
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Poly (Ethylene Terephthalate) Films with Different Content of Acid-Base
Functionalities. II. Gas Phase Analysis and Proposed Mechanisms
Mariana Gheorghiua; Mihaela Pascua; Cornelia Vasileb; G. Popaa

a “Al. l. Cuza” University, Faculty of Physics, Romania b Macromolecular Chemistry “P. Poni” Institute,
Romania

To cite this Article Gheorghiu, Mariana , Pascu, Mihaela , Vasile, Cornelia and Popa, G.(1998) 'Poly (Ethylene
Terephthalate) Films with Different Content of Acid-Base Functionalities. II. Gas Phase Analysis and Proposed
Mechanisms', International Journal of Polymeric Materials, 40: 3, 257 — 275
To link to this Article: DOI: 10.1080/00914039808034842
URL: http://dx.doi.org/10.1080/00914039808034842

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039808034842
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J. Polymeric Maler., 1998, Vol. 40, pp. 257-215 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by ficmse under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Poly (EthyleneTerephthalate) Films 
with Different Content of Acid-Base 
Functionalities. II. Gas Phase Analysis 
and Proposed Mechanisms 

MARIANA GHEORGHIUa'*, MIHAELA PASCU', 
CORNELIA VASILEb and G. POPA' 

a 'A/. 1. Cuza"University, Faculty of Physics, RO 6600-lasi, Romania; 
bMacromolecular Chemistry "I? Poni"lnstitute, RO 66OO-lasi, Romania 

(Received 23 July 1997) 

The data about the plasma gas phase analysis and also a contribution to the mechanisms 
involved in such modifications are presented in this second part. Main 16 neutral species 
and their evolution in time, with and without PET sample in the treatment system, were 
investigated by MS. The fluences of atomic and molecular oxygen ions at the polymer 
surface were determined. A decreased content in neutral species higher is the ion energy 
is stood out when the PET sample is inside the treatment system. Appreciable differences 
between the treatments made in saturation regime and those in reimplantation regime 
were stood out. An enhanced etching mechanism is active in the treatments with ions of 
100 and 300 eV, at the lowest dose, while an etching mechanism in stationary regime in a 
competition with a cross-linking process are important for the treatment with of 500 eV, 
the same dose. Treatments at this dose do not confer a prevalent acidic or basic character 
of the PET surface. A diminished etching process and an ion beam induced 
crystallisation are the main processes for treatments in a reimplantation regime. A 
more prevalent acidic or basic character of the treated PET surfaces is stood out. The 
ageing effects were explained by the surface oxygen content, the predominance of short 
or long range motion and the HSAB reactions. 

KeywordF: Neutral species; oxygen ionic species; saturation and reimplantation regime; 
acidic; basic character; etching mechanisms 
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258 M. GHEORGHIU er al. 

INTRODUCTION 

Studies about the effects induced by ions with energies of keV or MeV 
magnitude order on polymers have started more than ten years ago. 
The interest was and it is still both for the fundamental and applied 
researches [I]. 

The interaction of the energetic ions with polymers involves some 
important differences in comparison with that between X-ray, y or 
electrons [2]. The deposited energy per unit length (the so called linear 
energy transfer, LET) is higher for ions than for other ionising 
radiation. Typically, for ions of keV energy LET is in the range of 
50+500 eV. This energy is deposited in a very short time 
l ! r i 3  s), in a small volume surrounding the ion track. The ions of low 
energy (keV/a.m.u.) loss almost of their energy by nuclear (elastic) 
binary collisions and the volume of the deposited energy coincides 
with that for collision cascade. For high energy ions (MeV/a.m.u.) the 
electronic (inelastic) mechanism dominates and the radius of the ion 
track is determined by the kinetic energy of the electrons resulted from 
the ionising processes. Electronic or inelastic collisions can also be 
operative at low energies, although they are not so important as for 
very high energy ions. One of the main difference between the two 
above mentioned mechanisms for deposited energy in polymers is that 
the electronic collisions produce high excited species which relax in 
accordance with thermodynamic lows (minimum energy), while chain 
scission induced by elastic collisions is a random process which could 
also produce so called “non-thermodynamic” species like very unstable 
fragments. Primary created species could recombine or react in a 
volume that is much higher than the ion track and this due to the 
diffusion process of the active species or to propagation of the radical 
sites along the polymeric chain. 

