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Scheme 1 Terpolymerization of CO,, epoxide and tricyclic anhydrides catalyzed by TEB/PPNCI.
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Scheme 2 Synthesis of tricyclic anhydrides.
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Fig. 1 NMR spectra of terpolymer. (a) 'H-NMR spectrum of CO,/CHO/ATMA copolymer (entry 1, Table 1); (b) *C-NMR
spectrum of CO,/CHO/ATMA copolymer (entry 1, Table 1); (¢) 'H-3C HSQC spectrum of CO,/CHO/ATMA copolymer
(entry 1, Table 1); (d) DOSY spectrum of CO,/CHO/ATMA copolymer.
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Table 1 Terpolymerization of CO,, CHO and tricyclic anhydrides (TAs) catalyzed by TEB/PPNCI and thermal properties of
the copolymers .
Enry  TA EP/TA EPConv.® TAConv.® CC® PE°¢ PC¢ Polyetherc M,¢ o Tt Tas f
(molar ratio) (%) (%) %) (%) (%) (%) (kg/mol) °C) (°C)
1 ATMA  1000/200 >99 >99 07 183 81.0 0.7 170 135 111 212
2 APMA  1000/200 >99 >99 05 18.0 815 0.5 22.1 126 127 221
3 ATMA  2000/200 57 >99 04 150 838 1.2 175 134 112 N.D.
4  APMA  2000/200 71 >99 04 13.6 857 0.7 24.1 131 118 N.D.

2 All reactions were performed in 1.0 mL of toluene at 80 °C under 2.0 MPa of CO, with TEB/PPNCI = 1/1 for 24 h unless
otherwise stated; ® Calculated by 'H-NMR spectra of the crude products; ¢ Calculated by 'H-NMR of purified polymers based
on the integral ratios of the characteristic peaks of ester and carbonate units; ¢ Determined by GPC in THF at 40 °C relative

to polystyrene standard; ¢ Determined at second heating run by differential scanning calorimetry (DSC); fTested by

thermogravimetric analysis (TGA), T s.,: 5% weight loss temperature; ¢ N.D.: not determined.
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RN, RN M 0.5 hF] 3 h, ATMA #4k
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(d)), WA IR0 G I o £ R KR
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T, iR = Iudt RWE Gt Lai—BO& LLRER R
R T ML R, B — B EERNEK
PR s .
2.2 CO,.VCHO #l1 = jTLINREA BT L B8 | i2

K H 063 Ok (VCHO)R & CHO,
5 CO =HIEF AT = ou 3, HLEERN
% 2. ¥4 VCHO/ATMA(APMA)/TEB/PPNCI ] #%
HEEE R HE S 1000/200/1/1, 146 CO, 4 2.0 MPa
(322, entries 1 f12), iBI[A]N24 h, =R
I A1 VCHO (1) % A6 Z6 33X 31 99% LA | . 5 CHO
FHEE, VCHOZ 5L R 2 IF ik Htt, B
SRAT A /D B AH L IR IR ER R A 1, {HLAE 0=3.5
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Fig. 2 (a) GPC traces the CO,/CHO/ATMA copolymer sampled at different reaction time; (b) The stacked 'H-NMR spectra
(CDCl,) of the crude CO,/CHO/ATMA products sampled at different reaction time; (¢) The stacked 'H-NMR spectra (CDCly)
of the purified CO,/CHO/ATMA terpolymers at different reaction time; (d) The plots of CHO and ATMA conversion versus
time based on '"H-NMR result of the polymerization of CO,/CHO/ATMA.
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Fig. 3 (a) 'H-NMR spectrum of CO,/VCHO/ATMA copolymer (entry 1, Table 2); (b) GPC traces of CO,/VCHO/ATMA
copolymer with different feed ratios.

PR LT WA 2 & T R Bk 1115 50618 3(a)).
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GPC 45 L /R 1E 51 4 7 =il 0 A7 75 W B 10 6
YL, W% VCHO #RF LIS N, 4 F &5 A5
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B G SIS T 9 8 R S B CSCA,  NTTR EU
FRSMA R . Lk A 1000/200 B, CO./
VCHO/ATMA A1 CO,/VCHO/ATMA 3t 2 ¥ () %1
)4y 185 9 ik 62.7 #1100.7 kg/mol, 43T &
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I3 A AY AN 1.80 12,95 (22, entries 1, 2). 124
VCHO 5 = 3 BRI HRL A 2000/200 1 (£ 2,
entries 4, 10). ATMA 5 VCHO AI 7 24 h (N 58 4= 5%
1k, 7% M, 3% 100.9 kg/mol, i %F T CO/VCHO/
APMA 1k %, APMA &%k, {H VCHO
AL g 89%, ) M,=93.2 kg/mol. 7] W.1E [F]
FEFCRILE R, #H%¢F CHO, VCHO Z 511 =7t
R NS =R ETH &R MIEE T, &
Gy R o TR R - R R B L R . HLR
K ] €& VCHO 34 & [ & AR AR I R A . 76
CHO 5 CO LRk R, MW+ EME R
(1) B i R X DA B 25 R A O 8 5 R A B
R 202, R A RIHEH Sh A2 i T Kl S

