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O

A
ﬂ /\ R~
wo /\“\ \-OE\\)\‘

G2 <
G3
A7) #obajzel shakgel gloid, zhzhel AFvle] TP (1158 SUIIRE Hd, oW, xza, vd, A
g, 99, 99 Et SW] 2 E 4 ¥, (10159 SFARE ASA, RN, TREA, REHA,
A%A, ABA, QARA, E 2-olgeldr], WD Rdy), sl axeReA, (-RYA Lo (159 2]
= AR A L 5 5 Qon;

C3~209] 3Hl= o}E2 0, S B N TollA A= 1371 ez dAE Tdsh= A& ¢ 10}U4 (6~20°] o}

d EE (3-209 dHE ofHEe dd, yZd, Eloﬁﬂé, JAEHA, omurE, JHd, SAE, ElokE, A=

2, AlSEDOT; 3, 4-oldltho]SAlAbol o) S& & 4 Ut
kil

g A&l £9

< > N~ - ; 7N\
Ab7] 3psk2l2o A R1S 4, HCO "\/\/\O ._ :G?-—O;MI— G2 o—\_/ n:n— ;Ga_ﬁo,wy—:

e S 9l o] kA sht,

- —< :}—COO'
o]a, R2¥& -C00 ,

7] s}ek220) 4 R3 2 R4 #7191 Blo] wpEA i),

olgtol A, 4] shetalze] stz e Mol Eu' <l Aol

R10] %2 ©]iL R27F -C00 ©]®, Eu’~ [Po-NAJ5(NL3) & UbEhui

R10] %2 |3 R27} -Ph-C00 ©]®, Eu’ - [Py-NAJ;(NL3) = hepund,

R1o] CH,0Ph-o] R27} ~Ph-C00 o], Eu’ - [P,-NAJ;(NL3) 2 vhehuind,

R10] 2-o &l 8)418A]-Ph-0] 7L R27} ~Ph-C00 o] @, Eu - [Ps-NAJ;(NL3) 2 LA,
R10] Glo]3L R27F ~C00 oW, Eu’ -~ [G1-NAl5(NL3) = pebe,

R10] G2o]3L R27} ~C00 oW, Eu' - [G2-NAl5(NL3) = bEhiw,

R10] G30]3 R27} -C00 o)™, Eu’ — [G3-NAT,(NL3) & vFERUIH

R10] G1o]3L R27} -Ph-C00 o]®, Eu' - [G1-NA-P;]5(NL3) & }ERm
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[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]
[0152]

[0153]

[0154]

[0155]

ZIHSd 10-2013-0045910
R1o] G20]3 R27} -Ph-CO0 ©]®l, Eu' - [G2-NA-P,];(NL3) 2 JERH
R10] G3°]3L R27} ~-Ph-CO0 ©]%, Eu’ - [G3-NA-P,]5(NL3) 2 L}ERH
Mol Tb"'Q1 A $ol i mh7IA 2
R1o] 424 o] 3 R27} -C00 oW, Tb - [Py-NAT;(NL3)& vbERjH
R10] 24 o] il R27F -Ph-CO0 oW, Tb ~ [P-NAly(NL3) 2 vehuie,

R10] CHOPh-o]3 R27} -Ph-C00 o], Tb - [P,-NAIs(NL3)Z LFERE, Um=)e] Ao% Mo| Eu''ol ZA9-9 %9

EE, L owge 7] Sehl B Hh2e EAHE Shasede #a Zot

ool SPFABRANONES B3bd 99 WaGel We Frsel, /ABA 9ol U Fr Froh
#7] 98 0 AEF olee] qUAE Adstt Bdel otk Z, ¥ 3@l RHPAFBAGADS g
Gesk A4 R Mg Frotel FEIE BE HBOR AUAE Adstn, v FRIE EE il
Ne NBAen B dust 1 dUAE Frae o8 & A @

2oy o] I AHZAEAN) S HEROEAIEY Y4 F F29% 5 HiE A3 ES
2ZA, HEHA 58 A 2t T Buk ofder, AHe spAo R Az 7Hsst <

w3k, DSSC(dye-sensitized solar cells)Z&x} AZA dzeol SFAWAES slo] Hrlsls wSA|ZHA
(Deoxycholic acid, DCA)S €+d3] AT 4 Joer=z, Tapdyd gl W g Us F53ste] 7HA13d 999
e F2 FFee 7] 98 2 JER o2 oAyAE Adste 4 g5 FHE HASFERE wjg &
Sxolm AAZAQ Edolgta & & qdrt.

E:%%ﬂ<ﬁyﬁ EAE o] HofolA I WEE ALt thdke e R JE o don, A
ol A o] wkg2o oate] dAald 4 om, © MG dH-e sl7]o] AAdel 7]sdrt.

WA, 4-(4-(4-AEAM DU ZEA-1-) WAL 8 4-(FIDA-1-D) RS 7] WAL WA 49 13S
EAHoR £Yshe A atel Az & At

[RE-&-211]
Br Bra Br Br
120%
[RE&-2]2]
OCH;
BrBr+ © PA(PPhy), _ Br— )— )-OCH;
K,CO; / Toluene
O T % 9
HO OH
[¥F3-43]
CN ‘
B O g RO
K,CO; oluene
VS
HO OH



[0156]

[0157]
[0158]

[0159]

[0160]
[0161]

[0162]
[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

SIHS31 10-2013-0045910

KOH, EtOH

Br CcN ———
reflux /¥2h

4=((N,N-H] 2= (5] 2] Rl-2- o ol s ) W B M2 AFONL) & 317] wh4)5 U7 69] whe wxpHoz Sashe

2
ol ofste] Azxd

g
- 1
4

¢ K.CO;4
.l
T Y N NT\@CN
Br W, '/
[2-5-6]
[~ Y
@ N4
S

;

COOH

/

N KOH,E1OH
reflux f 12h N
\

4-(4=-7t25A19E)-2,2" :6,2" -EIHDNL2) S 8t7] whg279] whgo] osf Ax"d 5 Urt.

[RE-&-47]
N4 7\ > i)NH,, H40, NeOH

= o =~ o iyHCL

Eu'- [Pe-NATs(NL), Eu”- [Pi-NAT;(NL), Eu' - [Po-NAI;(NL), Eu' - [Ps-NALs(NL), Eu’ - [G1-NAIs(NL), Eu - [G2-
NAL(NL), Eu'- [G3-NALs(NL), Eu’ - [GL-NA-P,1s(NL), Eu’- [G2-NA-P,1s(NL), Eu’- [G3-NA-P,1;(NL)E @b7] wh

3+

52189 kgl o Alx" 4 Utk Mol Tb Q1 A= whzbrpA|elt},

—

[e]
oy

ax

8]

o —
Rp DKH/THF R§ )Re T 0 A )-COOH
QJ i) Ln / NL/ MeOH P "*-.N_;
3
= Gn- Gn-0— / = H
Ao, o P =123 (=129
Rp= —COD , —{ GO0, == 8»coo‘

M= Eu® == Tb¥
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[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]
[0177]

[0178]
[0179]

[0180]

SIHS31 10-2013-0045910

A7) dbE-28e YEeld whe} o], ] #A33tEES SIEES 719 EAste] {3l Yxgdud
WA FEAE Aokl i S ekl (S - ol )
sjalo] A7leA FAE yxgdddy deAl7E GAS 35t A" 5 o).
Eu - [Po-NATs(NL2). Eu - [Pi-NAJs(NL2), Eu’ - [Py-NATs(NL2), Eu - [Ps-NATs(NL2), Eu - [G1-NAls(NL2), Eu -
[G2-NATs(NL2), Eu’ = [G3-NAJs(NL2), Eu - [G1-NA-P,1s(NL2), Bu - [G2-NA-P;1s(NL2), Bu’ - [G3-NA-P;15(NL2)¢]
3+

