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Highly twisted bipolar molecules for efficient
near-ultraviolet organic light-emitting diodes via a
hybridized local and charge-transfer mechanismf
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Near ultraviolet (NUV) electroluminescence (EL) is very important but seldom reported for being short
of short-wavelength emitters. Herein, we report two highly twisted terphenyl-based donor—acceptor
molecules exhibiting excellent thermal and morphological stability and nearly quantitative NUV lumines-
cence. Via a hybridized local and charge-transfer (HLCT) process, excellent NUV EL is achieved with a
maximum external quantum efficiency of 6.97% and CIE,, of (0.16, 0.06) in a nondoped OLED. The
device shows excellent colour purity with a small full width at half maximum of 48 nm. Our research
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demonstrates that highly twisted structures can efficiently tune the luminescence wavelength of bipolar

rsc.li/materials-c molecules to the NUV region and achieve high-performance NUV EL.
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Introduction

Near ultraviolet (NUV) organic light-emitting diodes (OLEDs) have
attracted extensive attention for their potential applications."
However, NUV OLEDs with good performances are very limited
due to the scarcity of luminescent emitters with emission peaks
around 400 nm and Commission Internationale de L’Eclairage
(CIE) coordinate y values of less than 0.06.'°2* Usually, NUV
emissions are achieved by emitters with short conjugation and
low molecular weight. Unfortunately, short-conjugation molecules
often show weak luminescence and low carrier transport ability,
while molecules with low molecular weights exhibit inferior
thermal and morphological stabilities.>** These factors are
detrimental to preparing high-performance OLED devices. As a
result, design of emitters for efficient NUV OLEDs is a consider-
able challenge.”®>* On the other hand, the exciton utility of
luminescent molecules is a significant factor for electrolumines-
cence efficiency. For the reason of achieving theoretically the full
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use of excitons, thermally activated delayed fluorescence (TADF)
emitters are widely used.***' TADF materials often exhibit a
severe intramolecular charge transfer (ICT) effect and seldom
emit NUV light. Furthermore, efficiency roll-off in TADF emitter-
based OLEDs is also a common problem due to their long-delayed
lifetime.*” Fluorescent emitters with hybridized local and charge-
transfer (HLCT) excited states, also coined as the “hot exciton”
mechanism, can make full use of the excitons theoretically via
reverse intersystem crossing (RISC) from high-lying triplet states
(T,, n > 1) to singlet states and have aroused extensive
interest.****> From the view of electronic structure, HLCT emitters
should meet the requirements of a large AE(T,, < T;) and a small
AE(T, < Sp), where n > 2 and m > 1.** Considering the PL
spectra, the CT energy level of HLCT molecules decreases with an
increase in the solvent polarity due to the solvatochromic effect,
by which the CT and LE levels can be evaluated.** HLCT mole-
cules radiate via a locally excited (LE)-emissive state, preventing
long-wavelength shift, and exhibit small efficiency roll-off by
rapid RISC.**™*’ By modulating the LE and CT states in molecules,
several NUV OLEDs have been fabricated based on HLCT
molecules.®*®>> Nevertheless, highly efficient and stable NUV
OLEDs are still being urgently developed.

HLCT-featured molecules usually exhibit low to moderate
luminescence with longer wavelengths due to the CT state,
leading to the lack of NUV luminogens.” Increasing the twisting
angles in the donor/acceptor (D/A) group by incorporating steric
groups is an appealing method for weakening the electronic and
intermolecular interaction.>®™° In this work, large hindrance
groups dimethylphenylsilyl- and methyldiphenylsilyl- were used
to reduce the electronic D/A conjugation and n-r stacking in the
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phenanthroimidazole (PI) derivatives. As expected, a highly
twisted structure is conducive to achieving NUV emission with
nearly quantitative fluorescence quantum yields and high ther-
mal/morphological stability. The nondoped OLEDs radiate NUV
light (Commission Internationale de L’Eclairage (CIE) coordi-
nates of (0.161, 0.063) for C2MPI and (0.162, 0.058) for C2PPI as
emitters) with emission maxima of 404 and 406 nm, respectively.
The maximum external quantum efficiencies (EQEn.y) are as
high as 6.97% and 5.55% for devices using C2MPI and C2PPI as
emitters, respectively.

