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Abstract The thermal degradation of an amphiphilic
block copolymer poly(ethylene)-b-poly(ethylene oxide)-
carboxylic acid terminated (PE-b-80%PEO-CH,COOH)
and its salt obtained as intermediary product from chemical
oxidation of the end group of poly(ethylene)-b-poly(eth-
ylene oxide) (PE-b-80%PEO) has been studied using a
thermogravimetric mass spectrometry (TG/MS) coupled
system. The isothermal fragmentation of PE-b-80%PEO-
CH,COOH showed a more complex fragmentation pattern
than PE-b-80%PEO owing to the simultaneous occurrence
of the polyether block and the carboxylic end group frag-
mentations. This led to the appearance of four overlapping
ion current peaks of fragments with m/z 44 and two peaks
relative to m/z 18 at different times by acid-terminated
copolymer. For the PE-b-80%PEO copolymer, two ion
current peaks associated to m/z 44 and one large peak
relative to m/z 18 fragments were detected. The interme-
diary product (PE-b-80%PEO-CH,COO™ K™) showed
differences related to the fragmentation behavior. It has
more defined ion current signals and presented character-
istic peaks attributed to m/z 43 fragment at the very
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beginning of the thermal degradation process, which it not
detected in the acid copolymer.
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Introduction

Amphiphilic block copolymers are characterized by a
hydrophobic block linked to a hydrophilic block by a
covalent bond. These materials are interesting if applied as
incompatible or heterogeneous blend in itself; since the
role of the hydrophobic domains with respect to its overall
properties is also worthy of further study. Because of these
properties they have been used in the preparation of com-
posites and compatibilizers in blends. Other interesting
applications for amphiphilic block copolymers are their
use as drug carriers [1-3], for drug solubilization [4, 5],
micellar nanoencapsulation of fragrant [6], controlled
release of drugs [7-11], and even for fullerenes encapsu-
lation [12] are reported in literature. Thus, these materials
have opened a new way for practical interest.
Furthermore, it is known that amphiphilic block
copolymers can assemble in self-organized entities at nano-
level in aqueous solutions forming colloidal dispersions as
well as in the molten state. Compared to common surfac-
tant micelles, polymeric micelles of amphiphilic block
copolymers are generally more stable having a remarkable
lowered critical micellar concentration. These micelles
have a fairly narrow size distribution and are characterized
by a core—shell architecture, where the inner core is sur-
rounded by a palisade of hydrophilic segments [13-17].
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Amphiphilic block copolymers are highly entangled and
segment—segment interactions operate. Thus, thermal deg-
radation of these materials can offer a real insight into such
forces and in particular when chemical modification of one
of the blocks is carried out.

Two main backbone scission mechanisms of thermal
degradation of polymers [18] have been found: the so-
called random chain scission and the terminal one or
depolymerization. A third mechanism should be associated
to the existence of alternating substituent groups in the
polymer backbone that makes possible a chain of multiple
consecutive eliminations. Major vinyl polymers, such as
poly(vinyl chloride), poly(vinyl acetate), and poly(vinyl
alcohol), degrade primarily by elimination of hydrochloric
acid, acetic acid, and water, respectively [19, 20].

The first scission backbone mechanism one leads to a
sudden decrease of the molecular mass because of the
random break down of the polymer backbone giving rise to
free radicals. They have high reactivity and participate in
intermolecular chain transfer and disproportion termina-
tion. As a result, branched and cross-linked chains are
formed and lead to the formation of a tar, as in the case of
polyethylene. On the other hand, the mechanism releases
the monomer molecules at the end of the polymer one by
one through the formation of short free radicals of low
reactivity, as is the case of poly(methylmethacrylate).

Thermal degradation and thermal oxidative degradation of
poly(ethylene oxide) (PEO) have been studied [21, 22] pro-
ducing ethylene and di-ethyl ether between other small mol-
ecules. Its thermal degradation was studied using different
experimental methods, such as differential scanning calo-
rimetry, thermogravimetry, and thermal volatilization analy-
sis; the thermal degradation behavior of poly(ethylene oxide)
blends with poly(vinylidenefluoride-co-hexafluoropropylene)
for conductive applications [23] and with poly(L-lactic acid)
[24] to the use in implants for bone repair was also studied.

