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Abstract We report a platform-based approach for designing of aromatic polyesters with customizable optical properties. By employing a se-
ries of benzaldehyde-derived cyclic carbonate monomers, we performed ring-opening alternating copolymerization with phthalic anhydride to
yield structurally regular polyesters featuring diverse substituents. All monomers underwent smooth copolymerization, producing polymers with
controlled molecular weights (M,=21-45 kDa) and narrow dispersity (P=1.04-1.28). Thermal analysis revealed decomposition temperatures
above 280 °C and glass transition temperatures exceeding 90 °C, ensuring robust thermal stability. The resulting polyesters showed excellent visi-
ble-light transparency, with transmittance greater than 92% between 400-600 nm. Systematic modification of aromatic substituents enabled
continuous tuning of refractive indices from 1.563 to 1.622, alongside Abbe numbers ranging from 30.9 to 45.1, highlighting the significant im-
pact of electronic polarizability on optical performance. This work establishes a unified molecular design platform for creating high-performance

optical polyesters with predictable and tunable refractive and dispersive properties.
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INTRODUCTION

As optical devices advance toward greater integration and an
expanding range of applications, optical resins must be de-
signed to satisfy multiple performance criteria, rather than be-
ing optimized for a single property.!"? Practical applications
typically demand access to different application-relevant prop-
erty windows defined by combinations of adjustable refractive
index, dispersion, optical transparency, and thermal stability.*~!
Achieving this level of controllability requires material systems
whose properties can be tuned in a rational and predictable
manner® In this regard, molecular-level polymer design,
through precise control of the monomer structure, provides a
fundamentally different strategy from the traditional empirical
formulation or simple blending, enabling systematic access to
application-specific optical property windows.”:!

The optical properties of polymers can be precisely tuned
through molecular-level structural design, and considerable
progress has been made in this field. Previous studies have
shown that the systematic modulation of optical properties,
such as refractive index, dispersion, and transparency, can be
realized by tailoring monomer structures, backbone architec-
tures, side-chain configurations, and the spatial arrangement
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of repeating units. Consequently, a variety of structural mo-
tifs with high electronic polarizability, including aromatic
rings,°-1" sulfur-containing groups,['>-'4 and halogenated
units,['*l have been widely incorporated into optical-polymer
systems. Among these motifs, aromatic rings are particularly
attractive because of their versatile substitution patterns and
strong contribution to the molecular polarizability.”'9 From
a structural design perspective, aromatic units also provide an
effective way to translate substituent-level electronic effects
into polymer-level optical responses, provided that they can
be incorporated in a well-defined and structurally anchored
manner. In this context, our previous studies demonstrated
that ring-opening alternating copolymerization of cyclic car-
bonates and anhydrides affords structurally regular
polyesters with precisely defined repeating units.'7.8] In
these systems, aromatic moieties are integrally embedded
within the repeating-unit architecture, creating a well-de-
fined chemical environment in which aromatic structures are
consistently positioned relative to the polymer backbone.
These alternating polyesters exhibit favorable optical charac-
teristics, underscoring the potential of carbonate-anhydride
copolymerization as a robust platform for optical resin de-
sign. However, despite these advantages, modifying the ex-
isting cyclic carbonate monomers, particularly tyrene carbon-
ate, directly and systematically on the aromatic ring while
preserving the carbonate framework, remains synthetically
challenging.l'! This limitation hinders precise control over
substituent electronics and their spatial anchoring within the
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polymer structure, thereby restricting the systematic correla-
tion between substituent effects and optical performance,
and narrowing the accessible optical property windows with-
in a unified polymer framework.

Building on this foundation, we aimed to overcome the
limitations of the monomer in designing aromatic cyclic car-
bonates while retaining the structural precision achieved
through carbonate-anhydride alternating copolymerization.
In this context, benzaldehydes represent strategically advan-
tageous starting points for monomer development. From a
supply side perspective, benzaldehyde derivatives are com-
mercially abundant and contain a broad range of electronical-
ly diverse substituents. From a design-demand perspective,
the aldehyde functionality enables efficient and pro-
grammable transformation into cyclic carbonate monomers
via a simple one-pot, two-step protocol while preserving pre-
cise control over aromatic substitution patterns. The incorpo-
ration of these benzaldehyde-derived cyclic carbonates into
ring-opening alternating copolymerization with anhydrides
enables the structural embedding of substituted aromatic
units within well-defined repeating units of the resulting
polyesters. In this architecture, the aromatic motif is simulta-
neously integrated into the backbone environment and is
presented as a pendant structural element within each re-
peat unit (Scheme 1). This dual anchoring strategy establish-
es a direct and unambiguous link between the monomer de-
sign and polymer architecture, allowing substituent-level
electronic effects to be systematically translated into tunable
optical properties.l20l Consequently, this platform enables the
construction of aromatic polyesters that span distinct refrac-
tive indices and dispersion windows within a unified and pre-
dictable molecular framework.

