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Novel functionalized poly(tetramethyl-1,4-silphenylenesiloxane) with pendant hydroxyl groups, i.e., poly[2,5-bis(2-

hydroxyethoxy)-tetramethyl-1,4-silphenylenesiloxane] (P1), was synthesized and characterized by differential scanning

calorimetry (DSC), thermogravimetry (TG), and X-ray diffraction analysis. P1 was obtained via catalytic deprotective-

hydrogenation of poly[2,5-bis(2-benzyloxyethoxy)-tetramethyl-1,4-silphenylenesiloxane] (PreP1), which had been obtained

by catalytic polycondensation of 2,5-bis(2-benzyloxyethoxy)-1,4-bis(dimethylhydroxysilyl)benzene (M1) in benzene. P1

was revealed to be an amorphous polymer as deduced from DSC as well as X-ray diffraction measurement, and soluble in

highly polar solvents as ethanol and methanol in which poly(tetramethyl-1,4-silphenylenesiloxane) (1,4-PTMPS) is insoluble.

The glass transition temperature (Tg) of P1 was determined to be 73 �C from DSC, which was much higher than that of 1,4-

PTMPS (�20 �C), indicating that the intermolecular and/or intramolecular hydrogen bondings based on hydroxyl groups

restricted the mobility of the main chain. The temperature at 5% weight loss (Td5) of P1 (290 �C) determined by TG was

lower than that of 1,4-PTMPS, indicating that the oxyethylene and/or alcoholic-hydroxyl moieties decline the

thermostability; however, the obtained P1 would promise to be a new reactive-polymer with hydroxyl moieties to develop

new functional materials.
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Generally, the use of polysiloxane derivatives in coating of

substrates would be effective in the improvement of surface

properties owing to the particular characteristics of polysil-

oxanes such as hydrophobicity based on alkyl side chain,

thermostability, stability against atomic oxygen, and physio-

logical inertness.1 Meanwhile, the interactions of polysiloxane

with the other kinds of substrates are so weak to reduce

adhesion strength because of the low polarity and surface

energy of polysiloxane, resulting in the low stability of the

coated substrates.2

On the other hand, poly(tetramethyl-1,4-silphenylenesilox-

ane) (1,4-PTMPS) is the representative polymer where an

aromatic moiety is incorporated into the polysiloxane back-

bone,3–5 which would presumably improve the good properties

of polysiloxane, especially the thermostability. It has been

reported that the properties of poly(tetramethylsilarylenesilox-

ane) derivatives depend on the kind of arylene moiety,4–12 the

substituted position of dimethylsilyl groups8,9,13 as well as the

substituent5,14–16 on the arylene moiety. For instance, 1,4-

PTMPS derivatives having oxyethylene groups on the phenyl-

ene moiety have been reported to exhibit the lower thermo-

stability compared with 1,4-PTMPS, the crystallinity of which

was mainly dependent on the oxyethylene groups on the

phenylene moiety.14 In other words, the functional groups on

the phenylene moiety could control the properties of PTMPS

derivatives.

By the way, intermolecular and/or intramolecular hydrogen

bondings have been well-known to influence various properties

of polymers. Hydrogen bondings are important not only in the

formation of polymer complexes to develop new materials17

but also in the increase in miscibility of polymer systems owing

to the specific interactions through hydrogen bondings18 and/or

to the hydrophilicity of hydroxyl groups.19 The introduction

of alcoholic-hydroxyl groups into 1,4-PTMPS would enable

1,4-PTMPS derivatives to interact with the other kinds of

substrates, such as a highly polar substrate. Additionally,

alcoholic-hydroxyl moieties are useful as reactive groups,

which can be applied in esterification and etherification to

introduce various functional moieties. Therefore, 1,4-PTMPS

derivatives with alcoholic-hydroxyl groups on the phenylene

moiety would be applicable as a new reactive-polymer to

develop new functional polymers.

From these points of view, we report here the synthesis of

a new 1,4-PTMPS derivatives with alcoholic-hydroxyl groups

on the phenylene moiety, i.e., poly[2,5-bis(2-hydroxyethoxy)-

tetramethyl-1,4-silphenylenesiloxane] (P1), as shown in

Scheme 1.