RORER G LG A R B 3L 5, HORER 4 [ R AE
24 h PN SE I ELAR B JE A B A (>99%), 15 B R
- SRR T 3 SR Hh SR T/ 5 Dk R G B 49 B A 7
GBI, XRW, AT RUE R RS E R
ke VR 2 L IR A R S 1 R . T VCHO 1A &
B0 ELAARK EAL EL R B o T R A T
Bt . 41 VCHO/ATMA/CO, J: %, 4 EP/Cat Lt
M 100034 %5 2000 5, M, M 62.7 kg/mol . & EX Tt
% 100.9 kg/mol F1 134.2 kg/mol (% 2, entries 1,
3~5), X1 K 7 VCHO/APMA/CO, $t % v []
FEA BRI (K 2, entries 2, 9~11). iX & B VCHO
PRIz = T CHO 1k R P REIG K FRE 1, (A
5 A SO R 5 7 T 5 (> 10 kg/mol) [F17=47) .

Table 2 Terpolymerization of CO,, VCHO and TAs catalyzed by TEB/PPNCI and thermal properties of the copolymers 2.

EP/TA  EPConv.® TAConv.® CC® PE® PC® M,¢ T,*  Tis,'
Entry TA . b4

(molar ratio) (%) (%) %) (%) (%) (kg/mol) CC)  (°C)

1 ATMA 1000/200 >99 >99 0.7 234 76.6 62.7 1.80 129 274
2 APMA 1000/200 >99 >99 02 212 788 107.0 2.95 124 261
3 ATMA 2000/100 98 >99 0.4 54 946 134.2 2.84 118 245
4 ATMA 2000/200 >99 >99 04 105 89.5 100.9 3.22 122 271
5 ATMA 1500/200 >99 >99 0.1 12.8 872 87.6 2.01 123 270
6 ATMA 1000/300 >99 >99 0.8 284 71.6 64.5 2.05 131 263
7 ATMA 1000/400 >99 >99 1.1 388 61.2 41.6 1.68 138 281
8 ATMA 1000/600 86 >99 1.1 458 542 24.5 1.45 142 284
9 APMA 2000/100 95 >99 0.4 5.8 942 148.6 2.19 119 270
10 APMA 2000/200 89 >99 0.1 164 83.6 93.2 2.51 114 256
11 APMA 1500/200 95 >99 0.5 14.1 859 71.8 1.91 122 219
12 APMA 1000/400 >99 >99 0.1 41.0 59.0 56.9 1.77 126 263
13 APMA 1000/600 >99 >99 0.1 59.5 495 62.0 1.87 139 272

2 All reactions were performed in 1mL toluene at 80 °C under 2.0 MPa of CO, with TEB/PPNCI = 1/1 for 24 h unless
otherwise stated; ° Calculated by "H-NMR of crude products; ¢ Calculated by '"H-NMR of the purified polymers based on the
integral area ratios of the characteristic peaks of the ester and carbonate units; ¢ Determined by GPC in THF at 40 °C relatives

to polystyrene standard; ¢ Determined at second heating run by differential scanning calorimetry (DSC); f Tested by

thermogravimetric analysis (TGA), T s.,: 5% weight loss temperature.
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Fig. 4 (a) DSC curves of the products from terpolymerization of CO,/VCHO/ATMA with different molar ratio at the second heating
run; (b) DSC curves of the products from terpolymerization of CO,/VCHO/APMA with different molar ratios at the second

heating run.
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Fig. 5 (a) Films obtained by drop casting method; (b) UV-Vis spectra of the products from terpolymerization of CO,/VCHO/
ATMA or CO,/VCHO/APMA with a light wavelength from 300 nm to 800 nm; (c) The refractive indexes of the VCHO-based
copolymer; (d) The refractive indexes of the CHO-based copolymer; (e) Refractive indices and Abbe numbers of the products
from terpolymerization of CO,/VCHO/ATMA or CO,/VCHO/APMA with different molar ratios. and commercial optical

resins: cyclic olefin copolymer (COC) and poly(methyl methacrylate) (PMMA).

