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N, AR v B[R 8 1Y 100 mL 4204 1Y 1
JEEP AT 1 mmol TAPP #1115 mL NMP, £ N, Al
IR SRR BOE B P AR 600 W, 2 T
J& 40°C FrAst ] 3 h, [8) AR A i 9O SR 1
mmol BTDA ) NMP (15 mL) iAW AE 1.5 h Ni5)
A, R 58 i B4 2 B i 1) B 5210 SR Tk
Jie2 ( AM-HBPAA) () NMP ¥ 7 [ S
B A 15 mL [8) —H & R 5 4F Dean-Stark 437K
fr ORGSR EE T2 170°C, TR 600
W SN 3 h, B 435 o T K SN B A R B F
HTHT , TR IS AT 48 25 B oK wh gk KA 2 Y
FEE (A7) (AM-HBPI ) EL25 60°C T8 48 h.
1.2.2 DL 3 35 o 10 88 S Ak 5% It 2 Jie ( AD-
HBPI) 19 & % 1 mmol TAPP [1) NMP (15
mL) AW AE 2 h N5 A 2 mmol BTDA #1130
mL NMP {83 & 3, [ R A B8 s o %
40°C Vi 3 h 75 21 T 25 3 s 119 76 52 Ak 2R ok e i
(AD-HBPAA) () NMP 3. SRS ZZ 18 A 3 ¢ &
FRITFAN 1 g MERE B TR GV W, TERI 4R ST 40°C
S 6 o, 245 5 A 52 g W TRl R FH FR BT
U B T K bk, A5 B 59 B B (AD-
HBPI) T 225 60°C 144 48 h.
1.3 X ERIE

FTIR 13 [ Perkin-Elmer 2\ &] Spectrum One
R ST LT NG 42 , KBr £ A% ; 'H-NMR
2 [E Varian 2 5 INVOA-600 %A% i H 45 X
ITF, TMS Sy N A5, DMSO-dg #5511 5 i 1 b 2
([n]) 2L NMP S5, £ (30 0. 1)C R R H
EANE N R 0.5 ~0.6 mm (1)1 [CF; BT 15
19; XRD H H A 22 B fL kR X 241 r9 D/MAX-TI

NH;

O 1:2

1:1

HoN

| A
SAA®
TAPP NH;

Microwave

irradiation | N2»40°C,3h

AM-HBP AA

Microwave
irradiation, |m-Xylene
170°C,3h

AM-HBPI

C B X GFEAT SR A W AT 40 B, M 25 1
 Cu 8, Koo FR5T, A7 8575 Fh 0 8%, X GFE A
JE 35 kV, B3 25 mA = I HEE S 15(°) /min, 3R
FEMRIF A 0. 02 ©; HffPE & i 10 mg FEFHTE S mL
AR RE IO P8 5] vp 28 TR B A S 75 31 TGA 2R HI 36 [
Perkin-Elmer A 5] ) DETLASERIES TGA7 FI$hE
SIFT AN E , THR S 20 K/min, i 347 BT
N,; L9 HN-A] DL 1% (UV-Vis) 2% [ Perkin Elmer
N T A-17 B AR-RT UGG G & , L NMP
RIS I, IR R 107 g/mL, 4
] 200 ~450 nm; % YGGHE N % A Shimadzu 2 &)
(1) RF-540 BUZEETEALINE , L NMP i), %
WO EE N 107 g/mL, & P K R 360 nm, L
[l 375 ~ 650 nm.