EXPERIMENTAL

Materials

All moisture/oxygen-sensitive reactions were carried out in a
glove box or using standard Schlenk techniques under dry ni-
trogen. Phthalic anhydride (PA) was sublimed three times un-
der reduced pressure and then stored in a glovebox for further
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use. Bis(triphenylphosphoranylidene)ammonium chloride (PPN-
Cl), sodium benzoate, potassium hydroxide, trimethylsulfonium
iodide, 3,5-dimethoxybenzaldehyde, 4-bromobenzaldehyde, 4-
cyanobenzaldehyde, 4-methylsulphonyl benzaldehyde, 1-naph-
thaldehyde and other reagents were purchased from Energy
Chemical and used without further purification. The synthe-
sized catalysts (PPNOBz) and monomers (M1-M5) were further
purified via recrystallization and dried under vacuum.

Characterization

Nuclear magnetic resonance (NMR) spectra were recorded on
an ARX-500 spectrometer at ambient temperature in deuterat-
ed chloroform (CDCl3), with tetramethylsilane (TMS) as the in-
ternal reference. Gel permeation chromatography (GPC) was
performed at 35 °C relative to a polystyrene standard on a Wa-
ters e2695 GPC instrument with dichloromethane as the eluent
at a flow rate of 1.0 mL-min~". Thermogravimetric analysis (TGA)
was performed using a Mettler-Toledo TGA 1 instrument. Pow-
der polymer samples were heated from 30 °C to 500 °C at a rate
of 10 °Cmin~" under nitrogen flow (100 mL-min~"). Differential
scanning calorimetry (DSC) of the polymer samples was per-
formed using a Mettler Toledo Polymer DSC instrument
equipped with a Julabo chiller and autosampler. Typical DSC ex-
periments were conducted in crimped aluminum pans at a
heating rate of 10 °C:min~" from 0 °C to 200 °C under a blanket
of dry nitrogen. Data were processed using the StarE software.
UV-Vis spectra were obtained on a UV2600 spectrophotometer
with samples spin-coated on a quartz wafer from a chloroform
solution (10 mg-mL™") at a rotating speed of 1000 r-min~". All
measurements were performed between 400 and 800 nm. Re-
fractive index measurements were performed using a spectro-
scopic ellipsometer with samples spin-coated on a silica wafer
from a chloroform solution (10 mg-mL™") at a rotating speed of
1000 r-min~".

Catalyst Synthesis

PPNOBz was prepared according to literature procedures (yield,
80%).2"1 TH-NMR (500 MHz, CDCl;, 8, ppm): 8.18-8.15 (m, 2H),
7.66—7.59 (m, 6H), 7.47—7.36 (m, 24H), 7.33-7.18 (m, 24H).
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Scheme 1 Synthetic route to alternating optical polyesters.
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Monomer Synthesis

Synthesis of M1

In a 75 mL stainless-steel autoclave, 3,5-dimethoxybenzalde-
hyde (25 mmol) was dissolved in acetonitrile (50 mL). Trimethyl-
sulfonium iodide (25 mmol), potassium hydroxide (50 mmol),
and water (0.1 mL) were then added, and the reaction mixture
was heated at 80 °C for 4 h. The autoclave was then charged
with CO, at a pressure of 4 MPa and heated to 100 °C for 24 h.
After cooling to room temperature and carefully releasing CO,,
the reaction mixture was transferred, and the solvent was re-
moved under reduced pressure. The crude product was puri-
fied by flash column chromatography on silica gel using
dichloromethane as the eluent, followed by recrystallization
thrice to afford M1 as a white solid (yield: 85%). "H-NMR (500
MHz, CDCl;, 8, ppm): 6.46 (s, 3H), 5.60 (t, 1H), 4.77 (t, TH), 4.30
(dd, TH), 3.80 (s, 6H); 3C-NMR (100 MHz, CDCl,, 8, ppm): 161.66,
154.89,138.31,103.57,101.34, 77.89, 71.23, 55.66.

