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pCzPh]+ A8 3%-3 'Mao Mao et al., "Thermodynamics and Conformations in the

S,
ofN
AQ
Y
Y
jus}
=
mm
N
&3
o
by
k1
=
il

Formation of Excited States and Their Interconversions for Twisted Donor-Substituted
Tridurylboranes", Chem. Eur.J.2012,18, 15512-15515"& #a135}to] sl7] o] Wb o =2
A= Ak

7H8FE (0.74 g, 4.4 mmol), I&t-t]ofo] @ T &M Al (0.66 g, 2 mmol), & =3}
7] (0.04 g, 0.2 mmol) & EHZEFE (1.66 g, 12 mmol)-S 100 mL 5<% v 5 Z2b~=1

of Astetar A4 A 7] sholl A NN-v] v %0}*11 E O}Ul 48 2mLe ¥
24 A3t g2t Bh auRkeRginh whgo] b - Rkg =S AR - EFdE
d7rste] St E E APtk 1 1°3§‘rﬂﬂ Eﬂ OWr == W7kt Ul =
wdeta, Ftvkad g o &8hel Tﬂl 71l =2 AT 3 A &
LR ES 55 5, A9 iiﬂ}ilﬂﬁﬂ = Z3stglon, ol st
gl me= 2 A ste] afqkA A E 538130 (1.02 g, =& 89%).

'H NMR (500 MHz, CDCL): 6 = 8.20 (d, J = 4.0 Hz, 4H), 6 = 7.83 (s, 4H), 6 = 7.58
(d,J=4.0Hz,4H), 6 =7.49 (t,J=7.5Hz,4H), 6 =7.35 (t, / = 7.5 Hz, 4H).

E g 2d-7hl2 d-9-d ¥ d) o} ¥l [tris(4-carbazoyl-9-ylphenyl)amine; TCTA)=
A8+ 'Q.-D. Liu et al., "Monodisperse Starburst Oligofluorene-Functionalized
4,4’ 4”-Tris(carbazol-9-yl)-triphenylamines: Their Synthesis and Deep-Blue
Fluorescent Properties for Organic Light-Emitting Diode Applications”, Adv. Funct.
Mater.2007,17, 1028-1030' F+arsle] ap7] o HhH o 2 A4 ¥ i)
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[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]

FHalE (2.21 g, 13.2 mmol), E&] 2~@4-H 2 23 d)olwl (1.93 g, 4 mmol), &2
=312 (1.08 g, 6 mmol), I HEE= (1.08 g, 6 mmol) E B H (3.32 g, 24
mmol)& 100 mL 5 <+ vl e Fef2= 0l A 8kstar, A4 791 7] 8ol A NN-t] ]
By Foln = 45 40 mLS Wil 72 AlRE &9t 35 aaksl ol wh-g-o] oA
H ¥ esS 34 5 S50 Hrtste] tdE E st 1 5, o ¢
stel el &8 H7bete] f7158 et alar, Salat ol S o] &5kl &
g 715 S AT 3 A 55 S| v ES 558 5, A1
AzvtEIHIE A PR aL, ol dst Qo v ghE= QA skl 5
AL F58ATt 212, 78 72%).

'H NMR (500 MHz, CDCL,): 6 =8.17 (d, J = 7.7 Hz, 6H), § = 7.58 (m, J =8.8 Hz,
6H), 6 =7.53 (m, J=10.9 Hz, 12H), 6 =7.46 (t, /= 16.4 Hz, 6H), 6 =7.31 (t, J=15.6
Hz, 6H).

