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Highly Thermally Stable, Reversible, and Flexible Main
Chain Type Benzoxazine Hybrid Incorporating Both
Polydimethylsiloxane and Double-Decker Shaped Polyhedral
Silsesquioxane Units through Diels–Alder Reaction

Cheng-Yu Chen, Wei-Cheng Chen, Mohamed Gamal Mohamed, Zih-Yu Chen,
and Shiao-Wei Kuo*

This work synthesizes a new bifunctional furan derivative (PDMS-FBZ)
through a sequence of hydrosilylation of nadic anhydride (ND) with
polydimethylsiloxane (PDMS), reaction of the product with p-aminophenol to
form PDMS-ND-OH, and its subsequent Mannich reaction with furfurylamine
and CH2O. Then, the main chain-type copolymer PDMS-DABZ-DDSQ is
prepared through a Diels–Alder (DA) cycloaddition of PDMS-FBZ with the
bismaleimide-functionalized double-decker silsesquioxane derivative
DDSQ-BMI. Fourier transform infrared (FTIR) and nuclear magnetic
resonance (NMR) spectroscopy confirm the structure of this
PDMS-DABZ-DDSQ copolymer; differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), and dynamic mechanical analysis (DMA)
reveal it to have high flexibility and high thermal stability (Tg = 177 °C; Td10 =
441 °C; char yield = 60.1 wt%); contact angle measurements reveal a low
surface free energy (18.18 mJ m−2) after thermal ring-opening polymerization,
because the inorganic PDMS and DDSQ units are dispersed well, as revealed
using scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). This PDMS-DABZ-DDSQ copolymer possesses reversible
properties arising from the DA and retro-DA reactions, suggesting its possible
application as a functional high-performance material.

1. Introduction

Benzoxazine (BZ) resins, thermosetting resins featuring six-
membered heterocyclic rings, possess many superior physical
and chemical properties (e.g., a stable dielectric constant, high
thermal and dimensional stabilities, low surface free energy,
and good flame retardancy), relative to those of traditional
phenolic and epoxy resins,[1–6] because strong intramolecular
hydrogen bonding of their OH···N units occurs after thermal
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polymerization to form three-dimensional
cross-linked structures.[7,8] BZ resins are
usually synthesized from a phenolic deriva-
tive, CH2O, and a primary aliphatic or aro-
matic amine in a solvent or without a sol-
vent. Nevertheless, BZ resin has limited ap-
plicability at high temperature since C–N–
C bond of molecule with no cross-links is
readily broken at temperature >260 °C.[9]

Attempts have been made to decrease chain
mobility of BZ resin to improve its ther-
mal and mechanical properties by incorpo-
rating unsaturated (such as allyl or alkynyl)
groups, blending with high-performance
polymers to form miscible blends,[10–16] and
adding inorganic nanoparticles.[17–22]

Many organic/inorganic polybenzox-
azine (PBZ) hybrids (and other ther-
mosetting resins) have been prepared
by incorporating carbon-based materi-
als (e.g., carbon nanotubes,[23–25] carbon
black,[26] and graphene[27–30]) and silicon-
based materials [e.g., polydimethylsiloxane
(PDMS),[5,31–33] organic modified clay,[34,35]

and polyhedral oligomeric silsesquioxane
(POSS)[17–22,36–40]]. For example, polymer/POSS hybrids have
been obtained from mono- and multifunctionalized POSS
derivatives through blending or copolymerization, initially
forming organic/inorganic hybrids with only relatively low-
molecular-weight or insoluble cross-linked structures.[36–39]

Accordingly, main chain-type PBZs have been reacted with
difunctionalized POSS cages to form high-molecular-weight
and soluble hybrids. For instance, Zheng et al. reacted a
diamine-substituted double-decker silsesquioxane with bisphe-
nol A and CH2O to obtain the main chain type of PBZ/DDSQ
hybrids.[22] Furthermore, we have previously prepared a flex-
ible and transparent PBZ copolymer, featuring silicon-based
flexible PDMS and rigid DDSQ units, through the Mannich
condensation of allyl amine with the bifunctionalized phenolic
DDSQ and CH2O and then subsequent hydrosilylation with
PDMS; after thermal polymerization of its BZ monomer units,
the resulting main chain-type PBZ copolymer PDMS-BZ-DDSQ
did not display the brittleness usually observed for typical
PBZs.[21]
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Scheme 1. Synthesis of PDMS-FBZ from polydimethylsiloxane (PDMS), PDMS-ND, and PDMS-ND-OH reacting with furfurylamine and CH2O and then
react with DDSQ-BMI to form PDMS-DABZ-DDSQ.

