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(o] é o [e]
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Q
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F F © F

B F-57 BA ASE el Al leiA, b) dAle] AT stete e shr] shekd 59 H)
ETHCI-Co) A A e ARgahs Alo] £om, 7HE EAl= HEHASAEEE AH8sk= Aot

_CHY
o (CH),
O—Sli—O

(CH2n O !

A1 el BHE -7 B4 BFE AFRES A4 - WS S5, A - A7H 4ol
o BeolE &4 ATAR FHAD, ¥& FTE 5L AW oW TFs: Y] el AL P
Eohe A oA EE 2 A9 3R A2 A bss

Wyl -7 £ 9EE SuEe 9oy dsehdel Sas, AAE - A71d gdel $4e B
oML -4 ATAE FRICEM, £-T7 1 ARAVREL WA 5 Ao, va-Bh AFoR ¥
A-ga AR 1500 m del A BASE WAE FFE A uT ¥e 43E 058 AL & AT =
e ARE Vs alelel, of ool FE E&S Walsh: Si-0n AWl F& A =Y F A
gom, 1 & FE EES WY A9 oF oled BE T AT + Yt EIh Aok,

we] GAE G FAF BE
olsh, B W@l uigA UAE Bilel B WL Us PAMoR Agstug . ofF AAdE o
B S A8 Folxl Aom, B wyel Wzt olF Al ols) AwHA ks

&3 71 ok GYAAA QoiH AP T Aolut,

—

1,2,4,5-tetramethylbenzene, bromine, sodium, pentafluorophenol, acetone-d6, dimethylsulfoxide—ds,

phenylene diamine, di-t-butyloxycarbonate (t-BOC), dimethylaminopyridine(DMAp), trifluoroacetic acid,
dimethylformamide, dimethylacetamide, 3-isocyanatotriethoxysilane, l-methyl-2-pyrrolidinone(NMP),
tetraethoxysilane(TEOS), 2,4~diaminophenol dihydrochloride(Amidol), 3-(triethoxysilyl)propyl

_12_



[0078]

[0079]

[0080]

[0081]
[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

ZIHSd 10-2010-0121195

Ab23l9 AL,  tetrafluorohydroquinone,

AHg3tsi.

isocyanate, Er(III) nitrate pentahydratei= AldrichA} A
tetrafluofophthalonitrile, 4,4-oxydiaminline(ODA)+= TCIA} A3

o ol

(o]

=
KeN

=

fﬁ A3} 3L, methanol, hydrochloric acid, acetone, potassium permanganate o< 4t

ol

RE A2 SIS H-NR, C-MR, F-NMMR 18]I FT-IRZ 722 &Holatgdth. H-NMR, C-MVR, ' F-NMR-&
Varian 300 MHz #3715 Al&-3t 7]—.5}511 BE 33 olFre U EFEZEQ HEZHWE AZH(TNS)
& ppmeH 2 7]SEHAL. FT-IR ~FEHLS Perkm Elmer FT-IR Spectromete = Alg3te] KBr Hlow =
etk d TF B4 9 AAFAIE R 7Jr7Jr 951 TGA % 910S DSCEE©] -2 Dupont 990 @ wA17]1& Ak
g5t om, 7 X% 10 T/min® A 2 air 7|5 shollA %%2“43 SAsATE. Fhd B2 Prism-

Coupler2000 Analyzer(Sharom. Co.)E AF&3te] TM % TE REZoAMe Z4dE&S o] &35} Er’ "o] emission peak

13

M tolobyl fEAl g4

e}

[AA]d] 1] 3,6-Dibromotetramethylbenzene®] #|ZXH .

dichloromethane 150 mLell 1,2,4,5-tetramethylbenzene(25 g, 0.18 mol)¥} I,(1 g)& Wi wytslc}, o] Wk
E3+&o] dichloromethane 100 mLe} BE 24 nleo] EIEL 1A7F =<k Ast d9t). ©] & dichloromethane
100 mLE& H7Fste] 60 CTolA] 2417 =<t 37 A AT, Bko 2 AleE BES A A5 7] ¢38) NaOH(5 N) 50 mL
S A3 ®7 k. wkgo] B & 7] T3 F899 FTom FEYst doJyd, 7] T2 B2 AFS

T NgSO, 2 AxARAT. A5 7 steld W@z A1A Aol FAHW, AHg F A2l AxAA 3,6-

P ) :(0

)

Dibromotetramethylbenzenes Aiv}.