Results and discussion
Synthesis

Target molecules and their preparation methods are outlined
in Scheme 1. Compounds 3 and 4 were obtained by lithiation
and substitution with the corresponding chlorosilane followed
by palladium-catalyzed amination. Intermediate 6 was synthe-
sized by boration of compound 5 which was obtained by
Debus-Radziszewski imidazole synthesis from phenanthrene-
9,10-dione. Via palladium-catalyzed Suzuki-Miyaura coupling
with compound 6 and compound 3 or 4, C2MPI and C2PPI
were prepared and characterized by 'H NMR, *C NMR,
and HRMS.

Thermal and photophysical properties

High decomposition temperatures (T;) of 463 and 481 °C were
achieved for C2MPI and C2PPI, respectively. The transition
temperature (Ty) for C2MPI was 110 °C, while there was no T,
detected for C2PPI (Fig. S1, inset, ESIT). These results indicate
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Table 1 Photophysical, thermal and morphological measurements of
C2MPI and C2PPI

Av, cm—z\bsd fFf Tg/ ng
(em™) @ (ns) (°C)

)~absa {:absb j-cmc
(nm) (M em™') (nm)

C2MPI 328 48400
C2PPI 330 69000

402/425 5612
410/425 5913

0.86/0.99 1.63/1.69 110/463
0.90/0.99 1.44/1.02 nd/481

“ Absorption maxima in toluene. ? Molar extinction coefficient. © Emis-
sion maxima in toluene and in neat films. ¢ Stokes shift. ¢ Absolute
fluorescence quantum yields in toluene/neat films. ¢ 1y is PL lifetime in
toluene/doped films. ¢ Glass transition and decomposition tempera-
tures. nd = not detected.

that the thermal/morphological stabilities of the molecules are
good for solid emission.

The photophysical properties were investigated and are
shown in Table 1, Tables S1 and S2 (ESIt). The absorption
and emission spectra in different solvents are shown in Fig. 1a
and b, Fig. S2 and S3 (ESIt). The bands around 330 to 341 nm
are ascribed to S, — S; transitions of molecules. The weak
peaks around 364 nm should be associated with the CT
transition.”>®® The absorption spectra are affected little by
solvent polarity, which indicates that the chromophores pos-
sess small dipole moments in the ground states (Fig. S2 and
Table S1, ESIT). Comparatively small solvatochromism of emis-
sion with 19 and 21 nm was found from nonpolar to polar
solvents for C2MPI and C2PPI, respectively, which indicates
small dipole moments for the two dyes in the excited states
(Fig. S3, ESIT). The dyes exhibit very high fluorescence quantum
efficiencies as high as 0.99 and there is no obvious concen-
tration quenching with the increase of emitters in films with
sharper emission spectra as compared to those in solutions
(Fig. 1a, b and Fig. S4, ESIT). Short lifetimes at the nano-level
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Scheme 1 Synthetic routes and molecule structures of C2MPI and C2PPI.
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Fig. 1 (a) Absorption and emission spectra in toluene. (b) Emission in neat films. (c) Transient PL spectra of C2MPI and C2PPI in toluene and (d) Transient

PL spectra of C2MPI and C2PPI in neat films.

were detected, exhibiting single-component characteristics.
(Fig. 1c and d). These results infer that these materials are
potential candidates for device application.

