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2 9 : Organocyclosiloxane oligomer[ (R.Si0),, n=2, 3, 4, 519+ dimethyldichlorosilane-- pyridine N-oxide Zvj
EAstel A /i wbgA)A linear chlorine terminated siloxane(yields;71.2~86.5% )2 <Iglch. 0°Coll 4 linear chlorine

terminated siloxanes} dimethylamined ®H-3-A}7 amine terminated siloxane oligomer(yields;76.2~85.3% )5 & %
°] 3257} 14-bis(dimethylhydroxysilyl)benzene Wh-A 74 2533 E (yields;58.0~71.0% )¢ $Astddch |5 X
F¢A9 7Z& FT-IR 9 'H-NMRZ #elglgjen, DSC @ TGA thermograme £39] o] SS9 dAEHLS

ZAFtdeh. TGA thermogram @ 23] polymer I (n=2)9] Z7|Eale5x 476C2 717 Yot 1, polymer V{(n=5)7}
485C= 714 Eolth nd $7} F1E9E dAA4L b $5¢ A2 BAE7, DSC thermogramol 4] 23S
o 2 AHCIREE polymr N (n=5)7} -76CZ 714 @gton, ng 47} 4842 A vehtes & 4 ool

Abstract: Low molecular weight linear chlorine terminated siloxanes (yields;71.2~86.5% ) were prepared by reactions of
cyclotri-, cyclotetra- and cyclopentasiloxane with dimethyldichlorosilane in the presence of pyridine N-oxide catalyst. The
amine terminated siloxane oligomers were obtained in good yields(76.2~85.3% ) by the reaction of linear chlorine terminat-
ed siloxanes with dimethylamine at 0°C. In this investigation, we have studied on the syntheses and properties of copolymers
(yields;58.0~71.0%) obtained from the reaction of amine terminated siloxane oligomers with 1,4-bis(dimethylhydroxysilyl)
benzene. The structures and properties of the copolymers were examined by FT-IR, '‘H-NMR, TGA and DSC. Initial degra-
dation temperatures(Ty) of the polymer I and IV were confirmed as 476 and 485, respectively. The thermal stabilities of
the polymers were found to be increased with increasing n of (R,SiO),. The glass transition temperatures(Tg) of the poly-
mers were increased with decreasing n of (R;Si0),, and the lowest Tg revealed -76°C when n=5.
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2 4 glow, of W@l U AP wpEE Do allyl’Z blocks]o} & A2 R(RSIO)-
Ad7le) dA g Az fadel Fokd SR dehiz, w4 FEA dide
o, Qo Fadl ARY §71719 4 @ smxgz.qqmﬂ AxAegel 24 HE[10]
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g 3A AdelE ¥, A o4, AT FAR T FEL T2olA °*°““*°l ax 7‘11"“*15 H4
28 4 <lc}. Organosiloxane %37} HJW*OI g & 727 9lo] ujhatele] Fo¥ FRo2 A ¢
;i% i-0-Sig] Aol ZolHE AT} HWEol 3 282 HEY H"‘a‘ﬂ?f}é FHANNE Ak
o, Si-09] Ao =] (451 KJ/mole)7} C-C 23 A ko]l H3 it gk £ dTolAE or
o X](345 KJ/mole) Bt #4 =27] gfFojc}. = ganocyclosiloxane®  dimethyldichlorosilaned  pyri-
g odul sy|=gtA|e) A$ Fatsko] 500,000 dine N-oxide &1 Zx|s}oljA] 7§&8ul-gA]A linear
olzd o)e goksly wud AAL A SHAT chlorine terminated siloxane® 11 $jollA 4 3
siloxane 2= A T AL Ad A4 F 23 dimethylamine ¥H$-A]# amine terminat-
FAZ 524¢ ZErh I olfE Si-0-Si A& ed siloxane oligomer® TAF T o]&3 14-bis
g7} 109° ol4e® £E38 =AW Sid 9 e (dimethylhydroxysilyl)benzene & wH-3-A1# T334
o 277} AEH AL T4 87] wWEeln, Ro 5& FA%7 9T 27T o] 72 g ¥
chow[5]& -196CAME A5 HAAELEE A%t AtAA 5 AFHEFA
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of Eatojd T2 bulkydt A& Zerii 23
=

