NF(x)e
-x/(λF sin θ) dx (3)

IC′(θ) ) IC(θ)/(FRCK) )∫0∞NC(x)e
-x/(λC sin θ) dx (4)

IF′(θ)/IC′(θ) )

[∫0∞NF(x)e
-x/(λF sin θ) dx]/[∫0∞NC(x)e

-x/(λC sin θ) dx] (5)

C ) (wt % polyamide) ×
(MW of CFx segments in one repeat unit of the
soft block)/(MW of one repeat unit of the soft block)

) 37% × 888/1048

) 0.314

η ) (no. of carbons in CFx segments) ×
103/(MW of CFx segments in one repeat unit of the

soft block)

) 17 × 103/888

) 19.14 [L-1]
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Given that ν(x) is the depth profile of CFx segments (i.e.,
the volume fractions of CFx segments as a function of sampling
depth), atomic depth profiles for fluorine and carbon can be
derived as eqs 6 and 7, assuming the difference between weight
fraction and volume fraction values is negligible.

Then, eqs 6 and 7 are inserted into eq 5, giving

So far, the only variation except x on the right-hand side of eq
8 is ν(x). If ν(x) is known, IF′(θ)/IC′(θ) can be calculated,
although, in reality, IF′(θ)/IC′(θ) (see Table 5), instead of ν(x),
is readily available.
In this work, we constructed a mathematical equation (eq

9) with five variables to simulate ν(x) in eq 8.

where ν(x) is the volume fraction of CFx segments, H is a
parameter relevant to the magnitude of the trough on the
profile, x is the distance from the surface (in angstroms), X is
the location of the trough of the profile, S1 characterizes the
shape of the profile to the left of the trough, S2 characterizes
the shape of the profile to the right of the trough, C is the
volume fraction of CFx segments in the bulk (again, assuming
the difference between weight fraction and volume fraction
values is negligible), and b evaluates the height of the plateau
in the profile.
The ratio of the detected intensities of photoelectrons from

fluorine and carbon, designated as R, can be calculated using
eq 9 through adjusting the five variables and compared with
experimental values.
To reach optimal values for the variables, the following

objective function was used.

where n is the number of take-off angles. The optimization
was achieved using the algorithm developed by Dr. Tai Ho and
programmed in Mathcad 5.0.
Upon data fitting, the influence of the different inelastic

mean free paths (IMFP) for C1s and F1s electrons was consid-
ered and corrected. The IMFPs for C1s and F1s were calculated
with the modified Bethe10 equation since the Seah-Dench11
equation tends to overestimate the IMFP in the low-energy

region while underestimating the IMFP in the high-energy
region.10 The resultant IMFPs of C1s electrons are 30 Å for
copolymers 0F-6F-HB, 5F-6F-HB, and 5F-8F-HB (see
Scheme 1 for chemical structures) with estimated densities12
of 1.14, 1.27, and 1.22 g/cm3, respectively, and 28 Å for
copolymer 15F-6F-HB with an estimated density of 1.29
g/cm3. The IMFPs of F1s electrons are 20 Å for copolymers
0F-6F-HB, 5F-6F-HB, and 5F-8F-HB and 18 Å for
copolymer 15F-6F-HB.

Results and Discussion
In ESCA, there are two ways to evaluate the composi-

tion in the near-surface region, i.e., elemental analysis
and curve fitting.13 In this case, one could use elemental
analysis of fluorine, which can be quantitatively related
to the soft block, and/or the analysis of the intensity of
the chemical shift due to the CFx fraction of functional
groups containing carbon.13 For the latter approach, a
typical ESCA C1s spectrum for copolymer 15F-6F-HB
at 10° take-off angle is shown in Figure 1a. The large
peak at ∼290.5 ( 0.1 eV represents fluorocarbons, the
small middle peak represents carbonyl carbons, and the
peak at ∼285.0 ( 0.1 eV identifies the hydrocarbons.
The dominance of the C1s peak at ∼290.5 ( 0.1 eV
indicates a large concentration of fluorinated polyamide
soft block at the surface. In comparison with Figure
1a, the C1s spectrum for copolymer 15F-6F-HB at 90°
take-off angle is shown in Figure 1b, in which the
amount of hydrocarbon has grown relative to fluorocar-
bon. It suggests that the concentration of fluorinated
polyamide soft block at 10° take-off angle is higher than
that at 90°. In other words, the information from the
C1s region does show a trend of the concentration
gradient of fluorinated polyamide soft blocks in the
surface region. However, quantitative analysis using
curve fitting is not convenient because the inexact
knowledge of the binding energies of the functional
groups with fluorine and oxygen present makes curve
fitting in the C1s region difficult.14

