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(2] 831

oflAE WAl Vb AVl AE E LA, oo Az B o]

i
ke

st
= #7138 A 4A {A SELF-ASSEMBLED HOLE TRASNPORT MATERIAL BASED ON
PHOSPHORIC ACID BENZENE, A METHOD OF MANUFACTUINR IT AND AN ORGANIC
ELECTRONIC DEVICE INCLUDING IT}

[7]1&&F]

8 oAl %52 e 7] 2AE AEE A PY L oS BEY A

29 wFo] He 71<]

[0002] A7) Z=H 512 (Self-assembly monolayer, SAM) A¥ % A2+
HAFE 771 A2 EokdllA 2 ARgHAo Y, HE O a8 58 7HeAdol
s WA A ok 53], 771 Bl A (Organic solar cells, 0SCs)<t ¥
2H 2 JLolE B A (Perovskite solar cells, PSCs)oll A G151 Q).

[0003] 0SCst PSCsoF 2 BFAA okl S &dE52 ov] & <4

7 wpel o] s Fd=(d: Indium tin oxide (1T0)), HPFAQ F7]/a%At
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3}E(9: Poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS)/
o : Nickel oxide (NiOx)) FH Y A& +FS(Hole transport layer, HIL) H =
% AbEFE(d: Zinc oxide (Zn0), Tin oxide (Sn02) =} 443 (Electron
transport layer, ETL) EAE3} 3}ty o7 Agtsle] 1) FEHE oyx] FF, 2)
Ak A HAasE, 3) A8[E, 4) /A% dg WA H At oR & <t
A4 59 B olHdES AT F Ut

[0004] &A deHoz f-oty 7 de AREa 3= S =2 &2

Carbazole (Cz)oll N-&Z3}= =2l Phosphonic acid (PA)S =3 FX2A, A9

oA A shz A ARl Aol x4 B Foje) AgA WY& T 0Cs Has
/ R PSCs Aes HASRE 3k ols S dvimshe TEES 2PACz ((2-

(9H-carbazol-9-y1)ethyl)phosphonic acid, CAS No. 20999-38-6)<%} Me0O-2PACz ((2-
(3,6-Dimethoxy-9H-carbazol-9-y1)ethyl )phosphonic acid, CAS No. 2377770-18-
6)7F At

[0005] &FAI%E, Cz-719F SAM EHELS FRA R g7]FoA] wF2 hg4d/
Fo Mo Qe BE8A 7IAl Z97I0A Ba/Abgo] g olw, ofd ube}
2 Roll-toRoll (R2R) &4 #-&o] AT, FARE An]g HAstow 7|

el go = B3t o A3 w2 g o R 0SCs 2 PSCse] 83t= 7l=dta
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[0013] A7) 3}eh2a] 194, A= =247, &47], Aofwr], HEZ7] ¥

H

EgesFemddrios Adey= stud 5 o

[0014] 2. 7471 1 FAldelA, 471 sty 12 #7)5= 3ge (2-
chlorobenzy! )phosphonic acid, (3-chlorobenzyl)phosphonic acid, (4-
chlorobenzyl)phosphonic acid, (4-cyanobenzy! )phosphonic acid, (4-
methylbenzyl )phosphonic acid, (4-iodobenzy! )phosphonic acid, (4-

nitrobenzyl)phosphonic acid ¥ (4-(trifluoromethyl)benzyl)phosphonic acidel A
AEE = s A 5 3

[0015] 3. &7] 1 WA] 2 T o= 3ol FA|deolA, &7 B FTF A

1o
M
ol

2= (degradation temperature)i:= 250C oA 4= <lt}.

[0016] 4. 7] 1 WA 3 T o= st FAdAA, &7 A

of
4
of
b~
=

rlr
o

(VE=ANS Za) =9 HMO oluA] =97F -6.11 eV o] -6.17eV o]std <

o]

[0017] 5. 7] 1 WA 4 T o= shute] FA AN, &7 g 75 24

© b el 99% oo WRVAFFAEATE M- A4S SHond
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o 2 g wgg g2 a8 AAsel, 4F 55F 24T F5
= RAE EEay

[0020]
[0021] 7] &}sha] 20 A,

[0022] A7) 3}sh2] 2004 A= =247, 447, Aolwr], HE=ZY] ¥

H

EgEZFoEdgroA dex= stvd & Aot

[0023) 7. A7) 6 FA| oA, A7) 382 282 %79 += 3gES,

[0024] (2-chlorobenzyl) phosphonate, (3-chlorobenzyl) phosphonate, (4-
chlorobenzyl) phosphonate, (4-cyanobenzyl) phosphonate, (4-methylbenzyl)

phosphonate, (4-iodobenzyl) phosphonate, (4-nitrobenzyl) phosphonate % (4-
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(trifluoromethyl)benzyl) phosphonateol 4] A 8%+ sty <= AT},
[0025] 8. 7] 6 WA 7% o= stte] FA A, A7) &vi= wE
Fadols, FERXE 2 USERAHNA A= 1 B 20140 o
(00261 9. 471 6 WA 8 T o= ste] FAldlAM, 7] dshAl=
Bromotrimethylsilane, Iodotrimethylsilane 2 Trimethylsilyl triflateol]A A&

Y= 1 BE 2004 S Q.

et Aotk A7) BFdA= 71, 7] 71 el A Al 1 d=5, A7) Al

AT ol AAsk= A2 At #ES H AV Al 2A-E FES Aol HAAs= A2

[0029) 12. 7] 11 FA A, A7) 712 Glass, Polyethylene
terephthalate(PET), Polyethylene naphthalate(PEN) % Polyimide(PI)=®=%¥ A=

H 1% olge] AR PAHE A% EYOE & & 9
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[0030] 13. A7) 11 WA 12 5 o= sy FA oA, A7 A 145
ITO, silver nanoparticles(Ag NPs) ¥ silver nanowires(Ag NWs)ZH-E A Elx =
1F o] 4= A= AS 5Ho= & F 9

[0031] 14. 7] 11 WA 13 T o= stue] FA A, 47 BF 5
Aol el =% (degradation temperature)+ 250C o4 4 S},

[0032] 15. Z7] 11 WA 14 T o= ste] FAldoo, 37 A& %

A= C(VEAHEE 53 SAHE HMO oA =97F -6.11 eV o]A —6.17eV )35t

[0033] 16. 7] 11 WA 15 & o= shfe] FAleel A, 27 BF +%

Al upek eol A 99 ol el F A YA (WIS)E FHA &
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[0034] 17. 7] 11 WA 16 T o= o] FA| el A, 7] F=2
Az T BAI AA W) Ede SR=g xgd £ glow, Y] dz F
Edy Ax v Ede] Ewl=% PM6:L8-B0, DI8:L8 -BO, PM6:BTP-eC9 %
D18/L8-BOCI A A== 1F o] dd &

[0035] 18. A}7] 11 WA 17 T o= 3] A Aol A, A7 A2 A=
2>(Ag), ¢Fr=AD), =(Aw), 78 (Cu) # B4 (Carbon)ZFHH AYE &= 15 ©

Aol BAR FAHE AL SH0R & 5 v

118-11



2025-05-14

Fukel A o ol A,

S

-

A71 11 WA 18 & o

[0036] 19.

A3 a8 (PCE)S 15% ©]

-
[¢]

g%

=
=%

2 Apol] A

[0037] +

M

K
o

2 A (1PACI(0)B) ] H-NMR 2

K

o

i

o
e
W

—

=

A (1IPAC1(m)B) <] H-NMR

K
o

IH
el
e
W
&

A (1IPACL(p)B) ] H-NMR 2=

b

o

M

o
e
W

—

=

Ao 2 HZ 4% 24 (1IPACNB) Y] H-NMR 29

Al
=2

oW

%

AF 4 AA(1PACH3B)S] H- ~HE

b

o

i

o
TH

118-12



2025-05-14

A} (IPAIB) €] H-NR 2~ E

4

K

o

i

o
TH

A (1IPANO2B) €] H-NMR =~

4

ol

A2 (1IPACF3B) ©] 'H-NMR 2~

o

K
o

K

o

2PACze] XY &

Aol (1 mM %% 1PAIB 2

SR TR

12

T
-

of H el (2PAC2) <)

g

=

o]
o

IH

9

ol
=

1PAC1(p)B) 9]

2k
=

Al el (1IPAC1 (0)B, 1PACI(m)B

ol

TH

o
o
el
!

