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® Na* 30-35k] mol-1 310-360mV

o TMA* 3-4 k] mol-| 31 - 4l mV
® TEA* -5--7 k] mol-| 52 - -73 mV
o TPA* -16 k| mol-I -166 mV

o TBA* -24 k] mol-| -249 mV
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Ba-(0) = Ha— (W)
pa— oy + BT Inax—(0) — Foo = py— qwy + RT Inax-(w) — Fow

i B Ui—(vv) = Ni—(@) - RT aA—(O)\
¢W — ¢O — i ].]fl
. —F —F CLA—(W))
AS ¢ = dpw — do
AGY—W*©
_ O—W, _ —
Ni—(vv) — Mi—(@) = AG, _ 7, Ag)v i— = ﬁF
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CationD T, & AnionDXZE UL T2 CTE|B &

—(Hes owy ~ o) + (Wa-w) ~ Ha-(0) | RT | ac+©0)aa-(w)

dw — Qo = T | In

2F Ac+(W)AA-(0)
_ A\(])V¢(ej+ + A\é\/¢i_ | RT In ac+(0)aA— (W)
2 2F Ac+(W)AA-(0)
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Ksp = Co+(W)CA— (W)

co+(w) = Ca-(w) =V Ksp
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Salt Bridge

o o C+ ‘ C+
lefu51.0n A — A
Potential

C" ) C*

(LJP) _ _

A ) A

difference in the mobility — charge separation —  diffusion potential

Distribution C*(IL phase) 2 C*(W phase)
Potential
difference A-(IL phase) & A-(W phase)

Dissolution of cation and anion to the aqueous phase
Finite Solubility



lonic Liquid

H3C
CH
/ )8( \ // 7%4
tributyl(2- bis(pentaﬂuoroethanesulfonyl)amide
th thyl)phosphoni -
methoxyethyl)phosphonium [CZCZN ]

[TBMOEP+] lo-li-tec 99%)

Solubility in water = 0.2 mmol dm-3

BETI:bis(pentafluoroethanesulfonyl)imide
[UPAC:
bis(1,1,2,2,2-pentafluoroethylsulfonyl)azanide



CH(IL phase) 2 C*(W phase) ﬁC+(IL) — ﬁC+(W)

(_
A-(IL phase) 2 A (W phase) HA-(IL) — HA— (W)
= —F(-Aféa4) —(-DF (A7)
rMeJr — Me+ T—r{ﬂe - Me | RT
C+(IL) C+ (W) A—(IL) A= (W) a ap—
b — i, = ML C+(W)%A—(IL)
2F 2F  ac+anL)aa-(w)
— © {
G, = N?&W) - M?(IL)? AYE 7;6 -~ U F Ay = 7iCi

Ce+(IL) = CA—(IL)s  CC+(W) = CA— (W) = S (solubility)

Al oo + AN oS- RT . Yo+ (w)Ya- (L) — > =
b — by, = —ILC A- 4 Y, =]
[ W — Q1L 5 2F " or oy YA () CDINZE(T

Independent on the concentration of electrolyte in agueous phase
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=
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z 7z
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— ClOs (-0.07¢)

— CeF13CO027(-0.09)

W ©
AIL ¢C2 CQN_
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— BF4+(-0.124)
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— C3F2CO2°(-0.215)
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potentiometry e — 20mv Cancel out

Ag/AgCl Ag/AgCl

(W, is 1~1000 mmol kg-'NaCl aq. sol.)

V A/

[IL1 : [TBMOEP][CzczN]]

4 ™\ Ag/AgCl 60 mm
IL2 : [TBMOEP][C,C,N]
+ Wref
[TOMA][TFPB]
4 mm @

ILSB

Measurements were done in the thermostatic
bath at 25.002=0.02°C



potentiometry

N ot B
(W, is 1~1000 mmol kg"'NaCl aq. sol.)
Nernst response
Cl- ion to Ag/AgCl
RT RT
E = Elgg/AgCl o 7 ln aCl_ W, o (Ezgg/AgCl B 7 hl aCl_,ref)
@ activity
E+Elnm :E(lnyCl‘ref+lnmC1‘ref_1n7/C1'W)

d or activity coefficient

Ac1— = Yce1-Mcr1-
Debye-Huckel limiting law

My —0 Verw =1



Yo
|B I ! | ld!l i
\ i e \1 |
SR LR EL
\ A
- |" . .