Synthesis of M2

A procedure similar to that described for M1 was employed, us-
ing 4-bromobenzaldehyde as the starting material (yield: 85%).
"H-NMR (500 MHz, CDCls, &, ppm): 7.60—7.57 (m, 2H), 7.25-7.23
(m, 2H), 5.64 (t, 1H), 4.80 (t, TH), 4.30 (dd, TH); '*C-NMR (100 MHz,
CDCl;, 8, ppm): 154.60, 134.98, 132.65, 127.60, 124.10, 77.37,
71.05.

Synthesis of M3

A procedure similar to that described for M1 was employed, us-
ing 4-cyanobenzaldehyde as the starting material (yield: 85%).
"H-NMR (500 MHz, CDCls, 6, ppm): 7.77—7.75 (m, 2H), 7.50-7.49
(m, 2H), 5.74 (t, 1H), 4.87 (t, TH), 430 (dd, TH); 3 C-NMR (100 MHz,
CDCl3, &, ppm): 154.21, 141.10, 133.25, 126.42, 118.01, 113.91,
76.71,70.80.

Synthesis of M4

A procedure similar to that described for M1 was employed, us-
ing 4-methylsulphonyl benzaldehyde as the starting material
(yield: 70%). "H-NMR (500 MHz, CDCl;, 6, ppm): 8.04—8.03 (m,
2H), 7.59-7.58 (m, 2H), 5.78 (t, TH), 4.89 (t, 1H), 4.32 (dd, TH), 3.07
(s, 3H); 3C-NMR (100 MHz, CDCl;, &, ppm): 154.29, 142.09,
141.96, 128.60, 126.72, 76.73, 70.86, 44.54.

Synthesis of M5

A procedure similar to that described for M1 was employed, us-
ing 1-naphthaldehyde as the starting material (yield: 74%). 'H-
NMR (500 MHz, CDCl3, 6, ppm): 7.97-7.90 (m, 2H), 7.69-7.53 (m,
5H), 6.42 (t, TH), 5.06 (t, TH), 4.39 (dd, 1H); "3C-NMR (100 MHz,
CDCl3, &, ppm): 154.93, 133.96, 131.87, 129.89, 129.62, 129.35,
127.35,126.51,125.64,122.48,121.67,75.68, 70.92.
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Ring-opening Alternating Polymerization of Aromatic
Cyclic Carbonates (M1-M5) and PA

Ring-opening alternating copolymerization (ROAC) of aromatic
cyclic carbonates (M1-M5) and PA was conducted in a 10 mL
stainless-steel autoclave equipped with a magnetic stirrer. The
autoclave was charged with predetermined amounts of
monomers and catalyst in a glovebox, sealed, and immersed in
a preheated oil bath. After the desired polymerization time, the
autoclave was removed from the oil bath and cooled to room
temperature. The resulting crude polymer was directly used for
'H-NMR analysis to determine the monomer conversion. Subse-
quently, the crude product was fully dissolved in dichloro-
methane and precipitated by dropwise addition of methanol.
This dissolution-precipitation process was repeated three times.
The purified polymer was dried in a vacuum oven at 60 °C for 12
h and used for further characterization.

RESULTS AND DISCUSSION

Monomer Design

At the monomer design level, a unified synthetic strategy utiliz-
ing substituted benzaldehydes has been employed to produce
aromatic cyclic carbonate monomers. By slightly modifying the
literature procedure,”? a series of substituted aromatic cyclic
carbonates was synthesized via a one-pot, two-step process,
thereby overcoming the limited substrate scope associated with
traditional methods based on phenylethylene glycol®**4 or
styrenel®! derivatives (Fig. 1). This benzaldehyde-based route
offers two practical advantages: first, it leverages the broad
commercial availability and mature industrial supply of substi-
tuted benzaldehydes, making them more accessible and cost-
effective than specialized diols or epoxides; second, their
widespread use in fine chemicals and pharmaceuticals provides
a versatile platform for modular functionalization and systemat-
ic material development. Within this framework, aryl sub-
stituents were rationally selected to explore their effects on the
monomer structure and the properties of the resulting
polyesters. Meta-dimethoxy substitution was introduced to ad-
just the local steric environment and conformational flexibility
around the aromatic ring, while bromine!” cyano® and
methanesulfonyl” groups were incorporated as highly polariz-
able or strongly electron-withdrawing units with the potential
to affect the molar refractivity. In addition, extending the core
from benzene to naphthalenel® enabled the examination of
how increased aromatic conjugation might influence polymer-
ization behavior and material characteristics. Although this
study focuses on these derivatives, the strategy could, in princi-
ple, accommodate other compatible substrates, including het-
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Fig.1 Synthetic route to M1-M5.
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eroaromatics, provided that they do not interfere with the an-
ionic propagating species. Collectively, this feedstock-driven ap-
proach furnishes a structurally diverse and internally compara-
ble monomer set, providing a versatile platform for systematic
structure-property investigations of aromatic polyesters.

