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ABSTRACT

Development of New Dendrimer Type of Crosslinking Agent:
Synthesis and Optical Characterization of

Polysiloxane-Based Hybr imer

Kim Jong Jun

Advisor : Prof. Sohn, Honglae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

phenyl-vinyl-oligosiloxane (PVO) resins have been was synthesized by
nonhydrolytic sol-gel condensation process from the reaction of
vinyltrimethoxysilane (VIMS) and diphenylsilanediol (DPSD). Barium hydroxide
monohydrate was used as a catalyst and promotes the direct condensation
reaction between the methoxy radical of VIMS and diol radical of DPSD from
siloxane bonds. The 1,3,5-tris(dimethylhydrosilyl)benzene (TDMSB) as
crosslinking agent was synthesized through the /n situ Grignard reactions of
1,3,5-tribromobenzene with chlorodimethylsilane. The synthesized PVO were
thermal cured with a cross—linker, TDMSB, through a hydrosilylation reaction
under a Pt catalyst, Platinum cyclovinylmethyl-siloxane complex (Pt%
[CH=Ch(Me)SiOl4). The resulting polysiloxane-based hybrimer has a high
refractive index of 1.57 and good transmittance of 97 ~ 98 % at 460 nm,
after thermal curing at 180°C for 2 h, which is the most important optical
properties for the photo—extraction efficiency of LED encapsulant
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2. Experiment

2. Generals

o

1.

&2 standard vacuum line Schlenk techniqueE AIESIRCH 2= 3t
gtde o222 ot AESIACH.  Dichlorodiphenylsilane  (97%) 1t
1,3,5-Tr ibromobenzene (98%) , Chlorodimetylsilane (97%) ell
hexaphenylcyclotrisiloxane (98%)2 Alfa aseariiAd 2 otA20 =ItEQl HA|
210l AtESotRUCEH. Magnesium (Powder, Mg, 9%)= WAKO PURE CHEMICAL
INDUCTRIES LidOIA TSt AISotAEH &S0 AFZE8H Magnesium sul fate
anhydride (MgSOs, 99%), Sodium bicarbonate(NaHCOs, 99.5%) Tetrahydrofuran
(THF), Toluene, Diethyl Ether, n-hexane, xylene2 OCIOIA S0 AISSHYA
Ct. S2O0HS2 O0t=22 ot0l sodium/benzophenoneS AFZEGHN 24A12F 014 & & Al
2l & AFESHACH. el barium hydroxide monohydrate(Ba(OH)~H:0, BH, 98%)=
AldrichOll Al R&GHQACH. Platinum cyclovinylmethyl-siloxane complex (Pt®
[CH=Ch(Me)SiO]4, Pt catalyst)2t Vinyltrimethoxysilane (VIMS)2 @&CIOIZ2I
A T35t AFE3HALCE.

I
ﬂIZ

10
[

[
=

2.2. Synthesis

2.2.1. Preparation of Phenyl-vinyl-oligosiloxane

2.2.1.1. Synthesis of diphenylsilanediol (Compound 1)
BtE ZXAHE scheme 101 20HFQUCH. 27 Z2tA3 (2L)W &F2 800 mLet
Sodium bicarbonate 50 g (NaHCOs;, 78.7 mmol)S €10 WBHAID{ 23| A2
Ct. g e dg3822 o8 HM=2(0TrT)ez 492 A2 F,
Dichlorodiphenylsilane (DCOP) 75 g (Cl2Si(CeHs)2, 39.5 mmol)E Dropping funnel
Ol Fof &&S| EILAIZICH. EOF 22 H BtS0| 283 22 AII1I] Rloll &
A2 & W82 SXIeCh. 8t80] =& Diethyl Ether 1 LE &EJtot 4

d=2S FEGL 22 ZMIIE A8 SIS FHethh, 20d ||

=

o
(=)
[—

Ol
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Magnesium sulfate anhydride (MgS04)E OIEd =22 =25 HMHold K5y Z
WIS AIEcH GWAIZICH. GOt 22 5ol JtZate E0H(Diethyl Ether)S
245l HMHGILD TolueneS AtEdl MAFES AASHCH FBSHECZ2 A
Diphenylsilanediol (DPSD, Compound 1)& His Z2 WMo ZZo=z LHT2H
+82 80 %0ICH. 20{Z DPSDSl H-NMRZH “C-NWR GIOIEl= CHESIDF 2:CH 'H NMR
300 MHz, CDCls) & 7.74-7.68 (m, 4H), 7.48-7.36 (m, 6H) 2.78(m, 2H), "C NMR

75 MHz, CDCls) & 134.5, 130.8, 128.2.

"\aH(O

(
(

<Compound 1>

Cl—=8i— 1 H0 HO—S8i—O0H
2. Ether
C1aHppCloSi C12H 120281
Exact Mass: 251.99 Exact Mass: 216.06
Mol. Wt.: 253.2 Mol Wt.: 21631

Scheme 1. Reaction scheme of Compound 1.

