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Behavior of Ions in Electric Double Layer
— Effect of Charge Voltage Shape and Cooling on Capacitance of Electric Double Layer —
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Abstract Electric double layer capacitor (EDLC) uses electric double layer (EDL) in electrolytic solution. Because of
extremely small thickness of the EDL, the EDL has huge capacitance. This paper reports behavior of ions in EDL. The
purpose of the present study is the effect of applied voltage shape and frozen EDL. For this purpose, capacitance of EDL in
5wt% NaCl solution at room temperature was measured using step voltage and ramp voltage. Characteristics of EDL at low

temperature were also observed. As a result, following was obtained. 1. The capacitance by the ramp voltage is about ten times
larger than that by the step voltage. 2. EDL is kept in frozen NaCl solution after short-circuiting. Capacitance of frozen EDL is

larger than that of liquid EDL at room temperature.
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Fig.l1 Simple structure of electric double layer.

2. HEEEOER

ARIFFETIE, RN K BRI DOIENT % 72 5 <<
BT B, BRI B AL 2 & F o
NaCl A 2L, BREEE S wi% & L7z, BERIZIE
AuPAREMZ A L7, Au BRI, EHEEME 1 cm, &



EREEANOA A Y ORLE (A #H5)

EROWERE 1em’ & L, MAISEREEL, ShEBHEME L7z

FCRR-EREOHEEROWEEL T HIIH72D,
WA ENIN$ % BHE L, EDL 2SR N2BIETH 5
SIREIE LD R VLEN D D, NaCl KB O w5
REEX, FTAHHIZAVF 225123V &
HHTE2Y. Lal, EBICIZEBR & KR O
(LA RSR, BARKEOB/N 2 MINEO RO — 2
WZ X BB AOMR) HIRERT, i EEEL T CE
WIEDFZ > TLE ). ZOR0, RO LD HEET
EC, SMEEOBIH AT 7.

M ICEEZ 0.1 VDS ICAT v THIET
FINd 4. EMREICEIMS NS EEDS, SMEEZIEB2
% & A ICERAHENGD 5. 2 OO R EET % Hl5E
L, SfREEZHEE L7

B2 ICEBAE R A RS, B OENELL 1.1V £
EDSERMEN LA LTND, ZORKEE»S, HRETE
2RV EHEE L, AWFZE T, FUNEL % 5 fFEL
£ HHIERNEE (06~08V) L L7z 2070,
R & B L OB CTEMIBIIEHTE2b0E LT
Bt & D 5.

60

50

F=3
o

RN

/
/

0.7 0.9 11 1.3
Applied voltage between electrodes|V]

M
o

Current|pA]

=
o

o

0.5

X2 SR OMEE
Fig.2 Estimate of decomposition voltage in NaCl solutions.
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Fig.3 Experimental setup for the measurement of capacitance in
liquid EDL.
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Fig.4 Effect of the shape of voltage application on capacitance of
liquid EDL as a function of applied voltage. (estimate of
time constant of discharge current as a function of time )
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Fig.5 Experimental setup for the observation of discharge current
in frozen EDL : [ A] NaCl solution was frozen by LN:
after EDL was formed. [ B ] Discharge current was
observed while NaCl solution was melted by heater.
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Fig.6 Discharge current as a function of time and temperature
during melting.
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Fig.7 Discharge current of liquid EDL as a function of time.

16 --=====-mmme e e eeeee 3 """"""""""""
Q
=
T N S
£ .
2 .
- *
T oo e
= (5) ®
=
R
o

0 — T

Liquid EDL Frozen EDL
(Room temperature)

48 ik EDL & #fifi EDL O fifif#e i o ik
Fig.8 Comparison of the amount of charge between liquid and
frozen EDL.
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Fig.9 Charge current of liquid EDL as a function of time with step
voltage application.
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Fig.10 Charge Current of liquid EDL as a function of time with
ramp voltage application.
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Fig.11 Comparison of the amount of charge stored in the EDL by
the ramp and step voltage application. (integral value of
discharge current as a function of time )
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Table 1 Comparison of capacitance between liquid and frozen EDL.
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