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Abstract: The development of efficient electron donor (or hole-transporting) molecules that can be used in various

optoelectronic device fields is highly demanded. In this work, a novel class of triptycene-based three-dimensional (3D)

triphenylamine (TI-TPA) derivatives with different end substituents was designed and prepared for transparent electron donor

materials. Owing to the rigid 3D triptycene framework, the obtained TI-TPA derivatives had an amorphous morphology with

high thermal decomposition temperature. The oxidation potential of these TI-TPA derivatives decreased as the electron donating
strength of the end substituent increased. Among TI-TPA derivatives, TI-TPA-OMe exhibited the highest HOMO level (-5.31 eV)
which is similar to that of Spiro-OMeTAD (-5.22 eV). In addition, TI-TPA-OMe was found to form a strong charge transfer
complex with the triptycene-based acceptor TI-BQ, leading to a new absorption band at around 640 nm. These results can be

applied for developing efficient electron donor materials that can mimic the advantages of the spiro-linked structure and TPA

units of Spiro-OMeTAD.
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2.1 Al R 2T

B A7A ALSE Aof 5 ch20] Aok Sigma-
Aldricholq 245to] ¥=o] A glo] Argstgict. 'H-
NMR-€ Bruker Ascend 500& ©o]&35to] &£Ast% 00,
Ay 242 JEOL JMS-700S, 94 AL Thermo
Fisher Scientific9] Flash 20002 o]-&35to] &4 51T},
Ho]d AmEY e Bruker TENSOR 112 AF&3to] ATR
mode2 £75191 00, AJRIZANE YA (DSC)T BEEA
(TGA)L A4 3dlolA] Perkin Elmer DSC 4000, TGA
40008 A& 22t S steick. AtelH-7hAlmAl Bt
4 AT EH S O sghE 899] 42 Perkin Elmer

[ , CT complex powder—=
Lambda 10500 A& L2 AFL3l reflectance mode=
ZX351 . X AN ¥ (cyclic voltammetry, CV)
=ZA2 AUTOLAB/PG-STAT12 model system-& AHE,
A7 A% 50 mV/s2 =&t AMs|A2 0.1 M
tetrabutylammonium  hexafluorophosphate (n-
BusNPFg)E AFR3519iTE 34X R 2347](photoelectron
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spectroscopy)S =5t 2] 174 82X = (highest occupied
molecular orbital, HOMO) o4 A] &2] =742 Hitachi
High Tech AC-25 AF&5ll UVE ZRAFsHo] 5745

2.2 TI-TPA R=H &

2.2.1 Triptycene-1,4-benzoquinone (TI-BQ) 2| &M

Anthracene (10.00 g, 56.10 mmol)¥} p-benzoquinone
(21.23 g, 196.38 mmol)& OotN|EAH500 mL)o] E 1
120°Col A 3AIZF FoF MYMAIZICE W RS B8
RolE ], A 2L ol U5tn TA L 22 Kol Eet,
stol Al == A7st F, dichloromethaneg &7 Ui =
o|gsto] Mej7t 2 S2otE TS Fct. oF S
Lebd A A2 dLr)(11.17 g, 70.0%). 'H-NMR
(500 MHz, CDCls) 6 (ppm) 7.42~7.44 (m, 4 H), 7.03~7.05
(m, 4 H), 6.60 (s, 2 H), 5.80 (s, 2 H). FT-IR (ATR, cm ")
v 1,650 (C=0 stretching). MS (EI, m/z): calcd for
Co0H1202 [M]+3 284.08, found: 284.00.

oy > o
2 =2

2.2.2 Triptycene-1,4-diamine (TI-DA)<2| &AM
TI-BQ (5.00 g, 17.59 mmol), hydroxylamine
hydrochloride (19.55 g, 281.38 mmol)S of&+2(500
mL)ol| 2L 80°Cofl A 3A|ZF o] wRIAZICH 2o
311, 81 U712 ALgstel §u1E YeiE Hol 55
ok AR ot 3542 Aolo] A
1 =t} (5.99 g).

o

'
=

A . 10 wt% NaOH 4882 AR3] 78l Fef
gho Ade A =S olsto] g2 dM IAIS de
(3.44 g, & ©A 48 68.8%). 'H-NMR (500 MHz

DMSO-dg) & (ppm) 7.35~7.37 (m, 4 H), 6.94~6.96 (m,
4 H), 6.10 (s, 2 H), 5.77 (s, 2 H), 4.50 (br, 4 H). FT-IR
(ATR, cm™") v3.370, 1,610, 1,280. MS (EI, m/z): calcd
for CyoHieN2 [Mr: 284.13, found: 284.00.

