Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2019

Supplementary information

Low-Temperature Cross-Linking of Polyethyleneimine Ethoxylated Using Silane
Coupling Agents to Obtain Stable Electron Injection Layers in Solution-
Processed Organic Light-Emitting Devices

Satoru Ohisa, **%¢ Dai Takashima,® Takayuki Chiba,*"¢ and Junji Kido**b¢

Graduate School of Organic Materials Science, Yamagata University, 4-3-16 Jonan, Yonezawa,

Yamagata, Japan.

Research Center for Organic Electronics, Yamagata University, 4-3-16 Jonan, Yonezawa, Yamagata,

Japan.

Frontier Center for Organic Materials, Yamagata University, 4-3-16 Jonan, Yonezawa, Yamagata,

Japan.

E-mail: s.ohisa@yz.yamagata-u.ac.jp; kid@yz.yamagata-u.ac.jp



—_

Normalized transmittance (a.u.) ‘@

~—
—_—
—

PEIE:30wt% TTSPAC

PEIE:30wt% TMPS

Normalized transmittance (a.u.) o

TTSPAC TMPS

PEIE PEIE

PR [ T T T N TN T TR NN TN SR TR NN SN SN SR NN PR T TR T TN [ T 1 P | PR SR T

1600 1400 1200 1000 800 1600 1400 1200 1000 800
Wavenumber (cm™) Wavenumber (cm™)

~—
—_—

~

PEIE:30wt% TPAPS

VYT Y

PEIE:30wt% BTMSE

Normalized transmittance (a.u.) o
Normalized transmittance (a.u.) ‘o

TPAPS BTMSE

PEIE PEIE

PR I T S T N ST PR | P P | PR T T PR T TR T TR [ T 1 P | PR TR R

1600 1400 1200 1000 800 1600 1400 1200 1000 800
Wavenumber (cm™) Wavenumber (cm™)

Figure S1. Infrared spectra of (a) PEIE, TTSPAC and PEIE: 30 wt% TTSPAC, (b) PEIE, TMPS and PEIE: 30 wt% TMPS, (c) PEIE, TPAPS and

PEIE: 30 wt% TPAPS and (d) PEIE, BTMSE and PEIE: 30 wt% BTMSE.
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Figure S2. Characteristics of devices with PEIE, PEIE: 10 wt% TTSPAC and PEIE: 20 wt% TTSPAC ElLs. (a) EL spectra, (b) power efficiency—

current density (J), and (c) current efficiency—/ characteristics.

Table S1. Performances of devices with PEIE, PEIE: 10 wt% TTSPAC and PEIE: 20 wt% TTSPAC ElLs.

SCAs Vo/ 77p.on/_77c,on/ Text.on, Vio/ 77p,100/_ 7,100/ Texc, 100 Vi00o/ 77p,1ooo/_ 7c,1000/ Tlext, 1000 LT5o
[V/%/cd A-1/Im W-1] [V/%/cd A"1/Im W-1] [V/%/cd A"1/Im W-1] [h]tdl

w/o 2.61/2.8/9.6/11.7 3.15/7.4/25.2/25.0 3.91/9.4/32.3/26.0 22.3
10wt% TTSPAC 2.60/1.2/4.2/5.0 3.16/6.8/23.0/23.0 3.96/8.6/29.2/23.5 21.0
20wt% TTSPAC 2.50/3.3/11.4/14.2 3.17/8.4/28.6/28.6 4.05/9.7/33.2/25.5 13.0

[a] Driving voltage (V), power efficiency (77,), current efficiency (7.) and external quantum efficiency (7ex) at 1 cdLIm=2. [b] 77,

7 and 7Jexe at 100 cd m™2. [c]@77,, 7 and 7ex; at 1000 cd m~2. [d] Device’s luminance half-lifetimes at 5 mA/cm?2.
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Figure S3. Characteristics of devices with PEIE, PEIE: 10 wt% TMPS, PEIE: 10 wt% TPAPS and PEIE: 20 wt% BTMSE ElLs. (a) EL spectra,

(b) power efficiency—current density (J), and (c) current efficiency—/ characteristics.

Table S2. Performances of devices with PEIE, PEIE: 10 wt% TMPS, PEIE: 10 wt% TPAPS and PEIE: 20 wt% BTMSE ElLs.

SCAs Vo/ 77p,on/_77c,on/ Mext.on, Vio/ 77p,100/_ 7,100/ Tlext, 190 Vi000/ 77p,1ooo/_ 77,1000/ Tlext, 1000 LTso
[V/%/cd A7/Im W-1] [V/%/cd A7/Im W-1] [V/%/cd A"/Im W] [h]tdl

w/o 2.46/2.8/9.6/12.1 3.11/7.2/25.0/25.3 3.92/8.9/30.9/24.8 223
10wt% TMPS 2.45/3.4/11.7/14.9 3.13/8.1/28.0/28.1 4.04/9.7/33.7/26.2 38.7
10wt% TPAPS 2.43/4.1/14.0/18.1 3.17/8.8/30.5/30.3 4.22/9.7/33.6/25.1 33.3
20wt% BTMSE 2.49/2.9/10.0/12.5 3.22/7.2/24.5/23.8 4.11/8.4/28.8/22.0 52.9

[a] Driving voltage (V), power efficiency (77,), current efficiency (7.) and external quantum efficiency (7ex) at 1 cdIm2. [b] 7,

7 and 7Jexe at 100 cd m~2. [c]@77,, 77 and 7ex at 1000 cd m~2. [d] Device’s luminance half-lifetimes at 5 mA/cm?2.