It must be also pointed out some differences between the metals and 
an organic solid with covalent bonds, as concerning the effect induced 
by ions [3]. There is a time distribution of the excited species in organic 
solids due to their low electrical and thermal conductivity and also to 
their long life excited species. Therefore, the excited species produccd 
by succcssive collisions can effectively react each other, process that i s  
no possible in metals because the superposition of the successive 
defects cannot take place due to their high relaxation rate. The non- 
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PET FILMS-ANALYSIS AND MECHANISMS 259 

directional character of the metallic bond facilitates the reforming of 
the bonds, while the macromolecular chain scissions lead to low 
molecular weight fragments, usually volatile. 

Some mechanisms about the oxygen ion beam assisted polymer 
etching are also given in the literature. For example Gokan and co- 
workers found that the C-0 groups have the greatest sputtering 
yield due to the fact that CO is more stable and has a lower binding 
energy than the carbon. They proposed a so called etching mechanism 
induced by ion bombardment, chemical assisted by molecular oxygen. 
Their main conclusion was that the chemical process induced by ion 
bombardment is directly dependent on the ratio between the fuences of 
the neutral and ionic species and that this dependence dominates over 
that of the energy [4-61. The main problem to which Gokan and co- 
workers do not find an answer is that the presence of the 0 2  increase 
the emissions by a thermal spike mechanism or by a sputtering 
mechanism chemical enhanced. In Jurgensen’s papers is shown that 
the thermal spike mechanism is active in the enhanced etching, in RIE 
and RIBE systems, in oxygen [7]. Also the same authors agree that 
atomic oxygen do not control the etching rate and consider that the 
main role is that of the ion bombardment [8]. 

Apart from the role played by the thermal effect in volatile product 
emission, it has been shown that such a thermal effect can produce 
drastic modifications in viscoelastic properties of polymers [9, 101. 

The precedent paper presented the surface modifications of PET 
induced in an ion beam-low density plasma system, in oxygen [12]. The 
data about the plasma gas phase analysis and also a contribution to 
the mechanisms involved in such modifications are presented in this 
second part. 

EXPERIMENTAL 

The experimental set up has been described in previous papers [l 1, 121. 
The treatment conditions and the methods for surface investigations 
are those given in the precedent paper [12]. 

Mass spectrometry (Hiden Analytical, PSM 300) was used to charac- 
terise both positive ionic oxygen species (Of and Ol), which act in the 
IB-LDP system and the main 16 neutral species for which chemical 
formula are given in Table I. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
5
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



260 M. GHEORGHIU et al. 

The evolution in time of the above mentioned neutral species, with 
and without polymer sample in IB-LDP system, were also registered. 
The fluence of the ionic oxygen species at the polymer surface were 
determined knowing the fluence registered at the sampling orifice of 
the mass spectrometer (in SIMS mode), as it is shown in [Ill. 

RESULTS AND DISCUSSION 

Gas Phase Characteristics 

Neutral Species in IB-LOP System 

The value for m/q = 28 signal was calculated starting from the intensity 
of mlq = 14 signal and taking into consideration the fragmentation 
reactions in the ionisation source of the mass spectrometer, for an 
electron energy of 70 eV [ 131. 

The MS signals For all investigated species increase with the increased 
ion energy, when the polymer sample is not in the IB-LDP system. This is 
well shown by the evolution in time for [H2] and [O], presented in 
Figure 1. This feature can be explained mainly by considering the so 

TABLE I The main species from the IB-LDP system 
investigated by MS 

mi4 Chemical formula 

2 
14 
15 
16 
17 
18 
27 
28 
32 
43 
44 
55 
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POLY@TJiYLENE TEREPHTWLATE) FILMS WITH DIFFERENT CONTENT OF ACID- 
BASE FUNCTIONALITIES. LI. GAS PHASE ANALYSIS AND PROPOSED MECHANISMS 

0 
0 34 68 102 136 170 204 238 272 306 340 374 408 442 

time (sa) 

a 

140wO - 
SOOeV 

0 34 68 102 136 170 204 238 272 306 340 374 408 442 
time (SK) 

b. 