ARFgEe 7] WA 99 w3l o) AP 5 Avk Mol oA F9w vhgshA ol

Ri—{ )Ry iKH/THF Ry Re |™segpei.. ]
i) Ln/NL2/ MeOH g b
3

R1=\/Q’“O*©—, Haco~<_)—, 5"";1'2’3), G0 " =x o

(n=1,2,3)

% Q719 EAEAl g3lste] Yz
]Jﬂé) 2,2° 1 6,27 -E|9¥
0% 111 T Ao,

m{n

290 UER ke o], A7) FAEFEES A vEad ﬂ%
s % PAashe WA FEIE dools EE 2
CI(NL2)S galate] A7|olA A" vz eody

>
N
rlr
AURNTS
é

il _,;
noi'

_ﬁ —|~

Eu - [Po-NALs(NL3), Eu - [P-NAJ5(NL3), Eu' - [Py-NATs(NL3), Eu - [Ps-NALs(NL3), Eu - [G1-NAls(NL3), Eu -

[G2-NAJZ(NL3), Eu’ - [G3-NAT,(NL3), Eu’— [GI-NA-P,J5(NL3), Eu’ - [G2-NA-P,15(NL3), Eu’ - [G3-NA-P,],(NL3)<]

ABGES 3] WA 109 wgol s AxW & Ak Mol b AFE phskA ol

R R, KH/THF R pRe 1™ M{-0==P—{_~COCH
i) Ln / TPPO / MeOH Q i

SN

= = Gn- Gn-0O \_/
- \/3»0 D , O /) =123 » —O_ B i

n=12173

al7] 8tek259] stekEs @71e] EAste fallste] YzedgS F46he 9 %
o

Aefol= i BE dAefol=e} 7] 569 3EE
WAE FHas o) Sesen BAHE SR
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[0181]

[0182]
[0183]

[0184]

[0185]

[0186]
[0187]
[0188]

[0189]

[0190]
[0191]

[0192]

[0193]

[0194]
[0195]

[0196]

ol A

w

2ol A R1, R2 B Mo Aof=

0

FEIE detol= E= EH Ato|=o}
SN E GAS Z3ekeE 8l 34

SIHS31 10-2013-0045910

}7] spebaj 1ol A o} & A st
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[0218]

[0219]

[0220]
[0221]

[0222]

[0223]
[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]
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A AETZ AAE FUE F Ao =2 §88 9 S
]

g
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1-HERYUIEd 4-HIRHXUEY -H2H-p-EFUEY t-(2-7ZFY)oll, FdF &9, Egvdr
HolE, Fa3ldyE, FE2IeF=EZdo|=(Europium chloride), ElHFZZg}o]=(Terbium chloride), (HEdZA}
ojlE)-d;, FREIE-d, BEF LLE, 2=, HSAFH, d-tert-FEHI W, FE2do|ddEsd
(Chlorodiphenylphosphine), ¥ 3@ ¥ (Piperidine), Alo]ololx]lEAF(Cyanoacetic acid)2 AldrichAbe] A&

& AHgSgla;

4-8 2o}l Z (Bromoanisole), HEZI|A(EZHALEAT)ZEHE(0), 2-otAEdgd, wE gy Zzadd sy
o] E (Methylterephthalaldehydate), 1-YZE2F(1-Naphthoic acid), 4-BZEEF(4-Bromotoluene), 1-43
E 2 4H(1-naphthoic acid), Eddld ¥ Ao = (Triphenylphosphine oxide)+= TCIAFS] A& A3} tt).
BRI  Junseirtd] AEE AFEdew, 1. 2-fydE-3-Z2IojntpEY e Q2= Ti-UHaeSAlel=
D/SP(Nanoxide D/SP), & FElw 535-B] ATBA(N719): solaronixAl A|&ELS AL83}A ).

FR2EYXE, EFd, fZE2YE, HES olNEYEY, 2-dEA S N N-tHExSoluj= dirk o

2, HE s, ARkt E, JEde oA EYo|EYE A set AlES AMESEST.

L= 25 AAG To] ALgstEal, FAEZELS DC Chemical Aol AEE AFE3I9 1, ml1vl4S Lancaster
S AHE3ES]

i

RE A2e SFES HNRF FI-IRZ 722 30lath. H NRE Oxford 300MHz 53712 o] &893, FI-
IRE Jasco FT-IR-42008 AF&3te] KBr H=lo=wm =A&AT. of&#] SHIMADZUAFSY] UV-vis recording
Spectrophotometer & &4 S 3213} 3, VARIANAFS] Fluorescence spectrophotometer 2 W& AHAEH
S g3,

AAe 1: 1,4-HB2RYZGH] Az

O Br Br, Br Q Br
P 120% & )

HZ % (Bromine, 3.71 mL, 72.44 mmol)<S 120 ColA] 1-BE2RUZEA (10 g, 48.29 mmol) &M A3 7}
AAY. T3NS A ARAIIS Ao r 255 Y. NaOl & Aoz wukgo] Hanls A8}
i, YIFEaEdeos &9, £3EAE ofste] 1 4-tErEryzedyl 1 5-tEEryIgds R
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[0235]

[0236]

[0237]
[0238]

[0239]

[0240]

[0241]
[0242]

[0243]

[0244]

[0245]

[0246]

[0247]

[0248]
[0249]

SIMS3 10-2013-0045910
stef Mo uAE FEIAUHEFSE: 67%).
1 H-NMR(CDCl3, ppm) : & 8.25-7.62(m, 4H), & 7.61(s, 2H); m.p 80 C

AAd 2: 1-BREEA-4-HEAH DY EA ] A=

OCH, -
Br—_)Br " paerh),_ Br— )~ )-OCH;
O 1 K,CO; / Toluene Q
HO” “OH

o] 33HES =27 AEY WS (Suzuki coupling reaction) WH-S o]&3ste] A8, ARAZE A2]¥E 100

mLe 27+  FHA¥YA(Schlenk) ZFFaFo]  1,4-UERZRUXEHI(4g,  14.0mmol), 4-vEAHHEEZAF

(2.34g,15.4mmo1) ¥} E&vj2 HEZI|A(EHALEAEH)ZEE(0)(0.485 g, 3 mol%, 0.42 mmol)<= 20 mLo

EF2qd FHojA 1087 wHk sk, 2 K €05 8 14 nLE H7F 3 3 AL 7)F stollA 100TolA 484175

S A B2 AFHEGT. MgSo o2 xS,
&l

AN 7kt oA gujE AAS L, ¥ AERRIED

ofj

ok BF ek wrgo] FANW ofH2E FE3}n, 7]
@

9] (Silica, Hexane)® ##3 & X

'H-NMR(CDCl5 , ppm) : & 8.31(d, 1H), & 7.90(d, 1H), & 7.81(d, 1H), & 7.60(t, 1H), & 747(t, 1H), &
7.38(d, 2H), § 7.24(d, 1H), § 7.03(d, 2H), § 3.93(s, 3H)
AN 3 4-(A-(4-HEAFH D)= EA-1-g)AzUEY 2 4-(UJ=gd-1-d)NRIEHS Az

CN
) Br s g Rl o
Q K,CO; /Toluene Q
B
HO OH

A7) AN 25k FAF wEel ol

o 4-(4-(4-WEAF D) ZEA-1-d)EHES 9 4-(zEA-1-¢)H
ZL]E% ,/]/\H lzﬂ Z

b 82%2}F 89%) .

il
n&
m?l 32
x
&
By
el
i
_1\1

4-(4-(4-MEA H D)2

1H—NMR(CDCls , ppm): § 8.01(d, 2H), & 7.80(d, 2H), & 7.65(d, 2H), & 7.46(m, 6H), & 7.05(d, 2H), &
3.91(s, 30