In this study, we used Diels–Alder (DA) cycloadditions of a
furan-functionalized PDMS BZ monomer [PDMS-FBZ] and a
bismaleimide-functionalized DDSQ monomer [DDSQ-BMI] to
form a new main chain-type PDMS-DABZ-DDSQ copolymer
(Scheme 1). This newly synthesized BZ undergoes reversible
DA reaction, as investigated widely by the Zhang group,[41] sug-
gesting chemical recycling properties. Because our resulting or-
ganic/inorganic PBZ hybrid possessed flexible PDMS and rigid
DDSQ inorganic nanomaterials, it displayed high thermal stabil-
ity, flexibility, and a low surface energy, indicating its potential for
application as a high-performance material.

2. Results and Discussion

2.1. Synthesis, Thermal Polymerization, and Surface Free Energy
of PDMS-FBZ Monomer

Scheme 1 presents our synthesis of the PDMS-FBZ monomer
from the hydride-terminated PDMS. The PDMS derivatives syn-
thesized in this study were all characterized using FTIR and
NMR spectroscopy (Figure 1). First, we synthesized a material
presenting bifunctionalized phenolic groups through hydrosily-
lation of ND with the hydride-terminated PDMS. We then reacted
PDMS-ND with para-aminophenol to form PDMS-ND-OH. Fi-
nally, we prepared PDMS-FBZ by reacting PDMS-ND-OH with
furfurylamine and CH2O in 1,4-dioxane at 115 °C for 72 h. Fig-
ure 1a displays the FTIR spectrum of each PDMS derivative dur-
ing the preparation of PDMS-FBZ. Two strong absorptions at
1254 (Si–CH3 units) and 1092 (Si–O–Si unit) cm–1 appeared for
each PDMS derivative. The spectrum of the pure PDMS fea-
tured a signal for the Si–H unit at 2130 cm–1; after hydrosily-
lation of ND, this signal disappeared and two new signals for
the C=O groups of the anhydride units appeared at 1861 and

1779 cm–1, consistent with the formation of PDMS-ND. The spec-
trum of PDMS-ND-OH featured a broad O–H stretching band at
3380 cm–1 and signals for imide C=O stretching that had shifted
to lower wavenumbers (1780 and 1699 cm–1). The FTIR spectrum
of PDMS-FBZ features signals for the oxazine ring at 932 cm–1

and the furan ring at 1498 cm–1, but no signal for O–H stretching.
Figure 1b and Figure S1 (Supporting Information) present the 1H
NMR spectra of each PDMS derivative; Figure 1 summarizes the
peak assignments. The spectrum of PDMS featured signals for
the SiH and Si–CH3 protons at 4.70 and 0.16 ppm, respectively.
The signal for the SiH protons disappeared after the hydrosilyla-
tion forming PDMS-ND, with two isomers present, with 𝛼- and
𝛽-configurations, as revealed by signals for those aliphatic pro-
tons between 0.64 and 3.41 ppm; no signals for residual vinyl
were evident. The spectrum of PDMS-ND-OH featured signals
for the phenolic OH groups at 8.03 ppm and aromatic protons
(derived from aminophenol) at 7.08 (a) and 6.88 ppm (b). The sig-
nal for the phenolic OH groups was absent from the spectrum of
PDMS-FBZ; signals for the oxazine ring at 4.86 (c, OCH2N) and
3.94 (d, ArCH2N) ppm (≈1:1 integral area), a signal at 3.84 ppm
representing the furyl-CH2N (e) group, and three other signals at
6.29, 6.38, and 7.60 ppm for the furyl unit confirmed the synthe-
sis of this new PDMS-FBZ monomer with high purity.