FIGURE 1 
sample in the IB-LDP system. 

Evolutions in time of a) [H2] and b) [O] at different energies, without PET 

called electron stimulated desorption, process amplified in the presence 
of the more dense secondary plasma inside the channel of the ion beam. 

An opposite situation, namely a decreased content in neutral species 
higher is the ion energy is stood out when the PET sample is inside the 
treatment system (Fig. 2). This apparently paradoxical result confirm 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
5
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



262 M. GHEORGHIU er al. 

POLY(ETHYLENE TEREPHTWWTE) FILMS WITH DIFFERENT CONTENT OF ACID- 

BASE PUNCI1ONUITLPS. 0. GAS PEASE ANALYSIS AND PROPOSED MECHANISMS 

1500000 
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FIGURE 2 Evolutlons in time of a) [HJ and b) [O] at different ion energies, with PET 
sample in the 19-LBP system 
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PET FILMS-ANALYSIS AND MECHANISMS 263 

that obtained by Tead and co-workers in the case of the treatments of 
polystyrene, in RIBE or RIE systems, in oxygen [14, 151. They 
explained the above mentioned feature by the fact that the systems 
with higher energy (or content) of the ions produce more reticulated 
polymer surface, but less damaged by chains scissions. The relative 
predominance of cross-linking at the higher ion energy ma$ be 
possible due to an increase in the production of the secondary electrons 
and radicals. They didn’t specify what are the involved species and 
specific mechanisms. 

The treatment time dependence of the content for a given species in 
the two above mentioned situations (without and with PET sample in 
IB-LDP system) show also another aspect. The equilibrium between 
the yielding and the removing (consumption) of a given species is 
reached almost immediately after the switch on of the discharge (for 
almost all the investigated neutral species) when the polymer sample is 
not in the treatment system. Such an equilibrium is obtained after long 
exposure time, when PET sample is inside the treatment system. 

The contents [MI were determined from the [M]=At) curves 
obtained in MID operation mode, by integration over an interval of 
ten seconds and in the Figures 3 - 6 are presented such curves [ 1 11. 

Knowing that the content in a species M is the result of the emission 
and consumption processes, it must stood out that up to t = 10 min. 
there is an important consumption process for treatment with ions of 
100 eV; the consumption process is diminished in the case of 300 eV 
energy ions, for 1 < t < 10 min. and for ions of 500eV an important 
emission process takes place up to t = 5 min. An equilibrium between 
the emission and the consumption rates is attained for t 2 15 min., for 
the investigated ion energies. 

The concentration [H2] is much higher than [HzO], in the case of the 
treatments wiht ions of 100 eV, but the difference is diminished for 
longer exposure times (Fig. 3, curves 1 and 1’). The difference between 
the contents of this two above mentioned species is diminished for 
treatments with 300eV energy ions and even it arrives that 
[H20]>[Hz] for longer exposure times (Fig. 3, curves 2 and 2‘). 
[H20] is higher than [H2] for all treatment times with ions of 500 eV 
(Fig. 3, curves 3 and 3’). [OH] is greater than [O] (Fig. 4) and 
[CO] > [CO,] (Fig. 5) for all investigated oxygen ion energy. Only for 
treatments with ions of 100 eV [C4H7]>[C6H6] (Fig. 6, curves 1 and 
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PQLY(ETHYLENE TEREPETEALAF) FILMS WITH DIFFERENT CONTENT OF ACID- 

BASE FUNCTIONALITIES. IL GAS PEIASE ANALYSIS 

- 1  

0 5 10 I5 20 25 30 
time(min.) 

FIGURE 3 Dependence [XI =At) for Hz (curves 1 - I00 eV, 2 - 300 eV, 3 - 500 eV) and 
H 2 0  (1'- 100 eV, 2'-300eV, 3'-500 eV). 

