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Irreversibility of Manganese Dioxide Electrode

Norio SATO*

Abstract

A theoretical study of manganese dioxide electrode has been made to find the
thermodynamic basis of establishing the electrode potential in acid solution. The manga-
nese dioxide electrode is considered to be a poly-phase electrode represented by Pt/MnO,/
MnOOH/solution, since the trivalent oxide is formed as an intermediate in the course of
cathodic reduction of MnQO, to Mn** ion which occurs during the discharge of manga-
nese dioxide electrode. In this poly-phase electrode system two reactions, both of which
contribute more or less to establishing the electrode potential of manganese dioxide, can

proceed simultaneously even in spontaneous state; these are respectively as follows

anodic reaction Mn?*+20H~ — MnOOH+H* +e
cathodic reaction MnQO,+H*+e —>MnOOH

Accordingly, the electrode potential is interpreted from the standpoint of view of kinetics
as a mixed potential that is determined by the polarization characteristics of both reactions
in the manganese dioxide electrode. When the concentrations of Mn?* and OH~ jons in
solution are such that the affinity of the disproportionation reaction, 2MnOOH==MnO,
+Mn2*=20H", is zero, the equilibrium potentials of the above two electrochemical reac-
tions become equal to one another so that the manganese dioxide electrode appears to be
in equilibrium and the electrode potential indicates the equilibrium potential of both reac-
tions. Strictly, however, some difference in the chemical potential of H* ion must be
present in the phase of MnOOH by virture of the co-existance of the two electrochemical
reactions in the poly-phase electrode system.

This difference in chemical potential of H* ion in MnOOH phase must be compen-
sated by the chemical potential difference of electron induced in the same phase so that
the flow of H* ion may not occur in the case of zero affinity of the dispropatimation
reaction ; this may be understood to be of a kind of quasi-equilibrium state, but not to be
of true equilibrium state. It is therefore concluded that the whole system the manganese
dioxide electrode can not be in complete equilibrium and it must contain some irreversible
parts which may contribute greatly to establishing the electrode potential.

* e RS G R B TR
*  Physical Chemistry and Electrochemistry Laboratory, Faculty of Engineering, Hokkaido Univer-
sity, Sapporo, Japan. ’
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%= =3y,
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HF£1K Pt/MnO, {EHo 55 &
HIEPIC B W B PITREEAL
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(2-1)

1uj FL"JM( (_Y/J\—g_o G W BEOE

a DN v =8, FII77 77—, v 3ETOMFERT v v v EIRT,

4 MnO, /iR OB T, KD 2 DDFISMIEIET B

1I/V Frge s

x: Mn**(I1y)+2e (I1y,) > Mn** (V)
2F 0o = —xn*" (1) — 2 He(11p) + Lan? (V)
y: O {Il)+H*(V) > OH~ (V)

284G, = por )+ Mutvy—HMon~ (v)

EFEZTHELD,

z = 2
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MnO, HIN TR BT OB EHMBTE OIS,
b: e(ll,) — e(Ily) 2= —1
F Eu = pei1y) — He(ip) (2-4)
T EnE, FELSHAHICK> T, HIDWICBTFOMLMERT vy vy VORI -3 58,
HICH S DN BHNOARAHNELELTRT,

COBBRBIC BT, VIR CHEEIS a SFEEREICH D, TI/V HER CREUS x &
By EDFRICTFHREC S A E L&D, COXIBIRETREHEERO N VoS = — B 2208
KIS DN H = BRI E>THoHIN5S

i = Ga (2-5)

Ouyv == G, (2-6)
P& &R E O OWNELMDZER

p1—¢yv = Jyu+Eu+Guy = Jut+En+9.

