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(2,5-°] (B 2R e)—4-w S A 3| 35 A]) 3 D ]-5-[4-(3, 7-TI W 222 %A # d ]-1,3,4-SA ] o} E£(10) S A3

|

o o
=
i)
é
I
M
o}l

il
6
S
|
w
3
a
=2
e
do
e
BN o
>
=
BN

£ A4 o] e SAolE fEAZIS s-vRed e q871% 2
A9 gA AZHAE Jehie wgEel. o u, s-vgnd s A



[0047]

[0048]
[0049]

[0050]

S=50] 10-1333196

RPN
i i O aHzs
MNazCra- drytoluens
i + PO jaH ] 3 ——
HzS04 # Ha D reflux
¥ OROCy g Hz Je
o]
(13 [

o o]

L

/\_/W\l/ i _@_ COCHEC Hs
HOH
—_—
95 % ethanol reflie: KaC O DME

OH
(12)

8] HalNHz H2 O
11
SRS O_@_C — I i

3

o Cl—
1
\\]/W\/\O 0—®—C—NHNH3

143 TE&MC

N g w0 N N

(15}

- /\/l\/\/l\
—_— gz i : o]
Bernzene B = A }-@- Q
H—N

(16}

—E e e O O

17

o

=] NN

e 29k o] WAL 2, 5-uvEdlES %i(Jones) AJokS  AbgEte] 2 5-T]HEl-1 4-w 2= (1)S
Fgg. 2E3 s-WERdSA) ARE w9a7] fete] POCH)sek WHeate] = 29] 4-(s-vded

AD-2,5-tWdd=(12) 5 gy, agla, oY 4-EAEAE T whEEte] 4-[4-(8-HE =d S A])-2,5-1]
o e o] =5 A] il Z A4 (13)0 g, o] ¥, At Ricdtolmyo]ESt Whgste] 4-[4-(8-WE S
AD=2,5-YHE A 5A MRS S X =(14) & 53, o]ofA] 4-(4-WEA]-2 5-tHd A w3 =8k
£ ¢LEA AE %ia}o]——, v Al e BT Y MY Ee AAEYS 4472 X 3hEo
SHAE= -WEk(meta) B -T2H(para) HACl EA717F ASE U=, AE EW 4-(3,7-H
Z FRgol=(N WEAA, 4-3,7-UME SIS A HE-4-[4-(8-ME = SA])-2,5-H v E
A RS EHA =(15)F F53E. o] 3, SO0CL,9F WHSAIA 1,3,4-FAttolE: g7t E9d SR 2 A
2-[4-3,7-gid e SA)M Y |-4-[4- (8- =I5 A]) |-5-[4-(2, 5-T M E 5 A] ) #ll d ] -1, 3, 4-S AP b & (1
S A Elo] N—EEE/\/\JO]-U]E(bromosuccineamlde : NBS) 2 Wz ¥ 2Alo]=(benzoyl peroxide : BPO)
H o ool wet, HF AL 2-[4-(3, 7-UHESE S A A |-5-{4-[4- (8- H .= d % A] )-(2,5-1]
e F 599 }-1,3,4- i/\}r/]o}*(ﬁ) < e,

;O
|
ol
jus)
=)
o
X
ol

A, A7)9F e el olste] AzE v FEel olste] Az PPV FEAE 1 S AR}
Fo SATlENE TR glonw, B PVE T 47171 RaA] Jolq AAe] o FEEel 4

_11_



[0051]

[0052]

[0053]

[0054]

[0055]
[0056]

[0057]

[0058]

[0059]
[0060]

[0061]

[0062]

[0063]

SS=50dl 10-1333196

A7) WA 1ol A aiﬂ°§.ﬂﬂﬂ A Q) 2-[4-(2,5-H] 2 (MR E o D) ~4-vi| S A ¥ =5 A]) o -5~
O S SA) A L]-1,3,4-SA ] o5 B Egteto] SR FA(THF) &ufe] EAstalA THRl 3= o] Sl
ZHE HE-FSA=(t-Bu0K) o EAlstel A wh-g-2] 3ol Afel o] wk-gshe] Wi Alel 0C0xa-PPVE TS
o}

(OO -

0C,0xa-PPV

(ne Sl A Bea 3t 2t

shi, WhEA 204 HFAH R FAE GFAQd 2-[4-3,7-tHE SE S A A |-5-{4-[4- (8- D =D S A])-
(2,5-H]| (B2 da) | =A |89 d)-1,3,4-2A o} =S THE £me] ZA 3kl THRY £3]=0] 9= 25 BE
~FEA=(-BuOK) ¢ WHE-ECE. ol wheh, whEA] 49} e HbEGeE Zhe SR A 00, 0xa-PPVE FA
Eile
Ell—_Q_)\l 4
CHaBr
— o : a M =Bk
0 —_— E E . ik
\l/W\/\v = ) _ _{ F ::::: 7::;':: s .

Ho] g Wk ol
aEAE F7IA7EGLAY] HS5E

= la® ¥ 3R] AAded me AzE §714718 34210005 AFH o mAG gdH st

T lao] =AE f71A7EF A= 719(101), Al A5(102), FF F4535(103), 2FF(104), AR 5%
(105) & A2 A=F(106) .2 L= = Ths vFeF e 2 o] Fojx),

_12_



[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

S=50] 10-1333196

A|AODE ) B Betagom P49 5+ glow, mEAsl fo2 4

Ir

A1 2D A2 AZ(102,106) 242 oo} AR 7)5de FRozA A1 AZ(102)S A2 A=(106)9)
H|3le] Aa4=(work function)’} & EAZ FAHG.

Al AF(102) 2= <0F ¥ 2AFo]=(indium-tin oxide : I1T0), =z o}ldd(polyaniline), =g <o
(polythiophene) 59 Edo] ALgE 4= glon vHHA S A= IT0E AF&3it).

A2 A5(106) 2 F(Aw), &FvlE@AD, 78w, =g e 259 I+, Zw(Ca)/dFra Al
e, vkvlEOe)/2=(Ag) F, EFrEAD/dE L) &5 sl *}%E‘ T en, wEAsHAE &F
(AD), =& &Frw(Al)/Z4(Ca) Faoltt.

