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Bis[-N-(2-ethylhexyl)-carbazole-3-y] (I-2)
556.652 g/mol

Fig. 1. 7l9}&E7|7F Soi7F AZ445E 4 bis[-N-(ethylhexyl)-cabazole-3-yl] 4
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O/\(\/‘\ H
I
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Bis[N-{2-ethylhexyloxyphenyl)-carbazole-3-y1] (1I-3)
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4. AFFETELY £4%3 54 Y
- #2233 R (Photoelectron spectroscopy)-& ©] 83 B2 E4] B4
- 335w A 2(Photoluminescence spectroscopy)& ©]-8-3lo] B3 AT X BE¢E ¥ 3
- k9], ZEA 3] 33 (UV-visible spectroscopy)2 o] 83t BAe] AATFz2 AHd B
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Working electrode —

pp—— _ -
{Soap/Acetone/D Mol water/Ethyl Alcohol) (Themms‘msumam

@FCosling L 2 Cleaning

(1% Doclor Blade Coating, 70°C, 30min Dry) (SoapiAcetone/D water/Ethyl Alcohol)

'3 Annealing 3 Pt Coating

{450 *C/30min). (1* Doctor Blade Goaling, 70°C, 30min Dry)
@ Mo, Coating /ISP @ ® Annealing
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D Join
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2 Grid electrode formation
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2. AFTEERD T894 4
2-1 N-(2-ethylhexyl)-carbazole (-1) &4

- Formulation
N-(2-ethylhexyl)-carbazole (I-1)
ﬂ /L/ NaH, DMF Pll/‘ -
2 LA AN ‘Q;x{ - an, - . B AN
4+ ; >
[“QJ/_I/L\_//’] Br 80 UC, 20 hr LVJ*U‘J
N-(2-ethylhexyl)-carbazole (I-1)
279.3 g/mol
Carbazole Z-Ethylh'exy[ NaH _ Product (I-1)
© -Bromide ® DMF Temp Time
g ! (2) g l (L) C) (hr) Weight Yield
(mmol) (el {(mmol) (2) (%)
10.0000 13.8598 3.3000
70 80 20 11.5274 69.0
59.81 71.77 137.50

Bis[-N-(2-ethylhexyl)-carbazole-3-yl] (I-2)

.

-

ié

FeCly, CHCI, N
_._._._.—’..
25°C, 24hr O
N .
Bis[-N-(2-ethylhexyl)-carbazole-3-yI] (I-2)
Bis[-N-(2ethylhexyl)-car i Product (1-2)
e
bazole-3-yl] (I-1) ! DMF Temp Time , ‘
(2) o Weight Yield
(2) (mL) (C) (hr)
(mmol) (2) (%)
(mmol)
4.0339 6.7042
60 30 24 3.3606 83.6 %
14.44 41.33
4.0000 6.6478
60 30 24 2.6505 66.5 %
14.32 40.99




2-2 BisIN-(2-ethylhexyloxylphenol)-cabazole-3-yll &4 EARARNE
~ Formulation

4-Bromo-N(2-ethylhexyloxyl)-benzene (II-1)

OH o"\]:‘\/’\
); N Br/j/\/\ K,CO;, Acetonitrile
Kx o 60°C, 48 h
Br Br
4-Bromo-N-(2-ethylhexyloxyl)-benzene (11-1)

4-bromophenol 2-Ethylhexyl-bromide K2CO4 - Product (II-1)
@ © © Acetonitrile | Temp Time Vot | Zoeld
ei ie
a . . mL | o | an | E
(mmole) (mmole) (mmole) (2) (%)
10.0000 16.7435 23.9648
100 60 48 13.6788 | 83.0
57.80 86.70 173.40

N-(2-ethylhexyloxylphenyl)-carbazole (II-2)

)
= l ™~ i i N Cul, K3POy, ligand, 1,4-Dioxane =~
\I e | 102°C, 48 h - 4 |
Br

N-(2-ethylhexyloxylphenyl)-carbazole (ll-2)

4-Bromo-N(2-e Trans-1,2-cy Product (11-2)
thylhexyloxyl)- | Carbazole K3POy Cul clohexane LA 1 Ti
benzene (11-1) ) () () diamine | o€ ezp "M | Weight | Yield
mL i hr
(2) (mmole) | (mmole) | (mmole) (2) L (5 (g) (%)
(mmole) (mmole)
10.0000 7.0370 15.6795 0.8683 2.0420
100 102 43 8.8034 | 67.6
35.07 42.09 73.87 4.56 17.88
Bis|N-(2-ethylhexyloxyphenyl)-carbazole-3yl] (II-3)
O'.‘\“EA“VA\“ o/‘\I:"‘-\/"‘\.
N “ s
g o
N
= Fe(‘.‘l, CHCI,
2| “25°C,2an CJ—O\
LI
)
Ne
S o
Bis[N-(2-ethylhexyloxyphenyl)-carbazole-3-y] (II-3)
N-(2-ethylhexyloxylpheny Fedi Product (I1-3)
l)-carbazole (II-2) : Chloroform Temp Time :
(e) ) Weight Yield
(&) (mL) (C) (hr)
(mmole) (g) (%)
(mmole)
5.0000 6.3758
85 25 24 2.0163 50.1
13.73 39.31




2-3 AFTTEED £ R 3A

- N-(2-ethylhexyD-carbazole (-1) 2] ¥ A
1. liquid-liquid extraction Ether/Water = 150:400 mL
2. Test TLC with Hexane
= R;1=O. Rf2=0.23 Rf3“0.3 Rf4=0.4 Rf5=0.8
3. Dry over MgSO,
4. Run the Rotary evaporator
5. Run the column: hexane, silica gel 250 mL
6. Collect from tube 57 to tube 345

2AEMHEcun

Fig. 5. N-(2-ethylhexyl)-carbazole (I-1) £z 2

A A TLC 54

Fig. 6. N-(2-ethylhexyD)-carbazole (I-1) ¥&] %
A ¥ TLC 53

- Bis[-N-(2-ethylhexyD)-carbazole-3-y1] (I-2) ¥& 2 A A

1. liquid-liquid extraction Mc/Water = 70:200 mL
2. Test TLC with Hexane:MC=5:1 (v/v)

- Rn= 0.0, Rpz= 0.2, Rp3=0.3, Rpy=0.4

3. Dry over MgSO,

4. Run the Rotary evaporator

5. Run the column in Hexane:MC=5:1 (v/v) and 250 mL silica gel

6. Collect from tube 36 to tube 100

Fig. 7. Bis[-N-(2-ethylhexyl)-carbazole-3-yl] (I-2)
g 2 A A TLC &3H

Fig. 8. Bis[-N-(2-ethylhexyl)-carbazole-3-yl] (I-2)
e 8 HA F TLC £3

- 4-Bromo-N(2-ethylhexyloxyD-benzene (I-1) £ 2 AA)