= {to(ry— 2 fe(iyy — § Mrnt (1) + § et (0 HE 2-7

Thobahsd, —h2-6) R (2-2) BLU 2-3) RAERALT

2 ple(ry) = — MMt (1) T MO (1) — Mt (vy Tt vy Hou— vy (2~8)
285, chExE-TNRRAT R E

Fpr—¢v) = tory+ 3 Lano iy + 2+ (v) — & tiain® (v) — Mo~ (v) (2-9)
ETEB, Ho T OBBZFEXRERICHEG LB EOBREME, XROKSOFHELL U
THHT ENbrD

1 MnO, (D) +H* (V)+e(I) == & Mn** (V)+OH (V) (2-10)
U = +1.228—0.118 pH—0.0295 log ayu:+, Volt, 25°C

T T ayntt BBV HO Mn** 4 4 vOIEBERT,

CCTH I NOBEMNE En it >0 THEZ LS, I MEICBST2BTOMERT v Y v v
3 28RO EEHICEED pH BXU Mn* 4 # vOFES—ETHNIEH 5 —EM
W3, chi LTIl iE TOBFOMFERT v ¥ vvid, (2-1) BLU (2-5) XofEKT
BE&NEBETFOERT v vyv kD (MBS PEEINLZKT T, ZOMEBKRASED
SRS R T, B T I W CETBVERBICH 2R D, # I Wi R i B
BHEELE,

Ey=0 (2-11)

BIICE, COBEBREBEMNONAEEZBMICRLTHS, TORTH IV N = —BFENEDK
XX EHABEECZDEEDTHA.
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TR v A VEBOERPIC B B ERYIE, BENANO Mn*t 4 4 v OERO B S
59, 4k & LT a-MnO, ©0B413 ™Mn,0,, f-MnO, 041 MnOOH sz Fid:
THLEBHERINTLEY, o T, MnO, OEHCRFTIT TR & 510 EUS « BSEEFTT

I I T A\
(Pt) (MnQ2) (MnOOH) (Solution)
HCL ]Ib ]Ha mb
& et @ e  — P Q. ————> @

a b n i 1
MA' 5> Mn MR~ Mi
e PO
Oz’“‘a"Oa_ RN H*
yOH oW > OH

I Hf e Wy HT

E2 Pt/MnO,/MnOOH FE% 0 M E 5 & KIS

ZOTRE S, hEkE LT MnO, &R E OB 3D, 7 & 21 MnOOH 34k
5, B2HICEC DL D ERER Y O ER EEEICAN IS G OBBMRER ORI Z R
L7,

COBMOBMIHE TR~ ERBOLETHR &N 5, VI HEERE T KT,
Pt/MnO, BIEROB A& L HBICES a B X OIS b K 4 FHET 5, < oide, /ISR,
HI/V fE55 s L O LN T, &2ROFFISEZRICANIZGTNIEE S B0,

II/IIT FEke A

c: Mn**(II,)+e ) — Mn?*+ (111,) z=+3

3F .= — ity — He(tiy) M+ (any) (3-1)
d: O (Ily) —— O (I11,) gz = —2

2F (4 = por- () = Mo~ (111y) (3-2)
e: O (1L,)+H+(1Il,) — OH~(I11,) z = —2

2F Qe = po>~any)+ Hu (i) — Mo (1) {(3-3)
R e(lly) — e(IlLy) 2= —1

Fgn = ey = Heiiry) : (3-4)

II/V H55

7 M+ (IILy)+e(IIlp) — Mn** (V) z = -+2

2F ;= — pan®* (111p) — He(I1Ip) + Main+ (V) (3-5)
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E: O (ILy)+H* (V) — OH~ (V) 2= —2
2F G, = por- )y +unt(vy— Mo~ (v) (3-6)
l: OH~-(III,) > OH(V) z = —1
F g, = pou-qmy —Hou (v (3-7)
g: H*(V)— H*(ITL) 2= —1
F g, = s vy—pmramy, (3-8)
0T
it e(Illy) — e(IIl,) 2= —1
F En = Moy — Me(iity) (3-9)
i H*(IT,) — H*(IT1,) 2= —1
PIEORIEESEEDDEBELFICRTLIIC A, BBXUCDO3I 2D 7w~ TS5 T 5
AT TRETZT OIS, B7w~f@MMMmeHﬂ SENESICEST 580, C