2 #R5itie

2.1 SE=FEMELEHA HBPI ER 54
RAE

FES RS 25 T, R —Fh & = 2Rk nik b
45K BB RSG5 = TAPP 5 A, #U55F —Jif
BTDA FEGRMY PR 77 NMP 28 1 20 3 5 & =
R FHENH IE 25 #4114 HBPL. 38 2 18 755 8RR F1 1
], 45455 AM-HBPI #1 AD-HBPI, 4715 & & 1
7R, 2445 BTDA i1 TAPP (1) B /R 2 g 12 11,
WA B B AT I ARG B — 5 B[]
Je FETE] — B2 vy e e 3l [ 0 0 g £k mT 45 3] AM-
HBPIL, [fii 24 BTDA Fl TAPP [y /R i 2¢ L,
J5 B A M A B R b, RO — 2 B[S
T FH TR T R B {1 3 A 27 W0 Jrie Ak BV R 45 2] AD-
HBPL 7E i # rh, 1 T A, + BB, BN 5 KA

Microwave
irradiation

AD-HBPAA

Acetic
anhydride,
pyridine

Microwave
irradiation,
40°C,6h

AD-HBPI

Scheme 1 Synthesis of AM-HBPI and AD-HBPI
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IR HH BRBEE I, D] AP 20 77 % 425 i) S5z 7 49 11 e
.l SRS & B, X AM-HBPL, X4 B Ak i
7E0. 1 mol/L LA I i sz Jo7 W B+ B0k Jse 5 1 X6
AD-HBPI, ¥ ¥ B 7E 0. 075 mol/L L ik &
HIBERL .

{5 B AR S S e 0 3R G SO AT AR ey
RA BN B R RS W0 7 2. AR T8 Fm
P2 RSO KR 4 S I TR AR R i
PR S A0 SRt e 12 ( HBPAA) 1) 7 F2 4 7E 84 %
DAL, %55 7 i) HBPL () 7 28 51 J2 = 3k 98% , Wk 1
Fi7R. PiFh HBPAA ([ n] k%] 0. 75 dl/g LA I,
%f % HBPI ([ n] 7€ 0. 39 dL/g L I-.

B SR LML RESE (Y AM-HBPI fil AD-HBPI
AIE R FT IR [B13E (& 1) GESE. B b i
¥ AM-HBPAA F1 AD-HBPAA 4 7£ 1665 cm ™' Fl
1515 em ™" 4b 43 51 H BE—CONH—f4 C = O 4#1iF
PRzhig F C—N FEAE 4R B, 1718 em ™' Ab 31
—COOHK C = O FRIEIR WS . BRI Z oh, &
I1#F 3500 ~ 2900 em ™" 2 [ H LAY 58 W8 Wi e
—COOHf—OH | & 2 . f)—NH, , ¥ 3 |- C—H
DL R B 2 s 39 1 i 3 W g e i S i S T IR
AM-HBPI fiI AD-HBPI 7& 1665 cm™' Ab i
—CONH—4 RIS 4 | e 1785 em ™' (C =0,

AD-HBPI
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Fig. 1 FTIR spectra of AM-HBPAA, AD-HBPAA,
AM-HBPI and AD-HBPI

SRR 45) (1728 em ™' (C = O, RXFFR45) |
1365 em ™' (C—N, i 4542 30) #1 718 em ™' (C =
O, 1T A1 ) B3 551 1 S0 DR S e 1 BHL T8 AR A0
Wl , Bt AT DLV BA HBPT & 2508 1. K&t 2 4k,
AM-HBPI 7 3450 em ™' &b H 80 7 Hi A o 24 3L 1)
N—H {45 3% sh W Wi 14 , AD-HBPI 7£ 1855 em ™' 4b
R IR ET LAY C = O 45 R shng i,
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Fig.2 '"H-NMR spectra of AM-HBPI and AD-HBPI
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41 AM-HBPI fiI AD-HBPI #£ DMSO-d, )" H-
NMR & an 2 fios. P A0 % (8) 0
8.60 ~7. 60 2 [A] ¥4 H BUAS [R) R B ) o 715 e,
Hor 5 7F 8. 38 ~8.00 Z ] ({5 5 1% % BTDA i
JCHORES L {5 5 06, 8 iy 8.56 Fi1 8.43 N
J& TAPP Hon 7 F1 S (Wl F15 5 1&,7.7 R
TAPP B0 6 (550, 17 8 14 A5 S 04 &
BB 7.9 ~7.6 Z 0. X A5 5 00T GE A
TAPP [ & FE 2 i v B A A A DAL X T
AM-HBPI,5. 50 1 6. 69 [ 38 43 5 H B0 T R &2
NI (a Al g) LUK b A (R S0, 3 UE I F
A R HBPL A 4 A J b i 24 5 5 1fif AD-HBPI
TR TC A5 506 , 500 TAPP % JE 4238 5 BTDA
(T HE S, 2 DB Ay 1.