1. liquid-liquid extraction Mc/Water = 200:300 mL
2. Test TLC with Hexane




- Rn= 0.2, Rep= 0.5, Rea=0.6

3. Dry over MgSO,

4, Run the Rotary evaporator

5. Run the column in Hexane and 250 mL silica gel
6. Collect from tube 67 to tube 134

EAEIEUN

I-D & 9 FA4 A TLC F4

Fig. 9. 4-Bromo-N(2-ethylhexyloxyD-benzene Fig. 10. 4-Bromo-N(2-ethylhexyloxyl)-benzene

@-1) #2 3 ZA4 & TLC 54

- N-(2-ethylhexyloxylphenyD-carbazole (I-2) £ % AA|
1. liquid-liquid extraction Ether/Water = 80:250 mL
2. Test TLC with Hexane:EA=9:1 (v/v)
- Rn= 0.0, Rez= 0.2, R3=0.3, Rpy=0.6, Re5=0.7, Ry=0.8, R7=0.9
3. Dry over MgSOy
4, Run the Rotary evaporator
5. Run the column: Hexane:EA=9:1 v/v, silica gel 250 mL.
6. Collect from tube 20 to tube 33

{-2) £ 3 F4 A TLC &3

Fig. 11. N-(2-ethylhexyloxylphenyD-carbazole Fig. 12. N-(2-ethylhexyloxylphenyl)-carbazole

@I-2) &8 % A4 ¥ TLC 53

- Bis|N-(2-ethylhexyloxyphenyl)-carbazole-3yl] (II-3) #&] 2
1. liquid-liquid extraction Water/Mc=300:150 (v/v)
2. Test TLC with: Hexane/Mc=5:2 (v/v)
- R(1=0.0, R;2=0.3, R[3=0.4, Rm:o‘ﬁ
3. Dry over MgSOy
4. Run the Rotary evaporator
5. Run the column: hexane:Mc=5:2 (v/v), silica gel 250 mL
6. Collect from tube 91 to tube 136

A




(11-3) 2] 2 #AA 4 TLC FF

Fig. 13. Bis[N-(2-ethylhexyloxyphenyl)-carbazole-3yl]

(-3)ee 32 AA F TLC $3

Fig. 14. Bis[N=(2-ethylhexyloxyphenyl)-carbazole-3yl]

2-4 AFTFEA Y

- Gas chromatography& ©]83% §4 &<l
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Fig. 15. N-(2-ethylhexyl)-carbazole (I-1)2] Gas chromatographyE o]&3 4 &<l
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Fig. 16. 4-Bromo-N(2-ethylhexyloxyl)-benzene (II-1) Gas chromatography2 o] &3 g4 =<l
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- Nuclear magnetic resonance analysis& ©]-8% T4 <l BAEAE YN
© N-(2-ethylhexyl)-carbazole (I-1) NMR £4

6 5 4 3

11 (ppm)
Fig. 17. N-(2-ethylhexyl)-carbazole (I-1) 'H spectrum £4& %3 34 29l
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© 4-Bromo-N(2-ethylhexyloxyD-benzene (II-1) NMR 2] BAEAE G
AHES 55 mE38333
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Fig. 21. 4-Bromo-N(2-ethylhexyloxyD-benzene (11-1) 1H spectrun 1 248 59 &4 F<l
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Fig. 22. 4-Bromo-N(2-ethylhexyloxyD-benzene (1-1) "C spectrum H#4]& %-‘F} ﬂ“é 5]“?1

© N-(2-ethylhexyloxylphenyl)-carbazole (I-2) NMR £
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Fig. 23. N-(2-ethylhexyloxylphenyl)-carbazole (I-2) ‘H Spectrum E4E 53 34
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Fig. 24. N-(2-ethylhexyloxylphenyl)-carbazole (11-2) o spectrum 248 53 ¢4 ¢
© Bis|N-(2-ethylhexyloxyphenyl)-carbazole-3yl] (II-3) NMR result &4
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Fig. 25. Bis[N-(2-ethylhexyloxyphenyl)-carbazole-3yl] (1I-3) 'H spectrum #2412 53§ g4 &<l
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Fig. 26. Bis[N-(2-ethylhexyloxyphenyl)-carbazole-3yl] (II-3) °C spectrum 412 %3 34 <l

Fig. 27. 942 ¥+ I-1, I-2 Fig. 28. &4 ¥ &3t [I-1, 1-2, 1I-3

3 AFTFEE B4 % 18I GAE SFE SHEH
31 d7FE gl A Heolg £4& A% 717] AH S
- Dark current, Dark impedance, lumination impedance, Current-Voltage, OCVD ®]o]¥] ¥4 gl 34
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. AFrEEAY ERYH 54 £4 BASAEUN

4-1 A2, 7HAB84 £33 (UV-visible spectroscopy)2 ©] 83t £A42] AATEH H2A £4

UV-vis m liquid state UV-vis in solid state
40 40
—— 1-2L —— 128
ol —o— TI-3L 35+ —— 138
3.0 1.0
3 2s] 32s]
§ 20 § 2.0-
£15] Bis
‘§ 1.0+ .§ 1.0
o =R
05- 0.5-
(1 ¥ e E— — 0.0 - S W—
200 300 400 500 600 700 200 300 400 500 600 700
Wavelength (am) Wavelength (nm)

Fig. 29. 83t ¥ AAF (D2 A4 de(L2%)2] UV-visible spectroscopy H o] €

4-2 335-v]v) A 2(Photoluminescence spectroscopy)& ©] 83l 2o AY =9 BEE ¥ 234

PL in liquid state PL in solid state
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800 4 800 - I
?': 60 E B
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Fig. 30. 31§E ¥ dAdal(2%)3 333 e)(LE2)2] Photoluminescence spectroscopy H o] €

4-3 UV-PL dH°o]g &4

UV-PL in liquid state UV-PL in solid state
30 1000 .0 1000
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-] —— 3L 25 —— 38
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Fig. 31. 2t5t& 8 AAGel(21Z)3 A Fel(LE%)e] UV-PL oW =
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BEARNEY

AC-2 measurement

—=— II-3-S
—— 128

¢ ¢

Emission yield
g

Photon energy (eV)

Fig. 32. 3% 8 HOMO level =% =

_he ¢ 1240
E-"“f’ X Mam)

(eV)

h{Plank’s constant) = 6.626 x10°*J. s
e ( Lightvelocity) = 2.999 X 108 m/ s

le V=1.602x10""J

HTM ’\GU" ’\’;i’_“ Intersession | Band gap | HOMO | LUMO
il e} (nm) (eV) (eV) (eV)
Liguid I-2 301 416 368 3.37 5.52 2.15
-3 305 412 363 3.42 5.61 2.19
solid 1-2 306 425 408 3.04 5.52 2.48
-3 306 425 406 3.05 5.61 2.56
o] 7] A

Erumo = Erxomo— -

._13._.



