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Abstract
Two copolymers containing different sulfonyl units, i.e.
isobutyl p-styrenesulfonate (IBSS) and n-butyl p-styrenesulfonate
(BSS), methacrylic acid (MAA) and styrene (St) were synthesized
and their thermal behaviors and imaging properties were
investigated by TGA, DSC, FTIR and other methods. It was found
that the copolymers were thermally stable at low temperatures
below 100 oC, showing no pronounced structure change and
weight loss after having been treated at this temperature for 20 hrs,
and thermo-decomposed at high temperature yielding sulfonic
acids. Along with the chemical structural changes during thermal
treatments, great solubility changes were achieved from being
insoluble to completely soluble in neutral water. A positiveworking and neutral water-developable imaging material was
proposed and preliminary studies on the imaging properties were
conducted.
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Introduction
There has been found a wide application of affinity
switchable polymer in Deep-UV microlithography and Computerto-Plate imaging over recent years [1~3]. In common, this kind of
polymer undergoes affinity change, say, from being hydrophilic to
being hydrophobic or vice versa, when exposed to a physical or
chemical stimulus. Previous work [4] revealed that polymers
containing sulfonate groups would undergone steady thermodecomposition to give sulfonic species when treated under a higher
temperature (typically 120-230 oC) and the decomposition
temperature was dependent on chemical structure of the sulfonate
units, which could be isopropyl p-styrenesulfonate, cyclohexyl pstyrenesulfonate, n-butyl p-styrenesulfonate, cyclohexyl vinyl
sulfonate and n-butyl vinyl sulfonate. Their imaging properties
were investigated and found that copolymers containing these
sulfonate groups were found of excellent switchability from being
insoluble to completely soluble in neutral water upon heating
treatments. But, most of them unfortunately had a relatively poor
thermo-stability, experiencing large weight losses when exposed to
temperatures around 80 oC.
In this paper we synthesized a series of copolymers
containing n-butyl p-styrenesulfonate (BSS) and isobutyl pstyrenesulfonate (IBSS), which were stable below 100oC and
readily undergone acid releasing at a higher temperature. Further,
we designed a material system mainly composed of the copolymer
containing sulfonate and carboxyl groups and a bis-vinyl ether
compound in order to gain even higher contrast in aqueous
solubility between the thermally exposed and unexposed areas.
The copolymer itself was an excellent polymeric thermal acid

generator and also could be used as polymer binder with bisvinyl
ether. The binder bonding was found unstable when strong acid,
such as sulfonyl acid, existed [5]. This material system undergone
not only changes in chemical composition, releasing sulfonyl and
carbonyl acids, but also changes in structural dimension from
networked to linear, when exposed to high temperatures. These
changes worked jointly, building great contrast in affinity between
thermally exposed and non-exposed areas of the polymer film.

Experimental
Material
Monomers n-butyl p-styrenesulfonate (BSS) and isobutyl pstyrenesulfonate (IBSS) were prepared in our laboratory according
to a literature [6]. Monomer styrene (St), monomer methacrylic
acid (MAA) and 2,2’-azobisisobutyronitrile (AIBN) were
commercial available and purified before use. 2,2’-bis(4-(2(vinyloxy)ethoxy)phenyl) propane (BVPP) was prepared
according to a literature [7], mp: 55-56 oC (literature: 54-55 oC ).
Other reagents and organic solvents were commercially purchased
and purified before use.

Polymer Preparation and Instruments
Purified monomers were weighed and dissolved in 1,4dioxane, and then 2 mol% (relative to the monomer content) AIBN
was added. The mixture was heated to 70 oC and then stirred for
24 hrs under the flow of N2. Then the solution was poured into a
large quantity of petroleum ether and the fabric precipitation was
fully washed and dried in vacuum at 40 oC for 4 hrs. Fourier
transform infrared (FTIR) spectra were recorded with a
SHIMADZU FTIR-8400. Differential scanning calorimetry (DSC)
and thermogravimetric analysis (TGA) were recorded by using a
NETZSCH DSC 200PC and a NETZSCH TG 209 at a heating rate
of 10 K/min, respectively. 1H NMR spectra were recorded with an
ARIA EMAN FX-300. Methacrylic acid (MAA) content was
deduced by acid-base titration. Number- and weight-average
molecule weights (Mn and Mw) of copolymers were determined
by a SHIMADZU LC-10AvP GPC system equipped with a
polystyrene gel column (GPC-805) at 30 oC in THF at a flow rate
of 1.0 ml/min.