The present paper also describes the results of character-

ization of the obtained polymers by differential scanning

calorimetry (DSC) and thermogravimetry (TG) as well as

X-ray diffraction analysis.

EXPERIMENTAL

Materials

2,5-Dibromohydroquinone (1) was prepared by bromination
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of hydroquinone (KANTO KAGAKU) according to the

published method.20 2-Benzyloxyethyl 4-toluenesulfonate was

prepared by the reaction of 4-toluenesulfonyl chloride (Tokyo

Kasei Kogyo Co., Inc.) with 2-benzyloxyethanol (Tokyo Kasei

Kogyo Co., Inc.) according to the modified method in the

literature.21 Magnesium, potassium hydroxide, ethanol

(KANTO KAGAKU), chlorodimethylsilane (Acros organics),

5% palladium on charcoal (Escat 103, from Aldrich), and 10%

palladium on charcoal (Degussa type E101 NE/W, from

Aldrich) were commercially available and used as received.

1,1,3,3-Tetramethylguanidinium 2-ethylhexanoate was pre-

pared by the literature procedures.8,9 1,4-PTMPS (Mn: 2:87�
105, Mw=Mn: 1.51) was prepared by polycondensation of 1,4-

bis(dimethylhydroxysilyl)benzene. Benzene and tetrahydrofur-

an (THF) (Wako Pure Chemical Industries, Ltd.) were used

after distillation over sodium.

Measurements
1H (400MHz) and 13C (100MHz) NMR spectra were

recorded on a Bruker AVANCE 400F spectrometer in

deuterated chloroform (CDCl3) or dimethylsulfoxide

[(CD3)2SO] at ambient temperature. IR spectra were measured

on a Perkin-Elmer Spectrum One FT-IR spectrometer. Melting

point (Tm) and glass transition temperature (Tg) were measured

on a RIGAKU ThermoPlus DSC 8230 under a nitrogen

atmosphere. Thermogravimetry (TG) was performed on a

RIGAKU ThermoPlus TG8110 at a heating rate of 10 �C/min

under a nitrogen atmosphere. The number-average molecular

weights (Mn) and the polydispersity indices (Mw=Mn) of

polymers were estimated by size-exclusion chromatography

(SEC) on a SHOWA DENKO Shodex GPC-101 system with

polystyrene gel columns (a pair of Shodex GPC LF-804),

eluted with THF using a calibration curve of polystyrene

standards. X-Ray diffraction patterns were recorded on a

Philips PW1830 X-ray diffractometer, equipped with a Philips

HTK-2-HC thermal controller.

2,5-Bis(2-benzyloxyethoxy)-1,4-dibromobenzene [2]

2-Benzyloxyethyl 4-toluenesulfonate (53.70 g, 175mmol)

was added dropwise to 2,5-dibromohydroquinone (1, 13.39 g,

50.0mmol) and potassium hydroxide (9.82 g, 175mmol)

dissolved in ethanol (150mL) under a dry argon atmosphere.

After the resulting reaction mixture was refluxed for 12 h, it

was poured into the mixture of chloroform (200mL) and

NH4Cl aqueous solution (100mL). The organic layer was

washed with another NH4Cl aqueous solution, dried over

anhydrous MgSO4, and filtered. The filtrate was concentrated

under reduced pressure. The residue was recrystallized from

the mixed solvent of ethyl acetate/hexane to afford 2 as

colorless crystals. Yield: 63%. 1H NMR � (ppm, CDCl3,

400MHz): 3.86 (t, J ¼ 4:8Hz, 4H, ethoxy –CH2–), 4.16 (t,

J ¼ 4:8Hz, 4H, ethoxy –CH2–), 4.68 (s, 4H, benzyl –CH2–),

7.16 (s, 2H, dibromophenylene protons), 7.27–7.40 [m, 10H,

phenyl(benzyl) protons]. 13C NMR � (ppm, CDCl3, 100MHz):

68.3 (ethoxy –CH2–), 70.1 (ethoxy –CH2–), 73.5 (benzyl

–CH2–), 111.3 (phenyl carbons), 119.0 (phenyl carbons), 127.7

(phenyl carbons), 127.9 (phenyl carbons), 128.3 (phenyl

carbons), 128.5 (phenyl carbons), 138.1 (phenyl carbons),

150.3 (phenyl carbons). IR (KBr, cm�1): 1203 (aromatic ether),

1120 (aliphatic ether). M. p.: 98 �C.

