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Study on structure and dielectrical properties of
fluorine-containing polyester-imides
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Abstract: Inspired by the molecular architecture of liquid-crystalline polyester resins that exhibit inherently low dielectric
loss at high frequency, we incorporated ester moieties and fluorinated substituents for reducing dielectric constant, into
polyimide backbones to develop polyimides with good processability, high mechanical performance, and low-dielectric
characteristics. Firstly, effect of the number of ester linkages per repeat unit, their connection topology, and their chemical
identity (phenyl vs. naphthyl esters) on the dielectric properties, mechanical properties, thermal properties, and water
absorption of polyimides were systematically explored. On this basis, -CF, pendent groups were subsequently introduced
into ester-containing diamines to evaluate their influence on the dielectric, mechanical, and thermal properties of the
resulting polyester-imides. The results demonstrate that the rigid and linear topology of ester-bearing monomers enhances
the chain packing and crystallinity of polyimides, leading to a substantial reduction in dielectric loss of polyimides together
with low water absorption, high tensile strength and excellent thermal properties. Concurrently, the incorporation of
trifluoromethyl substituents does not disrupt the dense chain packing and crystallinity of polyester-imide chains, thereby
preserving the low dielectric loss, low water absorption and high thermal properties of polyester-imides while further
reducing the dielectric constant and improving mechanical robustness. These findings can provide theoretical guidance for
the molecular design of high-performance polyimides with low dielectric constant and low dielectric loss for high-frequency
applications.
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Table 1 The number-average molecular weight (M), weight-

average molecular weight (M), molecular weight distribution
(M,/M,) and film formation of PEsls

+ =

PEsIs ¥ B A — & 45 5, 45 fb FETE 12%~38% 2
(), T L 465 40 TG 225 1) 250 0k SR I ST e &5 ot 1) 5 Vi
K. fEA 5 5 ¥+, A2EB-TA2EB 45 & J¥ &= T
A2EB2-TA2EB,, iX /& [A Jy H [A] 2R3 X6} A7 7 4224 73+

S T B HER T O SR T v 8] 284 (8] A 3 4%

PEAls M, M, PDI A
/(x10* g/mol) /(x10* g/mol) (M, /M) &I

A2EB-TA2EB 2.61 3.33 1.54 58
A2EB2-TA2EB 232 3.65 1.57 Pt
A2EB3-TA2EB 6.78 11.66 1.72 ot
A2EB4-TA2EB 6.54 11.60 1.77 Tl
A2EN-TA2EB 1.27 1.73 1.35 SR

A2EN2-TA2EB 1.24 1.67 1.34 58
PDA-TA2EB 2.51 4.60 1.83 Tk

A1E-TA2EB 2.93 3.70 1.26 5
A3EB-TA2EB 2.57 3.06 1.19 Eit 4
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DL Y, T 16 2 0 I 45 440, PEsIs 29 T 8% W 14 4
K(R>41.8 A,CED>450.3 J/em®) o i J& T H 1tk X%
s [ 2 30 43 4 B B Xt R 119 45 1) (A2EN-TA2EB
Al A2EB3-TA2EB) , K #6 43 PEsls [ 4 12 i i =
T 25 M AN [, %F PEsIs TF SR 1) % A S 4
R AR . M%E T A2EB-TA2EB, A2EB3-TA2EB
H T 6 A 1) 2 42 75 1) AN 6] 5 R, i 15 (65.9 A vs 53.2
A R RIETE K, I B AR HE K (0.65 D vs

3.12 D), SR 43 8k T AR FR, HERRTE 80, v
Al R LA 1% Ol . A2EB4-TA2EB U 5 5
KM R,(41.8 A vs 53.2 ADF14,(0.86 A vs 6.20 A),
[ A7 P T T e e {1 A5 0 4 5% 1k B K, ] DA i B
Z M, IX 5 XRD — 3. i Be 2 B 3, o
- P I A B 2 3 4 , ASEB-TA2EB [¥) R, 8 N &2
68.9 A,CED ¥ N % 517.3 J/em®, H HAAF 4> 50 N B&
5 17.4% , 1X 2[R R i 35 2 Wl 25 A A1 A0 R R 4
WAL RTF . 7 THEAMBES BRI . A H ik
R 2 0 LA B % 4k 2R %) PEsIs 4 B P BE (1 5% 1
RK.

