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ABSTRA CT: Schiff’s base monomers of 9 different structures end-capped with terminal
phenylacstylene groups have been synthesized from the reactions of o-, m-, p-
phenylet 1ynylbenzaldehyde (PEBA) and o-, m-, p-phenylenediamine (PDA). The first-stage
thermal jolymerization was carried out at a melting point of each monomer in an air environ-
ment. Siice the monomers were changed to viscous liquid during lst-stage polymerization,
they cou d be fabricated and solidified into moldings, castings, and prepregs. But the process-
ing tem] erature ranges were varied greatly with the monomer structures. The second-stage
thermal jolymerization was carried out with the polymers from the first-stage polymerization
by incre: sing the temperature to 800°C in an inert environment. On this post-cure heat treat-
ment, th: polymers became electroconductive showing a bulk conductivity of 10-2-10-3 S/cm.
Monome ‘s synthesized from o-PEBA could not form the conjugated three-dimensional ma-
trix due to the thermal decomposition during polymerization. These conductive polymers did
not lose heir conductivities even after exposure to an air environment, because no post-treat-
ments lil e doping were not applied.

Keyword. : Schiff’s bases, terminal phenylacelylene, thermal polymerization, electroconductive
polymers, thermally and oxidatively stable.
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3 Ze WS 83 9] wEel =3 AHH
TR vlwEhd oS =& FFAME HYst
t}. o] dgA = 233 AAoA AAHGHE ARA
Hog A 2ldahe) s Hyel rHssitte
AHE #3 Yd.

E dpoMe oM Ea thale] phenylacetylene
(PA)E 7122 8lo] A& FEo] ofdE@Y] o
Al PA7|2 X&Eo Q1 AlEe] FXIF ohFd
97}219) Schiff <17) G S FAsle] AP EF
S M gsle] HEA n2AE P °lE
AR} AL ZAROZA GFAH Y Ale 72
7} 2ERY AL Eol ulX e TR ol EF
3 AL FUs Al Ao dgedE A&
g & de Aol diF 7HeAS HESUH.
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Br:gels 13®EES 7l phthalo-
& 2
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Alet & 717]. AldrichAl2 88 7208t o-, m- 2
p-bromobenzaldehyde (BBA):= E2qloA] AR
&9 1, PA, o-, m- 2 p-PDAx= AldrichAlZ HE]
TYS ZE IHE AMESITE. 28l triphenyl-
phosphine(Ph3P)-& FlukaA}, cuprous iodide(Cul)
£ JansenAlol|A] Fiated HAEHA] ¥l AHE-SHRA
o}, 71eF WA £ (FFE3), AfeldH =29 3
gH(Junsei), triethylamine(TEA, ShowaA})& A}
24 GEE slollA] 2HTFel s YAt

313tEe B4 S #sie] A58 KBr 247 439
P& e ¢ HAHIEFFEA (Bomen MB-100)
2 Pk =3, CDCLE 892 Agste 'H
NMR(Bruker AW-300, 300 MHz)24& #5}%
o, ShimatshuA}e] DU-652 A}g3le] THF&0)
glellA UV/VIS 4% sttt 9189 AP=s
Carbowax 20M #HHP-E zE 7|3 Zuleay
(HP5890 Series & QIR (X7|&% 100
C, 4% 1 10C/min, HZFL%E :300°C). 33
29 4A(C, H, N)&He Hearus®] Q4ABA7|2
ZFstgrt. e EAd A2 (TGA, DSCYE
DuPontA}e] TA910& o] &8ty AT}

Schiff 47| iAol S8 gAY 82 49
BE 7E 7G| A FET. tas g HYE &
o AV|HAEEE FAF)7] Heted d3Pe = &
Az Yol st WA 83 F¥ A7
EE9 FYHE 95l AR L ETAAEY 9EA
05~1.0g5 A Eo] 15mme! GZFv|Fog & F
2 20 =Ysant. 194 F8oE 4Fng F
ol &7 THFAE NAR FHoZ Tl 4
204 DSCRMozYE vy 73 TFAe] &F
AMA 1C/ming £52 $2A17 50 mL/ming]
FEog 718 EdA 57t 4FEE Pt