2,5-Bis(2-benzyloxyethoxy)-1,4-bis(dimethylsilyl)benzene [3]

Chlorodimethylsilane (3.41 g, 36.0mmol) was added drop-

wise to magnesium (0.875 g, 36.0mmol) in dry THF (15mL) at

60 �C under a dry argon atmosphere. To this mixture, 2 (6.43 g,

12.0mmol) in dry THF (30mL) was added dropwise and the

reaction mixture was refluxed for 24 h. Then, the resulting

reaction mixture was poured into the mixture of ethyl acetate

(100mL) and 0.5mol/L HCl aqueous solution (100mL). The

organic layer was washed with saturated NaHCO3 aqueous

solution, dried over anhydrous MgSO4, and filtered. The filtrate

was concentrated under reduced pressure. The residue was

dissolved in hexane and purified by silica gel chromatography

eluted with the mixed solvent of hexane/chloroform (vol. ratio

2:1, Rf value: 0.67). The collected fraction of the purified

material was concentrated under reduced pressure. The residue

was recrystallized from hexane to afford 3 as colorless crystals.

Yield: 77%. 1H NMR � (ppm, CDCl3, 400MHz): 0.34 (d,

J ¼ 3:8Hz, 12H, Si–CH3), 3.83 (t, J ¼ 5:0Hz, 4H, ethoxy

–CH2–), 4.14 (t, J ¼ 5:0Hz, 4H, ethoxy –CH2–), 4.38 (sept,

J ¼ 3:8Hz, 2H, Si–H), 4.62 (s, 4H, benzyl –CH2–), 6.92 [s,

2H, bis(dimethylsilyl)phenylene protons], 7.26–7.38 [m, 10H,

phenyl(benzyl) protons]. 13C NMR � (ppm, CDCl3, 100MHz):

�3:67 (Si–CH3), 67.9 (ethoxy –CH2–), 69.0 (ethoxy –CH2–),

73.4 (benzyl –CH2–), 117.8 (phenyl carbons), 127.6 (phenyl

carbons), 127.7 (phenyl carbons), 128.4 (phenyl carbons),

128.5 (phenyl carbons), 138.1 (phenyl carbons), 157.5 (phenyl

carbons). IR (KBr, cm�1): 2135 (Si–H), 1206 (aromatic ether),

1119 (aliphatic ether). M. p.: 71 �C.
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Scheme 1. Synthetic pathways for poly[2,5-bis(2-hydroxyethoxy)-tetrameth-
yl-1,4-silphenylenesiloxane] (P1).



2,5-Bis(2-benzyloxyethoxy)-1,4-bis(dimethylhydroxysilyl)-

benzene [M1]

In an ice bath, 3 (2.50 g, 5.05mmol) in dry THF (2.5mL)

was added dropwise to 5%-Pd on C (0.0075 g) with H2O

(0.27 g, 15.0mmol) in THF (1.2mL). The reaction mixture

was stirred at ambient temperature for 12 h and filtered. The

filtrate was concentrated under reduced pressure and the

residue was recrystallized from benzene to afford M1 as

colorless crystals. Yield: 93%. 1H NMR � (ppm, CDCl3,

400MHz): 0.37 (s, 12H, Si–CH3), 3.73 (t, J ¼ 4:8Hz, 4H,

ethoxy –CH2–), 4.14 (t, J ¼ 4:8Hz, 4H, ethoxy –CH2–), 4.26

(s, 2H, Si–OH), 4.64 (s, 4H, benzyl –CH2–), 6.86 [s, 2H,

bis(dimethylhydroxysilyl)phenylene protons], 7.28–7.40 [m,

10H, phenyl(benzyl) protons]. 13C NMR � (ppm, CDCl3,

100MHz): 0.0 (Si–CH3), 68.1 (ethoxy –CH2–), 68.5 (ethoxy

–CH2–), 73.2 (benzyl –CH2–), 117.6 (phenyl carbons), 127.8

(phenyl carbons), 127.9 (phenyl carbons), 128.5 (phenyl

carbons), 131.6 (phenyl carbons), 137.1 (phenyl carbons),

157.8 (phenyl carbons). IR (KBr, cm�1): 3550–3000 (br,

–OH), 1193 (aromatic ether), 1111 (aliphatic ether). M. p.:

88 �C.

