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Analysis of the Surface Structure of a Built-up Film of 
Fluorocarbon Amphiphile sand Polymer/ (Fluorocarbon 
Amphiphile) Composite Thin Film by Means of X-ray 
Photoelectron Spectroscopy 
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ABSTRACT Angular dependent X-ray photoelectron spectra were obtained for the Langmuir-Blodgett (LB 
or built-up) film of a fluorocarbon amphiphile with two fluoroalkyl chains and a poly(viny1 alcohol)/(fluorocarbon 
amphiphile) composite thin film. A simple layer model was proposed to estimate the photoelectron mean 
free path in fluorocarbon bilayers. A comparison of the angular dependences of the observed XPS intensity 
with the calculated intensity for built-up film revealed that the photoelectron mean free path for C1, photoelectron 
(kinetic energy of ca. 970 eV) in built-up film is ca. 4.0 nm. Fluorocarbon amphiphilic molecules in the composite 
thin film form highly oriented bilayer lamella. The surface enrichment of fluorocarbon amphiphile in the 
surface of the composite thin film facing the air WM conf i i ed  by X-ray photoelectron spectroscopy. Application 
of layer models to the calculation of the composition profile of the composite thin film revealed that the surface 
of the composite thin film which contains more than 19 w t  % amphiphile was completely covered with an 
oriented bilayer of the amphiphile. 

Introduction 
The structure and properties of LangmuirBlodgett (LB 

or built-up) films have received much attention recently. 
This is due to the fact that the control of the state of 
molecular aggregation is easily achieved by the preparation 
technique developed by Langmuir' and BlodgetL2 Ap- 
plication studies concerning electron conduction, semi- 
conductors, biomaterials, etc. have been carried out by 
several  author^.^-^ 

X-ray photoelectron spectroscopy is a useful technique 
to characterize the surface composition of solids. Esti- 

* Author to whom correspondence should be addressed. 
Present address: Department of Applied Chemistry, Faculty of 

Engineering, Doshisha University, Karasuma Imadegawa, Kami- 
gyo-ku, Kyoto 602, Japan. 

*Department of Organic Synthesis. 

mation of the photoelectron mean free path in organic 
solids has been achieved by utilizing built-up 
Since the built-up film forms a highly ordered layer 
structure, it is a suitable material for the estimation of the 
photoelectron mean free path. The electron mean free 
path of the C1, photoelectron (kinetic energy of ca. 970 eV) 
in the built-up films of long-chain fatty acids ranges from 
4 to 5 nm.8 

A series of amphiphiles containing fluoroalkyl chains 
have been synthesized by Kunitake and co -w~rke r s .~J~  
Fluorocarbon amphiphiles form a bilayer structure in water 
and show phase transition behavior similar to that ob- 
served for biological lipids or artificial hydrocarbon am- 
phiphile~."-'~ The fluorocarbon amphiphiles can be im- 
mobilized by casting an aqueous solution of amphiphiIe 
with aqueous poly(viny1 al~oho!).~* The fluorocarbon am- 
phiphile molecules in this composite thin film form highly 
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1. Langumuir-alodgett Film 

2 C i C  3-de-C2N' 

Tc=351 K 

J 

PSS-K* 

2 .  Composite T h r e F i l n  

2CLC3-de-C2Nf I C H 2 C H f ; ;  
I 
OH 

PVA 

Figure 1. Chemical structures of fluorocarbon amphiphile and 
polymers used for the preparation of the built-up film and the 
composite thin film. 

oriented lamellae similar to those of built-up film.15-" 
In this study, the Langmuir-Blodgett (built-up) film of 

a fluorocarbon amphiphile with two fluoroalkyl chains was 
prepared and the angular dependent X-ray photoelectron 
spectra were measured in order to estimate the photo- 
electron mean free path. Also, a composite thin film of 
the fluorocarbon amphiphile and poly(viny1 alcohol) was 
prepared, and its surface structure was analyzed on the 
basis of the overlayer model. 