5. AZTHELE ol 8F IAYEL S HFAA AR % 4

5-1 A¥A IAHEREY HFAA AFL A% AR €= 34

(1) Working electrode #|Z

BEARAEUN

A
S gy 23 o] 1
ARY | AEAL
Soap Non
7} N|Alole
Samchun g
Acetone . o]-gst =g}
Chemical 60ml,
@D Cleaning AR71E &8t 20
Distilled 0ClI /20cell ; ;
min A&
Waier | ooy 70°C, 30min dry
Ethyl Samchun
Alcohol Chemical
0.3M solution A&
Titanium 5 5] AmIE] 13] AL AlxE &
dii TPA: 0.21ml, 18] AlE(g "
] 1SOPTOP | sigma-Ald | 2mL ( m o Ar8(FEE)
@ TPA 2] | oxide - - /20cell ethanol: 1.79ml) Istep: 500rpm, 5s
ric ce
bis(acetyl B0 2 ethanol AFZ 2step: 3000rpm, 30s
acetone) Hot platedf A 3step: 500rpm, 5s
150°C, 2min Dry
TiOg i tingA|
paste coating
) aste Ist Doctor Blade
@ TiOy R | o01g , Blade®] 7]27],
) (Ti-Nanox | Solaronix Coating
Coating ) /1cell i ] = &0 AdxX Tdg
ide 70°C, 30min Dry N
R B X m
T/SP)
TiOq : —
e coatin
paste Ist Doctor Blade PASFe/fRasme
@ Scatter . . 0.01g ] Blade?] 7]&7],
) (Ti-Nanox | Solaronix Coating _
Coating ; /3cell p ) e 45 dA 1g
ide 70°C, 30min Dry R ByEmm!?
R/SP) mr O
500°C, lhour Ts 6hr
Annealin = = =
® 8 (5°C/min) Tm 1lhr
Si -Ald 100ml =22 100ml, 11 o] H&3] &4
® TiCl, H2) Ticl 1gn?a 3ill m cell o] 3 ‘ol 2
rich /20cell TiCly: 0.445ml e 2 Zlsisljof =

_.‘]4_




BAERES U s
o 40mM489d  70°C
30242
* Rinsing — Distilled
9F 100ml
Water, Ethyl ( )
Alcohol
e 70°C, 15min Dry
* 500°C, lhour * Ts 6hr
Annealin = = =
@ 8 (5°C/min) « Tm lhr
« AE7} & x| 7]
0] AFEE
e 0.5mM A% i 01 w
10mL, 0.2971g N719 aerste] & SREA
« 0.2 +
g HA} N719 | Solaronix & & galsto] AR 7
/beell ethanol 394.46g = -
0.5L o 12hr "gsA
’ * cello] F&3] A
e ZIssfiof &
(2) Counter electrode A%
AR
g g 27 ki
2719 A=A
o Drill ti 3 oo
DREMEL Drill tipe] &]#5lHA &8 . WA mol}
@Drilli R DREMEL SRR P e T e dR 27] o4
rillin - 7] o|A
& | sTATION 29 w2l & drilling 3 :‘io‘;o N
300 o AR5 ofg] Wo] HAA £7] i
Soap Non
A Samchun A o
cetone o HlAA S o]8s x
‘ Chemical | ‘eomt, 2F MI7dAlE ol &8t i}
@Cleaning A7 710l Al 20min A1A
Ethyl Samchun | /15cell I :
* 70°C, 30min Dry
Alecohol Chemical
Distilled OCI
Water company
Platinum | 1\ ol-Ti | 10mL 1st Doctor Blade Coat
esol-11 m . 9
@Pt #E paste y 30 oc 01' ade Coating
mo /1bcell | ¢ 70°C, 30min Dry
PT-=1
_ *+ Ts 4hr 30
@Annealing 4 - - |+ 450°C, 30min (10°C/min) st
o ‘]5 =




(3) Working & Counter electrode =¥

EAERMNEUN

N
T ey 33 Bl m
B R Z=AL
s FAE FHAR
* sealant (25pm)S ©o]8d| F THS7] HahAl
e =d= V=
@O =gt SX1170-60 | Solaronix - * 120°C, 10min €# ] 2o}
* JH electroded] HFA| A AP A AZC
A Felg 2 e Ts 10min
Tm 2Zmin
* Zmm FHE XK YPOog [« AF cell 9
@ 2El=d=s - B B gF B0 442 A 478 ¢4 A=
&2 . « At electroded]| AZo] 9|  wE7| 9af
SR 94 7o & A s & X%
* Bis[-N-(ethylhexyl)-cabazol
e-3-vl]&AlF  5b6b.6g/mol | = MPIlE=
or AROIEE
Bis[-N-(eth * Big[N-(2-ethylhexyloxylphe AMR51o] 291
ylhexyl)-ca nol)-cabazole-3-yl| &A% [« AR A HTME
bazole-3-y 740.7g/molS  Chloroform AlX] LE|Q}F
1], or Imlo]l 10mg# 50mgZ 52l ZFAE o] &
Bis[N-(2-et =BTy sto] o WA A
Y hylhexylox pess | e * Dopant A= ApL-3hct
d ylphenol)- i : (Chloroform:1ml MPI:0.2521g, [ = %% A] ojfo]2g
Dopant 49} university | /lcell
cabazole-3 TPB: 0.0270g, LiTFSI: 0.019g) ) E-2 ApR5}o]
-yl Chloroform 1mloj] MPII 1.0M, 2003 FolsH}
+MPII(1M), 2z} TBP 0.2M<& ¥@3 LITFSI
TBP(0.2M), £ 0.066M< Ho] @yt . 48] =Y
LITFSI(0.0 + HTM solutioni} Dopant & | 13] 4pl
66M) Ag wnul 312 e & |28 3
ST 3&] 2pl
e Z9 S 50°C, lhr FFHAZE | 48] 1pl
si&l = ol
? :S%"E RN - CE:S = - | FUFE HoZz YR

_‘]6_




5-2 Dopant, Monomer &l W& IAHEA-EY HFHA A3

- Formulation 2}4

Formulation:

AU

Material

Solvents

Note

Bis[-N-(ethylhexyl)-cabazole
-3-yl] (556.6g/mol), 0.09M,
(0.0159g)

or

Bis|[N-(2-ethylhexyloxylphe
nol)-cabazole-3-yl]

(740.7g/mol), 0.07M, (0.015g)

Chloroform 0.3 mL

MPII 1M (0.1261 g)

TBP 0.2M (0.0136 g)

LITFSI 0.066M (0.0095g)

Chloroform 0.5 mL

HTM solution: Dopant
solution=3:1 (v:v)

MPII : 0.25M
TBP : 0.05M
LITFSI : 0.0165M
M_II-2 : 0.067M
M_III-3 : 0.05M

5-3 49 dolg £4

0 =24 &A

- Dark current (DC) — dark impedance (DI) — current-voltage (IV) —
— open-circuit voltage decay (OCVD)

