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ARTICLE INFO ABSTRACT

Keywords: Background: Since the Industrial Revolution in the 1890s, cities have grown exponentially, leading to a significant
Polycarbonate increase in carbon dioxide emissions and contributing to a growing global environmental crisis. Carbon dioxide
CO,

capture and storage alone cannot fully address the issue of carbon cycle imbalance. One promising approach is to
convert carbon dioxide into polycarbonate polymer, which possesses good biodegradability and is considered a
viable alternative to petroleum-based polyester.

Methods: In this experiment, poly(cyclohexene carbonate) copolymer containing polyhedral oligomeric ses-
quioxane (PCHCPOSS) was prepared using ring-opening copolymerization (ROCOP) method. By mixing it with
poly(vinyl phenol) (PVPh), we can observe the forces both intramolecular and intermolecular hydrogen bonding
interaction.

Significant Findings: The binary blend of PVPh/PCHCPOSS10 exhibits a single Ty value throughout the compo-
sition, indicating complete miscibility. When the proportion of POSS increases, these blends show two different
T, values, suggesting that the addition of POSS does not promote miscibility. The FTIR results indicate that POSS
reduces the formation of intermolecular hydrogen bonding interaction. This is attributed to the screening effect
in the PVPh/PCHCPOSS binary blend, which significantly diminishes the formation of hydrogen bonds between

Polyhedral oligomeric silsesquioxane
Screening effect
Hydrogen bonding interactions

OH and O=C.

1. Introduction

Global warming stands as a foremost concern among citizens, and
the alternation of climate is primarily driven by greenhouse gas emis-
sions currently. Carbon dioxide (CO3) constitutes over 80 % of the total
emissions of greenhouse gasses (GHGs) and garners much attention as
the primary contributor. Most of the CO, comes from industrial pro-
duction and the use of fossil fuels. Consequently, substantial research is
directly towards the feasibility of CO, capture, storage or conversion
into materials such as graphene, carbon nanotubes and nanofibers to
achieve carbon neutrality [1-13]. Remarkably, CO is not only nontoxic
and abundant renewable resource, but also economically viable and
easily accessible in large quantities [2,14]. However, a key concern
pertains to the biodegradability of plastics, which typically did not

degrade naturally, and thus to enhance the degradability of plastics
could significantly mitigate environmental harm [15,16].

The utilization of CO, as a monomer exhibited the potential to enable
large-scale synthesis of completely biodegradable copolymers, encom-
passing polycarbonates and their possible corresponding counterparts.
Pioneers in this field, Inoue et al. first proposed the environmental
friendly reactions between epoxides and COj, such as propylene oxide or
cyclohexene oxide (CHO), leading to the formation of biodegradable
polycarbonates [17,18]. For example, the cyclic alternating copoly-
merization of CO, and propylene oxide yields poly(propylene carbon-
ate) (PPC), a prominent biodegradable polymer of significance in
industrial chemistry for their potential to alleviate the greenhouse ef-
fect. However, PPC is characterized as the amorphous polymer pos-
sessing a low glass transition temperature (T) along with compromised
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Scheme 1. Synthesis of the PCHCPOSS.
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Fig. 1. Synthesis of the PCHCPOSS (A) FTIR, (B) 'H NMR, (C) *C NMR, (D) GPC spectra.
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Table 1
CHO/CHOPOSS/CO, polymerization catalyst by LZn,(OAc),.".
CHO POSS (wt  PCHC M, (g/ M, (g/ b
conv.” %)° %" mol) mol)
PCHC - - 98.0 24,200 41,100 1.6
PCHCPOSS10 45 % 10 97.9 10,000 14,700 1.4
PCHCPOSS15  35% 14 96.9 12,000 16,300 1.3
PCHCPOSS20 22 % 16 95.7 12,500 17,600 1.3

# Reaction conditions: catalyat: CHO:CHO-POSS = 1:500:X, 20 h, Pco, = 346
psi.

b Determined by H NMR spectrum of the crude product.