0 5 10 15 20 25 30 

time (min.) 

FIGURE 4 Dependence rX]==flr) for 0 (curves 1 - 100eV, 2-300eV. 3-SWeV) and 
OH(1'- 100 eV, 2'-300eV, 3'-500eV). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
5
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



PET FILMS-ANALYSIS AND MECHANISMS 265 

POLY(ETHYLENE TEREPHTHALATE) FILMS WITH DIFFERENT CONTENT OF ACID- 

BASE FUNCTIONALITIES. II. GAS PEASE ANALYSIS 

0.8 - 
0.7 -- 

0.6 _- 
9 ’ 0.5 -- d v 

0.2 

3‘ 

0 5 10 15 20 25 30 

time (min.) 

FIGURE 5 
COz( 1’- 100 eV, 2‘- 300eV, 3’- 50OeV). 

Dependence[X] =Ar) for CO (curves 1 - 100 eV, 2 - 300 eV, 3 - 500 ev) and 

0.016 

0.012 0.014 i k 
0 
,E 0.006 
E l ‘. 

3 /  
0 ,  -i 

0 5 10 , 15 20 25 30 

time (min.) 

FIGURE 6 Dependence[X] =At) for C4H7 (curves 1 - 100 eV, 2 - 300 eV, 3 - 500 ev) 
and COeH6(1’- IOOeV, 2‘-300eV, 3’-500eV). 
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266 M. GHEORGHIU er ul 

1’). Conversely, [C4H,J<[C6H6], for treatments with ions of 300 eV 
and SO0 eV (Fig. 6, curves 2, 2’ and 3, 3‘ respectively). 

The ratio (Xpolym=X)/Xpo~ym (where Xpolym is the MS signal 
intensity for a given species, when the polymer sample is inside the 
system and X- the same as above when the PET sample is not inside 
the system) has been calculated for all the investigated neutral species. 
The values for the three investigated ion energies, a t  the lowest does 6, 
are given in Figure 7. The high, positive values of this ratio, for 
treatments with ions of 100eV, means that the main part of the MS 
signal is due to the species released by the polymer sample. For 
treatments with ions of 300 eV only for m/q = 28 and m/q = 77 were 
obtained small, positive values, while for the other species were 
obtained negative values of this ratio. For all the investigated neutral 
species were obtained negative values in the case of the treatments with 
ions of 500 eV, higher than for treatments with ions of 300 eV. The 
negative values for (Xp,,y,-X)/Xp,I,,, when the polymer sample is in 
the IB-LDP system, suggest that these species are consumed by 
reactions on the polymer surface like the dissociative adsorption. 

A short presentation of the main steps of the PET degradation or 
cross-linking reactions which could be possible in such a system is 
necessary now in order to explain the MS data. 

WI 

XU __ ~ 

70 

60 
6 
5 D 50 

a 
m )c, 

i n  

f 3u 

0 

10 

FIGURE 7 (Xp~y,,-Y)/Xp~w, for the investigated neutral species by mass spectro- 
metry, at different ion energes and the lowest dose. 
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The first step in chain scission reactions, promoted by the fast 
oxygen ion bombardment, in competition with atomic oxygen and UV 
radiation from the IB-LDP system, is determined by the dissociation 
energy required by such reactions. Therefore, is necessary [ 161: 

84 kcal/mol to obtain : N PhCOOo+oCH2CH2 N (1) 

88 kcal/mol : N Pho+oCOOCH2CH - (2) 

102 kcal/mol : - PhCOo+oOCH2CH2 - (3) 

As a function of the LET value, which in turn is a function of the 
ion energy, one or other of the above mentioned reactions are more 
probable. 

Another important reaction which leads to the formation of the 
carboxylic groups is a Norrish I1 type [17]: 

with Ph = Q. Such a reaction involves the intramolecular hydrogen 
reduction; cis phase, mainly from the PET amorphous phase, is 
favourable to the creation of the transient state in the reaction (4). 

