Polymer(Korea) Vol. 20, No. 2, pp 182-190(1996)

FAS ASdA-AFAWIE e M2 BEFS T2 evi=y P33t 24

g & WP A F-F v 4
ghdtistn slata
(1995 114 13¢ H4)

Synthesis and Characterizations of New Aromatic Polyimides
Containing Silphenylene-Siloxane Moieties in the Main Chain
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R 9k FA foll HEES FRdte 2L BFE FEov|= (PIM, PIPAIR|2)E Asdd-4
E47) 8 2= @A 1,3-bis(m-aminophenyl)-1,1,3,3-tetramethyldisiloxane (DMDA) &
1,3-bis( p-i socyanatophenyl)-1,1,3,3-tetramethyldisiloxane (DMIS) 3} A3n|ZolAlg 2 Tjeksh
WEE oy Fote] HFFFl st FAFAC. o5 FEHEQ F2E FT-IR, 'H-NMR, 9
284 1i]1 WAXDE #Rlsigieon) dx4d 2 dergde DSC TGAR FAsixch
PIM 2 P PAlg]=¢] I EL LR FAET} 0.25-0.41 dL/go} Bl ov], DMF, DMAc,
DMSO, NIMPZe f7&ufol 44 &35 = A2 E BoFEor Azl S8 T, 7,2
Z}z}y 100-170 'C 2 245-315 C ¥t = TGAo) 23l 1d F8H2] IDTS T, A4 B9
718koll A 22 290-400 'C R 312-415 Tt o5 F AEl2E X-4 24 23 nE wE4y
9 T2E = Aoz Ayt

ABSTRAC ~: New aromatic polyimides (PIM and PIP series) having silicone moieties in the
main chai:. were prepared by the polycondensation reaction of meta- and para-oriented
silphenyler 2/siloxane containing monomers with spiroacetal and other aromatic monomers.
The mon>mers employed were 1,3-bis(m-aminophenyl)-1,1,3,3-tetramethyldisiloxane
(DMDA) and 1,3-his-( p-isocyanatophenyl)-1,1,3,3-tetra-methyldisiloxane (DMIS). The
structures and thermal properties of these polymers were determined by FT-IR, 'H-NMR, el-
emental ar alysis, WAXD, DSC, and TGA. PIM and PIP series of polymers had inherent vis-
cosities in he range of 0.25-0.41 dL/g. They were readily soluble in various organic polar sol-
vents such DMF, DMAc, and NMP. The 7, and T,, of these polymers were detected over the
temperatw e range of 100-170 °C and 245-315 °C, respectively, according to their DSC trac-
es. The the rmal stabilities of these polymers were also evaluated by TGA, which showed that
their IDT ¢ nd T}, were in the range of 290-400 °C and 312-415 C, respectively, under the ni-
trogen atir osphere. WAXD patterns of PIM and PIP series showed that their structures were
semicrysta line.

Keywords: 2olyimide, silphenylene-siloxane polymer, silicon polymer.
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Al 7171, olEl 2 $YSA 17 Aok U
E8% 54824 (CaH) g ol 88t AZA &
e Agsln, A WiE FYA 13
AloFS 7H9tE F31 1 molecular seiveol] ol 2@
&3 }08}931:}. p-bromotoluene, triethylamine,
sodium azide, pyromellitic dianhydride (PMDA),
3,3’,4,4"-benzophenonetetracarboxylic dianhydride
(BTDA) %<& AldrichA}l, ethylchloroformate,
dichlorodimethylsilane-& LancasterA}l &3 A|eFS
JWE ARgElsiTh SR &E RAMA ARSRE
N-methylpyrrolidinone (NMP, Aldrich)3} N,N-
dimethylacetamide (DMAc, Aldrich) 52 CaH,&2
dryings}L ZFate] A8} o) Aol Al AFaHA
o AOFEL BHLT Fusked Wl wolshel
AHRBH AT