7 v = 7ld MnOOH/BHAESIR TOMIS T H 5, L TRTOBWIMBRER TRk

% 1% Pt/MnO,/MnOOH BEROXMEEAL LCHERK ST 8 KIS0 23

I =
5 & Pt/MnO, | MnO,/MnOOH | MnOOH/#s#
s o | MRO Ay e | MnOOHER e
AT w—F a b h z
Brsw—7 ¢, d, e N q
Corn—7 g k1

BBELELLNBEDT, UTOBHETRETORIHERT A 7w~ TOMSEEEIREICH 5
ERET S

EL, B IS EEREICS 2051, SRBEROT v = — B EE K
OEIIChHlcZoNnb,

gI/II == g(z (8_10)
gII/III = g/L = gc = gd = gc (3_11)
gIII/V = gg (3_12)

W->T, TOBEOBBOEN (br—edv) &
d1—¢v = Jyut+ Eu+ Gy + Em+ 0y = ot Ent+ 9.+ Emn+9, (3-13)
Thobahd, CCTHINORAFENME En @HH TRz LR DB THE LB,
M ONOBFOMERT Vv g B-1), 3-2) BXU B-11) KhSROLIICHELZ NG
Ho(Ily) = MMn* (1) + 5 Mo?—(111,) — Matn** (11p) — & H0°~ (11p) (8-14)
DICHE T N O R @i BB 25 B = (fequiryy — Mo/ F IC DD TEZL X Dy tomry DIEIR
(3-1), (3-3), 3-4) B LU B3-11) Xp oD L S ICHA LN,
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HMe(ITg) = MMn®* (111, H0° ™ (111g) — MOE ™ (I1g) — &M (1) — 2 M0~ (11p) — A1+ (1114)
= UMnOOH(III,) — AMnO,(I1y) — 4P ¥ (111g) (3-15)
MnOOH, MnO, X8 H¥ (1) O/b¥EF v v v+ VTHEINH 5 —EH 2 W5, —F
Loty A XD 5O, NYVHERICET 3 C Iv— FRISORISIRECH 2, L C I
~ 7D uJﬂAT%&:L%oc Z DRSS RS T o & L LIS ANE & A EHEFF L1 L
LB LELRBICH 5756, 1 fLEICE Y 2 B3 LI/V MEZR OIS TS0 EEES
ZF IO DT fequy) & Moy EF UHZIRE, > T OEAICE Em=0 TH 5, KITH
UL o H ot 7 v v v vld, B7wv—7OBISd, ¢ 5 LU f BSTHIREICHS & LT
WBDTC, (3-2), (3-4) B LU B-11) s o W % KO —2 i 2B D
ATt = AT T A () T AOIT (1) T M0t (L) (3-16)
PLbo#ZERS, B Jn— TORISHEIFRER D, C 7 — T ORI BSEH A
WTRE L USEARDEEAMEGR RS LS5 HIBEED, COBMAOBMBMEZRKD 5 &
(2-1), (2-4), (3-14) B LU (3-16) X 5

d1—dy = Jut G+ 9y = (e + Mrno i1y F L% (v) = Hamoouirry ) F (3-17)
ThHicAbhb, COBMABLCHEEICGRBHICHE 1 il I v
T5 &, ROBUEOFHNAEMICE S, (Pt  (MnOz2)  (MnOOH)  (Solution)

MnOID)+H(V)+e(l) == MnOOH (I1I) Jﬁw -------- S E— -

(3-18) %
Us = +1.014—0.0591 pH, Volt, 25°C |
(3-19) 9n=96=9s=G%
(B—0y),
W3NS, COBAOKENONENSIOAME | S
RTDH N = =GO ERAITR LT, J
i, C 7w = FORSHEEHRBIC S 58541 Yo
DNWTHEALD, COE/ICE, FHBEROH v/ =
~BAEBERAXDOE S ICHlcroNb, || e