JIrAS £ = 2R L BE 4544 ) AM-HBPI F1 AD-
HBPI i) XRD S 3 fis. SR, A5
AAE 22,35 © N 23. 87 © BT H B B A B 4 AT 5
W, VA A S B AR A AR AT S e 3. 3T g
JEPR PR HBPT (1) 5 3 3 A 25 K AR SRR 1) =
AR FENH T S5, 3 X A R A R FAAEG, DT
TEELZE R LA, 22 33X 9 #f HBPI /1) DSC
Je BT AT 0 B S ) A Tk B | VR B IE T
PP =) 2R TC R P I TR AR PRI, 3
S5 ARG AY & 2R RN RE 25 4 ) HBPL A5
[ RZEA RS A

Table 1 Yeild, inherent viscosity, 5% and 10% thermal
decomposition temperature of AM-HBPAA, AD-HBPAA, AM-HBPI
and AD-HBPI

Yeild [n]° Ts,,® Tios” Ch. Y.©
Sample
(%) (dl/g)  (C) (c) (%)
AM-HBPAA 84 0.78 /4 / 63
AD-HBPAA 86 0.75 / / 62
AM-HBPI 97 0.45 525 573 65
AD-HBPI 98 0.39 502 568 64

* Inherent viscosity of polymer in NMP with the concentration 0. 8 g/
dL; * 5% and 10% thermal decomposition temperature of polymer
measured by TGA in N, ; ¢ Char yield-weight of remained polymer at
800°C in N, ; ¢ Not measured

2.2 S=FEMIELEHH HBPI §)A M EeEF
HIEE R DT

SEPR W EE B = 2K BL I B 45 44 ) HBPAA Al
HBPI 755 LA ML 5 v i s i 5 ol (n e 2 oy
7)) J5 & L, AM-HBPAA 1 AD-HBPAA HJREFR tf
B 18] F By \NMP . DMSO ,DMAc Fil DMF 4%,
FBELEMIAT e # 40% T THEF; % 1 () HBPI 7
IR T REVA TR F iy Al NMP, #5168 GE 58 0%
fit T DMSO, #B5r¥%F F DMAc Fil DMF. 5 &4 2l
=L E SR R PLO AL, 53X 2 Rl Al 45
Frg HBPT &7 B R 47 i s i e BE. BR itk 2
4, AM-HBPI FI AD-HBPI 7£ 2% V/V f{§ HCl 0
H,S0, iyl 24 h FEATCAS , Ui B & 176 % UL
ToHUH R rh HAT — 2 (AR 1.

Table 2 Solubility of AM-HBPAA, AD-HBPAA, AM-HBPI and AD-HBPI

m-Cresol NMP DMSO DMAc DMF THF HCI(2% V/V) H,80,(2% V/V)
AM-HBPAA + + + + + + - / /
AD-HBPAA + + + - / /
AM-HBPI + + + - - - — —
AD-HBPI + - - — — —
+ + : Soluble at room temperature; + : Soluble upon heating; + - : Partly soluble upon heating; - : Insoluble even upon heating; /: Not

measured

B =R e 45 M ) AM-HBPAA F1 AD-
HBPAA, VS Je X0 () HBPL 7E N, U4 b k&
WE 4 frx. Hip AM-HBPAA i1 AD-HBPAA
BT =R B A e . 100°C 2Z /i H B A 2 B2
T4 % R 7K o3 RS R A 5 2 1 15 100°C &
300°C = [i] 1) 2k =5 0 =) PRI o e i 52 4 kA T IE
e AL SN, e 5 — B2 450°C Wt 3t T — 4> F
£, Ul B R IR 10 WV e b 2 28 56 1 5 Bl 2 TRLPE 1 4k
Se T, HBPL [ 55 774 BT Uh 2 ik i Hh IR B
AR EE. WX F AM-HBPI F1 AD-HBPIL, ‘& {11

TGA HHEZEHE 450°C LAAGTHEAS PR F5— 5K P B 2k,
UERHEE DI e A R AT AR R e A, X 5
FTIR A4 #rat 3 —%k.