Ring-opening Alternating Polymerization of Aromatic
Cyclic Carbonates (M1-M5) and PA

The polymerization behavior of these monomers was exam-
ined under identical conditions following our established pro-
cedure ([M]/PA/PPNOBZ = 200/200/1, 180 °C; Table 1).'"! The
use of the metal-free organic catalyst PPNOBz offers significant
advantages for optical polymer synthesis because it prevents
metal-induced coloration and enables the production of color-
less polyesters.

Due to differences in the electronic properties and steric
profiles of the substituents, all monomers underwent smooth
alternating copolymerization, affording polyesters with rela-
tively narrow molecular weight distributions (1.04—1.28) and
unimodal GPC traces (Fig. 2a). This consistent behavior across
the monomer series indicates that the polymerization system
is robust and highly reproducible and that the introduction of
diverse substituents does not compromise the alternating se-
lectivity.[29]

A detailed comparison of the polymerization rate and
molecular weight revealed that substituent effects extend be-
yond the initial nucleophilic ring-opening step and influence
the behavior of the alkoxide species during chain
growth.B931 As 3 result, turnover frequency (TOF) and num-
ber-average molecular weight (M,,) should be viewed as inte-
grated descriptors of the overall polymerization process
rather than as direct indicators of isolated electronic or steric
effects (Figs. 2b and 2¢).32331 Notably, under otherwise identi-
cal conditions, polymerization rate and molecular weight do
not correlate, suggesting that different stages of the copoly-
merization are governed by different structural factors.34

Weakly electron-donating dimethoxy and weakly electron-

withdrawing bromo substituents afford the highest molecu-
lar weights (M,=44.6 and 37.2 kDa, respectively) with moder-
ate TOFs of 621 and 525 h-!, respectively. This suggests that
mild electronic effects do not significantly alter the carbon-
ate ring-opening kinetics but promote sustained chain
growth (Table 1, entries 1 and 2).1353% In contrast, the strong-
ly electron-withdrawing cyano substituent leads to the fastest
polymerization (TOF=860 h-") but produces polymers with
substantially lower molecular weight (M,=21.4 kDa, Table 1,
entry 3). This behavior aligns with rapid initiation driven by
increased carbonate electrophilicity,”7 coupled with re-
duced propagation efficiency due to stabilization of the
alkoxide chain end, which likely encourages chain transfer or
reversible processes.

The methanesulfonyl-substituted system exhibits a de-
creased TOF (486 h-') and M,, (23.3 kDa), which is consistent
with the experimentally observed poor solubility of both the
monomer and resulting polymer (Table 1, entry 4).538] Similar-
ly, the naphthyl-substituted monomer displayed a relatively
low polymerization rate and moderate molecular weight
(TOF=436 h-', M,,=26.2 kDa), indicating that the increased
steric hindrance and limited conformational flexibility out-
weigh the potential advantages of enhanced aromatic polar-
izability (Table 1, entry 5).3% The slightly higher dispersity of
P5 (P=1.28) compared to other polymers can be attributed to
the increased steric hindrance of the naphthyl group, which
could reduce the monomer insertion rate during the propa-
gation step. Overall, the effects of substituents are primarily
reflected in variations in polymerization outcomes, such as
molecular weight and efficiency, while the robustness of al-
ternating copolymerization remains consistent throughout
the series. Rather than establishing a predictive structure-
reactivity relationship, these findings provide a qualitative
reference for understanding substituent effects in aromatic
cyclic carbonate-based polyester systems.

The regioselective ring opening of cyclic carbonates was

Table1 ROAC of aromatic cyclic carbonates (M1-M5) and PA.?

