Electronic Supplementary Material (ESI) for Materials Horizons.
This journal is © The Royal Society of Chemistry 2022

Electronic Supplementary Information (ESI)

Solution-processed white OLEDs with power efficiency over 90 Im W-!
by triplet exciton management with a high triplet energy level
interfacial exciplex host and a high reverse intersystem crossing rate

blue TADF Emitter

Liang Chen,? Yufei Chang,*® Song Shi,®® Shumeng Wang*? and Lixiang Wang*2

a State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of
Applied Chemistry, Chinese Academy of Sciences, Changchun, 130022, P. R. China

bSchool of Applied Chemistry and Engineering, University of Science and Technology
of China, Hefei 230026, P. R. China

Corresponding Author

*E-mail: wangshumeng(@ciac.ac.cn, lixiang@ciac.ac.cn



The calculation of the reverse intersystem crossing (RISC) rate constant (kg;sc):
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Where k,, kisc, krisc, kp, and k, stand for the rate of the radiative decay, the intersystem
crossing, the reverse intersystem crossing, the prompt decay, and the delayed decay,
respectively, while @p;, @r and @pr are the photoluminescence quantum yield (PLQY)

and the PLQY of the prompt and delayed part, respectively.
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Fig. S1 a) Cyclic voltammetry curves of mAP and mCP. b) Cyclic voltammetry curves

of mSiTRZ.
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Fig. S2 Optical characteristics of exciplex: a, b) UV-vis absorption spectra of

constituent materials and mixed films. c, d) The transient PL spectra of exciplex.
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Fig. S3 PL spectra of mSiTRZ in dilute solution and pure film.



1:5
= LTPL - mCP:mSiTRZ
=== L TPhos. - mCP:mSiTRZ
= 104
&
z
z
=
2
= 054
I
=¥
0.0 T T T T
300 400 500 600 700

Wavelength(nm)

(b)

PL Intensity (a.u.)

=
1

e
W
1

= LTPL - mAP:mSiTRZ
=== LTPhos. - mAP:mSiTRZ

0.0
300

400 500 600 700
Wavelength(nm)

Fig. S4 Low-temperature spectra of exciplex. a) mCP:mSiTRZ. b) mAP:mSiTRZ.




Table S1. Photophysical characteristics of exciplex.

. PL ) FWHM 2) Td b) S] D) T1 L) AEST ©
Exciplex
[nm] [nm] [ns] [eV] [eV] [eV]
mCP: mSiTRZ 417 66 0.36 3.26 3.15 0.11
mAP: mSiTRZ 480 75 3.58 291 2.90 0.01

3)0btained from the PL spectra of exciplex at 298 K. PAverage lifetime of delayed
component determined from the transient PL spectra. © 9Determined from the onset of
the PL and phosphorescent spectra at 77 K. ©Calculated according to the equation: AEgr

:Sl -Tl.
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Fig. S5 (a) The device structure used in this work. (b) The energy level diagram of the

device
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Fig. S6 Performance of solution-processed blue TADF-OLEDs with mCP/mSiTRZ
interfacial exciplex host. a) Current density-voltage-luminance characteristics. b) CE-

luminance-PE characteristics. ¢) EQE-luminance characteristics. d) EL spectra at 1000

cd m2.
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Fig. S7 Performance of solution-processed blue TADF-OLEDs with mAP/mSiTRZ
interfacial exciplex host. a) Current density-voltage-luminance characteristics. b) CE-

luminance-PE characteristics. ¢) EQE-luminance characteristics. d) EL spectra at 1000

cd m2.
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Table S2. Summary of performance for solution-processed blue TADF-OLEDs based
on interfacial exciplex host.

. \Ionlli]()l]/SOOOa CEmax/lOOO/SOOOh) PEmax/lOOO/Sl]OOc) EQEmaxlll]OO/SOOl] ROll'OffIOOO/SOOO CIE
Blue device
[V] [ed A] [Im W] [Y0] [%] xy)
mCP/mSiTRZ
10wt% 5CzTRZ 3.2/6.7/7.3 48.3/42.9/35.4  36.5/21.0/15.3  22.5/20.0/16.5 11.1/26.6 (0.18, 0.35)
15wt% 5CzTRZ 3.0/5.1/6.1 55.8/53.8/45.2  51.2/32.8/23.2  25.5/24.6/20.6 3.5/19.2 (0.18, 0.36)
20wt% 5CzTRZ 2.9/4.9/59  629/61.2/49.7 62.5/39.2/26.4  28.1/27.3/22.2 2.8/21.0 (0.19, 0.37)
25wt% 5CzTRZ 2.9/4.6/5.6  59.7/58.1/48.5 55.1/39.7/27.4  26.2/25.5/21.4 2.7/18.3 (0.19, 0.38)
mAP/mSiTRZ
15wt% 5CzTRZ 3.0/5.3/7.8 23.3/13.7/5.5 19.2/8.1/2.2 11.5/6.8/2.7 40.9/75.2 (0.17,0.31)
20wt% 5CzTRZ 2.8/4.8/6.0 43.0/34.6/18.6 34.2/22.6/9.7 21.1/17.0/9.0 19.4/57.3 (0.17,0.32)
25wt% 5CzTRZ 2.7/4.4/5.5 40.9/28.6/16.6 35.9/20.4/9.4 19.4/13.5/7.8 30.4/59.8 (0.18, 0.34)

3 Operating voltage at 1/1000/5000 c¢d m=. ® Current efficiency. © Power efficieny.
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Table S3. Comparison of the high-performance solution-processed blue TADF-OLEDs

reported in the literature.

