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Synthesis of Polyacrylates Containing Si, Ge and Sn for High Refractive Index
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33t J—"/‘rakxﬂi 77} =2 triacrylate (Trimer) & ARE31e] 0% o531 2dE25E ddEA
THES ARKISITE o+ A3E PhsSi, PhsGe, PhaSn 217} ol 28 1324} BE2] SHES A7) 7o
3l5aL o] AlZrkrel] vlsf ot & 7ol = YeRth T4l o3t 28E Y E7= BusSne =Yg 4
¥}¢} aliphatic acrylate®] w2 B} WEsHA ISEICh =497 3o e Ak
¥ ol=mE EARe] FHES 589 nmellA] 1.671% A4 SA=CE 74 o= 65
AE st FdEo] BRI

AQE

& 0]-g3}9] PhySnS7t =4
6, 830, 1310, 1550 nmel

Abstract: New seven acrylic monomers with covalently bonded silicon, germanium, and tin were prepared
for high refractive index materials. The monomers were copolymerized with a cross—linkable comonomer
(Trimer) to prepare UV—films for optical characterization. The refractive index of the copolymers increased
in proportion to the monomer content and extrapolated to determine that of homopolymer. PhsSi,
PhsGe, and PhsSn groups contributed to increase the refractive index of acrylic polymer, in which PhsSn
was more effective than PhsGe. The index increment confidently occurred with BusSn attachment in
comparison with aliphatic acrylic polymers. PhsSnS—attached acrylate polymer showed a refractive index
of 1.671 at 589 nm. The index change was similarly observed at various different wavelengths (656,
830, 1310, and 1550 nm).

Keywords: high refractive index, germanium and tin attached acrylate, PhsSnS—acrylate, acrylic polymer
film, UV —polymerization.
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28 FrakE Awo] A9 e FHES 29 Jovt ek
71842 79 e Fahlel =9late] FHE F71E ek W
W wol ATE] 3 gkt B Aellxi= o]l 7o) Wi ¢le]
THATE 55799 AREE ol g3t FU1ERS] S2EES A
7|12} sttt} f71E59) sk BEodid o s nr) oHdH TEst
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A2k A slekpx BA 23 ARE BE Aok Sigma—
AldrichAERE T390 A §lo] ARSI 758l tetra—
hydrofuran (THF) &} WlAl& NaZ g#|sle] AR&-8193t) Trimer
(1,1,1 —trimethylolethane triacrylate, cas. 19778—85—9)+= Che—
mopticsAFERE ufjsto] F71 Al glo] AResglth §7d%
Age] gfehrz #l14 VARIANARS] Mercury 300 MHz NMR-<
ARgEglom, SvE CDClsE ARSete] S7319a, 7HA1gA Y
9 248 542 IFHE 5740] 7Fs¥ = Abbe refract—
tometer (DR—M4) & ARE314] 20 Colld F43183c) 12A] BRate]
=4E 9L 99 124 A5 (Cargille Labs, np=7.85)= AM-
Sk A9 Gojo] wHE-2 AFg 3l Prism coupler (SAIRON
Tech, Korea) & ©l-83f] S4a3ict #4sh= Akl 45171 Dr.
Hoenle. AG, UVACUBE 100) & AR3FaL Aa 2304 ¢F 5
1 ZARRISIT