Film Preparation and Imaging Property
The films for imaging properties testing were prepared
according to the following process. Weighed amount of
synthesized copolymer (10 wt.% relative to that of 1,4-dioxane)
was completely dissolved in 1,4-dioxane. BVPP (relative to the
copolymer, i.e. 5.1 wt.% for TP1 and 5.2 wt.% for TP2) and an IR
dye (3 wt.% relative to that of the copolymer) were selectively
added for experiment need. The solutions were spin-coated onto an
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thermolysis of butyl p-styrenesulfonate groups and isobutyl pstyrenesulfonate groups, respectively.
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Copolymers Structure
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Thermal Properties
The peak temperature of thermolysis and thermal
decomposition energy of TP1 were 208 oC and 118 J/g, and those
for TP2 were 175 oC and 55 J/g (Table 1), corresponding to
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Figure 1. Thermal analyses of TP1 and TP2. (a) TGA curve (heating rate: 10
o
C/min) and (b) Isothermal aging.

Table 1 Primary Data of Copolymers

Feeding Ratio
[mol]
Effective Ratio
[mol]
Peak Temperature
of Decomposition
o
[ C]
Thermaldecomposition
Energy [J/g]
Mn
Mw
Mw/Mn

100

35

Free radical copolymerization of BSS or IBSS, MAA and St
was carried out and two copolymers (termed as TP1 and TP2,
respectively) were obtained. Their chemistry structures were
confirmed by FTIR and 1H NMR. As for the 1H NMR spectrum of
TP1, protons of BSS moiety were present at 0.87 ppm (-CH3), 3.94.2 ppm (-SO3CH2-), 6.88-7.26 ppm and 7.52-7.89 ppm (-C6H4),
respectively. The peak at 6.48-6.92 ppm was assigned to the
protons -C6H5 of St moiety. The content ratio of BSS and St units
could be deduced from the ratio of the integral area of 6.88-7.89
ppm (-C6H4) and that of 6.48-6.92 ppm (-C6H5). With the content
ratio of BSS and St and the acid value of MAA (12.38 wt.%) and
consequently the composition of TP1 could be determined [6].
Using the same method, the composition of TP2 could be also
determined. Table 1 gives the effective unit compositions of TP1
and TP2.
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Results and Discussion

TP1

TP2

90

TG%

aluminum substrate and then dried in an open oven at 70 oC for 30
min. The dry films were about 1～2 μm thick (measured by using
Taylor Hobson FTS-S3c).
The polymer films containing BVPP were placed in a
homemade heating apparatus at 100 oC for 10 min for pre-baking
treatment and at higher temperatures (which were a little higher
than the peak temperature of thermolysis of sulfonyl units) for
post-baking treatment. And then the polymer films were immerged
and held in stirred aqueous solution for development. Polymer
films without BVPP were only treated by post-baking and the
results were used for comparison. The films containing an IR dye
were placed in a homemade IR exposure apparatus for thermoimaging test instead of post-baking treatment and the exposed
films were processed and used in evaluating thermo-imaging
properties.

TGA result also indicated an apparent weight loss starting at
210 oC for TP1 and 180 oC for TP2, respectively (Fig.1a). The
weight loss of TP2 with increasing temperature (from 30 oC to 220
o
C) was characterized by three steps. The first step started at about
80 oC and was a slowly progressive process. It was attributed to
the evaporation of residual solvents in the polymers. The second
step started at around 180 oC and was a very fast process, as
revealed by the steep slop of the curve. It was believed to have
come from thermolysis of the sulfonate groups. And the third step,
a relatively slow process above 180 oC, was caused by
dehydration of the carboxylic acid groups. The weight loss of TP1
with increasing temperature proceeded in two steps, i.e., a slow
one starting at around 80 oC and a fast one starting at around 204
o
C. The first one was apparently contributed by the evaporation of
residual solvents in the polymer and the last one by the combined
effect of thermolysis of the sulfonate groups and dehydration of
the carboxylic acid groups.
Fig.1b depicts thermal stability of the polymers TP1 and TP2.
Thermal weight losses of TP1 and TP2 at 100 oC for over 20 hrs
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were both below 5 % and were mainly due to the evaporation of
residual solvents in the polymers. On the other hand, TP2 lost
nearly 12 % of the original weight at 180 oC for the first 120 s and
then the weight loss apparently slowed down when the aging time
exceeded 500 s. Finally a plateau of about 20 % was reached at
even longer aging time. These results revealed that TP2 was stable
at low temperature (below 100 oC) and would readily undergo
thermolysis at high temperatures, say over 180 oC, releasing
sulfonyl acid. TP1 showed similar thermal behaviors like TP2 and
its weight loss over the first 120s at 210 oC was partially
contributed by the dehydration of carboxylic acid.