{ c
G i C "’.' ll
o 0
oo "
- 4] B
- - . l

(=

\ .A \ J

Figure 1. IMustration of cell configuration: (A} H; gas inlet; (B) Hj gas
outlet; (C) platinum wire connected to platinized platinum plate; (D)
silicone rubber stoppers; (E) aqueous HCL solution; (F) coarse glass frit
disk; (G) AglAgCl electrode; (H) aqueous HCI solution; (1):ionic liquid.

Homid
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Figure 2. Example of time courses of E when x = 10 and y = 0.5,
recorded on separate days.

HCI solution

Iog] .

| A VEE

0.2

0.4

12 2 -12
7"/ mol” kg

.6

(.8

1.0

Figure 3. Decadic logarithm values of the single-ion activities of (@) H'
and (C) Cl and the mean activity coefficients (@) calculated from
corresponding single-ion activity coefficients of 11" and CI™ at 25 °C.
Error bars show 95% confidence intervals for quadruple measurements.
(---) Literature values of the mean activity coetficients of HCI experi-

mentally obtained.'



Single 10n activity of Cl-10on in NaCl aqueous solution

T | | | | 1 0.0
0.175
—-0.1
> 0.170
~—
O --0.2( 5‘\
0.165
S . 0
— ® IL2 sat. = o E =
g 01600 ® [L2 unsat. \\ o 8 __O'3é<
. 0 |
e:_/ o L1
i 0.155- @ IL1gel - 04
' IL1 gel IL sat by Yasugi ~
- - -DHLL N
0.150F : “
|_DH_|SIS | | | ~ 0.5
0.0 0.2 0.4 0.6 0.8 1.0

1/2 12, -172
I /mol kg by M. Hisazumi
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Zn | ZnSO4(aq) Il CuSO4(aq) | Cu
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Zn | ZnSO4(aq) Il CuSO4(aq) | Cu

~—»  electrons ————>»
@ R It &
E WY [RYA)
salt bridge Lj—EJ LN
zin:ions l sulfat\e ions jj \\/ 7) l/
(T
e e = S T comer

CI K+
e 31| %

zinc il — ﬁ?cop er (Il)

sulfate (=) (+) sulfate
anode cathode

oxidation reduction




B Ity (half-cell reaction) REEKRBEMB(SHE) X LT
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ZnSO4 solution CuSOy4 solution



IZAEKRER(SHE) [C X LT

H Bt (half-cell reaction)

Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE

-------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

ZnSO4 solution CuSOy4 solution
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H Bt (half-cell reaction)

Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE

-------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

ZnSO4 solution CuSOy4 solution
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H Bt (half-cell reaction)

Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE

-------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

ZnSO4 solution CuSOy4 solution



IZAEKRER(SHE) [C X LT

H Bt (half-cell reaction)

Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE

-------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

ZnSO4 solution CuSOy4 solution
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AY P4

It (half-cell reaction)
Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE
Zn"tT +2e = Zn : E°(Zn*" /Zn) = —0.7626 V vs SHE

Zn

ZnSO4 solution CuSOy4 solution



IZXEKREIR(SHE) [C X LT

AY P4

It (half-cell reaction)
Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE
Zn"tT +2e = Zn : E°(Zn*" /Zn) = —0.7626 V vs SHE

ZnSO4 solution CuSOy4 solution



IZXEKREIR(SHE) [C X LT

AY P4

It (half-cell reaction)
Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE
Zn"tT +2e = Zn : E°(Zn*" /Zn) = —0.7626 V vs SHE

ZnSO4 solution CuSOy4 solution



IZXEKREIR(SHE) [C X LT

AY P4

It (half-cell reaction)
Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE
Zn"tT +2e = Zn : E°(Zn*" /Zn) = —0.7626 V vs SHE

@)

ZnSO4 solution CuSOy4 solution




IZXEKREIR(SHE) [C X LT

AY P4

It (half-cell reaction)
Cu®t +2e = Cu: E°(Cu*" /Cu) = +0.340 V vs SHE
Zn"tT +2e = Zn : E°(Zn*" /Zn) = —0.7626 V vs SHE

BATT 512D ? (A AbhEE) -

@)

ZnSO4 solution CuSOy4 solution
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Hox= + Nflgypy~ = HRa=—rn
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BERIEERT YV vILDC CTES
Hox= + Nflgypy~ = HRa=—rn

Hoy: + RTIn aox: + 2F¢go1 + n(,uZM)_ + RT Inag - —F o)

N——
=1

p— /’Lgdz_n —|— RT lIl CLRdz—n _|_ (Z - n)F¢SOI

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------



BERIEERT YV vILDC CTES
Hox= + Nflgypy~ = HRa=—rn

Hox= + RT Inaoxs + 2F¢sor + nlpigyy - + RT Inagng - —Fowm)

