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HAMSERIYIC L2254 4 Y RWMBABERIC &> TAIE L. K pH Tl A 4 » 35#s,
@ pH TRIBA A VKBPBETHY, 414V RBISBIEYERKBEEOBIERBRHEICL->-THEUR
FBOHEBEYA FAOEBBA 4 v OBEBREICE-S>TRIS., WEA A VICE2TBE 2E2EL T
BRIEDFEFERXZEHL, T DB TEDICLOKXADA + v EHIST A — 7 —EHEL .
T DMEEEA L BN R CRBBREDFHEIC I WE . /3T A — 7 —{lin 53K B bRk e R
DEEFEIE L Fes0,<TiO,<MnO, DIEIZHEINL, WEREIE O TH 1. DR ZBILYRT
EBAL VOBEREEDOBENCE>THBE LK., BWEERA 4 v OMEHSRKE <L IHhanigs
KEOD (F""<Ti* " <Mn*"), RTEBA 4 v OEBHEES KTV ZEHBEABED 7O by
fEREAERE (BETRE OEIN) ah, D7 b YEVIAA TG (BEBEDET) ahdbDeEEL

H5N5.

1 %

TR Z LU & T HEEA 4 kg, B8IN
M, WERME, WEERE, AN ICER, (EESFIC
BILAA Y OMELBRMGE, Wk s OHFHAFMEESEA
+ v DE, FHFIRETT v MBI B EHKDLKS
MREEOLBEEIZBVWTEETH S ™. LrL,
A 4 VMR D 4 A v RS SRR IC L - T
ZLT26DT, —EHRREDOLHMA A LEBICHBIEL LS
<BIEBELL., zo8EICMESHE L, g8ES
vy FTEIEFEDDA A v REEE O BETH
B XD E BIFHEE DR X, £ 4 > SHaf
WiZ & - T, B s ZHUR DB B iR VS D%
E, B2 5NILEMICB I ATHREOTHLEDT
HICLHETH 5.

A X v E O PRI X, HEREROBIER
TH5H SERBRE PHOSNE., UL, THIEEH
LB 5T, [RORHHBORHEH 2 —D ORI TE
FTLEETERZVY. A4 VY RBRIEOVPEER %85
IR EIZBRE LA + Y OIEBERIVLETCH 5
M, FhEROAHERIWELIINTE ST, {4V OH
KR DEBMGIR & FRISRE s ONFEBTH 5.

EZESIIINhET, KdhDOIEtw s Fvicks 44
YERBBISIZOWT, £ ORAKBEOBIEEMBEED(L

Y JbMEE A LR T EIHHLY S 060 JbHpE
Fligmide X4t 13 &5 8 TH

il

HBERAMNTAEE LI, AT & 5 M
WREERUIERD/NT X — 5 — 2 &GV HERGEE
BH LYY, ROWRAREOSHBREESH ZHBEL 2. K
WE ik, FAc B R B4 O BRELEEHTEH
U, BoNiz&RST7 A= —fHICE>TZ2DA F
FAE 2 3 U 72.

2 Bl

21 AFTWMOILERER

st S BRI L 5 4 4 2B, BPEEDOE
LE#EDEVERROBRL TH 5. Schindler 5212 &5
&, BALHEEIC KD T OMBEREIC L > THE U
B OMERHAUKBENS TR T 5. NODREET 5 &3
WHE CTEGPERZ RO LD ICA 4+ Y ORFEMIR Y
(£ 4 v x%cts), —MfBEA A (M, X7) OBERICD
WT, FORMIIRD EHIZEST I ENTE S,

-OH(a)+M*=-0"-M*"+H" (1)
-OH(b)+H,0+X ==-OH,"-X +OH™ (2)

BT KB4 4k -OH (a) R O HRETROKEEEE 4 £ b
-OH(b) 1B 24 4 ¥ FHRIE O3 Biat s, &
FEELT1:1 THAH'. HAKBERIZ L0LY,
WFHFA & VIR ED» S5 HHEEM 2 BV TERBICAE
L, BESNICEL->THEYT L bEREFZD< TN
. AW TIEC ORERELZ —MOLEYEA#5 L,
INnE CEEAA VI LI ETS.
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22 WY A MBI ZEBIHS

ALY R DR KRR 4 b itk F O iRt
WMEICL>TETHDT, MEOHIZZL VD, -
TREYA MCET2EBEHIRRE S 5.