2.2.1.2. Synthesis of Phenyl-vinyl-oligosiloxane resin

(Compound 2)

BIS A2 scheme 20l 204==UCH. 100 mL JtXIE&el S2HA 0 OPSDLE VIMS
72l BHE 22t 15 g (0.07 mol), 10.28 g (0.07 mol) 2l 0.026 g(0.0001
mol)E EO&tCt. & CS oil bathE 80T &2 DNHTILD 24A12tS0H &3
wWE AIZLH B2 28 =, OlMIE 50 nLE AEol 2H HOIHZ UE A AlGH
0 (2 2 ofoll JtEs6te 2a=Eel HEtEsS =806l MoHsCH &

K= silica gel2 AEg ZE IAZ0IEOHIE ot H HIH Elis
[e]

Acetone2 AIESIRALCH. OHAESZ A KRI| Z20HE 22 o0l JiEstd HA
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Scheme 2. Reaction scheme of Compound 2

2.2.2. Preparation of 1,3,5-tris(dimethylhydrosilyl)be-

nzene (Compound 3)
1,3,5-tris(dimethylhydrosilyl)benzene (TOMSB)= OI&O E0E &2
i ZHISACH "™ Br2 ZAE scheme 301 2O0IFACH. 250 mL JFXIE
E ol2xz2oz Xl#s&t G20l Magnesium powder 4.7g (0.2 mol,

THF 20 mLE &Eototl 2 1AI2E et wBk  AIZICH
Chlorodimethylsilane 12 g (0.12 mol, 4 eq T

£ dFal FIOAZO. &I 2258 02 st Wbt =
1,3,5-tribromobenzene 10 g (0.03 m I)%
magnesiumOl A= BHSII0l &S| HIt

SAAIZICH. BHSO0l &2 ottll SO0HE &&3ol HHGHL) n-Hexane
mLE OG0 & 302 St whk AI2ICH Jdelld |34 ZUJI2t Z2H HOIHE
0I23I0 O tAIZI CIS o2 2+ otol JiLstd E0HE MOAstCH. 00 Al
ilica geldt MIHNEBOHZ n-hexane2 O0|&E3dtH Z&
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S 2oLt 482 40~50%010{, YA MAH=20 S H-NMR2 “C-NMRS Ct
2'ChH. H-NMR (300 MHz, CDCls) & 7.73 (m, 3H), 4.46 (

BC-NMR (75 MHz,

<Compound 3>

PVO =Xl 2

0l0
- H

(0]
T

m, 3H), 0.36 (m, 1
CDCls) & 144.5, 143.5, 140.7, 139.9, 139.8, 131.2.

Br SiMe;H

Mg, CISiMe:H
SR B BRS wp
THF

Br Br HMe3Si SiMe;H
C5H;Bry €12 Hay i
Mol Wt.: 314.8 Mol Wt.: 252.58

Scheme 3. Reaction scheme of Compound 3

Fabrication of hybrimer resins using TDMSB as

crosslinking agent (Compound 4)

PVO ==XI2t TOMSB= Pt Z0HGHN =aA7ASH BtS2S Sol MESE
A Xl= polysiloxane 2182 hybrimer2 &4& & Xl= scheme