The primary and secondary polymer radicals can react with mole- 
cular or atomic oxygen. The reaction with molecular oxygen lead to 
the formation of peroxyesters/acids ( 5 )  or to hydroperoxydes (6): 

- PhCO 

I 
0 - 0 - H  (R) 

N PhCOO -CH -CH2 - 
I 

OOH 
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268 M. GHEORGHIU et ol. 

Decompositioa of hydroperoxydes to aldehydes takes place by the 
reaction: 

- PhCOO -CH -CH2 - -+ - PhCOOH + 0 = C -CH2 N 

I 
H 

I 
OOH 

(7) 

Atomic oxygen attacks primary or secondary radicals inducing 
complete degradation of the chain and formation of formaldehyde. 
This last one on its turn reacts with atomic oxygen result in the 
formation of CO, C02, OH., H e  [18]: 

*Oki 

mOk2 
+ CO2+H. (9) 

- t C O + H 2  (10) 

CH2 = O+OH + OH + H -C = 0. +CO + OH. (8) 

OH kj 

with k3 > k, > kZ. 

ones being [ 181: 
Radicals OH. are able to participate to different reactions, the main 

with k4 > k5 > kg. 
The COa content is the result of the balance between its yielding by 

reactions (9), (12) and (14) and its consumption (reactions (15) and 
(1  6)) :  
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C O z + e - - + C O + O  E >  10eV/mol (16) 

Atomic hydrogen is produced by reactions (9), (12), (13) and it is 
consumed mainly by the following reactions: 

RH +Ho -+ H2 + RO (18) 

Therefore, reverting to MS data, it must pointed out again that a 
decomposition of PET is the main process for treatments at the lowest 
energy (100eV) and dose b1 (Fig. 7). A cross-linking of PET is a 
process in competition with the chain scission reactions for treatments 
at higher energy and doses. Such a process is mainly due to the 
formation of a structure like [19]. 

-0 -E' 
O e i - O -  

via the recombination of two aryl radicals obtained by hydrogen 
abstraction from the benzene ring. The cross linking could also takes 
place by cracking of the aromatic rings and formation of polyenes [17]. 

Water formation mainly by reaction (11) and (13), in which are 
involved OH., in correlation with the low reactivity of Ho toward 
polymer in comparison with OH. and 00, explains the inequality 
[H20] < [H2], in the first minutes of the treatment with ions of 100 and 
300 eV (Fig. 3). The less efficient degradation process at higher doses 
or energy could be the reason for the diminishing in the difference 
between [H20] and [H2], in these conditions. 

The higher rate constants for CO yielding (by reactions (8) and (10)) 
than for C02  (reaction (12)) could explain the higher value for [CO] 
than for [CO,] (Fig. 5) .  The higher reactivity of 0 0  than OH. toward 
polymer could also explains the inequality [OH] > [O]. 

This is in contradiction with the data from the literature about the 
reactivity toward butane: KH = 23.1 0-l6 cm3/molecule~sec, 
KOH = 2, 5.10-12 cm3/molecule~sec, = 2, 2.10-14 cm3/molecule-sec 
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The chain scission with the formation of high weight molecular 
fragments, even its contribution to the total degradation product 
content is low, is more important in the case of bombardment with 
higher ion energy (Fig. 6) .  

Oxygen Ionic Species in IB-LOP System 

The fluence of the ionic oxygen species (Of and 0,') at the polymer 
surface were determined from mass spectrometry data, as shown in 
[ll]. Both the fast ions OL,, and Oifast (with medium energy given by 
the difference between the potential of the source and target plasma) 
and the slow ones O&,, O~,,,,(mainly from the target plasma) were 
taking into account. These fluences are given in Table I1 together with 

ratios give informations about the importance of the physical effect of 
the collisional cascade, in which fast ions are involved, in comparison 
with the chemical desorption process promoted by slow ions 
bombardment. These ratios also give information about the depth of 
the altered layer into the sample, knowing that, at the same energy, the 
lowest atomic mass ions loss their energy in the deeper layers. 

