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Abstract: Two fluorine-containing polyimide (PI) resins, including PI-1 (6FDA-BATFB) and PI-2 (6HDA-BATFB) were
prepared from two aromiatic dianhydrides 4, 4'- (hexafluoroisopropylidene)diphthalic anhydride (6FDA) and 4, 4'
-(isopropylidene)diphthalic anhydride (6HDA) and an aromatic diamine 1,4-bis[(4-amino-2-trifluoromethyl)phenyl]benzene
(BATFB), respectively via two-step chemical imidization procedure. For comparison, two referenced PI resins, including PI-
refl (6FDA-DMBZ) and Pl-ref2 (6HDA-TFMB) were prepared using the dianhydrides 6FDA and 6HDA and the diamines 2,
2'-dimethylbenzidine (DMBZ) and 2, 2'-bis(trifluoromethyl)benzidine (TFMB) as the monomers, respectively. The
corresponding PI films were prepared by the solution processing procedure. The testing results show that all the PI resins
have good solubility not only in the polar aprotic solvents of N-methyl-2-pyrrolidone (NMP), N, N-dimethylacetamide
(DMAc), and N, N-dimethylformamide (DMF), but in the common solvents of cyclopentanone (CPA) and tetrahydrofuran

(THF). The incorporation of trifluoromethyls endow the PI-1 and PI-2 films good dielectric features. The dielectric constants
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(D,) of PI-1 and PI-2 at 10 GHz are 2.97 and 3.01, respectively, and the dielectric dissipation factors (D;) of PI-1 and PI-2
are 0.007 7 and 0.006 3 for PI-2, respectively, which are superior to those of the referenced PI films. As for the thermal

properties, the glass transition temperatures (7,) of the terphenyl-bridged PI-1 and PI-2 films is over 309°C, and the linear

coefficient of thermal expansion (CTE) value is lower than 50.0x10 K™, which are a bit inferior to those of the referenced

PI films. Meanwhile, the PI-1 and PI-2 films exhibit good optical transparency with the optical transmittance higher than

75% at the wavelength of 450 nm.
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Table 1 Formulas for the preparation of PI resins

6FDA 6HDA BATFB DMBZ TFMB

Bt

/g, mmol /g, mmol /g, mmol /g, mmol /g, mmol

PI-1 22.212 0,50 — 19.817 0,50 — —

PI-2 — 16.815 0,50 19.817 0,50 — —
Pl-refl 22.212 0,50 — —

Pl-ref2 —

10.615 0,50 —

16.815 0,50 — — 16.012 0,50
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Fig.1 Reaction equation for the preparation of PI resins



FARITAE : =DM IR (4 A VBRI 7R A e K P SR U B A o) 25 5 1 117

D&, % —J7 1 — % BATFB [ % & &% TFMB 13 5%
KAEEEBEAC. Lh BBtk 3 /5 & i m itk fg
PS5t T (1) B 5 1

SIS R I, 4 Fh PUA S 7 i 2% o B o 329 R 4 3]
TR A UUE TR B S5 3] T PIW G
S I 2 A 8 240K A 6HDA 5 DMBZ il % G
TP ME PIW IG  AE 1244 3 78 40 5 0 i Ak e 72
BT BRI I G, BARTUTIE f5 AR T PIW iR, (2
2 I 7E AR M R 5T 5 MV 5T, W NMP . DMACc %
BITIEW . M2 T, X 480 & 58 PLI IR 72
NMP.DMAc.DMF.DMSO. 3 [& i (CPA) , 1 % /&
VU 2 Wk IR CTHED A 35 H A B0 B i e, n 38 2 Jir
Ne 1 g PIMAE R /E 24 h iR &R M T o ¢

IR 7 Hh 15 20 35 A0 B 1 [ S O 10% (13
W HTINN, —CF, 8—(CF,), % 4 i /7 76 & 3 34
T PLAY FHER E ARER, WD T Py T-HE A )7 HE
S, 3R T AR TIE R IE SR . X — AT
K2 PLA G XRD & B & o & %6, 4 M PILR I
BRI R R R . LR R A R A% O R
(2dsin@=nl, n: FTHBE n=1;2: N X G ER P K, A
=0.154 nm;d: 5 T HEMBE 5 0: 57 53 M 10 1/2) 7] LAt
5 4 R PL A 18 1Y d i 4% #8 Pl-ref1 (0.584 nm) .
PI-1(0.580 nm) PI-ref2(0.521 nm) .PI-2(0.488 nm)
(1 T 5 A IR B AIK . 5 A #E 2 1Y) Kapton® (d~0.48
nm) i JE AR LG, FOR PLERR (1) 4> T BE R BRI A 2
EHm.

®2 PINEEHIS FEUKRBMRME
Table 2 Molecular weights and solubility of PI resins

Fen HE T Vst bas 1 C
" WA R/ Y% M/(x10* g/mol) M, /(x10* g/mol) PDI(M,/M,)  NMP DMAc DMF DMSO CPA THF
PI-1 28.34 3.86 8.71 2.25 ++ ++ ++ ++ ++ ++
PI-2 16.36 3.26 7.42 227 ++ ++ ++ ++ ++ ++
Pl-refl 18.37 15.57 23.29 1.50 ++ ++ ++ ++ ++ ++
Pl-ref2 18.37 9.06 15.39 1.70 ++ ++ ++ ++ ++ ++
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Fig.2 XRD spectra of PI resins
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Fig.3 Molecular mass (GPC) plots of PI resins
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Fig.4 Chemical structures, electrostatic potentials and
frontier molecular orbital of 6HDA and 6FDA dianhydrides
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R J,/nm Tyso/% Ny Ny An L a b’ %%
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Table 4 Thermal and dielectric properties of PI films
Ff it T, ona/ C T,,/C Tinad © Tomad C R 5/ % CTE/(x10°K™ D, D, W%
PI-1 313.2 545.1 5553 622.8 56.8 46.9 297 0.007 7 0.68
PI-2 309.7 5394 548.9 621.4 62.1 47.7 3.01 0.006 3 0.79
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