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AR TEHS - HELH THENEMARERRED(OPAT) HENH TE A 4500, BEEEA NS HART
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REFRT WM—RREARE FEFKN REEH
KAEMBREHENE ST HEB B EH S E LA
RMEZ— BEECREESY, T8 8
ZHMRSYLRBAR KHAEARIBEEMN
Tie, BB BEREEAETEYHLAS
YRR IR R — %, 30 BE*
—HBERBEXE XRBRENBEASTETEERESE
FhERESCY BERAUARAES . E
R AT N ZnCl, H PACL (PPhy ),
Nil, { PPhy ), 1 Ni (NCS){(C=CR)(PPh; )",
MoCls # MoCly-EtAICL ™, & 255 (B H 3 5 &t
BREREASPREMRL, F2E AIBN.BPO 3]
REEREEC 5 PdCL EANERUY HEE
EFEURARAIER, ABETHAIBAR K RE.
1994 £ B A14RE VS ES B o FE N HREE
L9 LR PA(C=CCH,OH),(PPhy), # ¥ A4k
PREEAS ARG LSS ~HESEHNTHER
Rl 1996 &, XHB T HETHERERKR
ZHFEBEE BRSNS B R T RN KB
—REHEX -~ REEHERSUAEIBEN Y
MRS AXH - FRETERFULIESLR
IS Y[ Pd(C=CCH,00CCH;),{PPh; ), 1
TLHRESRE—EBAREFTERNE R I
A . BEERARMEERANENAEHABSRNE,
H#% FeCl; B35 , L BF B IFH B 851,

1 XBHBH
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SRR oo, TSRS
BRaE —ZEERWSEABERERK. =%
EBEHANECREES . BERAREE 9]
SH,TRAWSE EEE, JE 42 ~ 43C/
40000Pa &4} . PACl,( PPh; ), ¥ 3C#k[13] 4 &L.
1.2 FEEANSEE

trans-Pd(C=CCH,00CCH, ), (PPh }, (PPA) fi
037 7 1 SR A R
PdCl; (PPh; ), + CH; COOCH,C=CH

Cul /HNE1,/10 min
>Pd{C=CCH,00CCH; ),(PPh; ),

1.1

room Lemperature

E—ARERETHOTEREEESLRSY . KK
in A PdCL (PPh; ), 0.56g(0.81mmol) .Cul 10mg
{0.0525mmol) M 10mL HNEL, , 08 &5 .18%
TEINEE B PSR EE 0.29mL(2.97mmol) , ER B #
10min, B 4 A 10mL HNEy, 88, i, 58
MEYLZ HNEL, fl 95% R Bt ik, Es T
RO ERE, R 0%, B A 120T.

1.3 BERFARENFES

SN, HELAENEEER BA—CR
B[ Pd (C=CCH,;O0CCH; ), ( PPhy }, ] (PPA), #li
HSHE N, K& nA CCl, .CHCL S5#, 84,
T A BEBETA BB ,60°C H948 I Br — BEad 8 f5 , A
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LEEGER,BAZMPYRE I8, A TR
8h, BB (OPAT) Mg &5 K.
1.4 BEWRSH

# 0.440g OPAT fMA 25mL 0.108mol/L )
FeCl,/THF % ¥ ,40C {818 24h, RS H A 100mL
ZEEP UL, ik, B2 TR sh, T8 =M m Bk
MBEENREEGC BAREYNEIESHA
CuSO, IR EEME .
1.5 SEESTHBBIE

BEoYRASERNOHMBRGYS, X
R MEIREH HEBI ¢ X EmR L BEA
PR R, W RE AR EEEE AR
1.6 SrH MR

¥ Yanaco MP-500 RS MESSC.
H T & 4y #r1E Carloerba 1106 KT R A R
#T: UV F Beckman DU-50 4} % ¥ B it M =2,
CHCl; % % #, 3 # % B 200 ~ 600nm; IR Hl
Nicolet 5-DX(FTIR) BT b4 Yo Y HE+ 8 5E , KBr
HE R A W%, B E 4000 —180cm ™' 'H-
NMR [ Varian Unity 200MHz # & 3t 3% B 5% 1
W E,CDCL HEH, TMS ERbR: By 7R
R H 4 # , F Waters 208GPC 3% {{# % , 7 25T,
P MERELE (Waters A B #E) BIr b
iE, LA THF %, K28 om0k,

MENEHTHHOARERNEBEE SR
— R B ENE . MR F R a. c. Voltage
=3V, f=1kHz, MEE M 7 = 15min, iR .

