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Supplementary photoluminescent properties

To further confirm that emission mechanism occurs in TPEA, the doped films in the
polymethylmethacrylate (PMMA) host (5+1 wt.%) were fabricated and their transient PL decay
and temperature dependence of the transient PL decay from 100 K to 300 K were shown as
Figure S1. No long tail from delayed fluorescence was observed and no obvious variation of
the emission with increasing temperature, which supports that TPEA is not a TADF material.
The fluorescence lifetimes of the doped film at different wavelength are 1.9 ns, 2.1 ns, 2.3 ns
and 2.6 ns at 420 nm, 440 nm, 460 nm and 480 nm, respectively, indicating that the fluorescence
lifetime of the doped film depends on the measured wavelength, which indicates the existence

of HLCT character in TPEA.
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Figure S1. Temperature dependence of PL characteristics of a 5 wt.% TPEA:PMMA film: (a) PL decay
curves of a 5 wt.% TPEA:PMMA film at 300 K (pink line), 200 K (red line), 150 K (olive line) and 100 K
(blue line), the excitation wavelength of the films was 360 nm; (b) PL decay curves of a 5 wt.% TPEA:PMMA
film at room temperature at the emission wavelength of 420 nm (yellow line), 440 nm (green line), 460 nm
(blue line) and 480 nm (purple line). (c) Absoprtion spectra of TPEA in THF/H,O mixtures with different

water fractions (fy,).



Supplementary theoretical calculations
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Figure S2. Energy diagram of the first ten singlet and triplet excited states of TPEA from TD-M06-2X

calculations.

In order to further understand the nature of electronic transitions for different excited
states, we employed the electron analysis function of Multiwfn software. The “particle” and
“hole” contributions for the first ten singlet (So-S,,, n = 1-10) and triplet (So-T,, n = 1-10) states
of TPEA are presented in Figure S3. Pan ef al. have reported the excited states of TADF
material 4CzIPN and found that all “particles” and “holes” are localized on the carbazole groups
and the dicyanobenzene core, respectively, demonstrating the represented CT transition feature.
While for TPEA, we first focus on the transition of Sy-S,, where the hole is mainly distributed
on the anthracene near the methoxy unit with a little on the anthracene close to the cyano group,
which is contrary to the particle, showing an excellent balance between spatial separation and
orbital overlap. The coexistence of separated orbitals and orbital overlap means the coexistence
of CT and LE components, which is in good agreement with the definition of the HLCT state.
Similarly, Ss, S¢, S7, Sg, So, S10, T3, Ts and T5 are characterized by HLCT. Referred from the
energy level diagram, the energy gap (4Est) between S; and T, is 1.3 eV, which might be
ascribed to the transition of LE. The energy gap between HLCT state S, (3.49 eV) and Ts (3.48
eV) is only 0.01 eV (shown in Figure S2), which can enhance the possibility of RISC.
Furthermore, the big difference between S; and T, also provides the possibility for TTF for
TPEA to enhance the exciton utilization rate. According to the calculation results of TPEA, the

mechanism may be attributed to the combination of TTF and HLCT.
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Figure S3. (a) Hole-electron distribution and transition character of the first ten singlet states for TPEA; (b)

Hole-electron distribution and transition character of the first ten triplet stated for TPEA.

Table S1. Summary of small-molecule conventional fluorescent deep-blue OLEDs with CIE, < 0.1 and #pg,

max > 3 Im W-! over the past decade.

Materials Mechanism | Vg, 7P, max AEL CIE ref
(V) | (Im W) (nm) )
TPEA TTF-HLCT | 3.3 7.3 443 0.15,0.09 This
work
PCzSP TTF 33 7.2 444 0.15,0.09 !
BD3 TTF 3.7 5.6 432 0.15, 0.06 2
3a HLCT 3.1 4.9 - 0.15,0.08 3
PPI-2TPA HLCT 3 4.6 - 0.15, 0.06 4
BiPI-1 - 2.8 4.55 440 0.15,0.08 3
26-BTPIPy | - 2.8 4.35 440 0.15,0.09 6
PMSO - 3.2 4.0 445 0.15,0.08 7
TPINCz HLCT 3.1 3.7 440 0.15,0.06 8
TPA-PA - 3.8 3.4 428 0.16,0.07 0
DPT-TPI - 2.9 32 432 0.16, 0.07 10




Figure S4. Oak Ridge Thermal Ellipsoid Plot view of the crystal structures of TPEA of the packing structure

and the solvents were removed for clarity.