164 S84 doiF A3 29 & ARS
7AR nRAe) AENkeS 48 st 3xpde) T
%28 75 E oM HEE F4E 93t w7
ez AAE 50mL/min2 E2|HA] oA
800°C7HA 5C/minZ $2AA 284 F4& Fst
Attt s g5 Fole 22E AR 85
3] Wztsle] ZAlol 344 FHS 7IX 52 9y
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MIIMET 23X, A7|AEEE  483W (in-line
four point probe)& o] &3le] ZA3AT. A4 3
E9} FA AEL & ozl 4]& o] &dte] A
.

p=—2x8

A7, AV e AYH(volt), S= BFRHS A
2)(cm), A 38 AF(amp), pt HIAT(Q
em), o2 A7A cE(Q'em)ol .

o-phenylethyr /lbenzaldehyde (0-PEBA) 2| 8141,
244 wRb, (kFd ), 71E7), LA A&
Heol gl 250nL 52 Eghxa YRE 24 4
Bz od3] =x3g F 25g(0.135mol)9] o-
BBA, 13.86g(:.135mol)9] PAE 100mLe]
TEAS) 7}t ¥ #FAFIAA 938t o o
2oz 0.1075g(1.53x 10*mol)2} (PPh;),PdCl,/
CulE1318 ALg3} 3}, o] ¥hg EFPES 90T 2
oA 12X} ghgAIZ] F G0 E YAAA
TEAS &f€ HBr& A, 2837 S8
100 mLe] ogo) 25 78l 1X]7F ok WA
Atk WA § ZxazetEadge] 2] o-
BBAS} PAQ & 1)&& &)ty 12417 A= vt
SAZke] HHgo] EAEE AL Y £ UAH-
RArEQ] HBr& qujell s A2 2este, 2
A4 28704 Jd o 2 RE oEHEE AAS}
o] =L e A E AUt o 1A E J/E
2al(1/1) £A2RE -40CHA  BAZeIATH
(22.1g, &, 795%).

22 :FTIR(KB - ®81):2210cm (C=C, weak),
170 cm i (C=0). 'H NMR(CDCly) : 10.6(s, 1H,
CHO), 6.9-8.0(r1, 9H, Ar-H) ppm. UV/VIS
(THF) : 290 nm. Y9428 (CisHio0) : A4k, C,
87.36%, H, 4.89%, O, 7.76%; &3, C, 86.92
%, H, 5.01%, O 7.91%. DSC(10°C/min, N3) :
m.p., 8.21C.
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m-phenylethynylbenzaldehyde (m-PEBA 2
M. m-PEBAL: o-PEBASH 22 Wyozg FY
* AEE ARSI BT F JAY/EFA(L/D)
fooz e FAAANATH23.6 g T8, 84.7%).

2 FTIR(KBr " &) : 2215 em(C=C, weak),
1700 em(C=0). 'H NMR(CDCl;) : §10.0(s,
1H, CHO), 7.3-8.0(m, 9H, Ar-H) ppm. UV/VIS
(THF) : 257, 270nm. YAE4(CisHi0) : A4
#, C, 87.36%, H, 4.89%, O, 7.76% ; 233, C,
87.22%, H, 5.08%, O, 7.59%. DSC(107C/min,
Nz) : m.p., 47.7C.

p-phenylethynylbenzaldehyde (p-PEBA) 2| #4.
p-PEBAE o-PEBAS} -2 woz 5eoe] A
EE AHgste] A% £ P /EFA(1/1) 8o
e 2381t (24.5 g, +8§, 87.9%).

A FTIR(KBr ®8) : 2215am™(C=C, weak),
1700 emi(C=0). 'H NMR(CDCl3) : 510.0(s,
1H, CHO), 7.3-8.0(m, 9H, Ar-H) ppm. UV/
VIS(THF) : 307 nm. 9484 (CisHi0) @ AlXHE,
C, 87.36%, H, 4.89%, O, 7.76% ; 23 %, C, 87.60
%, H, 5.01%, 0, 7.53%. DSC(10°C/min, Nj) :
m.p., 96.5C.

