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lon dynamics of light-emitting electrochemical cells investigated using operando
X-ray spectromicroscopy
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Light-emitting electrochemical cells (LEC) using ionic liquid are of
interest for a new generation light source with high efficiency. We have observed the behavior of
the ion distribution in LECs under operation using scanning transmission X-ray microscopy. We found
that the operating current actually drives the ion movement, however, observed anion distribution
was not fully described by a simple mechanism of self-organized p-n ﬂunction. Moreover, heterogeneic
ion/polymer distribution due to the phase separation was found in the degraded cells.




1)

electrochemical cells: LEC)

Heeger
PN

PN

PN

(2) LEC

LED EL

BiE TiE
® OW

@@@

® @@
Oo

(ligh-emitting

LEC

LEC

LEC

BA4FY EA(FY
LEC

Ono
LEC
LEC

®)

Heeger

LEC

(4) LEC

LEC
LEC

LEC

LEC

®)

X (scanning
transmission X-ray microscopy: STXM)
STXM
X X nm
X
X
X
STXM X
LEC
STXM LEC

STXM SXE—LY 11X 030~ 100nm
X T XIVE— : 250 ~ 1500 eV

>A@ @ ®|;EBHE
S X 8 M
. tle ..i*
. z
N (. " Qo o N
<>
‘//‘ SEMIE X ]

e

LiiiE2 4
' EREE
V...

X (STXM)
(1) LEC
X
LEC
()
STXM
STXM
LEC
LEC

®)

Heeger PN
(4) LEC

LEC



STXM

LEC
€Y STXM
LEC
50 nm  Si.N, 30
M m Au
F8T2 Psss1a— TFSA
3:1 15:1
10:1
STXM
X #REEG A F8T2 + Pgge14-TFSA
// Au TG

SisN, X T L VR
w/H A X :0.5X0.5mm>

LEC
@) LEC
BL-13A  STXM
C
F K X
X
X

F K
3V

3V 0V -3V oV

®
LEC LEC

(€)) LEC FK X
("'Pre-edge™)
(""Peak™) (optical
density) F
LEC F
0.06 F
“Pre-edge”  “Peak”
0.16
2
20,14~
™ 0.12
&0.10
| | I I | | |
680 685 690 695 700 705 710
Photon energy (eV)
LEC FK
@ F
®
LEC Au
X pre-edge
(@  peak (b)
F
© F
F
0-100%
F
LEC

(a) Pre-edge

@ O



®

LEC
+2 V
+3 V
Au
X
2V
(~p
A) (—100nA)
PN
PN
Light—emi\ssion (+) Light—enlission (-)
\\ 7’
0.04
+3V
0.03
2 l +2V
2
()
o
= +0V
£ 0.02
o
© -2V
0.01 -3V
0.00
| ! | !
0 10 20 30
Position (um)
STXM F
©))
LEC

LEC
LEC
Q. Pei A. J. Heeger Polymer
Light-Emitting Electrochemical Cells

Science Vol. 269 1995 1086-1088

T. Sakanoue S. Ono Optically
pumped amplified spontaneous emission in
an ionic liquid-based polymer
light-emitting electrochemical cell Appl.
Phys. Lett. Vol. 100 2012 263301

Y. Takeichi Design and performance
of a compact scanning transmission X-ray
microscope at the Photon Factory Rev. Sci.
Instrum. Vol. 87 2016 013704

Micro- and nanoscale
spectromicroscopy at the Photon Factory
16th International Conference on X-ray
Absorption Fine Structure (XAFS16)

Present Status of a
Compact Scanning X-Ray Microscope at the
Photon Factory 13th International

Conference on X-Ray Microscopy (XRM2016)

@
TAKEICHI, Yasuo

@



®
ONO, Shimpei

©))
MIWA, Kazumoto