Ze=de 206 Colar, =552 90 %°ltl. IR (KBr, cmfl)I 691 (C-Br); 825 (parasubstituted aromatic),

760, 710 (monosubstituted aromatic); H-NMR(CDCls, ppm): & 2.46 (s, 12H, CHy): C-NMR(CDCls, ppm): &

22.26 (q, CHs), 128.10 (s, aromatic—CS, CG), 134.98 (s, aromatic—Cl, CZ, C4, CS).

[A A4 2] 3,6-Dibromopyromellitic acide] =4
dibromotetramethylbenzene 20 g2 pyridine 500 mLe} & 200 mLeol]l #H7FgF % 100 ColA = th. KMnO,
54.12 g& HH3] ¥oFa 9Nz T BFF AFTE. o] W& NS et Mn0.E AAstE, EWE Y F

Falo] AFAZTE. o]EAS NaOH 48 g} & 1200 nlL7b S0 & Zgl~3d] 91, KMn0, 54.12 g& gol&

o
=
@)
=
[©)
ko)
<
=
@)
=
D
:
0
o
(@]
Q.
ru o
e
30 o

mLe 901 Colx, FEES 78 %olvh. IR (KBr, om ): 3048 (-OH), 1730 (C=0), 1215 (C-0), 736 (ring
deformation); "H-NVR (acetone-dg, ppm): & 11-12 (broad, —COOH); 13C—NMR (acetone-dg, ppm) & 117, 138,
166 ; Mass m/z[mt+2] 376.

[AA]of 3] 3,6-Dibromopyromellitic dianhydride®] AZHH

acetic anhydirde 13.7 mL& ¥l 120

3,6-Dibromopyromellitic acid 15 g2 acetic acid 230 mLol S
3 F acetic acid® A FHSF Ax A

S

1
CTolA A & 37/ AAY. REE Ao g IHAES
7] 3,6-Dibromopyromellitic dianhydrides <<lt}.

wlhe 187 CTola, FEES 83.5 %olth, IR (KBr, cm )i 1820 (C=Oruym) ¥+ 1780 (C=O(ym), 1220 (C-0),

749 (ring deformation); C-NMR (DMSO-ds, ppm) & 115, 137, 166 ; Mass m/z[m+2] 376.
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[AA]e)] 4] (4-Amino-phenyl)-carbamic acid t-butyl ester®] #A|ZHH.

A2 715 3StollA phenylene diamine(2 g, 18.45 mmol)<S methanol 30 mLoll =<1 ¥ triethylamine 0.94 g3}
DMAp 0.40 g(10 wt%)S H7}8FSt}. o] Hk-g- %%L%Oﬂ t-B0OC(2.02 g, 9.25 mmol)S A %2] methanolol] =o] A
3] Atk & 12417F T Aol wRkAIZAY. wREES S SRAIT &, 3 ARvESHIR FElehy
=2A A 9] (4-Amino-phenyl)-carbamic acid t—butyl esters ASit).

"H-NMR (acetone-dg, ppm): &1.41 (s, 9H, -CHs;), 4.70 (s, 2H, -NH,), 6.4 (d, 2H), 7.0 (d, 2H), 9.5 (s,
1H, -NH).
[AA]o 5] 3,6-(Dibromo)-N,N'-diphenylpyromellitimide-carbamic acid t-butyl ester®] #|Z=H.

dibromo pyromellitic dianhydride(1.33 g, 3.55 mmol)¥} 4-aminophenyl-carbamic acid t-butyl ester(1.55
g, 7.46 mmol)E N,N-dimethylacetamide 20 mLol <l % 12A17F F<F A2oA WHHAIFAT. acetic
dianhydride 2.17 mL9} pyridine 1.21 mLE 713 F 50 ColA 6417 F9F wHbAIZ L, o] Wkg Z3HES
methanololl Al A& FHAAA ozt =, AT Ax AA =3 AAH9  3,6-(Dibromo)-N,N'-

diphenylpyromellitimide-carbamic acid t-butyl ester< I

E

'H-NMR (DMSO-ds, ppm): & 1.50(18H, s, —CHs;), 7.3(4H, d), 7.5(4H, d), 9.58(2H, s, -NH)