4-(FZ=-1-9) iR EY
'H-NMR(CDCl, , ppm): & 8.15(d, 2H), & 8.05(t, 1H), & 7.79(d, 1H), & 7.69(d, 2H), & 7.62-7.51(m,
5H)
AAY 4: 4~-(4-(4-HSAHDHYZEA-1-G) A2 2 -G gd-1-g)HlRA4e] A=
, . KOH, EtOH
Br =
' reflux: /' 12h

Gn‘-.O'. H EF_“:‘ Gn-, Gnolld n2 1,2 E=3

= FoaAo] 4-U-(U-rlEA D) e R-1-) iU E-R (19 %)

A
-
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i
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)
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ok
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¥
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[0250]

[0251]

[0252]

[0253]

[0254]

[0255]

[0256]

[0257]

[0258]

[0259]

[0260]

[0261]
[0262]

[0263]

[0264]

[0265]
[0266]

SIHS31 10-2013-0045910

3 B HES 7/30% WHE gl Wi wWHIAZTH E3EY 222 A% oF 100C XA SHA g
o2 Rkt v T4, SIEAAER ASdEA S YolA HUSF, it pHE IAER SEIT.
IA 7 oA ot B3 Fiko R AFHste] Al wA|Ql 4-(4-(4-HEA D) Y g A-1-A) M= AS
AAHEFEE: 77%). 4-(GzEA-1-d)zst, 4-(4-(4--dg @D S A)Hd) G ZeAd-1-) A4k, Gn-(L}
TeEd-1-d)iFA S Fe HoZ Az

FT-IR(KBr) [Cm71]23300—2100(—OH), 1682(C=0), 1436, 1247(C-0), 1119, 824,722;

H-NMR(DMSO-ds .ppm): & 8.16(d .2H), § 7.87(t. 2H), & 7.51-7.42(m. 8H). 67.12(d, 2H), & 3.85(s,
3H)

4-(Vrgd-1-o )l F A1

FT-IR(KBr) [cm 1:

3400-2200(broad), 1683(C=0), 1607(C=C), 1419, 1293(C-0), 1111, 778;

'H-NMR(DMSO-ds, ppm) & 8.10(d, 2H), & 8.00(t, 1), & 7.75(d, 1H), & 7.62(d, 2H), & 7.58-7.45(m,
5H)

4-(4-(4- (2ol A A d ) 2 al-1-d ) il 244

FT-IR(KBr) [em ]: 1699(C=0)

IH NMR(CDC13, ppm): & = 12.81(s, 1H)§ = 8.28-8.25(m, 2H), & = 8.02-8.00(d, 4H), & = 7.89-7.87(d,
2H), &6 = 7.67 7.62(m, 4H), & = 7.07-7.04(d, 2H), & = 3.95-3.93(d, 2H), 8 = 1.79-1.77(m, 1H), & =
1.57-1.42(m, 8H), § = 1.00-0.91(m. 6H).

AAe 50 4-((NN-H]2(F g d-2-dHE) ol ) D)lzHEZS] A=

CN :N 4 '<N_/<
K,COy 3
4 4
% CH;CN reflux N\ CN
N= N=
Br w» p

Fegesae] A8 oMIEUEY 25nlE Y3, -HER-sle-ERUEA(L1g nol), H-(2-3FY)ekn

(1.31g mol) 2 ERIZE(2.31g mol)S Wol Az 715 dlolA] o], 24417k Bk 80 Coll A 3Hi7 Al7|HA 1
Wttt o gele Hoo wAlS wglon, Azke] Aye] whel 2 ZMom waglth. mwuke] T ¥
FeA eRg WEm gEEA oA, U 2 TR AxAAT. oy YHBS NG 249
715 e FAs veiloy, mixute g AaZelEaaR EEste] 44 715 FEe 4-((N,N-H] (T g
d-2-de)oln -l ZYEZHS AJTHFEEE: 65%).

'H NMR(CDC, ppm) & 8.51(d, 2H), & 7.68(t, 2H), & 7.63(d, 2H), & 7.52(d, 2H), & 7.15(t, 4H), &
3.79(s, 4H), & 3.73(s, 2H)
A 6: 4-((N,N-H2(FFd-2-grd)o}r =) d &)l ZAH(NL) 9 A=

NI N{
N KOH , EtOH N
N= @CN reflux / 12h N= \\©7COOH
N # \_ 7
TEEEtaAY 4-((NN-H (I E-2-dHE)olr ) el Y EL S FAS4EFE Yl S 2-dEA &
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[0267]

[0268]

[0269]
[0270]

[0271]

[0272]

[0273]
[0274]

[0275]

[0276]

[0277]
[0278]

SIHS31 10-2013-0045910

S
>
A
8

R
=1
I-HZ
>
S
v
=
z
>
N
Lo
ox
rfo
lo
ft
rfo
k
il
i
ol
k!
ol

S8 3:79 HlEE Q3 100°CollA] 1247 3
Sloll gl E AAZFL Soll HAT. Sol HAF It
AFJA AT, AFPA BHS By Sxto
AAHFEE: 90%) .

H-NMR(DMSO-ds .ppm): & 12.82(s, 1H). & 8.49(d, 2H), & 7.91(d, 2H), & 7.77(t. 2H), & 7.55(t, 2H),
§ 7.24(m, 4H), § 3.71(s, 6H)

AXY 7: 4-(4-FF2EAHD)-2,2° 6 ,2° -HAIIWL2)Y A=

\
i v N ° |, DNH3 H;0,NeOH
= o =" o i)HCI

T2 ZE AT 4-vEAZIER YWl =23 = (1.0g, 6.1mmol) & 2-olME W& W (1.37ml, 12.2mmol)S
25mlo] =9h, 1 o 30% NH; €99 (Iml)3} NaOH(0.488g, 12.2mmol)S FH A B =9 AL 54 Zg
Ao YATE. NaOHE go]FA Fysh e e S =, oF A3 ARt H248 9.
oF 17A17F AL AL B2 ZtA9 JFE do] U 5ol & A

A =3

=

1o w3 wAAT Agko] Ay
42 0 Be wee) AA%o AAHAY. Weo FAR ¥, B(GmDE ol %UF I FHAAG. A
A8 ofufo] ofs) AeUla B2 Ao Foth. Tela olEe somle] Wi 1A A% BFAY F o e
2% DEAAHESE: °F 508)

lH—NI\/[R(DMSO—dG ,ppm): & 13.2(br s, 1H, COH), & 8.77(d, 2H), & 8.76(s, 2H), & 8.69(d, 2H), 6
8.14(d, 2H), & 8.07(d, 2H), & 8.05(dt,2H), & 7.54(ddd, 2H)
AA e 8: tolAE[(4-HD)HA L] X2 SApo|=9] Az
Bx CH;
1) Mg/ PPhyCl, THF, tefluxing
2)30% H203, THF, r.t

O

A4 715 slellA mk2ul4(2.64g, 0.11lmol)¥} 4-BE R EFA(20.50g, 0.12mo0l)ES AAE THF(100ml)el] @i
2o A WRIAIATH, [L,E 9ol vES& MAISEaL, $HAIZE kST, A7) Wk viauvg2 AR BhS-

g gHAtk, WgU|E 0CE 9 & ZE22uoldld -3 (18nl, 0.10mol)S HH3] EolFa 124]
FAZ1 A Bk AI AT, 50ml 10% NHC19F 30% H.0.2 HH3] ¥ol FoUut. #dsto] &S A ATF tho]

2 23] FEIF 77T &WiE Adetel Axsta, AdazviEave Zeste] 49

I NMR(CDCl5, ppm) & 2.41(s, 3H), 7.28(s, 2H), 7.29(s, 2H), 7.43-7.70(m, 10H).