13 (104) o 2% 2 a4 maf JAE SAltolEv| o LS A X377t BAMER X FE o] gl PPVA @
FawArsE f7180, utEA s Ae SREdAe] &A1 A Abgett. 53], A1 A=(102)0] 1102 P42 4
9 110 ®We #LdAT 110 9 3351040 F9E SFauitael PPV F=A Ade] 2 w8 wal 77
A7 g aAte] Pt SFa ol FS W w2 agAsAE Al A=(102) 3 253E(104)
Abolo]l §71E4AR FYEE AT5FEE(103)S 23 . AE¥TEE(103) o7 Z8(3,4-Zg g
SAE .31 Z T (AEAAE XY o] E)(DEPOT:PSS) 7F A1 25(102) AFd T8 ¥ Fel= AMgE 5 Q).

Fl, ool wgE104)e) ZYW F olE PPV MFARAE T So] AAASE $5F SAlrolE
agom Awuol 9o} Az AF100)0RE EH AT NS WFFA0HOR )% EE FYE >
ek, ol WEel E lbol EAIE Hhsh go] AFFEF(103)3) BB F A WEe A% £5F(105)0] A2
H=(106) 7 35-(104) Abololl P A eobie Frt.

ool mhel, ¥ wbgol whE f7] A7) W AAs AL AF(102)/8FF104)/A2 AF106)9] BE9 {7 A
sz @49 5 e, Al @ A2 AF(102,106) Abolol MHF(EASA 8), AEFEE(103)
2 AGEEE05) F AE o= e TP Alelel £EES T UEe £ A7 2P a2
249 S otk

%71 X471 Wy Ao HFE(104) 9 o m e AARRIS = (electron affinity) 7} Hojd 2H-87]

A= FEAR FAHER B Al E 7] A7) #F 22(100)7F 752 F A
o}, o]x HA H] A —Er } #A%E <=(lowest unoccupied molecular orbital, LUMO)@te] 2 #g7|2 X 3kd
H WAE AP RHA A olFELEE AT FAC W dtelAE FEAIE F QY
, 71 A7l W &AM Hak(charge) ol Y HA AAF 4 AE T (Lowest
Unoccupied Molecular Orbital, LUMO) ¥4t oluz} mEXIS] Hiu Hf A A% §<4(Highest Occupied
Molecular Orbital, HOMO)®} =2 U347 47 vt=& duX] Hojl ofste] #9-#r},

g, 2 O] AAdER HadE dE2 5o B 2HS g% s ddsirle g, aga, 2 Ew e

HRA7Y 3l7] AAldel o8 A= AL ol
AAY 1. 2,5-tE-1,4-AZAE= (1) A=x

OH Q
MazCrai0-
R i
H280. / H20 i

owaEle ~¥l#](Overhead stirrer)7F A&¥E 2L A4 ZgpA=(flask) o 2,5-UH|€#]=(30.0 g, 245.6

miol)S ¥ F SHZ=(350 mL)E Wtk o] & dEFEF(ice-water bath)oll ol 0CE Rt F &2

(Jones) A 2F(Na,Crq0,2H,0, (165.0 g, 553.4 mmol), 96%2] H,SO, (105mL), H.0 (235mL)S 23} Zth~](dropping

Qb A2olA AoET.  o]F dElE 250mLE FE7 F 50T

S H|Z(600mL) = 5~6" g+ 5 NaHCO; (250mL) = + H 2o
z L&

T sk ol s A8t

funnel) S 53 2.5A7H5<r A3 F 484 7HEot
A48 A ZF Fob WS AIZIY, we FE T FES
T3, HO0(250mL)E 3 W AolFE & F7] 8ol Solgle= AHES MgS0,=
S ) -

of A4 2,5-HuE-1, 44 £ 50.60)S A

_18_



[0076]

[0077]

[0078]
[0079]

[0080]

[0081]

[0082]
[0083]

[0084]

[0085]

[0086]
[0087]

S=S0dl 10-1333196

1H—NMR (300 MHz, CDCl; ., & ppm) & 2.03 (s, 6H, -CH3), 6.60 (s, 2H, aromatic protons)

AAld 2. Q13 4-HFA-2,5-tdEdd d2HE duE qAHZE(2) AX

o OCHs
drytoluene
q P(OCH;); ————— %=
m + B P @
] OP{OCHs):

(8]

500 mLe] T EFeA Fol| 2,5-tWE-1,4-M%F+=(1) (28.55 g, 209.7 mmol) ¥} P(OCH;), (34.69 g, 279.6

mmol )& ¥ & EF4(350 mL)S oA 140TColM 24 A7+ B<F SF(reflux)dpdA] ¥b-g3v). Hb-g £2
F BEERE oho] b.prh We2 5-rlulg-1 4-M% A 3 POCH),E AAS] AAE Q1A 4-u]FA-2 5T
G- o 2HE CuE dAu2(2) (47.30g, & 8THE BT

1H—NMR (300 MHz, CDCl;, & ppm) 2.15 (s, 3H, -CH3), 2.28 (s, 3H, -CH3;), 3.77 (s, 3H, -OCH;), 3.83 (s, 3H

OCHs), 3.87 (s, 3H, OCHs;), 6.61 (s, 1H, aromatic proton), 7.01 (s, 1H, aromatic proton)

AAld 3. 4-mEA-2,5-"HgHE (1) A=

QCHs OCHsz
93 % ethanol
+ KOH
reflux
OP(OCHz): OH
4]
@ &

nﬂ'ﬁ?%ﬂ*ﬂumw)iﬂ?Mk&ﬂé&z&ﬂﬂaﬂéﬂ*ﬂathwlﬂ*ﬂg@)®&0g2%7
mmol )2} TAFSFAF(26.5 g, 472.4 mmol)E ¥ F 95 %9 A eF2(500 mL)S Wi 24 A7F EoF FF(reflu
x)Sch, Hkgo] T2 T HCIE #H7Fske] pH=57F HA & &, og&S AAT ths HE9 HOZ FE&

shal, NgSO,= Az § A o3E & F oEHEE AASY. TCE Y F AHARvEIRI (SRR
22 ol”=05:5)F sto] A= 4-v5A-2,5-HmE-H=(3) (15.3 g, & 49 %)< s3I

|

AL

i_,

'H-NMR (300 MHz, CDCl;, & ppm) 2.11 (s, 3H, -CH3;), 2.32 (s, 3H, -CHs;), 3.78 (s, 3H, -OCHs;), 6.61 (s, 2H

aromatic protons)