AM-HBPI ] 5% # 2k iR (T, ) N 525°C,
10% FR T BE (T, ) 24 573°C, 1 AD-HBPI 1y
Ty, 1 502°C , Ty, “H 568°C, 3f H B A 17E 800°C it
BB A% T i 43S 35 65% il 64% . 33X R 32 B i
PR s AN (] P 0 78 55 L I R HBPT HLAT £ R 1)
PeE M, T AT S R 2 450°C DL b 1R A i e
RE WA R RS
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Fig. 3 XRD patterns of AM-HBPI and AD-HBPI
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" a) AM-HBPAA
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Fig. 4 TGA curves of AM-HBPAA, AD-HBPAA, AM-
HBPI and AD-HBPI

2.3 S=FEMIEL R HBPI 5 £L5p-7T I 5¢
(UV-Vis) &5 ik o7

K 5 B = IRFLrEZSE a9 AM-HBPIL #11 AD-
HBPI 7 NMP (10 ~* g¢/mL) t L Kz 25 HCI Zb 35 1Y
UV-Vis E3E. f & 0] %01, AM-HBPIL #1 AD-HBPI
£ 200 ~ 350 nm M [i] B0 AS [) 2 B i A 0. v
258 nm Qb HF 3 A B R WA U A 8 BRI E B4 = 11
m—r # BRIE A SR BEE Z ) n— o+ BRIE S sk,
HIA7E 285 nm HFLALERS E Y n—ar =+ BRI MK
W, 5 2 WIFE 270 nm FFHE H BRILIE PR A n—r
BRIT M . PR 22 AN R BE 7Y HCL b3S Y UV-
Vis El3E 30T R 942 6. X T AM-HBPI, £ 0.
01 mol/L [¥) HCI kb3 J5 F UV-Vis &3 #F 285
nm b EL T VR85 5 280, 1 mol/ LYy HCL 4k
P ,285 nm Ab WSO B 5 9855 , HL7E 360 nm
b BT — 18 W W 0. 3 2 PR A HCL i A 3
AM-HBPI ) NMP 5, 18 505 s 3 B v
e, BT IR S Ene 36 L &4 IR 7 X0 N

YER LB 74k, 855 A B 18 i, DA T il
Hon—or o JRTHILTES. 0i%T AD-HBPI,270 nm
FAF IR BE FR Y n—r + BRATUEERHE HCI e B i3 hn
W5, 0578 340 nm &b B n—mr *
BRITUERERE HCL ¥ A5 fin s b 5. 326 D)2 ph
T HCl —JFisst 5 AD-HBPIL 23— Hfk g B |1 N
YERTEL.

A a) Neutral

b) HC1 0.01 mol/L
¢) HC1 0.1 mol/L

Absorption

1 1 1
200 250 300 350 400 450
Waveleghth (nm)

B d) Neutral
¢) HC10.01 mol/L
f) HCI 0.1 mol/L

Absorption

200 250 300 350 400 450
Waveleghth (nm)

Fig. 5 UV-Vis spectra of AM-HBPI ( A) and AD-HBPI
(B) in NMP solution (10 ~* g/mlL)

WK 6 s, TR 360 nm 13 2240 G
% T, AM-HBPI #1 AD-HBPI 43 5% 7£ 400 nm F
460 nm BT H B0 AR 5 Y 58 0 R R 8 2¢O & ST
U, 33X AT BB H T 2l HBPT K434 v (%) W
DRI e P 1 S 31 T 2544, DA e =ik
N P T2 R BT 87 2 A [k Y HCL
b PR DS e S I 18T BT AN () R 1) 3
7T AM-HBPI, 22 0. 01 mol/L (¥ HC] &b f5 H5¢
A e 3 i B A 28 0. 1 mol/L 11 HCI &b
PRI A 96 S0 B 5k, 3% 55 R TE 43 Fr i HCL S
5 g B SO0, PRSI E SR AR PR N 4R
FEFAE RN A . X T LANE ETE 475 nm [T
ST TR AS B EJIE. XS T AD-HBPI, i F HCI
HAEAR M E R A N B4k, B 460 nm [ i
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A a) Neutral
b) HCI 0.01 mol/L
¢) HCI 0.1 mol/L