Figure 2a displays DSC profiles of the cured PDMS-FBZ. The
thermal ring-opening polymerization (ROP) at 235 °C occurred
with a reaction enthalpy of 31.3 J g−1—a value lower than that of
a typical Pa-type monomer (263 °C) because of the catalytic effect
of the furyl units.[42,43] Upon increasing the thermal ROP tem-
perature from 100 °C, the signal for exothermic thermal curing
gradually disappeared; it disappeared completely at 250 °C, indi-
cating the formation of poly(PDMS-FBZ) (Figure 2a). We used
FTIR spectroscopy to investigate the thermal ROP behavior of
PDMS-FBZ at each temperature (Figure 2b). The intensity of the

Macromol. Rapid Commun. 2023, 44, 2200910 © 2023 Wiley-VCH GmbH2200910 (2 of 9)

 15213927, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

arc.202200910 by N
ational Sun Y

at-Sen, W
iley O

nline L
ibrary on [31/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



www.advancedsciencenews.com www.mrc-journal.de

Figure 1. a) Fourier transform infrared (FTIR) and b) 1H nuclear magnetic resonance (NMR) spectra of polydimethylsiloxane (PDMS), PDMS-ND,
PDMS-ND-OH, and PDMS-FBZ.

signal at 932 cm–1 decreased upon increasing thermal ROP tem-
perature, disappearing completely at 250 °C (Figure 2c), consis-
tent with the DSC thermal analyses. We measured the char yield
and 10% weight loss temperature (Td10) to investigate the thermal
stability of the PDMS-FBZ monomer after ROP at each temper-
ature (Figure 2d), based on TGA analysis. The uncured PDMS-
FBZ monomer provided a value of Td10 at 277 °C and a char yield
of 19.4 wt% at 800 °C. After thermal ROP treatment at 100 °C,
150 °C, 200 °C, and 250 °C, its values of Td10 were 268 °C, 285
°C, 354 °C, and 435 °C, respectively, and its char yields were 20.8,
21.9, 28.3, and 43.5 wt%, respectively. The value of Td10 and the
char yield of poly(PDMS-FBZ) after thermal ROP at 250 °C were
remarkable relative to those of the Pa-type BZ (≈320 °C and 35
wt%, respectively). This superior thermal stability was presum-
ably due to the presence of inorganic PDMS units and the addi-
tional cross-linking arising from the furan units. Figure 2e dis-
plays DMA thermal analyses of poly(PDMS-FBZ) after thermal
ROP at 250 °C. The initial storage modulus at 25 °C was 575 MPa.
The loss tan 𝛿 peak provided a value of Tg of 110°; this value is
lower than that of a typical poly(Pa-BZ) after thermal ROP (138
°C), as we had expected after incorporation of flexible inorganic
PDMS units into the PBZ matrix (Figure 2f).

We used CA analyses to investigate the surface properties of
PDMS-FBZ before and after thermal ROP (Figure S2, Support-
ing Information). We calculated the surface free energies (𝛾s)
from the CAs of H2O (Figure S2a, Supporting Information), EG
(Figure S2b, Supporting Information), and CH2I2 (Figure S2c,
Supporting Information) measured after ROP from room tem-
perature to 250 °C; in previous studies, we found that these val-
ues were strongly dependent on the degree of intramolecular
hydrogen bonding of OH···N units after thermal ROP.[44,45] The
surface free energies of these poly(PDMS-FBZ) films decreased
from 37.68 mJ m−2 after ROP at 25 °C to 13.68 mJ m−2 after ROP
at 250 °C), based on the Owens–Wendt–Rabel–Kaelble (OWRK)
method (Figure S2d, Supporting Information). The value of 13.68

mJ m−2 is much lower than those of typical BA-m– or BA-a–type
PBZs after thermal ROP (16.4 and 19.2 mJ m−2, respectively),
suggesting the presence of strong intramolecular OH···N hydro-
gen bonding.[44] The inorganic flexible PDMS segments provided
additional hydrophobicity to the PBZ matrix, as expected.[46,47]