AAe9: 4-(ToldldE2EH)WFA(NLS) Y A=

CHs COOH
KMnO,
Pyridine/ H,O

OO O340

Il [1}

O 6]
Hd7AEZE 5 (118.40g, 749.150 mmol)S & W/E(150ml, 1:2)0] @i SFA|7|HA wkS-do] o] mglaof A
o] wf 74A] WHRAIF T, 20417 wEks HE|R S, Joldle o]itstgite A A flste] & €

35 A

FAT. AP S Aol nAE Eelete] NaOHol| 5o]al THESE o"otAlHlo|ER F&38ta &ujE A|73h5
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[0279]

[0280]

[0281]

[0282]

[0283]

[0284]

[0285]

[0286]

[0287]

[0288]

[0289]

[0290]

[0291]

SIHESI 10-2013-0045910
ZAA A nAE AT (FEF: 87%)
'H NMR(DMSO, ppm) & 7.58-7.88(m, 4H), 7.3-7.4(s, 8H), 8.1(s, 2H), 12.79(s,1H) .

AN 10: FEA FEFEe AZEu - [P-NALNL) & Eu’ - [Ps-NAT,(NL))

Ry~ )Rz DKHITHF Rk pRa Voo e
( )  MLn/NL/MeOH «p T {vj
\

_ . G0+ )— ..
R,I-\/Q/\O-@—" HBCO—@'r (?1”=1,2,3) ) ﬂ=1,2 3) il
Ry= —CO0,  —()-CO0, =& tcoo‘

R

M= Eu® == Tp*

HAEa  ZgA3ad  4-(UA-(4-HEAED Y ZEd-1-9)wlEAH0.1g,  0.28mmol) ¥ FA232E(0.0111g,
0.28mmol)S AAE THF 100mloll HATHASSTE 2 i W7slr] o] F2H vlxoM HAssd
oh). 24A7F Fob, A2 H, 7Fa7F YA &8 wizbx] wubsith, X e o] wEAR F {Eyw
2 8Fo] = (Europiumchloride, 0.024g, 0.lmmol)%} 4-((N,N-H]Z~(¥]g] Z
0.1mmol)& T ET=Fe Wi wekgol] SQlth. HAZe WSS ALEste] = & yxdd o
Hk-S o

ofxl Eepade] gar 484 AR AdLolA awkAZiY

i

AzAZT. vz Ak ojel2R AF skl AMe] 1A - [PoNAL(NL)E Aict.

Eu - [PsNATs(NL), Eu - [Py-NATs(NL) 2 Eu - [Pi-NALs(NL)XE P,-NA Tthal ZHZ} Pi-NA, Pi-NA FEE P-NAS A}

23 AL AstmEs Avle BUS WHoR AxH. E3, Th - [PNALOLE Eu” oAl Th 2 AR

A% AQns Avst B WMoz AxHdon b - [Pe-NAL,(NL) 2 Tb = [P-NAT(NL), Tb - [Ps-
NAL,(NL)E Eu” thal Th 2 ARS8k, P-NA thAl 77t P-NA, P-NA = P-NAZS A}&3 A Al9lahil 447
zoa oz AxHAT. Eu - [GI-NAL(NL), Eu' - [G2-NAT,(NL), Eu - [G3-NAI;(NL):= P,~NA th4l G1-NA,
G2-NA L G3-MAE A3 AL A9jala Avle B9s wyow AzaAen], T - [G1-NAl;(NL), Tb -

[G2-NAJ,(NL), Tb' - [G3-NAL(NL)E Eu’ il Tb" = Aed AL A9an 479 593 wyow
A Z3 G o).

Eu - [Pe-NATs(NL)

FT-IR(KBr) [cm ]: 1689(C=0)

Anal Caled. for CoHoBuN:Os @ C, 63.73; H, 4.04; Eu, 15.21; N, 4.21; 0, 12.81
found C, 63.42; H, 4.00; Eu, 14.60; N, 4.10; 0, 12.17
3+
Eu - [P;-NA]3(NL)
FT-IR(KBr) [cm ']1: 1689(C=0)
Anal Caled. for CoHsEuNiOs :C, 69.49; H, 4.27; Eu, 12.38; N, 3.42; 0, 10.43

found C, 68.32; H, 4.61; Eu, 12.20; N, 3.37; 0, 10.32
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[0292]

[0293]

[0294]

[0295]

[0296]

[0297]

[0298]

[0299]

[0300]

[0301]

[0302]

[0303]

[0304]

[0305]

[0306]

[0307]

[0308]

[0309]

[0310]

[0311]

[0312]

[0313]

[0314]

[0315]

[0316]

[0317]

[0318]

[0319]

[0320]

Eu - [P, NATs(NL)

FT-IR(KBr) [cm ]: 1689(C=0)

Anal.Calcd.for ngHmEUNgOn :C, 71.50; H, 4.57; EU, 9.83; N, 2.72; O, 1139,
found C, 71.42; H, 4.51; Eu, 9.80; N, 2.70; 0, 11.37

Eu - [PsNATs(NL)

FT-IR(KBr) [em 1: 1699(C=0)

Anal.Calcd.for CysHi2EuN:Oyy :C, 73.76; H, 6.14; Eu, 8.26; N, 2.28; 0, 9.56
3+
Tb - [Po—NAT5(NL)

FT-IR(KBr) [cm ]: 1689(C=0)

Anal.Calcd.for CsslyNsOsTb @ C, 63.29; H, 4.01; N, 4.18; 0, 12.73; Th, 15.80
found C, 62.42; H, 3.91; Tb, 15.70; N, 3.70; 0, 12.37

T~ [P-NATs(NL)

FT-IR(KBr) [cm ]: 1689(C=0)

Anal.Calcd. for CpHsNsOsTh @ C, 69.10; H, 4.25; N, 3.40; 0, 10.37; Tbh, 12.88
found C, 68.42; H, 4.11; Tb, 11.80; N, 3.30; 0, 10.35

Tb"'= [P,-NATs(NL)

FT-IR(KBr) [cm ]: 1689(C=0)

Anal .Caled. for CoHNsOyTh : C, 71.18; H, 4.54; N, 2.71; 0, 11.34; Tb, 10.24
found C, 71.02; H, 4.41; Tb, 10.810; N, 2.60; 0, 11.37
3+
"'~ [PsNATs(NL)
FT-IR(KBr) [cm ]: 1699(C=0)
Anal .Caled. for CpsHisThN:Oy :C, 73.76; H, 6.14; Tb, 8.26; N, 2.28; 0, 9.56
found C, 71.00; H, 4.44; Eu, 10.82; N, 2.63; 0, 11.36
3+
Eu”'- [G1-NAT4(NL)
Anal .Caled. for CrsHioeEuNsOyr @ C. 73.75: H, 4.90; Eu, 6.96: N, 1.93; 0, 12.46
found C, 73.75; H, 4.92; Eu, 6.93; N, 1.91; 0, 12.42
3+
Eu - [G1-NA-P,]5(NL)
Anal .Calced. for CispHysBuN:Oys @ C, 75.74: H, 4.93; Eu, 6.30; N, 1.74; 0, 11.28

found C, 75.72; H, 4.91; Eu, 6.32; N, 1.73; 0, 11.22
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[0321]

[0322]

[0323]

[0324]

[0325]

[0326]

[0327]

[0328]

[0329]

[0330]

[0331]

[0332]

[0333]

[0334]

[0335]

[0336]

[0337]

[0338]

[0339]

[0340]

[0341]

[0342]

[0343]

[0344]

[0345]

[0346]

[0347]

[0348]

[0349]

Eu - [G2-NATs(NL)