Poly[2,5-bis(2-benzyloxyethoxy)-tetramethyl-1,4-silphenyl-

enesiloxane] [PreP1]

1,1,3,3-Tetramethylguanidinium 2-ethylhexanoate (0.02 g)

was added to M1 (1.50 g, 2.85mmol) dissolved in dry

benzene (15.0mL) under a dry atmosphere. After the resulting

reaction mixture was refluxed for 24 h, it was poured into

methanol (300mL) to isolate the resulting polymer as white

precipitate. The precipitate was dried at 60 �C under reduced

pressure to afford PreP1 as colorless solid. Yield: 91%.
1H NMR � (ppm, CDCl3, 400MHz): 0.40 (12H, s, Si–CH3),

3.65–3.75 (4H, m, ethoxy –CH2–), 3.95–4.05 (4H, m, ethoxy

–CH2–), 4.50 (4H, s, benzyl –CH2–), 7.05 [2H, s, bis(di-

methylsilyl)phenylene protons], 7.25–7.35 [10H, m, phenyl-

(benzyl) protons]. 13C NMR � (ppm, CDCl3, 100MHz): 1.87

(Si–CH3), 67.3 (ethoxy –CH2–), 69.0 (ethoxy –CH2–), 73.2

(benzyl –CH2–), 116.7 (phenyl carbons), 127.5 (phenyl

carbons), 127.7 (phenyl carbons), 128.3 (phenyl carbons),

130.2 (phenyl carbons), 138.1 (phenyl carbons), 156.9 (phenyl

carbons). IR (Film on KBr, cm�1): 1248 (aromatic ether),

1105 (aliphatic ether), 1070 (Si–O).

Synthesis of Poly[2,5-bis(2-hydroxyethoxy)-tetramethyl-1,4-

silphenylenesiloxane] [P1] by Deprotective Hydrogenation

of PreP1

In a reaction flask, 0.404 g of 10%-Pd on C was added to

0.300 g (0.59mmol) of PreP1 dissolved in 36mL of THF and

4mL of ethanol. Under an atmospheric pressure, hydrogen was

supplied to the reaction mixture from a balloon with stirring for

1 h at ambient temperature. The reaction mixture was filtered

and the filtrate was poured into 300mL of hexane to isolate the

resulting polymer as white precipitate. The precipitate was

dried at 60 �C under reduced pressure to afford P1 as colorless

powder solid. Yield: 86%. 1H NMR � [ppm, (CD3)2SO,

400MHz]: 0.36 (12H, s, Si–CH3), 3.55–3.75 (4H, m, ethoxy

–CH2–), 3.75–3.95 (4H, m, ethoxy –CH2–), 4.72 (2H, t,

J ¼ 5:2Hz, –CH2–OH), 6.95 (2H, s, phenylene protons).
13C NMR � [ppm, (CD3)2SO, 100MHz]: 1.6 (Si–CH3), 59.7

(ethoxy –CH2–), 69.5 (ethoxy –CH2–), 116.3 (phenyl carbons),

129.4 (phenyl carbons), 156.5 (phenyl carbons). IR (Film on

KBr, cm�1): 3500–3000 (br, –OH), 1251 (aromatic ether),

1080 (Si–O).

Poly(tetramethyl-1,4-silphenylenesiloxane) with Hydroxyl Group

Polymer Journal, Vol. 40, No. 9, pp. 875–881, 2008 #2008 The Society of Polymer Science, Japan 877

Scheme 2. Synthetic pathways for 2,5-bis(2-benzyloxyethoxy)-1,4-bis(di-
methylhydroxsilyl)benzene (M1).



RESULTS AND DISCUSSION

Synthesis of Monomer

Scheme 2 shows the pathways for the synthesis of 2,5-bis(2-

benzyloxyethoxy)-1,4-bis-(dimethylhydroxysilyl)benzene (M1).