Experimental Section 
1. Preparation of Built-up Film. Figure 1 shows the 

chemical structures of the fluorocarbon amphiphile and polymers 
used for the preparation of LB film and the composite thin film. 
The preparation of this amphiphile has been described else- 
 here.^^'^ The surface pressure (r)-area ( A )  isotherms were 
obtained in order to determine the preparation conditions for the 
built-up film. The amphiphile was dissolved in an ethanol- 
benzene mixture (1:9 vol ratio) and spread on an aqueous solution 
of potassium poly(styrenesulfonate) (PSS-K+, 2 x l0"J unit mol/L 
in monomer unit) at 293 K. The measurement of the surface 
pressure (r)-area ( A )  curves and the deposition of surface 
monolayer were conducted by using a microprocessor-controlled 
film balance (FSD-20, San-Esu Keisoku Co., Ltd.) 

2. Preparation of Composite Thin Film. The fluorocarbon 
amphiphile and poly(viny1 alcohol) were used for the preparation 
of the composite thin films. The fluorocarbon amphiphile forms 
a stable bilayer membrane in water, which was dispersed in water 
by sonication. The dispersion was mixed with a water solution 
of poly(viny1 alcohol) (PVA) (MW = 154000). The composite 
thin film was prepared by casting a water solution of PVA with 
amphiphile on a clean glass plate at room temperature. The 
weight percentages of the amphiphile in the composite thin film 
were 19, 38, 58, and 83. 

3. Sample Characterization. Wide-angle X-ray diffraction 
(WAXD) and small-angle X-ray scattering (SAXS) patterns of 
the built-up film and the composite thin films were obtained by 
means of a photographic method. Cu Ka X-ray beams were 
generated with a Rigaku X-ray generator RU-200. 

4. X-ray Photoelectron Spectroscopy. The X-ray photo- 
electron spectra of the built-up films and the composite thin film 
were obtained with a Shimadzu ESCA750. The X-ray source was 
Mg Ka, which was obtained at 8 kV and 30 mA. The samples 
were attached to the probe, which was cooled to 233-243 K to 
avoid degradation and evaporation of the amphiphilic molecules 
during XPS measurement. Spectra were obtained in digital form. 
Curve fitting of the spectra was achieved by using a nonlinear 
least squares method to fi t  the digital data. The program used 
is SALS.18 A Gaussian-Lorentzian product function was assumed 
for the curve-fitting process. 

Results and Discussion 
1. Transfer Behavior of Monolayer. Figure 2 shows 

the surface pressure (a)-area ( A )  isotherms for the mon- 
olayer of fluorocarbon amphiphile a t  the subphase tem- 
perature of 293 K. The subphase was pure water (broken 

A lnm2.moiecule-' 

Figure 2. Surface pressure (r)-area (A) isotherms for a monolayer 
of fluorocarbon amphiphile at 293 K on pure water (broken line) 
and aqueous solution potassium poly(styrenesulf0nate) (solid l i e )  
subphase. 

2C~C,-de-C2N*/PSS-(x=35 mNlm) 

Figure 3. Transfer behavior of monolayer of fluorocarbon am- 
phiphile with aqueous solution of potassium poly(styrenesulfonate) 
subphase on polystyrene substrate. 

line) and an aqueous solution of PSS-K+ (solid line). The 
a-A isotherms for the amphiphile show a solid condensed 
phase above a surface pressure of ca. 30 mN m-l. Ex- 
trapolation of the linear portion of the condensed phase 
to zero pressure gave molecular areas of ca. 0.50 nm2. This 
value is twice as big as the molecular cross section of the 
fluorocarbon chain. The monolayer on the PSS-K+ sub- 
phase shows the condensed phase occurs at a lower surface 
pressure than on a pure water subphase. This is due to 
polyion complex formation between the ammonium group 
in the amphiphile and the sulfonate group in PSS. 
Multilayers of the fluorocarbon amphiphile-PSS complex 
were built up on the polystyrene substrate by the Lang- 
muir-Blodgett method. The buildup on the substrate was 
carried out a t  a surface pressure of 35 mN m-l. Figure 3 
is a histogram showing the apparent transfer ratio for the 
monolayer of fluorocarbon amphiphile with PSS-K+ sub- 
phase onto the polystyrene substrate. The monolayer on 
a pure water surface could not be deposited at 293 K under 
a surface pressure of 35 mN m-l. For the monolayer on 
PSS-K+ subphase, the transfer ratio during the down and 
up strokes was almost unity. This indicates that an almost 
Y-type membrane was obtained. 