AN 4. 4-(4-v5A-2, - Do 5ADHZEAL A dAHEWM)] A=

OCH3

o
/©/ + FOE—OCHzCHs + KOs

OH

3

DMF, reflus o]
i
H:CO o—@c—ocmcm )

250mLe] A E#~A(flask) &oll 4-wEA]-2,5-UHEH=(3) (15.1 g, 98.9 mmol) T 4-EWlzAt o E
2EH2(24.9 g, 148.3 mmol) 9} K,C0; (41.0 g, 296.6 mmol)E ¥ & tHEEZFolr=(DMF) (100 nL)E ¥

150CelA 24 A3 &St EF(reflu)@er. whgol $24 F &wjdl DNFE A7 skar H0 (300 mL)E 7+
B Z(500mL) 2 3 FES k. o]F HO0 (200 nL) 2 HojE F F7] Fell Folsle AAES NgSO,= 1=

< I s g, Okiéﬁﬂiﬂilwmiiii?ﬂ*11&;4@% J8 4-(4-vEA]-2,5-t v
HmADHEAL o o ~H|Z(4) (24.4 g, & 75 9)E T35},

2

o K

P

S
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[0088]

[0089]

[0090]

[0091]
[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

S=50dl 10-1333196

1H—NMR (300 MHz, CDCl; & ppm) 1.35-1.40 (t, 3H, J=14.28 Hz -CH;), 2.13 (s, 3H, —CHy), 2.18 (s, 3H
-CHs), 3.85 (s, 3H, -OCH3), 4.31-4.39 (q, 2H, J=21.42 Hz, —CH,-), 6.70, 6.80, 6.82-6.85, 7.95-7.98 (m,

6H, aromatic protons)

FC-NMR (75 MHz, CDCl;, & ppm) 14.62, 16.10, 16.33, 55.87, 60.92, 112.86, 115.50, 123.76, 123.90,
125.90, 128.48, 131.83, 145.77, 155.14, 163.00, 166.50

AN 5. 4-(4-vFA-2,6-H Do 5AD AL Sto]EFAE(5)9] A=

a HaNNH 5 Hal a
H:co o—@—&—ocr—gcm — = Hao o—@—é—NHNHg
EtOH, reflux

4 )

500mL 4H* Zeb~F(flask) Fol dl=abzl Ri-dlol=#o]E(8.2 g, 163.1 mmol)S BoF 4-(4-w|EA]-
2 5~ e s =)z A ol" o HE(4) (7.0 g, 23.3mmol)E o ehE(30 mL)ol| )
(dropping) th. o]—'r 90C oAl 48 AIZF B SHF(reflux)del. ¥hgo] TAH F Z-@L%
(solvent)& AAR F ool AQGetn A2AA JHE 4-(4-oI5A-2, 5Ol Dol A) WA 3ho]
A= (5) (5.8 g, & 87 92 FAFA.

'H-NMR (300 MHz, CDCl;, & ppm) 2.06 (s, 3H, -CH), 2.13 (s, 3H, -CHy), 3.81 (s, 3H, -OCH,), 6.66-6.75,

7.66-7.69 (m, 6H, aromatic protons)

FC-NMR (75 MHz, CDCl;, 6 ppm) 16.09, 16.33, 51.06, 55.90, 112.92, 115.93, 123.71, 125.87, 125.95,
128.46, 128.96, 145.78, 155.15, 162.23, 168.53

AAY 6. 4-3, -t SADHIRAH6) 9] AX

HOC@ 2 HO(I“—@—OCW (8

Ethano\ reflux

500mL A Zef~A(flask) o] 4-3fo]==A] wlZAH10.0 g, 72.4 mmol), ©l€r2(200 mL), KOH (12.2 g,
ﬂ70mdﬁ}iﬂaﬂKF1%12*Hf%%éﬁ?%ﬂﬁﬁ%ﬂ@ﬂnmy o]F AtLo| A 1-HER-3 7-T]
HESE(19.3 g, 86.8 mmol)S WHgo] AHSA] A 10E3F AH3F| A SH(dropping) et F 80°TCollA] 24 A+

Bt H&%Alﬂﬁ‘r. g T4 F EHE(solvent)E Y stelA AAS L H0S Ho] AHES U Uy
HC1(6.0 N) o2 pH=57} = A 3lo] YAES HAAAZITE. o] 7t AH/E 3t W eh-S(methanol )l A #4733k
3 AXAA BAE 4-(3,7-0vEE A HEA6) (9.3 g, T8 46 )2 A

'H-NMR (200 MHz, CDCls & ppm) & 0.79-0.90(d, 6H, J = 6.6 Hz, 2CH,), 0.94-0.98(d, 3H, J = 6.6 Hz,
CHy), 1.18-1.89(m, 10H, 4CH,~, 2CH-), 4.04-4.11 (t, 2H, J = 7.7 Hz, -OCH»), 6.92-6.97 (d, 2H, J = 8.8

Hz, aromatic protons), 8.04-8.08 (d, 2H, J = 9.15 Hz, aromatic protons)

AA 7. 4-@.7-HAEdSdSADulEYd S2ol=(7)Y A=

[0}

0 50CI: 2
Hoc@ocm wH o — cwc—ﬁi}—ocW &)
Dry benzene | reflux

250mL AH Eek2A(flask) Wil N2 Aes 5 (39 W) 4-3, 7-"HESEsADulx 2k 6) (7.0 g,

24.1mmol)& =eto] WA(60 mL)ol HojA Zekxz(flask)ol etk o]F Eled ZF2gko]=(36.7 nL, 503
mmol)fé teto] WlAl(dry benzene)oll oA whgo] A™EEA| A AF2olA 1583 I3 &Sk (dropping) $
% 80T oA 24A)17F wkEEth,  wrSo] FAEW E£WME(solvent)$t v 6L SOCLE 7Y dloll A AAsHA
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[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]
[0110]

SS=S0dl 10-1333196

WA -3 7-OME Y SN FReel=(7) (7.1 g, 48 97.0 HE AT, Hed 2AEA(R
spectrum)ZAO% 0N 323 (peak)7h A2k S BHalsodnt.

