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STRUCTURAL EFFECTS ON THE THERMAL
PROPERTIES OF PDPS/PDMS COPOLYMERS

Chyuan Chou and Mei-Hui Yang

DEPARTMENT OF CHEMISTRY, NATIONAL TAIWAN UNIVERSITY, TAIPEI, TAIWAN 10764,
R.O.C.

A series of PDPS/PDMS copolymers were synthesized through living anionic polymerization
with n-butyllithium as an initiator. The changes of thermal property as a function of PDPS content
were compared with respect to different types of monomer sequence using differential scanning
calorimetry and thermogravimtery. The results indicated that the related variations of the thermal
properties vs. the PDPS content and the monomer sequence provided independent operative control
for preparing materials with desired thermal properties. The thermal stability of these copolymers
was dramatically improved with introducing PDPS segment. However, the degree of these im-
provement depended greatly on the monomer sequence in the copolymers.
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Introduction

Introduction of diphenylsiloxane segment usually disrupts the low-tempera-
ture crystallization of polydimethylsiloxane (PDMS) and also increases the ther-
mal and radiation stability [1]. There has been no systematic study of the
structure/property relationship of these novel copolymers.

Reports concerning the thermal stability of PDMS and its copolymers are dif-
ficult to compare since the polymers are often not characterized adequately. In
particular, the effect of microstructure on copolymer thermal properties has not
been adequately studied. The objective of this investigation is to synthesize a se-
ries of PDMS/PDPS (polydiphenylsiloxane) copolymers, with similar molecular
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weight (Mn around 40 K) and narrow dispersity, and to correlate their thermal
properties with the PDPS content as well as the sequence distribution.

Experimental

Materials

The copolymers were synthesized from hexamethylcyclotrisiloxane (D3) and
hexaphenylcyclotrisiloxane (P3) in or without proper solvent through anionic po-
lymerization with n-butyllithium (n-BuLi) as an initiator and diphenylmethyl-
chlorosilane as a terminator. The details of the synthesis methods as well as the
characterization of the copolymers were described elsewhere [2]. The chemical
compositions, Mn, and dispersity (Mw / Mn) of the copolymers presented in this
paper are summarized in Tablel.

Measurements

'H nmr spectra of the copolymers were obtained with a Brucker (300 MHz)
spectrometer. Solid 2Si nmr spectra of the non-soluble copolymers were obtained
with a Brucker MSL 200 MHz solid state nmr spectrometer. Mn and dispersity
were measured with a Gel Permeation Chromatography (GPC, Kratos Model
Spectroflow 400) using toluene as the eluent and polystyrenes as the standards.
Thermogravimetric analysis (TG) and Differential Scanning Calorimetry (DSC)

were carried out on DuPont 951 TG analyzer and DuPont 910 DSC, respectively.

The heating rate was 10 degmin™.

Results and discussion

A series of PDPS/PDMS copolymers with Mn around 40 K and narrow dis-
persity were synthesized from D3 and P3 through a living anionic polymerization
with n-BuLi as an initiator. The copolymers obtained in this way are considered
to retain the trimer unit distribution of the starting materials, so that the chemical
compositions may be described by (-Me,Si0-)3 and (-Ph2SiO-)3 units. The dif-
ferences in monomer sequencing are shown below, where A = (-Me2SiO-)3, B =
(-Ph2Si0O-):

a) Random: (----ABABAABABABBA----) i.e. monomers A and B are ran-
domly spaced along the polymer backbone.
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b) Pseudo-block: (----BBBBBBAABABABAAAAAA----) i.e. monomers s¢-
quencing in an order of pure B block, mixed AB block, pure A block.

c) Diblock: (----AAAAAAAABBBBBBBB----) i.e. a sharp transition from
the A block to the B block.

