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Study on Diamine Containing Trimethyl Substituted Alicyclic Ring
Based on Biomass Small Molecule and Its Polyimides

CHEN Mingxin, ZHANG Yingjuan, LIN Ziqgiang, LIU Feng
(School of Chemistry and Chemical Engineering, Nanchang University, Nanchang 330031, China)

Abstract: A derived diamine monomer of 1, 3-bis(4-aminobenzoyoloxymethyl) -1, 2, 2-trimethylcyclopentane
(BABMT) was synthesized from a biomass small molecule natural-(D)-camphor. It was polymerized with aromatic
structure dianhydrides (BPDA and ODPA) to prepare semi-alicyclic structure polyimide (PI) films, respectively,
and their thermal properties, mechanical properties, optical properties, and solubility were compared with that of
the wholly aromatic structure PI films prepared by alicyclic structure diamine (DMB) polymerizing with alicyclic
structure dianhydrides (BPDA and ODPA), respectively. The results show that the semi-alicyclic structure PI films
have good thermal properties, the glass transition temperature (7,) is 281°C and 236°C,, respectively, and the 5%
weight loss temperatures (7);) is not lower than 390°C . At the same time, the semi-alicyclic structure PI films
retain good mechanical properties, the tensile modulus is 2.13 GPa and 2.41 GPa, respectively, the tensile strength
is 109 MPa and 97.9 MPa, respectively, and the elongation at break is 7.7% and 11%, respectively. Compared with
the wholly aromatic structure PI films, the semi-alicyclic structure PI films show better transparency with the
transmittance at 500 nm (7%,) over 78%, and better solubility in common organic solvents. Wide-angle X-ray
diffraction results show that all the semi-alicyclic structure PI films present amorphous structure, and their

interchain spacing (d) are larger than that of the wholly aromatic PI films.
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Fig.1 The general synthetic route of
alicyclic diamine BABMT

1.4.1 (1S,3R)-(+)-M-1,2,2- = F LI X ke-1,3- =&
B (TCDA) #4- %,

¥ 19.0 g(1R)-(+)-4% 5§ €0.125 mol) . 1.05 g Fe-

SO,-7H,0(3.8 mmol) . 180 mL HNO,(65%~68%) Al
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em (O-H 1 4E) ;2 976 cm™ .2 892 cm™ (C-H 14
1706 cm™ (~C=0 f# 4 ) ; 1276 cm™ (C-O 1 4 ) .
'HNMR (400 MHz, d,-DMSO, §) : 0.75 (s, 3H) ; 1.13
(s,3H);1.19(S,3H) ; 1.36(m, 1H) ; 1.73 (m, 1H) ;
1.97 (m, 1H) ; 2.35 (m, 1H) ; 2.74 (t, 1H) ; 12.16
(s,2H) .
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W R IN% A 3.0 g TCDA (15 mmol) ff] 40 mL THF
W . V30 min J5 , 2 L OKIE ¥ A B IRAE E
BERHEFEES ho [7] SN VR A9 R /N0 35 il NaOH 7K
W T2 R B B RGR FAT IR S i 8. WA L
A, e 78 B 229550, 15 2= ¥ (1S, 3R)-(+)-Jii-1,2,
2- = HEE IR R bE-1,3- — H iE (TCDMD , B H H — &
F Bt/ 1E CUe 3845 5, 19 81 1.8 g FI (g [ 4k, 7= R
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1235 em™(C-Ofi45) . '"HNMR (400 MHz, CDCI,,
5):0.80(S,3H);1.04(S,6H);1.62(m, 1H);1.97(m,
2H);2.12(m,2H) ;3.49(m,2H) ;3.53(m, 1H)) ; 3.61
(m,1H);3.75(m, 1H),
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o R LR B PTTE Y, F LR TR S, 5 F DMAC
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] 44, 72 N 83%, M AN 159~161°C . IR:3 112
cm (Ar-H A 45) ;2 972 cm™ .2 876 cm™ (C-H 145 ;
1715 cm™ (—C=0 {#145) ; 1 526 cm™ (-NO, JF X} #
%651 348 cm (-NO, X FRAHZE) 5 1 284 cm (C-N if
4i). 'HNMR(400 MHz, CDC1,):0.96(3H,s,CH,);
1.16 (6H, s, CH,) ; 1.77~1.85 (1H, m, CH) ; 2.01~
2.09(2H, m,CH,) ;2.45~2.48(2H, m, CH,) ; 4.25~
434 (2H, m, CH,) ; 4.42~4.46 2H, m, CH,) ; 7.25
(4H,m,CH);8.19(4H,m,CH).
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(C-N 1 45> . 'HNMR (400 MHz, CDCL,) : 1.11~
1.16 (6H,s, CH,) ; 1.71~1.79 (1H, m, CH) ; 1.95~
2.04(2H, m,CH,) :2.36~2.41 (2H, m, CH,) ; 4.06~
4.14(4H,s,NH,) ; 4.17~4.22(2H, m, CH,) ; 4.28~
433(2H, m,CH,) : 6.63~6.65(4H, m, CH) ; 7.83~
7.85(4H, m,CH).
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Fig.2 The synthetic route of the PI films
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Tab.1 Thermal properties and mechanical properties of PI films
R ae ae T,C T,/C 700°C 5% B /% PR /MPa FAHSRAE/MPa WK ER/%
PI-1 326 156 488 519 67 5740 240.0 12.0
PI-2 336 153 398 407 37 5570 191.0 17.0
PI-3 281 124 390 398 36 2130 109.0 7.7
PI-4 236 93 390 398 18 2410 97.9 11.0

MR VBT LG H, PTRSE  F fAs 5 2 130~
5740 MPa, $i #1558 & ¥ 97.9~240.0 MPa, W7 Zfi K
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Fig.6 Dynamic mechanical analysis

curves of the PI films
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Fig.7 UV-Vis absorption spectra of PI films
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#2 PIRMIUV-Vis Kk iR
Tab.2 UV-Vis spectra data of PI films

p s STIELY -
/nm 400nm  450nm  500nm /MM
PI-1 419 0 31 63 46
PL-2 394 3.6 57 73 43
PL3 363 27 65 78 42
PL4 363 45 70 81 38
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Fig.8 Wide-angle X-ray diffraction curves of the PI films

R3 PURENAMRMERA M X ST I BURE
Tab.3 The solubility and data of wide-angle X-ray

diffraction properties of PI films

Bt &t CHCL, CHCI, DMF DMAc DMSO THF A 20/(°) d/A

PI-1 - - - - - - - 1699 521
PI-2 - - - - - - - 1672 5.29
PI-3 - - - - - - - 16.76 5.28
PI-4  + + + + + + +h 16.03 552
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