It is general that alcoholic-hydroxyl groups are protected by

some appropriate protective group in the Grignard reaction to

avoid destruction22 of the Grignard reagents by hydroxyl

moieties. On the other hand, siloxane bondings tend to be

cleaved by acidic or basic condition for their ionic proper-

ties.1,23 Thus, protective groups which should be deprotected in

acidic or basic condition could not be applied in the present

study. Consequently, we protected an alcoholic-hydroxyl group

by a benzyl moiety, which has been reported to be cleaved

by certain catalytic hydrogenation to regenerate a hydroxyl

group.15,19,24

With these in mind, M1 was synthesized by the hydrolysis

of 2,5-bis(2-benzyloxyethoxy)-1,4-bis(dimethylsilyl)benzene

(3), which had been obtained by the Grignard reaction of

2,5-bis(2-benzyloxyethoxy)-1,4-dibromobenzene (2) with

chlorodimethylsilane. The spectroscopic data described in the

Experimental part indicated the achievement of the synthesis of

a novel monomer.

Synthesis of Polymer

The polycondensation of M1 catalyzed by 1,1,3,3-tetra-

methylguanidinium 2-ethylhexanoate was carried out in dry

benzene with reflux for 24 h to afford poly[2,5-bis(2-benzyl-

oxyethoxy)-tetramethyl-1,4-silphenylenesiloxane] (PreP1).

Any solvent forming azeotropic mixtures with water and

dissolving both monomer and the resulting polymer, such as

benzene and toluene, can be used for the polycondensation of

M1, as observed in the similar polycondensation of disilanol

monomers.8–11,14,15 The structure of PreP1 was confirmed by
1H and 13C NMR as well as IR spectroscopy.

The catalytic hydrogenation of PreP1 was carried out in the

mixed solvent of THF/ethanol (9/1 v/v) to afford poly[2,5-

bis(2-hydroxyethoxy)-tetramethyl-1,4-silphenylenesiloxane]

(P1). Benzyl groups were successfully removed by use of 10%

Pd on C (Degussa type E101 NE/W) as a catalyst for the

hydrogenation using a balloon to afford P1 from PreP1, which

was confirmed by 1H as well as 13C NMR spectroscopy as

depicted in Figure 1.

It can be seen from Figure 1(a) that the 1H NMR spectrum

of PreP1 showed the signals at around 7.25–7.35 and at

4.50 ppm assignable to benzyl groups. The 13C NMR spectrum

of PreP1 also showed the signals at around 120–140 and at

73.2 ppm based on benzyl groups as shown in Figure 1(b). On

the other hand, the signals based on benzyl groups completely

disappeared; and instead, a signal at 4.72 ppm based on

alcoholic-hydroxyl groups was observed in the 1H NMR

spectrum of P1 as shown in Figure 1(c). In the 13C NMR

spectrum of P1 [Figure 1(d)], three signals based on dimeth-

ylsilyl substituted phenylene moieties at 116.3, 129.4, and

156.5 ppm, whereas the signals based on benzyl groups

completely disappeared. In addition, the broad absorption band

based on the alcoholic-hydroxyl groups was observed at around
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Figure 1. (a) 1H NMR (solvent: CDCl3, 400MHz) and (b) 13C NMR spectra (solvent: CDCl3, 100MHz) of PreP1; (c) 1H NMR [solvent: (CD3)2SO, 400MHz] and
(d) 13C NMR spectra [solvent: (CD3)2SO, 100MHz] of P1 at ambient temperature.



3500–3000 cm�1 in the IR spectrum of P1. Thus, it was

confirmed that the removal of benzyl groups from PreP1 was

completely attained to afford P1.

Figure 2 depicts the SEC profiles before and after catalytic

hydrogenation of PreP1.

Both SEC profiles of PreP1 and P1 were unimodal and

seemed to be similar in shape. Supposing there are no

significant differences between the conformations of PreP1

and those of P1 in THF eluent, the Mn of P1 is expected to be

6:35� 104 after the complete removal of benzyl groups from a

calculation using the Mn of PreP1, i.e., 9:83� 104. Actually,

the Mn of P1 was estimated to be 6:39� 104 from SEC

measurement and almost equaled the expected Mn as men-

tioned above. These findings strongly supported that the

present catalytic hydrogenation proceeded without side reac-

tions such as the cleavage of the main chains.

Characterization of Polymer

Table I summarizes the characterization of PreP1 and P1.

Figure 3 depicts the DSC traces of PreP1 on the first as well as

second heating scan and those of P1 on the first cooling as well

as second heating scan under a nitrogen atmosphere.

