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Synthesis and properties of highly soluble polyimides
containing phenolphthalein structure
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Abstract: A series of high soluble polyimides containing both phenolphthalein Cardo structure and
isopropyl and methyl side groups (PI-1, PI-2 and PI-3) were prepared by one step high temperature
condensation  polymerization of diamine monomer 5,5-diisopropyl-4,4'-diaminophenoxy-2,2'-
dimethylphenolphthalein, newly synthesized from thymolphthalein and 4-fluoronitrobenzene through
aromatic nucleophilic substitution and oxidation-reduction reaction, and three commoditized aromatic
dianhydrides (4,4'-oxydiphthalic anhydride, 4,4'-arbonyldiphthalic anhydride and 4,4'-biphthalic anhydride).
The polyimides obtained exhibited excellent solubility were in both high boiling point solvents, such as
N-methylpyrrolidone, N,N-dimethylacetamide, N,N-dimethylformamide, dimethyl sulfoxide, and low
boiling solvents chloroform, dichloromethane and tetrahydrofuran. A series of high-performance polyimide
membranes, prepared from the polyimides via solution casting method, displayed better optical
transparency with cutoff wavelengths in the range of 324~365 nm and transmittance of 56%~78% at the
wavelength of 450 nm. Furthermore, The glass transition temperature of the polyimide membranes was
266~289 °C, and the temperatures of 10% mass loss were =432 °C in both N, and O,. Meanwhile, these
polyimides exhibited good mechanical and dielectric properties, with the tensile strength and elongation at
break ranging 77~95 MPa and 9.1%~13.0% respectively, and the dielectric constants of 2.79 ~ 3.01 F/m at
1 MHz.
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Fig. 1 Schematic diagram of synthesis of nitro compound ( I ) and diamine monomer (1)
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Fig. 2 Schematic diagram of synthesis of polyimides PI-1~PI-3
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Fig. 3 HNMR specta of nitro compound ( I ) and diamine
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Fig. 4 FTIR spectra of nitro compound (1) and diamine
monomer (1I)
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P (My) RAFERE (i) #6547 T 004,
gERINER 1 PR,

IZE R R R PE R R AE 0.67~0.85 dL/g Z
6], BT (M) FTE A1

(M,,) 435 6.6x10%~9.8x10* fil 1.53x10°~2.16x10°,
NS (PDI) 76 1.73~2.32, FEBHH 55 5 o A+ 5o
A It S A A o

F 1 PI-1~PI-3 BAEXS 43 F U SRR R
Table 1 Relative moleaular mass and inherent viscosity of

PI-1~PI-3
FE Hinl (AL/Q) M,/ x 10* M,/ x 10* PDI
PI-1 0.67 6.6 15.3 2.32
PI-2 0.85 9.8 216 2.20
PI-3 0.82 95 16.4 173

Xob J ) B G 0 e i Ak 2R 45 64T T THNMR 1
FTIR #AF, 45U 5 FiE 6.
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11,12,9 T
44 ‘
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RUREREIIN 50 * )/ 9 cp ¥9 EPTR O ,
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1,11 44155 10,10
37l ]| i
] 1§ A
1 1 1 1 1 1 1 1
8 7 6 5 4 3 2 1

K5 PI-1~PI-3 1) "HNMR j ]
Fig.5 HNMR spectraof PI-1~PI-3
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Fig. 6 FTIR spectraof PI-1~PI-3
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M, g5k 2 iR

#£ 2 Pl-1~PI-3 B R
Table2 Solubility of PI-1~PI-3

it DMSO DMAc CHCl; CH,Cl, NMP DMF THF
Pl-1 ++ +++ +++ +++ +H+
Pl-2  +/- +++ ++ ++ ++H+
Pl-3  +/- +++ ++ ++ ++H+

TE: “+++” 3R 100 mg RAW R T LmL i (Fig
VR EE D 100 g/L ); “++" AR ER A0 A ( BTk ¥R B0 gL ); “+/="
RDEE R EE K (BTN 10 g/L ),

MR 20T LEN, EEE|T, ZIEREW A
AUAT DA F = i 5% 5%, 4n DMSO. NMP, DMAc
1l DMF, & 0] LU TRk A 7] CHCl;. THF A
CH.Cl,, EILHMLSF R mE. T8 LI Bkes )
SIASRHE T . AR mgE by, LUA R 1R T
FEMERR, ORG TUAAREE s SulRlm, SR P R R
B ASE— 18K T 4785 A RAAREL, b TR
YL, HERAYRIB & EE. 5 AL
RWEW f (PI-2 F1 PI-3) A E, 36T BEEF25 A 1 PI-1
TE CHCl3 CH,Cl, Fil THF FR 3B T 0 i A i fe
JEN T DMSO H, EZIH KT T EF4E A BT
FPERE R B

FIH XRD X 5 ik 30 Jie o5 J 1) &5 i M b4 T 3%
fiE, Z5HILIE 7,

PI-1
e PI-2
\y‘
/ N
e PI3
10 0 60

30 40
20/(°)

& 7 PI-1~P1-3 i} XRD % &
Fig. 7 XRD patterns of PI-1~PI-3

M 7 AT LIEH, 1E 20=10°~25°30 [Fl 44 H 1 5
BRGS0, 28 2% 22 51) 3R Ik IV Bz & 7R 5 g =
RTCETLEEM . X EEH N EE LS THIA . JE
T B EREE R, SICFEIR, SRR R —
IR T R WL e 43 74k (B, FRAR T BE A,
B RO BE LR T 45 S A BT . SR IR e 1) G RE T

TR ) Byt 38 58 T SR A W A S R0 v R e R
FEE
24 BETRRHNFR T EMERE

I AN-0T WA EEBETHAN LCR B0 M 4
ST A5 0 R IV T AE 1 1 200~800 nm
TRy EL R WK oorr ) SHAEARFHR T
A HLH R, S5 NE 8 fnk 3 Frk .

