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Methods
General measurements
All the reagents and solvents were used as received without further purification. 1H NMR and 13C NMR were recorded by Bruker AVANCE 500 spectrometer at 500 MHz or 125 MHz with tetramethylsilane (TMS) as the internal standard and CD2Cl2 or CDCl3 as solvent. Elemental analysis was carried out on a Flash EA 1112, CHNSO elemental analysis instrument. MALDI-TOF-MS mass spectra were obtained from an AXIMA-CFRTM plus instrument. Thermal gravimetric analysis (TGA) was performed on a Perkin-Elmer thermal analysis system from 30 °C to 900 °C. Differential scanning calorimetry (DSC) was measured by NETZSCH (DSC-204) unit from 30 °C to 400 °C. Cyclic voltammetry (CV) were measured by using BAS 100B/W electrochemical analyzer with standard one-compartment, three-electrode electrochemical cell. The working electrode was a glass-carbon disk electrode. The counter electrode was a Pt wire. The reference electrode was Ag/Ag+. Ferrocenium/ferrocene (Fc+/Fc) redox couple was used as the internal standard and the formal potential of Fc+/Fc is 4.8 eV below vacuum. All potentials relative to Ag/Ag+ electrode obtained from CV measurement were eventually referenced against Fc+/Fc to calculate HOMO/LUMO levels. As a result, the Ag/Ag+ electrode is just a pseudo reference. The HOMO/LUMO levels are calculated according to the following formalism:
HOMO = - (Eox vs. Fc+/Fc + 4.8) eV
LUMO = - (Ered vs. Fc+/Fc + 4.8) eV
where the Eox vs. Fc+/Fc and Ered vs. Fc+/Fc are oxidation and reduction onset potentials relative to Fc+/Fc reference, respectively. UV-vis and fluorescence spectra were recorded on a Shimadzu UV-3100 spectrophotometer using 1 cm path length quartz cells. The fluorescence lifetime and photoluminescence quantum efficiency (PLQY) of solid film were measured by FLS920 Spectrometer. The PLQY of different solutions were determined by using 0.1 M quinoline sulfate as a reference (PLQY = 0.546) and were calculated by using the following formula:


Where Q is the PLQY, A is the value of absorbance, I is the intensity of excitation source, n is the refractive index of solvent, D is the area of emission spectra, λ is the corresponding wavelength. The subscript r stands for the reference while x stands for test subject. The excitation wavelength was 365 nm.
Device fabrications and measurements
ITO coated glasses with a sheet resistance of 20 Ω square-1 were used as the substrate and cleaned by deionized water, isopropyl alcohol, acetone and toluene. Then the ITO glasses were irradiated in UV-zone for 30 min. The deposition system for organic and metal deposition has a base pressure lower than 5×10-6 mbar. The hole injecting layer HATCN was deposited at 0.1 Å s-1. The deposition rate of all other organic layers was 1.0 Å s-1. The electron injecting layer LiF was deposited at a rate of 0.1 Å s-1 and then the capping Al metal layer was deposited at a rate of 4.0 Å s-1. The EL characteristics were measured using a Keithley 2400 programmable electrometer and a PR-650 Spectroscan spectrometer under ambient condition.
Computational Details
The ground-state (S0) and the lowest singlet excited state (S1) geometries were optimized at the B3LYP/6-31G(d, p) level, which is a common method to provide molecular geometries and the optimized outcome is in good agreement with the experiment result. The HOMO/LUMO distributions are calculated on the basis of optimized S0 state. The high excitation energy levels of both singlet and triplet states were calculated using TD-M062X/6-31G(d, p) method on the basis of the optimized configuration of S0, respectively. For the purpose of investigating the properties of excited-states, natural transition orbitals (NTOs) of absorption were evaluated for the ten lowest excited-states, involving both singlet and triplet states under TD-M062X/6-31G(d, p) level. This approach provides the most compact representation of the electronic transitions in terms of an expansion into single particle orbitals by diagonalizing the transition density matrix associated with each excitation.
Lippert-Mataga calculation
The properties of ground state (S0) and the lowest singlet excited state (S1) can be better understood through solvatochromic experiment. One reliable way to explore the influence of solvent environment on the optical property of our sample is by using the Lippert-Mataga equation, a model that describes the interactions between the solvent and the dipole moment of solute:

