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(NB4CF). 5-4% C.3-2-B& VK F 1 (NB6CF)): [
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Z)%(325.8 g, 1324.1 mmol). MR ) (DCPD)
(43.8 g, 331.0 mmol) & FHEEFIBHT (0.3 g), 4%
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Fig. 1 Synthetic routes to fluorinated NB and TCD derivatives.
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T HE O 5 ORI G BORE B BE IR LAz I 4:1.
KNSR ABBRMEIE G, EAL 1.5 MPaZS
JE77, FFT190 °CF B 24 h. R M 45 5, 1E
WIETAMRLESENAER T RO, BEE
40 °C N9 2818 7y B 4 4 H A7 = I NB4CF, 7=
YRR 170 g, FEALF N 82.5%. TEAH R S B 241
SRR R, LA Ok M 5 DCPD
SNASE) H AR HINBOCE, 7731k 80.7%.
FACTY A R AT A Q-(A 5 T 35)-1,2,
3,4,4a,5,8,8a- )\ A -1,4:5,8- — H #f 25 (T4CF). 2-
(&R 3)-1,2,3,4,4a,5,8,8a- )\ A -1,4:5,8- " HIf
25 (T6CF)) i & il . TACF 1) & il #2 40 °F -
] 300 mL 3 ¥ it J& )i = hi A\ NB4CF (180 g,
576.6 mmol). XX ¥ ¥ — # (DCPD) (19.1 g,
144.2 mmol) &% L EEFI(BHT, 0.1 g). BB,
KIREY) T 180 °C N V.30 h. MW E, T
40 °CYJE 7518 L Brid 2 NB4CF, BlJ57E90 °CF
AT IRl 2818 50 5945 20 H A5 =) TACF (50 g, 7~
2R 45.9%). 1EAH [F] ) B 5% AF 5 AR $0k} BE R B
(NB6CF:DCPD =4:1) I, LEANB6CF 5 DCPD Jx
NAFE| HARP“HI T6CFE, 725N 50.3%.
TACF/T6CF (= # I & I 4k 2% 35 5% — 3.
—FH W AN (endo:exo) 2 L) R 70:30. TH-NMR
(CDCl;, 293K, ): 6.11~5.88 (m, 2H), 2.99~2.84
(m, 2H), 2.57~2.48 (m, 1H), 2.48~2.27 (m, 2H),
2.23~1.87 (dddd, 3H), 1.82~1.60 (m, 1H), 1.50~1.16
(m, 3H), 0.77 (dd, 1H).
1.2.2 KR FEUK A BRBR(NBBA) AR 1) A ik
BAAR (K] A R 2R AN B 2 FT o OB RO TR 0
T 180 °C I fiff J 3R AF i 5 19 IR X — )% (CPD), JF
T e BRI ) . B S K B A
& 16(52.60 g, 252.53 mmol)¥ - 250 mL ) JU 4
MRV T, AR RIRE R 2 0 °C. i fE K i
VR - R TR =550 g, 757.58 mmol) 22
PN 2 R SR R e G IR E R, gk
G J B 48 h. I B A 2RI 25 142 °CHY

(O =+ :0
O Ry,
¥y

Fig. 2 Synthesis route to monomer NBBA.

HARF=YINBBA, HZHREM63 g (= 91%).
5 UK B UK R R B (NBBA):  'H-NMR
(400 MHz, chloroform-d, 0): 6.26~5.80 (m, 2H),
4.75~4.46 (m, 1H), 3.24~2.94 (m, 1H), 2.91~2.81
(m, 1H), 2.15 (ddd, 1H), 1.95~1.58 (m, 4H), 1.57~
1.29 (m, 4H), 1.22~0.97 (m, 3H), 0.96 (d, 3H),
0.84~0.72 (m, 6H).
1.3 MEREEYHNEREREN

WEREEFEEY IR RS SRR RS
AR, KHKTCD. NBBA. T4CE/T6CF A
F 100 mL [ 15 JEC B2 R (5 4R 1 3k 3R EE UK L
TCD:NBBA: T4CF/T6CF 4 il # il y 45:45:10.
40:40:20 F1135:35:30), FARK S EEHIN2 g,
B J5 DI 45 mL B ST AT TR R, FdE
H 1 G3 AL T 5 mL & 5 Padin A 2
IR RMARFR . 3 h I R L 2
ik % 252450 FF: 30 min £ 15 . K R AR RS
WINZEKREMTAK SR PNE . I T8 4ab
L, A3 BRI = o0 3 4 R 2L R P2 4 P-BT4/
6CF-m% (m=10, 20, 30).

