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ABSTRACT: Novel fluorine-containing poly(arylether imide)s (F-PEIs) were synthesized by
nucleophilic aromatic substitution reaction of three self-condensation type monomers derived
from 2,3,4,5-tetrafluorophthalonitrile(TFPN). The polymerzations were carried out at 50°C in
1-methyl-2-pyrrolidinone (NMP) to avoid cross-linking. The obtained F-PEIs showed
excellent solubility and good thermal stability. The values of Tg of the obtained F-PEIs range
from 218 to 239°C. Temperature of 10% weight loss in nitrogen atmosphere ranges from 554
to 607°C. Water contact angle was measured on the surface of the cast polymer made from
F-PEI(p-IP). The contact angle was 90.8° due to the existence of fluorine atoms.
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Scheme Synthesis procedure of F-PEIs
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Bl E Tz, TEMICAFTTEER 2,3,4,5,6-pentafluorobenzoic acid % HIFE B &
L. 2,3-5,6-tetrafluoro-1,4-phenylene A& 2 H T 5H LW 7 v FEARY =—T V7 b
VD R Z—=FAT IR I REVIRY m—FAAFH VT /L OOERRITHEI L
e TNHDORY v —3FHIC 7 v REFE2H T H O FEM LR L, BB,
BARME, MEWESORMERmE L, £22C, BV A I FZBOWTH 7 v REFEZEA
T TR R TRt ETE LB LN,

ABFFETIX, 2,3,4,5-tetrafluorophthalonitrile (TFPN) % tHBEFR & U, FHEERRIZEHRRX
SRV, Ty REFACHEARRY = —F LA 2 FE-PEDEZ G L. £ ORHEE %
1To7,

2. EBR

M)E/~—&HK : TFPN % BT TMET+ 5 Z & T 2,3,4,5-tetrafluorophthalic acid
(TFPA) Z G L7, ZD% . EBAEE* H O CTBRAKBRKEZ TV,
2,3,4,5-tetrafluorophthalic anhydride (TFPAn) % &5 L 72, p-aminophenol (1.48g,13.6mmol)
Z ¥ A L 7= DMF %RIZ TFPAn (3.00g,13.6mmol) %%, 25°C T2 RIRIE S &7 IR
e Ak L1, SEKEREE (1.3ml, 13.6mmol) %% T 120°C T 3 BFIRIG & €72 7,
ROSIERZ BAKCBA L, ST LIZBEE A5 LT, 0%, A%/ — /L CEHBREIT
V) N-(4-hydroxyphenyl)-2,3,4,5 —fluorophthalimide (p-IP) % &FK L7, fhDE /) < —IZ-DW
THRBRICAERR LT,

QR Y =—FK : 10ml 7T X 3T p-IP (0.30g, 0.96mmol), REEH U 7 L (0.067g,
0.48mmol), N-methylpyrolidinon (NMP) (1.2ml), 725 WNZ hbxz > Bmh%E AL, 120°C
T 1 BB ZITV, pIP OB Y W A E AR L, WET. BRT ML 2R
E&. 50°C DA A NANRZOT, FIEOHBES LZ, BEAKRTHR., JISHEIKRE 5%
BRARBHRICIRA LT L2 R Y = —% 551, %6 L. 50°C T —BulEEEE2 1T > 72,
MORY =—IZ oW T HREREICERE L,

3. BREER

()% ./ ~—8pK : TFPAn & 3 D aminophenol 7>5 p-IP, m-IP 72 5 N o-IP 2 ENE
V=S VIR 51.8, 456, 2B TUNT 234% TEK Lz, AL 3EDE ) < —Iit,
IR, 'H-NMR, "F-NMR, 726 NCTEESHIC X 0 #iEMR %217 > 72, DSC THRIE L7
AR p-1P 23 282°C. m-IP 73 234°C. o-IP % 255°C Th -~ 77,