G = e (3-20) L ot

Gy = G (3-21)

Juyv=0;=0:.= 9, (3-22) B

#3% PyMnO,/MnOOH 7 iR i

T Gy DE 9% 13, BITHENBZ LHIB Fv— BT, NIV ESERCET 3
i e C 7w — 7 0 JUG O FUIES

TORISRIEIC &> TEALL, B 70— TG4 mscRE ¢, LN E5RE
WHBIC 5 B I/ADEPE (3-11) RTREND Yo L% IV stz e 1e 515 8 B 7w
— 7 DRSS D EHRRIEC B B 3

LTSI, COBAOBMEAIH & RBICAMH Fic i B H MR O R

H*
RO H NNz — B3 S KN OEME S DOTH & ¥ v
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A o5,
$1—¢v = Yo+ En-+9%+Emt+9,; (3-23)
iz, (2-1), (2-4), (3-4), (3-7) B L (3-9) RAERKAT L &

F(p1-=dv) = tle(ny — o1ty T Lou ™ (111 — HoH™(V) (3-24)

o

B5, ZCT eamy & (3-5), (3-6) & L TF (3-22) ir S
HMo(ITTy) = M+ (V) —Man®* (11Tp) + 407~ (11Ty) — M1+ (v) —HoH ™ (V) (3-29)
ThiALNDT, TE @2 AT SE,
Flgr—dv) = tony+ trmoonin,) + it (v) — (@) — 2 HoH ™ (V) (3-26)
wfh b, CNEEEKBRERICAET 2 &, ROPISO A HEMICE 2,
MnOOH (IID-+H* (V)+e() = Mn** (V)+20H~ (V) (3-27)
Ug = +1.443—0.773 pH —0.0591 log axya+, Volt, 25°C (3-28)
(3-26) X THHA SN BMBINEZ, B 7/v— TORISHTHEIREC S D WL hrb
STIRTT 2D THE, €T, HIIADKAIPHELEEIHICBN LM UIEAICE >
THTHD, e LT, ML RoBEME Ex 785 00 WL iR O # v N = — B2
i, B owv— OISO IREN S 2530 NERD 2 CEMHRkEHL, HLB Fv—70

I I I v
(Pt) MnQ MrOOH)  (Soluti
(MnQ2) (MnOOH)  (Solution) I I I v
(Pt} (MnQ2)  (MnOOH)  (Solution)
[ |
________ A I ¢I
a YA i —_
& I v
q i
;a (¢1‘¢V)s
gt ________ —’UB
;_j_h_____ 1(¢1_¢v)c }
ik
9=9=01 }

B4R PyMnO,/MnOOH iR IC 1> #58 PyMnOy/MnOOH HEERIC 1>
<, I #ER e B0 3 B 7 <, TUII #8850 s £ ot TV 46
~ 7°D FE O FGIEH # R TA BEisd s Bsio C o —
&<, MUV fstHic s 5 C 7 7 O RIS AR SPRRRIGIC 5 5 5
= T ORIGHTBPRIEC 5 % 55 AN BB BT BB
Aricili i h B P O AL BALE H A4y 0o as o

e B3 RITAR U 2SI ¥V
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SUSHSIEPHIC B D, 2 O SUSIRHAE D TR & < SUS O GFELEA MRS & 5 HB AT,
Juym & B 77w~ 7 ORE & BB £E7E MnO & MnOOH Mo BT 2 8B A 22 & 78 5, S
UL W I, (LR IE BT BETDIERT ¥ % I seunyy W (3-25) I & » THiE S5 4
WA M, Ul fLEICBY 5 BTOMERT VY v seany W, T/ FHBEFC O KIS HE B
HBDT, CORBIRDBMEIIC K> THREZ 5 E75 <, teamy & CHAERY, &
B Em=0 TH 5, 3 4RICIET OBAOHMPOPEEE 4 MEERO A v = — B &
HECHIICIR LTz,

