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SYNOPSIS 

For making the surface hydrophobic, poly (ethylene terephthalate) (PET) films were sub- 
jected to treatment by CF, and CF4/CH4 plasmas, and the PET fabrics, to impregnation 
(padding) with Oleophobol S for comparison. The electronic structure of the modified 
surface was differentiated by XPS (ESCA) . The surface dynamics upon heating and dipping 
into water was investigated by the angle-dependent XPS technique. Application of the 
XPS technique to these topics gave a wealth of information. 0 1993 John Wiley & Sons, Inc. 

INTRODUCTION 

Poly (ethylene terephthalate) (PET)  is one of the 
most widely used polymers in industry. Detailed 
knowledge of the surface dynamics of the modified 
PET surface is important when it is used either by 
itself or as a substrate. 

It has been well known for years, that unlike the 
more rigid metals and ceramics, the macromolecules 
may orient themselves at the surface in a way that 
is significantly different from that in the bulk of 
polymers and that the plasma technique is available 
for the surface modification of polymers. Also, the 
past two decades have witnessed the growing aware- 
ness of the great potential of XPS (or ESCA) as a 
sensitive tool for probing the surface of polymers. 
A great volume of literature, therefore, has been 
published in recent years to study the interaction of 
plasma with the polymer surface and the dynamic 
behavior of the treated surface by the XPS tech- 
nique. 

An attempt has been made in the present article 
to determine if such observations could help deter- 
mine whether the surface modified by plasma under 
various experimental conditions and the dynamic 
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behavior in further detail can be characterized and 
differentiated by XPS. In this article, the surface 
dynamics of polymers denotes time-dependent (e.g., 
the aging effect upon contacting with water) and 
temperature-dependent (e.g., upon heating) pro- 
cesses. 

EXPERIMENTAL 

A. The XP spectra ( MgKa) were recorded on a 
PHI 5300 ESCA System ( Perkin-Elmer) in- 
strument a t  250 W (12.5 kV X 20 mA) by 
assuming a binding energy (BE) of adventi- 
tious carbon equal to 284.6 eV. The vacuum 
system was kept higher than 1.5 X lop6 Pa. 
Data massage (e.g., X-ray satellite substrac- 
tion, background substraction, normalization, 
curve-fitting, etc.) was performed on a PE 
7500 professional computer. The samples in 
film form were clamped onto the sample 
holder. 

B. The plasma processor used was supplied by 
Plasma Electronic. The plasma was generated 
capacitively and operated at  frequency of 100 
kHz. The volume of the vacuum chamber was 
0.5M3. Plasma was restricted to a volume of 
20 X 20 X 50 cm3. The samples were treated 
with a power of 350 W for CH4 plasma and of 
250 W for CF4 plasma, mass flow rates of 5- 
90 sccm, pressure of 0.05-1.00 mbar, and elec- 
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Figure 1 
with Oleophobol Slheating at llO"C, 3 min.). 

Cls spectra of the PET fabric surface (without charge corrected) (padding 

trode separation of 20 mm. Samples were 
transported through the plasma region with a 
speed of 0.1 m/min. Exposure time to plasma 
was preset a t  2.1 min. 

The precursor gases, CF4 and CHI, were 
commercially purchased from Carbongas and 
Merck, respectively, without further purifi- 
cation. The flow rate of each reaction gas was 
determined by a mass flowmeter in such a way 
that the composite parameter W/FM was 
kept at a constant value of 0.2 X l o9  J kg-'. 

C. Commercially available 50 micron poly- 
(ethylene terephthalate) (PET) foils were 
used. The foils were cleaned in methanol fol- 
lowed by acetone and deionized water at room 
temperature. The PET fabrics used were 
washed, scoured, and fixed Diolen pile fabrics, 
67 g/sq m. Both PET foils and fabrics were 
used and were exposed to the XPS analysis. 
Foils were then used without further treat- 
ment for XPS studies. Fabrics were, addition- 
ally, finished (padded) with a conventional, 
fluorinated polyacrylate resin ( Oleophobol S ) , 
supplied by Chemische Fabrik Pfersee, prior 
to the XPS analysis. 