2 HRSWTE

2.1 TEER-TWRESBHERE

AZEHEF, M Cul AR, B PICL
(PPh;), 1 HC=CCH,00CCH; % HNEt, F#1%
SRR, ERT—MHHLELRE Pdc BERE
&4 4 Pd(C=CCH,00CCH;),(PPh;),(PPA),
EMRAGRR, ESSFRE, BV .BXF
BRI CCL) A RFHF R, A TEH
#EF THF.CCL .DMF MeOH % & 7%, HA
#F HNEy, . PA-XUR G S WAL 50 % (B 1) 2
S1ZE 2120em 'L 1730cm ™ M 1230ecm ™' 4L B R
C=C.C=0M C—C(—0)—0 MFIER K ¥, M
7E 3300cm ™ ! 3 3 bC B0 3% B B0 KR AE R R K
R ML EIARBARRALKBRERES Pd
BET o-BEEN, H'"HNMR ENE 2 B,
£ o=7.40~-7.75.4.00 1 1.80 & A H| BR=3F

BREESRTF(H,) BERRHWERREERT
(H,) B EFEF(H)NSEAEME,FRBE
Y P=MEFMEBE KNI H, H,:H =7.5:1:
1.5, Mg EMEN PN TESNERST
BB S GHEM:C 66.96;H 4.88;5LR{H:C
66.82;H 4.86).7E THF WP, HEWH UV i
(E3, M %----)7E241 . 0nmFi275. 0nmib A W
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Fig.1 Infrared spectrum of PPA(Nuyjal mull)
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Fig.2 'H-NMR spectrum of PPA complex
Solvent: CDCl 5 Intetnal standard: tetramethylsilane

Fig.3 UV spectra of PPA({—-) and OPAT(—)
Solvent ; CHCI,
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TERR W, 5 Pd(C=CCH,0H), (PPh;), Y
UVERCIY TR, B RERMNART
—FHFHTE SR Pd-oc BEWNHRESYW—Pd
(C=CCH,00CCH; ), ( PPh; ),, X &5t HI £l T %
&4 Pd(C=CPh),(PPhy);, y R A FEIHWE , &
DZh,ﬁﬁ[”].
2.1 REERERE

HELRBR Plc BREMBAREFESY
(PPA)RHEBAHE —RBEAREESHER
b5 , % ® % .CHCl, .CCL, . THF . W 8 .DMF %
FHEVRFP DB RELEE TRER, KB
BAMBAEER CHCL 1 CCl, R EE
Ak R, LT PPA RIERE Y OPAT &
CHCl, W BT HERE, AN TER Y HE
GREFERBMCO, FHATREFILER(E
1) {25t ) CCL, &MEAMERRPRERL
T FHESHAERER, FNFSREYNE
BELHETE(RE2) . AHEESNL N
Vena,” Voo, =1:1.

Table 1  Effect of mixed solvent on propargyl acetate { PAT)

polymerization
Conversion Conversion
Mixed solvent Mizxed solvent
(%) (%)
CHCly /methanol 35 ChlorobenzeneCCl 39
CHCl, /CCl, 54 DMEF /CCl, 35
(CH,Cl),/CCl, 43 Toluene/CCl, 43
(CH,Cl) /CHCly 26 Toluene/CHCl, 26

Conditions: volume ratio of mixed sotvents =1, others are the same as

Tabte 1

Table 2 Effect of CHCl; /CCl, volume ratio

CHCI; /CCl, Solubility in THF Conversion
(volume ratio) (%) (%)
170 100 19
371 92 47
171 88 54
173 75 38

Conditions: [PAT] = 5. 6émol/L,[PPA} = 0.07mol/1., 10h,60C ,N,

AEAL TR o BE I AR IR BE XS RS K R B W 4
HamE 4 MFIRAR EEHEAETEES
0.07mol /L. B LUK 3K BE Y38 50, 7= B0 19 15 AR 12
BAEE XG5 T 8 K 2 B A B N T
HA NSRS FRIEAREHDBAEX. BEH

R R 5.6mol/L.