σ ) (no. of carbons in the non-CFx component) ×
103/(MW of the non-CFx component)

) (19/352) × 63% × 103 + [10/(1048 - 888)] ×
37% × 103

) 57.15 [L-1]

γ ) (no. of fluorines in CFx segments)/
(no. of carbons in CFx segments)

) 36/17

) 2.12

NC(x) ) ην + σ(1 - ν) (6)

NF(x) ) ηνγ (7)

IF′(θ)/IC′(θ) ) [∫0∞ην(x)γe-x/(λF sin θ) dx]/

[∫0∞((ην(x) + σ(1 - ν(x)))e-x/(λC sin θ) dx] (8)

ν(x) ) 1 - H exp[-0.5(x - X)2/S1
2](1 - C) x e X

) 1 - {b + (H - b) exp[-0.5(x - X)2/S2
2]} ×

(1 - C) x > X (9)

ψ ) {(1/n)∑[[Rcal(H,X,S1,S2,b) - Rexp(θn)]/Rexp(θn)]
2}1/2

(10)

Figure 1. ESCA spectra of copolymer 15F-6F-HB in the C1s
region recorded at (a) 10° take-off angle and (b) 90° take-off
angle.
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Alternatively, atomic percentages of fluorine (% F)
were obtained from elemental analysis of ESCA results.
Table 4 lists the % F’s for polyamides 0F-6F, 5F-6F,
5F-8F, and 15F-6F (see Structure 1 and Table 1 for
chemical structures) and those for poly(amide ure-
thane)s 0F-6F-HB, 5F-6F-HB, 5F-8F-HB, and
15F-6F-HB at four take-off angles.
Interestingly, the % F’s for the polyamides in Table

4 and Figure 2 are slightly, but consistently, lower than
the calculated bulk or average values. We expected that
the values would be equivalent to bulk values since no
phase separation is expected in these samples. As
discussed previously, the IMFP for F1s electrons is
smaller than not only that for C1s electrons but also
those for O1s and N1s electrons. Consequently, in the
calculation of atomic percentages at a particular angle,
the signal intensity from F will be underestimated; on
the other hand, the signal intensities for C, O, and N
will be relatively overestimated, thereby resulting in
lower surface % F’s for polyamides than the theoretical
bulk % F’s. This serves well as direct experimental
evidence, prompting us to factor the IMFP in the later
depth profile calculations.
Of the two components in poly(amide urethane)s, the

fluorinated polyamide (soft block) has a lower surface
energy than the polyurethane (hard block). Thus, we
expect this soft block to segregate at the air-polymer
interface. The ESCA results in Table 4 and Figure 3
support this model. Even though they were under-
evaluated due to the shorter IMFP of F1s electrons, the
measured % F’s were still significantly (95% confidence
level) higher than the bulk % F’s at four take-off angles
for all the poly(amide urethane)s, and the % F’s for the
poly(amide urethane)s decrease from the air-polymer
interface to the bulk, consistent with the conclusion

drawn from the comparison of spectra a and b of Figure
1. In addition, the % F’s at four take-off angles listed
in Table 4 for the poly(amide urethane)s are close to
those for the corresponding polyamides. This similarity
suggests that there is a phase segregation so that the
polyamide is coating the poly(amide urethane) block.
The extent of surface segregation of the fluorinated

component strongly depends on the structure of the
fluorinated poly(amide urethane)s and the bulk com-
position. As shown in Figure 3, copolymer 5F-6F-HB
yielded a higher surface % F than 0F-6F-HB as a
result of a higher percentage of the fluorinated compo-
nent in the bulk and fluorinated side chain (see struc-
ture 2 and Table 2 for structure information). Copoly-
mer 5F-8F-HB displayed a substantially higher surface
% F than copolymer 5F-6F-HB although the latter has
a higher bulk % F than the former. This observation
could be attributed to “bending” toward the surface of
the longer fluorinated segments in the backbone of
copolymer 5F-8F-HB. It is of particular interest to
compare copolymer 5F-6F-HB with copolymer 15F-
6F-HB. Copolymer 15F-6F-HB displayed a remark-
ably higher % F than copolymer 5F-6F-HB even
though they have almost the same bulk % F. As
illustrated in structure 2 and Table 2, there are long
fluorinated side chains in copolymer 15F-6F-HB.
When the poly(amide urethane)s were solution-cast into
a film, it was expected that the low surface energy
fluorinated moieties would migrate and perhaps orient
toward the surface on solvent evaporation, forming a
surface morphology depicted (or schematically illus-
trated) in Scheme 1.1 Therefore, the longer the fluori-
nated side chain, the higher the surface % F expected.
As it is, in ESCA measurements, photoelectron in-