Begic, C Jv— 7PORSHEGIRIEIC H > T, B B 7w — 7RG AT fs s o
i IV iR ToRG e, d, e 5L § BEFREICH BB DN TEL LS, C o

~ FORSISEHRIREICH B &, B 7v— TORISIRENE 5 TH->Th, BB (3-26)
KTHSbhah, BUS G-27) o igEf it s B3 Cicm~i, coTH Ul No#E
FOLERT vy il DN TAH B E, IJHLHBIRTO B Zv— 7 il e, d B XU e DA
WRED RS S L fBIC B0 2BT OFERT V¥ %V feany 13 G-18) THA LN 5
DIz L, UL, L@ TOBFDRT ¥ ¥ toy 1 C 7 v — TS OSNEHG S0 5 (3-25) 5
ThiAoNBHEERADT, MHERBHTLEELRST, MU WIT KOS WEAZE Eu
MET BT LT B,

FEur = te(uny) — He(uity) (3-29)
MHI O HY DIFERT ¥y v VIl DO TSR EBEAL S, Tiabhb, Il fEic
g5 H OERT vy vl BUSd B X0 e OVHEM (3-2), (3-3) B XU (3-11) K o

ATt () = MOH (111 — M0 (T1Ty) (3-20)
Lish, —J UL, fr@EICBT 5 H o385 vy v ik C v — TRISEO V4 (3-8) &
LT (E-12) b

At ary) = vy gon T (v) T How T (I11y,)

= 0,007) — HOH™ (UTy) (3-21)
THriAONE, COMBFERHLTLEE L LD T, I AICHY 4 4 vofbEss vy
¥ DREG—PHET BT ERNE D,
dpgrtain = gt — it ) ' (8-22)
I Y O R ALG R AL B (3 (3-29) 31T (3-15) 35 K TF (3-28) Nz WAL T
F Em = po(ung) — Moty
= (2 10001 (1ID) = M3in0,(11) — aint (v) — 2 fom ~ (v)) — (2 T — iy a1y )
= Ap—dpn+am (3-23)
THohENB, T TA,RIKD disproportionation SUSODEFIIICE LW bbb

2MnOOH (I1I) > MnO,{II)+Mn?** (V)+20H" (V) (3-24)
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MII A HY O RT vy ¥ v duntam & G201 & 3-21) &1 5, sor-am & ton=am
EfHUINT—EET B
dpman = Hnt(IIL,) — AR ()
= 2 fon™ (11 — M0* (D) T MHT (V) HOH™ (V)
= 2 fou~ (11n) — H0* (1)~ H4H,0(Y) (8-25)
1Y, BiEo pH EIicikfEE S, MnOOH oIt k> T 5 —FEME TS,
dpgam WHTLAO HY 4 4 v ORFBEALESRT vy vEEH OO L, FEm 3[HE
B I NOBFORMHHEEIERTF Yy vOELH L HT, BEOMII M I Fic
g 2 KR AT vy v UEART C LT Y, Tt (3-23) il 5 disproportionation
B (3-24) OBFITNCH LT Esbhn b
Ap = FEmq+ dpa+am (3-26)
Z o disproportionation & DB IS Ap D
Ap = 2 anoonin — AMn0,n — An?* (v) 2 Lo " (V) (3-27)
WA O M 5X0 OH™ 4 & viSREICK-> TEML, d2FEsl, T718bbEMA 40
THR A DL

1
Aynet X apu~ = exp [ﬁ (2 AMnO0M(IIT) 7 UMnO,(I1) ——,ugxn”(w “Z/Vlélx‘v>] (3—28)

EWETBE, Ap=0 105, TCT afwer K shu 1 M* 520 OH A 4 2 RS
I T i Vo MEEERABOMERT VY e VEZNENS DD