Electrochemical nature and calculation study

The electrochemical properties of C2MPI and C2PPI were investi-
gated by cyclic voltammetry (CV) performed in 0.1 M Bu,NPF;
dichloromethane. C2MPI and C2PPI exhibit irreversible one-
electron oxidation/reduction waves with an E,,,; of 0.80/—2.61
and 0.79/—2.58 eV versus Fc/Fc¢' (0.13 V), respectively. By
Enomoiwumo = —(4.8 €V + Egnger), the HOMOs/LUMOs are
calculated to be —5.60/—2.19 and —5.59/—2.22 eV for C2MPI
and C2PPI, respectively. From the absorption spectra, the
optical energy gaps (E,s) were estimated as 3.25 and 3.22 eV
for C2MPI and C2PPI, respectively (Fig. 2 and Table 2). As a
result, the LUMOs for C2MPI and C2PPI, determined from E, =
Enomo — Evumo, are —2.35 and —2.33 eV, respectively, and they
are very close to those calculated from reductive potentials in
CV. Apparently, the HOMOs, LUMOs and E,s of C2MPI are very
close to those of C2PPI.

Information on molecular orbitals (MO) was obtained by
DFT with Gaussian16 package by B3LYP/6-31G(d,p).®* Fig. 3a
shows the molecular configurations and the frontier MO as well
as their energy levels. C2MPI and C2PPI exhibit localized HOMOs
on the imidazole ring and the conjugated aryls. However, the
tertiary-butyl substituted phenyl ring almost makes no contribu-
tion to MO due to its poor conjugation with the imidazole centre.
The dyes show delocalized LUMOs distributed in the conjugation

This journal is © The Royal Society of Chemistry 2023
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Fig. 2 Cyclic voltammograms of C2MPI and C2PPI, measured in N,N-
dimethylformamide (negative) and in dichloromethane (positive) contain-
ing tetra-n-butylammonium hexafluorophosphate (0.1 M) at a scan rate of
50 mvV st

bridge backbone and the imidazole ring. Obviously, the silyl
groups on the terphenyl disrupt the conjugation between carba-
zolyl and PI and affect the electron distribution. The electron
distributions reveal that the lowest transitions of these molecules
are mainly associated with the HOMO to LUMO transitions,
which was manifested by the TD-DFT calculation (Table S3, ESIT).
The charge distribution with a large HOMO-LUMO overlap
reveals that C2MPI and C2PPI exhibit LE-dominated HLCT char-
acter, which matches the solvent effects well. Twisting angles of

J. Mater. Chem. C, 2023, 11,1733-1741 | 1735
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Table 2 Electrochemical properties and energy gaps of C2MPI and C2PPI
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ESS (V)Y EXS. (V)"  HOMOP (eV) LUMO (eV) Eq (eV) 0,“(°)  0,°(°®) HOMO?(ev) LUMOY(eV) E° (eV)
C2MPI 0.80 —2.61 —5.60 72.1917/72.35” 3.41b/3.256 61.65 68.40 —5.19 —1.18 4.01
C2PPI 0.79 —2.58 —5.59 72.2217/72.376 3.3717/3.22C 61.62 59.23 —5.15 —1.22 3.83
@ Eonset VS Fe/Fe™. © Estimated by CV measurements calculated with Egomo/rumo = (4 8 + Egnger) €V and Ey = Erymo — Enomo- © Optical energy gap

determined by the absorption cutoff and LUMO calculated by E" = Erumo — Euomo-
and 0, and 0, mean the twist angles between the benzyl rings 1n the terphenyl linker. ¢ EgP* =

4 Calculated by the optlmlzed structures in DFT calculations,
ELUMO - EHOMO

a)] . —T,3681eV. _—
18,3621 eV —=— = P e _=T,=3597 eV
hRISC ==T,=36006V =355 eV hRISC—T,= 3.513 eV
_ —T,=3.107 eV —T,=3.083 eV
S| ‘ B
LT —T,=2717eV; —T,=2.724 eV
s J Energy difference SOC Matrix element Energy difference  SOC Matrix eleme?t
b P o
2 E(T,S,)=006ev Te—S=0134cm’ | E(T,5)=004ev Te5=0326cm
a L T,8,=0.246 cm’ T2 DAOS s
_ J E(T¢-S,)=-0.02 eV Ta s1 0-107 . E(T,-S,)=-0.04 eV T,5S,= 0099 cm”
—o4= Ul cm
E(T,T,)=039ev ' ' E(T,-T,)=0.36 eV
4 E(S,-T,)=0.90 eV C2MPI E(S,-T,)=0.83eV C2PPI
c2mPI C2PPI

Fig. 3 (a) Configuration and frontier molecular orbital diagrams for C2MPI and C2PPI by B3LYP/6-31G(d,p). (b) Singlet/triplet energy levels and SOC
matrix elements of C2MPI and C2PPI in the gas phase, calculated by the TD-DFT method from optimized S; geometries. (Section 2.3).