Intensity

400 450 500 550 600 650
Wavenumber (nm)

B d) Neutral
e) HC1 0.01 mol/L
f) HC10.1 mol/L

Intensity

200 450 500 550 600 630
Wavenumber (nm)

Fig. 6 Emission spectra of AM-HBPI (A) and AD-HBPI (B) in NMP solution (10 ~* g/mL, excited at 360 nm)

A A i B 2 HLCL e 52 B4y 384 o o b 28 10 S vy o
i

H1 SEANRIZEE R AT, X P = R SR e
4k HBPT fEA HUGEUA G f AR U H AT
— & [ A5

3 #Hig

F I R A W A R IR AR T 2
TS ] s 2 (7 2 S = RS ME e 4544 1Y) HBPL. iy
FEWIR =8 (25K 43 3 28 FTIR F1'H-NMR 56:3iF.
2 Pl R S = R SN E 45 44 HBPT 7E 3 b M 3E

00 2 S R AT R i R LA I S R it
ik (N, | Ty, 4300 R 573°C F 568°C) | 1
AU Rt BT — % P k. e4h, AM-
HBPI 1 AD-HBPI i 43 51| 7E 200 ~ 400 nm F1 200
~350 nm HA KU L AME IR, LR
W EPOE R SRR, Bk HCL BT E BT &
AN IS Y4 55 2 425 nm, 5 & 504 1 5
FEW ARG, PRI, PR ] i 1 1 1 — 2R e
454 ) HBPI 7E TR &1 I 08 HLGBUR G5 e
RHUELAT T LE U AN A
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MICROWAYVE-ASSISTED SYNTHESIS AND OPTICAL PROPERTIES OF
HYPERBRANCHED POLYIMIDES CONTAINING
TRIPHENYLPYRIDINE STRUCTURE

CHEN Wenqiu', CHEN Chuan', YAN Shanyin', YANG Xiaojin', YI Changfeng"*, XU Zushun'*
(' College of Materials Science and Engineering , > Ministry-of-Education Key Laboratory for
the Green Preparation and Application of Functional Materials, Hubei University, Wuhan 430062 )

Abstract Novel amino-terminated and anhydride-terminated hyperbranched polyimides ( AM-HBPI and AD-
HBPI) were successfully prepared by the two step method with a BB)-type aromatic triamine containing
triphenylpyridine structure ( TAPP) and a A,-type dianhydride, 3, 3’, 4, 4’-benzophenonetetracarboxylic
dianhydride (BTDA) under microwave irradiaton. The chemical structure and properties of the resulting HBPIs
were characterized by FTIR spectroscopy, H-NMR spectroscopy, XRD, TGA, solubility test, UV-Vis
spectroscopy and fluorescence spectroscopy , respectively. The results showed that the resulting AM-HBPI and
AD-HBPI were highly organosoluble in strong polar aprotic solvents and showed certain resistance to dilute
inorganic acid corrosion. These polymers exhibited good thermal stability with the 10% weight loss temperature
(T,00 ) up to 573°C and 568°C in N, atmosphere , respectively. Furthermore , the obtained AM-HBPI and AD-
HBPI containing triphenylpyridine structure exhibited UV-Vis absorption bands in the region of 200 ~400 nm
and 200 ~ 350 nm, as well as possessed strong purple and blue fluorescence, respectively. The UV-Vis
absorption bands both extended to 425 nm and fluorescence intensity increased after the polymers were
protonated with hydrochloric acid. As a result, these organosoluble novel hyperbranched polyimides containing
triphenylpyridine structure were promising as high temperature resistant materials for organic
photoluminescent, etc. , photoelectric applications.
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