Schiff 7| ciakd|el . oA 39T AxAR
o-, m-, p-PEBAE o}133}E<2 o-, m-, p-PDA
3} ¥+-8-A]#H Scheme 1o Yebd 3} o] 7274
A2 & 971X Schiff g7 DA E FAsAH-

TE dFAE FYI o s gAsIRen R
Hog o-PEBAS o-PDAS v18 &E Yl
o-PEBA  @AyelA AREE wE71E o] &3}
50 mLo] ojEtgo] o-PEBA 5.00 g(24.2 mmol) &
AL 297 3ol 7hste] kg 2EE 0CE &
A3 F o-PDA 1.24g(11.5mmol)& 308 B<t
718 5 Aeom YANA 12412 B9 WA
. wregelA] AFaZutEziTe] o3 o-
PDA2] 4H)ZE QI3 yhgo] TAHE A& &
APt ol g BYEE ATl FFA9
TAE L & Aen, o] AYES ¥ WA
S 3:12 9% guERE AZAFs @A
o] ANEEPE F AUTH (363 g, T8&, 65.2%).

olgA aled YT GHFAEY F&7 BHARE
Table 19 WE}ATY.
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Scheme 1. The s nthesis of Schiff’s base monomers.
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Schiff 719 '424. TEA &v] slolla Ta}E
Zuj] Cul Z2Fujit 0|83 o-, m-, p-BBAS PA
o] AEHY vHE 2 714 vBAAEH7I6NA 75
~85C2 =& 24417t ool FEES ¢ & A
At AHEE TE: o= 9] L smE-golA] A
4=+ HBr& HZEs| AAT2ZA dh39 $2E
FE 98L st 9hEY 8L 79.5~879% %
=A vetgt). o34 st 24X o-, m-, p- Y
e #Hd7IE E7IE 2= benzaldehydeE
Schiff #4715 '8k ARSI

FZ7F A2 o2 Schiff 718 43571 Hstod
oA FAHE o, m-, p-PEBAE o-, m-, p-
PDASH gHEA1Z F. W7} Schiff ¥71& @437
% R FEE FAE 7]E0lA ¥olx
At vkg A7 PRI AR 02 97kX]9) Schiff
Q718 e T2 4& & AU (Scheme 1,
Table 1). pPpP)= Ay ow AojFx, wid
o-PEBAS®} o-PC AR 343 oPoPD= A3 )=
e g2 FHol Qrh. o8t #L PR Aozt
FTIR¥ NMR »~dEfd) v gL 3X] &9
t}(Table 1). “uh, Fxo JFo=z zpz9
Schiff €717} Bels G2 4EL & Rol& BN
th 9714 ME ti& 7z DSCEA g Fig. 1
of et o-IEBAE 712 =% 3§ Schiff 4719

Table 1. Analysis >f Schiff’s Base Monomers

| Ram FTIR, m™ 'H NMR, ppm UV/VIS Element

Schiffs | a | (KBrp lley |_(ODCL) _{ rorr ™ analysis, %
Base! |7 —CH=N| Ar-H

hle=CloI=N s, 2H |m, 22H maem ¢ | H N
oPoPD | 652 | 2210 | 610 | 7.9 |7.3-7.3| 272 |89.38/ 4.86 | 6.1%
oPmPD | 67.8 | 2210 610 | 79 [74-7.8] 289 [89.31)4.82|5.98
oPpPD | 70.3 | 2215| 610 | 85 |74-7.3] 294 (89.12|4.945.90
mPoPD | 754 | 2220 | 625 | 85 |[7.3-81| 299 |89.38)4.86 |5.84
mPmPD | 88.6 | 2220 | 620 | 85 |7.3-8.1| 280 (89.245.02|5.87
mPpPD | 832 | 2220 | .620 | 85 |7.3-82| 282 |89.29|4.88|5.88
pPoPD | 765 | 2215 | 1610 | 85 |[7.3-80| 312 |89.06]5.11 587
pPmPD | 887 | 22151 1625 | 85 |[7.3-80] 326 |85.22|5.08|5.82
pPpPD | 82.4 | 2215| 1615 | 86 [7.3-81| 274 [89.14;5.04|584

Y Captions are in Scher e 1.
Y Calculated value : C, 89.23 %, H, 4.99 %, N, 5.78 %.
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Fig. 1. DSC thermograms of (a) oPpPD, (b) oPmPD,
(c) oPoPD, (d) mPpPD, (e) mPmPD, (f) mPoPD,
(g) pPpPD, (h) pPmPD, and (i) pPoPD.
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Fig. 2. TGA therr ograms measured under nitrogen :
(a) oPpPD, (b) o °mPD, (c) oPoPD, (d) mPpPD, (e)
mPmPD, (f) mP«PD, (g) pPpPD, (h) pPmPD, and
(i) pPoPD.