© Determined by 'H NMR spectrum. POSS(Wt%) = (Ags4-0.63/14) x 984/
(As.3-4.8/2) x 142+(A0.54-0.63/14) x 984 +(A3.9-4.0/2).

4 Determined by 'H NMR spectrum. PCHC = polycarbonate. PCHC% =
(A4.348/2)/(As348/2 + A3.9.4.0/2).

mechanical and thermal stability, which manifests as the inherent
brittleness [19-22]. In endeavors to ameliorate its thermal and me-
chanical characteristics, efforts have been undertaken to augment their
molecular weight through copolymerization with alternate monomers
such as cyclohexene (CHO) or by blending with other economically
viable polymers. For example, we have successfully developed a CO»
copolymerization process to form poly(cyclohexene carbonate) (PCHC)
by ring-opening copolymerization and blending with PVPh through
intermolecular hydrogen bonding between C=0 units of PCHC and OH
units of PVPh, resulting in the formation of miscible PVPh/PCHC binary
blends [23].

An alternative approach to enhance the thermal or mechanical
properties of polymeric materials involves their incorporation with
inorganic materials. A notable illustration is the integration of poly-
hedral oligomeric silsesquioxane (POSS) nanoparticle into the polymer
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main chain or side chain to form the organic/inorganic hybrid materials.
POSS has a structure with silica-like core surrounded by eight organic
corner groups, and empirical formula is (RSiO; 5),, where R represents
an organic group (such as hydrogen, alkyl, alkylene, hydroxyl, or
epoxide) [24-29]. The properties of POSS could be effectively modified
by different R group, making it more widely applications. Indeed, the
POSS has excellent properties such as high thermal stability, low flam-
mability, low dielectric constant and low surface energy and copoly-
merization of POSS nanoparticle could improve the properties of
polymers such as surface hardness, mechanical properties, and reduce
flammability [30-34].

The influence of POSS nanoparticle as the chain end or side chain in
polymeric materials have also been widely discussed in previously

Journal of the Taiwan Institute of Chemical Engineers 153 (2023) 105214

incorporated POSS nanoparticle to form PMMA-b-POSS or PMMA-b-
PMAPOSS block copolymers have been synthesized by using atom
transfer radical or anionic polymerization [35]. We have observed the
pronounced screening effect for these two kinds of PMMA based POSS
block copolymers [36,37]. Specifically, the screening effect, quantified
as the y value, attains 0.65 and 1.0 for PMMA-b-POSS and PMMA-b-P-
MAPOSS, respectively, as blending with phenolic or PVPh homopoly-
mer, indicating that the intermolecular hydrogen bonding interaction of
C=0 units of PMMA was strongly weaken with OH units of PVPh when
POSS nanoparticles as side chain or side chain of polymeric materials.

In this study, the isobutyhexyloxide (CHOPOSS) nanoparticle has a
ring structure and could be carried out with CHO and COy by ring-
opening copolymerization to form PCHCPOSS random copolymers as
shown in Scheme 1. The investigation encompassed as in-depth explo-
ration of the synthesis, thermal properties and hydrogen bonding
interaction of the pure PCHC, wherein the presence of CHOPOSS cage
exerted notable influence. were influenced by the incorporation of
CHCPOSS cage was discussed. We believe that the Si-O-Si on the POSS
cage will generate forces other than hydrogen bonds (such as dipole-
dipole interaction), and POSS will hinder the movement between mo-
lecular chains, thus weakening the hydrogen bonding forces within the
molecule [38,39]. However, the miscibility, intermolecular hydrogen
bonding, and thermal properties of these PCHCPOSS random co-
polymers with PVPh were characterized through DSC and FTIR analyses.
We found that PCHCPOSS cage caused the polymer to produce a
screening effect, which becomes more obvious as the POSS content in-
creases. When PCHCPOSS20 was mixed with PVPh, phase separation
could be clearly observed from DSC, mainly caused by the screening
effect. To our knowledge, this represents the first study of the integration
of POSS cage structures into COp-based polycarbonates and their
hydrogen-bonding interactions with hydroxyl polymers. Prior to this, no
one has attempted to synthesize POSS and CO, using ring-opening
polymerization. Through this study, we can better understand the
impact of POSS-containing polymers in blending.

studies. For example, the poly(methyl methacrylate) (PMMA)
Table 2
MALDI-TOF mass of PCHCPOSS20.
m/z structure
o 1990.509 14a 0
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Fig. 3. (A) DSC thermal analyses, (B) TGA thermal analyses; (C) FTIR of C=0 group; (D) Area percentage of the free C=0 and intramolecularly H-bonded C=0

groups in PCHCPOSS.