© FAA ¢ A%

o2 £7

- Dark current, Dark impedance &3 A o2k dx & 7
- OCVD =# 4] interval times 0.252 +3
- OCVD &3 A 623 2 FojE F 1002 F 43y £88 A

_‘|7_

illumination impedance(Il)
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© &3 23

- Experiment 1_Bis[-N-(ethylhexyD-cabazole-3-yll or Bis[N-(2-ethylhexyloxylphenoD-cabazole-3-yll +
MPIl + TBP

O =4
1 SC oc P E
Absorption:  20hr No. (m Ajfcmz) (\{,) (E/f) (‘f/i )
1(21.5) 0.803 0.56 47.4 0.2123
2(24.3) 0.964 0.60 79.4 0.4610
12 3(21.2) 0.724 0.59 78.9 0.3397
4(24.2) 1.097 0.61 83.7 0.5586
5(21.0) 0.882 0.62 86.5 0.4699
Average 0.894 0.60 75.2 0.4083
1(23.5) 0.636 0.61 S1.1 0.1993
2(23.4) 1.031 0.60 51.6 0.3210
3(24.1) 0.707 0.61 52.5 0.2271
[1-3 4(24.5) 0.549 0.60 58.6 0.1932
5(23.9) 0.424 0.61 51.5 0.1332
6(24.1) 0.781 0.61 58.5 0.2806
Average 0.688 0.61 54.0 0.2257
) % )
0.8 20
€ 1.6
e € 12
8 04 i )
- g 08
0.4
0.0

H

(IIPCE |
L0
u_
= =
g £ o
i
) (3]
£ 04
u‘-_,_-
0.0

12 -3
HTM

Fig. 34. (43 1) ¢4 % Device £& vjn 1=
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<[-V curve>

25 25
—=—11 —a—TJI-1

a —e—12 ~ | —s— 112
E 2.0 A 1-3 E 2.0 - A 3
E ——14 3 —v—I14
B 15 —+—1.5 8154 —eo—T11-5
e £

210 81

= =

= -1

£05 g0

5 5

6] ®]

0.0+ i 0.0 ; T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Voltage (V) Voltage (V)
Fig. 35. (4% 1) Current-Voltage —12] =
-20 -20
—a—1-1 —s—1TJI-1

a ——12 a —e—1I1-2
B 5. ——1-3 g-ls ——1I-3
Q ——1I1-4 —v—I1-4
g —+—1-5 E ——11-5
210 10 —+—1I1-6
= =

g g
= =

B -5 B -5

& £

g g
9] @)

o 1 L} T T n 1 T T
00 02 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V) Voltage (V)

Fig. 36. (2 1) Dark Current —12]3
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<Dark Impedance>

i

(¥,

=
i

I

.

(=]
L

2

Phase (Degree)
s

—
=

BARA U

W
=}
:

Ptulnse (chree}
2
=

—=—JI-1

—e—JI-2

—a—JI-3
—v—JI-4

0 : " ; . . 0 . . : . . .
10 10° 10" 10 10° 10 10° 10" 10° 10" 100 100 10t 10f
ibi Frequency (Hz) 200 Frequency (Hz)
—s— -1 —s—J1-1
—s—1-2 —e—T11-2
-150 ==l -150+ —— 113
—v—1-4 ——11-4
~ —+— -5 —~ —e+—II1-§
B 100 / £ 100/ —<—1I-6
e # e
: N
" sl % 0 i
0 . . . ; 0| . ; . .
0 100 200 300 400 500 0 100 200 200 400 500
Z' (Ohm) Z' (Ohm)
Fig. 37. (4@ 1) Dark Impedance 1o
fl’l!ﬂx T
frlLax T (HZ) (ms)
(Hz) (ms) -1 26.9389 591
I-1 18.9881 8.38 -2 22.6168 7.04
-2 5.58259 28.51 11-3 18.9881 8.38
-3 3.93493 40.45 11-4 15.9416 998
-4 4.6869 33.96 11-5 32.087 4.96
-5 3.3036 48.18 11-6 11.2365 14.16

...20_



-

|
b
=

b=

Phase (Degree)

BEAEBESN U

<[llumination Impedance>

—w—11 -400
—s—1-2 {—=—1I-1
. 3304 o112
1-3
—v—14 300 -
-150{—e— 1.5 1
E-m-‘
100 8 -200 —
= 150
N

0 100 200 300 400 500 0. :
Z' (Ohm) 0 100 200 300

400 500 600 700

-60 F- (O
—a—1-1 ] g Y —s—J11
——12 504 —e—T11-2
——13 ] ——11-3
i ——1-4 o 40 —v—11-4
——1.5 ol 1
& 30
e
(%]
& -20-
-]
B
=104
T T T T T oo u T &l T T T T
10" 10 10 1w 1w 1wt 10 w 1w 1w 1w 10 1w 10°
Frequency (Hz) Frequency (Hz)

Fig. 38. (4% 1 [lumination Impedance “1j=

fmax 7
finax T (Hz) (ms)
(Hz) (ms) -1 542222 2.94
-1 45.52268 3.50 -2 45,5227 3.50
) 32.087 4.96 11-3 54.2222 2.94
-3 26.93889 591 11-4 54.2222 2.94
-4 22.61676 7.04 11-5 64.5842 2.46
-5 32.087 4.96 11-6 26.9389 5.91

..21_
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<OCVD>

kT dV, -
T e ( dt )

e (elementary electric charge) = 1.602176 x 107"
k (Boltzmann constant) = 1.38065 x 10J/K
T (Kelvin Temperature) = 298 K

0.8 0.8
—— 11 —e L1
=+ 32 1 = 2
0.6 —— J-3 0.6 —— [I-3
== Lk == 14
S =y L5 S = IS
o 0.4- = X © 041
[ ] (=]
b ]
= e
=
02 > i
0.0 0.0
107 5 10°
3 M1
=2 11-2
'] 13 4 L3
o1 14 o 107 -4
g 15 8 L5
£ i £
= 10°5 B = 10°+
g g
|4 I
1) o]
00 01 02 03 04 05 06 07 08 00 01 02 03 04 05 06 07 08
Voltage (V) Voltage (V)

Fig. 39. (43§ 1) OCVD 1=j=
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- Experiment 2_Bis[-N-(ethylhexyD-cabazole-3-yll or Bis[N-(2-ethylhexyloxylphenol)-cabazole-3-yll +
MPIl + TBP + LITFSI