N——
=1

p— /L?{dz_n —|— RT lIl CLRdz—n _|_ (Z - n)F¢SOI

& & &
¢M B ¢S | = MRdZ_n o ’LLOXZ o nlue(l\/[)_ RT 1n a/Rdz—n
© nkF’ nF AOx>
E _ Ee RT ln aRdZ—”

nk AOx*z

E = ¢y — dsol, E° =

AGﬁalf—cell - :ufe{dz—” o :u(e)xz - n:uj(l\/[)— — _nFEe



BERIEERT YV vILDC CTES
Hox= + Nflgypy~ = HRa=—rn

Hox= + RT Inaoxs + 2F¢sor + nlpigyy - + RT Inagng - —Fowm)

N——
=1

p— /L?{dz_n —|— RT lIl CLRdz—n _|_ (Z - n)F¢SOI

M];e{dz_n - ’LL%XZ - n’uj(l\/[)_ RT CLRdz—n
¢M — ¢Sol — In
nkF nkF A0 x>

o Ee RT n ARdgz—n
nk AOx*

E = ¢y — dsol, E° =

AGﬁalf—cell - :ufe{dz—” o :u(e)xz - n:uj(l\/[)— — _nFEe



BERIEERT YV vILDC CTES
Hox= + Nflgypy~ = HRa=—rn

Hox= + RT Inaoxs + 2F¢sor + nlpigyy - + RT Inagng - —Fowm)

N——
=1

p— /L?{dz_n —|— RT lIl CLRdz—n _|_ (Z - n)F¢SOI

M];e{dz_n - ’LL%XZ - n’uj(l\/[)_ RT CLRdz—n
¢M — ¢Sol — In
nkF nkF A0 x>

o Ee RT n ARdgz—n
nk AOx*

E = ¢y — dsol, E° =

[Agﬁalf—cell = :ufe{dz_" - :u(e)xz - nluj(l\/[)_ — —TLFEG ]
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IELOX'Z + nlae(l\/[)_ — ﬁRdz_n

Hoy: + RTIn aox: + 2F¢go1 + n(,uj(M)_ + RT Inag - —Fonm)

N——
=1

p— /’Lgdz_n —|— RT lIl CLRdz—n _|_ (Z - n)F¢SOI

M}e{dz—n o ,LL%XZ o n'uj(l\/[)_ RTI ARdz—n
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OM — PSol =

nkF nt’




F Bt R t(half-cell reaction)lCXf 9 dNernst (RILVAKN)

:&Zm2+ T 2lae(Zn)_ — ,aZn

/LG2+ - RT In U7 .,2+ + 2F¢SOI + 2( (Zn)_ B F¢Zn)
— Mzn + RT Inay,

RT az
n ol — Ee Z 2t Z 1 -
@z — Psol (Z0™" /Zn) oF Azn2+

RT
_ °© 2+ | 5
— E (Zn /Zn) | 2F 1I1 a’ZIl + (*)

Hzn — N§n2+ - zlﬁj(zn)—
OF

AGhap—con(Zn°T +2e — Zn) = py, — pg or — Qﬂeé(zﬂ)—

= —2FE°(Zn°" /7n) = —2 x 96485 x (—0.7626) = 147.2 kJ mol "’

E°(Zn** /7n) =

~




F Bt R t(half-cell reaction)lCXf 9 dNernst (RILVAKN)

fieuz+ + 2le(cuy~ = HCu

,ucug_|_ + RT In A2+ + 2F¢Sol + 2( e(Cu)~ F¢Cu)
= o, + RT Inacy

RT u
dcu — Osol = E°(Cu”t /Cu) In —C
’TLF a’Cu2+
RT
p— © 2+ | 2 **
E~(Cu“" /Cu) ~a In agy2+ ( )

'u(eju o 'uguzJr B 2M§(Cu)_
2F

E®(Cu*" /Cu) =

p
AGﬁalf—cell(CU‘Q—l_ + 2e — CU) — M(eju - Mgu% - zluj(cu)—

\_

= —2FE°(Cu®"/Cu) = =2 x 96485 x 0.340 = —65.6 kJ mol "
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AGﬁalf—cell(CU‘Q_'_ _I_ 26 — CU.) — _656 kJ mOl_l
AGY e oot (Zn*T 4 2e — Zn) = +147.2 kJ mol "’



14 A MBERINKE VT KDL,
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AGﬁalf—cell(CU‘Q_'_ _I_ 26 — CU.) — _656 kJ mOl_l
AGY e oot (Zn*T 4 2e — Zn) = +147.2 kJ mol "’