'H-NVR (200 MHz, CDCl; & ppm) 0.92-0.95(d, 6H, J = 6.6 Hz, 2CH;), 0.97-0.99(d, 3H, J = 6.6 Hz, CH),
1.18-1.89(m, 10H, 4CHy,-, 2CH-), 4.04-4.09 (t, 2H, J = 7.7 Hz, -OCH,-), 6.92-6.97 (d, 2H, J = 8.8 Hz,

aromatic protons), 8.04-8.08 (d, 2H, J = 9.1 Hz, aromatic protons)

A 8. 4-3,7-tHESESADMZE A N'-[4-(4-HEA]-2,5-tdEHmA)HZH] slo]=X=(8)9] AZX

o o
HsCO OQC—NHNHE + cw—ﬁ@ocu
5

7

Methylene chloride - o
- . HaCO O E-HHNH-L 01
Triethylaming

)]

500mL 4t FEFAaA(flask) ol 4-(4-mwlEA]-2, 5-tdE el s A2 4F slo]=gFA=(5) (5.5 g, 19.2 mmol) ¥}
Edfolo”obrl(2.7 mL, 19.2 mmol)& "IE S=ete]=(200mL)el =9tk 4-3,7-HHEdSE S Ahlzd =
2go]l=(7) (5.70 g, 19.2 mmol)& 2
(dropping) 3+ 3 40TColA 4 A7+ =<k ub
= AAES NgSO,E AFRFTE, o] F 79l
Asle] Azstd AAE 4-3,7-UuESE AN HF A N'-[4-(4-H 5 A]-2, 5-T] | & | 5 A] ) w2 ]sto] =}
=(8) (1.9 g, &% 53 )& T8},

'H-NMR (300 MHz, CDCl;, & ppm) 0.85-0.88 (d, 6H, J=6.32Hz, 2CH;), 0.93-0.95 (d, 3H, J=6.32Hz, CHy),
1.15-1.85 (m, 10H, 4CH,, 2CH), 2.12 (s, 3H, CHy), 2.17 (s, 3H, CHy), 3.84 (s, 3H, -OCHs;), 4.00-4.03 (t,
2H, J=6.87Hz, -OCH,-), 6.70, 6.80, 6.84-6.84, 6.92-6.95, 7.77-7.83(m, 10H, aromatic protons) 9.20-9.23
(dd, 2H, J=9.89Hz, NH)

13C—NMR (75 MHz, CDCl;, & ppm) 16.17, 16.32, 20.07, 22.81, 22.93, 25.01, 28.22, 30.07, 36.22, 37.72,

39.51, 55.95, 66.41, 112.94, 114.63, 115.91, 123.58, 123.79, 124.63, 126.01, 128.51, 129.47, 129.58,
145.89, 155.19, 162.51, 162.73, 164.42, 164.62

AAld 9. 2-[4-G.7-"H eSS SAD A I ]-5-[4-(4-HFA-2,5-H L5 A H I ]-1,3,4-FAo}2(9) 8] Al

=

o o
i 1
HsCO O—Q—C—NHNH—C—@—OCW @

CHz
S0Ck ()
dry benzene, reflux N—H
HsC

250mL Z&F2=A(flask)E N2 AYFE T 4-3,7-0dE S Az A N'-[4-(4-1EA]-2,5-tw| D #H 5 A] ) wll

Zd]sto] =2 A =(8) (8.0 g, 14.6 mmol)E ==}o] WA(dry benzene)(50 mL)ol] =wolA Zgkxza Fof
Yt o] F SOCIy (4.27 nml, 58.5 mmol)E &% =gho] WlAlo] mofa ALela 10 &3+ s8] st

(dropping)dtal 85TCellA 4 AJZF &t WhgAZIth,  whgo] FAHH HWESH v whg-2] S0Cl,E AAste +
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[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

SS=50dl 10-1333196

'H-NMR (300 MHz, CDCl;, & ppm) 0.86-0.838 (d, 6H, J=6.59Hz, 2CH;), 0.95-0.97 (d, 3H, J = 6.32 Hz, CHs),
1.17-1.72 (m, 10H, 4CH,, 2CH), 2.15 (s, 3H, CH3), 2.19 (s, 3H, CH3), 3.85 (s, 3H, —-OCH3), 4.06-4.10
(t, 2H, J = 6.67 Hz, -OCHy-), 6.72, 6.83, 6.93-6.96, 7.00-7.03, 8.01-8.06(m, 10H, aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 16.12, 16.37, 19.83, 22.85, 22.95, 24.89, 28.21, 30.04, 36.26, 37.49,

39.45, 55.90, 66.82, 112.92, 115.18, 116.44, 117.60, 123.73, 125.97, 128.48, 128.80, 128.88, 145.77,
155.18, 161.93, 162.06, 164.17, 164.46

AN e 10. 2-[4-(2,5-0] A(A 2w D)-4-| SA A %A F]-5-[4-(3, - M DL DA D ]-1,3,4- Al T o}
£ (109 A=

CH3
s]
HiCo O—@—( P——@—oc” (%)
N-H
Hst

CHzBr

dry benzene, reflux MN--N
BrH2C

(10

250mL Z#}~A(flask) S N2 Y+ -[4-(3,7-t e SE 2 A) A |-5-[4-(4-1| 5 A]-2,5-t] | D H] 35 A] ) 7]

d1-1,3,4-5A ] 0}2(9)(2.0g, 3.78mol)E =gte] ®AN(SOmL) ol HofAx Zepsa &Kol Y Oy o
NBS(1.5g, 8.32mmol)t BPO(0.028g, 0.113miol)S& =2ko] wlAlle] efx Ytk o] & 85T oﬂH 24 N F
Qb WhSatiA TLCE #RIgth. whoo] AW EWMES AAsL FEs < 9} Hezzdgoes v
(A= 771 Tl Fokda). o & F=& F71895 NS0, = AxA F W= skl gvlE A