TH

1PAXB Alg]l= 2 2PACz vrato] V-Vis &

=
Fu

Aloflel

118-13



2025-05-14

0
o

M

o
el
W

B
<]

¢

o] UV-Vis

=
=

T =
0=

A0
Glass/SAM AM=E9] UV-Vis

[TO/SAM

=

T

=

R

Aol m
Aol uh

Al
=

4

=

o

) .

17

L
a

o

E 2PACz9]

Aol m

L
a

ol

1

St w

°] CV onset A

=

IPAXB Al €]

=

T

Alofel

T

ol

=
=

E‘.
—a

=

=

9 Wi

==

9] W3}

==
LN

HOMO

=

R

1€k #12]ol u}

1PAC1(o/m/p)B &+3HE-2] HOMO
pZs

2PACz9] ITO A= 7]

Cl

=

T

=
L.

=

T

Aleflel]
Al ool u}

Al
=

4

=

T

23

L
a

S
o

187] Fol W& HOMO =91 #

o
s
b

mjn
o

118-14



2025-05-14

= 268 B wrge] AA o] wE 1PAXB AlE]= 2 2PACzS] HOMO 9] A

T 288 E oukigo] AAldo wWE 1PACI(0)B 3HE-E2] DFT AAF AFE T A

gk Aoltt

T 298 B outmgol AAjde] wrE 1PACI(m)B 3FEE9] DFT AlAF A5 T4
gk Aolt}

T 302 ¥ wgo] AAjde] wpE 1PACI(p)B 3HgHE9] DFT AlXt 23ts T4
gk Aoltt

T 318 B ol AAldo] w2 1PACNB 3}EE-o DFT AXt 23S ©A%
ol

T 328 B owbgo] AAjdo] w}E 1PACH3B 3}gHE9] DFT AlXt 23S =A%
Zolt}

T 338 o odtye] A do] wE 1PAIB 33Eo DFT A4 A3E EAE
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T 34L& B o]l Aaldo] wrE 1PANOZB 3gHE-o] DFT A4l A3tE A
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T 458 B ko]l AAjdo] wE Hybrid HIL (PEDOT:PSS+IPAXB) 7]%+ A=}
o] A AFE EAS Foltt

T 468 B ool AAjoo] wE Bilayer HTL (PEDOT:PSS % 1PAXB % %)
71RF Azbe] A ATE =AIGE Ao

T o472 2 iy o] AAde] wE RV AldS B AVI(HT THAE
) AdEs EAS Aot

T 482 B wro] AAjdo] u}E ITO/1PACI(0)B AZ2] AVT A9 ZA3E =
Algt Aot

498 B owrgo] AAjdo] whE ITO/IPACI(m)B A Z2] AVT A9 232 =
Algt Aotk

T 502 & o] AAjde mhE ITO/IPACI(p)B AZ&9] AVT A AyE =
Algt Aot

T 512 B ool AAdo] ulE [T0/1PACNB &< AVT Ald ZAdE A
gk Zlo|t}

T 522 B whgo] AAjoo] w2 [T0/1PACH3B AZ2] AVI AlY A3E EA
gk Aolt}

T 532 H oabgo] Ao wE [T0/1PAIB A Z2] AVT Ald A3E =A|S
Zolt}

% 542 o] AAlde] whE [T0/1PANOZB M &9 AVT Alg ATE =A
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[0047]

[0048] 7371 &}sha] 1oA, A= E=717], <427

H

EgEZFoEddr|oA dex= stvd & Aot

[0049] A7) 3}stal 12 #%7|%H = 3tdES  (2-chlorobenzyl)phosphonic
acid, (3-chlorobenzyl)phosphonic acid, (4-chlorobenzyl)phosphonic acid, (4~
cyanobenzy! )phosphonic acid, (4-methylbenzy!l )phosphonic acid, (4-
iodobenzy!l )phosphonic  acid, (4-nitrobenzyl)phosphonic  acid % (4-
(trifluoromethyl)benzyl)phosphonic acidol A A& == s} A 4= 9},

[0050] FAA o=, 7] s8] 1S5 2gete FFES dA= st7] shst

A 11 WA 187 2
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[0051) 3}&+2] 1-1& (2-chlorobenzyl)phosphonic acid,(©]3}, ‘1PACI1(0)B
bR xdEsth o,

[0052) 3}38+2] 1-2+= (3-chlorobenzyl)phosphonic acid (|3}, 1PACI(m)B

= FdholH,

[0053) 3}8+2] 1-3& (4-chlorobenzyl)phosphonic acid (°]3}, 1PACI(p)B
= FAg. e,

[0054] 8}8}4] 1-4%= (4-cyanobenzyl)phosphonic acid (©]&}, 1PACNB & %
dgtrt.) o,

[0055) 3}8+2] 1-5% (4-methylbenzyl)phosphonic acid (©]3}, 1PACH3B =
xrAgt.) o,

[0056] 3}sF2] 1-62 (©]3}, 4-iodobenzyl)phosphonic acid (1PAIB = % &
ghth.) olH,

[0057) 3}8+2] 1-7& 4-nitrobenzyl)phosphonic acid (©]3}, 1PANO2B = 3%
dAgie}.) olH,

[0058] 3}&t2] 1-88 4-(trifluoromethyl)benzyl)phosphonic acid (©]3},
IPACF3B 2 ® &3t} )olt},

[0059] [3}&}2] 1-1]
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CH,
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[0069] [3}8}2] 1-6]

OH
HO',_P
0

[0070] I
[0071] [3}&}2] 1-7]

OH
HQ‘P

o

[0072] NGO

[0073] [3}&}4] 1-8]

OH
HC%P
o)
CF
[0074] .
[0075] & FAldlelA, Z7] BE +F A9 Zai=(degradation

temperature)t= 250C o4 % itk MFASAE 20T o4 4 gov, o

< v s A= 300C o)A ootk A7) MYelA AE £ AAle I

o <
4e M 5 9

[0076] & Aol A, 7] A&

FE AT (VEAHS B 549

HOMO ol v =] #=$17F -6.11 eV o] -6.17¢V °]3td &= 4

S =2 T }}\T:]'-
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[0083] 771 3}38h2] 200 A,
[0084] 7] 38}et2] 2014 A= &

FoRWEM AEE = stud 5 gl
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[0085] 7] s}sha 282 7|5+ e,

[0086] (2-chlorobenzyl) phosphonate, (3-chlorobenzyl) phosphonate, (4-

chlorobenzyl) phosphonate, (4-cyanobenzyl) phosphonate, (4-methylbenzyl)
(4-nitrobenzyl) phosphonate % (4-

phosphonate, (4-iodobenzyl) phosphonate,

(trifluoromethyl)benzyl) phosphonateol4 A% = stupd <= <l

[0087] 7] &wul= wWEd S=2elol=, S22XF Y fEFZ 2o BN

Aees 1 e 201439 4 ot

[0088] A7) A &+3}A|+= Bromotrimethylsilane, Iodotrimethylsilane %

¥
%0,
o

Trimethylsilyl triflateo]A AEIE = 1 &= 2014

N
ol
2
Y
_0|L
£
o
of
N
oy
P>
2
il
>
|t
_OL

J{m
oX,
[o
fru
=)
rir
po
i
B
%o,
A
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AL sk 755, A7) AL A5 555 A AAsE FBEE, 47 BBAE

ol AABkE A2 Hst 5T R AV A 28E FES Aol fAske A2 A=

[0093] Aol A, A7] 7] Glass, Polyethylene terephthalate(PET),
Polyethylene naphthalate(PEN) % Polyimide(PI)ZHF-H MHE = 1& o]t &4
2 A A SR & 5 3l

[0094) F-A| oA, A7 A 1A=+ IT0, silver nanoparticles(Ag NPs)
2 silver nanowires(Ag NWs)ZH-E] AElx= 15 o]4e 4= A= A& 5
Bo 3 & 9
[0095] & FAAANA, A7 BEF F5 2A9 E3]2%(degradation
temperature)= 250TC o] < Ak, #pgHA A= 270TC o]4d & doen, o
< HEEA A= 300TC ol o dtk. 7] ’fdA B FF Al A
de 7H Ao

[0096] & FAllolA, 7 F& 5 A= EAYPS 3 54
HOMO oA =917F -6.11 eV ©]/d -6.17eV ©]3td 4= QUr}.