<

—

A A 6] 3,6-Bis(pentafluorophenyloxy)-N,N'-diphenyl pyromellitimide-carbamic acid t-butyl ester<]

o]
B N

2L

A 7] dlollA Na(0.188 g, 8.18 mmol)ZE methanolol] =<1 ¥, pentafluorophenol(1.51 g, 8.18 mmol)S 3
7Feke] 1A17F ZoF kA7l 5 100 CollA] WAl Z T, methanolS dean-stark FX S o]-&sle] 93] A7 38}
Ao, = & 37 TZ ZF2=Fol| 3,6-(dibromo)-N,N'-diphenylpyromellitimide—carbamic acid t-butyl
ester(2.477 g, 3.27 mmol)ZE N,N'-dimethylacetamideo] =%t}. A A3 sodium saltES 29 N,N'-
dimethylacetamided] o] WH&7]o] X3 Helgk & 80 TellA] 24A%F FF WHHAIZ T, o] Wb Z3ES
methanole] T8t HFE FAAI7|aL o33381o] methanol®Z A HS F ¥ A2 AA 34 AA| 3,6-

/\
Bis(pentafluorophenyloxy)-N,N'-diphenyl pyromellitimide-carbamic acid t-butyl ester< LUt}.
1 19,
H-NMR (DMSO-dg¢, ppm): &1.48 (s, 18H, -CHs;), 7.2 (d, 4H), 7.5 (d, 4H); 9.5 (s, 2H, -NH); F-NMR (DMSO-

ds, ppm): -155 (d, 4F), -162 (t, 2F), -163 (t, 4F); IR (KBr, cmﬁ)I 3370, 1728, 1524, 1018.

[AA]d] 7] 3,6-Bis(pentafluorophenyloxy)-N,N'-diphenyl-pyromellitic diamine®] A|Z"w¥.

17 & EZ2=39 trifluoroacetic acid 20 mLE ¥ F ¥g7]9] 2&E -15 CT7HA] WZAIZl & 3,6-
bis(pentaf luorophenyloxy)-N, N‘—diphenylpyromellitimide—carbamlc acid t-butyl ester(l g, 2.07 mmol)E
2N M7, Aol A 48A1ZF B WRAIZ F AdFRStE AxE 24 ethylactated] 9] sodium
bicarbonate®  F3A|Z1 T NgSO,E  FES AAstm, Y FHES A AAY  3,6-

Bis(pentaf luorophenyloxy)-N,N'-diphenyl-pyromellitic diamine2 it}.

1

H-NMR (acetone-ds, ppm): & 5.39 (s, 4H, -NH,), 6.5 (d, 4H), 6.9 (d, 4H); F-NMR(acetone—dgs): -155 (d,
4F), -162 (t, 2F), -163 (t, 4F); IR(KBr, Cmﬂ)I 3386(wy), 1726, 1522, 1012, Mass m/z: 762.

trolqtste| =gtol = FeA] A

[AA]d] 8] 1,4-Bis(2,3-dicyano—4,5,6-trifluorophenoxy)-2,3,5,6-tetrafluorobenzene® AZHH .

0 C A& 7|5 3}olA tetrafluorophthalonitrile(l g, 5mmol)¥}, tetrafluorohydroquinone(0.23 g, 1.25

0l)S DMF 10 mLoll =9t}t. o] &9 triethylamine(0.25 g, 2.5 mmol)<S 30&o] ZAA #3}3 &, 0 ColA
EF AAIZAT. o] F 2ol ThA] 30 Fet HPMﬁ@ o] kg EFES HClol Fhste] S
d A7) 3 o] IHAES ethylacetate® FEaQTH. o] & B2 o] H Aolo] 3 XA, #7] =
1 F B AZviEgggE &t 34 A9 1,4-Bis(2,3-dicyano—4,5,6-
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trifluorophenoxy)-2,3,5,6-tetraf luorobenzenes ¥Att. F55 65 %o|t}.