2.2.3TI-TPAZ2| &M

A& = Schlenk flask9] TI-DA (0.50 g, 1.76 mmol),
NaO#Bu (0.85 g, 8.79 mmol), bromobenzene (0.94 mL,
8.79 mmol), Pd,(dba)3(0.06 g, 0.07 mmol), JohnPhos
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(0.08 g, 0.28 mmol)S Y1 A A 7|H tof] L4 E240
(15 mL)& ¥ % 100°Coll A 24A1%F &QF wytetch. 4
202 Algl & dichloromethaneo] &9 celited]] o]t
S}

[e) S _§_
1 ZFSE AoIE FH MgSO.2 &2 Al7Agt. A
U712 &UlE A7k § ethyl acetate@} &4t 1:3 (v/v)
sg8doz A7t A A gotE 1y FAE gttt o]
=3 A 7|2 dert (0.91 g, 87.7%). 'H-NMR
(500 MHz, DMSO-de) & (ppm) 7.28 (t, 8 H), 7.02 (t. 4
H), 6.87~6.89 (m, 10 H), 6.85 (s, 2 H), 6.80~6.82 (m, 4
H), 5.46 (s, 2 H). FT-IR (ATR, cm™) v 1,590, 1,315.
MS (FAB, m/z): calcd for CasHszN, [M]: 588.26, found:
588.00. Anal. Calced : C 89.76, H 5.48, N 4.76. Found:
C 89.53, H5.68, N 4.74.

2.2.4TI-TPA-CN<| &4

TI-TPASI =Sk vIH O 2 4-bromobenzonitrile2
o]-gsto] ot 1A TI-TPA-CNZ A=t} (0.09 g,
7.4%). '"H-NMR (500 MHz, DMSO-ds) & (ppm) 7.76 (d,
/=10 Hz, 8 H), 7.05~7.07 (m, 10 H), 6.91~6.93 (m, 4
H), 6.85~6.88 (m, 4 H), 5.44 (s, 2 H). FT-IR (ATR, cm™)
v 2,220, 1,500, 1,340. MS (FAB, m/z): calcd for
CasH2sNg [M]": 688.24, found: 688.00. Anal. Caled: C,
83.70; H, 4.10; N, 12.20. Found: C 83.60, H 4.25, N
12.11.

2.2.5 TI-TPA-OMe2| &AM

TI-TPAS}I st Hls O 2 4-bromoanisole2 0] 25}
of AtoAl 1179 TI-TPA-OMeZE A=r}(1.07 g, 86.2%).
'H-NMR (500 MHz, DMSO-de) & (ppm) 6.83~6.90 (m,
16 H), 6.77 (d, /= 10 Hz, 8 H), 6.70 (s, 2 H), 5.49 (s, 2
H), 3.73(s, 12 H); FT-IR (ATR, cm™") v 1,500, 1,230,
1,030. MS (FAB, m/z): caled for CasHiNzO4 [M]"
708.30, found 708.00. Anal. Caled: C 81.33, H 5.69,
N 3.95, 0 9.03. Found: C 81.38, H5.71, N 3.90, 0 9.02.
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Fig. 1. Synthetic routes of TI-TPA derivatives.
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Fig. 2. 'H-NMR spectra of TI-TPA-CN (top), TI-TPA (middle), TI-
TPA-OMe (bottom) in DMSO-d.
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Fig. 3. (a) TGA curves of the TI-TPA derivatives (heating rate 10C
min) and (b) DSC curves for the TI-TPA derivatives (second heating,
heating rate 10°C min™).
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DA AAL] AFGEE AR A EE &
Axo] 71 QS SAohA MEA] Ee A
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oZ:O

5t TI-TPA S EA0] A& E4
BILstoict TGA £A4S Eo) 2
717} 300°C o] o] & 5% A%

2 S s J10R SRlekgla (19 3(a)]. E2t o5 =
Bed BT 7487 42 7IXl= A2 DSC 245 &0l
o 4 U9} [23 3(b)]. TI-TPA SER]0] o]efat =4
§ 542 o5 Aao] 89 7t3He &Y Wet ope},
An 5 A WAYSHE 2R 2xto] 7] YA
AL 2AIZ(12] 330k O 0 ot AR 229
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Fig. 4. (a) UV/vis absorption spectra of TI-TPA derivatives in CH2Cl,.