where f is the orientational polarizability of solvents, μe is the dipole moment of excited state, μg is the dipole moment of ground state; a is the solvent cavity (Onsager) radius, derived from the Avogadro number (N), molecular weight (M), and density (d = 1.0 g cm−3); ε and n are the solvent dielectric and the solvent refractive index, respectively. f(ε,n) and a can be calculated respectively as follows:
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Synthesis of Materials
All the reagents and solvents used for the syntheses were purchased from Aldrich and Acros and used as received.
The precursors PyAnBr, PhPIB, DPhPIB, PPIB, and PyPIB were prepared in high yield by referring to the reported literatures.1-3
Synthesis of 1-phenyl-2-(4-(10-(pyren-1-yl)anthracen-9-yl)phenyl)-1H-benzo[d]imidazole (PhAnPy): In a 100 mL round flask, a mixture of PyAnBr (457 mg, 1 mmol), PhPIB (396 mg, 1 mmol), K2CO3 (2.76 g, 20 mmol), Pd(PPh3)4 (23 mg, 0.02 mmol), 10 mL distilled water and 20 mL toluene was stirred and refluxed at 90 °C under N2 protection for 48 hours. The mixture was washed three times with 30 ml water and extracted with dichloromethane. The organic phase was collected and dried by anhydrous Na2SO4, and then the solvent was evaporated. The residue was purified via column chromatography eluting with petroleum ether-dichloromethane (1:1, v/v) mixtures to afford yellow solid. (430 mg, yield: 67%). 1H NMR (500 MHz, CD2Cl2) δ (ppm): 8.48 (d, J = 7.7 Hz, 1H), 8.36 – 8.30 (m, 2H), 8.27 (d, J = 9.0 Hz, 1H), 8.20 (d, J = 7.4 Hz, 1H), 8.15 – 8.06 (m, 2H), 7.98 – 7.90 (m, 3H), 7.89 (d, J = 9.2 Hz, 1H), 7.82 (d, J = 8.8 Hz, 2H), 7.68 (t, J = 7.6 Hz, 2H), 7.64 – 7.53 (m, 5H), 7.46 – 7.35 (m, 8H), 7.28 – 7.22 (m, 2H). 13C NMR (126 MHz, CDCl3) δ (ppm): 138.81, 137.31, 137.01, 136.57, 135.83, 134.03, 133.08, 131.60, 131.48, 131.12, 130.92, 130.07, 129.78, 129.57, 129.43, 129.11, 128.92, 128.64, 127.86, 127.55, 127.27, 126.83, 126.18, 125.73, 125.30, 124.95, 124.77, 123.65, 123.32, 119.89, 110.64. MALDI-TOF (m/z): Calcd for C49H30N2, 646.79; Found: 646.42 [M+]. Elem. Anal. Calcd (%) for C49H30N2: C, 90.99; H, 4.68; N, 4.33. Found: C, 91.02; H, 4.70; N, 3.29.
Synthesis of 1,4,5-triphenyl-2-(4-(10-(pyren-1-yl)anthracen-9-yl)phenyl)-1H-imidazole (DPhAnPy): DPhAnPy was synthesized according to the same procedure as for PhAnPy by using DPhPIB (498 mg, 1 mmol) instead PhPIB. yellow solid (532 mg, yield: 71%). 1H NMR (500 MHz, CD2Cl2) δ (ppm): 8.48 (d, J = 7.8 Hz, 1H), 8.33 (dd, J = 8.0, 6.3 Hz, 2H), 8.27 (d, J = 9.0 Hz, 1H), 8.20 (d, J = 7.3 Hz, 1H), 8.15 – 8.07 (m, 2H), 7.88 (d, J = 9.2 Hz, 1H), 7.85 – 7.75 (m, 4H), 7.71 (d, J = 7.3 Hz, 2H), 7.56 (dd, J = 7.9, 1.5 Hz, 1H), 7.50 (dd, J = 7.9, 1.5 Hz, 1H), 7.47 – 7.19 (m, 20H). 13C NMR (126 MHz, CDCl3) δ (ppm): 146.74, 139.28, 137.12, 136.96, 135.62, 134.03, 131.43, 131.17, 130.93, 129.85, 129.46, 129.27, 129.04, 128.60, 128.48, 128.23, 127.78, 127.53, 127.22, 126.93, 126.17, 125.78, 125.28, 124.95, 124.78. MALDI-TOF (m/z): Calcd for C57H36N2, 748.93; Found: 748.62 [M+]. Elem. Anal. Calcd (%) for C57H36N2: C, 91.41; H, 4.85; N, 3.74. Found: C, 91.42; H, 4.80; N, 3.76.