The thermal degradation of poly(ethylene oxide) shows
many features in common with its homologues poly(tri-
methylene oxide) and poly(tetrahydrofuran), with the main
degradation processes being accounted by homolysis of the
C-O backbone [25, 26]. The weakest bond in the backbone,
and, therefore, the most susceptible to scission at lower
temperatures, is the C—O bond (322 kJ mol_l). However,
for the C—C, the bond energy is 342 kJ mol ™", a difference
of 20 kJ mol ™" in bond strength implies that the bonds will
undergo scission at comparable rates at 500 °C [27].

Thermal decomposition of poly(ethylene oxide) under
non-oxidative conditions proceeds through one main step at
400 °C, point at which the main low-molecular mass deg-
radation products were identified as ethyl alcohol, methyl
alcohol, alkenes, ethoxymethane, ethoxyetane, methoxyme-
thane, formaldehyde, acetaldehyde, ethylene oxide, water,
CO, and CO, [28]. On the other side, thermal studies of acrylic
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polymers have pointed out that degradation begins with a
water loss (dehydration) followed by a decarboxylation with
CO, loss and chain scission at higher temperatures [29].
Another feature of this degradation is the appearance of the
fragment m/z 73 as a rule. Thermal decomposition of poly
(acrylic acid) and its salts has been thoroughly studied [30].
For the poly(acrylic acid), decarboxylation of anhydride
becomes significant from about 250 °C, and there is a major
fragmentation of the modified backbone from 300 °C. The
alkali metal polyacrylates are more thermally stable polymers
than poly(acrylic acid), degrading only above about 380 °C
under programmed heating at 10 K min~" [27, 31].

Interesting results were obtained by the thermal degrada-
tion of block copolymers. These copolymers showed similar
thermal behavior with the corresponding homopolymers [32,
33]. One of these block copolymers, poly(ethylene)-b-
poly(ethylene oxide) was chosen for the present study. This
amphiphilic material can be functionalized to diversify the
family of amphiphilic block copolymers and with them to
find new properties and potentialities for their use as com-
patibilizers, intermediary in the synthesis of triblock
copolymers, drug carrier matrix, composites, and so on.

By submitting PE-b-80%PEO to an oxidation process,
the goal of the present study was to obtain a new copoly-
mer PE-b-80%PEO-CH,COOH, and to characterize the
chemical modification by spectroscopic techniques and
thermogravimentric analysis using a coupled mass spec-
trometry system.

Experimental
Materials

Poly(ethylene)-b-poly(ethylene oxide) with 20% PEO
(PE-b-20%PEO), Aldrich, M, = 875 g mol™', HLB = 4,
poly(ethylene)-b-poly(ethylene oxide) with 50% PEO (PE-
b-50%PEO), Aldrich, M, = 920 g mol~', HLB = 10,
CMC = 28.8 mg L' (25 °C), and poly(ethylene)-b-poly-
(ethylene oxide) with 80% PEO (PE-b-80%PEQO) Aldrich,
M,=2250¢g mol ™!, were used as received.

Chemical modification of PE-b-80%PEOQ to terminal
carboxylic acid copolymer (PE-b-80%PEO-
CH,COOH)

A colloidal dispersion of PE-b-80%PEO was oxidized by
using a standard method [34] with potassium permanganate
in alkaline solution. Taking into consideration this type of
amphiphilic polymeric material, the procedure was modi-
fied to obtain PE-b-80%PEO-CH,COO K'. Subse-
quently, the carboxylic acid (PE-b-80%PEO-CH,COOH)
was obtained by reducing the pH. Carefully controlled
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centrifugation and filtration allowed to separate manganese
dioxide particles from the dispersion of the copolymer.
Total elimination of manganese dioxide particles was
verified by optical microscopy. Final purification and
drying of the obtained acid copolymer and its salt was
carried out by dialysis and liofilization.