O &4
— Je Ve FE PCE
Absorption: ~ 20hr No. (mAlem?) V) (%) (%)
1(22.6) 1.169 0.55 63.0 0.4036
2(24.2) 1.285 0.56 594 0.4259
3(23.6) 1.188 0.55 75.3 0.4882
[-2 4(21.1) 1.075 0.55 56.7 0.5670
5(23.0) 1.185 0.55 69.0 0.4513
6(22.2) 1.058 0.54 63.5 0.3640
Average 1.160 0.55 64.5 0.4500
1(23.3) 1.493 0.56 48.7 0.4103
2(22.5) 1.941 0.57 87.9 0.9656
3(23.1) 1.703 0.57 88.2 0.8619
11-3 4(22.9) 1.338 0.56 65.4 0.4914
5(24.3) 1.308 0.57 57.1 0.4274
6(23.3) 1172 0.55 49.7 0.4972
Average 1.493 0.56 66.2 0.6090
H =]
0.8 20
0.6 a ¥
e E 12
g o 3
- g 081
ox 0.4
0.0 0.0
100 12
- 1.0+
0.8+
60 -
2? E, 0.6
= =
t “ E 0.4+
204 0.2
0 0.0

Fig. 40. (&9 2) ¢4 % Device & v 1=
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<I-V curve>

25 25
—— I1 —s— [I-1
F=y —— 1-2 a —e— [I-2
g 2.0 . 13 g 2.0 —a— IL-3
<2 —— 14 @ —v— II-4
B15- —+— 15 E15 —+— II-5
= —<— 16 e —<— IL6
210 g 1.0
= =
g g
0.5 0.5
s 5
Q o
0-0 T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Voltage (V) Voltage (V)
Fig. 41. (4% 2) Current-Voltage “12}=
_20 -20
—=— I-1
P —— 1.2 §
E -15 —h— 1—3 U -15
2 —v— 14 <
g —— 15 g
210 —4— 16 £-10
P =]
- =
g =
) A
5 z
0 &)
0 T T T T o ? ! T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6
Voltage (V) Voltage (V)

Fig. 42. (4% 2) Dark Current 123t
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<Dark Impedance>

BAEHNEUN

-60 -60
—m— J1 ] —s— JI-1
_50- —i— 2 50+ —e— TI-2
@-40-
&
2?_33_
e
[-¥]
2-20
-1
Py
_10
0 T T T ;i etk | ik | 0 T L5k ool T o T T T
1w 10° 1w 10 1w 10 10f 10" 10 10 10 10 10 10
200 Frequency (Hz) 200 Frequency (Hz)
—a— I-1 —a— [I-1
—e— 1.2 —e— JI-2
1504 —a— J-3 -150 - —a— JI-3
—— 14 —v— 114
E\ —e— I-§ fé\ —e+— [I-5
& -100] —a— I-6 = -100- —— 116
<) e i
3 3 b
50+ -50 -
0— T T T T 0‘ T T T T
0 100 200 300 400 500 0 100 200 300 400 500
Z' (Ohm) Z' (Ohm)
Fig. 43. (43 2) Dark Impedance “Le]=
ﬁ!lﬂ.‘( T fmax T
(Hz) (ms) (Hz) (ms)
[-1 11.2365 14.16 -1 15.9416 9.98
=2 11.2365 14.16 -2 0.81544 195.18
1-3 5.58259 28.51 =3 5.58259 28.51
[-4 13.3839 11.89 -4 9.43373 16.87
I=5 11.2365 14.16 -5 6.64944 23.94
1-6 13.3839 11.89 11-6 11.2365 14.16

_.25_.
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<[llumination Impedance>

=== 1I-1 {—=—1III-1
—e—TI-2 40— 2
2001« 3 = 300 |—— 1113
~—n4 7 v—1Im4
a«lw 1—e—II5 a-zso-._._ Im-5
a J—+—11-6 5—200 |—<+—1III-6
=100+ = 150
™ N
-100 4
-50 - 3
50- f\
u o T T e T T 0— T T f T T L4 T 42 T
100 200 300 400 500 0 100 200 300 400 500 600 700
s Z' (Ohm) - Z' (Ohm)
] —s—1II-1 —s—1III-1
e ——1I-2 504 —e—II1-2
] —a—1I-3 | —a—1JI1-3
o 40 —v—11-4 o 404 —y—II1-4
a ——n3Ss % | —e—1III-5
< 30 —+—1I-6 -30 1 —a—1II1-6
e ] e
@ W
& 20 & 20
- =
Y A
_104 -10
0 i ey PR i T T T T T 0 | P b T T T T T
10" 1w 10 1w 100 10' 10° 100 10° 10t 10 10 10 10
Frequency (Hz) Frequency (Hz)
Fig. 44. (2% 2) Nlumination Impedance —12f 3%
fmax T fmax T
(Hz) (ms) (Hz) (ms)
=1 64.5842 2.46 -1 54.2222 2.94
[-2 54,2222 2.94 -2 32.087 4,96
[-3 45.5227 3.50 11-3 38.2189 4.16
1-4 45.5227 3.50 [1-4 38.2189 4.16
[-5 54,2222 2.94 [1-5 38.2189 4.16
1-6 45,5227 3.50 11-6 45.5227 3.50
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<OCVD>

T e
. € dt
e (elementary electric charge) = 1.602176 x 107"

k (Boltzmann constant) = 1.38065 x 10%J/K
T (Kelvin Temperature) = 298 K

0.8 0.8
—s—TJ1-1 —=—JII-1
—a-7E3 —o—11E2
0.6 - =h=—=1F3 0.6 —4&—TIL-3
: ——11-4 —v—II1-4
E —+—1I1-5 E —e—III-5
@ 04 ! —<«—1II-6 © 04 —«—1IL6
= i
G I
& 0.2 > 0.2 ]
0.0 ; : .
20 40 60 80 100
10%- Time (s)
1 —s—JI-1 —s—]I11-1
] —a—1JI-2 —+—1II-2
]ﬂl- +11'3
w0 ——1I14 v
5 3 =]
——1II-5 =
s | g
= —+— 116 =
o 1074 =
g ] £
g g
i 1674 =
00 01 02 03 04 05 06 07 0S8 00 01 02 03 04 05 06 07 08

Voltage (V)

Voltage (V)

Fig. 45. (43 2) OCVD 1=
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- Experiment 3_Bis[-N-(ethylhexyl)-cabazole-3-yll or Bis[N-(2-ethylhexyloxylphenol)-cabazole-3-yll +

MPIIl + TBP
O =4
: s Ve FF
Absorption: ~ 20hr No. (mA/em?) V) (%) 'Z%
1(24.4) 2.231 0.63 84.0 1.172
2(24.4) 2.473 0.63 79.4 1.224
3(23.5) 1.338 0.64 89.0 0.7626
-2 4(24.8) 2.142 0.62 85.1 1.124
5(22.4) 1.489 0.60 87.0 0.7801
6(21.4) 1.644 0.61 85.8 0.8580
Average 1.886 0.62 85.1 0.9868
1(22.3) 2.156 0.62 83.9 1.125
2(23.6) 2.108 0.61 84.6 1.095
113 3(22.6) 2.139 0.63 85.8 1.152
4(25.4) 1.121 0.61 89.2 0.6059
5(24.1) 1.379 0.64 78.9 0.7888
Average 1.821 0.62 84.5 0.9533
Evoc) H
0.8 1 2.0
izl -~ 16
3 %
;E 04 ‘:: =
02 3 04
0.0 0.0