Synthesis of 1-phenyl-2-(4-(10-(pyren-1-yl)anthracen-9-yl)phenyl)-1H-phenanthro[9,10-d]imidazole (PIAnPy): PIAnPy was synthesized according to the same procedure as for PhAnPy by using PPIB (496 mg, 1 mmol) instead PhPIB. yellow solid (498 mg, yield: 67%). 1H NMR (500 MHz, CD2Cl2) δ (ppm): 8.89 (d, J = 6.6 Hz, 1H), 8.83 (d, J = 6.8 Hz, 1H), 8.68 (d, J = 6.8 Hz, 1H), 8.49 (d, J = 6.2 Hz, 1H), 8.33 (dd, J = 6.4, 4.6 Hz, 2H), 8.28 (d, J = 7.2 Hz, 1H), 8.20 (d, J = 5.9 Hz, 1H), 8.15 – 8.07 (m, 2H), 8.00 (s, 2H), 7.88 (t, J = 7.2 Hz, 2H), 7.78 (m, 8H), 7.64 (d, J = 5.6 Hz, 2H), 7.58 (d, J = 5.7 Hz, 1H), 7.47 – 7.36 (m, 6H), 7.33 (d, J = 6.4 Hz, 1H), 7.30 – 7.22 (m, 2H). 13C NMR (126 MHz, CDCl3) δ (ppm): 136.73, 135.73, 134.07, 131.48, 131.09, 130.91, 130.34, 130.12, 129.81, 129.45, 129.25, 128.44, 127.78, 127.51, 127.24, 126.94, 126.43, 126.17, 125.75, 125.49, 125.05, 124.94, 124.77, 124.22, 123.19, 123.02, 120.98. MALDI-TOF (m/z): Calcd for C57H34N2, 746.91; Found: 746.72 [M+]. Elem. Anal. Calcd (%) for C57H34N2: C, 91.66; H, 4.59; N, 3.75. Found: C, 91.69; H, 4.58; N, 3.73.
Synthesis of 9-phenyl-10-(4-(10-(pyren-1-yl)anthracen-9-yl)phenyl)-9H-pyreno[4,5-d]imidazole (PyIAnPy): PyIAnPy was synthesized according to the same procedure as for PhAnPy by using PyPIB (520 mg, 1 mmol) instead PhPIB. yellow solid (480 mg, yield: 62%). 1H NMR (500 MHz, CD2Cl2) δ (ppm): 8.54 (d, J = 6.2 Hz, 1H), 8.49 (d, J = 6.2 Hz, 1H), 8.36 – 8.30 (m, 3H), 8.26 (dd, J = 12.4, 6.6 Hz, 2H), 8.21 (dd, J = 6.5, 3.8 Hz, 2H), 8.19 – 8.01 (m, 6H), 7.90 (d, J = 7.4 Hz, 1H), 7.88 – 7.80 (m, 7H), 7.77 (t, J = 6.2 Hz, 1H), 7.66 (d, J = 6.3 Hz, 1H), 7.60 (d, J = 6.5 Hz, 1H), 7.56 (d, J = 6.2 Hz, 1H), 7.45 – 7.39 (m, 5H), 7.29 – 7.23 (m, 2H). 13C NMR (126 MHz, CDCl3) δ (ppm): 134.07, 132.28, 131.75, 131.55, 131.10, 130.93, 130.38, 129.83, 129.51, 129.33, 128.04, 127.83, 127.75, 127.64, 127.52, 127.26, 126.95, 126.57, 126.18, 125.76, 125.51, 125.37, 125.23, 124.94, 124.78, 124.56, 123.70, 122.99, 118.11. MALDI-TOF (m/z): Calcd for C59H34N2, 770.94; Found: 770.83 [M+]. Elem. Anal. Calcd (%) for C59H34N2: C, 91.92; H, 4.45; N, 3.63. Found: C, 91.88; H, 4.46; N, 3.65.
Supplementary Figures
[image: ]
Figure S1. 1H NMR spectra of PhAnPy in deuterated CD2Cl2.
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Figure S2. 1H NMR spectra of DPhAnPy in deuterated CD2Cl2.
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Figure S3. 1H NMR spectra of PIAnPy in deuterated CD2Cl2.
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Figure S4. 1H NMR spectra of PyIAnPy in deuterated CD2Cl2.
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Figure S5. (a) Thermogravimetric analysis (TGA) and (b) differential scanning calorimetry (DSC) profiles of PhAnPy, DPhAnPy, PIAnPy, and PyIAnPy.