Ch2h| $+A. 2a: Triphenylmethane (2.44 g, 10.0 mmol) < F
=gl THF (30 mL) o] AAxzIsellA] Fo)a =78 T2 55
FABI ek 23R E 2 E (1.6 M in hexane, 6.88 mlL)S 3]
H7kslar oF 1087 wHkEkiT) Copper(D) iodide(2.1 g, 11.0
mmol) & ¥3sh= F<F THF (10 mL) 7} & 100 mL Z2}~35
st =78 CollA flellA 818 898 55 cannulas &
stod H7FeFITE. —50 CellA] oF 30+t wHE % methyl acrylate
(1.80 mL, 20.0 mmol) & AA3] A7kt & 25 0% A
AL 1A RE 3 53 3715kl ethyl acetate (EA) & ©]-83)¢7
FEIRlTh AeipbdE oléshs AHazEvtETHnE YAE st
&1 o1& THF (40 mL) ©f| )32 lithium aluminum hydride (LiAlH,,
044 9 & 7RISt Aol 3027 Rk & &7 10% GAks &k
g2 21 ¥h3-S £330t} Ethyl acetate (EA) 2 F53810] 9&
LAE T MeSOsell Yol 25 AL Aol Suis 7
sl AAsI] 1a(36%, 1.09 g)< A=nkETeiu]2 Fefsielct. o]
2+5-2-(0.91 g, 3.0 mmol) < dichloromethane (MC, 10 mL) ol =
©]1l triethylamine (0.5 mL), methacrylic anhydride (94 %,
0.53 mL), N, N—dimethylaminopyridine ODMAP, 25 mg) < =}
#= H7Isto] WEEAIZATE A2elx] 12417 wRE & MCE #3]|1 &
2 23] A} 7155 MgS04= st A% 53l 553
ek A7 o8k AAErHE 1995 EA/hexane (1/7,
v/v) A7NEulE o]&sle] 2a(90%, 1.0 g & &It

la: "H NMR (300 MHz, CDCl3, ppm): §7.10—7.35(m, 15H,
Ar—H), 3.62(t, 2H, O—CH2, 2.63(m, 2H, O—CH:CH>), 1.42
(s, 1H, O—H), 1.39(m, 2H, C—CH>).

2a: "H NMR (300 MHz, CDCls, ppm): 6 7.05—7.35 (m, 15H,
Ar—FH), 6.18(s, 1H, vinyl—/), 5.58(s, 1H, vinyl—H), 4.16
(t, 2H, O—CH>, 2.64(m, 2H, O—CHzCH>, 1.98(s, 3H, vinyl—
CH3), 1.42(m, 2H, —CH2). '*C NMR(CDCls, ppm): 6 167.5,
146.5, 136.2, 129.5, 128.1, 126.0, 125.2, 64.6, 56.1, 36.4,
24.8, 18.1.

2b: Chlorotriphenylgermanes LiAIH,Z SAIA 9L tri—
phenylgermanium hydride (1.52 g, 5.0 mmol) & NaZ ZA¥
HlA (20.0 mL) o =93tk Methyl acrylate (1.80 mL, 20.0 mmol)
9} ek triethylborane (2.0 mL, 1.0 M in hexane) & ¥ &
7oK 3A7E Bt I o]8dto] S&el V|EE AR
th. Triethylborane (1.0 mL)& T 92 th& 5213 B 3715 A
2J3}e] triphenylgermanium hydride”} €438] Algbas vbat o
ZrlETHIE Bl GRASE AYstels] Sl 55 3s] Al
skl =& 37kl EAR S35l 559 245 THF(20
mL)°l| *50]3L lithium aluminum hydride (LiAlHs, 0.22 )& 7}
SSATE. ZdeollM 3043 ik 5 E3} 10% BAke ARE Har i
o= THISITE EAR FE38t0] 92§58 F MgS0O, o] &
& AL §e AtelA &g FR3te] AlAsI] 1b(72%,
1.31 9 ARnE YR Rejaldr) o] ¢7L(1.31 g, 3.61
mmol) & MC(11 mL)°l 9] triethylamine (0.6 mL), meth—
acrylic anhydride (94%, 0.63 mL), DMAP (25 mg) & 2[d= 3
71310] HESAIALE Aol 12A17F Wit & MCRE #3352 2
3] AT} 7155 MeSO,E Alatar A% SRFate] sF3isirk
AFHE ol gsh= API=vETH9E EA/hexane (1/10, v/v)
ANEE o] g3t 2b(92%, 1.43 g) & F2l8kSith

1b: "H NMR (300 MHz, CDCls, ppm): &' 7.44 (m, 6H, Ar—£),
7.35 (m, 9H, Ar—H), 3.62(t, 2H, O—CH>, 1.78(m, 2H, O—
CH2CHY, 1.57(m, 2H, Ge—CH>, 1.51(s, 1H, O—H).