=2 . Zn



14 A MBERINKE VT KDL,
ETEMNSAAICHEDDIE,
EoLEDERE?

AGﬁalf—cell(CU‘Q_'_ _I_ 26 — CU.) — _656 kJ mOl_l
AGY e oot (Zn*T 4 2e — Zn) = +147.2 kJ mol "’

/-r- —
EZ . 7Zn
Eot- AR

Zn + CuSO4 (aq) — ZnSO4 (aq) + Cu

—)



&, RIh(cell reaction)lCXid SNernst (RILVAK)

¢Sol (Zﬂ) ¢Sol (CU.)
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&t (cell reaction k_ﬁ'g'% Nernst (RILVAK) I




&=t Rk (cell reactlon)k_ﬁg'%Nernst (RILVYABKN) R

Ecell — ¢Cu — ¢Zn




Ecell — ¢Cu — ¢Zn
= [¢cu — Psol(Zn)] — [pzn — Pse1(Cu))

Pso1(Zn) >~ ¢go1(Cu)

RT RT

Eeel = [E°(Cu®* /Cu) - ST Inagye+] — [E°(Zn*t /Zn) A S Inaz,e+]
RT a u2+
= E Yo In —<
Ay 2+

Egy = E°(Cu”" /Cu) — E°(Zn*" /Zn) = +0.340 - (-0.7626) = 1.10 V



Ecell — ¢Cu — ¢Zn
= [¢cu — Psol(Zn)] — [pzn — Pse1(Cu))

Pso1(Zn) >~ ¢go1(Cu)

RT RT

Eeel = [E°(Cu®* /Cu) - ST Inagye+] — [E°(Zn*t /Zn) A S Inaz,e+]
RT a u2+
=|E_ Yo In —<
A2+

Egy = E°(Cu”" /Cu) — E°(Zn*" /Zn) = +0.340 - (-0.7626) = 1.10 V



Ecell — ¢Cu — ¢Zn
= [¢cu — Psol(Zn)] — [pzn — Pse1(Cu))

Pso1(Zn) >~ ¢go1(Cu)

RT RT

Eeel = [E°(Cu®* /Cu) - ST Inagye+] — [E°(Zn*t /Zn) A S Inaz,e+]
RT a u2+
=|E_ Yo In —<
A2+

Egy = E°(Cu”" /Cu) — E°(Zn*" /Zn) = +0.340 - (-0.7626) = 1.10 V




Ecell — ¢Cu — ¢Zn
= [¢cu — Psol(Zn)] — [pzn — Pse1(Cu))

Pso1(Zn) >~ ¢go1(Cu)

RT RT

Eeel = [E°(Cu®* /Cu) - ST Inagye+] — [E°(Zn*t /Zn) A S Inaz,e+]
RT a u2+
=|E_ Yo In —<
A2+

Egy = E°(Cu”" /Cu) — E°(Zn*" /Zn) = +0.340 - (-0.7626) = 1.10 V

B, & =T)l) : Zn |1 ZnSO4(aq) Il CuSOs(aq) | Cu




&, RIh(cell reaction)lCXid SNernst (RILVAK) I

Ecell — ¢Cu — ¢Zn
= [¢cu — Psol(Zn)] — [pzn — Pse1(Cu))

Pso1(Zn) >~ ¢go1(Cu)

RT RT

Eeel = [E°(Cu®* /Cu) - ST Inagye+] — [E°(Zn*t /Zn) A S Inaz,e+]
RT a u2+
=|Eo Yo In —<
A2+

Egy = E°(Cu”" /Cu) — E°(Zn*" /Zn) = +0.340 - (-0.7626) = 1.10 V

B, & =T)l) : Zn |1 ZnSO4(aq) Il CuSOs(aq) | Cu

EEMKIL  Zn + CuSOq4 (aq) — ZnSO4 (aq) + Cu

—)




BFORNT S
o

i%*ﬂ‘%i@ . fuel cell ﬂ&ﬂ@@ = oﬂﬁ:&ﬂ:ﬁl}

e IS
He 1@ | 1o
H+
| A
v (@ | PR
H.
W

H+

wacs | Qw0 i

/
B dR( £ ) EﬁL-ﬁ B(ag)
(B9 FE)
Eilza=p, B SRS & FEop

(proton exchange membrane fuel cell: PEFC)
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PARLEE M | fuel cell BHD[T 5 o e mit

H+

H
H+
14 ’
niwN
H+ _

H1

H+
H

00 OO0

E-
H+

mﬁﬂ=r/ 21 IO =D #R

/
B L) EIEW B(A®)

(E9FE)