Anal.Calcd. for C213H173EUN3029: C, 75.77; H, 5.19; EU, 4.40; N,

found C, 75.71; H, 5.17; Eu,
3+

Eu - [G2-NA-P1]3(NL)

Anal.Calcd. for C236H190EL1N3029 :

found C, 76.91; H, 5.21; Eu,
3+

Eu - [G3-NA]3(NL)

Anal.Calcd. for nggHglgEUN‘ng :

found C, 77.32; H, 5.31; Eu,

Eu” '~ [G3-NA-P,]4(NL)

Anal.Calcd. for C388H318EUN3053 :

found C, 77.38; H, 5.37; Eu,
3+

Th - [G1-NAJ3(NL)

Anal.Calcd. for C134H105TbN3017 :

found C, 74.15; H, 4.63; Tb,

b~ [G1-NA-P;]5(NL)

Anal.Calcd. for C152H11gTbN3017 :

found C, 76.15; H, 4.72; Tb,
3+

Tb - [G2-NAT3(NL)

Anal.Calcd. for C213H173TbN3029 :

found C, 76.01; H, 5.07; Tb,
3+

Tb™ - [G2-NA-P;15(NL)

Anal.Calcd. for ng@H]goTbNgOzg :

found C, 77.12; H, 5.03; Tb,
3t

Tb - [G3-NAJ5(NL)

Anal .Calcd. for C388H313TbN3053 :

found C, 77.32; H, 5.31; Tb,

Tb'= [G3-NA-P,15(NL)

Anal.Calcd. for C333H313EUN3053 :

4.42; N, 1.23; 0, 13.46

C, 76.94; H, 5.20; Eu, 4.12;

4.13; N, 1.14; 0, 12.55

C, 77.38; H, 5.32; Eu, 2.52;

2.51; N, 0.71; 0, 14.03

C, 77.38; H, 5.32; Eu, 2.52;

2.54; N, 0.73; 0, 14.09

C, 74.17; H, 4.67; Tb, 6.90;

6.92; N, 1.91; 0, 12.33

C, 76.10; H, 4.73; Tb, 6.25;

6.27; N, 1.71; 0, 11.17

C, 76.02; H, 5.05; Tb, 4.37;

4.39; N, 1.25; 0, 13.33

C, 77.17; H, 5.06; Tb, 4.10;

4.13; N, 1.12; 0, 12.51

C, 77.38; H, 5.32; Tb, 2.52;

2.51; N, 0.71; 0, 14.03

C, 78.01; H, 5.32; Tb, 2.43;
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1.22;

0.70;

0.70;

1.91;

1.73;

1.21;

1.13;

0.70;

0.67;

0,

13.43

12.59

14.08

14.08

, 12.35

11.19

13.35

12.53

14.08

13.57
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[0350]

[0351]

[0352]
[0353]

[0354]

[0355]

[0356]

[0357]

[0358]

[0359]

[0360]

[0361]

[0362]

[0363]

ZIHS351 10-2013-0045910
found C, 78.11; H, 5.33; Tb, 2.45; N, 0.67; 0, 13.53

2Ae] 11 @eA ZatatEe] Az (B - [PNAT(NL2))

Ri—§ Ry DKH/THF
N/ il Ln /NL2 / MeOH

R1=\/\3/‘o—©—, H3CO , &“;1,2’3)’ o0 )~ v 4

(n=1,2,3)

v Gpeow, an Lo

M= Eu* = o™
A8 EH2aFd 4-U-U-dESAE Y ZEd-1-A) W 240, 1g,  0.28mmol)F A 8H, L%(0 0111g,
0.28mmol)S A3 THF 100mlell HRATHESFE 242 Fitod W3ty

1
6. AT B AR B A2 FeA RS A L. Ee ol Eeln 7, fEsg

Z2}o]=(Europiumchloride, 0.024g, 0.1lmmol1)¢}  4-(4-7}2E-A]H)
0.1mmol)& E&h=Fo] €1 vwgEd vt HAFY WaE&s AE3S)
S Wil 48413 X A2l nRkAIFH Y. Bbg F4 $ HERE A oo

Auto w #aT} oE| 2z AFake] Bae] 1A (Fu - [P,-NA];(NL2)E < 2dt}.

0= [P-NATs(NL2), Eu - [P;-NATs(NL2), Eu - [Ps-NAT;(NL2)XE P,-NA thAl Z}Z} Pi-NA, Pi-NA HEE Po-NAZ A}
28 AL Aetint A7) FAH wyow AT EH, b - [PNALONLDE Eu Al Th & A&
AL Aeletis Avle BAd wor AxHQom, Th - [P-NAL;(NL2) 2 Tb - [P-NAL,(NL2), Tb - [Py
NAT;(NL2) = Eu’ o)A Th = A8 , PoNA ™Al Z}ZF P-NA, Pi-NA TEE Po-NAS A3 AS AYsta A7)¢)
zolak Wul oz AZEAT. Eu - [G1-NAL,(NL2), Eu - [G2-NATs(NL2). Eu - [G3-NALs(NL2)% P,-NA thal z+z}
GI-NA, G2-NA = G3-NAE A3 AL AYstm A7¢ 593 wHoa Az, Th'- [G1-NAT;(NL2),
Tb'- [G2-NALs(NL2), Tb™- [G3-NAL,(NL2)% Eu” tidl Tb & AH&@ 2 Alelsta 47]sh 593 wioes A
3kl

3+
Eu - [Py=NAJ4(NL2)

FT-IR(KBr) [cm ]: 1688(C=0)

Anal.Calcd. for CssHseEuNsOg : C, 64.84; H, 3.56; Eu, 14.92; N, 4.12; 0, 12.56
found C, 64.42; H, 3.51; Eu, 14.80; N, 4.10; 0, 12.37

Eu - [P=NAJ(NL2)

FT-IR(KBr) [cm ]: 1688(C=0)

Anal .Calcd.for CglligEuNsOs @ C, 70.30; H, 3.88; Eu, 12.18; N, 3.37; 0, 10.26
found C, 70.29; H, 3.51; Eu, 11.80; N, 3.30; O, 10.17

Eu - [Py -NAJ4(NL2)
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[0364]

[0365]

[0366]

[0367]

[0368]

[0369]

[0370]

[0371]

[0372]

[0373]

[0374]

[0375]

[0376]

[0377]

[0378]

[0379]

[0380]

[0381]

[0382]

[0383]

[0384]

[0385]

[0386]

[0387]

[0388]

[0389]

[0390]

[0391]

[0392]

FT-TR(KBr) [em '1: 1689(C=0)

Anal .Calcd. for C94H55EUN3011 . C, 72.12; H, 4.25; EU, 9.71; N, 2.68; O, 11.24
found C, 71.42; H, 4.11; Eu, 9.60; N, 2.50; 0, 11.17

Eu' - [PoNA]5(NL2)

FT-TR(KBr) [em 1: 1699(C=0)

Anal.Calcd. for C115H1()3N3011EU : C, 73.98; H, 5.83; N, 2.25; O, 9.43; EU, 8.51
found C, 63.45; H, 3433; Eu, 15.20; N, 4.10; 0, 12.16

Th''= [Py-NAT4(NL2)

FT-IR(KBr) [cm 1: 1690(C=0)

Anal.Calcd.for CsslaeNsOsThb @ C, 64.40; H, 3.54; N, 4.10; 0, 12.48; Tb, 15.49
found C, 63.42; H, 3431; Tb, 15.30; N, 4.00; O, 12.17

T~ [P-NAT5(NL2)

FT-IR(KBr) [cm 1: 1689(C=0)

Anal.Calcd.for CrlligNsOsThb @ C, 69.91; H, 3.86; N, 3.35; 0, 10.21; Th, 12.67
found C, 69.42; H, 3.71; Tb, 12.60; N, 3.10; O, 10.17