¥F (%)

5

e &

PCE (%)
<

N

Fig. 46. (A48 3) ¢4 9 Device && Hlm 12|z
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<I-V curve>

2.5 I-1
g I-2
I3
2.0
E -4
E1s I-5
ez I-6
§ 1.0
B
= 0.5
=
9]
0.0 T T v
0.0 0.2 0.4 0.6 0.8
Voltage (V)

Fig. 47. (4% 3) Current-Voltage ~12}] 3=

<Dark Current>

-20
—=— I-1

~ —— 1-2
E .15 —— 1.3
Q
2 —v— 14
5 —— 15
2-10 —a+— 1-6
"
g
=
& -5
£
-
=
Q

0 T F T T

0.0 0.2 0.4 0.6 0.8 1.0

Voltage (V)

2.5
—— [I-1
- —e— [I-2
EZ.D- —a— [L3
é —v— [I-4
u1.5~ II-5
&
& 1.0
o
=
£05
=
Q
0.0 T T
0.0 0.2 0.4 0.6 0.8
Voltage (V)
-20
—s— JI-1
~ —e— JI-)
3_15_ —h— 11-3
o
2 —v— I1-4
é —e— 11-§
210
=
L
-]
B -5
Z /
-
=
Q
o 1 L T T T
0o 02 0.4 0.6 0.8 10

Voltage (V)

Fig. 48. (43 3) Dark Current ZL2]=
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<Dark Impedance>

-60 -60
—=— II-1
-50 -50- —e— II-2
—a— JI-3
40 o540
& &
& 30 & 30
e e
"] {/ w
2204 £-20
= g =
VI ~
-10 -10-
0: | T \ide T v 2 n v T T hfiate NS T
1wt 1’ 10! 100 100 1w0*  10° 1w 10° 10! 108 10*  10* 10f
200 Frequency (Hz) -200 Frequency (Hz)
I-1 —s— [I-1
I-2 —e— [I-2
I-3 1501 —i— [I-3

14 —v— 114

15 2 W‘"\‘\ — T
16 2100

S

(R

500 0 100 200 300 400 500
Z' (Ohm)

Fig. 49. (43 3) Dark Impedance 12}

fonax T
(Hz) (ms) finax T
4.6869 33.96 (Hz) (ms)
0.48255 329.82 3.93493 40.45
0.48255 329.82 5.58259 28.51
0.68461 232.48 5.58259 28.51
0.57477 276.90 3.3036 48.18
0.48255 329.82 6.64944 23.94
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Phase (Degree)

<[llumination Impedance>

300

0 100 200 400 500
Z' (Ohm)
-60
—ea— I-1
-50- —e— k2
—a— -3
_40 —e— T4

-10

15

Phase (Degree)

EAEAMEUYN

-1
-2
-3
-4
-5

300
Z' (Ohm)

400 500 600 700

II-1
I1-2
I1-3

I1-4

0 T i 3 T il il i T T T T i
10" 10° 1w 10 10t 10'  10° 10" 10 1w 10t 10 10'  10°
Frequency (Hz) Frequency (Hz)

Fig. 50. (41¢ 3) Illumination Impedance “12j 3=

fiveus T

(Hz) (ms) fnax 7
=1 26.93889 5.91 (Hz) (ms)
=2 18.98808 8.38 1I- 32.087 4.96
=3 45 527268 3.50 11- 32.087 4.96
[-4 38.21893 4.16 » 32.087 4.96
I=5 38.21893 4.16 ~ 32.087 4.96
I-6 38.21893 4,16 = 26.93889 591
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- 2B

dt

)-1

€

<OCVD>

e (elementary electric charge) = 1.602176 x 107"
k (Boltzmann constant) = 1.38065 x 107J/K
T (Kelvin Temperature) = 298 K

0.8

&
&

Voltage (V)
&
i

et
b
L

0.0-

g MeUN

0.8
—a— J-1
—s— -2
—— 13 0.6
—v— I-4
—+— I5 E
—e— 1-6 &0.4
=
S
-
0.2 1

1075
10'-

10° 4

Electron lifetime

10"

00 01

02 03 04 05
Voltage (V)

0.0
20 40 60 %0 100
Time (s
10%; (s)
] -1
—a— g3 -2
—v— 1.3 ; o3
10"
i N i L4
—a— I-5 g 11-5
—— L6 = ]
£
[ *]
L5
-
06 07 08 00 01 02 03 04 05 06 07 08

Fig. 51. (&9 3) OCVD =
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- Experiment 4_Bis[-N-(ethylhexyl)-cabazole-3-yll or Bis[N-(2-ethylhexyloxylphenoD)-cabazole-3-yll +
MPII + TBP + LITFSI

O =4
Absorption:  20hr No. (mA/cm?) ) (%) (%)
1(21.7) 0.967 0.54 67.9 0.3534
2(21.4) 4.904 0.59 79.6 2.296
3(22.6) 4.112 0.58 79.8 1.897
[-2 4(22.8) 3.299 0.57 80.0 1.494
5(19.4) 2.406 0.56 68.7 0.9277
6(22.3) 3.303 0.58 79.9 1.520
Average 3.1542 0.57 76.0 1.4147
1(25.1) 1.936 0.56 72.2 0.7769
2(23.2) 1.166 0.56 67.7 0.4403
113 3(22.3) 1.755 0.53 64.6 0.5959
4(20.3) 6.551 0.55 70.2 2.538
Average 2.847 0.55 68.7 1.0878
[ Voc) (I s
il 3.04
254
> L
15
: %
& 104

HTM

¥F (%)

Fig. 52. (A3 4) ¢+ % Device & vla1g =
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<[-V curve>

Current density (mA/Cm2)

7 7
—s— I-1 —s— [I-1
0 —e— -2 0 —e— [I-2
~ ~
E | —— 1.3 B —— II-3
o 5 o 54
g ] —v— I-4 E —v— 114
-4 = I_s —d
2 —e— I-6 g
g3 g 3
L o
S2 S2
g | g
B E,]
= ]
O A Q
ﬂ T T T u T T T
0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Voltage (V) Voltage (V)
Fig. 53. (41§ 4) Current-Voltage 1]
-20 ; -20
—e— J-1 —e— [I-1
I ~ [ 2
-151 1‘3 g -154 A II—S
—v— 14 —v— I1-4
—+— 1.5 E
-10—<— 1.6 210
g
=
-5 s -5
]
-
=
9]
“ T L) T T uT T T I
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V) Voltage (V)

Fig. 54. (2@ 4) Dark Current —1#] =
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Phase (Degree)