? A=1:6)5 o] kel A Zﬁé*‘s}i AxAA APe 2-[4-
-1,3,4-

gk o] F 2W AEetEdy(ZAY:
(2,5-H] (B2 EHE)) [-4-w 5 A 3|25 A)) # D ]-5-[4-(3, -t v D S & 4] ) 9] 3,4-S Ak obE(10)  (0.9g,
ez ]

T 35%) S AT

[0

ui jm
o2

FUL:

1H—NMR (300 MHz, CDClz, & ppm) 0.87-0.89 (d, 6H, J=6.59Hz, 2CH;), 0.96-0.98 (d, 3H, J=6.3Hz, CH;),
1.16-1.89 (m, 10H, 4CH,, 2CH), 3.96 (s, 3H, -OCH3), 4.06-4.10 (t, 2H, J = 9.1 Hz, -OCHy-), 4.49 (s, 2H
-CHs-), 4.51 (s, 2H, -CHy-), 6.99, 7.02, 7.04-7.05, 7.07-7.10, 8.05-8.11(m, 10H, aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 19.89, 22.86, 22.97, 24.91, 27.48, 27.73, 28.23, 30.04, 36.26, 37.49,

39.45, 56.37, 66.83, 113.52, 115.20, 116.37, 117.75, 118.91, 123.49, 128.68, 128.86, 129.01, 131.57,
146.54, 154.61, 160.93, 162.13, 163.91, 164.64

AAle] 11. AAle 109] F3 =2

CH,Br a

t-BuOk
H:C D—@—«DJ—Q—DC‘“ AT &
N-H Toluene

BrH.C H;cO0

o 4,

2
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[0120]

[0121]

[0122]
[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

S=50dl 10-1333196

0C,0xa-PPVe] WH&-=71

e HE-JEAC =54
eq 1 6
fw 686.47 112.22
g(ml) 0.3g 2.62mb 30ml
mol 4.37%10 " 2.6237%10
Method 1. 30% E<F THF(IM) ol tert-butoxideE B+
2. o] 5 13TolA 3AZEeE vr-3-A| 71T},

Al 12, 4-(8-WExdEA)-2,6-HrEH=(12)9] A=

0 OCyoHz
dry toluene
+ POCiHz) s—————————= m
reflus
0 OP(OC sHz1fe
o}
OW
KOH
— (12

95 % ethanol reflux
OH

500mLe] T Zk~a & 2,5-ydE-1,4-WxF] = (16.0 g, 117.5 mmol)3} P(OCioHs); (78.8 g, 152.7

mmol)& ¥l EF<1(100 mL)E Yol w9l ¥ 140° oAl 24417t EF B (reflux)@eh. W3 T2 § HWE
E AATT T FEL vdd F2oltel SHFR T T {fU5S AAZ Fof| A ZepAA(flask) E H7
o}, o] & KOH (15.3 g, 272.6 mmol)S H7}3t L o] 95%¢] ol EF&(150ml)S P 244]17F E<t i‘rv(reflux)d

ot ¥k3o] A" F HClS H7bste] pH=57} HA ¢ F deZ& AAZT. H0E H7Me = oH=z= F

shal, #7155 MgSO, 2 Ax F 4% oaE ste] &viE AASGIT. o ¥ ZY AmvtEIH (it
AbelE=1:15)5 sate] AdE 4-(8-"Lied5A)-2,5-HuE =(12) (9.2 g, & 30 )& st

tlo

'H-NMR (300 MHz, CDCls;, & ppm) 0.85-0.87 (d, d, 6H, —CHz), 1.26-1.81(m, 13H, -CH2-, -CH-). 2.15(s, 3H

-CHs), 2.20(s, 3H, -CH3), 3.87 (t, 2H, -OCHs-), 4.32(br, 1H, -OH), 6.59 (d, 2H, aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 12.43, 14.78, 18.02, 20.02, 22.51, 26.74, 31.04, 34.27, 36.83, 39.32,

49.88, 69.21, 116.02, 118.54, 122.42, 126.73, 147.91, 152.10

Al 13, Y 4-[4-(8-mld=dSA)-2, 5-HH e =5 [A=AE(13) 8] A=

O/\/\/\/\(

DMF | reflux

0 ,
+ F—<:>%0mﬂm by ———

oo

250 mLe] 4t F2=A(flask)ell 4-(8-wE=dA)-2,5-tEH=(12) (9.0 g 28.7 mmol) P} 4-FAMZA
ol el o] ~H Z2(7.2g, 148.3 mmol) ¥} K,C03(11.9 g, 86.1 mmol)E DMF (100 mL)ell Q1 & 150TCelA 24 A7t &

S5 (reflux)@cl.  ¥EEo] T4 & &ulQl DMFE Al ASHE HO0 (300 mL)E H7Fgk & o e 2(500 mL) = 39
FES . ol F71F5S HO0 (200 mL)E HojFE T MgSO,2 AX 3 7 7 oHE 3 & 72y I=2vE

_18_



[0129]

[0130]

[0131]

[0132]
[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

S=50d 10-1333196

a2 (=

g d=11)E st AAE 4-B@-MEdxdSA-2 5-tHdaSA R A ol o 2H 2(13)
(10.6 g, =& 7

'H-NVR (300 MHz, CDCl;, & ppm) 0.88 (s, 3H, —CH3), 0.90 (s, 3H, -CH3), 1.33-1.42 (m, 10H, -CH,-), 1.38
(t, 3H, -CH3), 1.79-1.83(m, 3H, -CH2-, -CH-) 2.11(s, 3H, -CH3), 2.19(s, 3H, -CH3), 3.95-3.98 (t, 2H
J=16.71 Hz, -0CH2-) 4.32-4.39 (q, 2H, J=21.42 Hz, -OCH,-), 6.69, 6.79, 6.81-6.85, 7.94-7.98 (m, 6H,

aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 14.60, 16.05, 16.28, 19.96, 22.83, 27.21, 29.66, 30.21, 30.51, 30.57,

36.56, 60.88, 69.01, 114.02, 115.80, 123.63, 124.65, 126.20, 128.28, 131.92, 148.01, 154.30, 162.13,
166.01

AAld] 14, 4-[4-(8-Hld=dEAD-2,65-HHEH A |HlZ s o] =R =(14) ¢ A=

0 HaNH; Ha0
YW\/\O o—@—cocmms il
EOH
(13)

2
Wo o«j}c—ww2 (14

250 mL A ZF2A(flask) el d|l=dkd Rxdlo|=#o]E(6.6 g, 131.3 mmol)S Y& ethyl 4-[4-(8-HE
Ed2A)-2 5-t W g A il 24 (13) (8.0 g, 18.8 mmol)<S ©
(dropping)&tt}. o]3 90ColA 24A7F =<t &7 (reflux) ;. wH$
gt & dekge AAASI AHE 4-[4-(8-HE =D ZA])-2, 5~ v e | =
& 84 ©)E FASH.