HH &1 8a FlZ 1 AT, 122 3R 51) 2R Mot V. i ki FE 174) 48
Wi K 7E 324~365 nm Z[a], 450 nm [Yi& it R A
56%~78% 1], &= T i shfb Kapton MLV
I, R RIS Em A, RAFIG2RE
FEIE A TREYE R mhh . e s
I, BN T o FoE BB, BRALT 2 T5EW
HAERR, IS T CTC &, Hd, PI-1
FG Tt RE f i, DRURIAE T 44 vh 2 vk
e — R T PI-1 55 F b gt

200 300 400 500 600 700 _ 800

PFH/mm
3.8
b
3.6+ v v v v
v

‘341 N
= .
g 32 4 .
iﬂE . ° L4
m3.0r ] - 4
K s PI3 . .

2.8 e PI-2 .

4 PI-1
2.6+ v Kapton
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P#/kHz

K8 PI-1~PI-3 iy UV-Vis Jtif (a) RHAEARFMRT
B H R (b)
Fig. 8 UV-Vis spectra (a) and dielectric constants at different
frequency (b) of PI-1~PI-3

# 3 PI-1~PI-3 L A PEREFI A LM RE
Table3 Optical and dielectric properties of Pl-1~PI-3

i darorifNM  Tysol%  STHLHELC (1 MHZ) /(F/m)
PI-1 324 78 301
PI-2 355 56 2.89
PI-3 365 75 2.79
Kapton 469 0 348

(f T4soj‘7 450 nm {E’LJE/Y)IL‘FE/‘J@)]L%EO
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25 BB EER NFERE

Xof SR e IV JHg Py AR R B B A AR R B AT T
ML, FRAHR A TGA 1 DSC #hZk WLE 9, %
w4 s,

HE 9 FIZR 4 ATH, RSN REEWRLE N,
Fl O, P Thgoet) =432 °C . R FASURAH 2 B i 38
PR 5 9 R IV VPOV RI R Wt Ak K apton 3 BEC RS 4 B4y
fift e 500 °CLA L), ZRREWHHKERES —
FEMIFEAG . BB HTIIAMGERMEETE 450 CH L)
KRR, = P SRR PRI

100 f
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o\a 80 ‘
M
iéﬁm
I P12
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Fig. 9 TGA curves of PI-1~PI-3 in N, (a) and O, (b) and
their DSC curves (c)

# 4 PI-1~PI-3 i E
Table4 Thermal properties of Pl-1~PI-3

T/ °C T10/°C

B b Ty°C Ruwl%
N2 O, N2 O,

PI-1 266 410 420 434 454 26

PI-2 280 413 400 435 433 37

PI-3 289 411 415 432 453 24

T Ty HBEEACTARIREE 5 Too BRI 5% HIILIE 5 Taooe
R EAR S 10%I AL ; Rw oA 800 °CTRAE N HUHN ok s i

A, PI-1. PI-2, PI-37E 800 °CF No 4l T
FE IR MR A 26% ., 37%. 24%., i@ id X% DSC ik
(AT A, 1% RS R B Ty 7E 266~289 °CZ
), BRI Ty kU5 T NIPERBITL Cardo 2544

PARE I 1 emx5 ecm BYRESS, T REIR IS HL
L2 PERE, W 3 IBCEHIME, 1531 R 5 Rt
W 3 2 RE R AR GBI W3R 5 TR o

#5 PI-1~PI-3 ()12 g
Table5 Mechanical properties of Pl-1~PI-3

FEML PIfREREE/MPa BRPEELE/GPa PRI RI%
PI-1 81 15 9.7
PI-2 77 1.2 13.0
PI-3 95 14 9.1

2 5 Al UL, 12 250 SR Ik IV iz B4 7 e i A
77~95 MPa Z [A] | SfLPEAR EAE 1.2~1.5 GPa Z [H] .
ZMRRTE 9.1%~13.0%2 1], i, & W B
TFEY PI-3 B AR, W SR SR A
B/he S Kapton i (F7ffi58 E>120 MPa)
HHLE, % 2R 50 IR BE i (%) 7 2580 A — 2 [ FAIG,
FEIERR TR A RERREEIT S AR T RE
Yoy T4k Z A BEAE R ), (AR s i 5 — 2t
O 1308 1 e e SR8 TP fe A 24 719200 L A e
() 124 BE

3 #it

AR XS B 119 SRt T B A My KRGS S 3 2Ry
AR JFUR), 3 e 5 A A% R AR AR A DR B 1 A
TR E R e AR 55 T RN -4, 4 TR R
H-22- T HIREL, H5 3MIFEF MM ITRAMS
F|— R H & WL Cardo Z54 M N HE . H LM 3L 1Y
e R PR R PI-1~P1-3,

FH AR | FE I B EA LS A 5 AR D T o TR
U SRR LM L 1 5| A — KT o 155
AR, BRAKT 9 FHEN CTC, IR FR IR BT
JHie F B 5 P e L O R B B G S 1) D2
BHYE, SUCREIE, W A | R S5
FRANBE PR 51 A BERAR T B AW T8 h A
PEARFRAO AL R, S5 U S b R AP T SRS T S e 34 1
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