[FOH(a)]+[-O™-M*]=N,/2 (3)
[-OH(b)]+[-OH," - X ]=N./2 4)

—_

ZCT, N, GEAMERE D LAKBEEY 4 MEE (mol
m?) THU, ZOESHEEA 4V TSMARTH S,

23 1FXBMRICDFEHRLR
Ax v RHIT K > THEBUIHES A F-BEA4 +
X3t (BHOH) LThwas0T, #hEh0ERs
FABICESHIHEBEAG A5 81085, $ubb, b &
OEMEMBEFD -OH # 4 bH-07 44 +d b ik
-OH,” #4 MZZEbhi, BTN BN
MWETORLBEIC L DL THAH. N, WEU R —
BAA VRICEBERREN, 50 HY » OH™ 4
ﬁyi@#4f@kéaﬁ%4ﬁ>ﬁﬁﬁﬁ4F%Ew
CERBBEDTYURBEENF THAS. 0o
%47‘4 F-REA A VHDIEERT v v ik, 44>
THOMEITE EBHIT, ZORE D S TR SN 5D i
ARUTWLKbDEFRTESL, O EREEL, LIS
AV RBRIG(1)(2)D Gibbs HEHT 4 V¥ —%1{L

ZIRDEHIET.
AG,=AG,+RTIn Q,+m,0, (5)
AGh:AGT)'f'RT In Q),—f-mha,, ( 6 )

< LT AG,, AGY 13 EEHE Gibbs I HIT A L ¥ — 2L,

Q.=[-O7-MT][H")/[-OH(a)][M "] (7)
Q,=[-OH," -X7][OH"]/[-OH(b)][X ] (8)

Our O IZEE NIRRT £+ ORBIBHE A A > 10
KTHoT

£ HHE

0,=[-0O" -M"1/(N,/2) (9)
6,=[-OH,"-X"1/(N./2) (10)

may my, WS EEBITE S (energy mol ') Td 5. K(5)(6)
OHEDEZTNE,  ERL OSSR OHELTICHE D $FE Y 4
MEEA & Y DILFEAR T ¥ ¥ v VORI I L
WERIIHU AG HOBERMERELTVSE. D
IGE W, BREREIC &5 WEIH %L/ L 72 Frumkin
HRPOEHIIHON SN b DERI—TH 5.
BIGC1)(2) oF@mEAER1E, R(5)(6) » o
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AQ=QAQ=Otﬁ<ltmiofm®$5ﬁﬁm?
x5,

exp(—AG/RT)
exp(—AG}/RT)

=K.=K,exp(4,6,) (11)
=K} =K,exp(4,6,) (12)

< OT KL, Ky BB CEEER, K, K, \SEERs
Q. & (7)) (8)} OFHWTH Y, A,=m/RT,
Ap=my/RT TH 5. FHIRER K, K, 1&, EEIEH
DREBRERTLDTH B2, KDY H SN dIEE
BIC2oBOIENDNLE. 44 v SHOMEITE & &I
REIADPEK T 225, K, K5, BEREOT K, K, 135
DE B THOLEKERRICER L TCVWAREYA
M-REA A V3 k2 RBMEIZE L, 4, A, EFD
HEZRIERTH 5.