[0097] & FA A, &7 BE FF5 A= 2 Aol 99% o] 49
FH7MAPEFHEWAT)E 7= As S4o2d = .

[0098] 7] #11 o} ¢FT2 & F65 £ A4 655 23S =+
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(00991 & AN, &7 F2YTE A T =2 A ) =4

°of Ed=E e  gdow, A7 A F BN A ) EdY Edes

PM6:L8-BO, D18:L8 -BO, PM6:BTP-eC9 % D18/L8-BOollA Aelxi= 15 o|4d 4 gl
o},

[0100] 471 A2 Ha} sET52 & FF%5 T A4 5

of\
o
i
st
&

Fel

rlo

[0101] & FAdNA, 7] A2 A= (Ag), EFvw(Al), F(Au), T
2 (Cu) 2 A& (Carbon) ZH-E A= 15 ojAte] B4R TAHE AL EHo

=L ~
2 3 4 9

[0102] & FAldolA, 7] BF Axe] Aol SA4EH= Fddgdas
(PCE) 15% ol <= Aok, w2 FAldolA, 7] B dA8 xtel A SA 5

= FARSRES 16901 7 den, v FAldelA, 7] BEFdA ] 4

[0104] A%< 1.(2-chlorobenzyl)phosphonic acid (1PAC1(0)B)¢] &4
[0105] 10-20 mL Microwave-assisted vialol diethyl (2-
chlorobenzyl)phosphonate (1.0 g, 3.81 mmol)®} HPLC wWEa ZF=2gol=

(Methylene chloride, MC) (10 mL)E wW=2A Y=},
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[0106] Vial 574 i A4 E97]elA 102 &< AshA wytste] b4

e
g
g
it
f

o

] 5<th. Bromotrimethylsilane (1.83 g, 11.92 mmol)E &

ol

2 2 5 A-™AE & 3 el ¥t HA uRks Faf whedit

o

‘

[0107] 1971 ¥ R +4& 93l Vial F4<s AASL HE&=S AR

H]S 7S DI (60 nl)7F 97 9l 250 ml AHZREERsel W) R

MN

[0108] ¢F 1A1ZF mwt & ko] DI9} MeOHE A}&3Fo] 500 mL S+ Zabi

a7 YEES A5 1. olE 3Hd SV (Rotary evaporator)ol] <2 3}o]

[0109] Z+&] Bromotrimethylsilane®] 7A-% MeOHES AF-&3ste] A AT, A%
o] DI¢} MCE AFg3te] 31 A9 (Buchner funnel)® oJ#}alar, MCE o] H A

TR, AAER AAEs gFEe] X uArt dYA AN, 53], o9

et

Hol Yy Mo A uA|E5o] wAE e olF 3|3ty Y SujE st
AA F T8 g3 ZAHE HA st A3 2 2A Ax = FAYY. HFHo=,
A 314 1PACI(0)B (0.78 g, 3.78 mmol)& 99.1%¢] F&= AL},

[0110] 1PACI(0)BY] 1H-NMR Z 3= % 20 TEAEQon, Ax:= oy 7

[0111] (400 MHz, dimethylsulfoxide(DMSO)-d6): & (ppm) 7.39 (m, 2H),

7.20 (m, 2H), 4.19 (m, 2H), 3.12-3.07(d, 2H)
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[0113] A =4 2.(3-chlorobenzyl)phosphonic acid (1PAC1(m)B)<] 43
[0114] 10-20 mL Microwave-assisted vialol diethyl (3-
chlorobenzyl )phosphonate (1.0 g, 3.81 mmol)9?} HPLC MC (10 mlL)E W=A
Y=t Vial 4= 2 a4 97104 101 &<t AstAl uwkete] ks =
olt}. Bromotrimethylsilane (1.83 g, 11.92 mmol)E <&z dEE E3) Ry=

Sk 5 A-AE Fal 3 el ¥ev Al aRks Fef wbERth. of 2343 $-

nL)7F 94 9= 250 mL AZFEElaTo w2 A B, oF 1A]7F wHE T Ak
DIS} MeOHE A}&3}o] 500 mL S+ ZgA2az Y8ES A5 X7, o2 3)A

Z7] (Rotary evaporator)ol]l AAZAslo] 7HtS =& e

o

S AAZ. o
Bromotrimethylsilane®] 7% MeOHE A}-g&3te] A A3t 229 DIgF MCE AM&3}
o] 231 A9 (Buchner funnel)Z AF3F3, MCE o8] ¥ RAFAULY. WPYEZ
ABE = e A4 uATE AYA FAAY. HFAHor, AN A
IPACI(m)B (0.76 g, 3.68 mmol)& 96.6%°] &= AUt}

[0115] 1PACI(m)BY] 1H-NMR Z 3= % 3¢ A8t on, Ax:= oy 7

[0116] (400 MHz, DMSO-d6): & (ppm) 7.27 (m, 2H), 7.17 (m, 2 H), 5.13

(m, 2H), 2.97-2.92 (d, 2H)
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[0118] Az 3.(4-chlorobenzyl)phosphonic acid (1PAC1(p)B)<¢] 34
[0119] 10-20 mL Microwave-assisted vialol diethyl (4~
chlorobenzyl )phosphonate (1.0 g, 3.81 mmol)9?} HPLC MC (10 mlL)E W=A
Y=t Vial 4= 2 a4 97104 101 &<t AstAl uwkete] ks =
olt}. Bromotrimethylsilane (1.83 g, 11.92 mmol)E <&z dEE E3) Ry=

Sk 5 A”-AE Fal 3 el Yev Al aRks Fef wbERth. o 2047 §-

nL)7F 94 9= 250 mL AZFEElaTo w2 A B, oF 1A]7F wHE T Ak
DIS} MeOHE A}&3}o] 500 mL S+ ZgA2az Y8ES A5 X7, o2 3)A

Z7] (Rotary evaporator)ol]l AAZAslo] 7HtS =& e

o

S AAGT. 3h
Bromotrimethylsilane®] 749 MeOHE A}g&3to] A|AZCH A=) DI MCE AF&3}
o] 3519 #9(Buchner funnel)® o]#}3}aL, MCE o2 W RNAFAUC. vy Az
b APEE AdAEs dy-Re] A4 aAV Ay A, AFHer, @
A 31A 1PACI(p)B (0.74 g, 3.58 mmol)S 94.0%2] &= AATH.

[0120] 1PACI(p)BC] 1H-NMR ZAI}= % 4o EAIgon, Ax:= ey} 7

[0121] (400 MHz, DMSO-d6): & (ppm) 7.30 (m, 2 H), 7.22 (m, 2H), 4.30

(m, 2H), 2.94-2.90 (d, 2H)
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[0123] #|Z9) 4.(4-cyanobenzy!)phosphonic acid (1PACNB)<¢] &4d

[0124) =¥ & 7)ol A4 10-20 mL Microwave-assisted vialell diethyl (4-

cyanobenzyl )phosphonate (1.0 g, 3.95 mmol)¢} HPLC MC (10 mL)E W=2A ¥+

Vial 4L 23 A4 BE7]dA4 10 & <t ZshA udbste] 9-ds] =1t}
Bromotrimethylsilane (1.90 g, 12.35 mmol)E ¢ HWEE =3 Fy= 32k &
A—RE T o Ho| ¥=r. vl wyks Fa) whs-so. oF 24417 & d9kg &

A& 98l Vial 4S5 AAStE WE&ES Abdel] #4118 27b DI (60 ml)7F &
71 9l 250 mL AHZFETlaTe)] wEA B =ul. oF 1A]7r mur 3 x2ko] Dot

MeOHS A}&3}e] 500 mL T =295 WEES 9443 %1

:
v
o
il
toby
£
ol\
i

7] (Rotary evaporator)el]l A3} #HALS =3

-

e &ulE AASTSH. T
Bromotrimethylsilane® 74-% MeOHEZS A}-g3}e] A AT, Az DILF MCE AF&sh
o] 251 A4l (Buchner funnel)® oJFata, MCE oe] W AAFUC. v A=
ok AR ER dAHEE diFEe] I uAPE YA A9, AR, 9
A 314 1PACNB (0.745 g, 3.779 mmol)& 95. 7% &= AlTt.