1,3,5-E 2] 22(FFubE-9-)wl A 1,3,5-tris(carbazol-9-yl)benzene; triCzPh]- A
&+ 31 'Mao Mao et al., "Thermodynamics and Conformations in the Formation
of Excited States and Their Interconversions for Twisted Donor-Substituted
Tridurylboranes”, Chem. Eur. 1.2012,18, 15512-15522"& #3138l e] 3F7] o] HhH o =2
G H Ak

7 (0.74 g, 4.4 mmol), L.2-E €] B 2 231 Al (0.66 g, 2 mmol), &2 =3}
7] (0.04 g, 0.2 mmol) & EHZEFE (1.66 g, 12 mmol)-S 100 mL 5<% v 5 Z2b~=1
of Aabatal A W-917] sholl NN-H " oA Eoln] = F4=5 18 mL-2 |l 24
AR E ot 3 LRkt vhgo] A E = k3 S WA F EFAE A
7batel st el & X8ttt o1 5, ol st Q1 =& HUbetel RS S W
akaL, Ak d 8 o] &8te] E | FU1F Y RS AvEi 33 F
S| S ES vEH S A9 AR EIYIE XS o, o ¢ s E|
ANy} Were-2 A A ] ek A E FEFAT (112 g, T 65%).

'H NMR (500 MHz, CDCL,): 6 =8.17 (d, J = 7.7 Hz, 6H), § = 7.96 (s, 3H), 6 = 7.67
(d, J=8.3Hz, 6H), 6 =7.63 (t, J=15.4 Hz, 6H), 6 = 7.34 (t, J = 15.0 Hz, 6H).

19 BE Ao} H3 B AL A Fo A il = A2 A AL

5 1S Fxsh, AAE golehis 7hibE Bolof Bl (moieties) 2 7/ ¥ 7M1,
CBP, mCP pCzPh, TCTA, 2 TriCzPhi= 7}0}E£7] Alo] e thFdt I A & L3l
S 145 ZFe] A% vl SF(mutual orientation) 2 A T 9] BIE FAFSHE BE A
gl = sk

FHiFZ, CBP, mCP, pCzPh, TCTA, % TriCzPh Z}2H-& TCNQ<e}2| &1 FHk
Y e Aol TR E FATISIT. WA AT S5 AE A ]
CBP, mCP, pCzPh, TCTA, 2 TriCzPh (232}, &= 29] a W A]  Z2) Z-2+3} 2k &
AH TONQ(:: 29] g #%) W8S {50l AstA 7t} 2 wwir} G (5F7<, U
SRRV EE SREYE) Y S T ko] A2 4ol & wj7hA]

i)
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w23k A S| o] 2= (charge transfer complexes; CTC) w2 (% 29 h X m
HAx2)g 53

[99]

[100]
[101]

[102]

[103]

2o gafl¥ 8] 2~E (10 mg/mL)<S 50°CE 7L ¥ A £&2}o] =(quartz
slide)oll Bojmel & SHIA] A Z 2] 2~ dl v E g A AF] g2 vha 533t
7] 5% CTC ¥ % (carbazole: TCNQ, CBP:TCNQ, mCP:TCNQ, pCzPh: TCNQ,
2 TCTA:TCNQ)E 27 n-g4ke] @ Estal 2F e goo] w5 L% w7~
g 2 | EY A ¢ A Lfol = Wormy], 732} carbazole: TCNQ (2
Alell 1), CBP:TCNQ (2 Al ¢ 2), mCP:TCNQ (2 A] @]l 3), pCzPh:TCNQ (2 A] <]
4), B TCTATTCNQ (A€l 5) CTC B 55 5330tk 471 758 CTC 2
(TriCzPh:TCNQ)= E¢] =7l wf E 2 4] g2 7 9o a1 st CTC B &
(A A4 6)& 53T

[2 & 4]
ATl 1, Aol 2, A Aol 3, A A el4, A A6l 5, 3 A Aol 69 2} 2] A-7FA]