1H—NMR (300 MHz, CDCl;, & ppm) 0.83, 0.90, 1.20-1.48, 1.68-1.82 (m, 17H, -CH,-), 2.12(s, 3H, -CH3),
2.19(s, 3H, -CH3), 3.95-4.01 (t, 2H, J=18.21 Hz, -OCH2-), 6.65, 6.79, 6.82-6.85, 7.64-7.78 (m, 6H,
aromatic protons)

13C—NMR (75 MHz, CDCl; & ppm) 16.03, 16.27, 19.93, 22.81, 22.91, 28.54, 29.63, 29.98, 30.55, 33.04,

36.53, 69.04, 114.01, 115.89, 123.60, 125.32, 126.20, 128.32, 129.17, 145.65, 154.74, 162.39, 168.22

AAld 15. 4-B.7-HHd S SADHIZEL-4-[4-B-Hd = dFA -2, -t d s SA| | Z3o]| = A =(15)9] A

=

o 0
YW\WCH} TNV
14) {n

LWC. WOQOG&H“H&)@OM

(19)

500 mL At ZEkaA(flask) ol 4-[4-(8-vE=d & A])-2, 5-tl v E H A Wl 23to] =8FX =(14) (6.0 g, 14.5

mmol) ¢} Etolol€o}w(2.03 mL, 14.5mmol)S WY FZeo]=(100 mL)o] =elt}l. o]%F 4-(3,7-tWe<sg
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[0139]

[0140]

[0141]

[0142]
[0143]

[0144]

[0145]

[0146]

SS=50dl 10-1333196

SADWlzd F2Fo|=(7) (4.3 g, 14.5mmol) S 2% WEdl F2o|= FaA A4 HH3 1087
A3} (dropping)§ & 40TCAlA 5 AIF & dhgsi, HbE T4 & FE& vy SR FHFE 3
I F7] €E MgSO,E AFR T A s T SulE AAZY. o] & Y FAZwlEIHF(FA dE: 4
A=1:12) 2 3to] AAE 4-(3,7-Ud eSS A 2 U -4-[4-(8-HE = d S A])-2, 5-1] H & ] 4] |l 5o =2}
AE=(15) (3.4 g, & 35 B= Eg ).

1H-NMR (300 MHz, CDCls; & ppm) 0.86, 0.87, 0.88, 0.93, 0.94, 1.15-1.33, 1.46-1.64, 1.78-1.86, (m, 39H,
-CH-, -CH2-. -CH;), 2.10(s, 3H, —CH3), 2.18(s, 3H, -CH3), 3.92-4.05 (m, 4H, -OCH2-), 6.68, 6.78, 6.82—
6.85, 6.89-6.93, 7.79-7.84, 8.01-8.04(m, 10H, aromatic protons), 9.48-9.52 (dd, 2H, J=9.74, NH)

FC-NMR (75 MHz, CDCl;, & ppm) 16.04, 16.23, 19.86, 22.81,22.90, 24.87, 28.19, 29.92, 30.09, 36.27,

37.45, 39.46, 66.87, 69.92, 123.56, 123.61, 124.64, 126.27, 128.34, 128.81, 129.40, 129.48, 132.47,
145.67, 154.80, 162.69, 162.78, 163.76

AN 416, 2-[4-(3,7-HHESE S AD Bl Z A ]-4-[4-(B-HEd =LA ]-5-[4-2,5-" WA =ZADHL]-1,3.4-=
A olE(16)9] A=

WOgo@g—NHNH—L@OM
(15)
mw
Benzene g @ M\

250 mL FF~FA(flask)E N2 YT T 4-(3,7-vdE

4-[4-(
A sl = A =(15) (3.3 g, 4.9 mmol)E E=&ho] HlAl ZojA ZEghaFe] YErh. 9
SOCl, (1.43 mL, 19.6 mmol)E Aol =glo] wilAlel] Hojr] A 3] A3} (dropping) 3}

_?;

C

ANA 5 AZE FeF WREAIXITE, whgo] FAEW EWlE(solvent) 9t HHHE-o] SOCL,E AASIAL FES TFHF
g o

|

mm

lo

>

=
BN

e
|

- " =l S A]) -2, 5T | e )

A
o
S
=]

—
o
=2,

o
Yy
x
—
(e
M
s
P
o
K
oo
(@2}

F715l Zok3d). o F FE 7] &AL MgS0, 2 AXRAIZ T 7
A o 2 ﬂiﬂ}Elﬂ]-ﬂ(é&ﬂl%ii“&ZI:S)% sto] AAE 2-[4-(3,7-Y
ZA1-4-[4-(8-ME=d & A])]-5-[4-(2,5-t] W & - & d1-1,3,4-FA o1& (16) (3.1 g, &

1H—NMR (300 MHz, CDCls, &6 ppm) 0.86, 0.88, 0.93, 0.95, 0.97, 0.94, 1.13-1.36, 1.47-1.70, 1.81-1.90 (m,
39H, -CH-, -CH2-. -CH;), 2.14(s, 3H, -CH3), 2.19(s, 3H, -CH3), 3.92-4.09 (m, 4H, -OCH2-), 6.70, 6.82,
6.93-6.96, 7.00-7.02, 8.00-8.06 (m, 10H, aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 7.09, 8.84, 9.09, 12.67, 15.60, 15.65, 15.69, 17.66, 20.98, 22.89,

29.08, 30.29, 32.25, 59.67, 61.87, 106.90, 108.02, 109.28, 109.35, 110.39, 116.40, 121.60, 121.67,
138.52, 147.58, 154.80, 154.89, 156.99, 157.25