2.2. Synthesis, Thermal Polymerization, and Surface Free Energy
of PDMS-DABZ-DDSQ Copolymer

To further increase the thermal and mechanical properties of
PDMS-FBZ, we incorporated rigid inorganic DDSQ-BMI to form
a main chain-type PDMS-DABZ-DDSQ copolymer through DA
cycloaddition (Scheme 1). Figure 3a displays the FTIR spectra of
PDMS-FBZ, DDSQ-BMI, and PDMS-DABZ-DDSQ recorded at
room temperature. After DA cycloaddition, we observed signals
for Si–O–Si moieties from both the PDMS and DDSQ units near
1137 and 1084 cm–1, the C=O groups from the PDMS-FBZ and
DDSQ-BMI units near 1717 cm–1, and the oxazine rings from
the PDMS-FBZ unit at 932 cm–1, confirming the formation of
the PDMS-DABZ-DDSQ copolymer. Figure 3b and Figure S3
(Supporting Information) present the 1H NMR spectra of PDMS-
FBZ, DDSQ-BMI, and the PDMS-DABZ-DDSQ copolymer. In
the latter, signals for the two methylene units of the oxazine ring
appeared at 4.87 (a, NCH2O) and 4.00 (b, ArCH2N) ppm. Further-
more, the formation of the DA adduct was evident from signals
at 6.00, 5.31, and 3.86 ppm corresponding to protons Hh, Hc,
and Hi, respectively. The PDMS-DABZ-DDSQ copolymer dis-
played good solubility in common organic solvents (e.g., DMF,
NMP, DMSO, THF). Thus, this main chain-type copolymer was
readily processable through solvent casting to form free-standing
films, and we could also check its molecular weight through
size exclusion chromatography (SEC; Mn = 9200 g mol−1; PDI =
1.55). Figure 3e presents the thermomechanical properties of the
PDMS-DABZ-DDSQ copolymer, as determined through DMA
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Figure 2. a) Differential scanning calorimetry (DSC) thermal analyses, b,c) Fourier transform infrared (FTIR) spectra, and d) thermogravimetric analysis
(TGA) analysis of the PDMS-FBZ-monomer after thermal polymerization at various temperatures. e) Dynamic mechanical analysis (DMA) analysis and
f) photograph of a flexible film of PDMS-BZ after thermal polymerization at 250 °C.

analysis; the value of Tg determined from loss tan 𝛿 peak was
44 °C and the initial storage modulus at 25 °C was 313 MPa,
suggesting reasonable film properties in the absence of thermal
ROP. Figure 3f and Figure S4b (Supporting Information) dis-
play TEM and SEM images of the PDMS-DABZ-DDSQ copoly-
mer, revealing the dispersion of the inorganic PDMS and DDSQ
components. The featureless morphology, without macrophase
separation, suggests that the PDMS and DDSQ units were dis-
persed homogeneously in the copolymer matrix. Furthermore,
C, Si, N, and O mappings, based on SEM analyses (Figure S4c–
f, Supporting Information), revealed the uniform presence of Si
atoms, suggesting that the PDMS and DDSQ units were both
dispersed well in the copolymer. Thus, all of the characterization
data indicated the successful synthesis of the main chain-type
PDMS-DAB Z-DDSQ copolymer. We also employed DSC and

TGA analyses (Figure 3c,d) to investigate the thermal ROP of our
main chain-type PDMS-DABZ-DDSQ copolymer. As mentioned
above, the uncured PDMS-FBZ underwent thermal ROP at 235
°C, with a broad exothermic peak (289 °C) observed in Figure 3c
corresponding to the addition–polymerization of pure DDSQ-
BMI.[40] The broad maximum exothermic peak of the PDMS-
DABZ-DDSQ copolymer appeared at 230 °C, slightly lower than
that of PDMS-FBZ, due to thermal cross-linking polymeriza-
tion. Furthermore, a broad complex endothermic signal appeared
near 135 °C, corresponding to the retro-DA reaction; thus, cleav-
age of the DA cycloaddition products, induced through a ther-
moresponsive reaction, presumably generated new polymeriz-
able and reactive functional units (e.g., maleimide and furan
units).[48–51] In addition, the olefinic double bond from the un-
cleaved DA adduct might also have participated in the thermal
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Figure 3. a) Fourier transform infrared (FTIR) and b) 1H nuclear magnetic resonance (NMR) spectra, c) differential scanning calorimetry (DSC), and d)
thermogravimetric analysis (TGA) thermal analyses of PDMS-DABZ-DDSQ derived from PDMS-FBZ and DDSQ-BMI, e) dynamic mechanical analysis
(DMA) thermal analyses and f) transmission electron microscopy (TEM) image of PDMS-DABZ-DDSQ recorded prior to thermal polymerization.

ROP with the maleimide or furan units upon further thermal
heating. Scheme 2 provides a plausible mechanism for the ther-
mal ROP of the PDMS-DABZ-DDSQ copolymer to form a highly
cross-linked structure for poly(PDMS-DABZ-DDSQ).