) EETE 77 F A A S .\
mj l . ﬁ&*i‘%m}iﬁé‘%}&}i’* 2H2 | 02 — 2H20 (proton exchange membrane fuel cell, PEFC)
1) 2R 205 + AH™ +1e = 2H20;  Ep, o — +1.229 V vs SHE
2) BAEHR @ 211F + 2e = 11g. l'gt/H — 0.000 V vs SIS
3) n'.n DERNAEREEIZ4TH S,

Og +4ITF +4e = 210 gy o — +1.229 V vs ST

4H" +4e T 2H,  :FEp,u = +0.000V vs SHE :

2119 + )9 21T5()
Eo. Epyjo, — Epym = +1.229 V
AGP(cell) — —AeEoy — —7.876 x 1071 J — —171.3 kJ mol ™
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- %bl A
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00 ooo
/ / Graphite Li* PFg0
L P D D e e O0j. ae OO0t
; OO0
w

e ———
Pi=Y v w
=<\ |

e &y

&

00
Li-xMO2 « M
.4 ~ positive
negative L s M=MnCoNE electrode
y /s =
electrode .

BHOBEF, EE - 8fFEeWVDS

Li;_;CoOg + 2Lit +ze = LiCoOy :EQ 4.=+42VvsLi (03<z<1)
Cg +zLi" +2ze = LiyCg ; E(e}raphite =401 VvsLi (0<z<l1)
(=)
Lil_ICOOQ + LimCG = LiCOOQ + C6

Fiig = 42-01=+44.1V



soll txBh (77 774 F) HIOEHDOEN, sol2 Xk (B bY) TH3, FEdE I OBTFTOILGERZ 1 LT AL,
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ﬂLi|_mCOoz + LIIU.LLi_ - kBTlll ayi + (‘3(,650]1) + l‘\”e/oxide — t’¢0xide) - /'LLiCOOQ

e, +x(pre + kBT nay+ + edsarz) + (1ig )0, — €de,) = 1L c,
BimERD B L,

IJ“IC_),il_SCOOz + I(/‘Lii‘*' + k”T ln a’Ll+ + ug/olede) T #ElCOOz
PIE
18, + T(kppe +FT Inags + 48,0 ) — 154, ¢,

éoxide Q"soll
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Figure 2: Geomagnetism and the circular current to generate the geomagnetism
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Lw) s, BLEVIFEROLAKBZRSHEERTE LT ) TBRTIEE U2 Ltk vy,

% 7z, Faraday |3 anions (ion 3¥ V¥ ¥ FEDIT{ £ H FK) Z anode AN S EVWSEERTEER L =,
(MFAVBRAU) KickoTRR, 7oAYPEZLZNET /) —FEPLIERSLINTV S5, AKREHT
b5,

S5k, PZHAY, AFAVEFTEHTENSODEFDORENSIAY (ion) ERERIEZRELEDD
Faraday Té %,



Z I TRELRIBOGE IOV TERTE L, B TRHEOBEOEMDIEAICHIEL T, R (positive
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ZORAELIZ, EHOPOHABEBGD LD (faH) S L, ITUPAC @ Green Book® TR T DEd»3H 5, TR
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Table I anode * cathod T HBOLHIBEEL— I, 4ABIH3HAL— L

FEEAM BI-o T ARG TES with LA
(Efg L — L) (galvanic cell) (electolytic cell)
anode (LSO (oxidation) || BH# (negative electrode) (X7z1x7 / —F) R i
cathode  JEJGKJG (reduction) IF#i (positive electrode) (£7z13HY — F) B

FHE4DHRBRLARTEII,
p.399

Wishing for a natural standard of electric direction to which I might refer these, expressive of the difference
and at the same time free from all theory, I have thought it might be found in the earth. If the magnetism of
the earth be due to the electire eurrents passing round it. the latter must be in a constant direction, which,
according to present usage of speech, would be from east to west, or, which will strengthen this help to the
memory, that in which the sun appears to move.

Il in any case of electro-decomposition we consider the decomposing body as placed so that the current passing
through it shall be in the same direction, and parallel to that supposed to exist in the earth, then the surfaces
at. which the electricity 1s passing into and onf of the substance would have an invariable reference, and exhihit
constantly the same relations of powers.

Upon this notion we purpose calling that towards the east the anode !, and towards the west cathode ?;

p.401

I propose to distinguish such bodies by calling those anzons 3 which go to the anode of the decomposing
body; and those passing to the cathode, cations ; and when I have occation to speak of these together, I shall
call them zons.
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£ L 1 HGEL 0T, BRI OKFRIZ Faraday 12 & D) D TERSI N/ ERE T cations & anions DREN G & o
7L 3BETT,
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