AR EDEN SRR T AR
BT EG, HAEBES E A 5 5B /R
S CREX T X0UBEE 7 ) BN FE ORI IRE AR L 5.5 i R /R
= 1EF /D BHT. T 110 °CHitdE U8 18 h
FEREMN . RNEERE, HREVIERZEEAN
oK CIEHRPLE, SIESE T 60 CCHZ T, &
KEAMNHI RSP H-BT4/6CF-m% (m=10, 20, 30).
14 SURESYEERNH&

W F1#3 H-BT4/6CF-m% (8 wt%~10 wt%)i% T
VUE Lbt, T 60 cCHiFEININZE e IE R . %5
TR AR (B 7E TP R A B AR A AR =R
NEERAE R, H T 40 °CEISIE R IEF6 h,
B JE I #E] 60 °CARZET14 24 h. I -T-Hir 2 5E il
PR I B2 Sy 80~100 pum, 375 P 2 0 3 i J 5
J& 4 30~40 pm.

1.5 BEWRLE

{# Fl 400MHz Bruker AVANCE 11T %4 # #f 4t
PR T AR TS S AR RN SR B I G S T = 05
FNHHTEMEAE, LLTMS NAAR, X TRy
8 FH T ARGRI 2 CDCL.

bR /s == e i a1 O RS =T R 011
1535 {01 (PL-GPC-220, Agilent Technologies)7E
150 °CF PA 1,2,4- =S R N B AHBEAT I E , 3R
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IR T AIRHERE A

K 7R 2 H i & #C(DSC Q2000, TA
Instruments) Ml & 28 & ) 1 3 365 A4 3 A2 IR P2 (T).
Fr A A b LA 10 °C/min 3 T+ 22 250 °C IR
5 min ELYHBRFATT S0 . BE J5 DAFH [F) T 2304774 H 1
TR s TR R, IR IR TR G (R
JE N FEl-30~210 °C) S EEA BT o Eds .

& F W4 W 41X (SE-VE-L, Wuhan Eoptics
Technology Co., Ltd.) T2 I N XA R4 5 26 A0
B DUECHEAT SRAE, DO oA DA 2R Y
JEREEZ) 1 pm B EWIRZ, RT3 A
WEM— M B a0, B S5 ER
AR H S

VHEFEL A 5 PR32 D' 2R Pl R Ah- T L Aol e
(UV-2600i, Shimadzu)7E 300~800 nm [ i H
P E

$2fuh /38 21 FH Biolin Scientific 23 7] Attention
Theta Lite BIEzfil Il A, DLERZ (L BT K
IR, ARFR S W) AT E .

18 H TA-Q50 #4430 HT A (TGA) T A A H
TR A DI R JE (T 500) AT RAE . PR
RIS BT A FE ST 80 CCHE 2S5 45 4 h L1 DABR 2:5%
B (197K 3 AR 14 (1 /D B 71 . B 5~8 mg FF
N ZEH I, P20 °C/min )T H 2R 3E 470
R(25~600 °C).

{55 Instron 5659 hr A LAEZ IR T LA 10 mm/min
(1R A 23 0] I 4 B R AR RE 2 B AT R A ik, R
BT R AR RE 2% HH R FE N 80~100 pum {28 A X
PRI, AR E DI S AN TR

REPIEHUR R IRE0 A R A S R
T LBWAR;FREEF, F37°C. 220 r/min ({E IR
PEIRH IR R 7% 12 h. 5577 )5 10 B R F LB i
R R LR 2 10° CFU/mL, 7 DA 3R 6K 6 B
% 10° CFU/MLAE NP B 8l . B S5 % 34
SPATREA, DIARBEBE X HESEIR 20 O R~
1 em x 1 om FE AL G B T 24 LR, BEALIN
A1 mL BB, R EAR% . Hf4h )G
B RE S, {3 2 mL AR 3 3K 218 vk 3 1K,
DA 2 i o 286 B P2 T P A B . i 5 o4 b e S
MR RS | mL AR K EOE T, S
AbFE 2 min DAAE 252 H 5 P 5 . X100 pL B R G
AL P IR AR B R K) iR AT T LB [ AR R R AL |
37 °CH5 7% 12 h Jg % 15 % ML A (1) i 78 B0 2 AT 0

BT RPN 2 0 B2 P 26 B 4t
B N K B (Escherichia coli, E. coli)f14: ¥
81 %] BRI (Staphylococcus aureus, S. aureus).