BEHY C ik AG DT 4 b-IRFE A 4 > -
B9 2 MIEHIN 2 E L 7275, AMcIamR s fu
2. SIS K VIHIER A, A, W SERTTIEICE - 17,

3 3E B

3.1 S£ERtYHEE

RE~ Y Y (MnO,) EBSERE [C1, 12, 22
?,%h%hvyﬁym)4ﬁ/@%%@m(mw
ROMC#BAL (IC12, 22) 10k > THBII N, RS
W yBTHL. <y %74#(&4u)m%$m%~@
AE, F5 =7 (TiOy) 13 H A fih 4 3 £ 2 g fih 3
(m&n%&)?&é.;nbw%Xﬂﬂum?n%
BRI T C VRS U (8K BE L, 110°C © 1| B4 L
fo. HWEREM Sepr (m? g7 ') WEENAREIC LD
BET %, REKBEE (mol) 3T —F VrhTE{LTF
W TAYTLEDRISICE D BT 28 08
(mol) 7> &3K& 12979, KEKBMEZEE N, (mol m™2)
WEM ORI KBER 2 EHB TE S - EIc k> TR
1.

32 A TWMEBORHTE

A Vv RHITE > THEMEST 5 HY ROCOH™ 4 4 &
Dz BIBREEEIC L > THE LSBEBS Ko, 20
BIFRDEBOTH B, BEEARIAATES, 5D
TRILRFEOER A2 25°C O 0.1 M NaNO4-0.002
M NaOH A (200 cm®) ICB (L8 KRB (0.4~11
g) ZBE L, 02M HNO,; iAK O FIC & 0 Tt
2137z (Fig. 1, HiAR A). BE(E¥E AN 2 15 DA IC
POTHEBICHEZTVWT 7> 7 & Ut (Fig. 1,
MB). 7T vy REMES L CRHBEARETROBRE
Z AX (mol) £ 5&, AX W LOH™ RO HY 44>
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Table 1 Specific surface areas (Sggr) and densities

(B)
without
oxide

pH

(A)

with oxide

pzc

HNO3/mol

Fig. 1 Schematic titration curves for NaOH-
NaNQj; solutions (A) with and (B) without metal
oxide

DOWHEE, n(OH,) & n(H,q)(mol) DFEE L TRAD
EDITEE LYY,

AX=n<OHrol)——n(Hrcl)
=([-OH," - NO, " ]—[-O"-Na™])$
=0$ (13)

n(OH,y), n(H,o) &, (1)) HEEHS A b-TE
AXVHBIZEBETXL0T, FOXRMBEE (mol
m™?) EHBEHRE S(m?) OB TBEWA VS, o
R4 VY HOBEETH Y, AR TRFEESRIC L
DAX ZRIEL o ZRo 1. 0=0 TIZIEADFEY A
FEWRE-TID pH 2 ¥ OB (pzc) &V,

4 A R

41 EREYHEHOLEXEREEEXEKBERE

Table 1 IZHERRE Sypr & EHEKBREE N, DA
ERRZRYT (MnOy BEHI DV TEEHRY ™). H#&
AREOMEIIBIMERIC k> TRkE<ELZ Y, FAEOR
EThH->THFUSEIC LV FOMIIE(EL TS,
U UREKBEEE N, 38k -TENIEEED
H b, KEBEYA A v ORRERIL 1454 20OT'D
1 BICH S EABEEIL 1.95X10 °molm ™2, fit>T 2 /@
ST 3.90X10 P molm™2 T#H Y, Tablel ® N, fHIZ
Z DMEIZITL.

4+2 KREAFHBEZE o & pH EOBER
e OB tHRRII VT, BMERICL-> TRk E

of surface hydroxyl groups (¥;) for metal
oxide samples

Sample Sper/m? g™ ! Ny/mol m™2
MnO,IC19 43.0 2.25X107°
MnO,IC12% 77 80.0 2.35X107°
MnO,1C22% 45.1 2.41X107°
Fe,O, 4.32 3.31X107°
TiO, 2.60 1.80X107°

)

/106 mol m~2

Fig. 2 Concentration difference (o) between posi-

tive site-anion and negative site-cation pairs as a
function of pH at [NaNO3;]=0.1 M and 25°C for
metal oxide samples

OMnO,IC1®, AMnO,IC12Y77 [IMnO,IC22?,
ATiO,, @Fe;0,; Curves, calculated; points, ex-
perimental.