Figure 3d displays the TGA traces of PDMS-FBZ, DDSQ-BMI,
and the PDMS-DABZ-DDSQ copolymer, recorded before ther-
mal ROP under a N2 atmosphere. As revealed in Figure 2d, the
uncured PDMS-FBZ monomer provided a value of Td10 and a
char yield of 169 °C and 20.1 wt%, respectively; for the DDSQ-
BMI used in this study, these values were 237 °C and 47.1 wt%, re-
spectively. The main chain-type PDMS-DABZ-DDSQ copolymer
displayed a higher value of Td10 of 258 °C, because covalent bond-

ing between PDMS-FBZ and DDSQ-BMI could increase the ther-
mal decomposition temperature; its char yield of 45.7 wt% was,
as expected, slightly lower than that of DDSQ-BMI, because the
copolymer possessed a PDMS segment of relatively lower char
yield.

Figure 4a displays DSC traces of the PDMS-DABZ-DDSQ
copolymer, recorded before and after thermal ROP at various
temperatures. The reaction enthalpy and the intensity of the
thermal ROP peak both decreased upon increasing the thermal
ROP temperature, disappearing completely at 250 °C; FTIR
spectral analyses confirmed these phenomena, with the signal
of the oxazine ring at 932 cm–1 decreasing upon increasing the
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Scheme 2. Possible mechanism of thermal polymerization of PDMS-DABZ-DDSQ to form poly(PDMS-DABZ-DDSQ).

ROP temperature and also disappearing completely after ROP at
250 °C (Figure 4b). Figure 4c presents the corresponding TGA
analyses of the PDMS-DABZ-DDSQ copolymer before and after
thermal ROP at the various temperatures. The uncured PDMS-
DABZ-DDSQ copolymer provided a value of Td10 and a char yield
of 237 °C and 47.1 wt%, respectively (Figure 4c). Interestingly,
after its thermal ROP treatment at 100 °C and 150 °C, the values
of Td10 decreased to 230 °C and 223 °C, respectively, and the
char yields decreased to 42.7 and 37.8 wt%, respectively. This
phenomenon has rarely been observed for BZ monomers during
thermal ROP; it can be explained by considering that retro-DA
reactions occurred at these temperatures, with cleavage of the DA
cycloadducts reforming maleimide and furan units (Scheme 2)
and leading to relatively lower values of Td10 and char yield. Fur-
ther increasing the ROP temperature to 200 and 250°C caused
the values of Td10 to increase to 369 and 441°C, respectively, and
the char yields to increase to 55.6 and 60.1 wt%, respectively. Fig-
ure 4d provides the DMA thermal analysis of the PDMS-DABZ-
DDSQ copolymer after thermal ROP at 250°C. The loss tan 𝛿

peak corresponded to a value of Tg of 177°C. The values of Tg and
Td10 and the char yield for poly(PDMS-DABZ-DDSQ) (177 °C,
441 °C, and 60.1 wt%, respectively) were all significantly higher
than those for poly(PDMS-FBZ) (110 °C, 435 °C, and 43.5 wt%,
respectively) after thermal ROP at 250 °C, presumably because
the rigid inorganic DDSQ cage structures were dispersed well

in the former copolymer hybrid to enhance its thermal stability
and also displays flexible behavior as also shown in Figure 4d.

Figure 5a,b presents TEM and SEM images of the poly(PDMS-
DABZ-DDSQ) hybrid after thermal ROP at 250 °C, recorded
to investigate the dispersion of its inorganic PDMS and DDSQ
units. The featureless morphology, without macrophase separa-
tion, suggests that the PDMS and DDSQ units were dispersed ho-
mogeneously in the hybrid matrix. Furthermore, the C, Si, N, and
O mappings, based on SEM analyses (Figure 5c–f), also revealed
the uniform dispersion of the Si atoms from both the PDMS and
DDSQ units in the copolymer. As a result, this new poly(PDMS-
DABZ-DDSQ) hybrid is also much more thermally stable than
the polymers formed from the typical Pa-type BZ (Tg = 130 °C;
Td10 = 320 °C; char yield = 35.0 wt%), while also featuring flexi-
bility and reversible properties.