Table 3 Optical properties of the CO,/EP/TA copolymers, PCHC, and PVCHC 2.

entry EP TA EP/TA (molar ratio) PE ¢ (%) PC © (%) ng ¢ Vyd
1 VCHO ATMA 2000/100 5.4 94.6 1.51 56
2 VCHO ATMA 2000/200 10.5 89.5 1.51 46
3 VCHO ATMA 1000/400 38.8 61.2 1.52 52
4 VCHO APMA 2000/100 5.8 94.2 1.51 47
5 VCHO APMA 1500/200 14.1 85.9 1.51 50
6 VCHO APMA 1000/200 21.2 78.8 1.50 57
7 CHO ATMA 1000/200 18.3 81.7 1.50 56
8 CHO APMA 1000/200 18.0 82.0 1.49 49
9 CHO® - - - 100 1.46 48
10 VCHO ¢ - - - 100 1.50 38

@ PCHC is the copolymer of CO,/CHO, PCHC is the copolymer of CO,/VCHO); ® Copolymer of CO,/CHO catalyzed by TEB/
PPNCI at 80 °C under 2.0 MPa of CO,, CHO/TEB/PPNCI = 500/1/1; ¢ Copolymer of CO,/VCHO catalyzed by TEB/PPNCI at
80 °C under 2.0 MPa of CO,, VCHO/TEB/PPNCI=1000/1/1; ¢ The refractive index, V; is the Abbe number, determined by
spectroscopic ellipsometer, V; was calculated by (ny — 1)/(ng — nc), where ng, ng, and ngp are the refractive indexes of the

polymer film at 656.3, 587.6, and 486.1 nm, respectively.
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B AT B RE I, NI e AR T AR e
Kb AT 9 2 5 B DU LSS o JE R, 3
R W)t SR A T 17 &5 PMMA 4 BH#) (ng=
1.49, V,=55~58), H A HEMEFI(FK2, entries 1

3) G 22 PE RERE L COC M RIS (ng=1.53, V=
56) (K 5(e)).

3 it

FI H TEB/PPNCI A XU AL AL 7, 4L =
R E/CO, “—Hn” =JudtsR, #2 7T —
RYH S K R (BR- TR B B8 3R W) . 1% IR B AT EAH
SHR A AT, HofURmRfEm s 7=,
H i CO/VCHO/ATMA = J6 3L BY #0385 1
514 134.2 kg/mol, 1fi CO,/VCHO/APMA — 7t
FERM HIBE 43 F ik 148 .2 kg/mol. 3BT 1A
VCHO/AH #:KBLEE /R b, BITAS 7= W0 I (1 B B A



10 WO T o

TR YO N 114~142 °C, A fRIRE ST 2B K ARTR T —F el a0 os
219 °C. FTR R AL EAE, HABRMKYE  BETEARS THREG IR, N BET LS
YRR, BOLENI%, PHF RN 1.50~1.52,  MEHRETHISS.

B DLHCH 46~57, S5 PERE T T PMMA Hil COC

REFERENCES

1 Luo, C. Y.; Zuo, J. D.; Yuan, Y. C.; Lin, X. C.; Lin, F.; Zhao, J. Q. Preparation and properties of a high refractive index
optical resin prepared via click chemistry method. Opt. Mater. Express, 2015, 5(3), 462.

2 Higashihara, T.; Ueda, M. Recent progress in high refractive index polymers. Macromolecules, 2015, 48(7), 1915-1929.
Malallah, R.; Li, H. Y.; Kelly, D. P.; Healy, J. J.; Sheridan, J. T. A review of hologram storage and self-written
waveguides formation in photopolymer media. Polymers, 2017, 9(8), 337.

4 Camposeo, A.; Persano, L.; Farsari, M.; Pisignano, D. Additive manufacturing: applications and directions in photonics
and optoelectronics. Adv. Opt. Mater., 2019, 7(1), 1800419.

5 Kozhevnikov, V. S.; Ponomarev, R. S.; Shmyrova, A. I. The technology for manufacturing a lensed optical fiber using
optical resin. Instrum. Exp. Technol., 2022, 65(6), 924-933.

6 Inoue, S.; Koinuma, H.; Tsuruta, T. Copolymerization of carbon dioxide and epoxide. J. Polym. Sci. Part B Polym. Lett.,
1969, 7(4), 287-292.