[0125] 1PAC1(0)BY] 1H-NMR Z 3= % 50| TA8gon, Axs= oy 7

[0126] (400 MHz, DMSO-d6): & (ppm) 7.72 (m, 2H), 7.39 (m, 2H), 4.88

(m, 2H), 3.07-3.02 (d, 2H)
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[0128] A =4 5 (4-methylbenzyl)phosphonic acid (1PACH3B)<¢] &4
[0129] 10-20 mL Microwave-assisted vialol diethyl (4~

methylbenzyl )phosphonate (1.0 g, 4.128 mmol)e} HPLC MC (15 mL)E W24 Y=

. Vial 45 @1 "4 £97]dA 102 &<t AshA unkste] $Hd3] =20t.
Bromotrimethylsilane (1.98 g, 12.92 mmol)E <¢elz HWEE £ Fy= X =
A-AE E3f & Hol| Y=k, WA wwkE Fa whEsth. of 21X & wkg F
25 S8 Vial 45 AAstL Wg=S ARl 8% A7k DI (60 mL)7F &

7 9= 250 oL AFEEAC whEA FEvh o 1ARE ank § Awke] DIg

MeOHE AFE3}e] 500 mL T ZT23%2 YEES 943 . o=

toby
£
ol\
i

(o3

71(Rotary evaporator)el <AZ2ste] 7S Fa3l EE &g AASH.
Bromotrimethylsilane® 4% MeOHE AF&3te] A AGTE. A% DIgF MCE AFE3)

of B3 HY(Buchner funnel)® o33}z, MCE 3+ WH AHE AAFACE. WA

F_L,

zZ3ith, AAER dAEE R A a7t deAd AL, HFHo R,
34 314 1PACH3B (0.72 g, 3.868 mmol)E 93.7%9] &= I},

[0130] 1PACH3BS] 1H-NMR ZF}= T o] TAsI9on, Ax:= e

[0131] (400 MHz, DMSO-d6): & (ppm) 7.09 (m, 2H), 7.04 (m, 2H), 3.85

(m, 2H), 2.87-2.83 (d, 2H), 2.22 (m, 3H)
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[0133] A%< 6. (4-iodolbenzyl)phosphonic acid (1PAIB)S] &4
[0134] 10-20 mL Mic rowave-assisted vialol diethyl (4-
iodobenzy! )phosphonate (1.35 g, 3.81 mmol) ¢ HPLC MC (15 mL)E wW=HA

Ytk Vial 48 23 A B971604 108 59t A8k ankste] ¢d3]

nL)7F 94 9= 250 mL AZFEElaTo w2 A B, oF 1A]7F wHE T Ak
DIS} MeOHE A}&3}o] 500 mL S+ ZgA2az Y8ES A5 X7, o2 3)A

Z7] (Rotary evaporator)ol]l AAZAslo] 7HtS =& e

oo
=)

0
ES
Y
e
=

o

Bromotrimethylsilane®] 74-%- MeOHE AF-&3le] Al AP, A=) DIgF MCE AM&3)

of B3 HY(Buchner funnel)® o33}z, MCE 3+ WH AHE AAFACE. WA
Az, APAER dAE = g A uA7F dHA FAYY. HFHo =,

A 3z 1PAIB (1.1 g, 3.70 mmol)< 97.1%¢) &= dAr}.

[0135] 1PAIBS] 1H-MMR A= = 79 =AEg o, Axs oS3 7o),

[0136] (400 MHz, DMSO-d6): & (ppm) 7.60 (m, 2H), 7.03 (m, 2H), 4.25

(m, 2H), 2.89-2.85 (d, 2H)

[0138] A=) 7 (4-nitrobenzyl)phosphonic acid (1PANO2B)<2] A
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[0139] 0-20 mL Microwave-assisted vialol diethyl (4~
nitrobenzyl)phosphonate (1.04 g, 3.81 mmol)®} HPLC MC (15 mlL)E W=7

Ytk Vial ¥4 23 da E297000A 1 0% &<t skl wutste] k3] =

ml)7F 97 9JE 250 mL S Ekaded wEA 2 o 1A mk skl

DIS} MeOHE A}&3}o] 500 mL S+ ZgA2az U8ES A8 X7, o2 3)A

Z47]) (Rotary evaporator)el] AZAste] 7HetsS E& RE &ujE A AT, o

Bromotrimethylsilane®] 74-%- MeOHE AF-&3lo] A AP, A=) DIgF MCE AF&3)

of B3 HY(Buchner funnel)® o33}z, MCE 3+ WH AHE AAFACE. WA
Az, APAER dAE = g A uA7F dHA FAYY. HFHo =,

of
>

A0 31z 1PANOZB (0.794 g, 3.66 mmol)E 96.1%%] F&= A},

[0140] 1PANO2BS] 1H-NMR ZF}= T 8o TAlslgorn, Ax:= o3

[0141] (400 MHz, DMSO-d6): & (ppm) 8.13 (m, 2 H), 7.47 (m, 2H), 4.71

(m, 2H), 3.13-3.09 (d, 2H)
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[0143) Az 8. (4-(trifluoromethyl)benzyl)phosphonic acid (1PACF3B)

o] A
[0144] 10-20 mL Microwave-assisted vialel diethyl (4-
(trifluoromethyl)benzyl)phosph onate (1.13 g, 3.81 mmol)2} HPLC MC (15 mL)E

e BT Vial £4¢ 91 A2 29071004 108 o e mwste] ¢

A3] =<t}. Bromotrimethylsi lane (1.83 g, 11.92 mmol)E <&zl HWEE E3)
Fy 2 34k & AAXE S 3 o Eevk. whAl wwks F3) wkg-stk. oF 23
AZE & Hbs FAE 918 Vial 54 AASE WE&=S AFAA FH g 27k

DI (60 mL)7F ©A QU= 250 mL AZ+Egh2=Td w24 E=v. oF 1A7F uRk &
2% DI MeOHE AFE3te] 5 00 mL &+ Z8H~a=2 U828 443 &1,

o5 3 T2&7](Rotary evapora tor)ell dAsto] s T e SHiE Al

rok
iy

. o] Bromotrimethylsilane®] 79 MeOHZ A}&3}e] A AR, Ao DIt

—

MCE AFE3te] H 31 #HD(Buchn er funnel)® oJ3}3tar, MCE RAF WA A

EN

sty AAMER dAEE giFEe A A7 d9Ad AN, HEHo=E,
3 314 1PACF3B (0.89 g, 3.72 mmol)< 97.6%% &= AT},

[0145] 1PACF3B2] 1H-NMR ZF}= % 9o LAl on, Ad:= vem

[0146] (400 MHz, DMSO-d6): & (ppm) 7.46 (m, 2H), 7.42 (m, 2H), 4.26

(m, 2H), 3.06-3.01 (d, 2H)
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[0148] Ao 1. 7] Bl AAF &4 A=t

[0149] A A 7] (1: Glass) 2 Al 1 A= (2: 1T0)S FH|eh= HAES F
FFATh, TAHOR, o= 2.0 em X 2. 0 cm A7 Glass 71¥ Yol T} 2
o= ITO7F AbA 3|l =of lo] 47he] HHd Atz FA ] AT

[0150] o]¢} #2 110 7]¥s FSAAA (Alconox), S (Distilled
water, DI), 183l 2-3Z 2 3% (2-Propanol, I[PA) <AZ 253 AF7|AM %S
3 g S F4 WA FZS AN H, T FHoEE AREst 110TelA

108 A=xs¥Y. dx% 110 7|#He #ALA-2F AF7] (VO cleaner)ol A 30%

[0151] o] %, 7] Alzol 1 HA 8llH FA7 IPAXBY] A& & A=

AFESFS] ) MeOH HE+= EtOHOl 1 mM =2 59 3 AME A7kA] %

oo

o BAE Sl

=)
2
au)
il
v
(=
_‘E
\
N
g

o7 Aoz AR 110 719 Aol 70 ul
E =¥ 3 & 5%7F AA (Wetting) 2000 rpm, 30% &<t Spin-coating ¥ 50
=] 100CoA 1058 o dAasle] gFe ureks 34 go),

[0152] 1 1 HetES (3 Ae5ES) S F2AS 4 1) PN6:L8-BO,
2) DI&/L8-BO)S FAIATH. FAH R, SFH Ha/FH B97lolA 1)9 7
AR5 B2 R PM6 (CAS No. 1802013-83-7)¢F HAwk7) &2 = L8 -BO (CAS No.