2b: 'H NMR (300 MHz, CDCls, ppm): &' 7.42(m, 6H, Ar— ),
7.25(m, 9H, Ar—H), 6.15(s, 1H, vinyl—A), 5.58(s, 1H, vinyl—
H), 4.16(, 2H, O—CH, 1.98(s, 3H, vinyl—CHy), 1.84 (m, 2H,
O—CHyCH?), 1.57 (m, 2H, Ge—CH>. *C NMR(CDCls, ppm): §
167.4,136.9, 135.1, 128.5, 128.0, 125.1, 66.2, 29.9, 24.2, 18.1,
10.0.

2¢: Triphenyltin chloride® LIAIH = 31510 A2 triphenyltin
hydride(1.76 g, 5.0 mmol) & NaZ ¥ d4(20.0 mL) ol =
Atk Methyl acrylate (1.80 mL, 20.0 mmol) £} Z7iEk2] triethyl—
borane (2.0 mL, 1.0 M in hexane) & ¥ % AF20 A7 H<k
75 o] gslo] gollge| 712S YWIAIFLE Triethylborane (1.0
mL) & 1 Y& vk 1ARF B 3715 #2ls}o] triphenyltin hydride
7} s ARRS v g 2ekE 9] Fa 1T Al
A gl 5 gkds] AASE & B2 AVlekal EAR =3Il 1b
AT SAKHA LIAIHLE 393819 1c(61%, 1.25 905 92
methacrylate 54 84 W02 2c(94%, 1.37 90 & AJck

1c: "H NMR (300 MHz, CDCls, ppm): 67.42(m, 6H, Ar—H),
7.30(m, 9H, Ar—H), 3.62(t, 2H, O—CH>, 1.92(m, 2H, O—
CH2CH»), 1.48(s, 1H, O—H), 1.42(m, 2H, Sn—CH>).

2¢: 'H NMR (300 MHz, CDCls, ppm): 67.42(m, 6H, Ar—H),
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7.30(m, 9H, Ar—H), 6.09(s, 1H, vinyl—A), 5.55(s, 1H, vinyl—
H), 4.12(, 2H, O—CH>, 2.01 (m, 2H, O—CHxCH?), 1.97 (s, 3H,
vinyl—CHy, 1.48(m, 2H, Sn—CFH). "*C NMR(CDCls, ppm): &
167.4, 138.0, 137.1, 129.2, 128.5, 125.1, 67.0, 25.9, 18.2, 6.5.

2d: Tributyltin hydride (2.91 g, 10.0 mmol) & NaZ AA|¥
A1 (40.0 mL) ol =53tk Methyl acrylate (2.25 mL, 25.0 mmol)
o} ZvllEFe] azobis (isobutyronitrile) (AIBN, 0.16 g)& ¥ 30%
F ALEE o] 83l £ AAE AASIIYE 25F TIske] 16
AIRE FAZICE o] % 1b F747) fAksE i o= LIAIHGE ARS8t
o] 4FL2- 1dd7%, 1.64 g0 & I, methacrylate 54 43
HES-© 2 2d(90%, 1.76 ) & ATt

1d: 'H NMR(300 MHz, CDCls, ppm): & 3.62(t, 2H, O—
CH>), 2.02(br, 1H, O—H), 1.75(m, 2H, O—CH2CH>, 1.42(m,
6H, Sn—CHxCH>CH>-), 1.31(m, 6H, Sn—CH>CH-—), 0.89 (t,
9H, CH», 0.81 (m, 6H, Sn—CH>).

2d: "H NMR (300 MHz, CDCls, ppm): & 6.14(s, 1H, vinyl—
H),5.75(s, 1H, vinyl—H), 4.09(t, 2H, O—CH>, 1.93(s, 3H,
vinyl— CH3, 1.82(t, 2H, O—CHyCH>), 1.42(m, 6H, Sn—
CHsCH2CH7), 1.31 (m, 6H, Sn—CH2CH-), 0.89(t, 9H, CH>),
0.82(m, 6H, Sn—CH>).