-1 19,
IR (KBr, cm ): 2240 (wey), 1187 (veyy), 967 (wer); F-NMR (acetone-ds, ppm): & 123.68 (t, 2F), 129.67
(q, 2F), 138.92 (q, 2F), 156.71(s, 4F).
[A Ao 9] 1.4-Bis(2,3-dicarboxy-4,5,6-trifluorophenoxy)-2,3,5,6-tetrafluorobenzene® |z .
1,4-Bis(2,3-dicyano—4,5,6-trifluorophenoxy)-2,3,5,6-tetraf luorobenzene(5.0 g, mmol)S WZ717} A4
Eebgol 9a 60 % A 8 25 nbE ARSI o] ERES 156AIZF EF 160 TellA B A7 $-
Ao Wzsta A7k B FUAIA HAES AT o] HAES T AdF% & AUt BEE A
skl A mA|9] 1.4-Bis(2,3-dicarboxy-4,5,6-trifluorophenoxy)-2,3,5,6-tetraf luorobenzenes AAT}.
E528 67 %o},

4 B2 pin

IR (KBr, cm ): 3400 (v, 1680 (vieo): F-MMR (acetone-ds, ppm): & 123.67 (t, 2F), 129.65 (q, 2F),
138.93 (q. 2F). 156.71(s. 4F).

[A Ao 10] 1.4-Bis(2,3-dicarboxy-4,5,6-trifluorophenoxy)-2,3,5,6-tetrafluorobenzene dianhydride® =

A4 715 3FollA 1.4-bis(3.4-dicarboxytrif-luorophenoxy)-tetrafluorobenzene 3 g& acetic dianhydirde

10 mLoll =8k, o] Hkg E3HES 120 CollAl 4417 &QF udk A7 & 255 o= Ygau & 7%

SHAATG.  H2Ae  uAE  gdstEA F3AA S B uAle] 1.4-Bis(2,3-dicarboxy—4,5,6-
=

0
)
trifluorophenoxy)-2,3,5,6-tetraf luorobenzene dianhydride® 94U, =55 93 %o|t}.

IR (KBr, cm )i 1872 (Vo) 1780 (Veomm), 1221 (veo), 994 (ver): F-MMR (acetone-ds, ppm): &
130.72 (q, 2F), 136.63 (q, 2F), 136.96 (t, 2F), 157.33(s, 4F).

Ai  7]1% 3t Dean stark¥ magnetic stirrer’} AX®E 50 nml 47 T 23] 3,6-
Bis(pentafluorophenyloxy)-N,N'-diphenyl-pyromellitic diamine(0.52 g, 0.68 mmol)¥} 2,4-diaminophenol
dihydrochloride(0.03 g, 0.17 mmol)ZE DMAc(10 wt%)ol =<ith.

T Bl ¢AF =mow 1.4-Bis(2,3-dicarboxy—4,5,6-trifluorophenoxy)-2,3,5,6-tetraf luorobenzene

dianhydride(0.50 g, 0.85 mmol)E 0 CeollA 1AIZbel] ZAA M7}k &) A2olA 12412 5 AEstA wnksh

Aok, o] Hhg EFES ThA] 190 TollA 8AIZF wwtslar, Aoz WAl F uEkEo] F{ste] HAHE ]
_]

=
FAEH, 7FASHF F soxhletS o]83dle] 28 F<F AA AT, F5FLS 89 %o},
IR (KBr, cm_l)I 3600~3100 ( vo), 1778 ( Vectasym) s 1728 (Viesosym)» 1358 (vey), 1000 ( vep).

Zelo|mEA £ WA A

[HA]e] 12] as= 24aX3 Zgon|=s 33 o= &-4 A Ao Az,

A7) dboll 50 mLe] 37 T ZEkado] AAld 1104 Alxd aFk B3 ZElon= 3gHE 0.5 g3}
DMAc 5 mLE H7}ste] =<1t} 9xs] &85 ™ 3-(triethoxysilyl)propyl isocyanate 0.01 mLE 7}k &
110 CTollA 12A13F Bt vk A AT, whso] Fyd Ao g Wziste] | ulo]a 2 TE(0.45 pm)= ZE 3o,

IR (KBr, cm ): 2930 ( vea), 1628 ( Vuretnane)

olfo] Arbel §-¥r] B4 YEE Hiuel U4

[AAle] 13] Z2joln|=A] &-A AFAel ojfo] H7tel f-F7] &4 F5F dg=o A=gd.