An endothermic peak was observed on the first as well as

second heating scan of PreP1 at 108 �C as depicted in

Figure 3(a), presumably indicating the crystallinity of PreP1

as observed in 1,4-PTMPS derivatives with 2-methoxyethoxy

or 2-(2-methoxyethoxy)ethoxy groups on the phenylene moie-

ties.14 The broad exothermic peaks observed on a second

heating scan of PreP1 at around 40–60 �C would be based on

the progress of crystallization. It is presumably due to the low

degree of crystallization that the endotherm observed in the

second heating scan was smaller than that done in the first

heating scan. In contrast, no endothermic peaks were observed

in the first and second heating scans of P1, presumably

indicating that P1 is an amorphous polymer.

For investigating the crystallinity of PreP1 and P1, we

carried out the X-ray diffraction analyses of PreP1 and P1.

Figure 4 shows the X-ray diffraction patterns of PreP1 and P1

at ambient temperature.

Some peaks were observed in the X-ray diffraction pattern

of PreP1, indicating that PreP1 possesses the crystallinity.

The diffraction peaks at around 8.9, 11.7, 14.1 and 17.3� in the

X-ray diffraction pattern of PreP1 correspond to the d-spacing

of ca. 0.99, 0.76, 0.63, and 0.51 nm, respectively. Therefore,

the endothermic peak at 108 �C observed in the DSC trace of

PreP1 as depicted in Figure 3(a) was conclusively due to the

melting, and the melting temperature (Tm) of PreP1 has been

determined to be 108 �C as mentioned above. In contrast, there

are no sharp diffraction peaks in the X-ray diffraction pattern of

P1, indicating that P1 is an amorphous polymer as deduced

from the DSC measurement.

The Tgs of PreP1 and P1 were also summarized in Table I.

The Tg of PreP1 could be determined to be 76 �C from the first

Poly(tetramethyl-1,4-silphenylenesiloxane) with Hydroxyl Group
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Figure 2. SEC profiles before and after deprotective hydrogenation:
(a) PreP1 (dotted line; Mn ¼ 9:83� 104, Mw=Mn ¼ 2:54), (b) P1
(line; Mn ¼ 6:39� 104, Mw=Mn ¼ 2:83).

Table I. Characterization of PreP1 and P1

Polymer 10�4 Mn
a Mw=Mn

b Tg (�C)c Tm (�C)d Td5 (�C)e

PreP1 9.83 2.54 76 108 343

P1 6.39 2.83 73 —f 290

aNumber-average molecular weight estimated from SEC eluted with THF
based on polystyrene standards. bPolydispersity index. cGlass transition
temperature determined by differential scanning calorimetry (DSC) under a
nitrogen atmosphere. dMelting temperature determined by differential
scanning calorimetry (DSC) under a nitrogen atmosphere. eTemperature at
5% weight loss determined by thermogravimetry (TG) under a nitrogen
atmosphere. fNot observed.

Figure 3. DSC traces of (a) PreP1 on a first heating scan at a heating rate of
10 �C/min as well as a second heating scan at a heating rate of
2 �C/min; and (b) P1 on a first cooling scan at a cooing rate of
10 �C/min as well as a second heating scan at a heating rate of
2 �C/min under a nitrogen flow rate of 10mL/min.

Figure 4. X-Ray diffraction patterns of (a) PreP1 and (b) P1 at ambient
temperature.



heating scan as shown in Figure 3(a), and that of P1 could be

done to be 73 �C from the second heating as well as the first

cooling scan as shown in Figure 3(b). The Tg of PreP1 was

higher than that of 1,4-PTMPS, which has been reported to be

�20 �C,3 indicating that the introduction of bulky benzyloxy-

ethoxy groups in the side chain would inhibit the backbone

mobility and make Tg high. Meanwhile, the Tg of P1 was also

higher than 1,4-PTMPS, whereas the bulky benzyl groups were

absent, indicating that the intermolecular and/or intramolecular

hydrogen bondings based on hydroxyl groups would restrict the

mobility of the main chain and make Tg high.15,25,26

Figure 5 depicts the TG curves for PreP1 and P1 as well as

1,4-PTMPS under a nitrogen atmosphere. The temperatures at

5% weight loss (Td5s) of PreP1 and P1 determined by TG

under a nitrogen atmosphere are also summarized in Table I.

