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may be a manifestation of either an extended molecular
array or short-range configurational interactions. A highly
structured, extended array of molecules such as that found
in a B-structure (pleated sheet), a liquid crystal, or Lang-
muir-Blodgett type molecular orientation® at the AgCl
surface may account for the anomalous peaks. Alterna-
tively, the simple repetition of a head-tail arrangement
of the carbonyl units should lead to highly ordered mate-
rials. In the absence of a known crystal structure, the
exact assignment of the observed bands would be impos-
sible. However, by analogy to dimethyl carbonate crys-
tallized at low temperature, the site symmetry around
the carbonate moiety would be anticipated to have lower
than C,, symmetry.*®&

Summary

The use of solution VT-IR methodology indicates the
occurrence of polycrystalline films from both polymeric
and monomeric organic carbonates at low temperature.
BPA polycarbonate solutions are found to behave anal-
ogously to those of the simple, monomeric carbonates.
As suggested by earlier researchers,® simple crystallinity
within these materials is insufficient to explain the observed
results. The low-temperature solution preparation of these
oriented polycrystalline films is demonstrated to be both
general and quite facile.
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Introduction

In the last few years there has been increasing inter-
est in the synthesis of polymeric structures containing
fluorine atoms in the chain in order to increase the ther-
moxidative and chemical resistance and to have low sur-
face energy and a low coefficient of friction. Fluorine
atoms can be introduced into polymers by different ways,
which in turn can influence the properties of the result-
ing materials. The recent availability of telechelic per-
fluoro polyethers (PFPEs) having the general formula
XCF,(0OC,F,),, (OCF,),0CF,X with m/n = 0.7and X =
CF, (Fomblin Z) and COOCH, (Fomblin ZDEAL) allows
the preparation of polymeric materials containing PFPE,
with the possibility of obtaining PFPE blocks bonded to
other polymer chains. The presence of a fraction of PFPE
as a block copolymer may improve the properties of the
resulting heterophase material and could also influence
the concentration of PFPE on the surface. Recently, sam-
ples consisting of poly(ethylene terephthalate) (PET) and
PFPE homopolymers and containing a fraction of PET-
PFPE block copolymers have been prepared by the addi-
tion of Fomblin ZDEAL (a PFPE with X = COOCH,)
during the polymerization of PET via transesterifica-
tion reactions. Fluorine elemental analysis and selec-
tive extractions were employed to characterize the com-
position of these samples.>? The results showed that at
least a part of ZDEAL reacts with the PET chains lead-
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Table I
Fls/cls CZF4/CF2
sample compositn wt % of fluorine bulk (calc) exptl® exptl® bulk (cale) exptl®
1 PET + ZDEAL*® 4.8 0.051 1.16 1.24 1.40 1.31
2 PET + Fomblin Z/15¢ 9.2¢ 0.103 1.13 1.34 1.40 1.52
3 PET-b-PFPE + Fomblin Z/15° 11.0‘.’ 0.126 1.31 1.91 1.40 1.98
4 PET-5-PFPE + PFPE/ 4.8 0.051 1.36 141 1.40 147
5 PET-b-PFPE + PFPE/ 10.6' 0.121 1.23 1.29 1.40 1.92
6 PET + ZDEAL# 4.8 0.051 0.47 1.13 1.40 1.60
7 PET-b-PFPE + PFPE/ 48 0.0561 1.00 1.32 1.40 1.87
8 PET-b-PFPE" 1.9 0.022 0.20 0.46 1.40 1.20
9 PET-b-PFPE" 2.1 0.020 0.25 0.52 1.40 1.46

¢ These values have been calculated considering the area ratio between the ~C(0)O and —CF functionalities of the C,, region centered at
289.3 and 293.7 eV, respectively. ®In order to calculate the experimental area ratios, the corrected C,, area (obtained by detracting the
hydrocarbon contamination area from the C,, area of CH region) has been used. In addition, the instrument sensitivity factors have been
taken into account (0.52). ° Obtained by taking into account the area ratios between the peak at 293.7 and 295.2 eV, respectively. ¢ The
ratio has been calculated from the initial amounts; however, owing to the incompatibility of PFPE with PET, some PFPE was lost, and
therefore these values are probably lower. ¢ From melt mixing in a minimixer of PET and PFPE homopolymers. / From polymerization of
PET in the presence of Fomblin ZDEAL. £ From melt mixing in a minimixer of a PET/ZDEAL blend previously prepared from a homo-
geneous solution in hexafluoro-2-propanol. * From samples 4 and 5 after selective extraction of nonbonded PFPE. ‘ Evaluated by ele-

mental analysis of fluorine.

ing to PET-PFPE block copolymers and that the over-
all samples are heterophase in nature. Only a slight effect
of PFPE on T,, T, and AH,, of the PET-rich phase was
observed. In addition, the wetting of PFPE-modified PET
decreases for both water and hydrocarbons compared with
PET itself. Samples containing PFPE only in a non-
bonded form were prepared by melt mixing PFPEs with
PET, while samples containing PFPE only in a bonded
form (as PET-PFPE block copolymer) were obtained by
extraction of the nonbonded PFPE from the products
prepared by polymerization of PET in the presence of
Fomblin ZDEAL. Data relative to the composition of
the samples are collected in Table I. Electron spectros-
copy for chemical analysis (ESCA) has been shown to be
a technique of prime importance in the characterization
of polymer surfaces and has been successfully applied to
the study of a wide range of fluorinated materials.>*® Con-
sequently, we have employed ESCA to investigate the
surface aspects of PFPE-PET block copolymers. The
technique was used to characterize the surface of sam-
ples containing different percentages of PFPE either com-
pletely nonbonded to PET (samples 1, 2, and 6), bonded
in part to PET (samples 3-5 and 7), or completely bonded
to PET (samples 8 and 9).