T~ [P,-NAT5(NL2)

FT-TR(KBr) [cm ]: 1687(C=0)

Anal.Calcd.for CoslgeNs01Tb @ C, 71.80; H, 4.23; N, 2.67; 0, 11.19; Tb, 10.11
found C, 71.42; H, 4.11; Tb, 10.06; N, 2.50; O, 11.17

b= [P4-NAT;(NL2)

FT-TR(KBr) [cm ]: 1689(C=0)

Anal.Calcd. for CysHieNsOiTh @ C, 73.98; H, 5.83; N, 2.25; 0, 9.43; Tb, 8.51
found C, 71.44; H, 4.13; Tb, 10.07; N, 2.52; 0, 11.14
3+
Eu - [G1-NAJ3(NL2)
Anal.Calcd. for CisHigeEuNsOy7 @ C, 74.17; H, 4.67; Eu, 6.90; N, 1.91; 0, 12.35
found C, 74.15; H, 4.63; Eu, 6.92; N, 1.91; 0, 12.33
3+
Eu - [G1-NA-P;]5(NL2)
Anal.Calcd. for CisHipaEuNs0y7 ¢ C, 76.10; H, 4.73; Eu, 6.25; N, 1.73; 0, 11.19

found C, 76.15; H, 4.72; Eu, 6.27; N, 1.71; 0, 11.17
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[0393]

[0394]

[0395]

[0396]

[0397]

[0398]

[0399]

[0400]

[0401]

[0402]

[0403]

[0404]

[0405]

[0406]

[0407]

[0408]

[0409]

[0410]

[0411]

[0412]

[0413]

[0414]

[0415]

[0416]

[0417]

[0418]

[0419]

[0420]

[0421]

Eu' - [G2-NAT,(NL2)

Anal.Calcd. for sz()H174EUN3029: C, 76.02; H, 5.05; EU, 4.37; N,

found C, 76.01; H, 5.07; Eu,
Eu”'~ [G2-NA-P15(NL2)
Anal.Calcd. for C233H136EUN3029 :
found C, 77.12; H, 5.03; Eu,
3+

Eu - [G3-NA]3(NL2)
Anal.Calcd. for nggHglgEUN‘ng :
found C, 77.32; H, 5.31; Eu,

Eu' - [G3-NA-P,]5(NL2)

Anal.Calcd. for C,106H330EUN3053 :

found C, 78.11; H, 5.33; Eu,
3+
Tb - [G1-NAI3(NL2)
Anal.Calcd. for ClggeHloszNgon :
found C, 74.15; H, 4.63; Tb,
Tb '~ [G1-NA-P;]5(NL2)
Anal.Calcd. for C154H114TbN3017 :
found C, 76.15; H, 4.72; Tb,
3+
Tb - [G2-NA]5(NL2)
Anal.Calcd. for C220H174TbN3029 :
found C, 76.01; H, 5.07; Tb,
b~ [G2-NA-P;15(NL2)
Anal.Calcd. for nggH]g@TbNgOzg :
found C, 77.12; H, 5.03; Tb,
3t
Tb - [G3-NA]5(NL2)
Anal.Calcd. for C388H313TbN3053 :
found C, 77.32; H, 5.31; Tb,

Tb'= [G3-NA-P;15(NL2)

Anal.Calcd. for C406H330EUN3053 :

4.39; N, 1.25; 0, 13.33

C, 77.17; H, 5.06; Eu, 4.10;

4.13; N, 1.12; 0, 12.51

C, 77.38; H, 5.32; Eu, 2.52;

2.51; N, 0.71; 0, 14.03

C, 78.01; H, 5.32; Eu, 2.43;

2.45; N, 0.67; 0, 13.53

C, 74.17; H, 4.67; Tb, 6.90;

6.92; N, 1.91; 0, 12.33

C, 76.10; H, 4.73; Tb, 6.25;

6.27; N, 1.71; 0, 11.17

C, 76.02; H, 5.05; Tb, 4.37;

4.39; N, 1.25; 0, 13.33

C, 77.17; H, 5.06; Tb, 4.10;

4.13; N, 1.12; 0, 12.51

C, 77.38; H, 5.32; Tb, 2.52;

2.51; N, 0.71; 0, 14.03

C, 78.01; H, 5.32; Tb, 2.43;
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1.21;

0.70;

0.67;

1.91;

1.73;

1.21;

1.13;

0.70;

0.67;

0,

13.35

12.53

14.08

13.57

, 12.35

11.19

13.35

12.53

14.08

13.57
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[0422]

[0423]

[0424]
[0425]

[0426]

[0427]

[0428]

[0429]

[0430]

[0431]

[0432]

[0433]

[0434]

SIS 10-2013-0045910
found C, 78.11; H, 5.33; Tb, 2.45: N, 0.67; 0, 13.53
AN o) 12: ekA RSB AZE - [PrNALNL3))
_ \
R~ )-Re )KHITHE R4 pRe ™yl o —-/\:,)—coor-i\
iiy Ln / TPPO  MeOH &y T J s
3 R) |
‘:‘\
/\/\o—.— Hsco—®f 1 2.3) G(:S;Qz_f;— = H

Ry= —COO0 » -@COO‘, g = coo‘
@,

M= Eu¥* £= Tb¥

g

AYa ZgzFe  4-U-U-rEA DY EEA-1-A) WA 0.1g,  0.28mmol )T FA3HAE(0.0111g,
0.28mmol)S AAS THF 100mlo] =tH(HEFE Bhe 4 ] A

Th). 244138 F3F Aol A Hy 7F=7F VoA &5 wizkA] uwkeqlch. g el o] vkEolxl & RIS &
Z&to] = (Europiumchloride, 0.024g, 0.lmmol)E wW&-&o] o Wi 60ColA 3087F WRIAIAIL, 25 4
olFld 2~ )Wl FAH(0.0353g, 0.1mmol)S WIRHES] FHo] Wi 60%eA 4r]7F EFAIZ|HA agkalgivt. wr
¢ 24 ¥ "EYsa NS Petow AXAAG. wAuow sy ojgZw AHste] A A (R -
[P,-NAT;(NL3) & & At}.

M
2
g
o
(<0
o
N

{0

[¢]

Eu - [Py-NALs(NL3). Eu - [P;-NATs(NL3). Eu - [Ps-NAJs(NL3)% P,-NA thAl ZFZ} Pi-NA, Pi-NA = Po-NAZ A}
23 AL Aol v A wow AxHUT. EF, Th - [PNALOL)E Eu oA Th 2 A3

2 AzHA9om, Th - [P-NAT;(NL3) 2 Th'- [P-NAT;(NL3), Tb - [Ps

W
o
>
fo
ol
k!

rir
0%
Al
fo
offt
o,
rot
oL
i
o

o

NAT;NL3) % Eu’ thal Tb' & A3, PoNA t2l ZH2E PeNA, P-NA B PoNAZ ARE3E AL Alo)ela 47]9}
sos wgow AzHAT. Bu' - [G1-NAL(NL3), Eu'~ [G2-NALS(NL3), Bu™~ [G3-NAI;(NL3)% P,-NA ©)4l 77}
GI-NA, G2-NA i G3-NAZ AL&3 AL A9lsta 7)ol BAF Wgow AU, Tb - [G1-NAL,(NL3),
b= [G2-NAL(NL3), Tb - [G3-NAL:(NL3)E Eu’ oAl Tb' 2 AF&3k A& Alolehi A9 5Us o 7
35k,

Eu' '~ [Po-NAT5(NL3)

FT-IR(KBr) [em 1: 1687(C=0), 1436(0=P)