FHE DA A T2V Bio-Rad
FTS-7 FT-IR spectrophotometer, Bruker 300 MHz
'H-NMR spectrometer 52 ¢|23lg1 Q942Me
Perkin-Elmer Model-240 C/H/N Analyzer 2 3}
ot A €3 AT 342 Du Pont 9900,
95085, 951 Al#]=9] differential scanning calorime-
ter (DSC)$} thermogravimetric analyzer (TGA)
g o83t ® FEAY AATR WA=
Rigaku Geiger Flex D-Max X-ray diffractometer
(Ni-filtered, CuKa;A=1540A)8 o]&3lon,
Z319] 22152 Ubbelohded HFEAE o] &3l
LW A A ¢ (inherent viscosity, I[V)E 73}, ©&F
Aol ==%-& Fisher-Johns Melting Point Appa-
ratusE o] &3}t

CH2p|e| Btad. 1618

1,3-Bis- ( p-tolyl )-1,1,3,3-tetramethyldisiloxane
(DMDM): 500 mL. €32 vtg EgAzd vl
& 12.15g(0.5mol), ¥ olH2 200 ml,, 132
p-bromotoluene 85.5 g(0.5 mol)2] EFES A7
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T @y, $F 1 0F 4 olHE 100 mLet
dichlorodimethyl: illane 105 g(0.81 mol)2] £4& 2
AZE FQF ASHA THA mRstn 12403 Bt #F
k. ¥hE EIHEE Hsa JHE2 150 mL2
d& Ao ndst PG olFA sl EL p
tolyldimethylchlc ‘osilane®] £ooll T4 o 2
100 mLE FH7}sln §do] FAo] € WA ER
Aol olFAE §Y5tn T B vlavFELE
ZAIZ B&  AFFF(140 /0.2 mmHg) 3l
DMDM 64%(3:. g)9 S5&2 AUtk FT-IR
(KBr pellet, cri™!') : 705, 828, 1249(Si-CH,);
1033(Si-0-Si). 'H-NMR(CCl,, & : ppm) : 0.27(s,
12H, Si-CHj);2.20(s 6H, Ar-CHj);7.10(d, 4H,
Ar-H ortho to Si';7.20(d, 4H, Ar-H ortho to CHj3).
Anal. Caled for Z;gH,¢0S1,(314.57) : C, 68.76;H,
8.34 Found : C, €8.88;H, 8.33.

1,3-Bis( p-car oxyphenyl )-1,1,3,3-tetramethyl-
disiioxane (DMAC): 1 L. &9 ulg Zetx3d
DMDM 30 g(0.05 mol), ¥ 100 mL, 283 38
d 200mLe] &3 8AE E%E“ﬂ*i 95 Co 2%
2 BFAZIEA ATHEE 130.2g8 AAE] A
715 ohE, Tl BAIZE B BRAIZG old uBhg
317 g2 HEFe] HYHEES duE 300mLE
ool BajA7)S. B oh ABES BED 2
2 oA e ol g mHT) FH. EQE——#@]
EAste A J2jdE TARCE HEdo AA
3 5 g oneld e G4toF HFet JHE
€ moT A §AEE FgdoF LA o
< B, B (Jite g AMsid A4E AHES
ZFAo) vebg wi1x] 22 AL F AHSE AEA
8le] DMAC 67 6(20.1g)2 582 At ol
IFEY B= 22 243-247 CJ. FT-IR(KBr
pellet, cm™!) : 1400-2300(COOH);1682(C=0);
1287, 830, 791(Si-CHj), 1076(Si-0-Si). 'H-NMR
(DMSO-dg, & : pom) : 0.33(s, 12H, Si-CH3);7.62
(d, 4H, Ar-H rtho to Si);7.95(d, 4H, Ar-H
ortho to COOH). Anal. Caled for C;gH,,0551,(374.
10) : C, 57.72;H 5.92. Found : C, 57.92;H, 5.95.

1,3-Bis( p-chlor xcarbonylphenyl )-1,1,3,3-tetrame-
thyldisiloxane (DN CL): 500 mL, £329] wh§ Eeh~
3o DMAC 20g(0.032mol)3 H3lEl ey
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234 mLe] EFES Bofo] Fold uh7lR] 841 F
F BFRAIZ F FBE| 2 S A2l AYSFA
AASL n-diteZ WAHY F AZAA &5
DMCL 57%(12 g)8] +5&2 It o] 33E9]
==ye 56 cg4rt. FT-IR(KBr pellet, cm™!) ©
1780, 1750(carbonyl C=0);1200, 880, 820(Si-
CHj), 1000(Si-O-Si). 'H-NMR(CDCls, & : ppm)
: 0.37(s, 12H, Si-CHj;);7.40(d, 4H, Ar-H ortho
to S1);7.97(d, 4H, Ar-H ortho to COCl). Anal
Caled for C;gHz0451,Cl,(411.43) : C,52.55;H,4.90.
Found : C, 53.10;H, 4.88.