& w} 9lc}h. 2 dhell = organcsiloxane A& W 2. 4 #
SHEH, WZZE, N2 B, WY, AR
A, AFLEEAA, WeA, WEE714 Fol 3t 2.1 7171 & A<t
t}[6-9]. Organosiloxane &A= AbEA 2 27 FT-IR 2 'H-NMR spectrum& Bruker Co.9]
A F2EHT L5 £ oxd Alaae FEAE T IFS-663 FT-NMR 80SyE At&3ted olglom,
C|H3 pyridine N-oxide ?H3 (|:H3
(S|i—O)n + (CHy)SiClL, Cl-(8i-0)n-Si-Cl (D
CH, 24hr, reflux CH; CH,
(n=2, 3, 4, 5)
o
(I) + (CH3),NH —————— (CHy).N-(Si-0)n-Si-N(CHs), (In
OOC, 1hr CH3 CH3
(n=2, 3, 4, 5)
an + HO-S|i— @ —|Si—OH >
CH; CH; 3hr, reflux
C|IH3 |CH3 lCH3 (l3H3
—{(Sli-O)n-S|i-0—S|i— @ -5i-0}n- (1)
CH3 CH3 CH3 CH3

polymer 1 (n=2) polymer II(n=3) polymer M(n=4) polymer V(n=5)
Scheme 1. Synthetic route of polymers I-N.
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DSC(Differential Scanning Calorimeter): Mettler
Co. DSC 302, TGAE Mettler Co. TGA(Thermo-
gravimetric Analysis) 2A17]8 Al&3}o] dolAA
& ZAFstgd.  1,5-dichlorohexamethyltrisiloxane,
hexamethylcyclosiloxane, octamethylcyclosiloxane,
decamethylcyclosiloxane % dimethylamine-& Al
drichrke] £= 99% 9 AlE AMgstglen, di-
methyldichlorosilanes}  1,4-bis(dimethylhydroxysilyl)
benzene2 Petrach System Inc.9] 71& AR&-3sf¢dch.
2. 1. 1. Organocyclosiloxane2| 7fstet2
Organocyclosiloxane®}  dimethyldichlorosilane2-
pyridine N-oxide Zvf EA3}ol| 4 N2k A)A lin-
ear chlorine terminated siloxane3 43 wlLAE
= ¥ Scheme 19 (I)3} 72t} n=29 15-di-
chlorohexamethyltrisiloxane& Aldricha}2] 71& =
A T8t AR8-3tg e n, n=34l 1,7-dichloroocta-
methyltetrasiloxane®] A2 hexamethylcyclotrisi-
loxane 2.23g(0.01mole), dimethyldichloro-silane 1.
38g(0.0107mole), acetonitrile 0.59g (0.0146 mole)=}
pyridine N-oxide 0.1g(0.0013mole)2 &Z7|7} &
%y A7 Zebazel W 80CelA 24407 Bab
reflux A]Zth. B}L o] 21551 T WA A AAL
o2 o33ty v|uwrSE dimethyldichlorosilane2
strippings}e] A A3k 1:]-% 2.5g(yield;71.2%)% o149
o n=4,5% HYEEE FUD P02 AN
7 A& A3} 7+z} 34g (yield;86.5%) 9] 1,9-dichloro-
decamethylpentasiloxane®} 3.76g (yield;80.5%)<] 1,
11-dichlorododecamethylhexasiloxane& i3it}.