Anal .Caled. for CoHsEuOwP, :C. 65.09; H, 3.92: Eu, 11.60; 0, 14.66; P, 4.73
found C, 65.10; H, 3.95; Eu, 11.63; 0, 14.67; P, 4.71

Eu’'- [P-NAT,(NL3)

FT-IR(KBr) [cmq]i 1689(C=0), 1437(0=P)

Anal.Calcd.for CglgEuOP, @ C, 69.49; H, 4.13; Eu, 9.88; 0, 12.48; P, 4.03

found C, 69.52; H, 4.12; Eu, 9.91; 0, 12.49; P, 4.02
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[0435]

[0436]

[0437]

[0438]

[0439]

[0440]

[0441]

[0442]

[0443]

[0444]

[0445]

[0446]

[0447]

[0448]

[0449]

[0450]

[0451]

[0452]

[0453]

[0454]

[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

[0461]

[0462]

[0463]

Eu' - [P NAT(NL3)

FT-IR(KBr) [cm 1: 1689(C=0),

1438(0=P)

Anal.Calced. for CyjoHgiEuOsPs @ C, 71.16; H, 4.40; Eu, 8.18; 0, 12.93; P, 3.34

found C, 71.17; H, 4.42; Eu,

Eu' - [PoNAT(NL3)

FT-IR(KBr) [cm 1: 1690(C=0),

Anal.Calcd. for C131H123EU015P2: C, 73.14; H, 5.76; EU, 7.06; O,

found C, 73.16; H, 5.78; Eu,

Eu' - [G1-NAT,(NL3)

Anal .Calcd. for C152H117EU021P2: C, 73.22; H, 4.73; EU, 6.09; O,

8.15; 0, 12.91; P, 3.32

1439(0=P)

7.08; 0, 11.15; P, 2.89

found C, 73.22 H, 4.72; Eu, 6.01; O, 13.41; P, 2.42

Bu”~ [GL-NA-P,15(NL3)

Anal . Ca led. fOI‘ C170H129EU021P2 :

found C, 75.01; H, 4.74; Eu,
3+

Eu - [G2-NA]3(NL3)

Anal.Calcd. for ngngggEUO;ggpg :

found C, 75.21; H, 5.02; Eu,

Eu' - [G2-NA-P,15(NL3)

Anal.Calcd. for C254H201EUO33P2 :

found C, 76.32; H, 5.01; Eu,
3t

Eu - [G3-NAJ5(NL3)

Anal.Calcd. for CyouHsz3EuOs7Ps :

found C, 76.81; H, 5.32; Eu,
3+

Eu - [G3-NA-P;15(NL3)

Anal.Calcd. for C422H345EUO57P2 :

found C, 77.48; H, 5.38; Eu,
3t

Tb - [GI1-NA]5(NL3)

Anal . Ca led. for C152H117Tb021pz :

found C, 74.15; H, 4.63; Tb,

C, 75.02; H, 4.78; Eu, 5.58; O,

5.53; 0, 12.32; P, 2.26

C, 75.25; H, 5.06; Eu, 4.03; O,

4.03 0, 14.03; P, 1.65

C, 76.36; H, 5.07; Eu, 3.80; O,

3.81; 0, 13.22; P, 1.51

C, 76.85; H, 5.32; Eu, 2.41; O,

2.44; 0, 14.42; P, 0.96

11.16;

13.47;

12.34;

14.02;

13.22;

14.44;

P,

2.88

2.48

2.28

1.64

1.55

0.98

SIHS35 10-2013-0045910

CC, 77.47; H, 5.32; Eu, 2.32; 0, 13.94; P, 0.95

2.38; 0, 13.97; P, 0.94

C, 74.17; H, 4.67; Tb, 6.90; N, 1.91; 0, 12.35

6.92; N, 1.91; 0, 12.33
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[0464]  Tb - [G1-NA-P,];(NL3)

[0465]  Anal.Calcd. for CipoHiugTbOuPy @ C, 76.10; H, 4.73; Tb, 6.25; N, 1.73; 0, 11.19
[0466]  found C, 76.15; H, 4.72; Tb, 6.27; N, 1.71; 0, 11.17

[0467]  Tb - [G2-NAI;(NL3)

[0468]  Anal.Calcd.for CopgHisThOwPs :© C, 76.02; H, 5.05; Th, 4.37; N, 1.21; 0, 13.35
[0469]  found C, 76.01; H, 5.07; Tb, 4.39; N, 1.25; 0, 13.33

[0470]  Tb - [G2-NA-P;];(NL3)

[0471]  Anal.Calcd. for CoHaoiTbOwPs © C, 77.17; H, 5.06; Tb, 4.10; N, 1.13; 0, 12.53
[0472]  found C, 77.12; H, 5.03; Tb, 4.13; N, 1.12; 0, 12.51

[0473]  Tb" - [G3-NAJ,(NL3)

[0474]  Anal.Calcd. for CoHysTbOsPs @ C, 77.38: H, 5.32; Tb, 2.52; N, 0.70; 0, 14.08
[0475]  found C, 77.32; H, 5.31; Tb, 2.51; N, 0.71; 0, 14.03

[0476] T~ [G3-NA-P;15(NL3)

[0477)  Anal.Calcd.for CipHyTbOsP, © C, 78.01; H, 5.32; Tb, 2.43; N, 0.67; 0, 13.57

[0478] found C, 78.11; H, 5.33; Tb, 2.45; N, 0.67; O, 13.53

[0479] 2 A]of 13: TBC-S2 ¥&2] A=

5 4

o o}
CHO Pd(PPh3)s. Na;CO3 Q
Toluene, EtOH Q W
0 P/O

HOOC

Cyanoacstic acid, piperidine
CHClj, Acetonitrile Q W
P) TBC-S2

[0481]  4-(2-A AL ZA])-N-(4-(2-N DAL A 3D )-N-(4-(4,4,5,5-H E&}H[E-1,3,2-T}o] AR Z &-2- ) 7]

)dlAlo}wl (1.11g, 1.77mmol), 5-(7-(5-H 2 RA}o] @ #ll-2-A)wlZ[c][1,2,5] o] tho]o}ZF-4-U ) Alo] @ #-2-7}
vl d|5Fe] =(0.48g, 1.18mmol), HIEZI|A(EHHAIFXAEH)ZEHF(0)(0.05g, 0.08mmol)3F Na,CO; (0.25g,
2.36mmol)S A THF 50mlel] €L ﬁME} o] o oty & 20mld 77t Wolth. thadll, FAI7IH
Al 12A1ZE FQE awRkskith. mko]l Edk & 2hE Sfell &ulE Al A HEANSFEeo|=ER 33 FEIGIT.
FojF EEHEAS ZHARvEIYIRE FEste] Hepol AYE(G-(7-(5-(4(H=4-2-Ed A LA )
obr) ) F ) Afo] @ #l-2-A )Ml = (c) [1,2, 5] ko] tho] o} &4~ ) Ato] .3 -2-7Hul g H| sl =) & AAHFEE:
35%) .

[0480]
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[0482]

[0483]

[0484]

[0485]
[0486]

[0487]

[0488]

[0489]

[0490]

[0491]

[0492]

[0493]

[0494]

[0495]

[0496]
[0497]

[0498]

[0499]

[0500]

[0501]

SIHS3d 10-2013-0045910

'H-NIR (300 MHz; CDCl3):6 = 9.95 (s, 1H), 8.18-8.16 (d, 1H), 8.15-8.14 (d, 1H), 7.96-7.94 (d, 1H),

7.85-7.81 (d, 2H), 7.49-7.46 (d, 2H), 7.28-7.26 (d, 1H), 7.10-7.07 (m, 2H), 6.95-6.92 (d, 2H), 6.87-
6.83(d, 4H), 3.83(d, 4H), 1.40 (m, 2H), 1.57-1.18 (m, 16H), 0.93 (t, 12H,).