1,3-Bis-{ p-azidocarbonylphenyl )-1,1,3,3-tetrame-
thyldisiioxane (DMAZ): 250 mL. &8F2] vlg Sgi~
2o NaNj; 13g(0.2mol)3} & 75mL2o] 38
2 5°C2 WAAYm mwkshaA o37]e] DMCL
20.56 g(0.05 mol)3 FIvg#l 75 mLey LXL
H7yekqdct. o] Wk EFES 30 o

ZTE AAT oS gl o g 228 7
IEEOR AXAIR F Jdda g 2Ys
WAI71 DMAZ 15.9g(75% )& @2 & A=A
%1 I E thE gl o] 83titt. FT-IR(neat,
em™ 1) : 2138(N,, asymmetric);1700(carbonyl C=
0);1260, 840, 800(Si-CHj);1070(Si-O-Si). 'H-
NMR(CDCl,, §: ppm) : 0.33(s, 12H, Si-CH3);7.
33(d, 4H, Ar-H ortho to Si);7.73(d, 4H, Ar-H
ortho to CONj;). Anal. Caled for C,gH,05S1,Ng
(424.11) : C, 50.93;H, 4.75;N, 19.81. Found : C,
51.11;H, 4.49;N, 20.02.

1,3-Bis{( p-isocyanatophenyl }-1,1,3,3-tetramethyl-
disiloxane (DMIS): DMAZ 2.12 g(0.005 mol)3}
A 35mLe] §4& 1241 5 aylh, BFAIN F
AFFF(155-165 ¢/ 0.l mmHg )3ty DMIS 1.
62g(88%)2 ¥Ar}t. FT-IR(neat, cm™) : 2283
(NCO);1260, 840, 800(Si-CH j3);1070(Si-O-Si).
'"H-NMR(CDCl;, § : ppm) : 0.33(s, 12H, Si-CH3);
6.78(d, 4H, Ar-H ortho to Si);7.23(d, 4H, Ar-H
ortho to NCO). Anal. Caled for C,H,,03S1,N,
(368.54) : C, 58.68;H, 5.48;N, 7.61. Found : C,
58.54;H, 5.65;N, 7.86.

1,3-Bis( m-nitrophenyl }-1,1,3,3-tetramethyldisilox-
ane (DMDN): 500 mL £-2F2] whg ZelAo] o)A

ofn ot m{u
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-20 ‘ColA A 28l e ExoA 7)ol 1,3-di-
phenyl-1,1,3,3 -tetramethyldisiloxane 40 g(0.14
mol) ™ @&t 23 200 mLe) 82 HeAFn 1
AlZE B bl & ] B8 7R wHeES
AR A g o R PHeE FE3
F JEZFos. AR F & AAS de
Ao) ede)l DIADN 32.6 g(62% )& ¥ich. FT-IR
(neat, cm™!) : 1360-1310(NQOs);1262, 855, 800
(Si-CH;) ;1091-1030(Si-0-S1). 'H-NMR(CDCl,, 6
> ppm) . 0.41(s 12H, Si-CH;);6.96(m, 4H, Ar-H
ortho to Si);758(m, 4H, Ar-H ortho or meta to
NO,). Anal. Caled for C;¢H,oN,0551,(376.09) : C,
51.05;H, 5.36 N, 7.45. Found : C, 51.32;H, 5.44;
N, 7.44.

1,3-Bis( m-z minophenyl ) -1,1,3,3-tetramethyldisil-
oxane (DMDA : 1 L&gFo] ¥ke Zg} A 30 DMDN
40 g(0.101 mo ), gL 200 mL, & 200 mL2] &
FEe agtshis H7ME 80 gE VIR thy ¥HE7]
o] 252 80 112 ARIA7IZ A G4 Il mLE 7}
S 4417 Tt myh, 253 og 4" A8EE
odFsle] A A 7|0 Aol PHEES e
oz FZshicth T4 FAMIEESE HERAX
% 175-180 € (0.1 mmHg)elA FAFFHslA =+
% DMDA 2:8g(68%)& dutt. FT-IR(neat,
em™1) : 3400, 3350(NH,);1260, 855, 800(Si-CHj)
:1090-1030(S -0-Si). 'H-NMR(CDCl;, & : ppm)
1 0.30(s, 12H Si-CH;);6.65(m, 4H, Ar-H ortho
to Si);7.10(m 4H, Ar-H ortho or meta to NH,).
Anal. Caled fir C;¢H,,08S1,(316.55) : C, 60.73;H,
7.65;N, 8.86. I'ound : C, 60.99;H, 7.51;N, 8.88.