Host:dopant Von max/1000 EQE, i  Toll-off CIE,, Refs
[Vl [Im W] [%e] [%o] (x,)

(mCP/mSiTRZ):5CzTRZ 2.9 62.5/39.2 28.1/27.3 2.8 (0.19,0.37)  This work
2Cz2tCzBn ~4.3 41.5/8.3 25.8/7.1 72.5 (0.21, 0.42) S1
DPOBBPE:5CzCN =5.5 27.1/-- 25.8/-- - (0.17,0.31) S2
Cz-3CzCN:Cz-4CzCN 3.5 35.2/-- 23.5/7.8 66.8 (0.15, 0.30) S3
CzSi:MA-TA =5.0 --/-- 22.1/-- - (0.15, 0.19) S4
(mCP/PO-T2T):4CzFCN 3.8 40.9/-- 21.8/12.4 43.1 -- S5
DDMACPy:DMAC-TRZ 2.8 44.0/32.3 21.0/18.7 11.0 (0.17, 0.42) S6
T-CNDF-T-£Cz 6.3 20.8/-- 21.0/-- -- (0.19, 0.35) S7

3 Turn-on voltage at 1 cd m™.

b Current efficiency. © Power efficieny.
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Fig. S9 PL spectrum of SCzZTRZ and EL spectra of solution-processed blue devices at
1000 c¢d m? with device structure of ITO/PEDOT:PSS/PVK/EML/mSiTRZ/
TmPPPyTz/LiF/Al. a) EML=mCP: x wt.% 5CzTRZ. b) EML=mAP: x wt.% 5CzTRZ.
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Fig. S11 The solution-processed single-host OLEDs using TSPO1 as exciton blocking
layer (device structure: ITO/PEDOT:PSS/PVK/ mCP or mAP: 20 wt.%
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characteristics. b) CE-luminance-PE characteristics. ¢c) EQE-luminance characteristics.

d) EL spectra at 1000 cd m™.
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Table S4. Summary of performance for solution-processed single-host OLEDs using

TSPOI as exciton blocking layer.

v Max performance Device performance at 1000 cd m’
Device IV] CEY PE 9 EQE Va CE PE EQE CIE
[ed ATl [Im W] [%] [Vl [edA'] [ImW']  [%] x,y)
mCP: 20 wt.% 5CzTRZ/TSPOl 42 37.0 25.5 17.1 76 105 44 49 (0.19,0.36)
mAP: 20 wt.% SCZTRZ/TSPO1 4.3 75 4.0 35 7.0 5.7 25 27 (0.18,0.34)

3 Turn-on voltage at 1 cd m.  Current efficiency. © Power efficieny.
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Fig. S12 Optical characteristics of blue emitters. a) UV-vis absorption spectra of
5CzTRZ and 4CzFCN in toluene (107> M), and PL spectrum of exciplex in film. b) the
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Table S5. Optical characteristics of SCZTRZ and 4CzFCN doped film samples.

Film samples PL®» FWHM® PLQY" 7,9 Tq Y krisc ©
[doped in exciplex] [nm] [nm] [%] [ns] [ps] [s1]
20 wt.% 5CZTRZ 485 76 96 10.9 236 1.15x10'
20 wt.% 4CzFCN 481 74 83 18.3 12.0 1.31x 105

3 Obtained from the PL spectra at 298 K. Photoluminescence quantum yield of film
samples measured in inert atmosphere. & 9 Lifetime of the prompt component and
delayed component determined from the transient PL spectra. © Reverse intersystem

crossing rate constant caculated by PLQY and the transient PL spectra.
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Table S6. Summary of performance for solution-processed blue TADF-OLEDs based

on mCP/ mSiTRZ interfacial exciplex host.

. Von100055000”  CEmax10005000”  PEmax10005000°  EQEmax1000s000  Roll-0ff1900,5000 CIE
Blue device
[Vl [ed A [Im W1 [Y6] [Y] x,y)
4CzFCN  3.1/6.4/8.1 39.4/22.0/10.0 38.3/10.8/3.0 20.7/11.6/5.3 44.0/74.4 (0.16, 0.29)
10wt.%
5CzTRZ  3.2/6.7/7.3 48.3/42.9/35.4  36.5/21.0/15.3  22.5/20.0/16/.5 11.1/26.6 (0.18, 0.35)
4CzFCN  3.0/5.5/7.2 40.6/28.7/14.6 39.2/16.4/6.4 20.1./14.2/7.2 29.4/64.2 (0.17,0.32)
15wt.%
5CzTRZ 3.0/5.1/6.1 55.8/53.8/45.2 51.2/32.8/23.2 25.5/24.6/20.6 3.5/19.2 (0.18, 0.36)
4CzFCN 2.9/5.1/6.7 43.9/35.1/20.2 43.0/21.6/9.5 22.9/18.3/10.6 20.1/53.7 (0.17, 0.33)
20wt. %
5CzTRZ  2.9/4.9/5.9 62.9/61.2/49.7  62.5/39.2/26.4 28.1/27.3/22.2 2.8/21.0 (0.19, 0.37)
4CzFCN  2.9/4.8/6.2 42.1/35.2/22.1 42.2/23.0/11.2 19.3/16.1/10.1 16.6/47.7 (0.18, 0.36)
25wt.%
5CZzTRZ  2.9/4.6/5.6 59.7/58.1/48.5 55.1/39.7/27.4 26.2/25.5/21.4 2.7/18.3 (0.19, 0.38)