59-68° were found in the terphenyls, indicating that these mole-
cules have a more twisted linker compared to the molecules
unsubstituted or with less steric substituents (Fig. S5, ESI+).>%*
Such torsions can influence the electronic structures in the
molecules and keep the molecules from close stacking in the
solid states. The large energy gaps (E,s), calculated from HOMOs-
LUMOs or by CV and absorption cutoffs, are favourable for NUV
emission (Table 2).

The pathway of exciton utility was studied by TD-DFT
calculations by B3LYP/6-31G(d,p) basic sets and their excited
states were investigated (Fig. 3b). The splitting energy between
the singlet and triplet energy levels (AEs;_14) is 0.90 and 0.83 eV
for C2MPI and C2PPI, respectively. Generally, a small AEg; 1
(<0.1 eV) is required to achieve an efficient TADF process.
Therefore, the TADF process is unfavourable for both materials.
Considerable spin-orbit coupling (SOC) was found between S;
and Ty_o. Therefore, the high performances for the non-doped
devices can be ascribed to hRISC of excitons.”>**®* The natural
transition orbital (NTO) calculations also indicate that the S, —
S, transition displays LE-dominated HLCT characteristics with a
large overlap of “hole” and “particle” for C2MPI and C2PPI. The
“hole” is dispersed on the molecular backbone and a ‘particle”
is located on the linker and imidazole ring. Balanced CT/LE
components were found in S; and T,y and this is beneficial for
achieving hRISC and radiative transition from S; to S, during

electroluminescence in devices (Fig. S6, ESIt).6%%

Electroluminescence performance

Non-doped OLEDs were fabricated using C2MPI and C2PPI
as emitters with a configuration of ITO/HATCN (5 nm)/TAPC

1736 | J. Mater. Chem. C, 2023, 11,1733-1741

(X nm)/TCTA (5 nm)/Emitter (20 nm)/TPBi (40 nm)/LiF (1 nm)/
Al (Device B1, Emitter = C2MPI, X = 60; Device B5, Emitter =
C2PPI, X = 50). HATCN (1,4,5,8,9,11-hexaazatriphenylenehexa-
carbonitrile), TAPC (bis(di-4-tolylaminophenyl)cyclohexane),
TCTA (tris(4-carbazoyl-9-ylphenyl)amine) and TPBi (1,3,5-
tris(N-phenylbenzimidazol-2-yl)benzene) are used as hole injection,
hole-transporting, electron-blocking, and electron-transporting
layers, respectively (Fig. 4).

Hext =7 X NpL X Nr X Nout (1)

The EL profiles are shown in Fig. 5 and the device perfor-
mances are listed in Table 3. Devices B1 and B5 emit NUV lights
close to the blue index (0.15, 0.06) with CIE,, of (0.161, 0.063)

R
B A,
4. o [ ; @\% QNQ 'J;Q

O x
N 8 & :
"@NQ

@

A

TAPC

. @ rora
HATCN I

Fig. 4 Nondoped device configuration, molecules used and their energy
levels.