Imaging Property
Bisvinyl ether compound reacts readily with phenol or
carbonyl groups of polymers above 80oC, producing acetal
structures between the vinyl group and phenol or carboxyl group [8,
9]
. The acetal structures cross-link the polymer into threedimensional networks, while shield phenol or carbonyl groups of
the polymer, reducing aqueous solubility of the polymer. This was
what happened inside polymer films with bisvinyl ether compound
during pre-baking. Upon post-baking treatment, the sulfonate unit
underwent thermolysis, generating sulfonic acids, which in turn
triggered the acetal bonding to break down, leading to the release
of the shielded carbonyl groups. The released sulfonic acid and
carbonyl groups worked jointly to promote aqueous solubility of
the polymer. This would lead to a high contrast in aqueous
solubility between the pre- and post-baked polymer matrixes.
Experimental results showed that the films after pre-baking
treatment were completely insoluble in neutral water and even in
strong aqueous alkaline solutions, such as that of 1 wt.% NaOH.
Necessary post-baking time for films containing TP1 and TP2 to
become completely soluble in neutral water were over 300s and
180s, respectively. In comparison, necessary post-baking time for
TP1 and TP2 films without BVPP were over 160s and 90s,
respectively. This difference in length of necessary post baking
time was reasonably due to the extra energies consumed by
decross-linking the acetal bonding.
Chemical changes during pre- and post-baking processes
were successfully traced by FTIR spectra. Take the film containing
TP2 as the sample. Fig. 2 shows the subtracted FTIR spectra of the
polymer matrix (containing BVPP 5.2 wt.% / TP2), namely the
ΔABS curves before and after thermal treatment. As shown in Fig.
2(a), after pre-baking the peaks of carboxyl group of TP2 at
3500cm-1 and vinyl group of vinyl ether cross-linker at 1616 cm-1
were decreased, while appeared new peaks at 1039 cm-1 and 1134
cm-1, which were attributed to the formed acetal bonding. This
result indicated that crosslinking took place between the carboxyl
group and vinyl group. As shown in Fig. 2(b), after post-baking,
the peaks of acetal bond are reduced and that of –COOH group at
3500cm-1 was increased, suggesting that decross-linking of the
acetal bonding took place. The increased peaks at 1010 cm-1 and
1037 cm-1 of were attributed to the newly formed –SO3H group
and the decreased peak at 1172 cm-1 was attributed to O=S=O
group. This result suggested that isobutyl p-styrenesulfonate group
in TP2 was thermally decomposed and at the same time, sulfonic
acid was produced.
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Figure 2. Subtracted IR spectra of TP1 matrix. (a) before and after pre-baking
at 100 oC for 10 min, (b) before and after post-baking at 200 oC for 2 min.

Fig.3 shows photographs of polymer films containing TP1 or
TP2 and an IR dye after thermal laser scanning and neutral water
processing. The white colored areas depicting a ‘phoenix bird’
were the exposed areas, which were highly soluble in neutral water.
The minimal exposuring power for films containing TP1 or TP2
and the dye was about 100-150 mw in our homemade IR exposure
apparatus.

(a)

(b)

Figure 3. Photographs of polymer films after thermal laser scanning and
neutral water processing. (a)For polymer films containing TP1 and IR dye; (b)
For polymer films containing TP2 and IR dye.

Conclusion
Two copolymers with either isobutyl p-styrenesulfonate
(IBSS) unit or n-butyl p-styrenesulfonate (BSS) unit, methacrylic
acid (MAA) and styrene (St) were synthesized. The copolymers
were thermally stable at low temperatures below 100 oC and
readily undergone thermolysis at higher temperatures. Upon
thermal laser exposure or baking at above 200 oC, the sulfonate
unit decomposed to generate sulfonic acid. Along with the
chemical changes during thermal treatments, great solubility
changes were induced. As a result, the polymer films were
switched from being insoluble to completely soluble in neutral
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water. Preliminary imaging experiments showed that this film
matrix could be possibly applied in direct thermal laser imaging.
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