2668341-40-8)E BHJ WHo = 2)9 AS HAAF7] =22 D18 (CAS No. 2433725-
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54-1)7 AARH] A= 1L8-B0 (CAS No. 266834 1-40-8)E LBL(=¢1&74<l A%
(Sequential deposition)) WH oz Z+z; Asl3it).

[0153] 1) A9 ZFEZ=ZZ(chloroform, CF)¥} 1,8-Ttlojo} =2H|2l(1,8-
Diio dooctane, DIO)E H3 W] 97.5:2.5(v/v)Z ZE33t &njE ALE35}o] PM6:L8-

BO = 1:1.2(FA ®]; w/w)E 15.4 mg/nl TE= AZFc}.

[0154) 2)¢] A% D18L == =ZHlAl(chlorobenzene, CB)¢] &ujo] 8.0

mg/mL &EZ, L8-BO= CFeF DIOE H-3] H] 97.5:2.5(v/v)2 23 SuE o] &3
10.0 mg/mL sE==2 Z+7F A Z%3&9 o).
[0155] ©]F 1)9] 7% 40 WA= 50CAA 2)9 A% 90 WA 100°C ol A]

A EAE S AAAM 42 SelEdT. Do A 17 WA 22 ul §9E §

A o 2 2000 WA 3000 rpme.® 30%7F Spin—coating $ 80 WA 10 0Tl A

—

0% &9+ 7tgsksitt.
[0156] 2)¢] 79 DI18L 22 WA 25 plL €4S =2 wHo=z 3000 X
5000 rpm&. = 30%%t Spin-coating, ©]°JA] L8-BOE 22 WA 25 plL &9 =4

W= 4000 A 5000 rpme®2 30%%F Spin—coati ng ¥ § 80 W] 100T el A

[0157] o2, A 2 Ass5ES (50 AATFEF)S IA-AIAY. FAZHS

2, Al 2 Ast5ES (50 AAFEST)S 7435 PDINN (CAS No. 1020180-01-1)3}

PDI N (CAS No. 117901-97-0; PDIN & A% A] acetic acidE 2% H7P)e AL
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MeOH 3= EtOHoll 1.0 WA 2.5 mg/ml F==2 A 2T}

[0158] =& |4 0.4 5 pm PIFE filter® o33k &S AFR3FITH,
=B wa/FH EerlolA 2 5 WA 50 pl §9e T WHORE 1500 WA
3000 rpm 30%7%F Spin-coatin g $ A HAZE3sF3 ).

[0159] wix|=to = #) 2 A=(6: Ag)2 ¥ S ZH(Thermal evaporation) S =

FAHERSeH, 5 X 10-7 torr o8t A 1.5 WA 2.0 A/se H== T35}

x2

.

[0161] ®]3Le] 1. 2PACz (TCI)
[0162] AAle] 17 Zou, A 1¥s &= F&sh= 74 =24=,

2PACz (TCI)E o]&3t9 o oete (Ethanol, Et OH)o] 1 mM L2 =9 & A}

% &9t Spin-coating ¥ 100TColAl 10% st A2 3sto] gk vheks AT},

[0164] H]xle] 2. PEDOT:PSS
[0165] A Al 13 2oy, Al Ast 535S T4 2= PEDOT:PSS

(A14083; He raeus)E& °]&3slglon, /49 1:0. 2 (v/v)oz2 =33t

o
—
()
s

ol nWkekal 0.45 pm PIFE filter= o33t &5 AbEsiliv. 9 £417]0l
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A Aoz MAE IT0 71 Aded 100 pLe

Fl
Fl

sl 2 4000 rpm, 30% &<

-

23 F¥ (Spin-coating) 3dFal, 110CoA 1 0F

of
r2

Aol ghe Wt

oflt

[0168] Aell. Eufjell whE &3ll= 2po] H7}

[0169] &3l  EAlel  AMRH ‘W& A= DI, DMSO,
dimethylformamide (DMF), EtOH, IPA, ethyl acetate (EA), CB, CF, o-xylene
(XY), toluene (TL), L83l tetrahydro furan (THF) o|™, Z}Z}9] EHEL &9
gujEol A 1.0 mg/nl FEE fA=7F H7FE AT, MeOHO] 79~ 1PAXB A2 =9}
2PACz9] 27t AN A AEE F= Sl =A A& H AT

[0170] 3}7] 3% 12 Alxd 1 WA 8o &AE 1PAXBY A & A 2
Hlate] 1% AR 2 PACzS] &wjo] w& &3 ztolE H71e AdE Ay A
ojt}.

[0171] [& 1]
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[0174]

DI | DMSO | DMF EtOH IPA EA
LO mg/mL | 5 | “cp XY TL THF =
Ao 1 0 0 0 0 0 0
(1PACI(0)B) X X X X 0 -
A9 2 0 0 0 0 0 0
(1PACI(m)B) X X X X 0 -
AAe 3 0 0 0 0 0 0
(1PACI(p)B) X X X X 0 -
AN 4 0 0 0 0 0 0
(1PACNB) X X X X 0 B
AAl 5 0 0 0 0 0 0
(1PACH3B) X X X X 0 -
. : 0

?]i;]ﬂB? ). 0 0 0 0 (075 my/ail)
. ). § X X X 0 —
AAld 7 0 0 0 0 0 0
(1PANO2B) X X X X 0 -
AN 8 0 0 0 0 0 0
(1PACF3B) X X X X 0 -
Hl o] ] X 0 0 0 0 0
(2PACz (Ref.)) | X X X X 0 -

[0175) 2PACze] A% DI, CB, CF, XY, 283 TLE A¢3 2E Lujof A

K
rlo

=] = @)
Sl SA4=

-~

ERTE. vk 2PACzeF €], 1PAIBE A3 EE 1PAXB

2] Zzo) A DIol dis] 53 &= 5

o,
o
<
o
=
rr
Py

o

| #FHAoH, Ymx
) Soll A= 2PACz9F FUSHAY FAEE &elE SA4S UrERT

[0176] 53], DI waterol] thst w2 £3l%= EAS 2= 1PAXB A8 =9]
§- 71E AFEEE di®mAQ 44 HIL E2<1 PEDOT:PSSeF &3 Abg-o] 7Hs3hs

Apste], PACzETE AR %4 o] FeEe o m @,

[0177] 9% ZL3A%E, 2 SdgelA PAB Ag= % 748 $58 34

o,
olr
o
=
Au)
=
rir
pack
o
HU
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(@]
‘ﬂ
=
o
)
K
H
—
=2
>,
o
N
)
[o
il
)—l
=]
=
off
f
)
N
\}
e
=
(@]
N
o
=
£l
Sh
1%
_0|L
2
o
H
J[m

2 A,

[0178] o]= &} A2 7oA 1PAIB7} #&Ad

of\
ofo
g
=
{0
ok
ol
o

T e, oflE T HIL eA4& AAY & de AAHS 7H & e v

o}

(01801 2gel 2. 95 FgH B2t - 4 $F B4

[0181] €& otAAS Hrlely] Y& 9

o
off

A (Thermal gravimetri

&
o
QL
¥
s
—3
[op)
=

[Ne

2
rlo
=,
e3)
—3
N
w2
()]
o)

¢ analysis, TGA)& =7 TG 209 F35 AF&3te] dAA

R 71el A HE (P =)

AW
=
12
o
=)

0

10,
(i
i)
o
o
2
=
@
~
e
1o
of»
rfo
I
oy
fr
oy
rfo

AN 500C7HA] AT, Aoz {7 A} LApolA d4 IPAHS Ze
Aol A 300C  olAel 5% T £4o] YeEuysE 2% (Degra dation
temperature, Td)E 7}It}.