4a: 2—Hydroxyethyl methacrylate HEMA, 1.30 g)-& MC
(25 mL) ol =01l triethylamine (1.67 mL) = 7FsIAch A2
oA chlorotriphenylsilane (96%, 3.38 @)= ¥l 2A17F wHkslSl
th MC(150 mL) & 9ol F3|1 &2 A3tk 47158 MgSO=
Astar A9t SH3te] EE3ISaL HEES Flslo] AEES 4
=3Ielnk AN uAEAS ekl a8 (40 C, 10 torr) oA
1AIZE -5<_F 1331 4a(95%, 3.7 9 & LStk

"H NMR (300 MHz, CDCl, ppm): 57.62(m, 6H, Ar—H), 7.41
(m, 9H, Ar—H), 6.05(s, 1H, vinyl—H), 5.54 (s, 1H, vinyl—H),
4.32(t, 2H, CO.—CH?), 4.04 (t, 2H, SiO—CH»,1.95(s, 3H, vinyl—
CH>.

4b: 2—Mercaptoethanol (0.35 mL, 5.0 mmol) ¥} triethylamine
(1.46 mL)<= MC(20 mL) I s5o]a1 Z2eA 2.1 F=<] chloro—
triphenylsilane (96%, 3.22 g)< 7}t the 2A17F BEEA|HTH
methacrylic anhydride (94%, 0.87 mL) & ¥-2 § 22004 4A|7F
WRIBIGIT ofwf MCE #3]1 ==& 23] Atk 77155 MgSOy
2 Aelstal A% Tste] 553I3itk EA/hexane (1/7, viv) < ©|
gafo] W Ay azntE T E AAEe] 4b(97%, 1.54 90 &
gk

"H NMR (300 MHz, CDCls, ppm): §7.65(m, 6H, Ar—H), 7.44
(m, 9H, Ar—H), 6.08(s, 1H, vinyl—A), 5.59(s, 1H, vinyl—H),
3.94(t, 2H, O—CH», 3.19(t, 2H, S—CH»,1.97 (s, 3H, vinyl—CH3).

4¢: 2—Mercaptoethanol (0.35 mL, 5.0 mmol) ¥} triethylamine
(1.46 mL)= MC(20 mL) of] 0] 724 2.19%] triphenyltin
chloride (95%, 4.26 g) & 3713t & 243§ HESAIFTE Meth—
acrylic anhydride (94%, 0.87 mL) S Y& & Ak&ojlx] 4A|7F wHE
SI33L, MCE H31 F &2 23] A%t 77155 MgSOs= A3t
I AR TR FEITE EA/hexane (1/7, v/v) = o83}
2 APazEntE Y9 E AAste] 4c(97%, 2.41 @) & 28t

EZ2|H, A34¢W A6%, 20103

[e]
E3E

F=g

"H NMR (300 MHz, CDCls, ppm): §7.65(m, 6H, Ar—F), 7.46
(m, 9H, Ar—H), 6.05 (s, 1H, vinyl—H), 5.53(s, 1H, vinyl—H),
4.14(t, 2H, O—CHY, 2.84(t, 2H, S—CH»,1.96(s, 3H, vinyl—
CH3).

4d: 2—Mercaptoethanol (0.35 mL, 5.0 mmol) ¥} triethylamine
(1.46 mL)= MC(20 mL) ©]| $50]32 “2efA 2,195 tributyltin
chloride (96%, 3.0 mL)& 7kst - 2413t &< RESAIZITh
Methacrylic anhydride (94%, 0.87 mL) & @& & Ak2ofx] 44]
7 wRHkIGla, MCE &3l § &2 23] At 17155 MgSO4%
At AY Tste] w5313tk EA/hexane (1/10, v/v) & ©]&-
slo] W AP z=viEreju]E AAlEe] 4d(94%, 2.04 95 &
@lshict

"H NMR (300 MHz, CDCls, ppm): §6.11 (s, 1H, vinyl=£), 5.56
(s, 1H, vinyl=#), 4.18(t, 2H, O—CH»), 2.78(t, 2H, O—CH2CH>),
1.94 (s, 3H, vinyl—=CH>), 1.44 (m, 6H, Sn—CH,CH.CH-), 1.35
(m, 6H, Sn—CH2CHz—), 1.18(m, 6H, Sn—CH-—), 0.91(t, 9H,
CH>).