A7l A Aojx HEpale] &4 (0.45g, 0.54 mmol)S EZZFEE 20ml 9} otHEYCIEZ 20ml ] &ufjo] =T},
Aojxl gMof] 2-Alololob A EAF 0.068g, 0.8 mmol)® I (0.31ml, 3.69 mmol)S BiA, 3FalHA
Fob WHkAIF T, A A & FERIZIFOR FEI AFsEe] AR AAES TBC-S2& At

H-NMR (300 MHz: DMSO): & = 8.21-8.08 (m, 4H), 7.82-7.78 (d, 1H), 7.61-7.52 (d, 2H), 7.50-7.44 (d,
1H), 7.11-7.01 (d, 4H), 6.69-6.88 (d, 4H). 6.82-6.76 (d, 2H). 3.83(d, 4H), 1.40 (m, 2H), 1.57-1.18 (m,

16H), 0.93 (t, 12H), NS (MALDI-TOF): 894.15 ().
AN 14~19 & Bl 1~8: F87S BgAA] Ao A A FE HAE
() FES "F=] Ao A=

L FI0 #2712 FASEF §o6] 93 147 59 287 Ael(sonicate) FATH T Fo FHAe o
WS olgstel AAT F, AANE ol g3l Az,

2. AIFE FI0 27195 40mM &%= TiCly &Nl & §, 70T B4 30% 2k 7FEshaivt.

3. TiCLE AHEH FI0 FE71#S SHTe dedSS o] &8t AAHg Fo dartxg o]&ate] AT
2 Fo 80T QB 108 3F 7FAA AT

4. TiCl, AFE FT0 Fg 7o) 13nm G2 =719 Ti0, #Ho]A~E(paste)S ©E] E# o] =(doctor blade) ™
o FYAZTH. LAl 2o A(20T) 2417t FF A ZTH

5. FI0 fr21719H& 80T S BollA 2417t &k Ax AlFTh.

6. 13nm Y=+ 2719 Ti07F IR E FI0 7| #s 7FE2E o]83lo] 500T7A 7hdste] 12417 &2t &4A
Zrtt.

7. FT0 frl7]gell 42k27] 400nm?] Ti0, HO]A~EE =E Heol= oz wXsglth. il 4204 (20
T) 2A3F B Ax2A7]aL, 7HEREE o] 83k 500C7HA] 7hdate] 12A13F F3F A A Z T

8. Ti07} 24 FI0 f-2]7]1%-S 40mM TiCl, &Nl 308 &t g Fol| =FF} eSS o] &alo] Alxa)
al, AATIAE o] &l AXAIZT. 2 F 80T LEoA 108 Tk o HEAAC.

9. Ti07F 2% FI0 f217]1%#2S 3]¥ 7 (heating gun)S ©]&3}e] 30% &<t 243 T, 7] 1 % F29|
71" AR 1~6 B H]aLe|1~-8¢] % é l el A, dlSAFHHDCA EAWO)2HE MEEE

=~
HAEE ARSI ZAAMDN L1 % 2 AL A FRE AL 59 Al 1290 5 A

22 7t

10. 919 FI0 27188 SHet odlgs ol &ate] AHT & dartag o] &3te] A

N EelFAt.

12. o] ¢ FI0 8719 H0/FHIE/HCL(4:4:2, v/v/v) &9 1A3F EF 253 Al# 7] (sonicator) &
AR, 1 Fo] 70T LEoA 308 B AxEAT).

g

Jf o
o

(L

rlet

2
il
g !
&
zi
2
flog
it
>4
m1o
mlolr

11. Ad=4 FI0 S71ge] A& 0.6mn o <

r°1'

13. FTO0 #2171 %g Pt(Ilml o2 g0 2mge] HPtClgS /<) RMS o]&3to] A~ ¥ (spin coating) 3F
% 3|8 A(heating gun)< o]-&3Fo] 400°Co A 1583F 7FE A F ).

14. A=y A A ATS, 82 AP AE(sealing film)S ©o]&3le], 0CE 7}<d¥ =7~ (hot
press)E o]&3le] AT},

15. A9 Ao s

IM

018 olgale] AHAE(0.1 M FE L=, 0.056 M £9=, 1-2 mM Hl&AZAA,



[0502]

[0503]

[0504]

[0505]

[0506]

[0507]

[0508]

[0509]

[0510]

[0511]

[0512]

SIHS31 10-2013-0045910

0.5 M 4-tert-5¥eagd 2 0.6 M 1,2-tid-3-Z2Ho|ut}Za] ¢ 209 olNEUVEY &H)S F9]3}

32

,_.
(@)}
)
ol
i
o
N
jine
o
i3
lo
4
o
o

S nER AYIE3 AFT(cover glass)E AFEEFe] Wislo] B A

FAA el 5E HAE

G742 3}sk HolE (Photoelectrochemical data)¥ 1000 W xenon light source(Oriel, 91193)& o]&3taL, T
NREL-calibrated Si solar cell(PV Measurement Inc.)S A}&3le] A3, H2E ZA3ye 317 1 2

of YER AT

B
o

X1
A= (3M |DCA WCM Jsc(mA/c |Voc[V] |FE(%) (%)

) m2)
AAd1 NT19 ImM 1mM 16,58 10597  [70.99  |7.04
A A2 |INT19 2mM 16.03  [0.623  |72.09  |7.20
A A3 INT19 4mM 1634  |0.663  |70.68  |7.66
2 Al |4 |TBC-S2 4mM 13.05 |0.613  |68.40  [5.48
H]d1 [N719 1608  [0.599  [72.02  [6.95
H o2 IN719  [2mM 1554 [0.609  |71.30  |6.75
H] 1 e]3 |TBC-S2 |4mM 13.10  |0.585  [|62.52  |4.80

WOM: Eu' - [Po-NAJ5(NL) A}-8-3F

N719: FH¥ 535-H|2~TBA, solaronixA} A=

TBC-S2: A A]of|139] &}E&

¥ 2

AE(3M) [DCA [WCM(Q)|Isc(mAlc [Voc[V] [FE(%)  |(%)

m?)

2 Al <]5 |Black dye 0.1lmM [17.72  |720 7279 [9.28
AN dl6 |NKX-2677 0.lmM [16.381 [0.6369 |74.54  |7.78
H] L el4 |Black dye |20mM 1659  [722 7135  |8.54
H] 1L ef|5 |Black dye 1553|689 7070  |7.58
] 1ol 6 0.lmM [0.41 487 77.00  |0.15
H] 2|7 |NKX-2677 14703 [0.6211 |74.48 6.8
H] o8 |NKX-2677 [40mM 15912 [0.6236 |7536  |7.48

AWOM: Eu = [Po-NATS(NL) A}-&-8H

NKX-2677: #kBd Biochemistry laboratoryA} A&, i

A7) Al@AIe] e wheb o], b e] sPFAEEAADS AHEstaL = Al WA 69 ARiE
G HFAAE WS ARSahA o2 wlatell WA 89 ARS BFAART 3 T&S vehdo] lH 3l
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o =g, AAd2 WA 69 BFAAE FRSH WAA DAS AHEHA Bkeole Breln 949 EES
vehe], ® ue] wgHsiEdel duey WAA dgn Sdsa A At AHgE F AL T
S

=y

k=350

Abs.

0.0 I i i & I LS I i 1 3 ] b 1 ¥
300 400 500 600 700 800 800 1000
o & (nm)

1.25- , Q
1n (’\O/\og);fg;r;coon
RY,

/ COOH

0.75 4 | CN
7]
o COOH

NKX-2677 7

< 0.50 -3 |

0.25

0.00
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