2. Structure of Built-up Film and Composite Thin 
Film. The structure of built-up film was analyzed by 
means of wide-angle X-ray diffraction (WAXD) and 
small-angle X-ray scattering (SAXS). Figure 4 shows the 
wide-angle X-ray diffraction and small-angle X-ray scat- 
tering patterns of the fluorocarbon amphiphile-PSS 
built-up film. The X-ray beams were directed parallel to 
the film surface, as shown in Figure 4. The highly oriented 
diffractions of 4.40, 2.32, 1.55, and 1.15 nm were observed 
on the equator of the small angle region. Since the re- 
ciprocal ratio of these spacings is 1:2:3:4 ..., it is assumed 
that the fluorocarbon amphiphilic molecules in the built-up 
film will form bimolecular lamella.lg The long period for 
the built-up film was 4.4 nm, which agrees fairly well with 
the period obtained from the WAXD pattern of crystalline 
fluorocarbon amphiphile powder.17 These results indicate 
that the built-up film is formed as a Y-type membrane, 
this being expected from the transfer behavior shown in 
Figure 3. Since the bimolecular length of this amphiphile, 
evaluated from a CPK molecular model, is 4.9 nm, it is 
supposed that the amphiphile molecule may tilt ca. 30" 
perpendicular to the film surface. However, the off-me- 
ridional spots corresponding to the intermolecular distance 
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built-y, 
membrane 

X-ray surface 

T V  1.07nm 

b 
SAXS 

~c,Fc,-~~-c,N+/Pss-  
Figure 4. Wide-angle X-ray diffraction and small-angle X-ray 
scattering patterns for the built-up film of fluorocarbon am- 
phiphile prepared through polyion-complex formation. 

Figure 5. Schematic representation of the Structure model of 
a hilsyer of fluorocarbon amphiphilePSS polyion complex. 

suggest that each molecule tilts ca. 8' to the normal. Thus 
the structure in Figure 5 is proposed. In this model, each 
fluorocarbon chain tilts 8' to the normal, and mutual in- 
sertion of hydrophilic sections is assumed. Since the cross 
section of the hydrophobic fluorocarbon part is larger than 
that of the hydrophilic part, it is reasonable to assume a 
mutual insertion of hydrophilic groups. The highly or- 
dered structure of this built-up film is appropriate as a 
model material for XPS measurement. 

The state of aggregation of the amphiphilic molecules 
in the composite thin film was studied by wide-angle X-ray 
diffraction. Figure 6 shows the wide-angle X-ray diffrac- 
tion pattems of the composite thin films containing 19 and 
83 wt ?& of fluorocarbon amphiphiles. When the X-ray 
beam was directed perpendicular to the film surface (TV), 
two Debye rings corresponding to the intermolecular 
spacings of 0.46 and 0.49 nm were observed. When the 
X-ray beam was irradiated parallel to the film surface 
(EV), the WAXD showed the orientation of fluorwarhon 
amphiphilic molecules perpendicular to the film surface. 
The reflections observed on the meridian are 4.33, 2.16, 
1.46, 1.07, 0.72 ... nm. Since the reciprocal ratio of these 
reflection is 1 : 2 3 4  ..., it is concluded that the fluorocarbon 
amphiphile in the composite membrane forms bimolecular 
lamella. The formation of this oriented lamella was ob. 
served for the composite memhrane having 19 wt % 
fluorocarbon amphiphile. The intensity corresponding to 
the fluorocarbon amphiphile became more distinct with 
an increase in the weight fraction of fluorocarbon am- 
phiphile. 

