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Synthesis and Characterization of Poly(hydroxyamide-
benzoxazole) Multi-Block Copolymers

Young Koo Kwon and Young Jun Kim
Department of Chemical Engineering, Sungkyunkwan University,
Suwon, South Korea

Poly(hydroxyamide-benzoxazole) multi-block copolymers were prepared from the
polymerization of 2,2'-bis(3-amino-4-hydroxyphenyl)-hexafluoropropane (6FAP)
and 4,4'-oxydibenzoyl chloride (ODBC). N,O-bis(trimethylsilyl)trifluoroacetamide
(BSTFA) or N,O-bis(trimethylsilylacetamide (BSA) was used as a silylation agent
to activate amine functional groups. The amine terminated hydroxyamide
prepolymers (ATHA) were synthesized by employing the low temperature solution
polymerization via the in situ silylation method. p-Toluenesulfonic acid was added
into the reaction mixture of ATHA, which in turn followed by cyclodehydration at
150~ 190°C 4 for 24 hrs to produce amine terminated benzoxazole oligomers
(ATBO). Finally, the poly(hydroxyamide-benzoxazole) multi-block copolymers were
prepared from the condensation of ATHA, ATBO and ODBC by employing the sily-
lation method at relatively low temperature of 60°C. In the present work, properties
of multi-block copolymers have been investigated.

Keywords: in situ silylation; polybenzoxazole; poly(hydroxyamide-benzoxazole) block
copolymer; positive working photo resist; silylation agent

1. INTRODUCTION

Polybenzoxazoles (PBOs) have special features which lower water
absorption, dielectric constant, and power dissipation. Polybenzoxa-
zoles precursors [0-hydroxy amide; PHA] have been used to prepare
positive working photosensitive materials for microelectronics [1-5].
Polybenzoxazoles have good photolithographic performance, but they
show dark film loss since the PBO precursors show high solubility in
the aqueous base developer [6]. The dark film loss after development
may be avoided by reducing the solubility of PBO precursors. In order
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to protect dissolution of the prepolymer in the aqueous base developer
we introduce small amount of PBO groups in the PBO precursors. PBOs
could be prepared from the polymerization of bis(o-aminophenol)s with
dicarboxylic acids in polyphosphoric acid(PPA) [7,8]. On the other
hand, dicarboxylic acid chlorides can be used for the PBO synthesis
by employing the direct solution polymerization technique. The
solution polymerization technique involves polycondensation of
bis(o-aminophenol)s with dicarboxylic acid chlorides in high boiling
solvent to produce PHA precursors and subsequent thermal cyclodehy-
dration of the PHAs to PBOs. However, it was found to be difficult to
obtain high molecular weight PBOs especially when monomers
with low reactivity such as 6FAP were involved [9]. The silylation of
the amine functional group increases the electronic density on the
nitrogen atom and decreases the activation energy of the reaction,
which in turn increases the overall reaction rate [10]. The silyla-
tion method involving N,N’,0,0’-terakis(trimethylsilyl)-substituted
bis(o-aminophenol)s was used for the synthesis of PBOs with high
molecular weight. The hydrolytic susceptibility of the silylated bis(o-
aminophenol) monomers was found to be a synthetic obstacle in
the synthesis of PBOs [8,11,12]. Therefore, we have employed the in
situ silylation method for the synthesis of PBOs using a silylation
agent such as N,O’-bis(trimethylsilyl)acetamide (BSA) or N,O'-
bis(trimethylsily)trifluoroacetamide (BSTFA).

2. EXPERIMENTAL
2.1. Material

2,2'-bis(3-amino-4-hydroxyphenyl)-hexafluoropropane (6FAP) (1) was
purchased from Chriskev Co. and dried in vacuum at 105°C for 24 h
before use. 4,4’-Oxydibenzoyl chloride (ODBC) (2) was prepared by
chlorination of 4,4’-oxydibenzoic acid with thionyl chloride according
to the literature procedure [13]. N,O-bis(trimethylsilyltrifluoro-
acetamide) (BSTFA), N,O-bis(trimethylsilylacetamide) (BSA) and
p-toluenesulfonic acid (p-TSA) (3) were purchased from Aldrich and
used as received. Dichlorobenzene, N-methyl-2-pyrrolidinone (NMP),
and y-butyrolactone were obtained from Aldrich and dried by distil-
lation over calcium hydride.