AAd 17, 2-[4-B.7-"dHd S S AD A I]-6-{4-[4-8-Hd = dZA)-(2,5-H A (BERHE) FSA s d}-
1,3,4-SAtolE: (1714 A=
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[0147]
[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

SS=50dl 10-1333196

WQW@M

= ﬁ@ﬂ» Aok

250 L Feh=AE L2 AdE B v 2-[4-3,7-tHE SESAD N2 Y |-4-[4-(8-H " = FA]) |-5-
[4-(2,5-t i E-F 5 A AL ]-1,3,4-2A ] o}E(16) (3.0 g, 4.58 mmol)E =aho] WlA(50 mL)ol ZoiA Zg}
=eto] iAol #H8A Wtk o

24¢ ¥ % NBS (1.8 g, 10.0 mmol)Z} BPO (0.03 g, 0.137 mmol)<

=

85C ©llA 24 A3+ F<t whEshAA TLCE &Q1gith.  wbgo] FAHW EHMES A7sta 55 SHT9 T
FERMgoR (=S F71sd HokdE). o F FEFT 771805 MgSO2 AxAR & At o=

>
i gue AAGG. o] T Zd FzutEIHI (DA = 1:15)8 sto] AHE 2-[4-(3,7-T]v LS
E‘i/‘l)ﬁﬂ 1-5-{4-[4-8-" = 5 A= (2, 5-H| A (B2 v e) ¥ =5 A J9d }-1,3,4-SA o} (17) (0.9 g,
& 35 62 P
H-NMR (300 MHz, CDCLy, & ppm) 0.87, 0.90, 0.96, 0.99, 1.17-1.38, 1.48-1.68, 1.85-1.89 (m, 30H, —CH-,
~CH2-. ~CHz), 4.08-4.14 (m, 4H, -OCH2-), 4.48 (s, 2H, -CHy) 4.73 (s, 2H, -CHy) 6.97-7.10, 8.04-8.12

(m, 10H, aromatic protons)

13C—NMR (75 MHz, CDCl;, & ppm) 11.63, 14.29, 19.87, 22.80, 22.85, 22.89, 24.86, 27.40, 28.18, 29.55,

29.90, 30.09, 31.78, 36.28, 37.49, 39.46, 66.89, 69.06, 115.26, 116.46, 117.27, 118.84, 123.36,
128.84, 128.99, 131.46, 146.35, 154.21, 160.98, 162.06, 162.16, 164.62

AAld 18, HAld 189 F3r=A

Br
o 1-BnCK
cmoj /;o@% M}oqu e
8 Talieng H
Br

X 2
OCmOXa_PPV-O/] E]_%}—Zi
Eu HE-ZEAC =T
eq 1 6
fw 810.26 112.22
g(ml) 0.3g 2.22ml 30me
mol 3.7x10" 2.92x10°
Method 1. 30% E<F THF(IM) Wl tert-butoxideE B+
2. °] & 13CoA 4A7HE¢ ukS A 71T,
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]

SS=S0dl 10-1333196

AAl 19. 0C,0xa-PPV &FaE 2} HE 2] V-Visible, Photoluminescence (PL) 2HEH EA

71 AAlel 11614 4 E 0C0xa-PPV #F 52t SHES FE7| o 2~ Igste] a4 #heks 34
g 3, AM-7A B (W-visible) FF2AERS SHsAT. 27be] A48 nRAE 0.5 3%
THF &wjjol] HFom A MAE L8249 (pre-cleaned fused silica) oA <F 80 mme] FAZ 2%
(spin coating)¥ ¥, A|mF=(Shimadzu) UV-3100 2~ E Z g (spectrometer)E AF&3Fo] UV-visible &
Ede] A=A, & Aol 0C,0xa-PPVe] Hdl &4 FFE 304 nmot 447 mmelal LF FEie] Ho
3% 304 nm o 457 nm=z peake] 9% W7} Aol gy, EEFw| YAl (Photoluminescence : PL)9]
5 HAd AR (maximum peak)= &4 el AF AEi7F ZH2F 511 nné} 569 nm= &< FEjolA HF A
58 nm A% red-shift 3 AL <& 47} Adr}. 0C0xa-PPVY] UV &4 3= = 20 Ao vluE 93}
o] Z47ve]l A#= At SH(normalize) ¥ A th.

r
T

FUoox -y 18 oft

=

A4 20. 0C,0xa-PPV @F &2 HE2] ALQXA-7IAFH(UV-Visible), FEF U] A2 (Photoluminescence
‘PL) 2¥EY EA

A7) AAld 18914 /g 0C,0xa-PPV g iAtE THE Sulol] =21 & Jejo} 5 e 2o H-71A]3
A (UV-visible) E42AEH3 FEFu|U Al (photoluminescence : PL) AFAEZHS T 5o eI,
0CiOxa-PPVe] A}e]M-7}A] A (IV-visible) ~FE= A & AH] Hd &4 A= 302 nme}b 457 nmo] 3L

A5 Ade HAd 57 FA=E 307 et 462 mm=E FFEY Aolrb A gl aga, XEFVAs
(photoluminescence : PL)9] 7%= &N Agje IE Aejo Ao @34 vw3= Z+zF 518 nmek 549 nm® 31 nm
red-shift 3 A& & F7F U},

AAd 21. IT0/PEDOT/0C,0xa-PPV/LiF/Al F%9] §7| 37| % 42pe] A|Z

e 11014 AzE EFaEAS 0C,0xa-PPVE o] &3dte] & 1o =AY A7ed 2x2 Azedct. = 1
o EAE §7] A7) I b AxUEs AvEd ohgy 2

WA 8 719(101) Aol IT0(indium-tin oxide)E Z¥3dt = AAsct. 28 o, [T07 TEHLTHF
A A7ty R dEdHEoZA ozl Al A=(102)0] FAARETE. o] A1 AF(102) ol A=A uEA

ol ZYEIQAFEA 3,4-Z ol UALAE] @ F-Z ] 2E] A A F o] E( EDOT‘PSS)7} Al (12 30 mme F
AR FZEE T 110CoA ok 108 <k #o]H (baking) o & A¥ FU=(103)0] dAHTE. o AF F¢
= 17 (baking)