2 GRS

2.1 REVHNERSRIE

YT UK G R R STARA 2 S8 RS A 5 G
(114 B8 DL A RS TR R HIRETER 15« M-S 4
IR, vk, FEA TAE A R G3 ikl i
ROMP B & #1145 1 B A& UK A 45 AN 4 il e FE 0 %
SR IR REY, i S b B3R
BT EMEREMNBMNGREREY . RIS
% 2R W 3 s . RO (B JE BT, AT
P-BT4/6CF-m% (m=10, 20, 30). H-BT4/6CF-m%
(m=10, 20, 30)7AEENRT G MR RS
Y1, BARERNBBA H4k, m%ft3& T4CF/T6CF H
IR EL, Hidt TCD 5 NBBA B4R 3L Bt
EEhlN 101, BARM G s Rk 1 s

JET Grubbs 8 14 771 % 55 119 A% 1 6 (A1 i 52 1
AR B 0K 0 e FLAT AR s R B K 5127281, [R] 1
Be UK Ry I 22 W) ISR T R 28 ) e 28 B 0 e B A A
NI T E P AR R A

£ TAE R, B —#ERAH & 7 TCD,
NBBA. T4CF/T6CF = o3t 54, didx %
HYR AR BT L, RA RS SE
T I T 100% 58 4 %646 . AT 0L 2 46 L 4K T4CF/
T6CF HI B S 1 7= 2 A R 5 . [FIR
WA TR A it — 0 Y A R R AR
AV RENE LR A 5 nT 4 AT DL
g AL . 458 TH-NMR 8% b XU 7 B (1R AE
Ji 15 T (6=5.0~6.0) T ik — e T T e
HR R RMENR B R 5E AT, WE 4(a)f0
4B . HeAh, A E 4@ XN T 1L 20 3.
47 B [PRFAE I T3 5 W A AR 43 TRIAR LG gt — 25
E T IR VA RS AR OB R R — 2. B
(1145 ¥ 4 A COPs R 3808 &R I 92 5 A A F it
TR
22 BEWRHEEE

K H DSC %} 43 5 & S0 HT ) 1) T, 38647
Wre, MR RwE s, di81RY, S5
(IR 2 B8 4 H-BTACF (10%, 20%, 30%) %) 3
FEALHFEAS IR FE 3 B AT A 102,91 106.4. 109.2 °C,
X+ H-BT6CF-m% & 5 ] 4E4F7E 100 °CLA L.
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H ! jun
% - LR R
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2 AN
CF CF, !
______________ TLCF T |
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Fig. 3 Synthesis routes to fluorinated cycloolefin polymers and their hydrogenated products.
Table 1 Related polymerization results of copolymers 2.

Sample TCD:NBBA:T4/6CF® m(G3) (mg) Yield (%) w(F)°(%) T,%(°C) M,°(10*g/mol) PDI
P-BT4CF-10% 45:45:10 253 99 7.3 102.9 9.7 1.37
P-BT4CF-20% 40:40:20 23.6 99 13.7 106.4 11.5 1.65
P-BT4CF-30% 35:35:30 222 100 19.3 109.2 10.6 1.52
P-BT6CF-10% 45:45:10 242 99 10.1 100.1 10.1 1.21
P-BT6CF-20% 40:40:20 21.9 99 18.3 104.8 10.3 1.26
P-BT6CF-30% 35:35:30 19.9 99 25.1 105.3 10.2 1.36

3 Polymerization conditions: 7qmonomer=2 &> [monomer]:[G3] = 300:1; Chloroform as solvent, V,,,,=50 mL; reaction at 25 °C

for 3 h; ® Molar ratio of comonomer; ¢ Fluorine content (mass fraction) in the polymer: @(F) (%)= Mg x zAMrcp X x + Myppa X ¥ +

Mryscr % z) x 100%, where Mk is the total relative atomic mass of fluorine in the T4CF or T6CF monomer; Mycp, Mygga, and

Moyyecr are the relative molecular masses of TCD, NBBA, and T4/T6CF, respectively; x, y and z are their molar fractions

(mol%) in the copolymers; ¢ T, determined by DSC; © M, and PDI determined by high temperature GPC using polystyrene as

the standard sample; 7, and M, were measured on the hydrogenated polymer.