The samples were generally used as extruded wires,
but also powders were utilized without significant changes
in the spectra. The C,, envelope for all the samples shows
three prominent photoionization peaks. The first is attrib-
utable to the —CH plus C-O functionalities and a vari-
able amount of hydrocarbon contamination, the second
peak arises from the carboxylate functionality of the PET,
and the third peak is indicative of the -CF, and -C,F,
functionalities (Figure 1a).

A standard line-shape analysis (Figure 1b) of the total
C,. envelope reveals components at 285, 285.7, 286.9, 289.3,
292.2, 293.7, and 295.2 eV, arising from —-CH, -CC(0)O,
~-CH,0, -C(0)0, -CF,CO,-0C,F 0, and ~OCF,0, respec-
tively. The O,, envelopes (Figure 1a) for all the samples
show two photoionization peaks, which are consistent with
those expected from the structural formula (oxygens
bonded to —CF functionalities or not). Line-shape anal-
ysis reveals three components at 531.8, 533.6, and 535.7
eV corresponding to -O=CQ,-0=CO0, and OCF, respec-
tively. The region centered at 689 eV (Figure 1a) encom-
passes the F,, contribution for all the samples.

In all cases a variable amount of hydrocarbon contam-
ination is present as is evident in comparing the area of
the —C(0)O peak with that of the large C,, contribution
centered at 286 eV. The effect of this contamination will
be to attenuate the signals arising from the core levels
of the pure samples.

The main objective of this work has been the determi-
nation of the relative F,,/C,, area ratios after the inclu-
sion of the appropriate instrument sensitivity factors for
the stoichiometries. Taking into account the -C(0)O (cen-
tered at 289.3 eV) and the three C-F functionalities of
the C,, region (centered at 292.2, 293.7, and 295.2, respec-
tively), it is possible to calculate the F,,/C,, area ratios
corrected from hydrocarbon contamination. These val-
ues are representative of the average F,,/C,, area ratios
in the C,, sampling depth (~50 A). In addition, when
the ~C(0)O and C-H functionalities of the C,, region
are compared, it is possible to calculate the hydrocarbon
contamination and subtract it from the total C,, area ratio.
This yields the area of the C,, envelope due only to the
original samples. The new F,,/C,, area ratios consider-
ing these corrected C,, areas and the F,, envelope area
can then be calculated. These values will be more sen-
sitive to the outer 20 A considering that the F,, has a
shorter mean free path with respect to the C,,. The rel-
evant data are collected in Table L.

It is evident from the results for the F,,/C,, ratios that
there is more fluorine in the surface with respect to the
amount predicted from the composition reported in Table
I. In particular, the samples containing PFPE non-
bonded to PET (completely or in part) show nearly the
same F, /C,, ratio, which decreases when all the PFPE
is bonded to PET. The different values of the F,./C,,
area ratios (see Table I) indicate that the outer 50 A are
not homogeneus, indicating a greater concentration of
the PFPE block in the very surface region (~20 A). The
data for samples 1, 3-5, and 7 are quite similar, and the
small differences are probably due to the uncertainty of
the instrument sensitivity. They mean that the fluori-
nated polymer is by far the most abundant on the sur-
face even when its percentage in the bulk is less than
10%.

Sample 6 shows a lower value of the C(0)O/CF ratio,
probably because it was prepared from an hexafluoro-2-
propanol (HFIP) solution. As is well-known, this sol-
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Figure 1. (a) Typical C,,, F,,, and O,, envelopes. (b) Typical
standard line-shape analysis of the C,, envelope.

vent is removed with great difficulty from PET even at
high temperature under vacuum, and the low value of
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the C(O)O/CF ratio could be ascribed to residual traces
of HFIP, which contribute to the CF signal without con-
tributing to the C(0)O signal.

For samples 8 and 9 the data of both columns aand b
are significantly lower. The low data of column b mean
that for these samples there is a lower fraction of PFPE
on the surface. This result is not surprising if we con-
sider that only in these samples are all the fluorinated
chains bonded to PET chains. However, on the basis of
this result, a higher fraction of PET is expected on the
surface, and it is difficult at present to explain the low
values of column a. It is also interesting to compare the
calculated C,F,/CF, atomic ratios predicted from the
ZDEAL repeat units with the experimental values (see
Table I), because it is possible to have some idea on the
nature of the perfluorocarbon chains present in the sur-
face. In some cases, it seems that in the last 50 A of the
samples there is a greater concentration of C,F, with
respect to the CF, groups.

Experimental Section

Samples 1-9 were prepared using Fomblin ZDEAL (M, =
2000) and Fomblin Z15 (M_ = 9500) by the procedures already
described in the literature.!> In particular, sample 6 was pre-
pared as follows: 1.844 g of PET and 0.156 g of ZDEAL were
dissolved in 8 mL of HFIP to form a homogeneous solution.
The solvent was then evaporated in a rotoevaporator and fur-
ther in a vacuum oven for 16 h at 90 °C. The blend was then
stirred in the molten state for 1 min at 275 °C before extrusion.

The ESCA spectra were run on AEI ES300 electron spec-
trometer using a Mg Ka, , X-ray source operated in a fixed
retardation ratio mode. Spectra were analyzed using a Du Pont
310 curve resolver. Binding energies were referenced to the C-
H level at 285 eV. The instrument sensitivity factors were
obtained experimentally at fixed flux (12 kV, 15 mA to anode)
in the fixed retardation mode.

The samples were studied mainly in extruded form, but also
powders were utilized without significant changes in the spec-
tra.
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