Characterization techniques

The Fourier transform infrared spectroscopy (FTIR) spectra
were recorded in a FTIR Prestige 21-Shimadzu from 450 to
4500 cm™" at a resolution of 1 cm™'. Polymer samples
were prepared on KBr pellets. Absorption spectra in the
UV-Vis region were obtained using a Hach DR 5000 UV-Vis
spectrometer, with quartz cells of 1 cm optical path.
Thermogravimetry and differential thermogravimetry
analyses (TG-DTG) were carried out in dynamic conditions
using thermogravimetric TA Instruments—SDT 2960, with
thermobalance sensibility 0.1 pg. The analyses were con-
ducted at a heating rate of 10 °C min~", in nitrogen atmo-
sphere (100 mL min~") from 30 to 900 °C. The sample
mass of the poly(ethylene)-b-poly(ethylene oxide), with
different contents of the PEO block (20, 50, and 80%), were
about 8 mg, which were placed in a platinum crucible.
The thermal fragmentation behavior of the PE-b-80%PEO
and amphiphilic block copolymers with carboxylic acid ter-
minated and the intermediary salt were analyzed. An on-line
quadrupole mass spectrometer (Thermostar 200, Balzers Co.)
synchronized with the thermobalance TA Instruments—SDT
2960 was used to analyze the pyrolytic exhaust gases pro-
duced by isothermal degradation of copolymers. The iso-
thermal temperature (334 °C) was selected on basis of the
dynamic analysis of the PE-b-80%PEO carboxylic acid ter-
minated in helium atmosphere. Qualitative measurements of
mass polymer fragments were obtained from the eluted gas of
the thermal degradation process. After selection of the char-
acteristic mass fragments, semi-quantitative measurements
were obtained using multiple ion detection. Approximately
8 mg of samples in helium atmosphere (100 mL min~") were
heated from room temperature at 20 °C min~", up to selected
temperature and held for 30 min. The mass fragments of
exhaust gases were measured by mass spectrometer with an
ionization current of 90 V using a CH-TRON detector.

Results and discussion

Chemical modification of PE-b-80%PEO to terminal
carboxylic acid copolymer (PE-b-80%PEO-
CH,COOH)

The chemical modification of PE-b-80%PEO to terminal
carboxyl copolymer was carried out by oxidizing the

hydroxyl terminal group of the PE-b-80%PEO (“Experi-
mental” section). This reaction is heterogeneous because
block copolymer forms a colloidal dispersion as previously
commented. The chemical structure of the original polymer
and their modifications are shown in the schematic repre-
sentation of these blocks copolymers:

— (CH, — CH,),,—(CH, — CH, — O)q,
— CH,CH,OH (pristine)

—(CH, — CH,),,—(CH, — CH, — 0)4,—CH,COO K*
—(CH, — CH,),,—(CH, — CH, — 0)4,—CH,COOH.

One of the crucial stages of the synthesis was the separa-
tion of the manganese dioxide particles produced during
the reaction in the dispersion medium. Several techniques
had to be used for an efficient separation including nano-
filters.

Characterization of the PE-b-80%PEO-CH,COOH
and salt

The FTIR of the modified copolymer as potassium salt and
carboxylic acid are shown in Fig. 1. For the copolymer as
potassium carboxylate, the main new features in relation to
the original copolymer are the signals at v(OCO)
1640 cm™" and v,(OCO) 1400 cm™' [35] that can be
assigned to the salt of the carboxylic acid, confirming the
chemical transformation of the material. The intensity
increase of the hydroxyl signal at vom, 3500 cm™! can be
explained by the high hygroscopicity of the carboxylic
salts. Other main broad signals that appear forming part of

L S S |
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Fig. 1 FTIR spectra of the original copolymer PE-b-80%PEO (/) and
modified copolymers (PE-b-80%PEO)-CH,COOH (2) and (PE-b-
80%PEO)-CH,COO~ K* (3)
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the initial polymer are vC—O—C (~1100 cm™") and C-H
bending (~ 1340 cm ™).

The main feature for the new copolymer with carboxylic
acid end group is the presence of the signal corresponding
to the carboxyl group stretching at 1740 cm ™' that appears
on acidification of the copolymer as carboxylic salt. Other
interesting feature for the copolymer as carboxylic acid end
group is the stretching von, at 3500 em™! and the CH
stretching (around 2900 cm™") that appear separately. The
association of carboxylic acids in dimmers is common in
condensed phase [35] and polymers [36] and generally
produces a broad band in the region 3300-3500 cm™'
(vOH) centered at 3000 cm~'. Furthermore, the C=0
stretching of dimmers appears between 1725 and
1680 cm™!. All these dimmers signals are absent; thus, this
peculiar feature shows that the carboxyl group is in this
sample as an isolated end group. Other signals of these
spectra are identical to the original polymer.