MR T ()N IGIRER R B8, Hak
(1) AR SR AR BHREFE T — AN AR S ) Ty
(1 T, Re s A 250 R T Re B i F R 2 . 6
U S A R P P ) B AR R I X
R E R &N T, S EREMN T, %
K#933~44 °C, ZXEEHFTEMNEREY LHE
I P R &5 ) 735 Dy B 5 i B3 20 TR B Tk B
NI BRAR T AR SRR AL AR 290, k4, DSC
RAFER R BoRTATIERE, RFFTALERY
BRI T E AR A, R
SEPUAA R EnEE B MR B DGR E

75 N, 8 R R H TGA X34 81 ) #hfa s 1tk 3t
177 RAE, WG RWME 6w, TERIREY
SRR c S (SN P e N S IR
FEl 4 230~380 °C, X% NBBA HLAf i 3L B AR I
RIS s 25 D BN N TR A ARG IR

fil, I 6 FEIAE 380~550 °C. AW e R B, 2K
ALAGE R4 P 0K v 26 DA A4 T T 50 SR F) 0 7 il Dk
(Tu500) 9 201 °CBL, [RI ik, 7E 150~200 °Cyu [ Py
B /b B SR K AT B8 IE R T SR A ik B
IR SR BRI D B i R 565
&R AL E [ IE T HE R TCD 35 R YTy 50=
312.0 °C)MH LLBY, ARHE AR EMEA I N % H
FHAS T FRATT AT IR I8 (1) 24 Eh Y BH B TP R
YT y4.50~190 °C), 1ZAEES FRUIIREM AR BN
TR R RIS BB T, R AL R
FasE k. BARTMI ., H-BT4CF (10%, 20%, 30%)H
Tysy, 739979 246.0. 251.4F1258.8 °C, 1M H-BT6CF
(10%, 20%, 30%) ] Ty.50, W 53 B £] 271.2, 298.1
F1300.5 °C. ZEE T & B SR fRRE 17810
EHBLE N, MEERREA TR SR
PAEVE . HhAh, MBI RIN T & (AT = Tys0, -
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| H-BT6CF—30W

| H-BT6CF-20%

| H-BT6CF-10% M»/‘wh
| v

| CHBT6CE-10%  alndl |
e s

0
Fig. 4 (a) '"H-NMR spectra of P/H-BT4CF-20% (CDCl,);
(b) 'TH-NMR spectra of H-BT4/6CF-10%, H-BT4/6CF-20%
and H-BT4/6CF-30%) (CDCl,).

-

TR TN T 7 :U e B 2 O E 2. sk 2 fr
TN I TR R AR I B BN T (AT
143 °C), X AP RG220 T N8,
A LR R TR
23 RBEYHHFEERE

xR R R A WIAEDU B R R 2 S S )i A
N, AU RE A A3 I N B . MR TR
B FL A 0 H FEE AR M PR [ B R 45 i P 2
J At  DLRDGT 5 A B 58 1 g 2 il R0 R THT 45
i . AR BRI R BB R TS R AW 1%
PERETN I 7 RN 2 BT . T A R i 2 R B g oY
ORI S B W (R, R S AR s L BN
TN I A AW . BARTI &, Bl A T4CF B4k
& B M 10% 880 % 30%, H-BT4CF R 5L R
(T Br SRA 2RI T e, T R B AR A R AE
55~65 MPa Gl N, CREFERLE KT, /0L, 5
BE 7 5L TACF 11 51 O\ 7E 4 57 55 5 560 5 (1) [F)

— _ 0,
HBTACE30% 1 _jg9)ec (a)

- - 0,
P-BT4CF-30% T1534°C
H-BT4CF-20% ‘

, T;=106.4 °C

P-BT4CF-207 )
Cr-20% T,~140.6 °C

Heat flow
Exo
—

H-BT4CF-10%

 T,=102.9°C

,T,=140.5°C

100 120 140 160 180 200
Temperature (°C)

40 60 80

H-BT6CF-30% 7 _jg53°C (b)
- -30° !
P-BT6CF-30% T3
H-BT6CE-20? ‘
z % T,~104.8°C
= ST P-BT6CF-20%
8 & T~137.8°C
jant
H-BT6CE-10° ~
6CE-10% T,=100.1°C
P-BT6CF-10%
°  T=139.7°C
40 60 80 100 120 140 160 180 200
Temperature (°C)

Fig. 5 Glass transition temperature of the polymers before
and after hydrogenation: (a) H-BT4CF-10%, H-BT4CF-20%
and H-BT4CF-30%; (b) H-BT6CF-10%, H-BT6CF-20% and
H-BT6CF-30%.