This journal is © The Royal Society of Chemistry 2023
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Fig. 5 Device configuration (a) Luminance—-voltage—current density characteristics. (b) External quantum efficiency—luminance characteristics. (c) EL
spectra. (d) Luminance versus current density (symbol) and the fitted curve plot (line) of devices.

and (0.162, 0.058) for C2MPI and C2PPI, respectively. Their
devices show emission maxima at 404 nm (C2MPI) and 406 nm
(C2PPI) with low turn-on voltages of 3.9 and 3.3 V for C2MPI and
C2PPI, respectively. Impressively, narrow EL spectra with small
FWHMs of 48 nm and 54 nm are observed at 3.9 V for device B1
and 3.3 V for device B5, respectively, showing that the devices
exhibit excellent colour purity (Fig. 5). Moreover, the nondoped
devices exhibit merely short-wavelength emission, which
indicates that the excitons recombine completely within the
emitting-layer and the radiation derives from the singlet excitons
only. The device efficiencies are tabulated in Table 3. Devices B1
and B5 exhibit excellent EL performances and the EQEs are
larger than 5%. Note that device B1 has a very high maximum
EQE of 6.97% and a maximum exciton utility efficiency (EUE) of

Table 3 EL results of C2MPI and C2PPI in devices

35% calculated by eqn (1), in which y is the balance factor of
carriers (100%), 17py, is the neat-film fluorescence efficiency (99%)
for C2MPI, and 7, stands for the light extraction rate (20%).%®
The EUE of device B1 significantly exceeds 25%, which indicates
the utility of triplet excitons. To explore the mechanism of
exciton utility, plots of luminance versus current density were
made and good linearity is observed, excluding the triplet-triplet
annihilation process. Meanwhile, large energy gaps between S;
and T; of C2MPI (0.90 eV) and C2PPI (0.83 eV) are observed
(Fig. 3b), indicating that the TADF process is not favoured
(usually energy splitting is less than 100 mV between S; and Ty
for the TADF process).®® So, devices B1 and B5 exhibit excellent
performances via an HLCT process, which is also supported by
the calculation of excited energy levels and SOC.

'1cd (Cd Ail) ﬂl’d (lm Wﬁl) nextd (%)

Emitter Device JpL® (nm) Fwhm” (nm) Ve (V) L% (ed m™?) Maximum value/at 100 cd m > CIE® (x,y)

C2MPI B1 404 48 3.9 3500 1.75/1.34 1.20/0.55 6.97/4.57 (0.161,0.063)
B2 388 nd 4.9 681 0.60/0.59 0.24/0.20 1.96/1.93 (0.189,0.114)
B3 396 nd 4.9 795 0.69/0.68 0.25/0.24 2.60/2.57 (0.184,0.099)
B4 396 nd 4.5 1042 0.87/0.84 0.33/0.31 3.30/3.20 (0.179,0.086)

C2PPI B5 406 54 3.3 1900 1.83/1.57 1.69/0.88 5.55/4.76 (0.162,0.058)
B6 406 56 3.3 1877 1.67/1.51 1.53/0.84 4.20/3.79 (0.165,0.067)
B7 406 54 3.3 2057 1.78/1.64 1.62/0.89 4.63/4.27 (0.166,0.065)
B8 406 53 3.3 2274 1.90/1.76 1.73/0.95 4.98/4.61 (0.166,0.064)

“ Emission maxima. ? Full width at half maximum (nd, the spectra are not intact because light <380 nm cannot be collected.). © Turn-on voltage at
1 ¢d m~2 ¢ The luminescence (L), current efficiency (i7.), power efficiency (i7p) and external quantum efficiency (iex) of the devices: maximum
2

values/values at 100 cd m 2. ¢ CIE coordinates at 100 cd m 2.

This journal is © The Royal Society of Chemistry 2023

J. Mater. Chem. C, 2023, 11,1733-1741 | 1737


https://doi.org/10.1039/d2tc04421h

Published on 29 December 2022. Downloaded on 5/13/2024 5:03:44 PM.

Paper

Doped devices were fabricated using 5-20% C2MPI as the
emitter and 2,8-bis(diphenylphosphoryl)dibenzo[b,d]furan (PPF)
as the host and device B1 exhibited superior efficiency and colour
purity to devices B2-B4. (Fig. S7-S10, ESIL,t Table 3). Besides,
changing the electron-transporting layer or adding additional
carrier blocking layers in the devices doesn’t help to improve
the efficiencies using C2PPI as the emitter (devices B6-B8). These
results indicated that functional layers with more appropriate
HOMO/LUMO alignments are needed to achieve better device
performances in future work (Fig. S7-S10, ESL{ Table 3).