got TOMSB 0.56 g2 & EgAl2l O& Pt =0H(Platinum

cyclovinyImethyl-siloxane complex, Pt%[CH=CH(Me)Si0]s)Z &5t CHAl &

SEAIAH 2ot Z2I1E 286l MASCH. 2l hybrimer 28

otJl <ol =l

2 ZTHlolD, RAAZ2RH £=XE
risiloxane (HPTS)©2 HEHES DEGIYUCH. OlEAH 2HENHE |
2

S 3
2 =, 180CHA 2AI2tS2H E BEt

_6_

Collection @ chosun



<Compound 4>

Q@ \Sl Q Sie,H T g
of OO ) b = B
0H>;;i .:‘0 S};@ n-:}“%‘ﬁgé ¢ }HﬂinQ
# @\0&1 ;0_/Si\ =1 Pt catalyst _ﬁ/_ \s{\f m
g ‘0\Si O\Si Rt T il Heat-treatment ! ) , Q@f h@ Ly
R, g )‘0’6@ C12H2.4$i3 il]i{h‘}:f éﬂnﬁ%l OS:H:
ola) J Mol. Wt.: 252.58 @ s O @ =1 C
<Compound 4>

Scheme 4. Reaction scheme of Compound 4

2.2.4. Fabrication of hybrimer Thin film using TDOMSB as

crosslinking agent
S MZ35III6H PVO X, TOMSB, Pt catalystE E&AI2!

U 22 8o 2 F=H|otD xylenedt

rion
N

hybrimer 2+t
g eH

0
o
>
e
KL
o

M= hybrimer resin2l 2

10:12 FSCH. el Aelz AO0IH 20l 3000 rpm2 30= Ol

(spin coating)otRULCH. 22 YEHO=Z spin coatingst MEE 3J| otol 180TCH
A SHAIZCH

A 2AI2H So & &

_7_
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3. Results and Discussion

3.1. measurements

MEO| EE82 UV-vis spectrometer ( UV-2401 PC, Shimazu)E O0IE56t0 20O
Ho0i 2&HEE2 Spectroscopic Ellipsometer (M20000, Woollam)Z2 HHEN HE =
HFES SJOALH. BT TS A2 A FE AIFIQ LS Durometer
(GS-702N) 2 AI23I0I =XGIQUCH. E8F H-NMRD °C- NMRGIOIE = Bruker AC-300
MHz spectrometer £ = off 2O JLCH FT-IR AHEHZ2 diffuse

reflectance(Spectra-Tech diffuse reflectance attachment)&&lS

Nicolet model 57002 Ol3dld =& o, <& H =S4 (TGA, thermal

Hwegd=s =ZotJl?lol AIEERUCH

ol=st

10

0

gravimetric analysis)2 hybrimer2
SEM(Scanning Electron Microscope, JSM-840A)2 Polysiloxane JI18HS| hybrimer gt

2E 0o Rol AFSEAUTH

3.2. Synthesis and Characterization of Phenyl-vinyl-

oligosiloxane (PVO) resins
PVO £XO &t5tM0l BA 2= Scheme 11 20il LIEFLHQICH. S PVO

=

Paa

e

i
w4
A

st&ot=0l Z st S ys(Rell Diphenylsilanediol (DPSD)2 =

N
ol

Dichlorodiphenylsilane2 chlorodt 1t BtE6F0 hydroxylationO] 0Lt
OIEEAIDIZ XIEECH Ol B2
FH SSHAIRLCH B 2 &, 290

SOIGIACH. Phenyl-vinyl-oligosiloxane (PVO) resins (Compound 2)2 &

=

=
4T 0

= MHE = HCI2 sodium bicarbonateE
MH=22 H NRZE BC-NMRS E56t0 BrS

ol
Bl 0|

i

3

A Vinyltrimethoxysilane (VIMS)2F  Diphenylsilanediol (DPSD)S Bariu

hydroxide monohydrate (BH)GI0l 1:1 = HIE2 AIE6t0d Hl Ji=2d &-& =&
Bt2o =2 SHAZUCE. 0l BH= VIMS2H DPSD AHOIS| HI Ji==20dl =-2 =getes
EXAI = IS ol = silane2 0.1 mol%2 AF2oIUCH. HIJbzx= =-2 =g