2. Experimental section
2.1. Materials

All solvents and reagents were used in their as-received, unless
otherwise mentioned. The materials included o-Vanillin (99 %), 2,2-
dimethyl-1,3-propanediamine (99 %), cyclohexene oxide (CHO),
dichloromethane (DCM), tetrahydrofuran (THF), all purchased from
Acros Organic. Prior to use, CHO was refluxed over calcium hydride
(CaHy) for 24 h and vacuum distilled. The epoxycyclohexyl isobutyl
POSS (CHOPOSS) was sourced from Kingpak Technology Inc., and used
without any additional purification steps. Zinc acetate dihydrate (98 %)
was obtained from SHOWA, and high purity CO3 (> 99.999 %) was
obtained from the Hsin E-Li Gas Industrial Co., Ltd. Zinc catalyst
(LZn2(OAc)2) was synthesized and analyzed in previous study [23].

2.2. Copolymerization of CO,, CHO and CHOPOSS

A quantity of zinc catalyst (LZn(OAc), 0.0976 g) was combined with
various amounts of epoxycyclohexyl isobutyl POSS (10, 15, and 20 wt%)
into the autoclave with a magnetic stirring bar. The autoclave, equipped
with a vacuum line, was subsequently connected to the reaction system.
To avoid moisture, the autoclave containing the catalyst inside was
further dried under vacuum at 100 °C for 8 h. Following the cooling
stage, the autoclave was purged with CO5 and 8 mL CHO was introduced
to the autoclave. The ensuing copolymerization was maintained in an
oil-bath with 80 °C for 20 h under the consistent CO5 pressure of 435 psi.
Then, the reactor was allowed to cool, and the unreacted CO, was
carefully released. Those resultant mixtures were dissolved in DCM and
extracted with a 5 % dilute hydrochloric acid solution. The final PCHC-
co-PCHCPOSS product was multiple precipitated in THF/Deionized
water (DI water) mixture, followed by drying in a vacuum oven at 60 °C.

Notably, the nomenclature was used to PCHC-co-PCHCPOSS based on
their distinct POSS composition, referred to as PCHCPOSS10,
PCHCPOSS15 and PCHCPOSS20, respectively. IH NMR (500 MHz,
CDCls, 5, ppm): 4.6 (CyCHOCO,), 3.5 (CyCHOC), 1.26-2.26 (CyCHy),
1.85 (Si-CH2—CH-(CHs)3), 0.96 (Si-CH,—CH-(CHs)3), 0.6 (Si-CH,—CH-
(CHs),). '3C NMR (125 MHz, CDCls, 6, ppm): 154.4 (C=0), 76.7
(CyCHOCO>), 21.9-30.7 (CyCHy), 32.6 (Si-CH,—CH-(CH3)2). FTIR (KBr,
em™1): 1750 (C=0).

2.3. Binary blends of PVPh/PCHCPOSS

Different binary PVPh/PCHCPOSS blends were meticulously crafted
by a THF solution-casting with 5 wt% mixtures were subjected to stirring
for 24 h. The THF solvent was allowed to undergo gradually evaporated
over a span of 7 days at room temperature and the residual THF solvent
was slowly removed under a high vacuum condition at 40 °C for 5 days.