2.2. Synthesis of the Amine Terminated PBO Precursor

[ATHA] (Mn:8K)

A typical example of the synthesis of the amine terminated PBO
precursor with the theoretical number average molecular weight
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SCHEME 1 Synthesis of the amine terminated PBO precursor [ATHA] by
silylation method.

of 8 K is given below (Scheme 1). In a flame-dried flask, 1 (2.4 mmol)
was dissolved in y-butyrolactone (6 mL) while stirring under nitro-
gen. BSTFA (5 mmol) was added to this solution and stirred at room
temperature for 1h to prepare silylated monomers. 2 (2.05 mmol)
was added all at once and stirred at room temperature for 6h. A
thin solution of amine terminate hydroxy-amide (ATHA) was
obtained. The resulting ATHA solution poured into the water/
methanol mixture (1:1 (v/v)). The precipitated ATHA (4) was col-
lected, washed several times with the water/methanol mixture,
and dried at 105°C for 24 h.

2.3. Synthesis of the Amine Terminated PBO Oligomer
[ATBO] (Mn:8K)

At room temperature NMP (6 mL) was added to a 25 mL flame-dried
reaction flask equipped with a Dean-Stark trap, nitrogen inlet, and
a drying tube. Subsequently, 4 (2 mmol), azeotroping solvent, dichloro-
benzene (1.4ml) and p-TSA (0.48 mmol) were added to the reaction
flask while stirring. After the addition of the p-TSA, polymeri-
zation temperature was increased to 180°C and the polymerization
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SCHEME 2 Synthesis of the amine terminated PBO oligomer [ATBO].

was allowed to proceed for 24 h at this temperature under nitrogen
atmosphere. The resulting ATBO oligomer solution was poured into
methanol. The ATBO (5) oligomer was collected and dried at 205°C
for 24 h (Scheme 2).

2.4. Synthesis of Poly(hydroxyamide-benzoxazole)
Multi-Block Copolymer [PHPB]

A typical example of the synthesis of poly(hydroxyamide-benzoxazole)
multi-block copolymer in which the total mole % of ATHA and ATBO
are 80 and 20, respectively, is given below. Into the flame-dried flask
containing 8 K ATHA solution (4.638g ATHA oligomer in 26 ml of
NMP), 5 (1.018g) was added. The reaction mixture was heated to
60°C in order to completely dissolve the oligomer 5. The silylation
agent, BSTFA was added to this solution and stirred for 30 min.
to allow the silylation reaction to occur. Then 2 (0.7816 g) was added
to the reaction mixture while stirring at 60°C. After the 6hr reac-
tion, highly viscose polymer solution was obtained. The resulting
poly(hydroxyamide-benzoxazole) multi-block copolymer (PHPB) solu-
tion was poured into the mixed solvent of water/methanol (1:1v/v).
The precipitated polymer was collected by filtration, washed with
the mixed solvent of water/methanol (1:1v/v) and dried at 60°C 4
for 24h (Scheme 3).

2.5. Characterization

Intrinsic viscosity measurements were performed in NMP at 30°C by
using Cannon-Ubbelohde viscometers. Molecule weight values were
determined by gel permeation chromatography (GPC) on a Water
GPC System equipped with polymethylmethacrylate gel columns.
The measurements were performed at 35°C in DMF containing
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SCHEME 3 Synthesis of poly(hydroxyamide-benzoxazole) multi-block
copolymers [PHPB].

0.01M LiBr. 'H-NMR spectra were recorded on a Varian 500 MHz
instrument using DMSO-d6 or CDCl3 as solvents. Fourier transform
infrared (FT-IR) spectra were recorded on KBr salt plates with a
Perkin Elmer FT-IR Spectrometer Spectrum 2000. Differential scan-
ning calorimetry (DSC) measurements were performed on a TA
Instruments 910. DSC scans were run under nitrogen atmosphere
(100 ml/min) on powder samples. DSC scans were run from 30 to
300°C at a heating rate of 10°C/min. Thermogravimetric analysis
(TGA) was performed on a TA Instuments 2950 thermogravimetric
analyzer at a heating rate of 10°C/min under nitrogen atmosphere.