_8_
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a

r

DPSD2H VIMSOIl A= SHOISS Al (-0H) 2 BISAIDl (-OMe) AtOI2l =g

=
Eoll 24t=Q2l methanol 0] MA T HA siloxane bonddt E &=L, Alcts
A

010 0[0

s

S
10
z

P JHR2E oil HEHZE SO/ ESH

=
Ct. PVO ==XI2 =Z2E2E2 1.542

i

3.3. Synthesis and Characterization of 1,3,5-tris(dim-
ethylhydrosilyl )benzene (TOMSB)

1,3,5-tris(dimethylhydrosilyl)benzene(TOMSB, Compound 3)2
Chlorodimethylsilane2 At&8t /n situ Grignard BtSES Sol SHEDUSH
Chlorodimethylsilane2 PVO =XI0 QU= vinyl IASH =27zt BH2
(hydrosilylation reaction)2 <ol SLEIRUCE. Ol B+S2| mechanisme CtSt
ZCt. 21K MgOl ChlorodimethylsilaneOllAd &IIS&EEIE 2 ClIOl 2o F2HE2
2 YFEE = S AN MAHES =D MoMgtol S0 0= olsh Si KXt
142l MXE JHXlE radical EEHZ2 ZMGHH S Si radical ion2 CI™ 2t Mg™

0l BtESotHAM R-Mg—X EEHQ! Grignard agentJt ECt. Ol &EILEl= TBBOI U=
Br= Grignard agentJt SAGIHAN =S MA=02l TOMSBIOH L XIH = Ct. TOMSB
o 82 0if= H-NWMR CIOIEIOIA & &tolg 4 UCH 1,3,5

(TBB)2l benzene ringOll U= 3HIt 7.61 ppmOIA LIEFLEXISH B =

ppm2 2 0|=0ot) 4.46 ppmUI MLl Si-H & 12l 0.360l A Methyl 1&0l LIEL
Lb &A5] 2 4 QUCH. £33 IR OOIEMAS 2100 om 'Ol Si-H groupS &tHQI&t
= QUCH. 2H& TMOSB= IHRStL) FHEH MUK SHEHOIH TOMSBL =ZEE=2

1.570201 % Ct.

tribromobenzene

o
|_|'6

_9_
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3.4. Synthesis and Characterization of hybrimer resin

using TDMSB
3.4.1 thermal curing of hybrimer via hydrosilylation

reaction

18 12 Polysiloxnae J18t2| hybrimer2l MPHEOI SIHEX 2t&olH EHE
Ct. hybrimer =X& 0N &4&8 PO =X TOMSBE Platinum
cyclovinyImethyl-siloxane complex (Pt%[CH,=CH(Me)SiOls;, Pt catalyst) =0 &t
OlM E AStAIZCH hybrimer =Xl= =0{ ot0l PV0OSl vinyl 1S3t TOMSBS
Si-H & AO0I9 =A7A438E BtS(hydrosilation reaction)S &

SAHLS 1 wt. %= AISOIUCH. &£t 2EE 150, 180T
[¢)

O

Ct. S0 &2 gS=

M 22 Z3st =, hardness, Transmittance, IR S22 Soll Bt HFEE &0l

CISiMe2H &

2,180
- _—> Iyb
T o \
s
(“vnis |

& 1. Procedure of polysiloxane—based hybrimer using TOMSB

JEXIAH QI TOMSB2!l Si-H

S ols A QOM Lat
| =0l 1600 cm 'OIAl LIEFLEX]
2lJF A= PV0e

_10_
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hybrimer2l hardness JdHEZE E0HF=0 150CECH= 180CHAM Bst

1

0l

OtXItez O 3 (top) OIME

= UULCH
M Fu=0l

oF
=

oI
o

)

o

3t

=
[a—

=4l 0ol

A LEEHLE

=
IT
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S0l et
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—FPH(s)

——Oligosiloxane+TDMSB

Intensity (Arb, unit)

(A)

(Si-H) group
~2120 em't
— e
2200 2150 2100

Wavenumber (cm?)

—PH(s)
=== Oligosiloxane+TDMSB

phenyl grou
~1592 ecm™1
Vinyl group
~1600 em™

Intensity (Arb, unit)

(B)

1620 1615 1610 1605 1600 1595 1390 1585 1580 157

Wavenumber (cm )

h

& 2. FT-IR data of Polysiloxane-Based Hybrimer after(blue)
before(red) thermal curing.(A) Si-H group, (B) vinyl group.

_12_
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2 3. (top) Transmittance of Polysiloxane-Based Hybrimer after curing at
180°C and 200C. (below) Hardness of Polysiloxane-Based Hybrimer
after curing at 150C and 180C
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Shimazu)2 AI25t0 EUES

3.5. Optical properties of hybrimer
3.5.1. Transmittance

hybrimer resin2
22 800~200 nm 2o IEUAM

=XHoI%0. ENEsE2
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3.5.2. Reflective index
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Figure 5. Ellipsometric data of Polysiloxane—-Based hybrimer thin film.

