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FRARTE B B, R R A, E BRI SR RAL A . bl 4 w5 BER 3R 0 X (37 45 44 BRI 3R
FEBEER SR, M IR S8 i B R 2 1 45 75 %5 o B0, Brunelle 251 SR F 25 5 4y 1 A
PR S B IRGE R, UL R AW R IR BETE 0.3 ~ 0. 05 mol/L Z [A] i, FRAR 57 5 M1 0 7 22 A
42% FF+5196% . Gibson %5 SR A0k, Jo & UK HE I XU R SR 0A, B R 76 B i~ S T &
RSB IR I PEEK, 3R 5 20 BRI, O B ], BB A o AR SR — i B Ak 4 ,47- 9 =%
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1.1 FIFER

MK (99% , RESEEREALT) ) 54,4"- =R W (R AR, K& KR LRI AR) ;T
TKRIREN (HEEE 95% , [ 2588 k31 AT BR A 71 ) 54,47 -Biphenol (97% , Aldrich ) ; &V UL A (R4 4L,
AT ) s HE RIS S Bl (R T s TR AL TAT A )

BT100-1F RUUE B A2 AR st (P52 AR A IR ] ) ; Varian Unity-400 B A% 4R {3 (5% B L
L] AT Ay 400 MHz, %555k CDCL, ; autoflex ITT AY 5T %% ( 785 [F Bruker A H]) , Ko Ay 1,8,
O-JE =Wy, WM 20 o/ mL, BRI BED 1 g/mL OGS 355 nm, B 7R L e 0 20 KV, UIE B 52k
Fr USRI ST I 5 R (0N (25 [ Waters 23 /] ) , Waters 1515 FIZE  Waters 2414 FUR I 5%, HT4 il {4,
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TEAE (5 ~600 K) , iAo LiBr () DMF 3 (4 ¢/L) ,#il# 4 1. 0 mL/min,
1.2 IMIRFFRY c-PEKK-C Bl &

He B BEA 4,47 - 950 =28 "R SA TR HOBC I — R R T, IR R R 2 S T v G A i i 1)
SR 2R (R AR R M BE /N T 1.0 x 10 ™ mol/L) o AR S92 75 12 LAY Bk i 3. 75 mmol (152
a5 R 45 FRECERBR 3. 75 mmol (1. 194 ) Fll 4 ,4'- 35 =2 il 3. 75 mmol (1. 209 ¢) fit i 50 mL DMF %
W AEBCA KA U GELEE AN N, AT 500 mL PY R ITA 250 mL DMF 30 mL HE A
4 g JOKBRIRER, I ZUBERE T, B0 AR 3 150 C 4 S5 NI 98 2 1 ik Jin 320 S S0 v, 5 0oz it JEE O A 7
146 ~ 150 C, {58 B Jo QRSP0 S 58 4 o S 38, DBl 281 DMF #5328 20 mL, FiioR i 248 /K D
RIS ) K57 WML T8 R O 93. 9% 5 Ji (o FH A RN G805 AOTEE A TR0 (MR R LE 10 1) BEA T il Jt
THBG A RIR B OHR , L3 78.2%

1.3 IRRFRY c-PEKK-C WHREE

TR A RE TIEEOT IR RS, R 300 ~350 C, 51 45008 4,4"- 0K 4k, JTERR
R BRATE 4,4 AR R A4 ] #5275 SCIK L], FRIBC— 7 2 14 PIIR 10 19K 2R Tk 1) 1 0 1% (Dot &
B0 BRI RIS T 1S mL 9 TS A BE R, Al T BERRIREE 28T S A b IR AR LA 124 h
(50 C) Ja s o BRAHRE 10 mg JRGFEA, 75 300 C N, UPRIPZEAF T 2R A 30 min, #5350 Pl (U4
BRI S5 R (ROP-PEKK-C)a,

2 ZiR5WNE

2.1 INRFEY c-PEKK-C HI&E K
P4, 4" 9 = AN RO A, DMAC S9) 7E - R i A5 0FT  SR TS — 2k 45 T Bk R
75 AR B PR S 2R P (Scheme 1) HAERANZEL 1 s

7 I
Il
Orl )
150 °C

e 0
K,CO,, DMAC

— OO

n=2~8, m>n

Scheme 1 Synthesis and ring opening polymerization of ¢c-PEKK-C

F1 FREFERHERNIRREBDHIA R
Table 1 Effect of the feeding rate(v;) on the yield of cyclic oligomers

Feeding/mmol 6 0 . o
Sample 10 v/ (mol-L ™" -s ™) Yields/g Cyclization rate/ %
PPh DFTBDK
3.75 3.75 1.4 1.76 78.2
B 3.75 3.75 2.8 1.04 46.2

a. the feeding rate, calculated as the molar amount of each reactant divided by the total addition time and volume of solvent including one-half

of volume of solvent in which the reactants were dissolved.