2,2'-Bis( p-tr mellitoxyphenyl )propane dianhydride
(BSDA): 250111 &8F9] yFg-Zg} A0 trimellitic
acid chloride 42.1 g(0.2mol)E gy 25 mL%}t
WAl 135mle EF fuid &3Al F
bisphenol-A 2.8 g(0.1 mol)& 30&o| ZA F7}
sttt ol & 132 B9t &F witE oFate] pyr-
idine hydrochlride& A A3t oz}l n-#ALS
7¥ste] A AAGAI7IL HF, HAEste] BSDA
50.7 g(88%)€ AU °] SAFE] =L 165-
170 ‘cgct.  "T-IR(KBr pellet, cm™!) : 1850,

o 1 He

Eo|of A20A A2E 1996 3¢

HZE YRS Folls Y4B B4

1785(anhydride C=0);1720(ester C=0). 'H-
NMR(DMSO-dg, 8 : ppm) : 1.7(s, 6H, methyl-H);
7.0-8.5(m, 14H, Ar-H). Anal. Caled for C33H5004q
(576.11) : C, 68.75; H, 3.50. Found : C, 68.77 ; H,
3.46.

1,2,3,4-Butanetetracarboxylic dianhydride (BTDA)
$100mL 8%9 ¥g Fek2~ 3o butanetetrac-
arboxylic acid 7.2g3% olM|EA F4E 56g
Ao F 2A B BR, aukd ohg JFAd
2 oyste] @M AFH BTDA 5.41g(91%)<
Atk o) HFES ZEHL 249 CHH. FT-
IR(KBr pellet, cm™!) : 1830, 1760(anhydride C=
0) Anal Calcd for CgH¢O4(198.13) : C, 48.50;H,
3.05. Found : C, 48.84.;H, 3.11.

SeAe gy, LA AYHE ZFELS
AgE qf 9FA oue 877t opulely
ol Aletdlo| Eoll we} ZHZ B3} o] Atg AR
o % 71z el 9% Y HF S 2E o
T FgEATeR Hygsiy o 2o

Clofalyoll <3t Ezlojo|=2] #H(PIMOT):
100 mL &3] Sonlsd Evi~36] DMDA 3.17¢g
(10 mmol) & ALo)A 30mLe DMAce] £3j1A]
7122 o§7]e) PMDA 2.18 g(10 mmol) & A&A7F
glol A gl Wol & thE H-20A 24413 FRF
WHAHET 7)) A FRoloAE £A9E &
Aol gAF2E 3] BES QA & 200
TRl 7Hdste) Euelsntes JAYPAA HF
Zajoln|= g FAeted PIMO1 4.54g(91%)8 <
Act.

ClojAlotdlo|Eof| <8t  F2lojoj=ol &M
(PIPO1): wyz], x4, F4tslgE T84 EY
€ z+3& 100 mL 839 SIvte Eekx30] DMIS
1.13 g¢(3.1 mmol)¥ DMAc 10mLE ¥3 ZA47]
Fatoll A mHkAHT B EFES 255 0CE
wE g of7le] FuhEFadl PMDA 0.68 g(3.1
mmol) & 15-208 F+ A71% & ubg EFES 2
2 2noA 308 F¢F ol VARG oHA] BhE 2
T8 90 THR MA3 &R ch o] EEelA ojitat
Bart BAE) AlFsRen, o1 ¥ e 258
130 T2 el A4 7IRStelA 2447 ¢ &
AR e 2E F RS ERES 2o Fo 3
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Fig. 1. FT-IR sp: ctra of silicon-containing polyimides
(PAAOD5 and PIM 05, film).