0

M 0 S 2
0 0
Q 0 N PPNOBz O OJ\
! Yo, gyt o
R ‘
_ 2 3R

oi
M1 M2 M3 M4 M5
Entry Monomer t (min) TOF® (h") Conv.[M]€(%)  Conv.PA¢ (%) M, ¢ (kDa) pd
1 (P1) M1/PA 17 621 88 90 44.6 1.04
2 (P2) M2/PA 21 525 92 93 37.2 1.13
3 (P3) M3/PA 11 862 79 82 214 1.17
4 (P4) M4/PA 20 486 81 83 233 1.09
5 (P5) M5/PA 25 436 91 ND 26.2 1.28

2 Reaction conditions: [M]/PA/PPNOBz = 200/200/1, [M] = 5 mmol, in a pre-dried 10 mL autoclave, in bulk, T=180 °C; ® Turnover frequency (TOF) = mol of
product (polyester)/mol of catalyst per hour; ¢ Calculated by "H-NMR; ¢ Determined by GPC in CH,Cl, at 35 °C relative to the polystyrene standard.
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examined using a model reaction of [M]/PPNOBz/benzoic
acid = 20/1/20 at 180 °C for 10 min (Table 2, Figs. S22—-S26 in
the electronic supplementary information, ESI). Benzoic acid
(HOBz) served as a proton source to capture ring-opened in-
termediates and prevent the formation of anionic species
other than OBz.[*0 This small-molecule reaction provides a
convenient model to examine the preferred site of OBz at-
tack on M1-M5 and to approximate nucleophilic attack by
PA-generated carboxylate chain ends during copolymeriza-
tion. For dimethoxy- and bromo-substituted systems, the
CH,/CH ratios remained close to 2/1, indicating that regiose-
lectivity is primarily governed by steric hindrance when the
electronic effects are modest. In contrast, the methanesul-
fonyl- and naphthyl-substituted systems show increased at-

tack at the methine carbon, with CH,/CH = 1.29/1 and 1.56/1,
respectively, indicating a greater influence of electronic fac-
tors on ring opening. Notably, the strongly electron-with-
drawing cyano-substituted carbonates exhibit the highest
CH,/CH ratio (2.57/1). This pronounced electron-withdrawing
effect at both the methylene and methine positions signifi-
cantly activates the carbonate ring electronically, rendering
the monomer more susceptible to nucleophilic attack. This
enhanced electrophilicity is also reflected in its substantially
higher apparent ring-opening activity during copolymeriza-
tion compared to other monomers. Collectively, the regiose-
lectivity trends observed in this small-molecule model offer
valuable structural insights into the influence of aromatic
substituents on both the ring-opening behavior and the re-
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Fig. 2 (a) GPC curves of P1-P5 in Table 1; Comparison of (b) M, gpc and (c) TOF of P1-P5; (d) UV-Vis transmittance spectra of P1-P5;

(e) Wavelength-dependent refractive indices of P1-P5 determined by spectroscopic ellipsometer; (f) P1-P5 in the ny4-V4 diagram.

Table2 Substituent effects on regioselectivity of cyclic carbonate ring-opening.

Methylene attack

»
steric hindrance dominate

©)L

Methine attack \\ 1% \ \\
= — Z
electronic effect dominate -COo, 0
o
(0)

Entry Monomer 6(—CH,—) ? (ppm) 6(—CH—) 2 (ppm) Methylene/methine attack ratio ®
1 M1 77.89 71.23 1.97
2 M2 77.37 71.05 1.96
3 M3 76.71 70.80 2.57
4 M4 76.73 70.86 1.29
5 M5 75.68 70.92 1.56

2 Determined by '*C-NMR; P Calculated by 'H-NMR.

https://doi.org/10.1007/510118-026-3630-9


https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9
https://doi.org/10.1007/s10118-026-3630-9

6 Song, X. L. et al./ Chinese J. Polym. Sci.

Table3 The properties of P1-P5.

Entry Sample M, ? (kDa) PDI? T4° Q) T4<(0) ng¢ Vyd
1 P1 446 1.04 312.72 91.32 1.563 45.1
2 P2 37.2 1.13 302.67 115.17 1.596 34.4
3 P3 214 117 321.33 141.01 1.590 333
4 P4 233 1.09 314.50 154.68 1.606 33.0
5 P5 26.2 1.28 282.12 124.77 1.622 309

2 Determined by GPC in CH,Cl, at 35 °C relative to the polystyrene standard; ® Determined using TGA; ¢ Determined by DSC; ¢ Determined using a

spectroscopic ellipsometer.

sulting polymerization outcomes.[2241]