RESULTS AND DISCUSSION 

A. Comparison Surface Modification with 
Oleophobol S and Plasmas 

Before recording, the multiplex spectra of Cls and 
Fls,  a t  all events, were performed. The survey spec- 

tra showed the presence of carbon, fluorine, and a 
small amount of oxygen. In understanding of the 
dynamics of surfaces with a hydrophobic nature, the 
overwhelming role of fluorine and carbon coming 
into play has been well recognized. The secondary 
effect of oxygen can be less important in the assign- 
ment of the multiplex spectra and, therefore, it can 
be dealt together with fluorine as shown in the fig- 
ures. As the first example for comparison, we show 
here the Cls spectrum of the PET fabric treated 
with Oleophobol S (see Fig. 1). With the aid of the 
assignment of the fluorine-containing peaks re- 
ported in the literature' and the procedure of curve- 
fitting, the Cls spectra can be well determined into 
five components as expressed in Figure 1 * (the same 
below). It is evident that the - CF2 and - CFB 
groups should obviously stem from the perfluoro 
functional groups involved in Oleophobol S, and the 
appearance of - CF and - C - groups should be 
reasonably ascribed to the cross-linking between the 
main polymeric chains.' Apparently, the CF2 com- 
ponent dominates the surface among the three F- 
containing peaks. 

Of considerable importance is the surface modi- 
fication by plasmas. Instead of fabric specimens, the 
PET films were employed here for obtaining better 
spectra. 

Unlike the Cls spectra of PET fabrics treated 
with Oleophobol S as mentioned above, the CF4 

Peak - CF3 may contain some of - CFzO - ; peak - CF2 
may contain some of - CFO - ; peak - CF may contain some 
of C=O; and peak -C-, -CH2- may contain some of 
c-0-. 
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Figure 2 Cls  spectra of CF4 plasma-modified PET surfaces (without charge corrected) : 
(a)  specimen 74: ( 1 ) CHI plasma, ( 2 ) CF, plasma; (b )  specimen 76: ( 1 ) Ar plasma; ( 2  ) 
CF4 plasma. 

plasma-modified surface of PET films displays much 
involved characteristic envelopes (see Fig. 2 ) .  In 
contrast to those as shown in Figure 1, a considerable 
change in intensities of the fluorine-containing 
peaks can be found quantitatively, revealing that, 
a t  the expense of the -CF2 peak, more -CF, 

-C-, and -CF3 peaks emerge in the surface. 
I 

I 

I 
The emergence of the peak ( - CF, - C - ) indi- 

cates a highly cross-linked network, and the latter 
(-CF,) may imply the appearance of the end 

groups of oligomers to some extent and so do the 
weak links. 

It is obvious that, not like the PET surface treated 
with Oleophobol S, the plasma-treated surfaces of 
PET films can hardly keep the surfaces intact to 
the same extent as does Oleophobol S as a conse- 
quence of the strong impact in plasma. 

The addition of CHI to a saturated fluorocarbon 
CF, causes a remarkable change in the Cls spectra. 
Figure 3 ( a )  - (c  ) shows the Cls spectra of PET sur- 
faces modified by (CF, + CHI) plasma at molar ra- 
tios CF4/CH4 of 3 : 1, 2 : 1, and 1 : 1, respectively. 

As shown in Figure 3, as long as the CH, (a  kind 
of hydrogen source) is introduced into CF, gas, there 
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Figure 3 
molar ratios of CF4/CH4 (without charge corrected): (a )  3 : 1; (b) 2 : 1; ( c )  1 : 1. 

Cls  spectra of PET surfaces modified by ( CF4 + CH,) plasma under different 
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Table I XPS Data Collection 

Specimen No. 

74 76 84 83 82 

(1) CH4 (1) Ar Molar Molar Molar 
Plasma Plasma Ratio Ratio Ratio 

Condition PTFE Plasma Plasma 3:l 2: 1 1 : l  
Model Polymer (2) CF4 (2) CF4 CF4/CH4 CFJCH, CF4/CH4 

F/C ratio 2.00 1.45 1.24 0.72 0.09 0.09 
O/C ratio - 0.03 0.10 0.15 2.10 1.76 
Fls, eV 689.0 688.2 688.3 688.0 686.9 686.8 
F(KVV) 
Auger parameter u* 1341.2' 1341.3 1341.2 1341.8 1342.8 1342.2 
Aff * 0.0 0.0 0.0 0.6 1.6 1.0 

BE A.C. BE A.C. BE A.C. BE A.C. BE A.C. BE A.C. 
Cls  (eV) (%)b (eV) (%)b (eV) (%Ib (eV) (%Ib (eV) (%)b (eV) (%)b 

