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Preparation and properties of solution-processable fluorene-containing
polyimide films with low dielectric features
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Abstract: Four fluorene-containing polyimide (PI) resins without per- and polyfluoroalkyl substances (PFAS), including PI-
I, (BPAF-BAOFL), PI-II, (BPFDA-BAOFL), PI-I, (BPAF-FDAADA), and PI-II, (BPFDA-FDAADA) were prepared from
two fluo-rene-containing dianhydrides 9,9-bis[(3,4-dicarboxy)benzene]fluorene dianhydride (BPAF, I) and 9,9-bis[4-(3,4-
dicarboxyphenoxy)phenyl]fluorene dianhydride (BPFDA,II) and the fluorene-containing diamines 9,9-bis[(4-aminophenoxy)
phenyl]fluorene (BAOFL, a) and 9, 9-bis[4- (4-aminobenzamide)phenyl]fluorene (FDAADA,b), respectively via two-step
chemical imidization procedure. The corresponding PI films were prepared by the solution processing procedure. The results
show that the derived PI resins show good solubility in polar N-methyl-2-pyrrolidone (NMP), N, N-dimethylacetamide
(DMAC) and cyclopentanone (CPA). The incorporation of fluorene substituents endows the PI films good thermal resistance
with the glass transition temperatures (7,) over 298°C. The BAOFL-based PI films (PI-1, and PI-II,) exhibit low dielectric
features with the dielectric constants (D,) and dielectric dissipation factors (D;) in the range of 2.87 to 3.20 and 0.006 6 to
0.012 3, respectively at 10 GHz. While the FDAADA-based PI films (PI-I, and PI-II,) shows a bit deteriorated dielectric
feature due to the existence of polar amide units (-CONH-). However, the high-temperature dimensional stability of the
FDAADA-based PI films is improved with the linear coefficient of thermal expansion (CTE) values as low as 38.9x10° K.

Key words: polyimide; fluorene; solubility; thermal properties; optical properties
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Table 1 Formulas for the preparation of PI resins

BPAF BPFDA BAOFL FDAADA

il

/g, mmol
PI-I,  22.9215,50 —
PI-II, — 32.131 0,50
PI-I,  22.9215,50 — —

P11, —

/g, mmol /g, mmol
26.632 0, 50 —
26.632 0, 50 —
29.3350, 50

29.3350, 50

/g, mmol

32.1310, 50 —
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Fig.1 Reaction equation for preparation of PI resins
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Fig.2 Molecular mass (GPC) plots of PI resins
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Table 2 Molecular weights and solubility of PI resins
i ST W
Mn/(>< 10* g/mol) Mw/(><104 g/mol) PDI(MW/Mn) NMP DMAc DMF DMSO CPA THF
PL-I, 18.92 27.44 1.45 ++ ++ ++ ++ o+ ++
PI-II, 6.21 11.60 1.87 ++ ++ ++ ++ ++ ++
PLI, 3.15 6.49 2.06 ++ ++ ++ -+ -+ +-
PI-II, 4.13 7.12 1.72 ++ ++ ++ ++ ++ ++
AUPIRAIAEGR I P30S TR 1% o8 uele, oatop "0 O
Wl SR R o
A PTAE 15 16 45 WLV e 160 A 0 4 2 o easiine
T2, 0T CUE P8R 2 BUA S 22 1 Tk (-CONH-) IW
SESE T T PRI LI IR AR TE . AT AR 75 | 1 ] I TV
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WM CTHE) o 3% 25 B2 Ry PI-1 W 15 o 91 1 7 i L | I
A7 TE DA S 22 1 Tk gt 11 R 2 A L A A ML ¥ 57 A 15 105 95 85 75 65 55 45 35 25 15 05

(SRR T B o 2 DA R Tk i 55 DA S 1) A A T R
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MR A T A T3 I8 IE . X — 5] A 3
PIA IR () XRD MR 285 A e W& 3 s, i #f
A8 7E 10° ~90° [ A7 5 1 (20) F1 411 3 il P A 01 %2 31
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Fig.3 XRD spectra of PI resins
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Fig4 'H-NMR spectra of PI resins
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Fig.5 FTIR spectra of PI films
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W, PI-T R ) R B (L) B B PR B0 (b 5 55 5 43 3
N 94.32.11.27 1 1.33% , .55 AR T 25 M S PI-
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Table 3  Optical properties of PI films

Ff b /N T,/ % Nog Moy n,, An L a b 5 %
PIL-I, 373 75.7 1.673 0 1.666 1 1.670 7 0.006 9 94.32 -4.34 11.27 1.33
PI-II, 374 73.0 1.6713 1.6659 1.669 5 0.005 4 93.93 -2.82 9.85 1.50
PI-I, 380 55.4 1.6908 1.6770 1.686 2 0.0138 91.90 -2.35 18.21 5.11
PI-II, 383 57.1 1.6869 1.673 6 1.682 5 0.0134 91.55 -2.69 20.37 2.37
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