a) Operating voltage at 1/1000/5000 cd m=2. ®’Current efficiency. “Power efficieny.
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Table S7. Summary of performance for solution-processed yellow OLED devices

based on interfacial exciplex host.

Max performance

Device performance at 1000 cd m

Device Von?

vl CEY PEY  EQE Va CE PE EQE CIE

[edA']  [ImWI]  [%] [Vl  [edAT] [Im W1 [%e] x,y)
0.5 % Ir(Flpy-CF;-EG); 3.1 63.9 53.3 212 6.0 54.2 28.4 180  (0.50,0.49)
1.0 % Ir(Flpy-CFs-EG)s 3.0 78.7 69.5 25.6 6.0 71.3 39.4 203 (0.50,0.49)
1.5 % Ir(Flpy-CFs-EG)s 3.0 83.5 69.2 275 6.0 78.0 41.7 258  (0.51,0.49)
2.0 % Ir(Flpy-CF;-EG)s 3.0 73.8 63.2 245 6.1 66.5 342 220  (0.51,0.49)
1.0 % dmACDBA 3.4 67.4 51.2 22.7 7.1 39.6 17.5 134 (0.45,0.52)
1.5 % dmACDBA 34 70.8 52.0 24.1 72 475 20.4 156  (0.45,0.52)
2.0 % dmACDBA 34 75.2 59.8 258 72 47.6 214 163 (0.46,0.51)
2.5 % dmACDBA 34 722 54.7 252 7.2 46.0 20.3 16.1  (0.47,0.51)

3 Turn-on voltage at 1 cd m2. ® Current efficiency. © Power efficieny.
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Fig. S16 The PE-Year of high-performance solution-processed WOLEDs reported in

the literature.

25



Table S8. Comparison of the high-performance solution-processed WOLEDs reported

in the literature.

Blue emitter Com. Color Vou o PEmavion FQEmavom cIe Ref.
(VI [lm W] [7o] x,y)
Hybrid 5CzTRZ Ir(Flpy-CF5-EG); 2.7 93.5/57.6 31.1/29.7 (0.40,0.47)  This work
Ir(dpm)PQ, and
DMAC-TRZ 2.8 445315 17.4/16.2 (0.35,0.44) S6
PO-01-TB

P-Ir6 (single white-emitting polymers) 3.0 42.8/35.0 17.4/17.1 (0.38, 0.43) S8
Cz-OCzBN PO-01 3.4 40.9/-- 17.0/12.0 (0.34,0.44) S9
PCz-4CzCN PO-01 2.8 38.5/-- 18.1/17.8 (0.36, 0.47) S10

4CzFCN Ir(MDQ),acac 4.1 31.3/-- 20.8/11.8 (0.33,0.39) S5

DMAC-TRZ Ir(dpm)PQ, 3.6 18.1/17.0 12.3/-- (0.36, 0.43) S11

2CzPN Ir(MDQ),(acac). 4.6 17.2/5.2 12.4/4.6 (0.36,0.41) S12

All-TADF 5CzTRZ dmACDBA 3.1 70.4/31.0 27.3/22.8 (0.30,0.45)  This work

BD-Cy YD-TF 2.8  58.9/24.6 20.6/15.1 (0.31,0.42) S13

SDPS-4PhCz TXO-TPA 3.2 40.9/-- 17.6/-- (0.39, 0.44) S14
(CDBP:B4PyMPM) TXO-TPA 3.0 37.3/-- 13.4/-- (0.35,0.39) S15
2tCz2CzBn 3DMAC-BP -- 35.1/2.8 27.3/3.5 (0.34, 0.40) S1

Cz-3CzCN Cz-4CzPN 3.9 30.4/9.2 17.3/7.6 (0.34,0.42) S16

All-Phos. FlIr-p-OCs Ir(Flpy-CF3); 2.8  68.5/47.0 23.6/20.6 (0.43, 0.44) S17
B-G2 Ir(Flpy-CF5-EG); 2.7 515235 19.3/15.6 (0.36, 0.40) S18

Ir(Fppy);  Ir(ppy); and (Ir(phq); 3.0 45.0/-- 22.0--/ (0.43, 0.43) S19

Ir(ppy)qacac,
Firpic Ir(fppq).acac and -- 41.8/22.8 16.1/14.7 (0.38, 0.47) S20

Ir(bt)acac
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