-CH*-- - - 284.6 12.2 284.6 18.4 284.6 27.3 284.6 59.5 284.6 59.9 

- - 286.5 24.6 286.3 25.7 286.3 25.8 286.1 30.6 285.8 31.3 -C- 

- - 289.0 25.3 288.9 23.3 288.5 26.6 288.4 9.9 288.2 8.8 -CF- 
-CF2- 291.8 100.0 291.1 24.6 291.2 24.5 290.7 14.3 - - - - 
-CFB - - 293.0 13.3 293.2 8.1 292.9 6.0 - - - - 

I 

I 

a Ref. 2. 
Atomic concentration. 

is a ready decrease in the ratio of F/C, leading to a 
higher extent of cross-linking as indicated by the 

increase in the - C - component. 
I 

I 

B. Characterization of the Surfaces Treated by 
Plasmas 

To obtain a better understanding of the dynamic 
behavior of the surface, some parameters must be 
first looked at for the characterization. All the data, 
such as ratios of F/C, O/C, binding energies of Fls, 
and Auger parameterB a* of F (KVV) electrons, can 
be derived from Cls (Figs. 3 and 4 )  and Fls  and 
01s (the latter two not shown for simplicity), as 
listed in Table 1. For comparison, the model poly- 
mer, polytetrafluoroethylene ( PTFE ) is also refer- 
enced in the second column of Table I. Some con- 
clusions can be drawn as follows: 

a* = KE(Auger electron) + BE(photoe1ectron). 

1. From the left to the right side of the table 
appear some regular trends, e.g., the F /C 
ratio is decreasing in parallel with the de- 
creasing binding energies of Fls  peaks, de- 
noting that the structures of the modified 
surfaces manifest themselves to be very dif- 
ferent from the model polymer PTFE as ev- 
idenced by the ca. a 1-1.6 eV difference of 
the Auger parameter Aa* of the F( KVV) 
electron. This becomes clearer as the CHI 
gas is gradually added into the saturated 
CF,. By the definition of a*, it implies that 
the relaxation energy of the F atom embed- 
ded in the carbon matrix is increasing while 
CH, is mixed in the plasma. 

As can be seen from Figures 2 and 3, there 
is a remarkable change in the shape of the 
envelopes. The quantitative data derived 
from the Cls spectra of all the specimens 
were collected in Table I as well. 

It is noted in Table I that there is a bor- 
derline separating the six specimens into 
two groups, i.e., the first group characteristic 
of the dominated -CF2 in the surface in- 
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Figure 4 C l s  spectra of PET fabrics (without charge corrected). Dynamic behavior of 
Oleophobol S-treated surface: (a)  before dipping into water; (b )  after dipping into water; 
( c )  on heating at 110°C for 1 h; (d)  on heating at 150°C for 0.5 h. 

cludes PTFE, 74 and 76, and specimens 84, 
83, and 82 belong to the second group with 
features of less -CF2 contained and are 

dominated by the presence of the - C - 

and -CF. In other words, the depression 
of the functional group -CF2 in the sur- 
faces should originate from the addition of 
CH4. This fact is consistent with the change 
of a*, as it is well recognized3 that an in- 
crement of a* (e.g., from 1341.2 eV of PTFE 
to 1342.2 eV of 82) indicates a larger relax- 

I 2. 

I 

ation energy around the fluorine atom by 
carbon atoms attached to it, resulting in a 
more stable chemical environment. 
The distinct feature designated to both 
groups leads to the conclusion that the for- 
mation of these characteristic surfaces 
should invoke a different mechanistic ex- 
planation. 

Yasuda et al.,4,5 reported that the addition 
of CH4 or other hydrocarbons enhanced the 
plasma polymerization ( a  deposition pro- 
cess) of saturated fluorocarbon (say CF4) 
because the hydrocarbon acts as a source of 
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(d )  

Figure 4 (Continued from the previous page) 

hydrogen in the plasma. The major premise 
for forming a polymeric structure, or the so- 
called plasma-polymerized structure, re- 
quires the breaking of C - F bonds. The re- 
sulting structure through deposition (or 
plasma polymerization) depends on the re- 
duction of etching (or ablation) caused by 
the active fluorine-based species F, i.e., 