ZHst 1A =E "M, 1,1,1-Tris (hydroxyethyl) ethane
triacrylate (Trimer) 9} ¥43%¥ monomethacrylateE 3/7, 5/5,
7/39] FAWIE 41 DA TP e} sAe o] EFA B
cyclohexanone& ARE8I] Hdsh Gls #1235tk FAsA =
4] bis(2,4,6—trimethylbenzoyl) phenylphosphine oxide (Irgacure
819)F 0.5%%E H7¥eila dojzl &dls 1A} nlo]a=2E]
(PTFE, A% 0.2 um) & ARE3te] 554 o= dAE AAsISIT
o] GAE d2elA 2A1KF WAE - Si7jwot FE)71ae]el &
o}l AazIstelld ZePd(100 mW/em?) 2 583t 2Aks10] 7
rzom AojW MZS 100 Col oF 3041 I8k 3
3 2dE 54 AYS 28l ZE5S AulE 718l A7 ok 5~
10 m, 27190 oF 1 mm7} H=5 sj9ick

2ot Y EE

ola2! M| &Y. 1ad ARE 9] 8l 710 o= It
Aol 24EE A T e AET71E EYstaat sisich 7%
el Frgskar g4 sjeh] kel 3
s} whslrd 73 9 w5 Sol A BATEE AdPdelA A9
SISITE Tk A Bheleae] Tl BEont Qo - Fs)
s Qg d 9 47 PgAdS A=t sHAl) Sl AlErksed 5
Al T2 B57 HIEHE] B Al 2 'haete] Al glof
71et f7Tergell el P Bolr el QoA ® vhaselt
AR Fo] Wol olzo] A% FARE /Tstaat st A=
vHES =818H] $18) triphenylgermanyl hydrideS AR-8151 0,
triethylborane] 9l&l] 7IA =l Akl w2301 methyl
acrylate?} Whg-A17] PhyGeo] A3 ol~HZS FsIgiar 9%
Q1 ghelkgo] oJ8l] @32 1b(G=PhsGe) & ANtk ©]% meth—
acrylic anhydride 2} HF§-AIA methacrylate 2b8 A 66%2] &
2 A} FAo] At = 2] 49 triphenyltin hydride 2k
tributyltin hydride s AM8-51331, AIBN 2R 7 Hkg- /XA AR

[el(03
N
o
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A E, A=Zrkg, F40] A¥d v=dE olad uwEAe A 591

3101 methyl acrylateol] 7SS Al7132 $HAA 22 F30A| Arrstel !t Aol oJst gzt ukg- A sl 918 A
1c¢(G=Ph3Sn) £} 1d(G=BuzSn) & &It} ©}E methacrylic anhy— = ZWA RS 23k AEE 719gel wddt A vkt
dride @} WFS-A17 methacrylate 2¢, 2dE /33151 21212 3A} = A7) Y&l GEA EEES A9 cyclohexanone®] =
7157 24 248 Bl TR RISt ¢k, A=rksE 54 A3, AAFHES FA FAE ZES F 100 Cold gAg] - 42
o] X3k avE 98l vl ERRA fARS] ofaE dWekA) 2aE IAES F3HEAel ARSIt
Figure 13} 7Z2¢] 3435133t} Triphenylsilane2] 73-$- methyl acryl— NEX} gato| FHE. Axw O]':L.a:_ E& A= B4 Ul o=
ateol] 2]z 7ol XgER] A9kal 2a IR A SOl d 287171 sk AN Slo] BAEE B 35 HrHE AR e v
A7REE 38 & 4 sk AEE ARIE @7] 8 <FgH T g BlEkS 17] etk o] wiEel 7P Hhgo] goJgt %
Si—0 Ags o83t si8lar, HEMAE FE%= 3}o] chloro— 3718 o}T= S ZH= Trimers 382 ARSStA} Sl9ict
triphenylsilanes ©]83l] dF& BHINES o/ &2 76 7] dBAE dnlERE E3ste] Thekdt vt maAl uheks
4aE AT 5 ISk SEE Yl 7|t & FARE 98t Azt o]F ol8sie] T —FZP 35 FstaAt siglet o]
A} A)Ey} 40 3bAekS A7tk 2—Mercaptoethanol £ Aok IHA S FEES A Ae WHe] | S glsel &
ez o138 X dwo] F ol WEEQ=T] o] 0]85]¢] 4b, Hok® E23t ko] FAm] ol fﬂ'— =4E Wl A% BA
4c, 443 HFA o7 ALY A= APE B3l SHssith A9 47 A (2a-d) =
LSRR X Y 2E Y, olgE Ao Zpelds o] 1 Trimerel] tall Z+2+ 30, 50, 70% FAM|Z Z3skar 73 3kA71
B2} vlks A\ x5k PeEA]S =4 sk} skt Exhle] o} % 243 ZAES Figure 390l EARBISIHE xF0] 0% A4?1 Trimer
I 287177} T 7N oV EAlRE 9 thEARE Zhrikgo] dof G TREARe] vk FHES FAE degA|e] o] SUREHA
3k 79 ol =87} EAIS Hlglalo] ARl o5 MR A HlHEAIS FAsIeItE ATEo