The different types of copolymers can be made by varying the reaction condi-
tions during the ring opening copolymerization of D; and P;. Random and
pseudo-block copolymers were prepared through either bulk or solution process.
Diblock copolymers were made by sequentially polymerizing Ds followed by P
through solution process. The Mn of non-soluble solid diblock copolymers
(PDPS >20 mole%) was estimated from the Mn of the first polymerized PDMS
segment (determined by GPC) and the PDPS wt% of the final copolymer (deter-
mined by solid *Si nmr). Characterization of the copolymers was carried out by
'H nmr, *Si nmr spectroscopy and differential sequence distribution techniques
[2]. The thermal transitions (T, T, T.) and the thermal stability of all these copol-
ymers were studied employing DSC and TG techniques. The results were summa-
rized in Tablel.

The glass transition temperature (T,)

Figure 1 shows the Ty’s of the PDPS/PDMS random copolymers, in spite of
synthesizing through bulk process or solution process, varied with PDPS mole %
linearly with a slope of 1.95 and followed Gordon-Taylors equation [3]. The Mn
of these copolymers were around 40 K. In the literature, the T of homo-PDMS
was reported to be —123°C and kept almost constant as Mn >10 K [4]. The Ty’s of
PDPS/PDMS random copolymers, Mn ranged from 65 to 1500 K, were reported
to be a linear function of PDPS mole% as well {5, 6]. For pseudo-block (PDPS
content <30 mole%) and diblock copolymers, their T’s existed around the T of
homo-PDMS and no significant effect was found by PDPS content. However, the
Ty’s of pseudo-block copolymers disappeared when the PDPS content
>30 mole%. Thus the Mn of copolymers has negligible effect on T, while the
monomer sequencing may vary the Ty drastically.

The melt transition temperature (T,,)

A clearing temperature above 500°C for PDPS/PDMS block copolymer was
assigned to be the T, of PDPS segment [7, 8]. In the present study the maximal
operating temperature of DSC was set at 300°C, thus, instead of the T, of PDPS
segment, the T,’s of the PDMS segment in the copolymers would be investigated.

No melt transition of PDMS segment was observed for all the random copoly-
mers. However, it could be observed for pseudo-block copolymers at PDPS con-
tent <20 mole% and for diblock copolymers at all range of PDPS contents.
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Therefore, the low-temperature crystallization of PDMS was disrupted in all of
the random copolymers and high PDPS content (>20 mole%) pseudo-block copol-
ymers. For those copolymers which showed this transition, their transition tem-
perature were found to be around that of the homo-PDMS, —41°C. However, the
T of pseudo-block copolymers was observed for PDPS content <25 mole% in a
benzene solution copolymerization product by Lee et al. [9]. This difference from
our result is ascribed to the different fine structure of the mixed AB segfnent in
the copolymer which is controlled by the copolymerization condition.
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Fig. 1 T; vs. PDPS mole% for PDPS/PDMS random copolymers. o, Random copolymer prepared
from bulk process; [0, Random copolymer prepared from solution process; A, Predict from
Gordon-Taylor equation

The crystal to liquid-crystal transition temperature (T.)

A crystal to liquid-crystal transition was observed for high PDPS content
pseudo-block (PDPS >22 mole%) or diblock copolymer, but not for the random
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copolymers (Table 1). For those copolymers which showed this transition, their T¢’s
were found to increase linearly with increasing mole% of PDPS in a function of
monomer sequencing. From Fig. 2, the following relationships were estimated:

Te,=2.0x + 72 --vommmmmmm For Ps series copolymers
Te,=2.8x + 70 --cmmmemammm For Pb series copolymers
T, =2.1x+ 163 —---mmeeeee For Bs series copolymers