100

S T 95

e Ty50=271.2°C

80 | Ty 50,=246.0 °C ST Ty 5,=298.1 °C
; T

-----H-BT4CF-20%
----- H-BT4CF-30%
20+ - H-BT6CF-10%
----- H-BT6CF-20%
- — — H-BT6CF-30%

S Ty.50,=251.4 °C ST Ty 50,=300.5 °C
= T;.5,=258.8 °C -

S oe0p O

[

E

=

€ 40} —— H-BT4CF-10%

[

[

100 200 300 400 500 600
Temperature (°C)

Fig. 6 Thermal decomposition temperature of cycloolefin
polymers.

i, AR T AR SE R, oS MG R I SR AT
N %I T VAP T T4CF 45 kg b R 1 (10 58 A%
PES mBEBNIPE, BRI T 2 TRERIZ3NRE )T, M
17 5 BT R K k)

UbAk, AHEET TACF ik, NBBA B8 H %
FARAIRE ORIt T, K RS 6C
i), H-BT6CF F 51 I H 58 & 4= 1) ) 54T
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Table 2 Summary of thermal and mechanical properties of COPs.

Sample T, (°C) Ty 50, (°C) AT (Tys0, — Ty) (°C) Tensile stress (MPa)  Elongation at break (%)
H-BT4CF-10% 102.9 246.0 143.1 60.3+1.8 9.3+1.1
H-BT4CF-20% 106.4 251.4 145.0 63.4+0.5 7.2+1.4
H-BT4CF-30% 109.2 258.8 149.6 59.240.6 5.8£1.5
H-BT6CF-10% 100.1 271.2 171.2 50.7+0.6 13.0£1.6
H-BT6CF-20% 104.8 298.1 193.3 56.5+3.7 18.5£1.1
H-BT6CF-30% 105.3 300.5 195.2 47.9+1.8 10.3£1.2
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Fig. 7 Stress-strain curve of cycloolefin polymer.
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Fig. 8 Transparency of cycloolefin polymers.
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Table 3 Refractive index and Abbe number (vp) of COPs.

Sample Refractive index . o(F)
Msgonm 486 nm 656 nm (%)

H-BT4CF-10% 1.5121 1.5187 1.5101 595 7.3
H-BT4CF-20% 1.5021 1.5081 1.4999 61.2 13.7
H-BT4CF-30% 1.4917 1.4977 1.4896 60.7 19.3
H-BT6CF-10% 1.5042 1.5100 1.5021 63.8 10.1
H-BT6CF-20% 1.4923 1.4983 1.4901 60.0 18.3
H-BT6CF-30% 1.4789 1.4842 1.4769 65.6 25.1
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Fig. 9 Refractive index of cycloolefin polymers in the
wavelength range of 400-1000 nm.
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Fig. 10 Abbe number of cycloolefin polymers.
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Fig. 12 Anti-bacterial adhesion rate of COPs against different bacteria: (a) E. coli; (b) S. aureus; (c) Photographs of bacterial
colonies on agar plates corresponding to different membrane surface samples in antibacterial adhesion test.
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Research Article

Preparation and Performance Study of Novel High-performance
Cycloolefin Optical Resins

Ying-li Ding, Huan Gao, Li Pan®, Yue-sheng Li
(School of Materials Science and Engineering, Tianjin University, Tianjin 300350)

Abstract With the rapid advancement of high-end optical devices, conventional commercial cycloolefin

polymers (COPs) are facing increasing demands for enhanced performance and functional requirements. In this

study, a series of functional cycloolefin polymers with low refractive index and tunable interfacial properties

* Corresponding author: Li Pan, E-mail: lilypan@tju.edu.cn
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(hydrophobicity) as well as high glass transition temperatures (7,) were designed and synthesized. Norbornene
derivatives with a borneol framework and fluorinated tetracyclododecene derivatives were copolymerized via
ring-opening metathesis polymerization (ROMP) followed by hydrogenation, enabling fluorine contents
adjustable from 7.3 wt% to 25.1 wt%. The resulting cycloolefin polymers exhibited refractive index (nsg9 o) Of
1.4789-1.5121 at 589 nm and Abbe numbers exceeding 59, along with excellent transmittance in the visible to
near-ultraviolet region. These materials also demonstrated superior thermal stability (7,>100 °C, thermal
decomposition temperature T s0,>246 °C), favorable mechanical strength, film-forming ability, and a wide
thermal processing window (7yse, — 7, > 143 °C). Furthermore, by tuning the comonomer composition, the
polymers maintained high transparency and amorphous characteristics while achieving a linear dependence of
interfacial hydrophobicity on fluorine content. Benefiting from the incorporation of fluorine atoms and borneol
units, the materials hold great potential for applications in biomedical optical lenses with anti-biofouling
properties.

—=o COP: high transparency, thermal stability...
—=o Fluorine group: low refractive index...

——= Borneol groups: regulation of interfacial properties

%R Sk S8 4 COP film

Keywords Cycloolefin polymers; Fluorinated polymers; Tunable interfacial properties; Low refractive index