U sitte] 2 @yEey
B ABaEA B9 wgHio] FEsaplel ko] A Gha v = 574 dlolek: Ao Shtelel xFol 100%4 792
vjo] Zmah Ralek o) Fush FEGAL NG oA 4 weluaAe] FAF ¢k ARSIk Figure 3€ 830 nms} 1550
8712 74 Trimer AMg3lela 48 BkAlsh 37149) 7

H](3/7, 5/5, 7/3)i E3tato] vl S Figure 29 7o) X33} @ 830 nm
- ols 3 = 1.60 —-—Za(PhC)
Ak kS-S FX87] Sl FNAAR Irgacure 819F 0.5% .
—o—2b (Ph 3 e-) %
1.584 o 2¢ (Ph 3 n-) /
3 —— 2d (Bu,Sn-)
S 1.561 -
2 O (i) i), i) =
/\ﬂ/ , /_/_ }/_{G PhyC, PhyGe 0 s
(0] G PhsSn, BusSn S 1544
1(a-d) 3 i3 S 5 /
2(a-d) “5 -
o] o] ¥ 1524
f NN, _ .
iV G (v G= Ph3Si, Ph3S - —
Lo OH ) v _ /X_/_ >/._< 4Si, PhySn ) v
G X=0,8 1.50
3
4(a-d) ~—— Trimer 100% Monomer 100%
Overall . " 148 T T T T T
Monomer G X yield Reaction condition 0 20 40 60 80 100
i) Ph;CH/n-BulLi, Cul or Ph;GeH/Et;B/O, M <
2 PhaC CHa o (i) Phs 3 3B/O, onomer content(wt/wt%)
or Bu;SnH/AIBN or Ph;SnH/AIBN (a)
2 PhsGe CHz  66%  (j)LiAH,
2c PhzSn CH; 58% (iii) Methacrylic anhydride/Et;N/DMAP -
; @ 1550 nm
2d BuzSn CH:  42% (V) G-CIEtN 1.60-
~ - —=—2a (Ph C-)
. (v) Methacrylic anhydride 1 k]
4a Ph3Si o] 95% 1584 —5—2b (Ph,Ge-) o
b PRSI S 9T% .| —A—2c(Phsn) /'
4c Ph:Sn 8§ 97% $ s T M (Bu_sSn-) .
4d Bu:Sn S 949 © ] /
- — . . 2 154
Table summarizes overall synthetic yield of each acrylic monomer starting S
from methyl acrylate. -&—) 152
Figure 1. Synthetic procedure of acrylates substituted with 4A 1
elements. 1504~ o v v
1 Trimer 100% Monomer 100%
R e e T
5 N\ Irg 819
0 llumination Monomer content(wt/wt%)
Monomer + t*:‘ —_ Copolymers
(2 or4) o~ o _o 5min, N, (b)

Oi 3/7, 5/5, 7/3

ﬁmer N weight ratio of Monomer vs Trimer

Figure 3. Refractive indices at 830 nm (a) and 1550 nm (b)
correlated with comprising monomer contents and extrapolated
Figure 2. UV —polymerization for copolymer films. for homopolymer.
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Figure 4. Refractive index of polymer films depending on wave—
lengths.
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Table 1. Propagation Loss of Polymer Films

Core  Refractive index (rzrp) Thicknessm Loss (dB/cm)

layer 1330 nm 1550 nm 1310 nm 1550 nm
2a(50%) 1.5376 1.5371 4.1 0.34 0.37
2¢(50%) 1.5432 1.5423 4.6 0.32 0.39

UV—cured Trimer was introduced as a cladding layer. Loss measure—
ment was performed by an immerging technique.
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