PO (a0 (OOH) (SO0 - 960 1 d5n T LGttt e =107 T

LhEND, CORGFDPEIEEND E,

g+«———¢ | 20H

i FE+dpg qm = 0 (3-29)
. MA
Mg MO T w o T, R BRI R T v v b Ak s
e H*..é_)_ H* LTEICIE S, LPULIEMES duntam 1 (3-25) KT
B (
(B2 ’ PHhE LS5 MnOOH DEHIck»TxF 5—EH
)J’ U =
Bom s womEcsys PP
disproportionation o i¥i F & ® LIS Apy i % 0 (3-30)

ETRD, BEo THIL K ox%fp'égruazmg:% TR S 10,
UL PICE TR dugrqmn DA TELT 5 C &1 PYMnO,/MnOOH 8 Z A E e
RO HHEFREZNB L TR ERERTEHOT, AR TOEELMEGTH 5,

IV. Pt/MnO,/MnOOH EBiEBL DRI

BRI COELER S, Pt/ MnO,/MnOOH Fiild, 72 & 2 B LR TO RIS FEERREI b -
T4, MonOOH HiNICH 4 & v O EF v vy v D HY 4 4+ v OEED:E) BEL, T
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DEHALMRE LTH S LR L TR FHREERDEBIBORTH L Enbho ik,

TCT, BWROHMIEDS Ap=0 OZRMAZHWET 28 ICE, ML NI Rarpg s H 4
AYOLEART Vv Yy VR T T INCEF O R T v > v v (FrEMERE) 24EL,
TOREEE

B = —dpwrqan/F (4-1)
ThleZoNd, CORGICEEMRRIELEGOREZ LD, BEHRANTRTEOWABLIHL
SUSDEMERMEB E0, RUEHS, CHEESEHIRETHEOC & @M I JicR
AL HY A A VY OMERTF VY vy WESTFRT AL EDOHLELTH D, 8T, ZOESE
OEMBEMEHZA DL, FUHTOFELEPSHBLHTICE>T, COBMOBEKEKERIC I
S UM U BEUS 3-27) BN Ue THODLINDCEBhbrd, L Ap=0 Ot
5 T OBAIFSOE (3-18) D@ AL Un 108 L 13 5,

THICH LT, Apx0 OFEICE, GBI BESEHERRIEASD 5511, Ap ICHIM T 5 807
BRTF VYV VEPEBBRNICELD, TORDERRNCHEEE RIS ERICHETT B,
CCCHTTT ARSI, A&BSH (38-24) :XCH 54 3115 disproportionation D ifi FIETH >
T, EBICEBIZEOTCORISHBET S 5 & &R, WITRTT / — FROSE A Y — FRIG
ED2DIChMNTHETTEDT, VHWY3 coupled reactions E#HZ A &EbDTH 5,

# /- PR

B,: H*(V)— H+*(I11,)
B |B,: H*(Il,)— H+(IIL) (4-2)
{B,: MnO,{I)+H* IL)-+e — MnOOH (III)
T /o~ FEUK
C Mn®(V)+20H" (V) > MaOOH (ILT)+ H* (V) e (I1L,) (4-3)
T @ coupled reactions @ R OE B Ap TH D03, HEBEORI T b bAIITEINT
WAREBINE (Ap—dpnram) TH D, TN dparamn BEDOBBRICAHICHRINL TN S
KAWL R VF~TH->T, KIREBFTIEIRNORNMERRZANE—-THINLTH
b, TOFEWIZFICOEE S (Ap—dpn+qy) &, I fEEHR & TV MR TOKRISHIE
IEERIREEICH B &, FICmR~fc 25, MILWo HY [ & vobsF vy vy vEOELE
BERRS Vv y VEIC Ko THHEN B,

(Ap—dpn+amy) = (duit+am — g+ o) + Efn (4-4)