Table S2. Summary of the crystal data for TPEA

Parameter TPEA

Empirical formula CeoHy46CIsNO

Formula weight [g mol-!] 1011.42

Temperature [K] 180

Wavelength [A] 0.71073

Crystal system Monoclinic

Space group C2lc

Crystal color and size [mm~] Colorless, 0.326x0.246x0.049
a[A] 13.1358 (8)

b[A] 14.0526 (6)

c[A] 28.8957 (13)

a[°] 90

BI°] 97.657 (6)

v [°] 90

Volume [A3] 5286.4 (5)

Z 4

Density, calcd [g m3] 1.271

Absorption coefficient [mm-'] 0.220

F(000) 2104

6 range for data collection [°] 3.60 to 26.02

Reflections collected 15922

Independent reflections 5175

Rint 0.0365

Restraints / parameters 30/362

Goodness-of-fit on F? 1.042

Final R indices [I> 26(I)] R; =0.0558, wR, =0.1276
R indices (all data) R; =0.0882, wR, =0.1474




DFT calculaton data of TPEA
Table S3. Atom coordinates and absolute energies for TPEA

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y V4
1 6 0 3.750931 6.646096 0.738118
2 6 0 2.950055 6.932965  -0.369311
3 6 0 1.797638 6.187552  -0.613917
4 6 0 1.432686 5.123380 0.229318
5 6 0 2.242963 4.854073 1.345828
6 6 0 3.388658 5.607283 1.597985
7 6 0 0.182529 4.344289  -0.024457
8 6 0 -1.031792 5.172780  -0.295189
9 6 0 0.151682 2.978550  -0.009577
10 6 0 -1.853102 4915916  -1.406465
11 6 0 -2.964859 5.712925  -1.674923
12 6 0 -3.281189 6.784127  -0.836920
13 6 0 -2.468399 7.058737 0.264874
14 6 0 -1.349523 6.269041 0.525668
15 6 0 -1.123189 2.199293 0.013841
16 6 0 1.391685 2.144543  -0.014904
17 6 0 -1.321013 1.117955  -0.861845
18 6 0 -2.495262 0.369749  -0.827670
19 6 0 -3.508193 0.656620 0.100559
20 6 0 -3.303598 1.722669 0.989586
21 6 0 -2.135575 2.480496 0.945953
22 6 0 1.543069 1.075458 0.884806
23 6 0 2.684098 0.276754 0.868581
24 6 0 3.707701 0.500340  -0.065001
25 6 0 3.549070 1.552872  -0.978962
26 6 0 2.414321 2.360223  -0.953281
27 6 0 -4.762262  -0.158377 0.146523
28 6 0 4928617 -0.364396  -0.092078
29 6 0 -4.744397  -1.448540 0.722438
30 6 0 -5.953970  -2.241697 0.757687
31 6 0 -7.153828  -1.727201 0.218442
32 6 0 -7.172417  -0.434187  -0.350197
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-6.022640
-3.554977
-3.546543
-4.734367
-5.896449
6.145213
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5.940460
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-10.536409
-10.754391
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-8.636305
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9.808677
10.773189
10.587102
9.450624
-11.921546
11.941813
12.889929
-12.195093
4.644618

6

0.359628
0.121119
1.369831
2.1480064
1.656770
-2.001767
-3.249645
-4.031174
-3.540349
0.114498
-0.720691
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-3.797288
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-5.342024
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-0.388197
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-1.518400
-0.995385
1.299958
1.863690
1.893738
1.361293
0.443633
0.415732
-0.145386
-0.681075
-0.655347
-1.272468
-1.800624
-1.779947
-1.228859
1.040083
1.563896
1.533126
0.980800
0.243542
-0.170728
1.239680
1.263187
0.282653
-0.718010
-0.726571
0.806745
0.789583
-0.217767
-1.201259
-1.172020
0.391632
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7.404466
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0.868318
-0.451571
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3.299174
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-0.533485
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3.167056
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Figure S6. 'H NMR of compound (2).
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Figure S10. 3C NMR of compound (4).
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Figure S12. 3C NMR of compound (5).
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Figure S17. "H NMR of compound (9).
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Figure S18. HRMS of compound (9).

14



Current Data Parameters
NAME  NMRIS010978

EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150128

Time 246
INSTRUM spect
PROBHD_ 5 mm PABBO BB-
PULPROG =230

n A N i TD 65536

LT Y e J SOLVENT CDCB
NS 32

T T T 1 DS

10000 000 Hz
0.152588 Hz
3.2767999 sec
16092
50.000 usec
6.50 usec
3031 K
1.00000000 sec
i

CHANNEL {1 =
500.1330885 MHz

C 1"
10y Pl 11.23 usec
PLWI 1595289911 W
aramaters
0173 MHz
EM
030 Hz
1.00

Figure S19. 'H NMR of compound (10).
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Figure 20. 3C NMR of compound (10).

15



Peking University Mass Spectrometry Sample Analysis Report

Analysis Inf
Analysis Name 14120179_20141204_000001.d Acquisition Date 12/4/2014 4:12:17 PM
Sampls TPEPANMeCN Instrumen it Bruker Apex IV FTMS
Commenl t ESI Pogitive Operator Peking University
Intens.” 14120178_20141204_000001.d- +MS|
*107 891.34839
25
NI
20
15
1.0
0.5
82434225
rareed 78745810 BI73390  ga0 ganrn JL I 28084618 101367328
ool I I " L Ui, " " !
750 800 850 Q00 050 1000 miz
leas. miz |_Formula Score miz_em[mDa] em[ppm] mSigma rdb e Conf N-Rule
801.34830 27066010 CE88H45NO 10000 801.34057 12 13 57 470 odd ok
Bruker Compass DataAnalysis 4.0 printed: 12/4/2014 4:13:50 PM Page 1of 1

Figure S21. HRMS of compound (10).
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