3. Evaluation of Photoelectron Mean Free Path in 
B u i l t - u p  Film of Fluorocarbon A m p h i p h i l e P S S  

EV T V  
Figure 6. Wide-angle X-ray diffraction pttemn fur the mmpoaite 
thin film containing 19 and 87 wt 70 of fluonmrhon amphiphile. 
T V  and EV denote through view and edge view, respectively. 

Analyzer 

Figure I. Schematic representation of the relationship between 
the incident X-ray beam and an emitted phutwlertron. 

Figure 8. Angular dependent C,. spectra for the Langmuir- 
Blodgett (built-up) film of fluorocarbon amphiphilePSS polyion 
complex at 233 K. 

Polyion Complex. Figure 7 shows the relationships be- 
tween the incident X-ray beam and the emitted photo- 
electron, where 8, A, and d are the take-off angle of the 
emitted photoelectron, the photoelectron mean free path, 
and the sampling depth. respectively. The sampling depth, 
d, is proportional to the mean free path and sin 8.20 
Therefore, the signal from the surface region increases with 
a decrease in the take-off angle. 

Figure 8 is the CIS spectra of the built-up film of fluo- 
rocarbon amphiphilePSS polyion complex obtained for 
the takeoff angles of 90° and 15'. The XPS measurement 
was carried out a t  a specimen temperature of 233 K a t  
which degradation of amphiphile was not observed. The 
C, .  peak corresponding to the neutral aliphatic and aro- 
matic carhons is observed a t  285.0 eV. The C , .  peak ob- 
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Figure 9. Overlayer model for the evaluation of electron mean 
free path in the built-up film of fluorocarbon amphiphile-PSS 
polyion complex. 

served at  286.6 eV is assigned to the carbon adjacent to 
nitrogen and ether oxygen. The C1, peak corresponding 
to the carbonyl carbon is observed a t  288.6 eV. Also, the 
peaks at  292.1 and 294.4 eV were assigned to the C,, peaks 
from CF2 and CF,, respectively. The relative intensity of 
fluorocarbon to the total C,, intensity increased with a 
decrease in the take-off angle. This is due to the fact that 
the hydrophobic fluorocarbon group exists on the interface 
region between air and built-up film. The location of each 
carbon in the built-up film can be determined from the 
results of the wide-angle X-ray diffraction. Also, the 
specimen shows the S2p peak at  ca. 169 eV which is as- 
signed to the sulfonate group of PSS. 

Since sulfur atoms in PSS exist at the hydrophilic group 
in the built-up film, the magnitude of the electron mean 
free path in the built-up film can be evaluated from the 
variation of the relative intensity ratio of S2p to C,, with 
the take-off angle. This is done by comparing the mea- 
sured intensity with calculated intensity based on the lo- 
cation of carbon atoms determined from WAXD. It is 
possible to obtain the experimental intensity ratio of sulfur 
to carbon atoms by correcting for the kinetic energy de- 
pendence and photoionization cross section.20 Thus, the 
number ratio of sulfur to carbon atoms was evaluated from 
a simple layer mode1.8~21~22 Figure 9 shows the layer model 
for the built-up film of amphiphile. Since the atomic 
concentration distribution can be defined from this layer 
model, the variation of the XPS intensity with the take-off 
angle can be calculated from the following equations: 

IA a NA(1 - exp(-tA/Xc sin 0))  (1) 

I B  0: KNB(1 - exp(-tB/XS sin 0)) exp(-tA/Xs sin 0) (2) 