T T T dpfiram B ED Efn i3 - ® coupled reactions H3EFT LT ARiEcookg I o HY
A & ESERTF v v & BB K 2RT, 25 L I/ LR & )V MR T o
BEISHIERIREBICH 25, TOFEBHE @-2) BV @-3) AN TRLL, BEXUC T
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BRECH Y B WL G & LYV HBLRO v 8= B 24 2 Giym B L Jiny T
HHhT &,
(Ap=—Adps+am) = F{Griyv—9»)+(4pics o — dpa o)
+ F(Giipu—9s)+ Efa+ F(Jtyvy— 9o (4-5)
DR, [UEOH TSI 55 O FIE D RS HIC £ - THE S h 2 W Z BT 5
CTEBED, 2T s, Up, BLU G 3R 4 4-2) BILU 4-3) DK IE B, B, BLUC
DAEIT oS = = PHFE LA IR T

ZDBE, COBBRROBEMERIT YR

B

d1—odv = Jyu-+Iiym+ Ein+ iy

THhohENL, COBBAKEBRICBE T 5 &, S B 1bH bEG (3-18) O Nef8 61
Ug &ERUS C 315 B RG (3-27) @ 3 4 & 41
Ue & OB OB ART T &R SICEEH Us 7l Mn0, +H'+ e —~Mn00H

B, RIS B LS C Epflaanicd
EHEBRO DY ARGENTHE, TNE
ElHoNTOE0BRTNTCHobTLET
BUCRT L 9T, COBBRRII B I7Iv—- 70K
JSREE E C 7w — PO IRHEE & A L
BEMIC BT EORRREE £ RAETs Ul |
CEITEA, CORDPODbRIELDIL, i }
v VH VBBOBEMRT /— VIS (C Fv— L

TEOG) ER Y = FREIG B rwv— 7TRIG) &0

BRSO MIEIIC L - TELT B, $- T,

Mn + 20H —MnOOH +H*+-e

Electrode Potential

Current

U : Electrode potential of manganese dioxide
I : Rate of disproportionation reaction
WIMBALE, B~ VA v OEEBEROE BTR B AR (kR X 5
Ris L ICHMT B PHEN S LTRRT 5 C & —RRfoT Y A RBOBIIEORR

TEMTELL, CUABRICHBICHT A2 b v OB FEREEICk> THES NS
EBABNETHB,

V. MBEEIESR

EedERm o "8 b= v v EBIE, % MnO, EBER EOMENCEISERY S B 0 idE
DR E LT 3 Mo bdhsidz U, Pt/MnO,/ManOOH/ I O 5% & 5 HHE MR EES
O 3 FHERRDOEME AR DN EBIIFHE S I HFNE L S LS, RO

Zifew v vERE, EBRRERVSELBEEREEZRS C ENHET, > TREN
TR b~ v VEBOLEEAMIEL LY, BWIEOME, disproportionation Zj&



13 TE = v oo v RO R 343
2MnOOH > MnO,+Mn**+20H"

DOERIIPFITIL L L D7 M** 50 OH™ 4 & VBEAH T 384877013, COBEMER
S OREERFETECEMBPEITNE, COERICBONTHI B OERN AT R0
HEERAENRL TN S,

B O OS2 R LIRWIEAITR, EBRW T o disproportionation o i i
IS ERICHETT U, SEEEN RO 2 DOFIGORABMERT,
Mn®**4+20H" — MnOOH+H*+e
MnO,+H*+e — MnOOH

BEBMBEWEN DX IS, BNBEMICHEINAHEERSE EZRS T, 7/ - FBLUH
Vo FEOSOENFIRIET SO b4BIERO RN TEIE260THE 2L, ey
OWIFIC X 2 C DEBBEMOHED 0V R T OEMEBMNOMKMNESE MR T 51213 TR
L7z S BUS O TN MREE S Mc T 2 4588085 5,

X Bk
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