Pl BT R
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Je PR HEAEEE AR, (5 S 7 0 AR B i e S PR 5 AR BRI TR JBE , ] DA e e A A SR BRI R W)
GIHN, IR S 1 1 A IR B2 IS B 1 43 T SRR BE T A R SR, 5 o DN B
Pho 4,4"- 5 =K A FRRES K B A AT YA, Scheme 2 BT TR U T AR F T R U ERE Y T,
HETE R S 5 F 47 o

Scheme 2 The structural formula of DFTBDK

2.2 IMRFERY c-PEKK-C B4
2.2.1 KR FEY c-PEKK-C 95 Fu#H K1
Ay 5 Tk R 55 Bk R T BAER 5 R0 19" H NMR 3% ,8 7. 22
Ab AR CDCL, | o -0, [81 v 6 41 Jot 04 1) AR 43
AL A 1:8:1:2:4: 8 (3506 AR B & 4R .
87.99(1H),8 7.76 (1H) ,5 7. 61 (2H) ({1 I J&
T BRI EE AR | 1,2,3,4 {5;6 7. 38 (4H) [
W8 T 6 56 7. 84 (8H) By IEIHJE T 8,9 {if
;8 7.06(8H) iEIEIHJE T 5,7 fii s,
2.2.2 FRFRM c-PEKK-C a4 3R LM K2, g5 500 750 730 730 710
13 43518 c-PEKK-C B A 75 0 BH 25 500 S s R - C_PEKK_C‘* 9 H NMIR
B 0 5T B O R R B R AT B ] Dﬁfé‘ Fig.1 'H NMR spectrum of c-PEKK-C
( MALDI-TOF-MS) [ & 2 %4 %1, c-PEKK-C &
BEHRGTE n o 2 ~T WIRARMERY AR, AR L MR g . IRRIES Y h PR R =%
1N FZAY, L) 85% AR ESF U I (DLIEL 3) ATARIN 2 5R A BE iR 2 8 R IRIRAICR Y, 5—
G RELH A TS AR SN Y B k0, R UIZORR ST R AT SR B R RS G L i PR B
A, REGE SN HERA H A 8 IS 8], A o-PEKK-C (2544
H 4k Jacobson-Stockmayer ML BRIE , FR5K JIAR /N, FRIRAG R Y1 09 3 A 0 22X

c, = Bn7"x" (4)
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X0 =2 X104
1.0k 1202.4
[M,+Ag]
151 1309.2
2 [M+Ag]*
E = 1909.9
= Ny
= 1o
2 o5t n=3 g M +Ag]"
= 1803.2 E 2510.4
n=4 0.5k M, +Ag]"
2403.8 p=5 _ -
n=6 n=7 [M(,+Ag] "
3004.4 3711.4 [M+Agl [M+Ag]
. I L 3605142050 . l ) ‘ | 43121 13092
1000 2000 3000 4000 5000 6000 1000 20(I)0 3060 40‘00 50'00 6000
K2 =R B Y c-PEKK-C 1) MALDI- K3 ¢-PEKK-C [ MALDI-TOF-MS &, = % Bt iR 45
TOF-MS [&] A BH 51
Fig. 2 MALDI-TOF-MS of ¢-PEKK-C without silver Fig. 3 MALDI-TOF-MS of ¢-PEKK-C, silver
trifluoroacetate trifluoroacetate as the cationization agent

K m AIRRARR Y B, w FRA N n WAL E 7= 9 0 I3 & 53 50, M, ok T 02 B0 1 JBE O
i, VO ROVAR R BRI AREL TR RN 2 Fis . i In ¢, X) In n {EEI(E4) 5 J-S BISAHST, 1551
LRI -y y (EBK, B F T A B/ INER 5 BT O SO A A 7 250 F B 47, IR AR y
5.93 ik T J-S IS S 2.5, s TSR [9-10 ] HiR 1B /Y y H 3.52.3.40,2.60.3.09,2.78 Fil
2.63; DL BZE RN 4,47 -5 =28 A I SR SR TE A R T R

R2 c-PEKK-C Byt RitEER
Table 2 MALDI-TOF-MS analysis of c-PEKK-C and calculation result