BAEINUW

<Dark Impedance>

60 60
—a— [-1 —a— [I-1
504 —e— [2 50 —e— [1-2
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@ |
04 2 30
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' 1w 1w 1w 10 1w 10 10" 10° 1w 100 10° 10 10°
200 Frequency (Hz) 200 Frequency (Hz)
—=— I-1 —s— JI-1
—e— 1-2 ] —e— 112
_150 —— 1.3 150 - —a— JI-3
—v— 14 —v— II4
—— 1.5 E |
-100 - —a— J-6 = -100
lg ‘v'ﬂ"'},
N ¥,
504 ‘.. 50 4 %
0 - . . . 04 : : v - T
0 100 200 300 400 500 0 100 200 300 400 500
Z' (Ohm) Z' (Ohm)
Fig. 55. (A4 4) Dark Impedance “12}}3
fm:m T
(Hz) (ms)
1 22.61676 7.04 fiax T
2 11.23655 14.16 ) (ms)
5 11.23655 14.16 lI-3 9.43373 16.87
6 9.43373 16.87 174 3.5845% 28.51
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<[llumination

250 -400
== I-1 —s— TI-1
—a— [2 —350—_._._ 12
22004, -3 300 |—— I3
| a2 v -4
1504 o IS ~ 2501
é i—+— I-6 5 -zoo-_
= -100- > 1501
N N ]
21004
50 4
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= Z' (Ohm) b Z' (Ohm)
] —a= 11 —s— [I-1
50 —e— [-2 _50- —s— [I-2
] —a— [-3 —a— II.3
> 40 == 4 o 40 —v— I1-4
& —— L5 e
50_30_ —ae— [-6 3.33-
e | 8
2 201 & -20
5 =
~ A
-10 -10
0 0 L) T T T
w' 10 10 1 10 10° 10" 100 10 100 10 1w 10f
Frequency (Hz) Frequency (Hz)
Fig. 56. (419 4) Nlumination Impedance L&}
) B T
(Hz) (ms)
I-1 54.22221 2.94 i;‘_.i“ T
-2 54.22221 2.94 (Hz) (ms)
-4 45 529268 3.50 11- 45.52268 3.50
I=5 45.52268 3.50 » 45.52268 3.50
1-6 45.52268 3.50 = 38.21893 4.16

gAEHEUN

Impedance>
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<OCVD>

¢ (elementary electric charge) = 1.602176 x 107"
k (Boltzmann constant) = 1.38065 x 10*J/K
T (Kelvin Temperature) = 298 K

0.8 0.8
. L1 — IL-1
o= — S
0.6 —a— -3 0.6 —a— JL-3
—v— 14 154
€ —— I-5 8
g 04 % < 041
- S
c e
g g |
02- 0.2
0.0- . 0.0
80 100 100
10’ 107 5
E —— £ : -1
=i £ ] -2
1| —— k3 1 11-3
o 107 i B il -4
8 ] e 1% g
—1 0 " L (i}
= 10 _E = 10 =2
g 3 g
© b1
[ *} 4 [ ¥}
am"; I:110"—:
00 01 02 03 04 05 06 07 08 00 01 02 03 04 05 06 07 08
Voltage (V) Voltage (V)

Fig. 57. (43§ 4) OCVD &=
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6. HlolE 4 R IAITS] $x 8 E2E ZA

6-1 Y@e] AL T3 A2 wlolE A A AY Ao Y BRILY 74 R+

- 3% 49an

EARAEU Y

O =7
Absorption: N Jsc Voc FF PCE
o.
20hr (mA/cm?2) V) (%) (%)
2 dopant_1 1.097 061 83.7 0.5586
2 dopant_2 2473 0.63 794 1.224
-2 3 dopant_1 1.075 0.55 56.7 0.5670
3 dopant_2 4.904 0.59 79.6 2.296
Average 2.387 0.60 74.9 1.1614
2 dopant_T 1.031 0.60 51.6 0.3210
2 dopant_2 2.139 0.63 85.8 1.152
-3 3 dopant_1 1.941 0.57 87.9 0.9656
3 dopant_2 6.551 0.55 70.2 2.538
Average 2.916 0.59 739 1.2441
: | EnQ
0.5 - 44
0.6 - ~ |
> g
8 044 E 2
02 . 14
0.6 0
100 - (e |
80 1.6
= 60 ,?IJ-
e 40 go.s
204 0.4
0- [iX1]

Fig. 58. =713 ZF 4 Device & v 1=
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O =z

Absorption: N Jsc Voc FF PCE

o.
20hr (mA/cm2) V) (%) (%)
2 dopant 2473 0.63 794 1.224
1-2 3 dopant 4.904 0.59 79.6 2.296
Average 3.689 0.61 79.5 1.76
2 dopant 2.139 0.63 85.8 1.152
-3 3 dopant 6.551 0.55 70.2 2.538
Average 4.345 0.59 78.0 1.845

FF (%)

Fig. 59. 2198 #Z Device 88 H| w13
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Current density (mA/Cm2)

~J

gAEHEUN

<[-V curve>

-1

—a— 2 dopant_ I-1 —a— 2 dopant_ I
—o— 2 dopant_ 11-1/ —%—2dopant_1I1
a6 —4— 2 dopant_ 12 af —»—3dopant_1
S —v— 2 dopant_ 112 o —s—3dopant_1I
w5 b —4— 3 dopant_ 1-1 o5 =
| —<— 3 dopant_ 11-1
—+— 3 dopant_ I-2
=4 —o— 3 dopant_ 112 =4
e &
= 3 @ 3]
g g
= 2 ISR = 2 ----------
- - b o
: :
=1 =11
&) Q
0 r ; f 0 T T T
0.0 0.2 04 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Voltage (V) Voltage (V)

Fig. 60. 2718 3% Current-Voltage 1#ZoH(9%) HF 18 X(LEF)

<Dark Current>

-10 {—=— 2 dopant_ I-1

—e— 2 dopant_ II-1
|—&— 2 dopant_ I-2
—+— 2 dopant_ II-2
—+—3dopant_ I-1
—4— 3 dopant_ II-1
—»— 3 dopant_ I-2
-3+—+— 3dopant_ II-2

Current density (mA/Cm2)

T

¥ 0.0 0.2 0.4 0.6 0.8
Voltage (V) Volitage (V)

Fig. 61. 718 %% Dark Current 12 Toh(Q%) HF g =(0ex)
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<Dark Impedance>