Colloidal dispersions

Aqueous dispersions of the copolymers PE-b-80%
PEO, PE-b-80%PEO-CH,COOH, and PE-b-80%PEO-
CH,COO K" were stable for several months indicating
their colloidal character. UV—-Vis spectra of diluted dis-
persions (Fig. 2) showed a maximum absorbance of PE-b-
80%PEO at 191 nm, whereas for the copolymer salt, it is
shifted to 202 nm and for the copolymer with carboxylic
acid end group it was to 223 nm. The wavelength values
are in accordance with the absorbance maximum of similar
structures with such groups: C-O-C < COO~ < COOH.
An additional characteristic of the new copolymer is that
dispersions are formed faster than the non-modified
copolymer, PE-b-80%PEO.

4 =
4 n
I
3 1
- PE-b-80%PEO-COOH
I ‘\/ PE-b-80%PEO—COO™ K*
: / PE-b-80%PEO—CH, OH
2450

Absorbance

! | T | o vl ! 1
200 300 400 500 600 700 800

Wavelength/nm

Fig. 2 UV spectra for diluted dispersions of PE-b-80%PEO, PE-b-
80%PEO-CH,COOH, and PE-b-80%PEO-CH,COO~ K*
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Thermogravimetric analysis

Block copolymers without modification containing 20, 50,
and 80% PEO were analyzed with the help of TG technique
(Fig. 3) to compare them with the amphiphilic block
copolymer synthesized in the present study. The TG curves
for block copolymers in dynamic conditions (nitrogen
atmosphere) showed that the mass loss occurs almost in an
apparent single step. From the DTG curves of these block
copolymers (Fig. 3), the structural impact of PEO contents
on the thermal behavior could be observed with more
clarity. Block copolymers with 50 and 80% of PEO had a
thermal degradation window from 320 to 480 °C, but for
PE-20%PEO copolymer, the temperature was shifted to
498 °C. The PE-b-80%PEO has a defined peak temperature
(T,) at 405 °C, PE-b-50%PEO showed a T, at 400 °C and a
shoulder at 410 °C, and the copolymer with a lower PEO
content (20%) presented a T}, at 442 °C. This behavior is an
indication that the polyethylene block is more prone to
thermal degradation. The DTG curves definition and their
T, could clearly be correlated to PEO contents in the
copolymers, since the block size had influence on the
thermal behavior.

The thermal behavior of the PE-b-80%PEO and modi-
fied copolymers is shown in Fig. 4. The thermal stability of
modified copolymers was reduced, maybe because a more
efficient terminal mechanism of degradation is operating in
this case, which should be associated to the effect of end
group.

Helium as a carrier gas was used to define the degra-
dation temperature for the isothermal study of copolymers.
The comparative thermogram (Fig. 5) using helium and
nitrogen as carrier gases shows that when helium was used
as a carrier gas it could be detected different steps of the
copolymer thermal degradation.

The derivative mass loss shows a shoulder at 294 °C and
two relative defined peaks at 334 and 365 °C, respectively.
Thus, it seems that fragmentations of the groups at the end
of the chains probably occurs with the loss of small mol-
ecules such as water, CO,, and short fragments, mainly

116 | F2.4
& PE-b-80%PEO
B--- PE-b-20%PEO
96 B = e e e—— " PED-50%PEO [ 49 7T
i - S . 9
o 761
N 14 &
@ 56 @
= r09 g
36 1 =
16 ] o 04 8
A P \
-4 . . - - T -0.1
25 125 225 325 425 525
Temperature/°C

Fig. 3 TG-DTG curves of the block copolymers PE-b-PEO (20, 50,
and 80% PEO) in nitrogen atmosphere
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Fig. 4 Thermal stability (TG-DTG) of the PE-b-80%PEO, PE-b-
80%PEO-CH,COOH, and PE-b-80%PEO-CH,COO~ K* copolymers
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Fig. 5 TG-DTG curves of PE-b-80%PEO-CH,COOH copolymer in
helium atmosphere

from the carboxylic terminal and from hydroxyl end group
of the polyether structure. They were followed by ruptures
on the subsequent penultimate polymer segments at higher
temperatures. A characteristic of this thermogram is that
about 40% of the initial mass remains, it forms a tar that
remains unchanged until 698 °C. It may be due to the
existence of a cross-linked material produced during ther-
mal degradation by a random breaking of C—C bonds.