2.1.2. Amine terminated siloxane oligomere] &
Linear chlorine terminated siloxanes®} dimethyl-
amine-$ %2 A]# amine terminated siloxane oli-
gomerE ¥4 ZE+= Scheme 19 ()9} 7o}
n=29¢ 1,5-dimethylaminohexamethyltrisiloxane 2]
34-&1,5-dichlorohexamethyltrisiloxane ~ 2.93g(0.
Olmole)3} petroleum ether 4mlE A7 Zalrz0)
43 0C o]32 W47 t}e dimethylamine gas

T FAIE Bohed T 12 5O TaR
F T E HAE 23 147 59 reflux A)zich
7217 AHE dimethylamine hydrochloride L o

Hale] A Az 2.60g(yield; 83.2%)< oigich n

=3~52] amine terminated siloxane oligomerz ¢

Td3tE, A 74 A3, 1996

Axe Z& uer FAsigden, 77 281g
(yield; 76.2% )] 1,7-dimethylaminooctamethyltetrasi-
loxane, 3.65g(yield;85.3%)¢] 1,9-dimethylamino-
decamethylpentasiloxane 2 3.85g(yield;79.3%) 2
1,11-dimethylaminododecamethylhexasiloxane & <3 jc}.

34 A AR L ke Scheme
19 (I3 2t} 334 19 AL 1,4-bis(di-
methylhydroxysilyl)benzene 2.26g(0.01mole)3} tol-
uene 2mlE 37|17} & AMF Zalxrmed 9w
£ A2 ok 100Cel A 1,5-dimethylaminohexa-
methyltrisiloxane 3.12g (0.01 mole)& A3 =7}
stgich. whgo] A Ao e} wE] AN
7t @AF F7HEE E ¢ ddden, 1 A7 A5 o
A7 AT FIER wubs)e) Ao mio]
S 48 Ao F4E FHAE 5] 99
A AT E2b23el toluene 3mlE Yol $3417 &
methanole] A A3] Wojme} AHEL A1, s}
of Zrtstoll A Az A1A S 2.8g(yield;65.2% )&
odsich. Polymer T, polymer Il @ polymer N & 7
< Byo 2 §ste] 7tz 3.18g(yield; 63.2%), 4.10g
(yield;71.0%) & 3.78g(yield;58.0% )& 3¢t}

2.2. FAM4h
2.2.1. SEH9 RiiolRE

TEHA freHol e g doli ] $)5te] Smg A
%9 AE%F aluminium panel] H3jo] LR %
DSC9 sample cell compartmentel] ¥ reference
2& ¥l aluminium pang WEsle] ALLslgct. F
FA o YEEE 20C/mine & §x|5tgor o
it A g

2.2.2. 8|9 dHME

4L FHAST) GRENL 2Ah5}7] Sfsked 2t
zt Tmg A=) X8F aluminium pane] Hsbe] 2
%% F cell compartments] Y3 referenceZ: 1l
aluminium pang EE3to] AlL3loct, 2849 7}
24EE 10C/mine 2 50~600C e Aa 7830
A #Asen.

2.2.3. 3o MAE
T8 9] 44 A4 = (inherent viscosity)= Ubbelohde
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Fig. 1. FT-IR spectrum of the polymer L

N

Fig. 2. '"H-NMR spectrum of the polymer L

REAS o &3t 30£0.02CeNA THF(tetrahy-

drofuran)® &) & & 0.5g/100ml F=2 &A3}

ek,

3. Zn g g
iAo =&

239 +2= FT-IR % 'H-NMR spectrume
2 gastgdony, JEAHQ =AM FZA [ HT
FT-IR @ 'H-NMR spectrum& Fig. 1, 24 b
Act. 23 19 FT-IR spectrum(Fig. 1)olA]
3500~3200cm'¢) OH &F+ur} Alelzies g&9¢
4 9)93, aromatic CH A1&A%F4u7} 3050cm
“io)| 4], aliphatic CH A1&AFF,uE 2950cm™ o
A 27 ebde # 4 g, Si0-Siel 4157

EES s 1050cm oA Yeld o g Bol o] F
g EARA57IE AT 4 itk Fig 29 'H
-NMR spectrumell 4= 0.1~0.2ppmoll A Si-CH, 9
12H proton peak’} Yebd®, Si-0-Sid] £ s+
methyl group] 18H proton peak+ 0.3~ (0.4ppmell

Table 1. Thermogravimetric Analyses of the Poly-
mers in Nitrogen(heating rate; 10°C/min)

Polymers Ty, C To™, C Tp", C WiR, %
I 476 541 584 55
Il 478 548 591 57
m 480 552 596 59
\J 485 555 601 60

Ty, T,® are the temperature at which initial and 30%
weight loss, respectively, were observed.