5 (103) “doll S22ZEE 2 wte= EsAA Axd Zpzbe] dFa A} %ﬂ% i%ﬂi‘%}aﬂ Ho
Al Fol 2g o WollA &ulE S AAFo RN gA; wheke] g

0.2 m de|& ¥ Hste] A9, AAA WFuida FA= ©
o]# 3t WF(104) el LiF (1 nm)9F Al (200 nm)& AFFH7|=
AHA FRTFOEHN AAE FUTE 7 e ALZ=(106)7F FA
2]28 AlAM (crystal sensor)E& ©]&3fe] H3ta TPHAAL 4

orward bias voltage)©] AF&% T},

SO
_E
ol\

2.1_‘

M

] -1 = o
mm‘°15’— TEANS AR AdoR =8 v

©
[>
o
2

AAd 22. 0C0xa-PPV 2P ui 27l 389 §r1HA71dFAR] A7|Fs EA =4

7] AAle] 218 F3F 0C0xa-PPV HFuEx7E ZEE Sl §71 A7 dFax25EH 7] F84 EJS
73T,

21 AAld 21e w2} AlZrE {717 S AR e SUte] wE AR dE 9 3= wg ¥ (calibrated)
B 5rlF(photomultiplier tube : PMT)7} “&2t#l 7]&2](Keithley) 236 Source Measured AF8-3ho] S S)
ow, Z4Zve] aPATE WFFed ZHE O e fU1AVEF AR Al e A, HU 4%, FHo ¥F &
& 2 CIEE T 39 ZASHIT.
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[0164]

[0165]

[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

SS=50dl 10-1333196

= 3
0C,0xa-PPVe] 714 7| &4 4%}

=R g3 TEHY g as | FOdFI= Hodga 4
72} (nm) Q) (cd/A) (cd/mz) (nm)
0C,0xa-PPV 100 7 0.13(15V) 221(26V) 607
80 6 0.16(14V) 503(22V)

YZojaL, = 4bE 0C,Oxa-PPV7} =

b
YgH fFrIA7Egaate] dte] Skl wE wF3eE =AY 2 Zolt. 9, = 5Sax= 0C,0xa-PPV7L ¥

T da @ % 4bol] E=AIE mie} o] B owbdo wiel $A W 0C0xa-PPV WHEEALY] A7) wFAaatE hEF 6-

Vel Aol A Fgo] AFEY.  Ela, Hete] TR wel FdEE Ao ol Frtsta, o A AR
WX (current density)”} 718tEA o2 E713He o 4 ATt

A A|¢] 23. ITO/PEDOT/0C0xa-PPV/(Alqg;)/Cathode TZ2&] F7]H 7|9t FAxpe] A=}

AAle] 1804 Alzd LFILEAR] 0C0xa-PPVE ol &dte] = 1o =A1E {7] 7] &3 228 AAeiv.
& 1ol =AE f7] A7) g ke Alzwie] vgE A dE duEd us3 2o

HA | fE 7)8(101) Aol ITO(indium-tin oxide)E FE 3 & AT a9 vg, 1T07 R EH A9 E
A A7AEAHoR dEdPozZN =9l All A=(102)0] FAF AT} 01 A1 AF(102) Aol A=A 2t
d ZYEAFEA 3, 4-F2 oD ANSA E] L A-Z 2] ~E WA Z | o] E(PEDOT:PSS) el PEDOTS] HAEZE A
7171 9% :wﬂ;o] %)% G-PEDOTE 40 nme] FAZ F83 F 110TColA ¢ 105 F<F wlo]Z (baking
ZA AFE FUZ(103)0] AT, o] HF FUZ(103) o FRZIEE 2 wthrE LI A AxH
g LA} %%‘% 23 AY3stal o7 (baking) ] Fol 2F 28 UolA &ulE &3] AAFToZH
2p dheke] Wb (104)0] FAE Y. o] wf, i &AL 0.2 m BEHE AEHs] 2AIHEHM, AFA
FuEA FAE o 80 mmot 100 nmE FEEFT. o] WFZ(104) Holl AAE FIdL F de HAE=

O

ﬂlo
09#111

ORI o oox AT
o

i MroLo |

-li

.I
M

(106)7F @48, o] Mi=s SFEAl), AAFES AlgZt =99 Algy/LiF/AL FEje] AHa=, e
aL LiF/Ca/Al @H9] A= T o= duz IAEY.  SFA w7 2w ASEs Fad AA
(crystal sensor)& ©ol&sfo] Al WFAAL2 dmio]al YL AFdden &l vpolojx At

(forward bias voltage)ZE AF-&3}it}.

AA 4 24. 0C,0xa-PPV & Fu &7} 38 E {767 EFazte] A7 B8 EA 54

7] AA 6 23& Fdtel 0COxa-PPY WHIEAT IEo] Qi FU1A RPaARTY A7) Yobe 542

Sk =
$ AAjof 239 wEl Az2bE {71 A7 SFARLe] A9 FUk ME AR 2% 2 3%= wAHH(calibrated)
B4 Zu] & (photomultiplier tube : PMT)7} 25 Keithley 236 Source Measure® ARg3sto] SAH=glom zb
Zrol RAZF WFTe ZHEY e FUIA R A P A, Hu dEas, Ho $g e ¢
ClE= & 49 FAI8ISITH.
F 4
AT Lleiees U EA= T Hodgdag | HodEde | Hudgua
TAd5 74 (nm) V) (cd/B) (cd/m’) (nm)
PEDOT 80 Al 7 0.13 (9 V) 105 (15 V) 556
PEDOT 80 Alqs/LiF/Al 6 0.27 (10 V) 150 (17 V) 562
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[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0001]

[0002]

SS=50dl 10-1333196

PEDOT 30 LiF/Ca/Al 5 0.13 (8 V) 106 (14 V) -
G-PEDOT 30 LiF/Ca/Al 5 0.10 (9 V) 122 (12 V) 563
G-PEDOT 70 Al 5 0.04 (11 V) 97 (12 V) -
G-PEDOT 30 Al 6 0.045(13 V) 102 (13 V) 561
G-PEDOT 30 Al 6 0.047(13 V) 96 (13 V) -
T 6ax TF RS 0C,Oxa-PPVE B3FY=¢] PEDOTS G-PEDOTY 7o e AG-AFIEE TA3 1
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