ALk TEOSSF Er(NOs); 5H.0S AFE-3Fl o™, TEOS®F Er(NOy); 5H.09] H7Fg 171 3 3o eI

=]
)

[

1] &4 34 A AT wsEe 17,

= = o R N h=
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pH=3.5
R =) = A=A
\\\\%]7}3\3\] ﬂ;ﬂ] (%‘PI) TEOS (g) | Er(NOs)s-5H0 (g)

FPI:S10; Er™% —T—0 (g)

Er® 0.3% 0.059 0.017 0.0005

01 0.7 0.059 0.017 0.0012

1 0.059 0.017 0.0018

3 0.059 0.017 0.0054

Er® 1% 0.059 0.0452 0.002

g9 3 0.059 0.0452 0.006

5 0.059 0.0452 0.010

7 0.059 0.0452 0.015

Er® 1% 0.059 0.082 0.002

_ 3 0.059 0.082 0.007

7 5 0.059 0.082 0.012

0.059 0.082 0.017

wA AAle] 129 WHoa e EZElelm=Al EH-A WA TE0S®E d4b 1# i Er(NOy);  5H.O0E
dojEeh, of W EFES 3 Bk wwk AA f-77] B YEE 3PES A
ulalk A =

[A A4 14] spin-coating®l] &3 vhub A==y

Ao 1304 AzE ENS 0.45 pm BIEZE T8 F3lo] o33k the, silicon wafero] 3] =X&}
=2, g

spin—coating< 800 rpmoll A 15% 3H o=z APst= WHo ulo] FAE £ AEE Al 2439
o, I|HMEX F 40 ColA 13 &< pre-bakinge 2 ¥Ete] §54& §ll 5 60 CeolA 12A)13F 52 aging

5190 TollA 48717 ot 43S =3k},

3,6-Bis(pentafluorophenyloxy)-N,N'-diphenyl-pyromellitic  diamine ©4l  oxydiamine, 1.4-Bis(2,3-
dicarboxy—4,5,6-trifluorophenoxy)-2,3,5,6-tetraf luorobenzene dianhydride Al 4.4"-
hexafluoroisopropylidene-diphthalic anhydrideE A}&3le AS AQstals AAY 1139} L3 o=z 2

Alskiet.

m(K&,cm”ZSWWBNO(V&M,IBG(memﬂ,1%4(V&%mﬂ,1%6(V@M,IWO(V@H

G- A7A g

[Hlaze] 2] Ase 22X Edon=s 239 &-4 dy-Ale] A=y,

=
k|
o
Y
off
1
i
[N
FT
itk
Ak
o
o
[
oty
e
s
o
>

oot A Asstas AAd 129 BAF PO 4N

olfo] Arbel §-¥r] B4 WEE siuel U4

[HlaLe] 3] &-A AAlel offe] H7hd f-771 &4 B5F e Az,

AleFS TEOSS} Er(NO3); SH.0E AHESEl o™, TEOSF Er(NOy); 51,09 72 3t7] ® 39 YeERH AT
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=
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g

[0157] E 9 A = 112 2 dgo] upekz sk Ao 13 2 Blud 3o el AlxE f-F7] &4 52 = -

F bond &% w& PL(photoluminescence) intensity Bl Z#ZE }elbA Zolt),

=9
W]
120000
110000 ——8:1 Er” 1%, aging for 12h
O bl e
100000 — 81 ErEH 1%, cur!ng for Bh
~8:1 Er 1%, curing for 12h
SRR = —8:1 Er** 1%, curing for 24h
S 80000 -
g .
> 70000
2 60000
[
E 50000 —
T 40000 -
30000 -
20000
10000 4
0=
T ¥ T ¥ T v T = T ' T ¥ T
1400 1450 1800 1850 1800 1850 1700
Wavelength {nm)
EH2
80000
——9:1 Er’* 3%, aging for 12h
——8:1 Er”* 3%, cured for 6h
—— 8:1 Er* 3%, cured far 12h
80040+ ——8:1 Er* 3%, cured far 24h
)
bl
2 40000
(1]
o
g
=
-
L 20000 4
0=

T E T ¥ T Y T Y T L T 1 T
1400 1450 1500 1550 1600 1850 1700
Wavelength (nm)
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100000
] —82Er 1%, aging
| —— 82 Er ** 1%, cured for 6h
80000~ 82 Er *" 1%, cured for 12h
. 700004 —— 82 Er 1%, cured for 24h
S
S, 60000 o
=
g 50000 -
5
= 40000 -
==
O 30000
20000 +
10000 |
04
T T T T % T il T Y T
1400 1450 1500 1550 1600 1650 1700
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T ] ] . 1 T 1 L 1 3 ]
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