A ARE BA 3-Fo] otg S ¢ F A (Fig.
2). &, 250~301CY SETFNA FAT TAH
gro] Qojuly] - IFsted AAEA7]l 800°C A
oPpPD, oPmPL. oPoPD& Zt7h 32.3%, 38.1%,
10.3% 9] AFS pgon, 37 E47] delsdes #
ABeFe] B3-S Alsted 800°ColA oPpPD, oPmPD,
oPoPDe] ke 7zt 1.3%, 2.0%, 0.9%°l Eu}
3Rt (Fig. 3).

m-PEBAZ 7122 3 Schiff 71 &5 43t
F93 v mojaE BYYt. &, mPpPD&E 183.6
CAlA FAFe). 17} 323.7°CollA 2 ezt
Epsdt}, o] A3} mPpPDE 713t 183.6C &
Aol A g5 HAHL AW A7ty EEE HbA
A =3 323.7C 2AolAE Foll 93t Fo] AlF
5o} 13y 225 ¥HItE AL ¥odFy 3. ©f
A 3l dojz TFEL tuBE o f718
ool =] gFgkeml AglolE iEd] AT HES
Uehdch. wetbs 183.6CS} 323.7°CAlel9) 2=
e @7iaA 4 Ao AHgshe ¥zl 23t
ste 7Yoo 2 Aol 7hsdtA ot o] ¥ 2E

EF2|of A209 11& 19963 1Y

Weight(%)

Weight (%)

Weight(%)

T

T T T
0 200 400

T T T T
600 800
Temperature( C)

Fig. 3. TGA thermograms measured under an air cir-
cumstance : (a) oPpPD, (b) oPmPD, (¢) oPoPD, (d)
mPpPD, (e) mPmPD, (f) mPoPD, (g) pPpPD, (h)
pPmPD, and (i) pPoPD.

9] zjo|g HFFog wgHE ul mPpPDY A% A
Ao 140.1cotth. 438 %4E mPmPD, mPoPDZ
242 gojyrk. mPmPDe & dlo]3y 1118
¢, B Fmolas 322.3CEA YL 210.5C)

on], mPoPD & Fo|a= 78.27C, 2 oj=
= 3254°CE A¥Ae 247.2°C = Jebgth(Fig. ).
o9} gol AEe ol LY Holarne §E
mlo]z18) zolel 71Q1EATH. F, Schiff g719] +
z9] Fo)7} &FLEANE & FFE A FEHL
s(ager)de 2 A4FE vAA F¥H. m-
PEBAZ 7]12% 3 mPpPD, mPmPDx: E9) thdt
FYEE L4sted AL 2] slellA 500Ce] &
TolAE BA 2] of 5% FEelem 800l
M5 747t 79.4%, 76.7%2) FE& vebl(Fig.
2). mPoPD&] 7 $ell= 250°Col e 2=l A
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% 2

£Hog FAZ] do} 800CoAY P2
55.9%°1%ict. & ATl 7)AE AFof mx= &
=9 9FE A E gt ol9t ge FaEQ)
FARE 34 A= £ Q7 dojR nias
2 71&9] It Y nEXEY AZUS Aoy B
SEInE® mPpPL, mPmPD, mPoPDE Atgldl] o
3 IMHAE =8l F7] BP0 E 500°C )
2ZE7A) FAZRE 0] 22 g3kt (Fig. 3).
p-PEBAE 7] :28l= Schiff 97)9] A=
m-PEBA®) 712 # 399} vpdrx2 21 3o
o BE Fol2E Uehiou HF¥Re) AmHow
FA etk (Fi. 2). pPpPDe] 3% ¥ dolz
T 261.7C, e Folze 3235CEA AHIZL
61.8Coiglen, >PmPDY FI ¥E moj=z:=
220.1°C, 309.3C2A AIPe 89.2T,
pPoPD9] F83 & Jola= zHz} 84.8°C, 162.6
CTEA AR 78CoIU. &, 4¥F] a7}
61.8~89.2C% r-PEBAE 7|22 & A wo} F
A Yebgdth. o] m-PEBAd 28k Schiff g7]2)
7% 1935 251 IR g1 FELEA o) &
Hl ¥ p-PEEAE 7122 3 3 Poe 2825
Bk olyz} 132 25T wlEld Yolx)7] wgelq]
o dol WE <HH4Pe m-PEBAE 7|2z ¥
Schiff @719 7 ¢} o722 £438l] 8007,

242}

W& 2971l Aol pPpPD, pPmPD,
pPoPD7} 2}z 78.6%, 80.8%, 52.0%°]|1oH

(Fig. 2), 37] &'17] 8lollA] 5007 FA o)
32 gL Aer Jeyth(Fig. 3(c)).