Thermal Properties

Thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) were performed to assess the thermal robust-
ness of the synthesized polyesters (Figs. S27-S36 in ESI and
Table 3). The dimethoxy-, bromo-, cyano-, and methylsulfonyl-
substituted polymers (P1-P4) all exhibit decomposition tem-
peratures (Tysy.) above 300 °C, indicating excellent thermal
stability. The naphthyl-substituted polymer (P5) displays a
slightly lower Tysot Of 282 °C, likely due to the bulky naphthyl
group increasing the local free volume, which modestly re-
duces the thermal stability. Nonetheless, this decomposition
temperature is sufficient for the typical processing and usage of
optical resins.*? DSC measurements reveal a clear trend in glass
transition behavior: P1 has a T of 91.32 °C, while P2-P5 all dis-
play T values exceeding 100 °C, indicating dimensional and op-
tical stability at elevated operating temperatures. Overall, de-
spite minor variations in the thermal properties of the polymers,
all the materials demonstrated adequate thermal stability and
glass transition temperatures, which are suitable for optical resin
applications. These results confirm that the current monomer
and polymer design strategy provides robust thermal perfor-
mance, while maintaining a primary focus on tuning the optical
properties.

Transparency

Optical transparency is essential for optical polymers designed
for refractive applications because a high refractive index is on-
ly valuable when paired with adequate light transmission in the
visible region. To assess this, the optical transparency of the syn-
thesized polymers was measured using UV-Vis spectroscopy on
solution-cast films (100 um thick). As shown in Fig. 2(d), all the
polymers exhibit excellent transparency in the visible range,
with transmittance values exceeding 92% across 400-600 nm,
indicating minimal optical loss under practical conditions. In the
ultraviolet region, absorption features appear mainly between
200 and 300 nm, which are attributed to the 777" transitions as-
sociated with the aromatic units.*! Importantly, no low-energy
electronic transitions extended into the visible region, resulting
in a sharp absorption edge and high transparency above ca. 350
nm for all samples. Among the series, the naphthyl-substituted
polymer displays relatively stronger and slightly red-shifted UV
absorption, consistent with its extended aromatic conjugation;
however, this absorption remains confined to the ultraviolet re-
gion and does not affect the visible-light transmission. Overall,
these results confirm that all polymers maintain high optical
clarity in the visible spectrum, providing the necessary optical
window for further analysis of the refractive index and disper-
sion behavior.

Refractive Index
The most widely accepted approach for designing optical poly-

mers is based on the Lorentz-Lorenz equation, which defines
the fundamental relationship between the refractive index and
intrinsic molecular properties. Eq. (1) expresses this relationship
by relating the refractive index n in terms of the molar refractive
index [R] and the molar volume V,,.

_ [1+2[R]/Vo
n= W (1)

Within this framework, the systematic modification of aryl
substituents enables the continuous tuning of optical proper-
ties over a broad and practically relevant range.*1 All the
polymers exhibit elevated refractive indices, showing clear
substituent-dependent trends (Table 3 and Fig. 2e). P1 has a
relatively low refractive index (ng=1.563) and an Abbe num-
ber (V) of 45.1, due to its increased molar volume. In contrast,
P2-P4 display higher refractive indices, ranging from 1.590
to 1.606, along with a reduced Vy value of approximately
33-34 (Fig. 2f). These results reflect the increasing contribu-
tion of the electronic polarizability to heavier or more polar
substituents.

CONCLUSIONS

In summary, we developed a versatile polymer design platform
based on benzaldehyde-derived cyclic carbonates and phthalic
anhydride, enabling the systematic tuning of the optical prop-
erties of aromatic polyesters. Alternating ring-opening copoly-
merization proceeded smoothly for all monomers, affording
polymers with well-defined molecular weights and narrow dis-
persities, regardless of the substituent type. Substituent effects
influenced polymerization kinetics, molecular weight, and re-
gioselectivity: strongly electron-withdrawing groups accelerat-
ed initiation but limited chain growth, whereas bulky aromatic
groups reduced the propagation efficiency. Thermal analysis
confirmed decomposition temperatures above 280 °C and glass
transition temperatures above 90 °C, ensuring dimensional and
optical stabilities. Optical measurements revealed a high visible
transparency (>92%) and a tunable refractive index window
from 1.563 to 1.622, accompanied by trade-offs in the Abbe
number (30.9-45.1) reflecting the impact of polarizability and
conjugation. Collectively, these findings demonstrate that a sys-
tematic molecular-level structural design provides a predictable
and effective route to high-performance optical polyesters, of-
fering a platform for the future development of advanced opti-
cal resins with tailored property profiles.
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