IC 0: Nc exp(-tB/Xc sin 0) exp(-tA/Xc sin 0) (3) 

where A, B, and C are the carbon atoms in the outermost 
surface, the sulfur atoms in hydrophilic group, and the 
carbon atoms in the second layer, respectively. NA, NB, 
and Nc are the concentrations of each atom in each phase. 
K in eq 2 is the correction factor including the difference 
in photoelectron ionization cross section and kinetic energy 
between sulfur and carbon atoms. Xc and As are photo- 
electron mean free paths for carbon and sulfur atoms. It 
is assumed that the dependence of X on the kinetic energy 
of a photoelectron follows Ashley's e q ~ a t i o n . ~ , , ' ~  tA and 
t B  are the thickness of each layer obtained from wide-angle 
X-ray diffraction. The relative intensity ratio of sulfur to 
carbon atoms can be calculated from 

= IB/Icarbon ( 4 )  

where IWbn is the total intensity of C1,. This calculation 
was carried out by extending this equation up to the sev- 
enth layer. It is verified that the contribution of the deeper 
layer can be neglected. 

Figure 10 shows a plot of the angular dependence of the 
relative intensity ratio of SZp to C,, (S/C) for the built-up 
film, which is normalized by the S /C a t  a take-off angle 
of 90'. The calculated value of S/C was obtained on the 
basis of the value of the layer model shown in Figure 9. 
The experimental data (open circles) agree with the cal- 
culated intensity curve if the mean free path for CIS 
electrons is assumed to be 3-4 nm. This value is quite 
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sin8 

Figure 10. Variation of the relative intensity ratio of the number 
of sulfur to carbon atoms ( S j C )  for the built-up film of fluoro- 
carbon amphiphile-PSS polyion complex with the take-off angle 
of the photoelectron. (0, observed; -, calculated). 

1 A F S  ' 9 ~ 1 %  240K 

290 
300 Binding Energyleb' 

Figure 11. C1, spectra for the air-facing surface (AFS) of the 
composite thin film containing 19 wt % fluorocarbon amphiphile 
at the take-off angles of 15' and 90°. 

- /' " 
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100 
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Figure 12. Variation of the fraction of fluorocarbon in total C1, 
on the AFS of the composite thin film with weight percent of 
fluorocarbon amphiphile at the take-off angles of 15' and 90'. 

similar to that obtained from the Ashley  parameter^.^^^^^ 
4. Surface Composition Profile of Composite Thin 

Film. The surface structure of the composite thin film 
was evaluated by means of XPS. Figure 11 shows the XPS 
spectra of C1, for the air-facing surface (AFS) of the com- 
posite thin film containing 19 wt 70 fluorocarbon am- 
phiphile a t  the take-off angles of 90' and 15O. The C,, 
peak observed at  286.3 eV is mainly contributed by the 
ether carbon in PVA. However, the C1, peaks at  292.1 and 
294.4 eV are assigned to the fluorocarbon groups. Thus, 
the relative intensity of C1, from fluorocarbon to the total 
CIS corresponds to the fraction of fluorocarbon on the 
surface. The relative intensity of fluorocarbon to the total 
C1, for a take-off angle of 15' was greater than that for a 
take-off angle of 90'. The analytical depth in the case of 
the take-off angle of 15' is one-fourth that of a take-off 
angle of 90". This indicates that the concentration of 
fluorocarbon on an outermost is larger than that of an 
inner one. 

Figure 12 shows the variation of the fraction of fluoro- 
carbon in the total C,, for AFS of the composite thin film 
with the weight fraction of fluorocarbon amphiphile. The 
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Figure 13. Overlayer model for composite thin film. F and P 
are the bimolecular lamella of fluorocarbon amphiphile and the 
poly(viny1 alcohol) layer, respectively. 