Figure S5 (Supporting Information) displays the surface prop-
erties of PDMS-DABZ-DDSQ before and after thermal ROP, as
determined from the CAs of H2O (Figure S5a, Supporting Infor-
mation), EG (Figure S5b, Supporting Information), and CH2I2
(Figure S5c, Supporting Information) measured after thermal
treatment from room temperature to 250 °C. The surface free en-
ergies of these poly(PDMS-DABZ-DDSQ) films decreased from
30.86 after treatment at 25 °C to 18.18 mJ m−2 after treatment
at 250 °C, based on the OWRK method (Figure S5d). The sur-
face free energies of the poly(PDMS-DABZ-DDSQ) films were
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Figure 4. a) Differential scanning calorimetry (DSC) thermal analyses, b) Fourier transform infrared (FTIR) spectra, and c) thermogravimetric analysis
(TGA) analyses of PDMS-DABZ-DDSQ after thermal polymerization at various temperatures. d) Dynamic mechanical analysis (DMA) analysis and a
flexible film of PDMS-DABZ-DDSQ after thermal polymerization at 250 °C.

Figure 5. a) Transmission electron microscopy (TEM) and b) scanning electron microscopy (SEM) images and c–f) corresponding c) C−, d) Si−, e)
N−, and f) O-mappings of PDMS-DABZ-DDSQ after thermal polymerization at 250 °C.
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Figure 6. Reversible properties of PDMS-DABZ-DDSQ revealed through a) three cycles of differential scanning calorimetry (DSC) thermal analyses, b) a
photograph of the self-healing behavior of the PDMS-DABZ-DDSQ prepolymer at 80 °C, and c) the PDMS-DABZ-DDSQ prepolymer dissolving in DMF
after the reverse reaction had occurred at 130 °C.

lower than those of the poly(PDMS-FBZ) prior to complete ther-
mal ROP (at temperatures of up to 200 °C), presumably because
the inorganic DDSQ units imparted additional hydrophobicity.
After complete thermal ROP at 250 °C, the surface free energy
of the poly(PDMS-DABZ-DDSQ) film was slightly higher than
those of poly(PDMS-FBZ) and BA-m–type PBZ films, presum-
ably because of the presence of polar DA adducts; the value was,
however, still lower than that of the typical BA-a–type PBZ.

Figure S6 (Supporting Information) displays the TGA thermo-
grams of the poly(PDMS-FBZ) and poly(PDMS-DABZ-DDSQ)
hybrids after thermal ROP at 250 °C and after continuing TGA
heating at 250 °C for various period of time. We conclude that the
incorporation of inorganic DDSQ units in PDMS-FBZ improved
its thermal stability, with the char yield of the poly(PDMS-DABZ-
DDSQ) hybrid (93.5 wt%) being higher than that of poly(PDMS-
FBZ) (91.6 wt%) after 1 day at 250 °C. Furthermore, we used DSC
to examine the reversible properties resulting from the DA re-
action. When we increased the temperature to 160 °C and then
back to –20 °C, the appearance of the broad complex endother-
mic signal near 125 °C, corresponding to the retro-DA reaction,
was repeated for three rounds (Figure 6a). Most interestingly, this
new PDMS-DABZ-DDSQ copolymer exhibited spontaneously re-
versible properties at 130 °C, indicating its possible use as an
autonomously reversible material without the need for external
intervention, as displayed in Figure 6b; furthermore, it could dis-
solve in DMF (Figure 6c) after the retro-DA reaction, but was in-
soluble after the DA reaction when the temperature was higher
than 80 °C.[41,52–58]

3. Conclusions

We have used DA reactions to synthesize a highly thermal sta-
ble, flexible, low-surface-free-energy, and self-healing PBZ hybrid
featuring both inorganic PDMS and DDSQ units. The high ther-
mal stability of the PDMS-DABZ-DDSQ copolymer hybrid after
thermal ROP was revealed by its values of Tg (177 °C) and Td10
(441 °C) and char yield (60.1 wt%) being much higher than those
of the typical Pa-type BZ; its lower thermal ROP temperature,

higher flexibility, and reversible properties arose because its main
chain-type inorganic PDMS and DDSQ units were dispersed well
in the PBZ matrix and because of the reversible nature of its DA
and retro-DA reactions. Accordingly, this new main chain-type
copolymer functions as a high-performance PBZ.
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