(b-d) Comparison of the absorption spectra of TI-TPA-CN (b), TI-
TPA (c), and TI-TPA-OMe (d) in the solution and solid film state.

250~385 nm 040ﬂ0ﬂA1 -1’ Fo]& 7}51L, THA]
A GoM e Ero iT Mﬂﬂ LFERA] ooket [
4(a)]. o] o] E4o] EYstiHE Z1g YERY T, o] =
Al o] &7%0] OLED, OSC % PSC 5-9] #ofol|A A&
A 242 {85 &84 4 ASS Yujgitt. TI-
TPA ¥ TI-TPA-OMe: 305 nmoj|A 79] 22 ) &
SIS 7HA| &= 9HH, TI-TPA-CN9] 2|t §50H2 o]
S BALE T g o 2 o] 535t 350 nmof|A] LFERG T, o]
25t AAEol = MAE FHSH TPA © o] AA UAL=
HE] THo] MAPT £535 -CN @92 HMstrt o] 56k
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Fig. 5. Cyclic voltammograms of TI-TPA derivatives in the solution
of CH2Cl: [inset shows the first oxidation half potential (Ei2) of TI-
TPA derivatives as a function of Hammett parameter of the end
substituent].
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RAF B7] S48 718 -CN AH27] 129l 202 o} 47l
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22 A R A8k ZRVH(E, ) o] FAA O 2HAstY
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TPA-OMe (0.06)]. &, TPA ©@¢]Q] AX-F7] 5740l %
ShA42 TI-TPA QEA] BAolA AR} Eojr s
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Bt Auks CVE Sa) Qo A WA Alsk 1A gt
TPA U A1-8-719] Hammett 471 02 =2 A
2 MR e 22 B 27102 SYF 4 UolcH (1 5
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E0|4 £33 Spiro-
OMeTAD9] Atst =EIAE ZH(-0.07 V)t S-AFSHSI T
TI-TPA @&/l RAF-%7] S22 wet o KA
A7) 9jel oS Ate] & 1A QAN (highest
occupied molecular orbital, HOMO) 3f& I X X} &34
How FASIAN. aid 542 TI-TPA {-=A]9] v}
L5 JHEIONA AISEE] ATt sHRIRE TI-TPA-CN9J 742
CV SAoIA 2 2 50| AR o e Axt-57
A g 2of] dAA BdHOo 2 HOMO ojyA] &9 & &
gk 4~ gloict, vty TI- TPA_] HOMO %<& -5.68 eVE =
Ar)olow, TI-TPA-OME= o|¥TH =2 -532eVE &
AT (I 1). €31, CVE 52 Aotueld 57 Aot
+o] TI-TPA-OMEZY] HOMO £2] 2k Spiro-OMeTAD
N 24(-5.22 eV)a} FALE S Eeldd 4 AT [15].
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£ sholsty] 9Jsll &3t TI-TPA S&A] & 71 945
RARF-Z7 £/ 71A1AL = TI-TPA-OMe g A1&i5}o]

g =X 9 AM3t-o]% AgtstE(charge-transfer
complex, CT complex) A EX
E

TI-TPA-OMe®} ZHo] 3z} A px2 IR EA

Table 1. Summary of thermal, optical, and electrochemical properties of TI-TPA derivatives and Spiro-OMeTAD.

Compound Ty/Ta (°C)E Amax (nm)[®) Ein (V) HOMO (eV)1!
TI-TPA-CN NDI/338 350 0.87 ND
TI-TPA ND/328 305 0.33 -5.68
TI-TPA-OMe 101/386 305 0.06 -5.31
Spiro-OMeTAD 126/44911 385lel -0.07 -5.22M

[4ITy: glass transition temperature, Ta: thermal decomposition temperature for 5% weight loss. PMeasured in dichloromethane solution. [F’Half-
wave potentials for 1% oxidation. [{IDetermined by photoelectron spectroscopy of thin films. [F'ND: Not Detected. [lRef 13. [¢lRef 12. MRef 15.
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Fig. 6. UV/vis absorption spectra of TI-BQ, TI-TPA-OMe, and TI-
BQ:TI-TPA-OMe mixture in film state.
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2RI L2 Ucto]] = x|&HA|Q] AAE-FA A7]of ot
FUstA Kéﬁ‘iiﬂr £73] TI-TPA-OMe= Spiro-

OMeTAD (-5.22 eV)2} S-AFSF HOMO &9 7H(-5.31 eV)
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