The Td5s of PreP1 and P1 were determined to be 343 �C and

290 �C, respectively, which were low compared with the Td5 of

1,4-PTMPS (ca. 500 �C).3,8,9 It would be attributed to the

difference in the bond energies between Si-O and C-O

bondings that the Td5 of PreP1 was lower than that of 1,4-

PTMPS. PreP1 involves ether linkages at the benzyloxy

moiety. The bond energy of C-O has been reported3 to be

358 kJ/mol, which is lower than that of Si-O (444 kJ/mol),

resulting in the lower Td5 of PreP1 than that of 1,4-PTMPS.

It would be because the chemical species generated by the

decomposition of the side-chain ether linkages promoted the

decomposition of the main chain that the decomposition of the

main chain with the high bond energy occurred together with

that of the side-chain oxyethylene moieties. On the other hand,

it would be presumably because the phenolic moieties were

readily generated by the decomposition of 2-hydroxyethylether

moieties on the phenylene moieties that the Td5 of P1 was

lower than those of PreP1 and 1,4-PTMPS. It has been

reported25 that the intermolecular and/or intramolecular inter-

actions between the side-chain carboxyl groups and Si-O

moieties in the main chain through hydrogen bonding. In the

present system, there could be the intermolecular and/or

intramolecular interactions between the side-chain phenolic

moieties generated by the decomposition of 2-hydroxyethyl-

ether moieties and Si-O moieties in the main chain, although

the acidity of the phenolic moieties are considered to be lower

than that of carboxylic moieties. Thus, the phenolic moieties

with the low acidity could cause the intermolecular and/or

intramolecular interactions with ionic Si-O bondings in the

main chain to promote the decomposition of polymer chains

and to decline the thermal stability of P1.

Table II summarizes the solubility of 1,4-PTMPS, PreP1,

and P1 in various solvents.

PreP1 exhibited the almost similar solubility in solvents as

1,4-PTMPS. PreP1 is soluble in common organic solvents such

as THF, chloroform, dichloromethane, ethyl acetate, and

toluene. P1 as well as PreP1 and 1,4-PTMPS are soluble in

THF; however, P1 is also soluble in highly polar solvents as

ethanol and methanol in which PreP1 and 1,4-PTMPS are

insoluble. The introduction of highly polar hydroxyl groups on

the phenylene moiety would allow P1 to be dissolved in highly

polar solvents. On the contrary, P1 is insoluble in the solvents

with low polarity such as chloroform, dichloromethane,

benzene, and toluene where PreP1 and 1,4-PTMPS are soluble.

CONCLUSIONS

Synthesis of novel poly[2,5-bis(2-hydroxyethoxy)-tetra-

methyl-1,4-silphenylenesiloxane] (P1) was attained by depro-

tective hydrogenation of poly[2,5-bis(2-benzyloxyethoxy)-

tetramethyl-1,4-silphenylenesiloxane] (PreP1) catalyzed by

10% palladium on charcoal. The obtained P1 was an

amorphous polymer and soluble in highly polar solvents as

ethanol and methanol in which PreP1 and 1,4-PTMPS are

insoluble. The Tg of P1 was much higher than that of 1,4-

PTMPS, indicating that the intermolecular and/or intramolec-

ular hydrogen bondings based on hydroxyl groups restricted the

mobility of the main chain. The Td5 of P1 was lower than that

of 1,4-PTMPS; however, the obtained P1 would promise to be

a new reactive-polymer with hydroxyl moieties to develop new

functional polymers.
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Figure 5. TG curves for (a) 1,4-PTMPS, (b) PreP1, and (c) P1 at a heating
rate of 10 �C/min under a nitrogen atmosphere.

Table II. Solubility of PreP1 and P1a

Solvent 1,4-PTMPSb PreP1 P1

Acetone � � �

Benzene + + �

Chloroform + + �

Dichloromethane + + �

Diethylether + � �

Dimethylsulfoxide � � +

N,N-Dimethylformamide � + +

Ethanol � � +

Ethyl acetate � + �

Hexane � � �

Methanol � � +

Tetrahydrofuran + + +

Toluene + + �

Water � � �

aIn the table, + means soluble, � means turbid at room temperature,
� means insoluble. bPoly(tetramethyl-1,4-silphenylenesiloxane).
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