[0182] 3}7] % 2+ Az 1 WA 89 A H 1PAXBe A& % A4 2

vjae] 12 ARSE 2 PACZSl 9 FF EANS B 94 94 Bte AnE

[0183] [& 2]
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~some | (¢

( lgf_e{.(]_‘r(“o)lg) 206.5

( 11%\21?1—58) 343.8
( ll{%{\(]j;?]p?}g) 305.1
(f?ﬂgké) 345.2

( 1%,2@4 ap) | 309.4
??Q;?B? 308.4
(1%1:3:;:]_\%2;3) 283.9

( i{;ﬁjﬁl 4y | 2459
(2PKE$?R£L)) 360.3

[0184]

[0185] 1PACI(0)B, 1PANO2B, —L#]al 1PACF3BE #1£]3F & 1PAXB Alg] =0
A1 300C ©]7e] TdE Yetdlo] 73 4 HAdS JF3hadct. vlae] 191 2PACz
o] A AAHor A3 3-membered aromatic rings =4S HIEO=E 36 0CY
TdE velfo] 1PAXB AlglzH} =2 94 tAAS Yeldlt, [= 13 1] ¢S
A A=, 1PAXB A8l 29 wiAl ZZAe] X7} Cl= ortho/meta/para X Z+z+
=9% 1PACI(0)B, 1PACI(m)B, —1¥]a 1PACI(p)B 749 meta, para, L& 3l ortho
AA Lo Z el Hge Ao LERRT.

[0186] o]+ 5% 1PAXB Alg]l=9] & <t S $alA meta-$1x]oll A
FAE =Ysts Zol antdd F ASFS AAMETE. oojA], UM A para-9] A
M2 g2 A3AE 2t A 1PAXB Algl=e] 4% (F3, NO2, I, CH3, (N, g

30l wem d dgge] FEEE Fer vehw

118-41



2025-05-14

[0187] A& d 3. AL HA-71A]F EFH =4

=)
%
=
=
ok
¥
[»
14
l m

2o HP Agilent 8453 UV-Vis B37]E A}&35}9]

SAHAS. A, B M= Fekr] s quartz 71 flell 10 mg/ml =

oft
ol
2
A
t
ol
N
N
1o
4,
o
=
>
o
B
o
o
12
o
i
-z
)
N
S
o
N
o
fu
~
o
~
Mm
44 L

[0189] [Al4H2] 1]

E, = 1240/ 2,,c.:
[0190]

[0191] & 16& F=x3H, 1PANO2BS} 2PACze] 7% 300 nm o)A oAl S 3k
n-m*x Mol o] FzHE Ay <y YA EHE9 HS 300 nm o]t A Al

Mo FEA 9 n-nx Ho] BFS Yep).

[0193] A& o] 4. S B4 37}

[0194] 7] Azl 1 WA 8ellA A H 1PAXB Aok Hlalee] A7 9]

Self-assembly monolayer 54 #g& o=z &2lsl7] 93] 0.5 mg /mL & =
AES [PAY 9 spin—coatings &3] L3 FA veS dH T 50T A
108 =¢F dx7] 2 EtOHE spin-coatingS Z3F A& FA 3 =A359 ).
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[0195] =3k, S Ao 7L olalE A EFES Glass 7|Fol] 54

[0196] = 17 ¥ = 18& FZ3shd, EE IPAXB Alg|=2E SAE 2 A4
T de Aow Hudglowm 999 o] HPTIAFEIE(Average visible
transmittances, AVIs)E ERWACEH,

[0197] ¢ YA o= ALE% = PEDOT:PSSHT} Hold F9 54E 714
& oulstH, AAo] 2PACzRTE £2 Y SA4S 7HE 4S5, 1PACI(0)BY
85 110 719 9ol A} glass 7|9 919 F3% 50| w¢ v=2A et
o]= ort ho YA F4LHT} AHAHoZ Hu7F & chlorine X 3HA|7}F =15

w2} [TO9F Phophonic acid 7t 8484 AS wWallsts Ao=2 o).

=)
—
©
>
>
9L
1
N,
N
o
o
2
J{m
oX,
M
1%
|
A
rlot
=
incs
=
S
oL
N\
o

[0200] d~71stsk  SA4& 247 fd  cEAEHFH (Cyelic
voltammetry, CV) SHES FPd3A Y. CV A4 Ossila Potentiostat= AF-83}]
0.1 M MC &M(HAN2)E 2027F AspollA Al dz HEHGFEGET IAEF
S 2X o] E(BuNPFE)E EFE 100 mV/se] IAT FAF £ER o).
Carbon A= (H+= IT0 glass), Pt ¢folo}, 2/9A3k2(Ag/AgCD < M4 2 A=,
Al A=, Ve dFow AR, WA, 2459 By Highest-occupie d

molecular orbital (HOMO) oUA] +=9& <olr 7] £&] Carbon A== AFE3}¢]
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OV AT Felela EASAT. L N0 UA F9E AN 28 Eal parae

] , ©

—_

= dZ2A/E 2 A5 (Fe/Fet ) o2 AT

[0201] [AXFA] 2]

Epomo=—4.8— (E, E,, (ferrocene))

onset, ox

[0202]
[0203] = 20 ¥ %= 215 F=sH, 2PACz+= -5.39 eVe] HOMO oA &4

2 Yehd 23 2 8 1PAB AEl=E -6.11 eVoll A —6.17 eVe] Arjd oz

)
flo

HONO oux] #9512 Upebiion] o= SMOZA 110 o azdel ol

N
Q

A 71dEd &+ A

[0204] AA ITOS} SAM &=dE53¢] 348t Aol @& HOMO oy =] <4
H3lE Azslr] 98] 170 glass AL 7|Wro =2 0.5 mg/nl 52 EZE52S [PA
of o] spin-coatings F3l HYUS FAL wlerS FAH T 50CAA 107 &St
32 2 EtOHZ spin-coatinge &3t A& 34 3 SA3 ).

[0205] & 23 2 % 242 Fxsd, 1PAXB Al =olA  wHe
ortho/meta/para-$1x] W7ol wz} Clo] HOMO ol FdA] F9ol nxe JaFS 43
t}. 1 A¥}, 1PACI (0)B, 1PACI(m)B, 183 1PACI(p)B &=o =2 HOMO olul#] 9]
7} -5.09 eV, -5.14 eV, 18]l -5.25 eVE Yolx = AL Feld = At}

[0206] = 25 ¥ =26& ZZx3shd, 1PAXB Alg]=o A stzz e X8k 7}

HAle] para-9l Ao =dE W a3H o= HOMO olvx] F9& olsAZ + U=
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AAbg, e, B FRol ohe 1PAB A=) HNo oA E9) WEE

4% A3k, CH3, Cl, CF3. CN, N02, Z1g]a [ o2 Yozl S Fedd &
AN, 53], I1T0/2PACzS] HOMO olU=A| =917} -5.39 eV #zH A} wjwst

o, A9 GAFS -5.36 eVollA -5.37 eVe] HOMO oly#] +=9E zt:= 1PACNB, 1P

ANO2B, 2 1PAIBY] 7% ejkd A o] A& A 2PACz E3AE FASE a9 7|98

.
[0207] =A¥ W-Vis 2 (V 5SS Fall 773 F3h2 =3, HMO 3

Lowest—unoccupied molecular orbital (LUMO; 3&}7] o]+ AAkA 3& F3f A
o) oy F=9ES AR 1 yvEr d7sked A AE ARE-sHY
Alrksk e

[0208] [AAF2] 3]

ELL"JI() _ "E’r' o E’H(),\[(')

4

[0209]
(0210] 317 E3& A7) Azel 1 WA solA F4E 1PAB 249k vl 3el
o &Ale) o sehE g e Aeld,

[0211] [% 3]
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[0212]
~10.0 mg/mL Aonset Ey Eonser ox Enomo B umo
IPA [nm] [eV] [eV] [eV] [eV]
(“?;(]:‘l”{'o)‘m 270.91 4.43 1.85 ~6.17 N/A
(11%)3;;];;:233) 283.10 4.38 1.83 —6.15 N/A
(léigéfgpr) 285.71 4.34 1.83 -6.15 N/A
(?Pﬂg}\lé) 298.81 4.15 1.85 ~6.17 N/A
(1%2@{351}3) 281.82 4.40 1.80 ~6.12 N/A
f%;i;?B? 306.91 4.04 1.80 -6.12 N/A
(igjﬂagé%) 351.26 3.53 1.84 —5.16 N/A
(f%gkﬂsi) 278.02 4.46 1.79 =611 N/A
g ale] |
((ZP}A()Ziz 354.29 350 1.07 ~5.39 ~1.89
Ref.