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Figure S6. Cyclic voltammograms for PhAnPy, DPhAnPy, PIAnPy, and PyIAnPy.
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Figure S7. Solvation effects on UV-vis absorption of PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d).
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Figure S8. Solvatochromic PL spectra of PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d).
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Figure S9. Linear correlation of orientation polarization (f) of solvent media with the Stokes shift (υa − υf; a: absorbed light; f: fluorescence) for PhAnPy, DPhAnPy, PIAnPy, and PyIAnPy.
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Figure S10. Lifetime measurement of PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d) in different solvents with concentration of 1.0 × 10-5 M.
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Figure S11. (a) PhAnPy solution fluorescence spectrum, PhAnPy, PhAnPy and PtOEP, and PtOEP phosphorescence spectra at 77 K (5 ms-delayed); (b) DPhAnPy; (c) PIAnPy; (d) PyIAnPy.
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Figure S12. The Schematic of the photophysical dynamics in the PtOEP & PIAnPy solution.
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Figure S13. Time-resolved emission decay curves of (a) PhAnPy and DphAnPy, (b) PIAnPy obtained from the vacuum-deposited neat films.
[image: ]
Figure S14. The emission spectrum of PIAnPy and PyIAnPy in the single crystals.
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Figure S15. Energy level diagram and the chemical structures of the used materials in the devices.
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Figure S16. Normalized EL spectra of (a) PhAnPy and (b) DPhAnPy at different voltages.
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Figure S17. PL of neat films and EL of the non-doped devices for PhAnPy, DPhAnPy, PIAnPy, and PyIAnPy.
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Figure S18. Normalized EL spectra of electron-only device (EOD), hole-only device (HOD) and single-layer device (SLD).
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Figure S19. The transient EL decay curves of non-doped device based on PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d) at different voltages
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Figure S20. Luminescence-current density curve of non-doped devices PhAnPy, DPhAnPy, PIAnPy, and PyIAnPy.
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Figure S21. Calculated singlet and triplet energy levels of PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d).
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Figure S22. Natural transition orbital (NTO) analysis of PhAnPy (a), DPhAnPy (b), PIAnPy (c), and PyIAnPy (d).