where x = mole% of PDPS
Ps = Pseudo-block copolymer prepared through solution process.
Pb = Pseudo-block copolymer prepared through bulk process.
Bs = Block copolymer prepared through solution process.
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Fig. 2 Tc vs. PDPS mole% for PDPS/PDMS copolymers.Te;, Pseudo-block copolymer prepared
from solution process; T,, Pseudo-block copolymer prepared from bulk proces;s T,
Diblock copolymer prepared from solution process
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It suggests that the fine structure of the pseudo-block copolymers prepared
through bulk process may be somewhat different from that prepared through so-
lution process. That is because the Ps series contains longer mixed AB block and
it causes T of the copolymer much more affected by PDMS moiety than the Pb
series did. The lower transition temperature range for the pseudo-block products
prepared by solution copolymerization was also supported by Lee’s results [9].
For diblock copolymers, this transition appeared at all range of PDPS contents.
Their T.’s appeared in a clearly different range as shown in Fig. 2 and coincided
with Meier’s results {7, 8].

The systematic variance of these transitions also confirms the assignment of
the monomer sequencing in the copolymers and can be used as one of the charac-
terization methods for the copolymers.

Thermal stability

General results of thermal analysis were summarized in Table 1. TG of the co-
polymers in inert atmosphere, showed that the threshold degradation temperature
increased with increasing PDPS content and randomness of monomer sequence.
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Fig. 3 TG curves in N2 atmosphere for the copolymers: ----, Random Rs-8, Rs-4, Rb-2;
- - —, Pseudo-block, Pb-5, Pb-4, Ps-3; —, Diblock, Bs-5, Bs-4, Bs-3; heating rate:
10 deg-min‘l; N2 flow rate: 100 c.c/min
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Figure 3 showed the typical TG profiles of the copolymers. The degradation pat-
terns are apparently classified into different groups with respect to different fam-
ilies of copolymers. As shown in Fig. 4, the thermal stability, as determined by
the temperature at 10% weight loss (T10) with TG, of the random copolymers was
dramatically improved with increasing PDPS content and reached maximum at
38 mole%. For pseudo-block copolymers, the increment of T1o became smaller
but also reached maximum at 32 mole% of PDPS content. As for diblock-copoly-
mers, the thermal stability was also improved with increasing PDPS content when
it was less than 14 mole% but reached a plateau after that. Thus, the degree of im-
provement in thermal stability and the thermal degradation patterns greatly de-
pended on the monomer sequence in the copolymers. The mechanism of the
thermal degradation is still under investigating in our laboratory.
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Fig. 4 T10 vs. PDPS mole% for PDPS/PDMS copolymers o, Random copolymer; [0 Pseudo-
block copolymer; A, Diblock copolymer
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Conclusion

Comparison of the thermal properties of a series of PDPS/PDMS copolymers
as a function of PDPS content and monomer sequencing was summarized in
Table 2. This result provides independent operative control of different thermal
properties with different structural variables. For example, if the polymer mate-
rial was desired to be changed in T in the absence of T, a random copolymer
would be the choice. However, if it was desired to be changed in T, without a
changeable T, a pseudo-block or a diblock copolymer would be the choice. Fi-
nally, it was found that the low-temperature crystallization of PDMS was dis-
rupted not only in all random copolymers but also in high PDPS content
(>30 mole%) pseudo-block copolymers.
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Zusammenfassung — Mittels stdchiometrischer anionischer Polymerisation mit n-Butyllithium
als Initiator wurde eine Reihe von PDPS/PDMS Kopolymeren hergestellt. Im Hinblick auf die
verschiedenen Arten von Monomersequenzen wurden mittels DSC und TG die Anderungen der
thermischen Eigenschaften als eine Funktion des PDPS-Gehaltes untersucht. Die Ergebnisse
zeigen, daB die Anderung der thermischen Eigenschaften in Abhingigkeit von PDPS-Gehalt und
Monomersequenz eine unabhingige operative Kontrolle zur Herstellung von Materialien mit den
gewiinschten thermischen Eigenschaften bietet. Die thermische Stabilitdt dieser Kopolymere wird
durch Einbringen’\//on PDPS-Segmenten sehr stark verbessert. Das AusmaB dieser Verbesserung
hingt jedoch stark von der Monomersequenz innerhalb des Kopolymers ab.
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