7 Zhang, X. H.; Chen, S.; Wu, X. M.; Sun, X. K.; Liu, F.; Qi, G. R. Highly active double metal cyanide complexes: effect
of central metal and ligand on reaction of epoxide/CO,. Chin. Chem. Lett., 2007, 18(7), 887-890.

8 Huang, Y. J.; Zhang, X. H.; Hua, Z. J.; Qi, G. R. Calcium chloride doped zinc-cobalt metal-cyanide complex: unexpected
highly activity towards ring-opening polymerization of propylene oxide. Chin. Chem. Lett., 2010, 21(8), 897-901.

9  Darensbourg, D. J.; Wilson, S. J. What’s new with CO,? Recent advances in its copolymerization with oxiranes. Green
Chem., 2012, 14(10), 2665.

10 Wei, R. J.; Zhang, X. H.; Du, B. Y.; Fan, Z. Q.; Qi, G. R. Synthesis of bis(cyclic carbonate) and propylene carbonate via
a one-pot coupling reaction of CO,, bisepoxide and propylene oxide. RSC Adv., 2013, 3(38), 17307-17313.

11 Wei, R. J.; Zhang, X. H.; Du, B. Y.; Fan, Z. Q.; Qi, G. R. Selective production of poly(carbonate-co-ether) over cyclic
carbonate for epichlorohydrin and CO, copolymerization via heterogeneous catalysis of Zn-Co (III) double metal
cyanide complex. Polymer, 2013, 54(23), 6357-6362.

12 Zhang, D. Y.; Boopathi, S. K.; Hadjichristidis, N.; Gnanou, Y.; Feng, X. S. Metal-free alternating copolymerization of
CO, with epoxides: fulfilling “green” synthesis and activity. J. Am. Chem. Soc., 2016, 138(35), 11117-11120.

13 Trott, G.; Saini, P. K.; Williams, C. K. Catalysts for CO,/epoxide ring-opening copolymerization. Phil. Trans. R. Soc. A.,
2016, 374(2061), 20150085.

14 Li, Y.; Zhang, Y. Y.; Hu, L. F.; Zhang, X. H.; Du, B. Y.; Xu, J. T. Carbon dioxide-based copolymers with various
architectures. Prog. Polym. Sci., 2018, 82, 120-157.

15 Wang, Y.; Zhang, J. Y.; Yang, J. L.; Zhang, H. K.; Kiriratnikom, J.; Zhang, C. J.; Chen, K. L.; Cao, X. H.; Hu, L. F.;
Zhang, X. H.; Tang, B. Z. Highly selective and productive synthesis of a carbon dioxide-based copolymer upon
zwitterionic growth. Macromolecules, 2021, 54(5), 2178-2186.

16 Zhang, C. J.; Geng, X. W.; Zhang, X. H.; Gnanou, Y.; Feng, X. S. Alkyl borane-mediated metal-free ring-opening
(co)polymerizations of oxygenated monomers. Prog. Polym. Sci., 2023, 136, 101644.

17 Xia, Y. N.; Zhang, C. J.; Wang, Y.; Liu, S. J.; Zhang, X. H. From oxygenated monomers to well-defined low-carbon
polymers. Chin. Chem. Lett., 2024, 35(1), 108860.

18 Liu, Y. F.; Huang, K. L.; Peng, D. M.; Wu, H. Synthesis, characterization and hydrolysis of an aliphatic polycarbonate by
terpolymerization of carbon dioxide, propylene oxide and maleic anhydride. Polymer, 2006, 47(26), 8453-8461.

19 Jeske, R.; Rowley, J.; Coates, G. Pre-rate-determining selectivity in the terpolymerization of epoxides, cyclic anhydrides,
and CO,: a one-step route to diblock copolymers. Angew. Chem. Int. Ed., 2008, 47(32), 6041-6044.

20  Huijser, S.; HosseiniNejad, E.; Sablong, R.; de Jong, C.; Koning, C. E.; Duchateau, R. Ring-opening co- and
terpolymerization of an alicyclic oxirane with carboxylic acid anhydrides and CO, in the presence of chromium
porphyrinato and salen catalysts. Macromolecules, 2011, 44(5), 1132-1139.



