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Abstract — Dimethylsiloxane modified methylsilsesquioxane(MSSQ) copolymers considered asdlectric materials

were tried to synthesized to improve the brittleness by MSSQ alone. MSSQ-dimethylsiloxane copolymers were prepared using

sol-gel reaction after MTCS(methyltrichlorosilane) and DMDCS(dimethyldichlorosilane) were hydrolyzg® iy FHF sol-

vent. The solid phase products, soluble in various organic solvents like THF, MIBK etc., were obtained by washing acid with

deionized water, and the evaporation of toluene. The local structures for MSSQ and copolymers were arlykiadRyy

29Si-NMR and FT-IR. The thermal behavior and curing temperature were determined by TGA, and the loss of the copolymers

having siloxane bonds were almost constant abové@0® was observed frof?Si-solid NMR that D skeletons copolymer-
ized with MSSQ after heat-treatment at 300for 1 h were still remained.
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Fig. 1. Preparation procedure for MSSQ and MSSQ-dimethylsiloxane
copolymers.
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Table 1. Solubility of MSSQ and MSSQ-dimethylsiloxane copolymers
in a various organic solvent, measured at room temperature
with concentration of 10 wt%

Good solvent Poor solvent

THF, MIBK, PGMEA, Carbontetrachloride, Acetone, Hexane, HO
Diethylether, Chloroform, Methanol, Ethanol, Xylene,
Toluene, Benzene, etc.
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Table 2. Molecular weight of MSSQ and MSSQ-dimethylsiloxane co-
polymers measured by gel permeation chromatography; Mn:
number-average molecular mass, Mw: weight-average mole-
cular mass, MWD: molecular mass distribution

Methyltrichlorosilane & dimethyldichlorosilane

R/Si=1.2 R/Si=1.1 R/Si=1.0
Mn(dalton) 4.0710° 5.1%10° 3.96:10°
Mw(dalton) 1.3410% 1.7210 1.18.10*
MWD(Mw/Mn) 3.30 3.38 3.00
Si—CH&
Si—0§
—]
,"““’ ™ ..... kS
_ i |
X . A\
T T T T LIS T LA T

Fig. 2.*H-NMR spectrum of MSSQ copolymerized with 10% dimeth-
ylsiloxane.

Fig. 2= dimethylsiloxane] 10 mol% =¥ A4 MSSQEE%
A2 cDCR H2 F H-NMR 413 2432 Yeldl Zlolt}. 0.05-
0.6 ppn?lA] methyl silicate(Si-C)$] methyl protoril €]t 3H ¥ o]
Azt Fyjolaz Vehly 9lov, 2.5-3 ppmitelall A ¥lwE WA Si-
OHe| He| Hol=r} #2282 F5HA T4 Sri= AR
3 toluene?t THFE= Z+2; 7.1 ppm, 2.1 ppi@ 1.7 ppndllA] #H2E c),
NMR &7} CDCL2| Fo|=x 7.24 ppralld] F-2E 2, Si-OHe) H
E UE BB A 28 9] doju=s Sioh 23S methylene
hydrogen(Si-CH)2] 2H )57} 1.3 pprailA] #2HE2 9lTk6, 7).

Fig. 3& ]33l 24224 dimethylsiloxan& 20 mol% =% 51
Azg 1AL MSSQEFTAS THR 52 ¥ 2Si-NMRS: &4
g 2gEYolt), dvkden HuE(Si) el FHHLE General
Electricrtellx] AAJgk Wg o] wol -85 Sl=d], Spl| A&kd 7]
71R) & the] 23 A (0)2] Akl et D, T, Q502 HAJET,
o & Eof st f71719 shvte] A% A& 7Fd RSI(OSi)(OH)4
T2E Tolaka 32, 5 9] A3 448 3 Y= RSI(OSiY(OH),
o] 2 T3 RSIOSHE TEIZ it} v7IXE 5 719 24719

S — — e
-20 -30 -40 -50 50 70 -80
Fig. 3.2%Si-NMR spectrum of MSSQ copolymerized with 20% dimeth-
ylsiloxane.

Kl
L
k3
o
[~
£
E
0n
=
[
'—
4000 3000 2000 1000
Wavelength(cm™)

Fig. 4. FT-IR spectra of MSSQ and dimethylsiloxane-MSSQ copolyme
ized with DMDCS content.
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Fig. 5. Thermogravimetric analysis of MSSQ and dimethyisiloxane-MSS
copolymerized with DMDCS content.
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Fig. 6.2°Si solid NMR spectra for samples cured MSSQ and dimethyl-

siloxane-MSSQ copolymerized with DMDCS content at 50
for 1 h.

O-Si- A%0.2 WA FAHEQ F3to] Sst] A7l #44, 5 ¢
Zd8H(curing) &= < o] t}[12-15].