Schiff 712] 2:8f 2 d70A A=A 182 F
e DSC ¥4 Axtz dojR) Schiff F7) GA|
9 EHEEE T2 A IS A AealA
T ¢RI E Yt oA APsint. g e &4
TollA] 5041 Bt IR 2RY AS o
FHe 2L 2] DA Z AP, o5 uH =
#2718l =] ¢igkrh. 3 Table 20 vehd 7
I3 o] GEAr] Akgel Ak Azt Qe
oPoPD, oPmPD, mPoPDE A)|9j3l1s o8} &
1Al $8olA RAREFE 3% U9z ojas] gt
o FA B9ol - 1t ¢Fo] dojton} dEu|F
FE BYORE wWIYHE AT o] W 7hg oA
|BELER] &8 = & w24 8 A8} B4
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Table 2. Polymerization of Schiff’s Base Monomers
and Electrical Conductivities of the Resulting Poly-
mers

Ist Weight loss | Weight loss Flectrical
Schiff’s | Polymerization| ~ after 1st after 2nd .
L ... 1 conductivity
base | Temperature | polymerization | polymerization (S/em)
(C) (%) (%)
oPoPD 100 214 - -
oPmPD 100 18.2 - -
oPpPD 100 3.9 433 -
mPoPD 184 138 - -
mPmPD 112 2.1 18.9 5.26 x 1072
mPpPD 80 2.4 15.2 4.86x1072
pPoPD 262 3.2 232 454x107*
pPmPD 220 2.8 21.1 1.74x107?
pPpPD 85 2.3 16.7 6.64x1073

AAY 7127} BAsdch 2y, A kol A
3t oPoPD, oPmPD, mPoPDEe MG $98 7)€
A% ZHIFANA Balol 23k AZe) wayoz o
173& BHE /AR B, mgetd 44 BA
A &4 B0 o4 AnE FPste] £ o
SEFA Y] SE2 oA AYF 194 FHA gA
o] B33 g sluntgel s F3te] A
Y= Aoy 8o (oPoPD, oPmPD, mPoPD&
A2, RE7) T AFES GB olhEd TS
Zte OhE Schiff @7] daFA5129) A5 {ARElE
Lo, 479 AHE o] 83l DSCENez &
e Exg Asled 1 ARE Fig 49 velio.
o] 28X & F IRo] Fxo e} thEr|= §
U o] §EexolAe izl 1A1Z olulel A%
3] Y=, FHLETt FolETE 2 AZES o}
At =% F8 27)0) wgEEr} ¥u F3o] A
ol Wt £x7) MEEH AUl 1S B £ &
7t AAE] BolR)e 5L FEFAY Yo B
o} ZFHIHANA AAE Y 71X 348 FEo| Zu)
LS 3l WEEEE FAAIE AE EZojulg
HEECR VMIFEEE B3P F A2 ¢ +
o,
1A F3tell 9ale] dojR FHEY IEEE
3% A7 AxAE BolX] Rt ol uER
Abg7he) 7tz @R Bale] 3xie] A F
22 57A) X3HEE gulstH, 9dgA FE¢E A
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Fig. 4. Isothermal polymerization curves of mPmPD
at (a) 112, (b) 1£), (c) 200, (d) 250, and (e) 300 C.

24829 FTIRIAE %3l AT 5+ A
2210 et 2ol A Vel Schiff g7]9] -C=C-
7]=(Table 1) <1230l 23 Brpkgeg -C=C-
718 W] 16:0~1680 cm ol A LERG R, Tk
%9) -C=N-7]( .610~1625 cm™ A}o], Table 1)
= Folzg A7t dstEE R ey 5~10
cem! AEE @ 1o o}5Ho] 1620~1635 cm™
A Jehgth FE3geA Zta A8 S ok
-C=N-7|7} A} 7hao] AHEEA RHASE
o)) grt.

194 2800+ P48 120 Ztudge]l 4
Hoj 3zl wf ZYAE FHAT 2 AxHS Z2
8 37 fEle 6S 52 x4 28A 38E
AXBIEEE 1] F3A 52 P oz Ao
DEAE ZL2ol d 800°C7HA 10C/ming £EZ
1% F A2 2 FHARAY. 1A F8olA &
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Scheme 2. The crosslinked structure of electro-
conductive polymer synthesized by pPpPD.
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