Conclusions

In this study, two highly twisted D-A molecules, carbazolyl and
phenanthroimidazole end-capped with terphenyls, were designed
and synthesized. The chromophores show good thermal and
morphological stabilities. The dyes emitted NUV light in nonpolar
solvents and in the solid states. Nondoped OLEDs were prepared
and good EL efficiencies were achieved due to the utility of the
triplet excitons via the HLCT process. The non-doped OLED,
fabricated with C2MPI as the emitting-layer, radiates NUV light
peaking at 404 nm with CIE,, of (0.161, 0.063) and a small FWHM
of 48 nm. The device also showed a very high maximum EQE of
6.97%. DFT and TD-DFT calculations combined with photophy-
sical investigation revealed the HLCT characteristic of these dyes
and the high EUE was derived from the conversion of high-lying
triplet excitons in the excited states. This study manifests that
twisted terphenyl conjugated D-A molecules can be used as
emitters to achieve high performance NUV OLEDs.

Experimental section

Synthesis. Compound 1. To a solution of 1,4-dibromobenze
(1.3 g, 5.5 mmol), and chlorodimethylphenylsilane (2.0 mL,
12 mmol) in THF (20 mL), lithium diisopropylamide (6.0 mL,
2 M) was added at —78 °C under nitrogen. The resultant
mixture was stirred for 1 h at —78 °C and then allowed to
warm to room temperature. Upon completion, 20 mL of water
was added to the reactants and the mixture was extracted with
ethyl acetate (20 mL x 2). The combined ethyl acetate was
washed with brine (20 mL), dried over sodium sulphate and
evaporated to give an oil. This residue was purified to give 2.7 g
of compound 1 in 96% yield. 'H NMR (400 MHz, CDCl;) § 7.53-
7.51 (m, 4H), 7.43 (s, 2H), 7.41-7.34 (m, 6H), 0.65 (s, 12H). *C
NMR (100 MHz, CDCl;) 6 143.27, 141.01, 136.43, 134.22, 129.37,
127.88, —2.06. HR-MS: Calcd. For C,,H,,Br,Si, [M + H]' 502.9783.
Found 502.9799.

Compound 2. Using 1,4-dibromobenze (2.6 g, 11.0 mmol),
chlorodiphenylmethylsilane (5.6 g, 22.0 mmol), lithium diiso-
propylamide (12.0 mL, 2.0 M), and THF (20 mL), 4.0 g of
compound 2 was prepared in 59% yield by the same method
reported for compound 1. "H NMR (400 MHz, CDCl;) § 7.51-
7.49 (m, 8H), 7.42-7.37 (m, 10H), 7.36-7.35 (m, 2H), 7.28
(s, 2H), 0.97 (s, 6H). C NMR (100 MHz, CDCl;) § 142.61,
142.31, 135.17, 134.62, 129.96, 128.00, —3.15. HR-MS: Calcd.
For C3,H,sBr,Si, [M + H]" 627.0096. Found 627.0105.