T,"is the temperature at which the maximum rate of
weight loss was observed. Wt* stand for weight per-
cent of residue remaining after sample was heated to

600°C.
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Fig. 3. TGA thermograms of polymers in mtrogen
(heating rate: 10°C /min).

A b o CH,2l 4H proton peak”} 7.72ppmell
A Jdehd Ao Hop o] FgA e 4L FAF

T Ao
3.2. Zhx|o] UX MZ!
HAg FHAEY dALe AFEL Table 1
}95100# TGA thermogram Fig. 39 1}

of &
E}LH% L Az FEe A ST FEAES] A5
& *e‘iiimi =x&d] g (Si0).dM 284 1
(n=2)g 27|ESHLE7}F 476 CHem, 6007l
& 55%E Jehdi, 3¢A N (n=5)+
485CE 71 ¥& g& 2o nY F7} FHETS
gty de] a7 HAoE delgth FEA
I, Mo 27)18aess 27} 478°C, 480°C AL 600
CAMY AFFE 27 57%, 59% e o F
g detAA S vlEdEE N>M>0>1 £2
2 2% N7 w3 FEA 1o M g S
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Table 2. Properties of Polymers

Polymers 7inh? Tg, C Tm, C
I 0.52 -44 227
il 0.57 -58 238
o 0.61 -63 240
\j 0.69 -76 245

¢Inherent viscosities of the polymers were measured
at 30°C at a concentration of 0.5g/100ml in THF
(tetrahydrofuran).
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Fig. 4. DSC thermograms of polymer I-IV(heating
rate: 20°C/min).

& ¢ dAdH(AALET]E).
3.3. SEH 9 ReE|Hol2E

FHAEY FrelHo)2E S Table 20 $E3}jo
, DSC thermogram& Fig. 4o Jelhlod}. o)
FEA Y] fejdoless $¢4 NV, § n=54n -
76CE M @oken, n=2(F%A [)dde -44
T2 71 2 @& 2k nd 471 $71E43
TR A E=(Tg)7h o Al dasgon, S
I, M8 FAelREE 247 -58°C, -63C it}

3.4. B89 MM
SEAE 49 AAE[y]E 052~0.692 v}e}

ﬁ' D% IE zfﬂ,ﬂ]l:a_.g] Z-)/K‘)E Ux] -‘-"_“'—“:%;]g Table
26 433510,
42 &

A2 siloxane FFAE NLslr) g8 A+
dgto 2 organocy-clesiloxane oligomer[ (R,Si0),,

F5E, 473 433, 1996
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n=2, 3, 4, 5] dimethyldichlorosilane- pyridine
N-oxide Zul| &3} 4] 7§3uF-SA]A linear chlo-
rine terminated siloxane® 4352 0]7< dimeth-
¥l3-A]#  amine terminated siloxane
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G4
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droxysilyl)benzeneg 8F2-A|7# ¥ |52
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71.0% 9 €= FFAEL d%d
2. Main chainol] ¢J&= (R,Si0),94 n=29 &3
A 1 2B 257) AT6CE 7} ¥9ty, n=5

A FHA Ve 485CE 713 & ghe Be 2 5
A7 N>M>O> 12 el ne 471 wﬂ%‘r
el oa $d deE el FE5
O, Mo 27| 2s)exs 27 4787, 480°C ot =
g 600CoAe) AR ¢4 I, 0, 2 Vo
s 27 55%, 57%, 59% 2 60%E HA =9},
3. DSC thermogramo 23-& 2359 ¢zA
o|XEE TEY A n=5du(FHA V) -76T
2 dogten, ¢4 I, O % M9 e
LEE 747 -447C, -58C 2 -63CE vJeh} 2 &
Ae N>M>O> 124 ng $7} 271848 ¢
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