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N-substituted Poly(benzimidazole-imide) Films:
Improved Solubility and Transmittance
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Abstract: Two novel diamines contained N-phenyl substituted benzimidazole were synthesized, and their
difference was that the ortho-position of N-phenyl was substituted by methyl and fluorine atom, respectively. The
novel diamines and commercially available dianhydrides 4, 4'- (hexafluoroisopropylidene) diphthalic anhydride
(6FDA) and 4,4'-oxydiphthalic anhydride (ODPA) were used to prepare poly(benzimidazole-imide) (PBII) films
by two-step thermal imidization. The properties of new diamine monomer and PBII films were tested and
characterized. The results show that the PBII films exhibit good thermal properties (glass transition temperature 7,=

341-3817C) and mechanical properties (6=95-135 MPa). The N-phenyl groups with different ortho units destroy

the effective molecular packing, which improves the solubility and optical transmittance of the PBII films.
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W& /] ("H-'H COSY) % f Bruker 24 @] 600AVANCE
T2 S 3 A3 a3k 47 00 6, 3 AR = H 56 O A
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T Jc B (PAAD [R5 1 286 18 (o, ) I FiE A1 0.1 mol/L )
DMAc AW RBMRAE 25°C NS [KF 1 (NAS-
REN A &) 11 SBQ81834 1 & [C &L 11) il 45 . 3=
TR 4 S 5 LA e 41 A1 % 1% (ATR-FTIR) i F
Thermo Scientific 2% 7] Nicolet 6700 % S #% % /£
4 000~400 cm (1) HOE Bl ]3R5 . B4 AT WG
(UV) K H Shimadzu /A 7] UV-3600 %4 435t 6 FE 11 7F
300~700 e AU Bl Nl I E R Gl s . T

1 X 5 267 5 (WAXD) i i Rigaku 24 7] Denki
D/MAX-2500 % % 81 X 5f 28 57 5 A AE =5 I T US4 o
B4 0 E 23 BT (TGA) % Al TA /A ] Discovery
TGA 550 B S M GHAT , BAUR B, FHEE R R
10C/min. GBI %5 Hr (DMA) 18 i
TA A 7] DMA Q800 %4 5y 2 FA LA 73 A A R FH Hor A 45
AHEAT IR, H A 4R A 1 Hz, FHIEE % N 5°C/min.
5 W %) B 3 A e A Ui R T Bl o 2 s A A = A
7 (DSC) K H TA 4 & Discovery 250 Bi/R 2= i &
PAGEAT LK . KA Shimadzu 2 7] AG-12 75
BE IR B AL LA 5.0 mm/min F 3 5 9008 5% A 40 16 e
PERE , A A58 FE (o) PR B CED AT Iy 24 i1 &
KBS N TATRE S BT IME . — i Bk A 2R
T ¥ R AT 43 A RN RE 2 B/ K 45 #4383 B3LYP
(Becke, three-parameter, Lee-Yang-Parr) Gaussian
09W 1 6-311G(d, p) FEHE I [ A8 e —HH ¢ R B3R5
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13,1 5-AEAR-2-(4-AH 3R -1-(AF F 3R K ) - R 5F

wked (5a)