tensities detected are convoluted signals; i.e., all atoms
within the path of the probing X-ray contribute to the
signal but the contribution of each decreases exponen-
tially with the distance from the free surface.2 The
convoluted nature of the angle-dependent measure-
ments distorts depth profiles for samples with compo-
sitional gradients. To recover the true depth profiles
for such samples from atomic percentages of carbon and
fluorine listed in Table 5, the modified deconvolution
method, described above, was utilized.5

In contrast to the angle-dependent ESCA data in
Table 4, which merely suggest a monotonic increase of
the hard block, or a monotonic decrease of the fluori-
nated polyamide (soft block), from the surface to the

Figure 2. Atomic percentages of fluorine for polyamides; data
taken at 10°.

Table 4. Atomic Percentage of Fluorine in the Polymers
((5%), Determined by Angle-Dependent ESCA,

As Reflected by Peak Ratios Prior to Deconvolution

take-off angle

polymer 10° 15° 30° 90°
theoretical

% F

0F-6F 25 ( 1 25 ( 1 20 ( 1 21 ( 1 30.14
5F-6F 49 ( 3 49 ( 3 43 ( 2 43 ( 2 53.50
5F-8F 41 ( 2 42 ( 2 39 ( 2 40 ( 2 55.31
15F-6F 57 ( 3 55 ( 3 43 ( 2 44 ( 2 64.03
0F-6F-HB 24 ( 1 21 ( 1 18 ( 1 16 ( 1 13.26
5F-6F-HB 39 ( 2 36 ( 2 32 ( 1 27 ( 1 24.07
5F-8F-HB 45 ( 2 44 ( 2 42 ( 1 38 ( 2 16.59
15F-6F-HB 52 ( 3 51 ( 3 49 ( 3 43 ( 2 23.69

Figure 3. Atomic percentages of fluorine for poly(amide
urethane)s; data taken at 10°.
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bulk, Figure 4 displays the recovered in-depth concen-
tration profiles for copolymers 0F-6F-HB, 5F-6F-HB,
5F-8F-HB, and 15F-6F-HB. These results show
segregation or surface excess regions of the soft block
in the topmost layer followed immediately by the
depletion regions. This latter feature of the concentra-
tion-depth profile cannot be measured directly with
existing techniques. A reasonable explanation for this
feature is that the composition of the soft block inte-
grated over one polymer chain length must equal its
bulk composition (a constraint in our calculations).
Therefore, any surface excess layer of the soft block
must necessarily be followed by a depletion layer and
vice versa.
First, from these profiles an extrapolated “surface

composition” (x ) 0) can be determined and compared.
Volume fractions (νCFx) of CFx segments at the very top
surface (x ) 0) for copolymers 15F-6F-HB, 5F-8F-

HB, and 5F-6F-HB are 0.998, 0.919, and 0.847,
respectively, while that for copolymer 0F-6F-HB is
0.461. This follows the same trend as the 10° ESCA
data in Figure 3.
Second, as two important factors characterizing the

depletion zone (the trough), the depth from the surface
(i.e., the thickness of the surface excess layer) and the
magnitude (y value) can be evaluated. The depths of
the depletion regions for copolymers 15F-6F-HB, 5F-
8F-HB, 5F-6F-HB, and 0F-6F-HB are 26, 29, 17,
and 12 Å from the surface. As discussed earlier, poly-
(amide urethane)s with long fluorinated side chains
favor forming a thicker fluorine-rich layer in the surface
region upon solvent evaporation when solution-cast into
films. However, copolymer 0F-6F-HB does not have
such luxury, and a thinner fluorine-rich topmost layer
was observed. The magnitudes of the trough in the
profiles for copolymers 15F-6F-HB, 5F-8F-HB, and
5F-6F-HB are 0.740, 0.688, and 0.708, respectively,
while that for copolymer 0F-6F-HB is 0.238. These
values, 0.740, 0.688, 0.708, and 0.238, roughly correlated
with the bulk % F’s, 23.69, 16.59, 24.07, and 13.26, of
the copolymers.
The other specific comparisons can be made with