1738 | J Mater. Chem. C, 2023, 11,1733-1741
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Compound 3. A solution of compound 1 (2.7 g, 5.4 mmol),
9H-carbazole, 9-[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl]- (1.0 g, 2.7 mmol), potassium carbonate (0.3 g,
2.2 mmol), and tetrakis(triphenylphosphine)palladium (0.2 g,
0.14 mmol) in toluene (40 mL) and methanol (10 mL) was
heated to 85 °C and stirred overnight under nitrogen. The
reaction mixture was cooled and washed with H,O and brine.
The organic phase was collected, dried, and evaporated to a
residue, which was columned to give compound 3 (0.85 g, 54%)
as a white solid. *H NMR (400 MHz, CDCl,)  8.09 (d, J = 8.0 Hz,
2H), 7.76 (s, 1H), 7.36 (m, 2H), 7.31-7.28 (m, 11H), 7.25-7.21 (m,
4H), 7.11 (d, J = 8.4 Hz, 2H), 0.64 (s, 6H), 0.26 (s, 6H). >*C NMR
(100 MHz, CDCl;) 6 148.02, 143.99, 141.05, 139.85, 138.75, 138.30,
137.59, 136.36, 134.36, 134.02, 132.52, 131.14, 130.97, 129.36,
128.98, 128.04, 127.90, 126.36, 126.29, 126.06, 123.16, 120.46,
119.22, 109.95, —0.90, —2.28. HR-MS: Caled. For C,,H;¢BrNSi,
[M + H]" 666.1570. Found 666.1580.

Compound 4. Using compound 2 (4.0 g, 5.4 mmol), 9H-
carbazole, 9-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-
(1.0 g, 2.7 mmol), potassium carbonate (0.3 g, 2.2 mmol),
tetrakis(triphenylphosphine)palladium (0.25 g, 0.22 mmol), toluene
(40 mL) and methanol (10 mL), 1.0 g of compound 4 was prepared
in 47% yield by the same method reported for compound 3.
'H NMR (400 MHz, CDCl,) § 8.16 (d, J = 7.6 Hz, 2H), 7.65-7.59
(m, 5H), 7.47-7.26 (m, 26H), 7.14 (d, J = 8.4 Hz, 1H), 1.04 (s, 2H),
0.90 (s, 1H), 0.40 (s, 3H). *C NMR (100 MHz, CDCl;) § 146.86,
140.84, 140.72, 139.65, 138.94, 137.77, 136.11, 135.85, 135.35,
135.15, 135.10, 131.08, 130.86, 129.54, 129.24, 128.05, 127.97,
127.90, 126.11, 125.92, 123.40, 120.35, 12.00, 119.93, —2.39,
—2.84. HR-MS: Calcd. For C5oH,,BrNSi, [M + H]" 790.1883. Found
790.1895.

Compound 5. A mixture of 9,10-phenanthrenedione (2.1 g,
10.0 mmol), 4-tertbutylaniline (4.50 g, 0.05 mol), p-bromoben-
zaldehye (1.90 g, 10 mmol), ammonium acetate (3.10 g,
40.0 mmol) and acetic acid (150 mL) was added into a round-
bottomed flask and degassed with nitrogen. The reaction was
stirred under reflux for 24 h. The mixture was cooled to rt and
filtered to give a white solid. The solid was washed with H,O
(80 mL) and 25 mL of methanol to afford 4.0 g of compound 5
as white powder in 67% yield. "H NMR (400 MHz, CDCl;) § 8.85
(d, J = 6.8 Hz, 1H), 8.76 (d, J = 8.4 Hz, 1H), 8.70 (d, J = 8.4 Hz,
1H), 7.75-7.42 (m, 1H), 7.67-7.65 (m, 1H), 7.61 (d, J = 8.4 Hz,
2H), 7.53-7.49 (m, 1H), 7.47-7.45 (m, 2H), 7.42-7.40 (m, 4H),
7.19 (dd, J = 8.4, 0.8 Hz, 1H), 1.46 (s, 9H).

Compound 6. A mixture of compound 5 (5.1 g, 10.0 mmol),
bis(pinacolato)diboron (3.0 g, 12.0 mmol), potassium acetate
(3.0 g, 30.0 mmol), Pd(dppf)Cl, (0.2 g, 3.0 mmol) and dry
dioxane (50 mL) was refluxed under nitrogen for 24 h. The
reaction mixture was cooled to room temperature and filtered to
give a grey solid, which was purified to give 4.1 g of compound 6 as
a white solid in 74% yield. "H NMR (400 MHz, CDCl;) 6 8.79 (d, ] =
8.0 Hz, 1H), 8.66 (d, ] = 8.4 Hz, 1H), 8.61 (d, ] = 8.4 Hz, 1H), 7.63 (m,
3H), 7.55-7.48 (m, 5H), 7.42-7.38 (m, 1H), 7.32(d, J = 8.0 Hz, 2H),
7.18-7.14 (m, 2H), 7.06 (d, J = 8.0 Hz, 1H), 1.36 (s, 9H), 1.25 (s, 12H).