"bulk" indicates the fraction of fluorocarbon in total carbon 
calculated from the elemental composition of each speci- 
men. For a take-off angle of go", the relative intensity of 
fluorocarbon increased with the fraction of fluorocarbon 
amphiphile in bulk. The relative intensity of fluorocarbon 
in the lower fraction region of fluorocarbon amphiphile was 
larger than the calculated "bulk" value. This is due to the 
enrichment of fluorocarbon amphiphile on AFS. This 
occurs because of the extremely low surface free energy 
of the fluorocarbon groups in the amphiphile. With an 
increase in the weight fraction of amphiphile, the relative 
intensity of fluorocarbon for the take-off angle of 90" ap- 
proaches the bulk value. The relative intensity of fluo- 
rocarbon for the take-off angle of 15" is larger than that 
of 100% fluorocarbon amphiphile. This may be ascribed 
to the orientation of fluorocarbon chains to the interface 
between air and the composite thin film. 

For the quantitative analysis, a simple layer modelz5 was 
applied to the analysis of the surface composition of this 
composite thin film. Figure 13 shows the patchy overlayer 
model for the composite thin film; P and F denote poly- 
(vinyl alcohol) (PVA) and bimolecular membrane of 
fluorocarbon amphiphile, respectively. t in Figure 13 
corresponds to the layer thickness of fluorocarbon am- 
phiphile in the composite thin film. Since the fluorocarbon 
amphiphiles form bimolecular lamella, t is a multiple of 
bilayer thickness 4.4 nm. For simplicity, it is assumed that 
the concentration of each atom functional group is constant 
in each layer. If we assign NF, NB, and Np as the atomic 
percent of fluorocarbon in the F layer, of carbon atoms 
except fluorocarbon in the F layer, and of total carbon in 
the P layer, the contribution of each carbon atom to the 
C1, peak is expressed by 

(5) 

(6) 

(7) 

where IF, ZB, and I p  are the intensities from fluorocarbon 
in the F layer, from carbon atoms except for fluorocarbon 
in the F layer, and from total carbon in the P layer. G is 
a variable which indicates the fraction of the surface area 
covered with bimolecular lamella of fluorocarbon amphi- 
phile. The magnitude of Xc employed was 4 nm and was 
obtained for built-up film of fluorocarbon amphiphile. The 
fraction of fluorocarbon in the total CIS is expressed as 

XF = IF / ( I F  + IB + I P )  (8) 

The actual calculation was carried out by expanding the 
model up to the seventh layer. Another calculation was 
carried out for the layer model in which PVA layers exist 
as an overlayer of bimolecular lamella of fluorocarbon 

IF E NpG(1 - exp(-t/Xc sin e ) )  
ZB 0: NBG(1 - exp(-t/Xc sin e) )  

Ip a Np(1 - G + G exp(-t/Xc sin 0)) 

sine 

0.5 1 .o 
sin9 

t o ;  ' ' ' ' ' ' ' ' ' ' 

Figure 14. Variation of calculated fraction of fluorocarbon in 
total CIS for the AFS of the composite thin film with take-off angle 
as a function of the surface coverage ratio, G, based on the patchy 
overlayer model. The number of bilayers on the outermost surface 
is 0.5 (A) and 3.5 (B), respectively. Closed circles indicate the 
observed fraction of fluorocarbon for the composite thin film. 

I.? 0.5 

t ? k  
u o o ; 2 3 4 ?  

Number of bilayers 

Figure 15. Variation of calculated fraction of fluorocarbon in 
total CIS with the number of bilayers on the outermost surface 
at the take-off angles of 15' and 90'. 

amphiphile (Figure 13b). Since the fluorocarbon group 
shows low surface free energy compared with that of PVA, 
the model with fluorocarbon bilayer as an overlayer (Figure 
13a) has been employed. 