=
FA E4 29 E -2 300 nm WA 900 nm 8 $1 2] A F--(integrating sphere) 7}
A=% 3] B} X (Hitachi) U-3900; =+ 300 nm WA 1,500 nm H 9 o] 27}
A2 JASCO V-770 ¥4 A A2 S o, A4 e Fukg b= &
j=2|

ol

H (Steady-state photoluminescence emission spectroscopy)~ < 2| H} &F Q&
@ 2~ 4(HORIBA Fluoromax-4) %335 Aol A =3 & 3t} A {F H-3f “5(time-
resolved) 3% 3 (photoluminescence; PL) 2! ¢ 2} A G-Z¥ Al {F g3 @
F A} Al 5 (time-correlated single photon counting; TCSPC) A A (Becker & Hickl,
SPC-130N H.2=)& AL-&3to] 3 =] gl 0w, vkt <% 80 MHz, & 9 920 nm
o] E]A}u}o] of (Ti:Sapphire) @l ©] A (Spectra-Physics, MaiTai BB)E AF-8-3}] a1,
=9 920 nm 372 2 3] 7 (pulse picker)E AF-83}] HEE E (repetition rate)
& =% F p-vHE 4 (B-BaB0y; BBO) A Aol o8 =5 2 v 2 S &5}
o] o 7] 34 460 nmE G-53F T} o] 7] W (excitation beam)< 2 A of 1, A A
o 2, AAle] 3, B Ao 4of] A4S BEEaL V] DA 1, AV AA 4 2, A
7] AAeof 3,9 47| A A 49] HFE & A 2 (collimated) $F 5, 2 7 9] HH
= A= E AFE-sho] B4 A 2 | o] | (monochromator)(Spectra pro 150, Princeton
Instruments/Acton Research)®l] 388 w3 v}, 4 % 7] &= NIR-PMT(Hamamtsu,
H10330a-75)& AF-&-38} Rt} A 7] B4 A 2 | o] B (monochromator) &Foll 4 AF&kH
460 nm o1 7] W& A7 817] Aske] 243k Foll 2~ e[ E ARG

3 A 9 (Cyclic Voltammetry) ¥4 A3} A7) Al F2] AR} = 2]
HOMO(Highest occupied molecular orbital) ol L A| =9 -5.3eV WA -5.6eVE
A E 28 AS s

T WAE FEl, 7] AAld 1 WA 69] -2 CT(Charge transfer, 73} ©]-5)
53 A7l 2 1.6eV olate] ZA9HA CT F8 A HA Y& skl F3 55
oz AR B3 ol 4] 12 5 3¢] acl B shelek old, A AR 5
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[104]

[105]

[106]

[107]

HE E39b8h= CTCSE g, 7HabE AFEA Q1 A Al o 5(TCTATCNQ)+= ©l 5
g} o) A 34 -& el T
471 CTC4 HOMO<} LUMO(lowest unoccupied molecular orbital) A}o] 2] of| 4
A W T = A AE ) o YA Y HT) 2T} o] 2 Q1E)e], CTC=E £ =2
3} 3= (parent compounds) Z} H] nl5to] 2 A sH o] abgo| A S H Wb, 2}
B A A] Alo] Wstkt), o] gl A4 Wsl= CTCY A f4 &8s 5 A+
A EE AlFstrl & da WA 45 328, &5 (pristine) 5 1 1 o Al g of] tff 3k
A A Hol Fa the] 2 A Aol 1, Ao 2, A AL 3, A Aol 4, A o] 5,5 A A
o 60l A Z+ZF ©F 510 nm W A] <F 800 nm, ¢F 510 nm W #] oF 800 nm, °F 510 nm Y
A] ©F 880 nm, ¢} 510 nm WA] ©F 950 nm, ¢F 510 nm W #] <F 1,300 nm, 2 ¢} 510
nm W= ¢F 1,100 nm W ¢ = WEFSLTE o] 151* A ERY EAE 77 o B
Y 2 & TONQY A~ Eq] 54 9 i g5t A g},
G 3 2 g & Sl A S Alx aﬂ s B
Mg sttt 1A, e v d o vl HEETCN
Ashol S 4253} Te], 24 o STCTATCNQ)= %33 s
AR T Tl cTeA & FA sk Ale %L?_%}%E}(E 3b 3 3¢ FHx).
3l 7huEE . TCNQ Wl &Foll W& X5 2pA o]l & 4
Ha A A ol gl Fst o % 3= A st sl &
N -

!