Hydrogen source: CHI + CH3 - + H - 
Breaking of C - F: CF4 + CF3 - + F * 

Abstraction: H - + F - -P HF 

(1) 

(2) 

( 3 )  

The scavenging action ( 3 )  of hydrogen 
can be easily visualized by comparing the 

bonding energies of F-F (153 kJ mol-') 
and H - F (558 kJ mol-' ) . The polymer- 
ization can be realized as ( 4 )  

It is clear from the above discussion that 
there is no way for reaction ( 4 )  to occur in 
the case of pure CF4. In other words, the 
CF4 plasma is nonpolymerizable and should 
result in a different structure of the modified 
surface. Actually, the overwhelming amount 
of - CF2 functional groups incorporated 
into the surfaces with much higher F/C ra- 
tios was verified by the Cls spectra of spec- 
imens 74 and 76 (cf. Fig. 2 and Table I ) ,  
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Figure 6 Cls spectra of 90 (before dipping into water) by angle-dependent XPS (without 
charge corrected). 
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Figure 6 
(without charge corrected). 

Cls spectra of 91 (after dipping into water for 1 h )  by angle-dependent XPS 
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whatever the prior treatment to the PET 
surface was done by CHI or Ar plasma. To 
describe this, one would usually prefer to 
use the terminology “irnplantat i~n”~’~ or 
“ f l~or ina t ion .”~~~ 

3. It can be noted from Table I that specimen 
74 is the one with the highest F / C  ratio, of 
ca. 1.5, that was prepared using two plasmas 
one after another. The first treatment by 
CH, plasma resulted in a polymeric carbon 
film (or a - C : H film, the so-called dia- 
mondlike film) possessing a graphitelike 
structure.’ The latter is, in fact, a structure 
with double bonds that is subject to being 
attracted to active fluorocarbene 
(- CF2-) behaving with both radical 
( CF2, S1, and T1 ) and acid-base properties 
( fundamental CF2, So) in the plasma phase? 
It may react by the following mechanism: 

The reason for predepositing a polymeric carbon 
film onto the PET surface is threefold 

1. To enhance the adhesion with the under- 
lying polymers. 

2. To offer a surface allowing for better wetting 
with the fluorine-containing structure of the 
resulting CF4 plasma. 

3. To prepare a highly cross-linked surface that 
may improve the time-dependent surface 
dynamics. 

4. Usually, the Ar plasma is often employed as 
an activated agent and a source of free rad- 

Table I1 Dynamic Data of Angle-dependent XPS 

icals at the surface.” It provides active sites 
to which the fluorine radical CF, can be 
grafted. Therefore, specimen 76 can have a 
F / C  ratio of 1.24, a little higher than the 
treatment without Ar plasma. 

C. Surface Dynamics Studies 

The dynamic behavior of PET fabrics treated with 
Oleophobol S upon heating in air and/or dipping 
into water are shown in Figure 4 ( a )  - (d)  . It was 
found that the intensity of the main peak, -CF2, 
in the C l s  spectrum decreases from 38.8% ( a )  to 
26.3% ( b )  after dipping the sample ( a )  into water. 
Upon heating of the sample ( b )  a t  110°C for 1 h 
[see ( c )  3 ,  the intensity of the - CF2 peak no longer 
increases as normally expected, even on further 
heating at 150°C (d) .  It is seen that on heating the 
ratio of F / C  decreases from 0.86 ( b )  to 0.82 (c )  and 
then to 0.79 ( d ) ,  which can hardly reverse to the 
original level of 1.18 as indicated in ( a ) .  This in- 
teresting result enables us to speculate this fact in 
terms of a model of highly cross-linked density, 
which should be of paramount importance among 
factors hampering the mobility of the - CF2 group 
reversibly in the surface region. In addition, the for- 
mation of a higher cross-linked network can be con- 
firmed as well by the increment of the -CF peak 
as observed from 6.7% ( b )  to 10.0% (c) ,  and then 
to 10.4 ( d ) .  To gain further insight, needed is the 
angle-dependent XPS, which turns out to be a pow- 
erful tool for nondestructive depth profiling of poly- 
meric films, i.e., by tilting the take-off angle and 
taking 76 as a test specimen before and after dipping 
into water for 1 h, i.e., 90 and 91 (see Figs. 5 and 
6). (For the use of angle-dependent XPS, a poly- 
meric film must be employed instead of, e.g., a pow- 

90 91 

No. 