3. Result and discussion
3.1. Synthesis of PCHCPOSS random copolymers

The PCHCPOSS random copolymers were been synthesized by ring
opening copolymerization of carbon dioxide as shown in Scheme 1 and
comprehensive characterized by FTIR, 'H, 13C NMR, and GPC analyses.
Fig. 1(A) shows the FTIR spectra of various PCHCPOSS random co-
polymers. Firstly, the absorptions at 2950 and 2870 cm™! were corre-
sponding to aliphatic CH, CHy and CHjs groups vibration, the strong
absorbance peaks of C=0 were observed at 1750 cm™!, suggesting
successfully synthesis of linear carbonate instead of cyclic carbonate as
expected [40,41]. The most importantly, it could be found that the
strong absorbance peak of $i-O-Si at 1100 cm ™!, indicating the existence
of POSS cage in PCHCPOSS copolymers. Fig. 1(B) presents their
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Fig. 4. Interaction of a solvent droplet with PCHCPOSS: (A) H,0, and (B) EG; (C) Surface energy; (D) AFM image of pure PCHCPOSS10.

corresponding 'H NMR spectra of the PCHCPOSS random copolymers.
This terpolymer was synthesized using CHO, CO5, and CHOPOSS as the
monomers. Therefore, the spectrum illustrates the chemical composition
and structural characteristics resulting from the copolymerization. The
signals at 0.6, 0.96 and 1.85 ppm represent Si-CHy—CH-(CHj3)a,
Si-CH,—CH-(CH3)y and Si-CH;—CH-(CHs) of isobutyl POSS, respec-
tively. Then, the signals of cyclohexyl CH; on the side chain of CHOPOSS
unit were located at 1.34, 1.70 and 2.11 ppm. Furthermore, the signal of
cyclohexyl CH on the main chain was observed at 4.6 ppm. The
PCHCPOSS content can be calculated by the integrating signals, the
PCHCPOSS content of PCHCPOSS10, PCHCPOSS15 and PCHCPOSS20
were 10, 14 and 16 wt%, respectively, and were summarized in Table 1.
Therefore,the polyether content was within 5 %, and more than 95 %
consisted of linear polycarbonate. Moreover, the high content of POSS
resulted in a decrease in the conversion of CHO, mainly attributed to the
bulky moiety of POSS cage structure. The steric hindrance of POSS made
it difficult for CHOPOSS react with CO, and CHO, as shown in Fig. S1.

In the 3C NMR spectra as Fig. 1(C), the chemical shift of the Si-
CHy—CH-(CH3), and Si-CH,—CH-(CHg3), signal in isobutyl POSS was
observed at 32.66 and 32.68 ppm, respectively. The cyclohexyl CH
signal on the main chain appeared at 76.87 ppm, and the cyclohexyl CHs
signals on the side chain of CHOPOSS were observed at 23.18 and 29.84
ppm, respectively. Additionally, the carbon signal of C=0 was detected
at 154.4 ppm, indicating the presence of carbonate group in the
PCHCPOSS copolymer unit and confirming the successful copolymeri-
zation of carbon dioxide with the monomer. Fig. S2 displays the 2°Si
NMR spectra of the PCHCPOSS random copolymers. The peaks at —21.4

and —66.37 ppm were corresponding to OSiCH,CH(CH3); and Si-O-Si-O
cage units, indicating that CHOPOSS monomer had been successfully
synthesized with CHO and CO,. The molecular weights of the
PCHCPOSS random copolymers were determined through GPC analyses,
as illustrated in Fig. 1(D). Upon the addition of PCHCPOSS, a significant
decrease in the molecular weight was observed. This decrease can be
attributed to the presence of the bulky POSS group, which is likely
reduced the reactivity of the monomers, consequently leading to the
formation of polymers with lower molecular weights. However, as the
content of POSS was increased to 20 wt%, the molecular weight was
beginning to increase due to the significantly higher molecular weight of
CHOPOSS unit in comparison to the CHO unit. Furthermore, it was
possible that the polymer contains POSS structure, which might result in
POSS exerting interaction with GPC column, thereby leading to a
reduced measured molecular weight.