-Si-OH + HO-Si- —» -Si-O-Si- + HO 1)

ZHH 600°C71A] S% SAHA Al FA 74 HEE B
MSSGIA dimethylsiloxang] vl&o] F713l FA = S71st
e-g & 4 gk durg o= dimethylsiloxane] = HH H]<E

A 7L vk 7S v 59l defsle siloxane(Si-OH)

€l F7F MSSQI Histe] i oR gael] Ml ehild d A

o} Whg F o} Sl A& STV ddE) 2y 29 e
Az} Ak A3E JeRE itk o)7L dimethylsiloxane-MSSG-

ZYPAANA dF- v AdYgH dlmethylsnoxané 7 EE3E) o] verE A

o= AUFHR AA G A tigxe F5 GRd 48 B3 B
& o]t}

Fig. 62 dimethylsiloxane-MSS@E51S 500°ColA 1417+ G2
& 3 B3 Bgd tiste] 2Sisolid NMRE 43 d3jolr}, go
Fig. 14 dimethylsiloxane-MSSG53141 71 Folu=]o] 2]s] dF-o
dimethylsiloxang| 7} G+-a] H-2ol= B8k oF —20 pprad F-of1 4
vreh s Flo]adA] & = Sl Hiet 0] (CHy),SP17F MSSQE A
SPFEHAl A8t I G At A7 XA FEEA
gk 2Si-NMR 4] A1 9] Fig. 3% Hlwsld T, TP % D' 2%
7F AR AL 25 -Si-0-Si- A%l FAAFEATRE S & 4

jr{m]ﬂrﬂ

2

5 B
4 AHA AER AREE MSSQ] #A43-g st
al %ﬁ*é% HostazAl dimethylsiloxan& MSSQ 0-20 mol% =4
H FEPAE e 1 B A AT v e AES o

sieizel

M39d mM25 20014 4E

LA AR - e - FAe

2 4 AT MSSQHE dimethylsiloxane-MSSG-5 3=
2 dojFov], GPCEA L ZHE £ Fat EAHgo] ok 4,000-5,000
daltore]™ THF, MIBK & <2 7] &afel] -8 &S 7L
2tk 2°Si-NMR, FT-IR &8 2% 2210 2 2E dimethylsiloxane-
MSSQF&TA = -Si-O-Si- A% -Si-OHl 9% Dt ¢ 7%, 72 7=
7t 950 e FHEA, ASHA S5 o] Jew &4 F
THARED-E 0% Ak FE FEFA Y € A2 (curing) &
=¥ °F 300°CAZo]H, MSSQ =% dimethylsiloxang] ko] &
Vs FA AT SU18AL o] @5 Ao 25 #AE
o} 2Eu 500°CA 1417 A Ele FE R =S #Si-Solid
NMRZ #4131 43 MSSQI =43 dimethylsiloxanel] 2]t D 7%
7F o8] st 3

IR,

7 Al

£ 7= System IC 20103-7H] Xl 2&) PP o, o]
PAE =P

1. Volksin, W., Cook, R., Furuta, P., Hawker, C. and Yoon, DIi4t.
Res. Soc. Symp. Prp611, 39(1998)

2. Cattien, V., Nguyen, Kenneth, R., Charter, Craig, J. Hawker, James,

L. Hedrick, Robert, D. Miller and Mikael Trollsaschem. mater
11, 308(1999).

3. “The Present Condition and Prospect of Silicon Industry in K&las;

tic Sci., March(1998).

. Rapid communicationl. Poly. Scj 33, 771(1995).

. Lee, E.-C. and Kimura, YRolymer Journal3, 234(1998).

.Hong, J. and Yang, Jl. Korea Ind-Eng. Cheml0, 275(1999).

. Konama, S., Hiroshi, I. and Takahisa, Journal of Poly. Sci 18,

2357(1980).

8. Brus. J. and Dybal, FPolymer 40, 6933(1999).

9. Loy, D. A. and Shea, K. JChem. Reviews95, 1431(1995).

10. Baney, R. H., Itoh, M., Sakakibara, A. and SuzukiChem. Reviews
95, 1409(1995).

11. Zeldin, M., Qian, B.R. and Choi, S. Journal of Poly. Scj 21,
1361(1983).

12. Chua, C. T., Sarkar, G. and Hu, X.:Electrochem. Socl45, 4007
(1995).

13. Mikoshiba, S. and Hayase, $.:Mater. Chem 9, 591(1999).

14. Hacker, N. PMRS BULLETINOctober(1997).

15. Li, D. and Hwang, S. TJournal of Applied Poly. S¢i44, 1979
(1992).

~N o 0 A



	Methylsilsesquioxane-dimethylsiloxane 공중합체의 졸-겔 합
	이정훈†·석상일·진문영·서태수·홍석인*
	한국화학연구원 화학소재 연구부 *고려대학교 화학공학과 (2000년 9월 27일 접수, 2

	The Synthesis of Methylsilsesquioxane-Dimethylsiloxane Copolymers by Sol-Gel Process
	Jung Hoon Lee†, Sang Il Seok, Moon Young Jin, Tae Soo Suh and Seok In Hong*
	Advanced Materials Division, Korea Research Institute of Chemical Technology, Taejon 305-343, Kor...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 고찰
	5. 결  론
	감  사
	참고문헌