is almost the same for ions of 100 eV and 300 eV, but it is ten 
times greater for ions of 500 eV. The fluence of the fast molecular oxygen 
ions increases with ion energy, in the investigated domain. The ro:,,,, 
slightly decreases with ion energy, while the I'o;s,ow remains unchanged. 

the values for ro;,,, /ro2:farr 7 rO.+,,", /TOTfu, and ro: I,Dlv / rot T=~t ' These 

The 

Possible Mechanisms Involved in PET Modification 
in the 16-LDP System 

The experimental results presented above and those shown in previous 
papers [l 1, 121 make possible to have an almost complete picture 
about the mechanisms involved in PET modifications in the IB-LDP 
system in oxygen. 

Active Elements in IB-LDP System 

The following factors are active in IB-LDP system, in oxygen: 

i) 0+and  0: fast ion bombardment. Their fluences to the polymer 
ratio sample obviously increase with Ei (Tab. TI). The roTfa,/ro+ 

2. fast 
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TABLE I1 Data on the fluences of fast and slow O +  and 0; ions on the PET sample 
P I 1  

has the same value for ions of 100 eV and 500 eV, but it is ten times 
smaller for ions of 300 eV, due to the E~ dependence of both fast ion 
fluence to polymer sample and cross section of the involved charge 
transfer reactions [l 11. 

ii) Of and 0; slow ions for which the fluences are not appreciable 
modified by Ei. The rotslow/ rotfast and r ~ ~ ~ , ~ ~ / r ~ ~ ~ ~ ,  ratios 
decrease with ci (Tab. 11). 

iii) Atomic and molecular oxygen concentrations decrease with E;  

(Tab. 11). 
iv) The UV and thermal radiation from the discharge which were 

considered to have the same intensity at the same treatment time, 
for all investigated ion energies. 

Possible Mechanisms in Connection with Ion 
Energy and Dose 

The data presented in the actual and precedent papers [l 1,121 prove that 
appreciable differences are stood out between the treatments made in so 
called saturation regime for ion dose (6,) and those in reimplantation 
regime (S2 and a3). The ion energy, in the investigated domain, is 
important by measure to which it determines the fluence of fast and slow, 
atomic and molecular oxygen ions at the polymer surface. 

Treatments in Saturation Regime (6 ,) 

An enhanced etching mechanism promoted by low fluence of OLst and 
Oifast and by slow ions bombardment (which contribute to the efficient 
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desorption of the volatile products) takes place for PET treatments 
with ions of 100 eV [I I]. The etching process, in a so called anomalous 
transport regime (with a higher etching rate than oxidation rate [18]), 
is facilitated by the presence on the pristine sample surface of an non- 
homogenous, amorphous layer and is sustained by the following 
experimental data. Cis shoulders are diminished in 61-100 (Fig. 10a 
[ 12]), which sustains that the etching process takes place mainly in the 
amorphous phase. The oxygen groups content is slightly increase 
which is shown by the relative small values for y:", yfand  7; (Fig. 3 
[12]). The highest content of degradation products released from the 
polymer sample and the higher consumption rate in the first 10 min. 
(Figs. 3-7) sustain that the slow ion bombardment is important and 
leads to a more efficient desorption of the degradation products, 
leaving free surface active sites. 

The intensive heavy O:fas, ion bombardment is the main character- 
istic of the treatments with ions of 300 eV ( ro+ /rOlrast is ten times 
smaller than that for treatments with ions of 10o""kV and 500 eV). The 
linear energy transfer LET for such ions is higher than for atomic light 
ions and makes that a cross-linking process be competitive with the 
enhanced etching process in a very thin uppermost layer. Content of 
(100) planes which make angle w # 0, N(l,,,,)w, is the greatest for 61-300 
(Fig. 12 [12]), proving that the heavy ion bombardment affects not only 
the amorphous phase, but determines a distortion of the crystalline one. 
The surface oxygen group content of 61-300 sample is diminished in 
comparison with that of untreated and S1-10O samples (Fig. 3 [12]). A 
decreased neutral species content and a diminished consumption 
process are stood out in Figures 3 - 6, proving the competition between 
the above mentioned processes. 