these data. Among the poly(amide urethane)s with
fluorinated side chains, copolymers 5F-8F-HB and
5F-6F-HB have the same fluorinated side chain, but
their backbones differ, as shown in structure 2 and
Table 2. As a result, copolymer 5F-8F-HB gives rise
to a higher surface concentration of CFx segments (νCFx
) 0.919). Furthermore, the trough of the depletion
region for copolymer 5F-8F-HB locates at 29 Å while
that for copolymer 5F-6F-HB locates at 17 Å. This
indicates the existence of a much thicker fluorine-rich
layer in the surface region of copolymer 5F-8F-HB,
due to the more readily “bending” of the fluorinated
backbone in copolymer 5F-8F-HB toward the surface.
Copolymers 15F-6F-HB and 5F-6F-HB have the

same backbone, but the length of their fluorinated side
chains is different. As shown in Figure 4, copolymer
15F-6F-HB exhibits a significantly higher surface
concentration of CFx segments (νCFx ) 0.998) and a much
thicker fluorine-rich layer (26 Å) in the surface region,
although it has almost the same bulk % F as copolymer
5F-6F-HB.
Although copolymer 15F-6F-HB gives rise to higher

surface concentration of CFx segments, νCFx ) 0.998 (x
) 0), than copolymer 5F-8F-HB, the thickness of the
fluorine-rich surface layer for the former (26 Å) is
equivalent (within error limits) to that for the latter (29
Å). This puzzling observation may be attributed to the
“bending” of the fluorinated backbone in copolymer 5F-
8F-HB toward the surface, further thickening the
fluorine-rich surface layer.

Conclusions

Surface segregation was observed for poly(amide
urethane) block copolymers. Higher concentrations of
surface segregation were discerned for those poly(amide
urethane)s with fluorinated side chains.
The composition-depth profiles extracted via a nu-

merical deconvolution method further demonstrated the
phase separation of the hard and soft blocks in the
copolymer. They demonstrate that poly(amide ure-
thane)s with fluorinated side chains form higher surface
concentrations of CFx segments and thicker fluorine-
rich surface layers. The molecular structures of the

Figure 4. Concentration depth profiles for poly(amide ure-
thane)s.

Table 5. Atomic Percentage of Carbon, Oxygen, and
Nitrogen in the Poly(amide urethane) ((5%) Prior to

Deconvolution

take-off angle

polymer 10° 15° 30° 90° theoretical

0F-6F-HB % C 58 ( 3 58 ( 3 56 ( 3 52 ( 3 63.68
% O 11 ( 1 13 ( 1 18 ( 1 25 ( 1 14.91
% N 7 ( 0 7 ( 0 8 ( 0 7 ( 0 8.15
% F 24 ( 1 22 ( 1 18 ( 1 16 ( 1 13.26

5F-6F-HB % C 44 ( 2 44 ( 2 41 ( 2 36 ( 2 55.38
% O 13 ( 1 15 ( 1 22 ( 1 33 (2 13.52
% N 4 ( 0 5 ( 0 5 ( 0 4 ( 0 7.03
% F 39 ( 2 36 ( 2 32 ( 1 27 ( 1 24.07

5F-8F-HB % C 44 ( 2 45 ( 2 47 ( 2 50 ( 3 60.40
% O 5 ( 0 5 ( 0 5 ( 0 7 ( 0 15.53
% N 6 ( 0 6 ( 0 6 ( 0 5 ( 0 7.48
% F 45 ( 2 44 ( 2 42 ( 1 38 ( 2 16.59

15F-6F-HB % C 39 ( 0 43 ( 2 43 ( 2 48 ( 2 56.14
% O 5 ( 0 4 ( 0 5 ( 0 5 ( 0 13.69
% N 4 ( 0 2 ( 0 3 ( 0 4 ( 0 6.48
% F 52 ( 3 51 ( 3 49 ( 3 43 ( 2 23.69
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poly(amide urethane)s with fluorinated side chains have
a profound influence on the composition-depth profiles.
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