3. RESULTS AND DISCUSSION

3.1. Synthesis of Poly(hydroxyamide-benzoxazole)
Multi-Block Copolymer [PHPB]

It is reported by others that only oligomeric PBOs were obtained from
monomers with low reactivity such as 6FAP. For example, oligomeric
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PBOs were obtained either from the direct solution polycondensation
of 6FAP or isophthaloyl chloride in dimethylacetamide at 0 ~ 5°C [9].
These experimental results imply that it is difficult to synthesize high
m.w. PBO multi-block copolymers from low reactivity monomers
through the direct solution polymerization technique. The synthetic
obstacle could be overcome through the silylation method for the
synthesis of poly(hydroxyamide-benzoxazole) multi-block copoly-
mers. Figure 1 shows the GPC traces of ATBO prepolymer and poly
(hydroxyamide-benzoxazole) multi-block copolymers and the molecu-
lar weight values are summarized in Table 1.

The number average molecular weight of ATBO, whose target
molecular weight was 8,000 g/mol, was found to be 8,300 g/mol. It
was impossible to cast a tough film with this oligomer. However, from
the polymerization of 8 K ATHA, 8 K ATBO and ODBC as explained in
the above experimental section, high molecular weight hydroxyl
amide-bezoxazole multi-block copolymers were successfully synthe-
sized. Dramatic molecular increase was observed. The block copoly-
mers of PHPB10 and PHPB20 showed number average molecular
weight of 117,000 and 70,000g/mol, respectively. The intrinsic
viscosity values of these polymers were 0.68 and 0.62dL/g, respec-
tively and these two block copolymers formed tough films.

In the cyclodehydration step in which the hydroxyl-amide groups
were transformed to benzoxazole groups (Scheme 2), the addition of
p-toluenesulfonic acid was critically important for achieving complete
ring formation. This is demonstrated in the FTIR spectra shown in
Figures 2 and 3. For the FTIR characterization, the 8 K ATHA prepo-
lymer was cast on the KBr salt plate which in turn exposed to the
thermal treatment at 100°C for 1h, at 200°C for 1h and at 300°C for
1h (Fig. 2). Under these conditions the hydroxy amide groups were
resistant to cyclization as evidenced by the fact that the oxazole C-O
stretch vibration at 1051 cm ™! did not appear. Figure 3 shows FTIR
spectra of 8 K ATHA prepolymer, 8 K ATBO, PHPB10 and PHPB20.
In the synthesis of the 8 K ATBO oligomer, p-toluene sulfonic acid
was used as a catalyst. As shown in Figure 3 the bands due to the oxa-
zole C-O stretch were developed for the ATBO, PHPB10 and PHPB20
samples. The importance of the addition of the acid catalyst such as
p-toluene sulfonic acid in PBO synthesis is reported elsewhere [12].
They reported that the attempts to cyclize the hydroxyl amide precur-
sor without the addition of an acid resulted in less than 1% conversion
over a 5h period.

The cyclization reaction was also followed by 'H-NMR. Figure 4
shows "H-NMR of 8 K ATHA (spectrum A) and 8 K ATBO (spectrum B)
oligomers. As shown in Figure 4 the peaks at 10.5 ppm due to amide



Downloaded by [Siauliu University Library] at 04:41 17 February 2013

178/[542] Y. K. Kwon and Y. J. Kim

Sample Hame : ATBO
GPC Chromategram

MY
]
g

1000 M0 4200 1200 Wod 8w 1800 4700 03 g0 e Aol 200

Mnges

Sample Name : PHPB10

GPC Chromatogram
500
40004
300 0 §
o
20000 =
g
10000 2
3
0,00 iy
100 00
ljll) ﬁll) uh: |D‘.W |2‘.ﬂJ ILIDU |ﬁ’0|l 'IBI.II'I 20'|'D ZZrID MII'.D
Mrutes
Sample Name : PHPB20
GPC Chromatogram
50000
400,00
30000 g
=3 mws i
=
] -
10000 8
] @
] |
0,00 T o i
100 03+
L T T T T ¥ T T L) | T T
400 600 200 W0y 1200 Hoo 16.00 1800 2000 20w .00
Mnutos