For treatments with ions of 500 eV an etching process in stationary 
regime (with an oxidative layer depth independent of dose) is in 
competition with a cross-linking process These processes take place in 
deeper layers since they are determined mainly by the high h e n c e  of 
Oi,,, for which low value of LET is characteristic. Increased intensity 
of the 1578 cm-' band assigned to ($0 group (Fig. IOa [12]) together 
with a slight increase of f', 7,' and Ts-(Fig. 3 [12]) sustain the 
introduction of oxygen surface functionalities. The lowest content of 
degradation products and its independence on the treatment time is 
stood out in Figures 3 ~ 6. 
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Generally treatments at 61 do not award a prevalent surface acidic 
or basic character of the PET samples. 

Treatments in Reimplantation Regime (S2 and S3) 

Treatments at 62 and 63 determine a diminished etching process and an 
ion beam induced epitaxial crystallisation as it is well argued in [ 1 I], 
for all investigated ion energies. 

The PET samples treated at these high doses have a more prevalent 
acidic or basic character. The content in acid/base functionalities 
depends now not so much on the first step in the chain scission 
reaction, but much more on the thermal stability of the different 
carbon groups 1191: 

carbonyl( hard basic) > hydroxyl(soft acid) > carboxyl(hard acid) 

Therefore, the treatment at the highest dose (S3) and ion energy (500 eV), 
for which the thermal effect of the ion bombardment is more important, 
determine the diminishing of y,+and increasing of 7; (Fig. 3 [12]). 

Ageing Mechanism 

Data about ageing effects could be explained by considering the 
synergetic coupling of three factors: the surface oxygen group content, 
the predominance of short or long range motion [ 191 and the hard-soft 
acid-base (HSAB) reactions 1201. 

For the samples with a low content of oxygen functionalities and for 
which the cross-linking process is not too important, the long range 
motion explain the transient increased in acid/base surface component 
yfb (Tab. 111 [12]). A no prevalent acidic or basic character could mean 
that there are introduced groups of the opposite type (basic and 
acidic), but the same hardness and in the same proportion. Between 
such kind of groups faster reactions takes place according to HSAB 
principle and could provide a more stable surface. 

A more pregnant acidic or basic character means that a high content 
of a given type of group (basic or acidic) is introduced; between such 
groups is much less possible to take place reactions and more probable 
are reactions with those of the same hardness, but the opposite type 
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from the subsurface layers. Such mechanism is sustained, apart by 
surface energy data, by XPS results. Therefore, for &-lo0 sample, 
which evolves with the ageing time from acidic to basic character, an 
increase of 0 = C/C in the uppermost layers concomitantly with the 
diminishing of the same ratio in the profoundness layers is stood out 
(Fig. 7c [12]). 63-500, which initially has a basic character and evolves 
to an acidic one, the increase in W / C  ratio in the profoundness 
layers is observed (Fig. 9c [12]). 

CONCLUSIONS 

The main neutral and oxygen ionic species from the IB-LDP system 
were analysed by MS. These data and those presented in previous 
papers [ 1 1, 121 have allowed to propose some mechanisms for surface 
modifications and ageing effects. 

Appreciable differences between the treatments made in saturation 
regime and those in reimplantation regime were stood out. An 
enhanced etching mechanism, promoted by the bombardment of Og,, 
and 0; active in the treatments with ions of 100 and 300 eV, at 6,, 
while an etching mechanism in stationary regime in a competition with 
a cross-linking process are important for the treatment with of 500 eV, 
the same dose. Treatments at this dose do not confer a prevalent acidic 
or basic character of the PET surface. Treatments in a reimplantation 
regime are characterised by a diminished etching process and an ion 
beam induced crystallisation. Also, a more prevalent acidic or basic 
character of the treated PET surfaces is stood out. 

The ageing effects were explained by considering the main three 
factors involved: the surface oxygen content, the predominance of 
short or long range motion and the HSAB reactions. 

The samples with a predominant acid or base character are more 
unstable in opposition with those with a not prevalent one. 
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