(inset: SEM image of hybimer thin film on silicon wafer)

3.6. Physical and Thermal properties of hybrimer resin

3.6.1 hardness
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Figure 6. TGA curve of Polysiloxane-Based hybr imer

3.6.3 Yellowness and Transmittance of aging for 24,48,72
h at 180, 200C
A 2= (Yel lowness)= &2 QISH MEG XS LUotH SXHe =ERE E4
= OILIOICH. &3 AIEII =283 Els2 Btdldiold BHiHE 9 AIH =0 A
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Figure 7. Transmittance of Polysiloxane—-Based hybrimer after aging for 24,
48, 72 h at 180C
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Figure 8. Transmittance of Polysiloxane—-Based hybrimer after aging for 24,
48, 72 h at 200C.
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Figure 9. Transmittance and Yellowness interaction of Polysiloxane-Based
hybrimer after aging for 24, 48, 72h at (A) 180°C and (B) 200¢C
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0 70M 2 4 AS0l 180THAM RASAUS O A0l NLA= BE St
S0l 2482 2 4+ A0k DAL O X0IS 3U2 0.5%0 A4 BAOH O
=2 200C(02 8)MAES 72h 2, 2.1%2 &2 X0IE 2OEACH. 12 90
BOFES0l & XA 25 SNS0| LATLS HAE BEILI SoES ¢ 4
UCH 2Lt BEX4O Biats R Z2H 200C9 DR0IA ZH2A SN0

Table 1. Transmittance and Yellowness interaction of Polysiloxane-Based
hybrimer after aging for 24, 48, 72h at 180C and 200C

Aging time (hour) 0 24 48 | 72 0 24 18 | 72
Initial 4.83 | 4.83 1 4.83/4.83| 3.52 | 3.52 | 3.93 3.91
Aging 483 | 5.66 | 6.08/6.85| 3.52 | 7.8 |9.528.53
Transmittance (460 nm) | 96.97 | 96.62 |96.46|96.47| 98.04 | 96.31 |95.51/95.12
Temperature (TC) 180 200

Yel lowness
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4. Conclusion
Dichlorodiphenylsilane(DCOP)S =1t BIZSAIZISZM Diphenylsilanediol
(OPSD) = StH&otUS M, 48t DPSD2F VIMSES batium hydroxide monohydr
ate (BH) ol0ll 22X S22 Phenyl-vinyl-oligosiloxane resinS & &6t
SCH.

ron

2. 1,3,5-tris(dimethylhydrosilyl)benzene (TOMSB)= 1,3,5-tr ibromobenzenelt
Chlorodimentylsilane AFOI2l jn situ Grignard BtES Soll SHCIUCH,

NMR, IR 2 Z46tRULCH.

3. Polysiloxane 2IEt2| hybrimer= Pt =0H(Platinum cyclovinylmethyl-silox—
ane complex, Pt%[CH=CH(Me)Si0],) GtOl &8 PVO £=XI2 TOMSB AHOIS| 2

iz BHSE Sol MEZE AL

roh

4. Polysiloxane 2182 hybrimer= 180COIAM 2AI2F S¢t &€ JSIF 2= H,

gsS = FT-IRY BEE =HE2=ZMN &g = JURULE.

5. L8t MZ& hybrimerel &s S E0oH)|?oll =228 FUES =E

ot =HE =ZE2 586 nmOllA 1.580IH &&= 450 nmel LHEOlA

6. & EH= =OIoD|/ol TGA, 180 L= 200CH A BX = &
owness SAHOIUCH. TGA datall LIEILISO0l 5 wt% & 2AJF 351 CUHAM L
EILIH Ol= 180C &= 200CHA Xl = EUlg YHIHA A 95%2 =
J

EUs0 SHEN W2k ME= polysiloxane 2182 hybrimerdt =2 U
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6. Appendix
6.1. H-NMR and '"*C-NMR spectra

Figure 10. "H-NMR spectra of Compound 1.
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Figure 11. BC-NMR spectra of Compound 1.
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Figure 12. "H-NMR spectra of Compound 2.
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Figure 13. "C-NMR spectra of Compound 2.
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Figure 14. 'H-NMR spectra of Compound 3.
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Figure 15. BC-NMR spectra of Compound 3.
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