
Electronic Supplementary Information (ESI)

Highly efficient and color stable hybrid warm white organic light-

emitting diodes using a blue material with thermally activated 

delayed fluorescence

Dongdong Zhang a, Lian Duan* a, Yilang Li a, Deqiang Zhang a, Yong Qiu a

a Key Lab of Organic Optoelectronics and Molecular Engineering of

Ministry of Education, Department of Chemistry, Tsinghua University, Beijing 100084, P. R. 

China. Fax: +86-10-62795137; Tel: +86-10-62788802; E-mail: duanl@mail.tsinghua.edu.cn

 

4 5 6 7 8 9 10

10

100

1000

 
 

Br
ig

ht
ne

ss
 (c

d/
m

2 )

Voltage (V)

 A: 6% 2CzPN
 B: 10% 2CzPN
 C: 20% 2CzPN

a

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2014

mailto:duanl@mail.tsinghua.edu.cn


 

4 5 6 7 8 9 10
0.1

1

10

100 b

 

 

Cu
rr

en
t D

en
si

ty
 (A

/m
2 )

Voltage (V)

 A: 6% 2CzPN
 B: 10% 2CzPN
 C: 20% 2CzPN

 

400 500 600 700

1

 

 

In
te

ns
ity

 (a
.u

.)

Wavelength (nm)

 A: 6% 2CzPN
 B: 10% 2CzPN
 C: 20% 2CzPN

c

Figure S1: (a) Current density-voltage characteristics of device A-C. (b) Current 

efficiency-brightness characteristics of device A-C. (c) Electroluminescence spectra 

of device A-C.
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Figure S2: (a) EQE-brightness characteristics of devices. (b) Voltage-brightness 

characteristics of devices. (c) Power efficiency-brightness characteristics of devices. 

(d) Electroluminescence spectra of blue devices. The device structures are ITO/ 

HATCN (50 nm)/ NPB (40 nm)/ TCTA (10 nm)/ EMLs (30 nm)/ TAZ (40 nm)/ LiF 



(0.5 nm)/ Al (150 nm). Where the EMLs are mCP: 10% 2CzPN, mCP: 15% 2CzPN, 

mCP: 20% 2CzPN and mCP: 25% 2CzPN, respectively.
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Figure S3: (a) The CIE coordinates of the device A with increasing voltage. (b) The 

CIE coordinates of the device B with increasing voltage. (c) The CIE coordinates of 

the device C with increasing voltage.
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Figure S4: (a) The spectrum of device A and the separated spectra of 2CzPN and PO-

01. (b) The spectrum of device B and the separated spectra of 2CzPN and PO-01. (c) 

The spectrum of device C and the separated spectra of 2CzPN and PO-01.

 

400 450 500 550 600 650 700 750

1

 

 

In
te

ns
ity

 (a
.u

.)

Wavelength (nm)

 10 V
 11 V
 12 V



Figure S5: The spectra of device A measured using the integrating sphere.
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Figure S6: The lifetimes of the devices. 
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Figure S7: (a) Current density-voltage characteristics of devices with interlayer of 

mCP, TAZ or mCP: TAZ (1:1). (b) Voltage-brightness characteristics of devices with 

interlayer of mCP, TAZ or mCP: TAZ (1:1). (c) Power efficiency-brightness 

characteristics of devices with interlayer of mCP, TAZ or mCP: TAZ (1:1). (d) EQE-

brightness characteristics of devices with interlayer of mCP, TAZ or mCP: TAZ (1:1). 

(e) Electroluminescence spectra of device with interlayer of mCP: TAZ (1:1).