B EZ IS AP SRR PRI IR IR T 3 2R 1 4% i WG 2 11

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Darensbourg, D. J.; Poland, R. R.; Escobedo, C. Kinetic studies of the alternating copolymerization of cyclic acid
anhydrides and epoxides, and the terpolymerization of cyclic acid anhydrides, epoxides, and CO, catalyzed by (salen)
CrllICL. Macromolecules, 2012, 45(5), 2242-2248.

Jeon, J. Y.; Eo, S. C.; Varghese, J. K.; Lee, B. Y. Copolymerization and terpolymerization of carbon dioxide/propylene
oxide/phthalic anhydride using a (salen)Co(III) complex tethering four quaternary ammonium salts. Beilstein J. Org.
Chem., 2014, 10, 1787-1795.

Duan, Z. Y.; Wang, X. Y.; Gao, Q.; Zhang, L.; Liu, B. Y.; Kim, 1. Highly active bifunctional cobalt-salen complexes for
the synthesis of poly(ester-block-carbonate) copolymer via terpolymerization of carbon dioxide, propylene oxide, and
norbornene anhydride isomer: roles of anhydride conformation consideration. J. Polym. Sci. Part A Polym. Chem., 2014,
52(6), 789-795.

Thevenon, A.; Garden, J. A.; White, A. J. P.; Williams, C. K. Dinuclear zinc salen catalysts for the ring opening
copolymerization of epoxides and carbon dioxide or anhydrides. /norg. Chem., 2015, 54(24), 11906-11915.

Han, B.; Liu, B. Y.; Ding, H. N.; Duan, Z. Y.; Wang, X. H.; Theato, P. CO,-tuned sequential synthesis of stereoblock
copolymers comprising a stereoregularity-adjustable polyester block and an atactic CO,-based polycarbonate block.
Macromolecules, 2017, 50(23), 9207-9215.

Lamparelli, D. H.; Capacchione, C. Terpolymerization of CO, with epoxides and cyclic organic anhydrides or cyclic
esters. Catalysts, 2021, 11(8), 961.

Niknam, F.; Buonerba, A.; Grassi, A.; Capacchione, C. Ring opening copolymerization of epoxides with CO, and
organic anhydrides promoted by dinuclear [OSSO]-type metal complexes. ChemCatChem, 2024, 16(13), €202400011.
Suresh, L.; Zwettler, K.; Tornroos, K. W.; Le, W.; Marcolini, B.; Frache, G.; Le Roux, E. N-heterocyclic carbene-based
group 4 catalysts for the terpolymerization of cyclohexene oxide and cyclic anhydrides with CO,. ACS Org. Inorg. Au,
2025, 5(3), 171-180.

Hu, L. F;; Zhang, C. J.; Wu, H. L.; Yang, J. L.; Liu, B.; Duan, H. Y.; Zhang, X. H. Highly active organic lewis pairs for
the copolymerization of epoxides with cyclic anhydrides: metal-free access to well-defined aliphatic polyesters.
Macromolecules, 2018, 51(8), 3126-3134.

Zhang, J. B.; Wang, L. B.; Liu, S. F.; Kang, X. H.; Li, Z. B. A lewis pair as organocatalyst for one-pot synthesis of block
copolymers from a mixture of epoxide, anhydride, and CO,. Macromolecules, 2021, 54(2), 763-772.

Ye, S. X.; Wang, W. J.; Liang, J. X.; Wang, S. J.; Xiao, M.; Meng, Y. Z. Metal-free approach for a one-pot construction
of biodegradable block copolymers from epoxides, phthalic anhydride, and CO,. ACS Sustainable Chem. Eng., 2020,
8(48), 17860-17867.

Chidara, V. K.; Boopathi, S. K.; Hadjichristidis, N.; Gnanou, Y.; Feng, X. S. Triethylborane-assisted synthesis of random
and block poly(ester-carbonate)s through one-pot terpolymerization of epoxides, CO,, and cyclic anhydrides.
Macromolecules, 2021, 54(6), 2711-2719.

Liu, S. F; Ren, C. L.; Zhao, N.; Shen, Y.; Li, Z. B. Phosphazene bases as organocatalysts for ring-opening
polymerization of cyclic esters. Macromol. Rapid Commun., 2018, 39(24), 1800485.

Liang, J. X.; Ye, S. X.; Wang, S. Y.; Wang, S. J.; Han, D. M.; Huang, S.; Huang, Z. H.; Liu, W.; Xiao, M.; Sun, L. Y,;
Meng, Y. Z. Biodegradable copolymers from CO,, epoxides, and anhydrides catalyzed by organoborane/tertiary amine
pairs: high selectivity and productivity. Macromolecules, 2022, 55(14), 6120-6130.