1730, 1380 cmr ~!ollA vERG A& A1 5 AU
T}. DMISE ©Hix| 23 PIPAIE] 29 (o)A
ohdlo] EX), A AK GAIAM A7 FEAQL 7-
membered ¥2].Y FNAE P48t THA] 71Eo
o) ojatsigtA t SFE o] FAYSIHA o=y
g} WS Yo FHF9 ZEo|v|=g A=
Wyog FEA-: Aot ojul LAEH: o1bslE

AE HbgY)e 2134 EYE FX|te] BHZE9
AHo] A=l Aoz A o T2 Wi
o2 4D Egon= Az S 24, #5&

aEln gAYA - E Haste] Table 1o YRS
o}.

¢ 9gollA olE FHAY FSEL 75-92%
2 A= 53R o5 fHFAEE 0.25-
041dl/ge2 3@%7) vlw3d wgtrh. Para-3| 8
o] DMISzXe de& Z3dH7} meta-xE2)
DMDAZYE & ZZov|=rr} & SAYHS
g 713 e ¥ P xo) wWE yh-E
Ag 13 W FHE FEAY SAPHEE
BPDA)YPMDA)IISDAYBTDA)INPTAS] &A48 &
71en gAA Pl g E S Ao dE5e o
FA 7t B} 2o FUEY FEAHE e HeE &
A=tk w3 4% Elom= PIM, PIPAlE]=
o] 2% FT-IR ¥ 'H-NMR A~ E" 7 YA84
o2 ZIsEnt

B T4 ¢ g8 g Eejoin=ge &4
5 & Table 201 JeERAQIEh t¥Eo] Eulolm=s
& DMAc, DMSD, NMP 59 #7]&ufo] &35

L EOR
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Table 1. Polymerization Conditions, Yields and Inher-
ent Viscosities of Polyimides

Polymerization

Mono-  Dianhy- conditions Yield v,
Polymers  mers drides (C/Hr) (%) (dL/g)

PIM01 DMDA PMDA  RT-200/48 91 0.30
PIMO02 ” BPDA " 88 0.31
PIM03 " NPTA " 78 0.25
PIM04 " BTDA " 92 0.26
PIM05 " BSDA » 75 0.28
PIPO1 DMIS PMDA 0-130/24 87 b
PIP02 » BPDA " 86 0.41
PIP03 " NPTA " 7 0.29
PIP04 " BTDA " 84 0.36
PIP05 " BSDA " 30 0.40

2 Measured at concentration of 0.5 g/dL in NMP at 25 C.
b Insoluble.

Table 2. Solubilities of prepared Silicon-Containing
Aromatic Polyimides

Polymers DMAc DMSO NMP DMF Benzene Toluene
PIMOlI  ++ ++ ++ ++ —— —-
PIMOZ  ++ ++ A+ ++ —— =
PIMO3  ++ ++ ++  ++  ——  ——
PIMO4  ++ ++ ++ ++ = —=
PIMO5 ++ ++ ++ ++ —=  —=
PIPOl  ++ ++ ++ ++ —— —=
PIPO2  ++ ++ ++ ++ —= =
PIPO3 ++ ++ ++ ++ —-=  ——
PIPO4 ++ ++ ++ ++ —-—— ——
PIPO5 ++ ++ ++ ++ ——  ——
++ : Soluble, + — : Slightly soluble on heating , — — : Insoluble.
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Fig. 2. DSC  the mograms of silicon-containing
polyimides (10 C/ nin, Ny).
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Fig. 3. TGA cures of silicon-containing polyimides
(20 C/min, N»).
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Table 3. Thermal Properties of Silicon-Containing
Aromatic Polyimides

Poly- Mono 1 hydrides T Tw IDT* Ty Sv-et
mers  mers 800°C
PIMOL DMDA PMDA 132 290 360 382 38
PIMoz »  BPDA 126 262 315 346 44
PIMO3 »  NPTA 140 — 353 382 48

PIM04  » BTDA 101 245 290 312 45
PIMO5  » BSDA 100 250 311 330 43
PIPO1 DMIS PMDA 161 315 400 415 40

PIPOZ BPDA 143 295 340 382 50
PIPO3  # NPTA 170 296 365 388 56
PIPO4 v BTDA 135 280 310 350 49

PIP0S ” BSDA 122 289 333 362 40
4 DT =imtial decomposition temperature.
% 10% weight loss temperature.
¢ RW =residual weight.
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