To understand the composition and structure of PCHCPOSS random
copolymers, the results of MALDI-TOF mass were presented in Fig. 2 and
Fig. S3. The difference between the peaks at 1990.509 m/z () and
2132.945 m/z (a) is approximately 142 g/mol, which was equal to the
summed molecular weight (M,,) of one carbon dioxide and one cyclo-
hexene oxide unit. Then, the 1990.509 m/z (a) corresponding to 14
cyclohexene carbonate units. Similarly, the difference between
1990.509 m/z («) and 2032.767 m/z (y) was ca. 44 g/mol, which pre-
cisely matches the molecular weight of one carbon dioxide unit.
Furthermore, the difference between 2087.317 m/z (8) and 1990.509 m/
z (o) was ca. 98 g/mol, representing one cyclohexene oxide unit.
Moreover, the peak at 2104.797 m/z (¢) exhibits one oxygen atom at the
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and the Kwei equation.

end of the copolymer compared to the 2087.317 m/z (5). Regarding the
peak at 2016.962 m/z (f), in comparison to the 1990.509 m/z (), it had
one more carbon dioxide unit, one less cyclohexene carbonate unit, and
one less oxygen atom in the cyclohexene carbonate unit. Lastly, the
2122.703 m/z () corresponds to 8 units of PCHC with an additional
PCHCPOSS unit. These discernible mass differences provide as valuable
insights into the composition and arrangement of PCHCPOSS random
copolymers (Table 2).

Fig. 3(A) shows the thermal analysis for both pure PCHC and
PCHCPOSS copolymers with different CHCPOSS contents. After-
introducing the CHCPOSS units into the random copolymers, T values
has a slightly drop from 108 to 107, 104 and 99 °C with CHCPOSS units
increasing, because the bulky POSS group as the side chain may increase
the free volume of the whole system, and produce a dilution effect,
which weakens the dipole-dipole interaction and intramolecular
hydrogen bonds of pure PCHC. Furthermore, PCHCPOSS20 displays the
melting point, probably due to the aggregation of POSS cage structure
[42-44]. The thermal stability of these PCHCPOSS copolymers were also
measured by TGA analyses as shown in Fig. 3(B). The thermal degra-
dation temperature (T410) and char yield exhibited an upward trend
upon increasing CHOPOSS compositions in PCHCPOSS random co-
polymers from 312 °C for pure PCHC (0 wt% for char yield) to 319 °C for
PCHCPOSS10, 324 °C for PCHCPOSS15 and 325 °C (3.4 wt% for char
yield) for PCHCPOSS20, aligning with expectations. The incorporation
of inorganic POSS unit could provide better thermal stability due to the
limitation of volatility to produce the ceramic residue with high char
yield during heating in nitrogen atmosphere.

To understand the influence of POSS cage on the thermal properties
of PCHCPOSS random copolymer, the expanded FTIR spectra from Fig. 1
(A) was summarized in Fig. 3(C). After adding CHCPOSS into the PCHC
copolymers, the half width at half maximum was decreased as the in-
crease of POSS cage contents, which leads to the intramolecular H-

bonding interaction slightly decreased. As mentioned in previous study
[20], two major absorptions due to the free C=O and intramolecular
H-bonding C=0 units [C=0---H—C] in six-membered ring at 1763 cm !
and 1735 cm ™, respectively, which is similarly reported in the PLA
main chain. In order to identify the interaction between the free C=0
and intramolecular H-bonding C=0 of PCHCPOSS copolymers Fig. S4
displays 1700-1800 cm™! region from C=0 of PCHCPOSS and curve
fitting of the spectra of PCHCPOSS copolymers as shown in Fig. 3(D).
When content of CHCPOSS units was increased, the intramolecular
H-bonding C=0 signal was decreased, indicating that the Ty may have a
slightly drop from 108 to 99 °C when the incorporation of CHOPOSS in
the random copolymers.

Furthermore, the PCHCPOSS should possess good hydrophobicity
and the surface properties by changing the amounts of CHCPOSS units in
PCHCPOSS random copolymer through the contact angle measurement
as shown in Fig. 4. The water contact angle of pure PCHC is 81.8°, which
belongs to hydrophilicity. However, as the amounts of CHOPOSS com-
positions were increased in PCHCPOSS random copolymers, the water
contact angles of PCHCPOSS were increased. The contact angles were
99.8°, 108.4° and 120.8° for PCHCPOSS10, PCHCPOSS15 and
PCHCPOSS20, respectively. PCHCPOSS was transformed to the hydro-
phobic materials.