Mass spectra results

Mass spectra of the PE-b-80%PEO-CH,COOH at 294
and 365 °C

Mass spectra analysis of the carboxylic acid copolymer
was carried out at isothermal conditions (294 and 365 °C).
These temperatures were defined from previous non-iso-
thermal analysis (Fig. 5). The results showed that the mass
spectrum of PE-b-80%PEO-CH,COOH at lower isother-
mal degradation temperature (294 °C) gave fragments with
appreciable intensity up to m/z 60 although few fragments,
with very small intensity, appear at greater m/z (Fig. 6).
A significant contribution to ionic current of fragment
m/z 44 (CO,) appreciated at this temperature, which could

MS at 294 °C

1078 3

lon current/A

L

10-10 Al | -“.'IH “ [ S T TR
10 20 30 40 50 60 70 80 90 100 110 120
Mass/amu

Fig. 6 Mass spectrum at the DTG peak temperature (294 °C) of PE-
b-80%PEO-CH,COOH copolymer
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Fig. 7 Mass spectrum at the DTG peak temperature (365 °C) of PE-
b-80%PEO-CH,COOH copolymer

have come from the decarboxylation process. Other
important signals that could be associated to the end car-
boxylic structure of this copolymer were: m/z 18 (water);
mlz 28 (C=0); m/z 32 (CH3—OH); m/z 58 (OCH,—CO);
mlz 73 (CH, CH,OCH,—COH).

The isothermal degradation at higher temperature
(365 °C) produced fragments with mass over m/z 60 and
higher relative intensity (Fig. 7). These fragments were
consequence to complex degradation mechanism that
included scissions of the ether chain segment, in particular
as ethylene oxide, such as m/z 88 (CH,CH,OCH,-CH,-O)
and m/z 102 (CH,CH,OCH,-CH,—O-CH,).

This thermal behavior is an evidence that degradation
temperature required to the carboxylic end group is lower
than the required by the ether chain. These facts indicate
that in the carboxylic terminal copolymer, the fragmenta-
tion requires less energy to initiate the thermal
decomposition.
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Copolymers thermal fragmentation behavior
during isothermal degradation at 334 °C

Homopolymer polyethylene thermal degradation occurs by
random chain scission of the C—C linkage, whereas the
polyethylene oxide thermal degradation is established by
random homolysis scission of the C—C and C-O linkages
[37]. The copolymer PE-b-80%PEO scissions and rear-
rangements gave a more complex fragmentation pattern
than homopolymers (PE and PEO) but it preserved the
characteristic fragmentation of each blocks.

The main difference that could be seen in PE-b-
80%PEO related to modified polymers was because of the
end groups in polyethylene oxide block. A comparative
analysis of mass spectra data (Table 1) showed common

relative abundant fragments with m/z 18, 28, 29, 43, and 44
and fragments with lower contribution, m/z 45, 54, 57, 73,
and 86, but more significant for modified polymers.
Specific fragments of the acid and salt copolymers from
the scission of the carboxylic end group were m/z 18, 28,
43, 44, 45, 57, and 73 and lower contribution of fragments
with m/z equivalent to 18, 28, and so on, plus ethylene
oxide units. These values are equal to those obtained from
the thermal fragmentations of the ether block of copoly-
mers. It is the reason from that the assignment of such
fragments could not be done without ambiguity for the
copolymer PE-b-80%PEO-CH,COOH or its salt. How-
ever, by comparing the traces during the isothermal for-
mation of the main fragments for the three materials under
study shown in Figs. 8, 9, and 10, it was observed that

Table 1 Main m/z fragments to isothermal decomposition at 334 °C for the copolymers PE-b-80%PEO, PE-b-80%PEO-CH,COOH, and