C2MPI. A solution of compound 6 (1.8 g, 3.3 mmol), com-
pound 3 (0.7 g, 1.1 mmol), Pd(PPh;), (0.1 g, 0.1 mmol), aq.
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K,CO;3 (0.5 mL, 2 M), toluene (50 mL) and methanol (10 mL)
were stirred at 85 °C overnight under nitrogen. Upon completion,
a filtrate was obtained by filtration, which was evaporated to
afford a grey residue. The residue was columned and recrystal-
lized to afford 234 mg of C2MPI as a white solid in 21% yield.
'H NMR (400 MHz, CD,Cl,) 6 8.61 (d, J = 8.4 Hz, 2H), 8.56 (d, J =
8.4 Hz, 1H), 7.97 (d, J = 7.6 Hz, 2H), 7.59-7.55 (m, 1H), 7.49-7.47
(m, 3H), 7.43 (s, 1H), 7.40 (s, 1H), 7.32-7.26 (m, 5H), 7.25-7.21
(m, 8H), 7.17-7.09 (m, 14H), 6.90 (d, J = 8.0 Hz, 2H), 1.26 (s, 9H),
0.15 (s, 6H), 0.00 (s, 6H). ">C NMR (100 MHz, CD,Cl,) § 153.75,
150.73, 148.36, 146.87, 144.77, 143.50, 141.26, 139.96, 138.05,
138.00, 136.99, 136.88, 136.12, 134.30, 134.21, 131.84, 129.71,
129.45, 129.24, 128.99, 128.57, 128.11, 127.70, 127.47, 126.73,
126.55, 126.35 125.90, 125.30, 124.41, 123.68, 123.60, 122.88,
121.41, 120.62, 120.31, 111.38, 34.89, 29.53, —0.45. HR-MS: Calcd.
For C,;Hg,N,Si, [M + H]" 1012.4486. Found 1012.4477.

C2PPIL. The same procedure for C2MPI was used using
compound 6 (2.5 g, 2.0 mmol), compound 4 (1.2 g, 0.6 mmol),
Pd(PPh;), (0.2 g, 0.06 mmol), aq. K,CO; (0.3 mL, 2 M), toluene
(50 mL) and methanol (10 mL) to obtain 198 mg C2PPI as
a white solid in 29% yield. '"H NMR (400 MHz, CD,Cl,) 6 8.81 (d,
J = 8.3 Hz, 2H), 8.76 (d, J = 8.1 Hz, 1H), 8.16 (d, J = 7.7 Hz, 2H),
7.78 (m, 1H), 7.68 (d, J = 8.5 Hz, 3H), 7.54-7.28 (m, 40H), 7.21
(d, J = 8.3 Hz, 2H), 6.98 (d, J = 8.0 Hz, 2H), 1.48 (s, 9H), 0.45
(s, 3H), 0.15 (s, 3H). *C NMR (100 MHz, CDCl;) § 153.74,
147.35, 147.14, 143.12, 141.13, 139.07, 138.96, 137.73, 137.56,
136.85 136.70, 136.54, 135.49, 135.42, 130.95, 129.66, 129.63,
129.58, 129.42, 129.08, 128.92, 128.54, 128.25, 128.23, 127.67,
127.44, 126.70, 126.44, 125.15, 124.39, 123.58, 122.83, 121.37,
120.56, 120.28, 110.29, 34.74, 26.51, —2.52, —3.16. HR-MS:
Calcd. For Cg;HgeN3Si, [M + H]Jr 1136.4786. Found 1136.4790.

Spectroscopic measurements, Device fabrication and DFT
calculations are displayed in the ESL
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