[0213]) 3}7] ¥4+

g7 Azxzd 1 WA 8ol M g

o 2l AseA HepuE e Jepd

[0214] [ 4]
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[0215]
=0.5 mg/mL Aonset E; Enser.ox Eyono ELumo
IPA [nm] [eV] [eV] [eV] [eV]
FRER
(1PACI(0)B) 270.91 4.43 0.77 =508 —-0.66
AN 2 . . -
(1PACI(m)B) | 283.10 4.38 0.82 5.14 0.76
A 3 _ , . B
AAd 4 , B B
(1PACNB) 298.81 4.15 1.08 5.36 1.21
Al 5 - B B
(1PACH3B) 281.82 4.40 0.93 5.21 0.81
A A 6
= q o e
(1PAIB) 306.91 4.04 1.09 e T L33
AAd 7 = n B B
(1PANO2B) 351.26 353 1.08 5.36 1.83
A Ald 8
(1PACF3B) 278.02 4.46 0.97 -5.29 —0.83
ol ae] 1
(2PACz 354.29 3.50 1-11 =H.39 -1.89
(Ref.))

[0218] &Al =259 Aes W™ £4st7] fs) 2e 2E 3=l
Density functional theory (DFT) AlAF AlEd oS 3y, nd 33HE9
AslE FAF 718k FE2+ Gaussian 16S &3l Eo]oE Y AUAE FHAs o EH
HOMO/LUMO oAl ¢, W=34, Electrostatic potential (ESP), % Dipole
momentE V7] #13] AL AT, o] &H A2 BILYP ¥ IARStE DFTE A

&tal 6-31 G(d,p) 7I¥F A EE AR&sto] e gl
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[0219] = 27& Z=x3d, wvluld A 2PACze A A3 -5.375 eVY

HOMO, -0.669 eVe] LUMO, 4.71 eVe] WH=74, 1.63D9] dipole moment& YERYRATE.
[0220] 53], 2PACz RL=2 3}gholl 3t HOMO ol 919 79 kA CV

BAg Ba A48 @ e AR ekl E@, BSP B4 Aseld 2 5

ATt

[0221] 737] 3% 45 =MW, diF-29 1PAXB Alg]l2e oA Lol npe}
o] 2PACzETE Z2 HOMO oA £9& nlFo® He MeEfdS 2he 3oz
Efton, ESP 4] AR5 A4 BT 2PACz8F FAFSHAl YERR T

[0222] =53k whgk A2 1PACL(p)Be} 1PAIBE A€ $k & 1PAXB AlE] =9
A 2PACzeF FASEAY =& 1.63~3.74D9] dipole moment #HES zZEE= Aot ¢
S F Q3% 1PACI(0)B, 1PACI(m)B, E 1PACI(p)BS] HOMO olU= F#9&& zhz}
-6.761 eV, —6.697 eV, % -6.586 eV YERHCl whel, wlAlS] ortho/meta/ para-

A WA wEt Clo] HOMO oA +=<loll nx|= o] CVE F3l &% 1109

>

A% A ABE HOW0 AU F9Ieh 4wk A% e
[0223] &= 28 WA = 30& #xskd, A o] 1PACI(0)B, 1PACI(m)B, =

1PAC1(p)B9] dipole moment #HES 2.95D, 1.73D, = 0.88DE uElytow, <A
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dipole moment vector®] WrekFAwh I1PACL1(p)B, 1PACI(m)B, ¥ 1PACl(0)B o= gF
&ETt.

[0224)] =3k, %= 31 WA 355 Fxshd, 1PACI(p)B, 1PACI(m)B, %
1PAC1(0)B <=2.= dipole moment vector”’} PA ®WrsF = ITO surface ZOo % 383l
A7t g5 A3E F des g + Adu. o= 1PAXB Algl=9] dipole

A AFgsAY FEHoR T

=
o
=
D
]
=1
o
+
B
fz
o
<
D
(@]
c
o
=
ok
o2t
o
o
=
o
B
kn}
ol
i

[0225] webA, 1T09F AF Al YA 1PAXB Alg]l= 53 dipole moment
vector®] Wakdo] wt HOMO olvA] =917 a4 oz Hed & S Fe= A}
RS

[0226] &}7] % 5% 7] Alxd 1 WA 8oll4] ¥ 1PAXB A A1 vl aLe]
o] el DFT ALt A3y} stehn| g &5 aofsto] Fg3k ot

[0227] [ 5]
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[0228]

DFT results I{_’i:f}m [EP L,:.,.“'im lef’:h’] DJPO"'{?DIJHOHH?H!
(135(‘:&‘0%) —6.761 -0.544 6.22 2.95
(I%ﬂl‘?'m%m ~6.697 ~0.530 6.17 1.73
(1;‘;1;5’1'13,3, -6.586 | -0510 | 6.08 0.88
(?Pﬂ&é) —~7.068 ~1.498 5.57 364
(1%&01%33513) -6.311 ~0.068 6.24 1.77
Bk -6616 | -1.076 5.54 0.30
(1%3\?(])271’3) ~7.407 ~2.442 4.97 374
( BN, | -7.066 ~0.874 6.19 1.63
(2??530?1{3&.)) —5.475 —0.669 471 1.63

2025-05-14

(02301 A3 e)7. F7IEIFAA2] 45 B7F - BiJ (Bulkheterojunction) % El

(02311 %47] Aol 19} wlae] 1 2 29] F71ElFAA e PCE B5S B}

[0232] 3}7] 3 6 1PACI(p)BS} Hlwd 1 ¥ 29 A%S vt 432 1}

!
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[0234]
K Voc FF PCE
HTL e '

! mAem? | v | (%) | (%)
NEC N - - -
(2PACz (Ref.)) 25.07 0.876 | 76.7 16.85
) o] 2 o N =
(PEDOT:PSS (AI4083) (Ref.)) | 2420 0.870 | 79.32 16.74

EREIE , _ -
(1PACI(1)B) 24,50 0.873 | 77.51 16.92

[0235] & 6% = 36 =™, PM6:L8-BO 7]¥+ 0SCs Ao w=w
1PAC1(p)B (Power conversion efficiency, PCE; PCE = 16.92%)7} 2PACz (P CE =

16.85%) 2 PEDOT:PSS (AI14083) (PCE = 16.74%) Rt} 43 AZ544

[e]

of\r

ol
=

i

].

Ol

o
= Aow vy,

[0236] 3}7] 3% 7 1PAC1(0)B, 1PACI(m)B, % 1PACI(p)B 7]Wto 2 A&
AR 7] BFdAe] A4S vwg Aus el golo,

[0237] [ 7]

[0238]

HTL [mA cm™?) [V] (%) (%]
(11?»{\9:‘1’1('0)1& 24.99 0.828 | 716 14.81
(H;%\ﬂl(?lmz)B) 25.01 0.859 | 78.01 16.76
(1;“;'-;(‘;‘!’2")?]3) 24.70 0.862 | 78.92 16.79

[0239] &= 7 2 5378 #Zx3hH, 1PAXB  Alg=RoA X 3A|7}

ortho/meta/para-$1# o2 AFo] &dE 5 ASS AASHY, ol & A
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S Al ol i ufe} o] [T09te] A3 F9 Aolo 7]QdstE Ao R AlmFIT).
[0240] 3}7] % 82 1PACNBS} 1PACH3B 7]¥to 2 Ax}E A zbsk §7] elgA
Ao S vud A4S vepdl Aot}

[0241] [ 8]