Figs. 4(D) and S5 depict atomic force microscopy (AFM) images of
PCHCPOSS rotating on a glass substrate. In the AFM image of the pure
PCHC film, the film surface appeared smooth, exhibiting a root mean-
square (rms) roughness of 3.2 nm. Upon the addition of POSS, the sur-
face roughness exhibited a gradual increase, with the rms value from 9.6
to 17.1 nm. When the POSS content is too less, it becomes too diluted
within the random copolymer, and the aggregation does not occur.
However, as the POSS content increases, such as PCHCPOSS20, it be-
comes evident that POSS particles start to aggregate, leading to a
noticeable roughening of the surface, as illustrated in Fig. S5. This
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outcome aligned with the findings from contact angle. Notably, PCHC is
inherently hydrophilic. Nevertheless, with the incorporation of POSS,
the film surface began to display increased roughness, leading to
enhanced hydrophobicity in PCHCPOSS.

3.2. Analyses of PCHCPOSS/PVPh binary blends

Fig. 5 shows the DSC thermal analysis of pure PCHC, PCHCPOSS
copolymers, pure PVPh, and their corresponding binary blends. The
binary blend of PCHC/PVPh exhibits single Ty at any composition ratio
as shown in Fig. 5(A), indicating completely miscibility between them,
as mentioned in previous study [23]. Upon the addition of CHCPOSS
units into PCHCPOSS copolymers, we could observe that the
PVPh/PCHCPOSS10 binary blends also exhibit single Ty values in Fig. 5
(B). However, two distinct T; values were observed in
PVPh/PCHCPOSS20 binary blends as shown in Fig. 5(C), indicating
partially miscible or immiscible behavior in this binary blend. Clearly,
the incorporation of CHCPOSS units into the PCHCPOSS random co-
polymers strongly affect the miscibility behavior with PVPh homopol-
ymer. Firstly, we applied the Kwei equation to explain the
PVPh/PCHCPOSS binary blends, as shown in Fig. 4(D) and as follows
[45]:

Wi Ty +kWaTp,

T,=———— W W,
A W, + kW) +gW W,

where W; or W, is weight fraction of each polymer, Tg; or Ty is each
glass transition temperature of PCHCPOSS or PVPh, and k and g are the
fitting constant. The q value is strongly dependent on the intermolecular
hydrogen bonding strength of binary polymer blends. In our previous
study, we extensively discussed the hydrogen bonding interactions

between PVPh/PCHC binary blends and it exhibited the k =1, g = —105
based on the Kwei equation as shown in Fig. 5(D), indicating that
average intermolecular H-bonding strength (OH:--O=C) in PVPh/PCHC
blends is weaker than the self-association H-bonding strength (OH:--OH)
of pure PVPh. Upon the addition of CHOPOSS cage into PCHCPOSS
random copolymer, the PVPh/PCHCPOSS10 binary blend displayed the
k =1, g = —245 based on the Kwei equation as also displayed in Fig. 5
(D), which is much stronger negative deviation compared with PVPh/
PCHC binary blend, also indicating much weaker intermolecular H-
bonding interactions in the PCHCPOSS10/PVPh blend than self-
association H-bonding interaction of the pure PVPh. As mentioned
previously [46], the POSS cage at the side chain in carbonyl based
polymer such as PMMA would have strong screening effect to inhibit the
intermolecular hydrogen bonding interaction between C=0 group and
OH group. As a result, PCHCPOSS10 random copolymer also displayed
the limitation of intermolecular H-bonding between —C=0 group of
PCHC and OH group of PVPh. Further increasing CHCPOSS units into
PCHCPOSS20 random copolymer, the PVPh/PCHCPOSS20 binary blend
even displayed two Ty values, indicating partially miscible or immis-
cible. Therefore, the intermolecular H-bonding interaction between
C=0 group and OH group becomes much weaker.