55
60 o/‘o’ ;‘A_
s o
e o =
= 50+ —45 %
g/ . &
1 L
=]
2 =
g 40r \ £
g o —435 3
o 2
30 %
)
] S
20 L 1 1 1 25
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[PPA] X100 {mol/L)
Fig. 4 Effect of catalyst concentration on PAT
polymerization

(0} conversion (% );
(@) catalytic activity (gOPAT /gPPA) ;
Conditions: [ PAT] = 5. 6mol/L, Ve, /Vea, = 1,

10h,60°C ,N,

Table 3 Effect of monomer concentration [PAT] on

PAT polymerization

[PAT] Conversion ?;t?lﬂ!f:ic _ _ Solubilicy
Y M. MWD in THF
(mol/L) (%) (gPPA
/g0PAT) (%)
4.18 55 3.88 354 B35 2.36 91
4.85 53 4.32 926 2462 2.66 88
5.60 54 5.10 2401 4515 1.88 88
6.06 50 5.19 1622 3034 1.87 70
6.73 47 5.35 1035 1986 1.92 42
7.41 47 5.96 377 821 2.1%8 48

Conditions: [PPA] = 0. 07mol /L, Vaw,/ Vg = 1,10h,60C N,

B RERESY PPABANBERER
RS IEERMEAENTHRER HEESHE
B, A ¥ EEmM, Bd T CHCL BH
BAGLSC)RMBEH . BEHEAEEN 60T. Y4
FAREM OTCREMD 40CH, BRE&HAERSY
50%FEA 23%, H AR BEREEY, it L
TN ERY.

BZ, EEHNEESRM KN H[PPA] =
0.07mol/L., [ PAT ] = 5.6mol/L, CHCl,/CClL
(volume ratio) =1, 60T, £ 10h BS5 . RE¥1k
HS4% .Y RBOBE. - ERK M
M, TRERSHAR, BREYNBERETET
%= . MEHRE KRR N 10h.

2.3 BAERBAZETH
PPA {0 RS B% 79 50 A5 (4 38 5 B2 B o ) -F5 1k
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Fig. 5 Time-conversion curves for PAT

polymerization with different catalysis
(0) PPA; (@) Pd-CL;
Conditions: [ PAT] = 5. 6mol/L,[FPA] =0.07

mol/L, Vg, / Vea, = 1,60T ,N,
40
30F
o
A
P 20
L]
1.0+
0.0 ] 1 i 1 1
0.5 1.0 1.5 20 2.5
IR[PPAJ+5

Fig.6 Plot of InR, versus In[ PPA]

Condhi

tiors: [ PAT' ] = 5. 6mdl /L, Voo, " Ve, =1,

60C N,

B s o LRI, A RS
~ F 4 B 6 F i 4R B AR v R 4 AT SR A5 4 B A 1L 3R]
WETHEAERER R, InR, 5 In[ PPA]
B, B—-HE(EH6), KBEH 1.5, RARER
MNEMEESHEAANKEMNXRR R, <
[PPA]'S. R, ER A R MW, B & R4eN K
B OMTHREEREET), IREREG RN ERE
REBEKRWBFHAFHN R,oc[PAT] . AL, R

ARENMBERERTEATRTMT

R, = £,[PAT]"*[PPA]"*
Hb B WEEEW £, 7 6.58%X10 *L?mol 257!

(60C).

141
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Fig.7 Plot of InR,, versus In[ PAT]

Conditions: [ PPA] = 0. 07mol /L., Vo, / Vg, = 1 ,60C N,

BENESKMAERME S iR, FRHE
ETHESRMEMEEE R (Ink,) 5REGRE
(1/TYBEERXRFR, BT Arrhenius B K E ¥
(£,=Ae BFT)  HRBEAGEMMNERIELE
E, R110.2k]/mol, Z#ABEEN B AL N ERH

BRKEM.
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Fig. 8 Arrhenius plot of overall activation energy of PAT

polymerization

Conditions: [ PAT] = 5. émol/L, [PPA] = 0. 07mol /L.,

Vai, Ve, =1.N;