[0242]
e Vo FF PCE
S [mA em~2] | [V) (%) (%]
| e 2 7 745
(PEDOT:PSS (AI4083) (Ref))| 2462 0.878 | 74.50 16.88
2Aq 4 24.62 0.839 | 75.25 15.53
(IPACNB)
AN 5 . } el o
(1PACH3B) 24.33 0.839 65.02 12.72

dipole moment 52 & Q&) 1EE FHAHo] Y Aoz Az},

[0244] &}7] 3% 9% 1PACI(p)Be} 1PAIB 7|¥to. = A& A%}

2
Jo
~
fuj
o2

Ao e mlagt A3 e Zoln

[0245] [3% 9]
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[0246]
s mrea | 0 | (%) %]
OB TR 95.50 0868 | 7249 | 16.05
i P 25.33 0849 | 7123 | 1533
. 25.27 0.847 | 7741 | 1658
A W 95.43 0849 | 7436 | 16.06
(1§£éﬂ]pf’3) 95.49 0857 | 7451 | 16.29
aA ?}p?jqélz(‘t;'ﬁ ¥) 95.20 0.800 | 7068 | 14.24

[0247] & 9 R = 395 F=xsid, F =3 L5 vlald 1 2PACzHT &%

P 58S dehdlen, 53] 1PAIB7F 1IPACI(p)B 2 2PACzE.TF 24A1%F 5<H9

WFoA B e ke As 27 B& o A% e EE AR %

[0248] 3}7] ¥ 102 1PANO2B9} 1PACF3B 7|wto. = A2 A#s 6-7] e

[0249] [& 10]

[0250]
. Im:&ﬁtﬁ'f] |Ii-"i' g] i%
(PEDOT:PSS (AMeg3) (Ref))| 2519 0.863 | 7474 | 16.25
(132}\%278} 24.71 0868 | 7113 | 15.25
s 25.43 0873 | 7249 | 16.00
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[0251] 3% 10 ¥ %= 405 #x3HdH, vHE F 54 25 FHAstE R ool 2

PEDOT:PSS (AI4083)Rt} W2 g5 Yel A, F% ohx ol ule} o] Ef

’

(

v Fe SAER 8 nad el e Zow sgHd. FRHoew
=

oo 1PAIB=

fl

[0253]1 A& 8. F7I1efFxdA1¢] 45 7} - LBL(Layer by layer)3 Ej

[0254] 1PAIBS] A& HAEZE 93] LBL ¥4S &3l DI8/L8-BO 71k A+
zo] " F71AA 2AES AAE.

[0255] 3}7] 3 112 1PAIB % Hlxlef 29 EfF 7| A= & Ao sk

s ke g @ Zold.

[0256] [ 11]

[0257]
Jsc Voc FF PCE
EREE [mA em™ | [V] (%] [%]
NEEIE - _ — —
(PEDOT:PSS (AI4083) (Ref))| 2492 0.885 | 77.77 17.16
Al
(Hl;’]ﬂB(]i 9555 0.881 | 77.72 17.50

[0258] 1PAIB 7]WF AX}7} v]ule]] 22] PEDOT:PSS (AI4083)2] 7]WhH A2} =
S(17.16%) Bt} =2 17.50%2] a8 EAdT. 53], ol 1PAIB-7]WF AxAp7}

PEDOT:PSSE T Atfd o=z 34w Jscol 7IdstH, J-V FHdolA L& Jsc #

L.
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[0260] 1PAIBS] HAA &S dotrry] 3] di7iFddA HT=x9
D18/L8-BO 718} 0SCs AA5S Azt A5S Hrhalt.

[0261] &}7] % 12& M2 02 dxz 4o wE 1PAIB 2 Hlalo] 29
el st el ghs 8.9FSE Aot}

[0262] [3% 12]

[0263]
Tec Voc FF PCE
L [mA cm™?) (V] 1% (%]
W] 2 _ - I -

(PEDOT:PSS (AI4083) (Ref.)) | 2920 0.877 | 77.77 17.19
A Ad 6 o ) . e

ERENG — - T —

R (R E 95.76 0.876 | 76.05 17.17

[0264] & 43 @ ¥ 128 x5}, 1PAIB-7]4¥F A x}7} v]ad 2 PEDOT:PSS

[0265] 3l7] & 132 dA 8] ¥AES A & 1PAIB ¥ vl 29| Iehv]
B #hS Q.oFsk Aot}

[0266] [% 13]
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[0267]
T 7 FF PCE
ke [mA ¢m™] (V) (%] (%)
B]5ia) 2 . . - e
(PEDOT:PSS (AI4083) (Ref.)) | 2427 0.889 | 78.62 17.17
. o L - 2587 | 0880 | 7861 | 17.88

[0268] ¥ 13 ¥ = 445 Fxeld, dAg A4S H A3 3 23 1PAIBS]

£ 40C 108 €48 & 7FE =2 17.88%9) a&o =93 & 9},
[0270] 234 9. hybrid HTL 2 bilayer HTL 7]Weol] W& Ax}o] A%

[0271] 1PAXB A]lg]=9] -3k f3ird wWE e XS 7Fxd7]
7] Zol A A% D18/L8-BO
719k 0SCs AAFES AlFstar AeS 7. S BlSA == olH (Oriel,

1,000 &3l 100 mW cm 2ol Al AM 1.5G ¢ =%

\1

Aol A g = om, Keithley 2401
A2nEHE SAHYY. QRUAFTE(FQE) ~FEZH L tf7]Fo 4 Polaronix K3100
IPCE A Al 2®" (Mcscience, )& Al&3te] 54,

[0272] W A#], hybrid HTLS] 74-%- ®]ule] 2 PEDOT:PSS (AI4083) &<heof 1

FE9 1IPAXB AEZE £33 & 5Y3 24 ZI=E Ao AolH, bilayer

H1

HTLS] 749 ®]ald] 2 PEDOT:PSS (A14083) Hret A 2 1 mM 559 1PAXB Alg| =

o] wete 99 zhoR 4

oy

3 o]t
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[0273] 3}7] 3 14+ hybrid HIL 7|%F 2259 gtepvg kS A s Ao

1=
[0274) [ 14]
[0275]
Jsc Voc FF PCE
ik [mA cm ] [V] [%] [%]
] lad 2 925.62 0.885 77.32 17.52
(PEDOT:PSS (AI4083) (Ref.)) e 069 f. 52
AA A 4 _ N —
(AI4083: 1PACI(p)B) 25.78 0.880 77.53 17.58
2414 6 25.96 0.871 79.00 17.87
(AI4083:1PAIB) av. : ; :
( AI40§3)?]1(§’]A%FBB) 25.93 0.877 77.97 17.74
[0276] 3}7] 3% 153 bilayer HIL 7I¥F AxbEe] sebvd s A2d A
o]},
[0277] [ 15]
[0278]
Jse Voc FF PCE
d) iLof 2 _ N _
(PEDOT:PSS (A[4083) (Ref.)) 25.38 0.881 73.25 16.38
2Hd ¢ 25.33 0.858 76.58 16.65
(AI4083:1PACI(p)B) 9. .85 5 ;
21 6 25.34 0.876 76.22 16.92
(AI4083:1PAIB) 9. - : ;
( AI40§;]lt§]A%FBB) 25.43 0.869 76.21 16.83

[0279) 3% 14 YA % 15 ¥ % 45 WX % 462 %3, PEDOT:PSS

(A14083) &Mo 2 L3 71} 2 Ao]:= 1PACI(p)B, 1PAIB, % 1PACF3B:= E %
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hybrid HIL 2 bilayer HIL 7|¥ =5 vl 28T 849 g84S e, o

= &l 1IPAXB AlE=e) % S8 AES 91T 7

o

_ll
so

[0281] 23 10. AVIS =74

[0282] A}7] AA|do) A 5= 1PAXB Alg]=<} Hlae] 12 2PACZE, 37}

[0283] A7) MZEo wi Azt A2 9 2 A3 23514 A2,
AVTE 7FA1 3 A3 (A = 380-780 nm)AlA] Hr7lE g om, 7] AL 42 A=
AT},

[0284] [AXF2] 4]

[ T(2) « V(2) » AM1.5G(A)dA

AVT= :
J V(R) « AM1.5G(A)dA

[0286] &}7] % 16 Z47] 1PAXB Alg]= H wHluo] 1, 29 AVIs 233

[0287] [ 16]
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1.0 mM ?{‘}T
(4
Al 1
(ITO/1PACI(0)B) 85.11
EREN
(ITO/1PACI(m)B) 85.19
HAA | 3 o
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