Figs. 6 and 7 show the FTIR spectra of binary PVPh/PCHCPOSS10
and PVPh/PCHCPOSS20 blends that measured at 120 °C to avoid
moisture absorption, respectively. Figs. 6(A) and 7(A) represent the OH
stretching absorption in the range of 3100-3600 cm ™, which include
the characteristic absorption of free OH groups at 3540 cm™?, as well as
the indicative absorption related to the self-association of OH---OH in-
teractions at 3385 cm™! for pure PVPh. When the PCHCPOSS10 or
PCHCPOSS20 content increases, the intensity of free OH group was
increased and the self-association OH group was shifted to higher
wavenumber at ca. 3445 cm™!, indicating that the intermolecular
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Fig. 7. FTIR spectra of the various PCHCPOSS20/PVPh binary blend, recorded at 120 °C: (A) OH, and (B) C=0 region; (C): (a-d) Curve fitting of the C=0 absorptions
of selected PCHCPOSS10 (a) PVPh30, (b) PVPh50, (c) PVPh70, (d) PVPh90; (D) Area fraction of the free C=0, intermolecularly H-bonded C=0 and intramolecularly

H-bonded C=0 groups in PCHCPOSS20/PVPh binary blend.

OH---O=C H-bonding interaction strength of PVPh/PCHCPOSS is
weaker than the self-association OH---OH H-bonding interaction of pure
PVPh [47]. This result is consistent with Kwei equation where the g was
exhibited the negative value. Furthermore, their corresponding FTIR
spectra of C=0 stretching at 120 °C as shown in Figs. 6(B) and 7(B).

According to the previous research [18], the C=O group of
PCHCPOSS in PVPh/PCHCPOSS binary blends could be composed into
three parts: free C=0 at 1760 cm™!, intramolecular C=0O from
PCHCPOSS unit at 1735 cm ™!, and additionally, a peak appears for the
C=O0 group, indicating the formation of intermolecular H-bonding be-
tween the C=0 group of PCHCPOSS unit and the OH group of PVPh at
1720 em ™. In order to understand the areapercentage of each absorp-
tion, Figs. 6(C) and 7(C) exhibit the curve fitting of the C=0 group of
PVPh/PCHCPOSS10 and PVPh/PCHCPOSS20 binary blends with
different compositions. In addition, the areapercentage of free C=0 unit,
intramolecular hydrogen bonded C=0 from PCHCPOSS unit and inter-
molecular H-bonded C=0 with PVPh were summarized in Figs. 6(D) and
7(D).

Clearly, the areapercentage of intramolecular H-bonded of C=0 from
PCHPCPOSS were both decreased; however, the areapercentages of
intermolecular hydrogen boned C=0 with PVPh were increased with the
increase of PVPh concentrations in all binary blends. Furthermore, the
areapercentage of intermolecular H-bonded C=0O with PVPh was
decreased with the increase of POSS concentrations due to the screening
effect by the addition of POSS cage structure as mentioned in previous
work [35] as expected.

4. Conclusions

We have successfully synthesized various POSS compositions within

PCHCPOSS random copolymers through the process of ring-opening
copolymerization and prepared a series of binary PVPh/PCHCPOSS
blends, followed by DSC and FTIR analyses. The binary blend of PVPh/
PCHCPOSS10 exhibited single Ty values behavior at entire composi-
tions, indicating completely miscibility; however, this binary blend
displayed strongly negative g value based on the Kwei equation and
even was lower than that observed in the PVPh/PCHC binary blend that
lacked the POSS component. As a result, as the concentration of POSS
cage was increased in PVPh/PCHCPOSS20 binary blends, which showed
two distinct Ty values, representing towards microphase separation,
particularly evident at relatively lower PVPh concentrations. This
microphase separation phenomenon is primarily attributed to the
screening effect induced by the presence of POSS in PVPh/PCHCPOSS
blends, leading to a reduction in intermolecular hydrogen bonds.
Overall, this work provides the fundamental insights into the POSS cage
structure within PCHC random copolymers and elucidates the intricate
interplay of the compete H-bonding interaction in PVPh/PCHCPOSS
binary blends.
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