= O
:I:ﬂ
L ook
mlo -
N
N
N,
rlr
)

{t

O

=

Foll M T Aol7k & m gl A= 3] &5 =

R, A Ao 59 o] F ) o WA Aol 5
el 13 dakel& Felskivh

460 nmol| 4] &1 7| /3 Hll (photoexcitation) ol 4] 2] -3 38}4 &4 & -4
A Aol VB A ol F g0l A1 Fw BAS AR
HOMO ¥ A1 o] LUMOS] oA =9 & 243}
UTE & = of A E Alol o] ¥4} 1F AT A8 A

QoFS v x| A o= W ol YA & 2 7 Ak A 1, AA e 2, A
Aled 3, 2 AN 49 PL B33 ~FEH L v 49 7] 13 ol

512, k550 nm WA ©F 900 el 91 WA Gl ] B2 Asfo] 27

o) rhe Ao 2 A, A delol A Aol 2l 2 S o ulah A

T .

il

of &l of g}

1]
AT o A5t o] F 2= PL ~HEH 3] = (peak)
Sy 4H) (nm) (nm)
AA o 1 carbazole: TCNQ 700 WA] 1,500 975
A Al 2 CBP:TCNQ 700 W=| 1,600 940
A A4 3 mCP:TCNQ 700 WA 1,600 965
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[109]

[110]

[111]

A Ao 4 pCzPh:TCNQ 700 WA 1,550 990

1 E1E FESHD, AN TR BE A o] Fa wgoH ol

>
2| £
—

carbazole:TCNQ 1,020 150
CBP:TCNQ 950 650
mCP:TCNQ 950 320

pCzPh:TCNQ 1,000 390
AN 1, Aol 2, AA o] 3, R Ao 49] FF S-S AR
2} Al (time-correlated single photon counting; TCSPC) 7| ®H ] 7| vt
& 33 1334 (time-resolved fluorescence spectroscopy) 22 w2 E AT}, 7] 3%
o} & 6a WA 6dE F23HA, A4 3l PL 2 ¢l 3} 5L 3l Al 460 nmell A 34
1Al ZF2Y e = 950 nm, 1,000 nm, 2 1,020 nmol| A A AJ o] 1, A A<l 2, A A] 4]
3, W A Ald] 4] A ZFE-3 5 PL 35 53 X 2 392 (time-resolved PL transient
decay profiles)©] F-UE] ¥ T}, & 6a U #] 6d9] T A5 52 3 (single
exponential decay function)E AH-&%F 53] 2| 3t A 2}(fit results) Z 7B A A 1,
Ao 2, Aol 35 Aol 49] PL 579 (rp) 0] A H W, o] = A2 150 ps,
650 ps, 320 ps 2 390 ps=A], & A 5= 52| (monoexponential decay)E WEFUI A

| o |
et —>l et

>
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N

N N
O U

747 5] A 1 8ol 9loj A,
71 A = 7,78 8-Hl EekA of =7 .= U W §H(7,7,8,8-tetr
acyanoquinodimethane; TCNQ)¢1 21 <1, 221 | A &= 2 g 534,

[7d 7~} 6] A 1 8ol Qloj A,

F % g S AE 600 nom WA 1,500 nm o] 94 < <
o A whgsh= ARl AL 4 F g H3HA
%473 7] Al 1 gel] mE FA oM S L Y BEAE E3eHE, B A
R Al 7 7ol oA,
7] FAA 22 = FAEY], G, FEA A 2E], oFE FA] vlo]
S olul A, vkl vl A E o] AR, FE EWX 2H, do] A, D Al oA
Ae s = st ol S X gk AL, A A
%473 9] Al 1ol s FH )M 542 dF H3A 5 E3EHE, X2
(g 10] Al 9 el oA,
7] 2 B 3= 600 nm WA 1,500 nme] 34 & ol A whagahi= A<l
2H,
[ 11] Al 9 el oA,
7] R = Aolol= A3t Ulste] AL Ths ek, 22

2738121 Al
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