PE-b-80%PEO-CH,COO~ K"

Frag. (m/z) PE-b-80%PEO PE-b-80%PEO-CH,CO,H PE-b-80%PEO-CH,C 0, K*
fon current/A Peak time/min Ton current/A Peak time/min Ton current/A Peak time/min
18 5.0 x 1077 6.0 1.0 x 107° 4.0 1.0 x 107° 45
- - 1.2 x 1077 10.0 - -
28 - No peak - No peak 45 % 107° 8.5
29 2.0 x 1078 8.5 9.0 x 107* 8.5 7.5 x 107° 8.5
43 1.0 x 107° 8.5 20 x 107* 8.5 32 x 1078 2.0
1.0 x 107 35 2.1 x 107* 10.0 - -
- - 5.0 x 107° 4.0 - -
- - 6.0 x 107° 5.0 - -
44 Weak 8.0 2.6 x 1077 4.0 1.5 x 107° 5.0
Weak 35 27 x 1077 5.0 5.0 x 1077 8.5
- - 3.8 x 1077 9.0 (shoulder) 10.0 - -
4.0 x 1077
45 25 x 1077 8.5 12 x 1078 9.0 1.3 x 1078 8.5
Weak Weak 1.1 x 1078 10.0 1.5 x 1078 5.0
- - 5.0 x 107° 5.0 - -
54 No peak No peak 6.0 x 10710 9.0 (shoulder) 1.0 x 107° 8.5
- - 1.0 x 107° 10.5 - -
- - Weak 5.5 - -
57 Weak 8.5 1.5 x 107° 8.5 8.0 x 107° 8.5
- - 2.0 x 1077 10.5 - -
71 6.0 x 1071° 9.0 1.0 x 107° 9.0 - -
- - 1.0 x 10710 5.0 - -
73 40 x 1071 9.0 2.0 x 107° 9.0 2.8 x 107° 8.5
- - 1.6 x 107° 10.5 - -
86 2.0 x 1071° 9.0 5.0 x 10710 9.0 4.0 x 10710 9.0
- - 40 x 1071 10.5 - -
89 - - 1.0 x 10710 9.0 2.1 x 10710 9.0
- - 1.5 x 10710 11.0 - -
102 - - 40 x 10710 95 1.4 x 10710 9.0
- - 2.0 x 10710 5.5 - -
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Fig. 8 Ion current curves (fragments m/z 18, 28, and 29) at 334 °C
for the copolymers PE-b-80%PEO, PE-b-80%PEO-CH,COOH, and
PE-b- 80%PE-b-PEO-CH,COO~ K"

1 salt

1x1078 acid e

p100 ] copolymer
2
'(‘z) ° m/z 43
§ 3x10°
£ 2x1078
c
§ 1oy \ _f \ T maewoophmer
3
3 m/z 44
S

0 5 1 15 20 25 30 35

Time/min

Fig. 9 Ion current curves (fragments m/z 43, 44, and 45) at 334 °C
for the copolymers PE-b-80%PEO, PE-b-80%PEO-COOH, and PE-
b-80%PEO-COO~ K™

several differences appeared that justify the true origin of
some fragments. It was seen that the higher ion current
intensity appeared in the m/z 18, 28, 29, and 44 for mod-
ified copolymers and as a rule the PE-b-80%PEO presented
the lower intensity of the peaks except for the mi/z
18 and 44.

General characteristics of the copolymers fragmenta-
tions are seen in the fragments with m/z 18, 28, and 29
(Fig. 8). The isothermal formation of m/z 18 fragments for
the PE-b-80%PEO related to water loss from ethylene
block, gave a broad ion current peak around 5.5 min
(Fig. 8). This signal m/z 18 for the salt copolymer pre-
sented a broad ion current peak too but before 5 min.
However, from the acid copolymer, this signal was sharp at
4 min accompanied by a minor ion current peak at 9.5 min
(Fig. 8 and Table 1). Thus, it suggests that for the acid
copolymer the water was lost by a different mechanism.