#2,4- T FEF AL (10.00 g, 53.7 mmol) 4
FEHWE (5,75 g, 53.7 mmoD) A1 50 mL H EE (1R &40
2R N HEFE 18 h(TLC /M) , 4R 5 L & , F7E
80°C T~ HZ )24 h, 13 374 2,4- —fif H-N- (&l H
ARH) I (12.25 g, 723N 83.5%) , L alift,, H %
T T 3R ¥ 2,4- R E-N- (4B B R 28 5
ff (12.00 g, 43.9 mmol) . B R & 4 (5.54 g, 65.9
mmol) FRALEN(5.14 g,65.9 mmol) .80 mL Z FEH
A140 mL /K BV A PITE 80°C i #3d #7, TLC KMl J5
TN VK K o B i BN K HR S5t 5 A5 P sk 1 ik
VEUSCEE UTIEND , KW 2~3 VR T 1, 15 40 (0 k) K 77
W 4-T FE-N1-CAB B8 FE) 2K -1,2- 4 (9.11 g, 77
N 85.3%) o K 4-KiFE-N1- (41 2K ) K -1,2- i
(9.0 g,37.0 mmoD) . = . JiZ (5.62 g, 55.5 mmol) Fll
50 mL VUM RGVRA T B T 0K, 72 0.5 h N 4
YN 4-TiF 36 2K B Bk 420(8.15 g, 44.4 mmol) , 7E = I
TR 16 he FIAKAFPUE, 3T L
R 7= W) R AE 28R (200 mL) H1 120°C [8] 37 J B it
o TLC A G BN IK e , R E Pk 2~3 1%,
I 9 g, B e A R I A e R 4 1 B B R
KA AW 5-H 5= -2- (4- il 80 - 1- (A H R 2R ) - 2R
FHKIE (6.6 g, 77 F N 47.5%) . 'HNMR (600 MHz,
DMSO-d6) : 6=8.79 (d, J=2.1 Hz, 1H) , 8.28~8.25
(m, 1H) , 8.24 (dd, J=8.9, 2.2 Hz, 3H) , 7.88~7.76
(m,2H),7.59(t,J=7.3 Hz,2H) ,7.56 (d, J=7.3 Hz,
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1H) , 7.51~7.46 (m, 1H) , 7.26 (d, J=8.9 Hz, 1H) ,

1.87(s,3H). C,HNO,FRILHKEE:C,64.17%:;

H,3.77%;:N,14.97%. LM ITEEFE:C,64.3%;:H,

3.81%:N,15.20%.

132 5-5K-2-(4-8 K K)-1-(AR F AR R 5h ek
™ (6a)

B R IEAL A 5a(5.0 g, 15.9 mmol) AR fE AL
7 (10% 48/8% , 0.5 g) 150 mL 2. H IR & 0 n # 31)
80 C, A5 7.0 mL /K& M. [l <M 4~5 h,
RIGHHI R . -G U8 2 PR AT A7), 980 e
ZRPR 22K LT SR A IR 4R RN 100 mL
KA W DOE, TR A B EH R K GT g, 5~
% 9 88.1%) « 'H NMR (600 MHz, DMSO-d6) d=
7.49~7.36 (m,3H) ,7.31(dd, J=7.5,1.3 Hz, 1H) ,
7.17~7.11 (m,2H) , 6.82(dd, J=2.0, 0.6 Hz, 1H),
6.53(dd,J=8.4,0.6Hz,2H) ,6.49(dd, J=8.4,2.0 Hz,
2H) , 6.44-6.38 (m, 2H) , 5.43 (s, 2H) , 4.79 (s, 3H) .
C,H N, # it L & & & :C, 76.41%; H, 5.77%; N,
17.82%. SEMITE & & :C,77.35%; H,5.23%; N,
17.42%.

1.3.3  5-AHAR-2-(4-AH 3L K ) -1- (A% UK ) - R 5F 2k
"k (5b)

HHTES Sa AL, B T 2- R k. 'H
NMR (600 MHz, DMSO-d6) § =8.80 (d, J=2.0 Hz,
1H) , 8.32~8.25(m, 3H) , 7.88~7.82(m, 3H) , 7.72
(dd, J=7.0, 4.9 Hz, 1H) , 7.61~7.54 (m, 1H) , 7.52
(td, J=7.7, 1.2 Hz, 1H) , 7.47 (d, J=9.0 Hz, 1H) .
C,H, FN,O, 1t L & & & :C,60.32%;H,2.93%; N,
14.81%. SZ LR & & :C,61.04%;H,2.55%; N,
15.11%.
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134 S5-8HA-2-(4-BHAK)-1-(AF AR ) K H ok
mk (6b)

E WS 6a L. 'H NMR (600 MHz,
DMSO0-d6) 6=7.58 (m, 1H) , 7.53 (m, 1H) , 7.46 (m,
1H),7.40(m, 1H),7.15(d,J=12.0 Hz,2H), 6.83(d,J
=2.4 Hz, 1H) , 6.70 (d, J=3.6 Hz, 1H) , 6.53 (dd, J=
2.4,1.8 Hz, 1H) , 6.45 (d, J=8.4 Hz, 2H) , 5.47 (s,
2H) ,4.83(s,2H) . C,HFN, B L& & &E:C,
71.68%: H,4.75%: N, 17.60%. =il & & &E:C,
72.33%:H,4.45%:N,18.10%.
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Fig.1 Synthetic route of diamine monomer and chemical structure of commercially available dianhydrides
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Fig.2 'H NMR spectra of diamine monomers
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Fig.6 Optimal molecular conformation of diamines