M, My M, M Mg M,
Measured value 1202.4 1803.2 2403.8 3004.4 3605.1 4205.0
Theoretical value 1201.2 1801.8 2402.4 3003.0 3603.6 4204.1
Mass fraction w/% 62.91 22.47 9.46 3.50 1.18 0.47
10%¢,/ (Lemol 1) 169.13 24.41 5.78 1.37 0.32 0.09
—2t o
_4 -
cyclics oligomers PEKK-C
§.)= q
s —6f
—gl resulting polymer ——
—10 1 1 L 1 | L
0.6 0.8 1.0 12 1.4 1.6 1.8 2.0 15 20
Inn Elution time/min
K4 c-PEKK-C (1) In ¢, X} In n i1 2% K5 ROP-PEKK-C (1) GPC £k
Fig.4 Plot of In ¢, against In n of ¢-PEKK-C Fig.5 GPC curve of ROP-PEKK-C

2.3 c¢-PEKK-C WFIREE

c-PEKK-C ly I8 B Eh A 51 4500 51 A AT TR R Ao ¢-PEKK-C A ) it R B 00 67 1+ 1 14 5%
A1 (~OPhPhO ™) 3 , 7E 2R A% 5 | AR B BETC T kB o T LA o-PEKK-C AT LU 1 B 5849 5 ot A B 5
TIHIHEG (WNE 1) o 23 Fn, PR RA A 300 ~350 CR G ARG 79, H A X 1
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M, =1.2 x10° 0] %F THF Fl DMF 2355 b i 76 380 C FAYFF R R A=W AR T THF Fil DMF L J
Hewilm, e S g &, SR G =Wk, (FHE M T . B 5 5 ROP-PEKK-C ) GPC
2%, c-PEKK-C 25T ARG )G , <k LA Y T o-PEKK-C BIEAEAE , 22 B JF 3R SN AR 58 451X 2
T 05 7 PR ST SR W A Rl A SR A5 SO — A IR R4 3l 0 P 2R 5 SO P B

K3 TRFHETARRERMER

Table 3 Results of ring opening polymerization under different conditions

Solubillity
No. Polymerization temperature/C Polymerization time/min Product color M,
THF DMF
a 300 30 Beige 1.2x10° ++ ++
b 320 30 Puce - ++ ++
c 350 30 Black - +- +-
d 380 30 Black - -- --
++ : dissolution; +— :partial dissolution; —— : insolubilization.
+ M\
3 45 B

R U B, LA 4,47 - 50 =8 T W AN IRy B S Ao T VR A A SR S e R P A
T B IR PRODR SR R R B SR 4 ( ¢-PEKK-C) , 465 78% LA I . MALDI-TOF-MS A5 £ $RARAE R ¥ 114
BEEN2 ~8, HIH 85% AFOR —RIEHIPR = RIK. th 1-S @y TS AT R R IR y
5. 93, ik T J-S BB TN AE 2. 5 UESE T 4,47 - IR =K R 1 SRS R A R T AR AR A 0 o
c-PEKK-C 05 Rl FF BRI A5 A 1l T AR R 2 ARG 2 T I R ME R G (M, =1.2 x10°) 4

Z % x M
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Synthesis and Ring-Opening Polymerization of Cyclic
Phenolphthalein Poly (ether ketone ketone ) Oligomers

LU Dandan®, WANG Zhipeng”, WANG Honghua’, ZHOU Guangyuan”*, CUI Shanzi""
(“School of Chemical Engineering ,Changchun University of Technology ,Changchun 130012 , China ;
" Changchun Institute of Applied Chemistry of Sciences ,

Chinese Academy of Sciences , Changchun 130022 , China ;

‘Changzhou Institute of Energy Storage Meterials & Devices ,Changzhou 213002 , China )

Abstract  Under pseudo high dilution conditions, cyclic oligomers of phenolphthalein poly ( ether ketone
ketone ) s (c-PEKK-C) were synthesized from phenolphthalein and 4 ,4’-difluorotribenzodiketone ( DFTBDK)
with a cyclization ratio of 78% . MALDI-TOF MS characterization indicates that ¢-PEKK-C has a broad size
distribution(n =2 ~8) with cyclic dimers and trimers as main components(85% ). The molecular structure of
DFTBDK is prone to form cyclic structure that can be confirmed by Jacobson-Stockmayer theory. Melt ring-
opening polymerization( ROP) (300 ~350 °C) of cyclic oligomers catalyzed by potassium 4 ,4'-biohenol gives
the corresponding linear products with high relative molecular mass( M, 1.2 x 10°).

Keywords aromatic cyclic oligomers, phenolphthalein poly ( ether ketone ketone ) s, pseudo high dillution
technology
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