Zhao, M. J.; Zhu, S. S.; Zhang, G. C.; Wang, Y.; Liao, Y. G.; Xu, J.; Zhou, X. P.; Xie, X. L. One-step synthesis of linear
and hyperbranched CO,-based block copolymers via organocatalytic switchable polymerization. Macromolecules, 2023,
56(6), 2379-2387.

Huang, Q.; Wang, W. Z.; Liu, S.; Jia, X. G.; Xia, L.; Qin, F. L.; Wang, Q.; Liu, Y.; Li, H. J. Green fabrication of carbon
dioxide-based polycarbonates with durable antimicrobial properties and UV resistance. Chem. Eng. J., 2023, 477,
147107.

Ma, Y. K.; Wang, Z. H.; Jiang, L. H.; Zhang, J. B.; Ren, C. L.; Kou, X. H.; Liu, S. F.; Li, Z. B. Bulky phosphazenium salt
controlling chemoselective terpolymerization of epoxide, anhydride and CO,: from well-defined block to truly random
copolymers. Angew. Chem., 2025, 137(4), €202416104.

Wang, Z. H.; Ma, Y. K.; Zhang, J. B.; Liu, S. F,; Li, Z. B. Binary catalyst manipulating the sequences of poly(ester-
carbonate) copolymers in metal-free terpolymerization of epoxide, anhydride, and CO,. Precis. Chem., 2025, 3(1), 35-42.
Zhang, J. B.; Wang, Z. H.; Liu, S. F.; Li, Z. B. Terpolymerization of epoxides, anhydrides, and CO, Using binary metal-
free catalysts. Acc. Mater. Res., 2026, 7(1), 100-116.



12 [ R S

40 Sanford, M. J.; Pefia Carrodeguas, L.; Van Zee, N. J.; Kleij, A. W.; Coates, G. W. Alternating copolymerization of
propylene oxide and cyclohexene oxide with tricyclic anhydrides: access to partially renewable aliphatic polyesters with
high glass transition temperatures. Macromolecules, 2016, 49(17), 6394-6400.

41 Kummari, A.; Pappuru, S.; Chakraborty, D. Fully alternating and regioselective ring-opening copolymerization of
phthalic anhydride with epoxides using highly active metal-free Lewis pairs as a catalyst. Polym. Chem., 2018, 9(29),
4052-4062.

42 Ji, H. Y,; Chen, X. L.; Wang, B.; Pan, L.; Li, Y. S. Metal-free, regioselective and stereoregular alternating
copolymerization of monosubstituted epoxides and tricyclic anhydrides. Green Chem., 2018, 20(17), 3963-3973.

43 Khanarian, G. Optical properties of cyclic olefin copolymers. Opt. Eng, 2001, 40(6), 1024.

Research Article

Organocatalytic Copolymerization of CO,, Epoxides, and Tricyclic
Anhydrides for High-transparency Optical Resins

Yan-bing Lu, Wei Huang, Yu-min Zou, Yi-xin Zhang, Xiong Liu, Xiang Li,
Cheng-jian Zhang", Xing-hong Zhang"

Abstract High-performance optical resins are increasingly vital for advanced applications such as high-
definition lenses and optoelectronic devices, yet simultaneously achieving high refractive index and high Abbe
number remains a significant challenge. This study presents a metal-free, one-pot terpolymerization strategy to
synthesize random poly(ester-carbonate)s from CO,, epoxides (cyclohexene oxide or vinyl cyclohexene oxide),
and bio-based tricyclic anhydrides using a triethylborane (TEB)/bis(triphenylphosphine) iminium chloride (PPNCI)
Lewis pair catalyst system. The resulting copolymers exhibit a high number-average molecular weight () of up
to 148.6 kg/mol. By adjusting the epoxide/anhydride feed ratio, the glass transition temperature (7,) can be tuned
from 114 °C to 142 °C, with thermal decomposition temperatures exceeding 219 °C. Notably, the incorporation of
the rigid, saturated tricyclic skeleton enables the resins to achieve a high refractive index (n4=1.50-1.52) while
maintaining a high Abbe number (V;=46-57), overcoming the trade-off typically found in organic optical
materials. The films prepared via drop-casting demonstrate excellent transparency (>91%). This work provides a
green, efficient pathway for developing high-performance, metal-free optical materials with superior thermal and
optical properties.
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Keywords Tricyclic anhydride; Terpolymerization; Poly(ester-carbonate); Metal-free catalysis; High refractive
index; High Abbe number
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