Fig. 10 Ion current curves (fragments m/z 54, 57, and 73) at 334 °C
for the copolymers PE-b-80%PEO, PE-b-80%PEO-CH,COOH, and
PE-b-80%PEO-COO~ K*

The fragment m/z 28 steadily decreases for the PE-b-
80%PEO corresponding to the loss of CH,—CH,. The same
trend is observed for the acid copolymer. However, this
trace is very different from that observed for the salt
copolymer (Fig. 8), which affords a sharp peak suggesting
that this loss can also be related to the C=0 loss. Signal m/
7 29 is very similar to the three other materials presenting
peaks at 9 min, which in the case of the acid copolymer is
split twice. The intensity of the m/z 29 is higher for the salt
and acid copolymers compared to PE-b-80%PEO.
Although the signal m/z 28 could be associated to the C=0
loss for the carboxylic copolymers, the signal m/z 29
probably could be related to the protonated C=0.

The ionic current intensity due to the fragments m/z 43,
44, and 45 are shown in Fig. 9. The ion current signals of
these fragments, for the salt and acid copolymer, showed
two peaks for each fragment and one peak for the
copolymer PE-b-80%PEO. These peaks appeared at two
times, at 4.5 and 8 min, indicating that these fragments
have different origins, associated to two types of frag-
mentations. These fragments could be associated to the loss
of a CO, group from the carboxylic copolymers or to the
fragment CH,CH,O from the ethylene oxide block giving
in both cases the m/z 44. Furthermore, the peaks for the
acid copolymer are split giving double peaks.

At lesser time (4.5 min), ion current peaks appear
because of fragments m/z 44 and 45 but not for the frag-
ment m/z 43 (Fig. 9). These peaks are observed in the salt
and acid copolymers but not in the PE-b-80%PEO. This
feature means that these fragments correspond to a process
of decarboxilation, which could not arise from the PE-b-
80%PEO. This is in agreement with the feature for the
modified copolymer, acid, and salt; the formation of a
signal at m/z 43 is not possible because the fragment m/z 44
is essentially CO, that cannot lose a proton and become an
mlz 43 fragment.
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The second peak at around 8 min because of fragments
miz 43, 44, and 45, was weak when compared with the
PE-b-80%PEQ, and undoubtedly they would correspond to
the fragment CH,CH,O of the ether block. The difference
in the intensity of the signals m/z 43 and 45 are related to the
gain or loss of a proton from ion m/z 44. However, for the m/
z 43 of the salt copolymer, the first peak appears at a
position of 2 min before giving a little intermediate peak at
the same position (4.5 min) than for the m/z 44 and m/z 45.
It suggests that the salt copolymer is able to give the frag-
ment CH,—C=0H of m/z 43 from the carboxylate; however,
for the acid copolymer fragmentation is not possible. This
result indicates clearly the difference in fragmentation
pattern between the salt and the acid copolymer.

Ion current because of traces of fragments with m/z 73,
57, and 54 are shown in Fig. 10. These signals were weak
or they do not appear for the PE-b-80%PEO isothermal
degradation, which were comparatively more intense for
the acid and salt copolymers. This is an indication that
these fragments come from the resting carboxylic moiety
of these copolymers. The fragments m/z 57 seem to come
from O-CH,—CH,—C=0 or CH,—COO and OCH,-COO
for the m/z 73. The intensity of the peak m/z 57 for the salt
copolymer is much more intensive than that for the acid
copolymer. The appearance of fragment m/z 54 could not
be assigned and steadily decreases for the PE-b-80%PEO
copolymer, in contrast to the other polymers.

Conclusions

A novel amphiphilic block copolymer was obtained by
oxidizing the hydroxyl terminal group of PE-b-80%PEO to
produce PE-b-80%PEO-CH,COOH with carboxylic acid
end group and its potassium salt as an intermediary. Both
the materials were characterized by spectroscopic methods,
infrared, ultraviolet, and mass spectrometry. These com-
pounds formed stable colloidal dispersions in water for
several months. The PE-b-80%PEO-CH,COOH copoly-
mer had shown less thermal stability than its salt and the
PE-b-80%PEO block copolymers. Furthermore, the car-
boxylic acid copolymer offered a complex thermal frag-
mentation pattern because these copolymer thermal
degradation reactions simultaneously take place on the
carboxylic moiety and on the polyether chain.
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