FIGURE 1 GPC traces of ATBO prepolymer and poly(hydroxyamide-
benzoxazole) multi-block copolymers.
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TABLE 1 Molecular Weight and Intrinsic Viscosity Values of ATBO
Prepolymer and Poly(hydroxyamide-benzoxazole) Multi-Block Copolymers

Polymer systems Mn Muw Muw/Mn Intrinsic viscosity
ATBO (8K) 8,300 10,600 1.3 -
PHPB10* 117,000 187,000 1.6 0.68
PHPB20** 70,000 113,000 1.6 0.62

*PHPB10: Poly(hydroxyamide-benzoxazole) multi-block copolymer synthesized from
8 K ATHA (90 mole%) and 8 K ATBO (10 mole%).

**PHPB20: Poly(hydroxyamide-benzoxazole) multi-block copolymer synthesized from
8 K ATHA (80mole%) and 8 K ATBO (20 mole%).

NH groups and 9.6 ppm due to the hydroxy groups were completely
disappeared in case of the ATBO sample, which confirms complete
cyclization of the hydroxy amide groups.

3.2. Characterization of Poly(hydroxyamide-benzoxazole)
Block Copolymers [PHPB]

The solubility of the poly(hydroxyamide) prepolymer and PHPB multi-
block copolymers (PHPB10 and PHPB20) was investigated in
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0.25 — 30000 for 1h
0.20
< 0.154 :;’x‘\‘ ‘ :
1 I / ‘ i 1081,1010 om”
0.10 4 p\ N I i Oxazole
1WA 1 /, v/l ;gl(c-O)
0054 vt \\F
e/ :
o / i
0.00 r-butyloractone

1 T 1 T T M 1 M 1 T T T T T T M
1700 1600 1500 1400 1300 1200 1100 1000
-1
wavenumber(cm™)

FIGURE 2 FTIR spectra of 8 K ATHA prepolymer measured at the different
stages of thermal treatment. The ATHA prepolymer was cast on the KBr salt
plate which in turn exposed to the thermal treatment at 100°C for 1h, at 200°C
for 1h and at 300°C for 1h.
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FIGURE 3 FTIR spectra of 8K (precursor), PBO (8 K ATBO), PHPB10 and
PHPB20.
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FIGURE 4 'H-NMR spectra of 8K ATHA (spectrum A) and 8K ATBO
(spectrum B) oligomers.
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TABLE 2 Solubilty Behavior of 6FAP/ODBC Based Hydroxyamide
Prepolymer and Hydroxyamide-Benzoxazole Multi-Block Copolymers

Solubility* of Solubility of PHPB10
Solvent polybenzoxazole precursor** and PHPB20 multi-block copolymers

NMP
DMAC
DMF
THF
DMSO
Acetone
Ethanol
Methanol
TMAH* * %k

I+ + + + +

e e

*+: soluble; —: insoluble.

**High molecular weight poly(hydroxyamide) precursor based 6FAP/ODBC (intrinsic
viscosity: 0.6 dl/g measured at 30°C in NMP).

“**10% (w/w) aqueous solution of tetramethyl ammonium hydroxide.

various solvents as shown in Table 2. Both of the block copolymers
were soluble in all of the solvent under investigation except ethanol
and methanol. TGA curve of PHPB10 is shown in Figure 5. The weight
loss up to 200°C corresponds to the vaporization of solvent. The TGA
trace levels off around 360°C and stays at constant level up to
510°C from which dramatic weight loss is observed due to thermal
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FIGURE 5 TGA trace of PHPB10.
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FIGURE 6 DSC thermogram of PHPB10.

degradation. Figure 6 shows the DSC thermogram of PHPB10 where
the glass transition is observed at 302°C.

4. CONCLUSION

Poly(hydroxyamide-benzoxazole) multi-block copolymers [PHPB] were
synthesized from the coupling reaction of amine terminated hydroxyl
amide oligomers, amine terminated benzoxazole oligomers and ODBA
by employing the in situ silylation method. GPC, FTIR and 'H-NMR
spectroscopic data confirmed the synthesis of the multi-block copoly-
mers. The cyclization conditions for transformation of hydroxy amide
groups to benzoxazole groups were investigated. It was found that
catalytic amount of p-toluene sulfonic acid should be added in the sol-
ution cyclization technique for effective cyclization.
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