6a-ODPA

| 6b-ODPA
" 6a-OFDA
6b-OFDA
10 20 50 60

30 40

26/(°)

7 PBIGERERIS A X SHELITHLE
Fig.7 WAXD spectra of PBII films

2.3 PBIHERAIIIE M RE

< 1 4 PBII FI 4K 1 58 T 1 B8 110 R 1 285 5 DA J
PBII 1M /K 2 556 == PEfg, o] LLE B, PBIT AT IK 44
R R AR DL HAR R R . R 2 N PBIT
(IR o 45 %5 1% PBIL BT 58 (1) 43 1 180 AH .76 H
M 3R B 22 (9 A AL A 1 R0 T 28, A HIE 7 i 43
PBII 8 5% T K 255 (1 A7 75 , 43 ¥ 8% W) BE 4 47 7T

1 PBIAIRIAFRERERAIFF IR,
PBILE BEHIIR K 3 5 5 S M A
Tab.1 Intrinsic viscosity of PBII precursor poly(amic
acid), water absorption and optical properties of PBII films

PBII n/(dL/g)  WROKE/% A aam Ty /%
6a-ODPA 1.38 2.4 411 50
6b-ODPA 0.88 22 399 60
6a-6FDA 1.18 2.3 377 77
6b-6FDA 0.87 22 362 80

PABZ-BPDA" — 5.9 — —

%2 PBIMAMME
Tab.2 Solubility of PBIIs

PBII
G coopps OD- G 6b-

PA  6FDA 6FDA
[&] B %) (m-cresol) - + - +
N-H BE I 5t il (NMP) + + + +
U EA(DMSO) - - - +
N,N'-ZH 3 2, BEf% (DMACc) + + + +
N,N'-— 5 H i [l (DMF) - - + +
VY &L (THF) - - - +

VE 4 67T D VAR 5 2 N FA 3 43 VA A BT K 5 — - i A
i,

3T RaBCHER, I o A LIS A A
22 BT, 5 Il 2 6b-6FDA 1E 5 i N NMP.DMA Al
THF &0 RIFE M. & BIR T REY
T K B SRR 77, 35 DR S K IR IR e N
H LA DL SR R Bt . R, Jl e ke | N-
H (151 1 S AT B 7T g 2 FELAS 5 S B 45 & 1l K oy
TR, I B0 T BE28 5R A 90 K R 1 )
. N-RERUR PBIL R K 28 7E 2.2%~2.4% , 54k
1B ) PABZ-BPDA FH EL W /K K B 2 FRECHLE 1D,
Al UL, 7E K N A7 AR i P PBIT AR B i W 7K 2 1]
AT AR Z —

5Tk WV i v i 1) 0 €608 5 CTC 10 T8 R 18
R, CTC M BRAR 2 5 %2 B — BF (W 71 —
i 1) 4 WL R RNV B () HE RDIRAS R sz il i L R
{140 W PR~ B G S 1 5 A B A S T 45 ) 1) SR T I fi
FEAE B A B M ar™, 38 it 28 40 Al 0Lk 1
PBIL i 4T T WA, 45 R an &l 8 BT , T (1) 8 1k
B Qo) FITE 500 nm A 11138 I R (T, ) 51 TR 1.
M 8 1] DLt N-R 3 KM S s e i 5l NHISS T
43T CTCAE R, (43 PBII 8 i 1) % 3% i 1 45
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Fig.8 UV-Vis spectra of PBII films
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4.9 GPa, Wi ZH K H () N 2.5%~5.9%, IEL T H R
IR . WEAR R, B R A A i A 1 ()
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Fig.9 TGA thermogram of PBII films
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Tab.3 Physical properties of PBII films

r)C  T)C
PBII N ¢ T,.,/)C o/MPa E/GPa /%
(DSC)  (DMA)
6a-ODPA 346 346 496 135 40 59
6b-ODPA 345 341 549 126 3.6 5.1
6a-6FDA 373 381 498 95 49 25
6b-6FDA 364 375 53795 41 35
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AT 100 MPa, ¥] 4545 & T 2 GPa, BE W% AL 7k
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