BEARA U

-60 —=— 2 dopant_ I-1 R —a— 2 dopant_ I
—e— 2 dopant_ I1-1 i —%— 2dopant_ II
-504 i —a— 2 dopant_ I-2 -504 P 4" —#— 3dopant_ 1
1 —v— 2 dopant_ I1-2| ‘,-J A —s— 3 dopant_ II
,3_49_ —¢+— 3 dopant_ I-1 @.40 4 1
& —4— 3 dopant_ II-1 & ]
—»— 3 dopant_ I-2 i
5‘3 1 —e— 3 dopant_ II-2 8—30
E-Iﬂ E—Zﬂ
= = k
-] ~ ;
-10 -10
0 R e I el | T v 0 T T | Kty i | T i | Y
10 1w 10 10°  10*  10f 10! 10 10 100 108° 10* 10°
Frequency (Hz) Frequency (Hz)
“1254 i 1251 i
1004 \\ -100 \
R
E -751 —=—2 dopant_ L1 E -759
(o] 1 —a— 2 dopant_ IT-1 (o]
= .50 —a—2 dopant_ I-2 = 50
N —v— 2 dopant_ I1-2 N
1 —+— 3 dopant_ I-1 —4— 2 dopant_ 1
-254 —+— 3 dopant_ II-1 -254 —%— 2 dopant_ II
—+— 3 dopant_ I-2 —+— 3dopant_ 1
0. —a— 3 dopant_ I1-2] 0 '—.—3rlq:mt_ 1
0 100 200 300 400 0 100 200 300 400
Z' (Ohm) Z' (Ohm)
Fig. 62. 2718 &3 Dark Impedance 12N %) HE e m(02%)
fnex (Hz) T (ms)
2 dopant_[-1 4,6869 33.96
2 dopant_I-2 0.48255 329.82
T Y e 5| 708
L L : - 2 dopat_I 0.48255 329.82
3 dopant_I-1 13.3839 11.89
2 dopnat_II 5.58259 28.51
3 dopant_I-2 11.23655 14.16
3 dopnat_I 11.23655 14,16
3 dopant_II-1 2.32857 68.35 3 dopnat_II L £gy5g 2851
3 dopant_II-2 5.58259 28.51 = : :

_41_




SAERHEYN

<[llumination Impedance>

-40

Phase (Degree)

104 —4—2 dopant_ I
—¥— 2 dopant_ IT
—+#— 3 dopant_ I
0 —¢— 3 dopant_ 11
25 50 75 100
60 Z' (Ohm)
| —a&— 2 dopant_ 1
—¥— 2 dopant_ 1T
-50 —+—3dopant_
—e— 3 dopant_
40 4
30 -
-20 4
' wy
.10 Y
u r ¥ L 1 il T : ‘:
10 10° 1w 100 10 10 10

Frequency (Hz)

Fig. 63. 712 &% [llumination Impedance 1@ Z el (%) H=E "1 Z(LEZE)

-200
150 -
E-IOO— —=— 2 dopant_ I-1
e] —o— 2 dopant_ II-1
;J —&— 2 dopant_ I-2
N —v—2dopant_ II-2
-50 —e—3 dopant_ I-1
—4— 3dopant_ II-1
—»— 3dopant_ I-2
0+ T . T S +?dq’lﬂlt L
0 50 100 150 200 250 300 350
Z' (Ohm)
9 —=— 2 dopant_ I-1
iy —a—2 dopant_ II-1
-50 —a— 2 dopant_ I-2
—v— 2 dopant_ I1-2
A —&— 3 dopant_ I-1
g —«— 3 dopant_ I1-1
9 10 —+— 3 dopant_ I-2
e
0 “
= 204
=
B
2104
0 T T T . ..":
107 100 10 10 10 10°
Frequency (Hz)
f.rn:m (HZ) T (mS)
2 dopant_I-1 22.61676 7.04
2 dopant_[-2 22.61676 7.04
2 dopant_II-1 45.5227 3.50
2 dopant_II-2 32.087 4.96
3 dopant_I-1 45.5227 3.50
3 dopant_[-2 54.22271 2.94
3 dopant_II-1 32.087 4.96
3 dopant_II-2 38.21893 4,16

- 42 -

i (l’!Z} T (mS}
2 dopat_I 22.61676 7.04
2 dopnat_lI 32.087 4.96
3 dopnat_I 54.222721 2.94
3 dopnat_II 38.21893 4.16
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kgT

€
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<OCVD>

dv,,

=1
dt )

e (elementary electric charge) = 1.602176 x 107"
k (Boltzmann constant) = 1.38065 x 107%J/K
T (Kelvin Temperature) = 298 K

EARAEUN

0.8 —=— 2 dopant_ 1.1 0.8 —a— 2 dopant_I
—e—2 dopant_ I1-1 —v— 2 dopant_ II
—a&— 2 dopant_ I-2 —#— 3dopant_ I
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Fig. 64. =7 F& OCVD 1o Zel(d%) HF I =(EeEH)
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Fig. 65. NMR result
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52 AZF5EAY £33 54 £4
- UV-PL 3302 ATz Hd3 AYF=E, EES AT 4+ 3o, ol& vige= § F
FrEEde AHolxA & excted state?] proton energyE EAHE 4 e Homo level,
Lumo level, Band gap2 A& = A5, anA’da AA42] o= levele] xtels AA Jely

A gL AL HAUY & IS - (ssDSSCx= 4] HIME AHgsln)

Kidierizi '\"l]%x' ’\"l-j,fx' Intersession Bandvgap HOMO LU%O
cm | omy | M) V) | (V) | (eV)
Liquid -2 301 416 368 3.37 5.52 2115
11-3 305 412 363 342 5.61 2.19
Solid -2 306 425 408 3.04 5. 52 2.48
-3 306 425 406 3.05 5.61 2.56

53 AFTFEAS ALT HIFEA AF
- ¥ 7 A ABSF42AL vigo g 3 gokAA A%
- Dopant& MPIl, TBPE} ¥ A&} MPIL, TBP, LITFSI& Y& &S Helste] Az 0 24,

Fig. 66. 271 98739 YA HEFAH4E

54 AZTFELES ALT 9P¥EA 4
- Dark current, Dark impedence, Current-Voltage, lllumination Impedance, eletron life time 7.
- F7HA AFFEEEdAM FEsHA & Aole e, Dopantel]l @E A-&9| 2|7t YER
- HFHo& MPI, TBP, LITFSIE =5 #7138 g kA A o A N-(2-ethylhexyl)-carbazoleol| A &= 2.3%,
Bis[N-(2-ethylhexyloxyphenyl)-carbazole-3yl]o| A & 2.5%2] A& & Al
- A &o] Yeldd:= A3, FAHAANY Yo HolA cabazole groupe 7HAE B2 B YHA 9
AZTETEZEN 9T 48] JIesides HE

_45_



=N H e

75 3.0
[ Jsc EmPCE
6.0 2.5
—_
(E 2.0
4.5 -
5 S
o LS5+
3.0 =
— U 1.0
9 P
= L5+ 0.54
0.0 0.0
MPH+TBP  MPH+TBP MPII+TBP+ MPII+THP + MPO+TBP MPH+TBP MPI+TBP+ MPI+TBP+
+12 +11-3 LITFSI+1-2  LiTFSI+I1-3 +12 +11-3 LITFSI+1-2  LiTFSI +I1-3
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