Figure 14 shows the variation of the fraction of fluoro- 
carbon in total C1, with the take-off angle of the photo- 
electron as a function of the fraction of surface coverage 
G with bilayer lamella of fluorocarbon amphiphile. The 
number of continuous bilayers on the outermost layer in 
Figure 14 is 0.5 (A) and 3.5 (B). The calculated curve in 
the case that the surface is completely covered with a 
bimolecular lamella of fluorocarbon amphiphile for the 
take-off angles of 15" and 90° agreed fairly well with the 
observed value for the composite thin film with 19 wt % 
of fluorocarbon amphiphile. This indicates that even for 
a small bulk fraction of amphiphile surface coverage with 
fluorocarbon amphiphile occurs due to the small surface 
free energy of the fluoroalkyl group. The calculated curve 
for complete coverage with more than four continuous 
layers agreed fairly well with the observed value for the 
composite thin film with 83 wt % fluorocarbon amphiphile. 
Figure 15 exhibits the variation of the fraction of fluoro- 
carbon to the total carbon with the number of bilayers a t  
the outermost surface in the case of complete surface 



622 Takahara et al. Macromolecules, Vol. 22, No. 2, 1989 

to estimate angular dependence of X-ray photoelectron 
spectra. The comparison of the observed intensity with 
the calculated intensity for the built-up film based on a 
layer model revealed that the photoelectron mean free path 
for CIS photoelectron (kinetic energy of ca. 970 eV) in the 
built-up film is 3-4 nm. The WAXD measurement re- 
vealed that the fluorocarbon amphiphile in the composite 
thin film formed highly oriented bimolecular lamellae. The 
surface enrichment of fluorocarbon amphiphile on the 
surface of the composite thin film was confirmed by X-ray 
photoelectron spectroscopy. A layer model was applied 
to the composite thin film in order to investigate the state 
of molecular aggregation in the composite thin film. It was 
concluded that the surface of the composite thin film was 
completely covered with oriented fluorocarbon amphiphile 
lamella even when the fraction of amphiphile was 19 wt 
%. 

Registry No. PVA, 9002-89-5; PSS-K+, 26949-28-0; (F,C- 
(CF,)&H2CH2C02(CHz)2)2NCOCH2N+(CH&&l-, 116997-55-8. 
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Figure 16. Schematic representation of the structure of the 
outermost layer of the composite thin film with small and large 
weight percents of fluorocarbon amphiphile. 

Table I 
Number of Bilayers on the Surface of the 

Polvmer/Fluorocarbon Amuhiuhile Comuosite Thin Film 
~~ 

no. of no. of 
wt % amphiphile bilayers wt % amphiphile bilayers 

19 0.9 58 3.8 
38 1.5 83 >4.0 

coverage with fluorocarbon amphiphile bilayer. The com- 
parison between the observed fraction and the calculated 
one at the take-off angles of 15' and 90° gives the number 
of repeating bilayers on the surface. Table I summarizes 
the apparent magnitude of the number of bilayers on the 
surface of the composite thin film. Since PVA is a hy- 
drophilic polymer, the fluorocarbon amphiphiles orient the 
hydrophilic group to PVA at their interfacial parts between 
PVA and amphiphile. 

The surface molecular aggregation structure of the 
composite thin film is schematically represented in Figure 
16. In the case of the composite thin film with a small 
fraction of amphiphile, the whole fiim surface is completely 
covered with monolayer or bimolecular lamella of am- 
phiphilic molecules. With an increase in fraction of fluo- 
rocarbon amphiphile in composite thin film, the thickness 
of the bilayer which orients its fluoroalkyl group to the air 
increased with the fraction of fluorocarbon amphiphile in 
the bulk. The surface of the composite thin film with 83 
w t  % fluorocarbon amphiphile is completely covered with 
continuous bilayers. It has been reported that permse- 
lectivity of oxygen to nitrogen gases, CY, of this composite 
thin film showed a large magnitude even if the fraction of 
fluorocarbon amphiphile was very ~ma1 l . l~  This surface 
structure analysis revealed that this increase in a is due 
to the enrichment of fluorocarbon amphiphile on the 
outermost surface of the composite thin film. 

Conclusion 
The surface chemical analysis of the Langmuir-Blodgett 

(built-up) film of fluorocarbon amphiphile and the fluo- 
rocarbon amphiphile/ poly(viny1 alcohol) composite thin 
film was carried out by means of X-ray photoelectron 
spectroscopy. A simple layer model was proposed in order 
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