&2 PMEsls RESSHHAFRAFMEFUHFEEM

Table 2 Molecular dynamics and quantum chemical simulations of PMEsls aggregation state parameters

PEAls I EAR(R,)  Kuhn KE(4,) P4 2 it % J% (CED) H AR 7 2 (FFV) D AT BE R WA R (/)
/A /A /(J/em®) /% /(a.u.-mol-cm™)
A2EB-TA2EB 53.2 6.20 490.6 18.5 3.12 0.973
A2EB2-TA2EB 53.0 2.24 510.7 17.9 4.59 0.997
A2EB3-TA2EB 65.9 3.45 488.7 17.4 0.65 1.019
A2EB4-TA2EB 41.8 0.86 495.8 17.2 3.76 0.993
A2EN-TA2EB 65.9 491 489.5 21.1 0.40 1.005
A2EN2-TA2EB 59.0 3.28 492.7 20.2 4.86 0.962
PDA-TA2EB 44.7 6.68 450.3 18.9 1.76 0.973
A1E-TA2EB 46.5 4.46 477.4 18.6 3.64 0.973
A3EB-TA2EB 68.9 6.36 517.3 17.4 5.93 1.042

23 rEfERE

PEslIs /£ 10 GHz Sl % i HL 3 $OR ) FL A5 FE
MR 3 Prox. MK T LLE H, PEsIs # 2 A & H i
A LB (D,=3.23~3.32) R 1) 4 o B2 k6 (D=
1.27x10°~2.44x10%) . PEsls F A %A oL 451 HE (1) Ji
R 2 - O 7 855 5 M NI K, J= 350 1 55 Brig 3
B $0 ) s @43 B 8 AH ELAE FH 158, o 1 BE HE AR
S 33 v A ) A8 A R R 4y T B 1 e 5 O SR Tk I
fie BAT 25 i PS5 0, HL & T (8] B ) 3 — 20 4
A8 W HE 0 7 B AE R A AR FL ) R LA E B .
PEsIs 141 B %5 201 R F Kapton 55 5 L 58 196 0. i 1Y)
A HHB(D=3.20~3 30 EAR K, XEHT—H
T TG 5 2 W P 35 A, 39 AR Ak %6, 55 — 5 T 5] N i
B 5oy TREMERUE RS, AR N, El4N
PEsls /1" FLH B0 5 A A AE I S R I8 . A 4 7] DA
BH NMHEEEMNBERERIR LR, X F 2
L3 s R 3K A 0% A FH S AR R el A
FRSE R 2R AH O, AL D , B B AR R K, A H AL
N T BARAE R B T R AR # e 2E

#*=3 PESsSHINMEEHFMNBERFE(TIE, 10 GHz )

Table 3 The dielectric constant and dielectric loss of PEsls
(dry, 10 GHz)

PEsls D, D, /(x107)

A2EB-TA2EB 3.28 1.47
A2EB2-TA2EB 3.28 1.82
A2EB3-TA2EB 3.32 133
A2EB4-TA2EB 3.32 1.98
A2EN-TA2EB 3.28 1.44
A2EN2-TA2EB 3.25 1.78

PDA-TA2EB 3.23 2.44

A1E-TA2EB 3.25 1.68
A3EB-TA2EB 3.30 1.27

39 FEL 5t T DA R A A A o R v Rl B 4% 5 i
D13 A8 ) e BT K, Bt AR AR R DA K 73 1 B = 7
15 B A IR AL A BRGNS, B R 2 E H AR AR
XN 5 73 H 1] A 2 18] A LA 70 AR A
e oA, BB ELL AR S I BRI AR A A S B
BRI ARAE IR 2R BREE RO S, 2 T BENI T
S 1) P R 5 73 B TR A 08K A B 45 R IR
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with dielectric loss and dielectric constant of PEsls
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