Pt R M, PACL, (PPh; ), (Pd-Cl) %t PAT B
AHRAMMAEEE. A S BT PPA # Pd-Cl 4 51
1L PAT RS RAEL TS, A& B R )55 4L
FEWET L, EFATH,PPA HELEHEE
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T Pd-Cl. HEE B & & 5 A (6] i B+, P55 1 i
hEESHBREL AAERA LR, P,
(PPhy), FHY Pd-Cl a8 PAT H¥E A F 1L &
PdC 8§, H PdAC BN HER T Pd-Cl B 1§
#US] TG %9, PPA 1 19 Pd-C B ESE
BEER, FEPAT P n B F Al BE SIS
Pd RFEH Pz JLEZ R B E - REY IS
K, EMBAPICR, AR C=C @H#THHE
£ Elat MM E MRS EHEREM,
ESREEESEMME (r<1h) XA H#£EFS>~
£, EMPBEMESENHER, ESRMERE
WEEHE A . BP0 TREE G B M EK T
K EAELREXRHZESRMNEARAHE
REUAREFRUES MEAERTELRGES
MRFE. 4 B THEABBR . BELEHEBR
A4S FRAR . E— NIRRT E ST
H
2.4 BBEAREREONERI

B PPAELFT BB REREREY R4
BR HERREFETMNERE. BB T
CHCl, . THF %77 R RRPT IR BEIE B Yy a9 41 41 ok
(L E o # &—) 4 % £ 1740em™!
1230cm ™4k B 7R T C=0F1 C-C(=0)—0 #I4H1E

v(em™)

Fig.9 Infrared spectra of OPAT (—) and DOPAT
(---) {Nujol mull)

WK g , i 2 2130em ™ Lk C=C W ¥4 15 i e 14
R, BHC—CHAMPERIDBAHME(1650cm 1), F
MR EEEY(OPAT)E S B SsH 1S

WEREEH . MEWHN UV R (WE 2)7 380~
600nm Z 18] BR A r-r * B RFIE R W g , 2k — 2
RAEBRANREERYNELE S - tREH. L
THF A&7, F GPC . M8 eI B B T B B8
KEYHEHTFER 4S50, 8B 58S
24000.
2.5 RAWHSFNEHNEK
BMRARBEEY (OPAT) h R ERK, £
FeCly/THF B &5, FEPYHWBCHEE
BENRBE EBEITEN6.5%. Ha/HE
(R 9, &) B R C=C ¥R doek iy
AGEHE S B 1650cm AR B T 1600em !, X E
HIEEY o FRB A S FZ R R EER
BREI#E, 5 FeCl, BRI R BEK C—C Lt
34 4IF % T 8 By 4T B8 AR AL 1161

106:_ V‘O——a\\

Impedance (QQ)
=
(5
T

104 1 1 1 1
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Fig. 10 Humidity responses of sensor based on OPAT
(0) and doped OPAT(DOPAT) (@), respectively

B0 kBT RKBLH OPAT 5 FeCl, B
HERNREEED(DOPAT) MBS WM. HE
AW, KB ZE OPAT B A K 8 8w 5, i
MR K 4 FeCl; 845 ,DOPAT E R
WA, YHENEF(RH%)MN 11%EE 9%6%
i, DOPAT B 1 RE 6 7 4 BB & (10° ~
10°0), EALF 2 HEEREN(RHS:11% ~
9% BT BEHMEE MY AR, RA
FeCl,/THF I #8 ¢ OPAT, fE 45 {ff B 8 73 He B
BEYERESNE. # -2 REAEH#HTP.
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SYNTHESIS AND HUMI-SENSITIVITY OF OLIGOMER OF
PROPARGYL ACETATE

YANG Mujie, SUN Hongmei
( Department of Polymer Science and Engineering , Zhejiang University, Hangzhou 310027}
LING Mingfang
( Department of Information and Electronics Engineering , Zhejiang University, Hangzhou 310027)

Abstract A n-conjugated soluble oligomer of propargyl acetate (OPAT) was synthesized with a novel
palladium acetylide catalyst [ Pd{C=CCH,OOCCH;), (PPh;), ] (PPA). Its molecular weight (M,) is
4500. Some features and kinetic behavior of PAT polymerization with PPA catalyst are described and
discussed. The overall polymerization activation energy was found to be 110.2k] /mol and the rate equation
can be expressed as R, = k, [PAT]"*[PPA]"*, where £, = 6.58 X 107* L’mol *s™'. The oligomer
{OPAT) doped with a solution of FeCly in THF exhibits humi-sensitivity. The impedance of doped OPAT
(DOPAT) varies about two orders of magnitude (10°-10*Q)}, when relative humidity(RH% ) changes
from 11% to 96% .

Key words Propargyl acetate,Oligomer, Transition-metal acetylide, Humi-sensitivity