97 98 99 100 

Dipping into 
Dipping into Water, Dipping into 

Condition Virgin Water, 1 h Virgin 3 min Virgin Water, 12 s 

Atomic Ratio 
Take-off 

Angle F/C O/C F/C O/C F/C O/C F/C O/C F/C O/C F/C O/C 

15’ 1.18 0.094 0.24 0.46 1.01 0.11 0.30 0.46 1.10 0.10 0.49 0.28 
45 O 1.16 0.089 0.34 0.38 1.07 0.11 0.43 0.35 1.00 0.11 0.56 0.25 
90” 1.06 0.12 0.36 0.33 0.94 0.14 0.47 0.33 1.00 0.13 0.56 0.27 
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Table I11 Decay Rate Parameter, k 

Take-off angle 8 

15" 45" 90" 

Depth, A, 3X sin8 

20 55 78 

k 0.33 0.18 0.12 

A: inelastic scattering free path of electrons; 8: take-off angle. 

der sample.) The dynamic data from angle-depen- 
dent XPS for dipping times of 1 h (90, 91 ) , 3 min 
(97, 98), and 12 s (99, 100) are all shown in Table 
11, where 90, 97, and 99 are the same as 76 before 
dipping into water; 91, 98, and 100 represent spec- 
imens of 76 after dipping into water for 1 h, 3 min, 
and 12 s, respectively. 

Based on the decay equation, A,  = Aotfk  (where 
A ,  is the F /C ratio at time t ;  Ao,  the F/C ratio at 

tan;;; 

time t = 0; and k, the decay rate constant), the k 
value can be calculated using the data of Table I1 
as seen in Table 111. It is interesting to find that on 
the top layers of the surface region, e.g., a t  the depth 
of 20 A, the decay rate constant k shows a value 
almost three times that a t  the depth of - 80 A. The 
k will decrease to a constant at a depth larger than 
3 X (see footnote to Table 111). 

Obviously, the data from the angle-dependent 
XPS technique can be easily used for the study of 
the surface dynamics in terms of the layered struc- 
ture in depth, if compared with the data obtained 
from the contact angle method. 

To quantitatively and intuitively understand the 
surface dynamics of a polymer, a simplified expres- 
sion of the depth profile can also be drawn as the 
one in Figure 7 with the aid of the angle-dependent 
XPS and the curve-fitting procedure. One can see 
from Figure 7 the distribution of CFx ( x  = 0, 1, 2, 
3) components along with depth before and after 
specimen 76 was dipped into water (see 90 and 91 
in Fig. 7 ) .  The meaningful patterns in Figure 7 sup- 

Depth, 3XSin 

(3 and 91) 
Depth profiling by angle-dependent XPS 

90-surface treated by CF, plasma 
9l----after dipping into water for 1 hr. 
- 
- 

Figure 7 Depth profiling by angle-dependent XPS. 
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Figure 8 
charge corrected for Cls spectra). 

Dynamic behavior o 74 upon (a)  heating and (b)  dipping into water (with 

port the point of view intuitively that all the fluorine- 
based functional groups (CFx, x = 0 , 1 , 2 , 3 )  in the 
surface region migrate mainly toward the bulk from 
the surface when contacting with water rather than 
escaping on the way out of the surface. 

We are now in a place to discuss some interesting 
features involved in the plasma-modified surfaces. 
To begin with, the PET fabric treated with Oleo- 

phobol S was chosen. We have shown in the text 
that the fluorine-based functional groups in the sur- 
face of the PET fabric migrated toward the air-facing 
surface upon heating [see Figs. 1 and 4 ( a )  1. Unlike 
this, the plasma-treated specimens 74 ( CF4 plasma- 
modified PET) and 75 (CF4/CH4 = 3 : 1 plasma- 
modified PET) gave rise to an abnormal depression 
of both the ratio of F/C and -CF2%. One of the 
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Figure 9 
charge corrected for Cls spectra). 