Table S1. Summary of the representative pure-blue nondoped fluorescent OLEDs.
	Emitter
	Von (V)
	CEmax
(cd A-1)
	EQEmax/1000
(%)
	ELλmax
(nm)
	CIE
(x, y)
	Ref.

	PhAnPy
	2.9
	10.64
	10.24/9.63
	452
	(0.16, 0.14)
	This work

	DPhAnPy
	2.9
	11.09
	8.27/7.68
	452
	(0.17, 0.17)
	This work

	PyPPA
	2.8
	9.16
	8.47/6.81
	464
	(0.14, 0.13)
	4

	PI-Py
	3.2
	5.88
	5.11/5.10
	448
	(0.15, 0.14)
	5

	PPI-An-NPPI
	3.5
	7.68
	7.75/7.61
	456
	(0.15, 0.11)
	6

	[bookmark: OLE_LINK1]3-PCZCFOXZ
	2.8
	7.9
	8.5/8.5
	441
	(0.149, 0.110)
	7

	PAC
	-
	12.37
	10.48/7.53
	458
	[bookmark: OLE_LINK2](0.15, 0.13)
	8

	[bookmark: OLE_LINK3]BITPI
	2.6
	6.8
	7.1/6.6
	452
	(0.15, 0.13)
	9

	TBPMCN
	-
	10.5
	7.8/5.6
	-
	(0.16, 0.16)
	10

	TPE-TADC
	3.0
	6.81
	5.71/4.41
	451
	(0.165, 0.141)
	11

	PICNAnCz
	4.40
	9.07
	9.05/7.88
	448
	0.16,0.11
	12

	TPAATPE
	2.9
	9.4
	6.97/5.96
	460
	(0.15, 0.16)
	13

	2CzPh-CNNPI
	3
	6.65
	5.09/4.07
	454
	0.154,0.143
	14

	PT-1
	3
	4.94
	6.63/5.78
	432
	(0.149, 0.114)
	15

	TPP-PPI
	2.7
	6.44
	6.62/6.05
	440
	(0.15, 0.11)
	16

	DPAC-AnPCN
	3
	7.26
	6.04/5.31
	464
	0.15, 0.15
	17

	PIAnTPh
	3.1
	7.13
	6.87/6.40
	456
	(0.15,0.12)
	18

	DPF-AnCN
	3.2
	6.7
	7.1/6.6
	447
	(0.149, 0.104)
	19







Table S2. Summary of the representative single-component WOLEDs.
	Emitter
	Device Structure
	Lmax
(cd m-2)
	EQEmax
(%)
	CIE
(x, y)
	Ref.

	PIAnPy
	Non-doped
	50448
	10.14
	(0.35, 0.26)
	This work

	PyIAnPy
	Non-doped
	18471
	8.83
	(0.40, 0.32)
	This work

	1
	Non-doped
	3800
	0.35
	(0.31, 0.42)
	20

	(E)-CPEY
	Non-doped
	1395
	-
	(0.32, 0.33)
	21

	4a
	Non-doped
	1396
	2.71
	(0.31, 0.36)
	22

	5
	Non-doped
	450
	-
	(0.34, 0.36)
	23

	DPAA
	Non-doped
	12320
	-
	(0.29, 0.34)
	24

	1,6 DAP-TP
	Non-doped
	-
	-
	(0.37, 0.31)
	25

	Cz9PhAn
	Non-doped
	50000
	3.6
	(0.30, 0.33)
	26

	1
	Non-doped
	650
	0.1
	(0.38, 0.40)
	27

	2
	Non-doped
	13180
	3
	(0.33, 0.34)
	28

	TPEPA
	Non-doped
	-
	3.12
	(0.30, 0.32)
	29

	2CzAn-TPE
	Non-doped
	17000
	5.0
	(0.21, 0.26)
	30

	PCTrPE
	Non-doped
	3420
	0.61
	(0.29, 0.34)
	31

	Cz-DBF
	Non-doped
	925
	0.6
	(0.32, 0.27)
	32

	W1
	Doped
	1092
	-
	(0.34, 0.29)
	33

	III
	Doped
	665
	0.11
	(0.26, 0.35)
	34

	t-MTTH
	Doped
	9230
	1.7
	(0.29, 0.33)
	35

	PTZ-BP
	Doped
	5042
	6.2
	(0.34, 0.46)
	36

	PhCz-Te
	Doped
	305.2
	0.25
	(0.34, 0.33)
	37

	FXylBA-Cz
	Doped
	221.4
	0.49
	(0.31, 0.33)
	38
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