@RV =—EH : pIP TIE, 7o RBEF LA LT 4 DOREFEVPBHEFHNTHY 7 =
/XY P LD EERREERRIS 2B - TRRERH 5, 9 b BT CRISHETT
D LRBEEENEA S, BECARBR S VNERT D, DEEORWERRES 755
DITE— T DA TR EIT S E D MNBERNSH D LIEMEREZEET DL &N
VIR Z VRN U T meta L CREMICES UGBTI A LERDH B, #2C, B
FIRE & BEERERHIZ DWW TRET EAT o 72 /5 % Table 1 127°1,80°C TEAZIT) &,
HAEBIR 15 23 1% THRABSUE S HEIT L, £ IE N, N-dimethylacetoamide (DMAc)IZ 4 <
TE L 2o T, BSOS EIHIT 5729012 50°C TEA LI-MEE, 7 B £ Tk DMAC
WCAER7e R Y = —RNE o, 8 W% TIIRBRIGEIT L, DMAC ICE REE 72
o7, "F-NMR BIE%1T-72& 25, -131.5ppm. -133.7ppm 3 & U-138.7ppm D =KD
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Y — 7 DSMTRE RO A B RO - Aa bz, Zhid, IAR=AZIIH LT
meta fL720F T2 < ortho PLIZIBWVT b KIS HHELT L. meta fLTHORMN - - — B R EHE
1. R ortho L TORM - - —BHREHHEE. meta fL & ortho (L THORB T &
BOEHEESNRIEL TV DD EE 253, IR AHH LY 1780cm™ # LTt 1730cm™ 12
A I FANB =L OMFERES & 1395 cm™ 12 C-N HiEREN AN &, £z, 1210
om! KT —FADOWHERE AR BND Z LA I FEIEET S Z L2 @EA0
ITLTWBZ EBbholz, hoE /=—Z2AWVEBETHRRIZ S0°C TEEZITo
72l ZA, mIP TIHEMETIIHIBRY v —BEK Lz, ZHIZF LT, oIP TiX
RY2—Z B oMo, o-IP DEERSEARNRER S, R5CICHINR= LR L
B Rax LR OO FRAREENES LTV E LHERINS, BIZIT, o lP B
JRE L= TRETH Y, BRA Y d~—2 R L TV LARELEL LD, ikl
LT7vREEALTWRVRY =—F /LA I R THS PEIp-IP) DK LB I RoT,
B A F-PEI & FEIZ 50°CTEA 28 2 2 - = AKIGITE S #TET @E OFFEK
BEBRKISICLER 180CE W) HRBLETH T, ZOZE,D, MEILTYyRT
B INTZ pIP OFFHEREFEBRIGE, IVR= VBTN TERY v RETO
B REMEBRICLY, REOBEFMUENEOHNLTEY, SOC LWV I KIETEAME
T332 ERnbhrot,

Table 1 Results of polymerization

Polymerization condition . 10 n sp/c®
Polymer code Temp (C) Time (B) Yield (%) (dL/c)
80 0.25 gelation ="
F-PEl(p-IP) 50 7 84.9 1.56
50 8 gelation —
F-PEI(m-1P) 50 24 70.7 0.11
F-PEKo-IP) 50 24 Not polymerized —
50 20 Not polymerized -
PEIp-IP) 180 20 85.1 0.10°

a) Reduced viscosities were measured in DMAc at a concentration of 0.5g/dL
and 25°C. b) Not measured. c) Reduced viscosity was measured in H,SO,
at a concentration of 0.5g/dL and 25°C.

3)FriE AR

AWM LIEFPElIOX v T 7 2 VP — a0 &{To7z, f#% Table 212777, DSC %
BELZEZ A, F-PELEAE RS PHEIME S F Tholz, £, TOH T RER
JAIE F-PEI(p-IP) T 218°C, F-PEI(m-IP)T 238°C L\ bV MEE R L7, TGA TREM
LMW, 7 v R 2 EH LTV PEIp-IP) E LT H RIS E =ikl EofEE
RLTEY, HFHEREES L L TENEWHEWM AR L TWA Z R Ghs Tz,

7 4 )V ATSEREED & D F-PEI(p-IP)» HIREF ¥ 2 MEICK D 74 VA2 BRL, KE
DEEft A A BE LT, F-PEIp-IP)7 1 Vv AOHMA I 90° L EOEETR L, BAFR#HK
HEHEL TSI RSl BoNRY ~—OEMERREB o, R%E
Table 312" Y, 7 v EEEH L TOARV PEI(p-IP)I X BB LIEIE L2V Dlcxt L,
F-PEI }Z NMP, DMAc 72 K D37 0 b AERRHEEEIC N 2 . SR MEETH 5 THF IZ
b REFREEEE R LT,
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Table 2 Characterization of polymers

b)
Polymer Tg” TGA Water contact
code () 5% weight  10% weight Char yield” angle (degree)
loss (°C) loss (C) (%)
F-PEI(p-IP) 218 526 607 91.1 90.8
F-PEI(m-IP) 239 413 544 82.0 —o
PEI(p-IP) —9 490 590 88.7 —

a) Tg was measured by DSC with a heating rate of 20°C/min. b) TGA was performed
with heating rate of 20°C/min. c) Char yield at 600°C in N,. d) Not obtained. ¢) Not

measured.
Table 3 Solubility of polymers ¥
Polymer Solvent ¥
code B0, NMP DMAc DMSO DMF THF CHCl; Toluene
F-PEI{p-IP) + + + + + + - —
F-PEI(m-IP) + + + + + + — —

PEI(p-IP) + — _ _ _ _ _ ”
a) Solubility test was carried out at 25°C. b) ~+:Soluble —:Insoluble

4. #ER

FEBREBBRRIGIZEY, 50°C T v EEHFELHEEAERI=—F LA I F
(F-PEDE AT D Z &N Tx -, AR LT F-PELIZEN /- 57, TEWE, BAME R
L7,

5. HiEE
ThIZTIAA T Z o= b Y Uid B ARMEERR S DREE L TIEVWW, 2 ZICER LY
SIEHHE L EFE4,
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