Dynamic behavior of 75 upon (a )  heating and (b )  dipping into water (with 

heating dipping into water 
reasons for that may come from the transportation (I)-+ ( 2 1 7 -  

llO°C, 1 h 

heating 
of weak-linked oligomers (generated under the 
strong impact of plasma) on the way out of the 
surface l1 [ cf. Figs. 8 ( a )  and 9 ( a )  1. For comparison 
purposes, in situ treatment was performed in the 
following sequence and the data are collected in Ta- 
ble IV: 

(3 )EZ  ( 4 )  

As far as the treatment from (3)  to ( 4 )  is con- 
cerned, nothing special was recorded but a normal 
increase in intensities of fluorine-containing peaks 
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Table IV Dynamic Data of 74 and 75 

2 -  

1- 

0- 

3-  

1 -  

Sequence of Treatment 

No. of specimen 

74 80 88 95 

F/C 
-CF2 % 

1.45 
22.30 

1.20 
19.40 

0.14 
1.00 

0.32 
5.00 

No. of Specimen 

75 81 89 96 

F/C 
-CF, % 

0.72 
10.50 

0.59 
9.50 

0.23 
4.20 

0.26 
4.80 

by a very small amount, meaning that it can never 
return again to the original level owing to the highly 
irreversible cross-linked network formed by plasma 
and heating. 

Another feature that should be emphasized here 
is the homogeneity of the surface layers. Using the 
data of angular-dependent XPS (cf. Table 11), the 

take-off 15" 

I 

76 - 

84 - 

4 5" 90" 

I t 

I I 

26 52 7a A 0. 

Depth, 3LsSinO - 
Depth profilling by angle-dependent XI'S 

Figure 10 F/C vs. depth. 

depth profiling (F /C vs. depth) can be depicted as 
shown in Figure 10 for specimens 76 and 84 (for 
simplicity, not shown were the Fls  spectra). The 
change of F/C ratio as a function of the depth apart 
from the utmost layers of the surface for both 76 
and 84 was plotted simultaneously in Figure 10. It 
is worth noting that the curve for 84 looks fairly 
flatter and positioned at a lower level than that for 
76. It means that much more uniform layers can be 
expected via plasma polymerization, at least in the 
thickness of the first 50 A, than via implantation. 
More details will be published elsewhere." 

CONCLUSIONS 

1. In the present paper, the surfaces of PET 
modified with CF4 and CF4/CH4 plasmas 
were examined by XPS to differentiate the 
mechanisms available for the rationaliza- 
tion. The structure of surfaces modified by 
CFI plasma (via implantation) can be vi- 
sualized by looking at  the XPS data, char- 
acteristic of a higher F/C of 1.2-1.5, higher 
-CF2%, higher binding energy of Fls, 
lower O/F  of less than 0.1, and a lower Au- 
ger parameter a*. Whereas the essential 
features of the surfaces formed by (CF4 
+ CHI) plasma (via plasma polymerization) 
are just in the opposite direction, i.e., a lower 
F/C within 0.1-0.7 depending on the 
amount of CH, added into the plasma, i.e., 
CF4/CHI = 3 : 1, 2 : 1, and 1 : 1, lower 
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-CF2%, lower binding energy of Fls ,  
higher O / F  of ca. 0.15-2.0, and higher a*. 

2. Using angle-dependent XPS, a nondestruc- 
tive depth profiling of the F /C ratio as a 
function of the depth has been found very 
useful for the study of surface dynamics. An 
uniform film can be easily formed by ( CF4 
+ CH4) plasma (via plasma polymerization) 
as demonstrated by the lower curve shown 
in Figure 10. On the contrary, a nonuniform 
film as presented by the upper curve in Fig- 
ure 10 could usually be ascribed to the im- 
plantation (sputtering or fluorination). 

3. The distribution pattern of fluorine-based 
functional groups along with the depth was 
also obtained. It is interesting to find that 
on the top layers in the surface region, e.g., 
at the depth of 20 A, the decay rate constant 
k shows a value almost three times of that 
a t  the depth of ca. 80 A. k inclines to a con- 
stant value at  some depth larger than 3 X 
( -  80 A ) ,  leading to a layered structure 
upon which surface dynamics can be intu- 
itively rationalized. 

4. The meaningful patterns do support exper- 
imentally the point of view intuitively that 
all the fluorine-based functional groups in 
the surface region migrate mainly toward 
the bulk from the surface when dipping into 
water rather than escaping on the way out 
of the surface. 

5. Unlike the PET surface treated with Oleo- 
phobol s, upon heating, an abnormal 
depression of both the F /C ratio and 
- CF2% in the surface modified by plasma 
can occur. It may come from the transpor- 

tation of weak-linked oligomers under the 
strong impact of plasma moving toward the 
interface between air and the polymeric 
surface from the bulk. 
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