HA A Y XIBEZE 0 & pH & OBIfR % Fig. 2 IC/RT
(MnO, BEHZ DWW TIREEEY ™). WSOty
DVTH, pH PWETITNIERMBHVSERIC DT
EYA M-BA A+ vHBEMSHAL, pH P ERETHIE
FRIRMEDS BRI > TARY A M54 4 U RTBE S
5. o=0 OB E o R DIRKD pze TH S, B1L
MORBRIC LY, XR8P Thd- THRUAERIC &
> C o-pH IR P R 2 0, pze O {f 13, MnO,
(IC12) <MnOy (IC1) < MnO, (1C22) < TiO,< Fe,O, D
NEIZHEKT 5.

43 AFTHWINTGA -2 —DRE
EMD o-pH BRI LB 0 & 5 12 FEE o ( 3)
(4)(7)~(13) 2B Tixwd, EBEHENRTA—F —& L
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Table 2 Values of K3, K}, A,, Ay, and pzc for
metal oxide samples at [NaNO;] =0.1 M
and 25°C

Sample log K3 log Ky, logA, logA, pzc

MnOy,IC1 —3.98 —9.95 1.35 0.96 4.15
MnO,IC12 —4.25 —10.9 1.47 0.91 3.76
MnO,IC22  —5.11 —9.89 1.57 0.99 4.72
TiO, —6.10 —9.20 1.39 1.63 5.36
Fe3O, —6.66 —8.04 1.65 1.76 6.25

TIMIER/N T SRED 70 75 K908 k0 iR % ik
EUT. F5NTZAER % Table 2 1I2/RY. Fig. 2 D&
HHARIZIRE /ST A — & —flp S WE L6 D¢, FHlE
ERLS—HULTHY, KW TEE U B =US LIS
RICE<SHET D&%, F—(LY (MnO,)
THRBEIC LV IT A= —HIZ L DT 5 5,
K5 i1 Fes0,<TiO,<MnO, ONEICHML, K 12
WTWRWTH L. MFER A, DEILEDHRRII>VLT
LAZIER—TH B, A, OfEIE MnO, HEHZ DO W TIEF)
—TH BN, FesO,, TiO, DFIZ MnO, £V D% kX
AR

5 # =
9, AW CTH O P (1) (12) 0 A
Z, BIINREIC L > TuRY. (1) (12) ol o%t
el 0By 5 E-mrEoNn5.

log K, =log K, —0,4,log v (14)
log K,,=log K},— 6, A,log e (15)

ST e FARFHBOETHY, nsDd i, logK,
vs. 0, BBV log Ky, vs. 0, DT Ty bEEDE logK?
HB5N log Ky, ZHFr & U —Adoge &5 W0 —Aylog e
EHE LS HEBMICEDEAEKRTH. pzc KO 5>
& W pH T [FO7Na']=|sl, £\ pH T i
[FOH, " "NO; =0 & B 3 %5 O ¢, K.=|ol[HT]/
(N/2 —le])[Na™], 6,=|cl/(N/2), K,= o[OH ]/
(N,/2—0)[NO; "], 6,=0/(N,/2). Th#%ZEELT Fig.
3R 4 I (4)RO(B)ICHIET S Tay bE & -
2. o=0 ICEVEN ZRTIEVThOBES bR T &
WEBRBEEPERIL L TWA, 0=0 N T —ZI2o 00
T, ol A DBRBA A v SBBEE L5
WIHEMRT Ty b oSN D, EEEOYIT & Fixh
SEtAHI - 12 K, K, Ay, Ay DI Y E 2 — 9 —iC
FOFTNTDOT— 5 ZEE L TH12 Table 2 D & A
—THotz. o TR (12) DK T 5 2 & 1R
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MnO,IC1

MnO:IC22 MnO,IC12
1 I

—11 { 1 r
0 0.1 0.2 0.3 0.4 0.5

lol - (Ny/2)-1/—
Fig. 3 Plot of log (lo|[H")/(N,/2—|o})[Na*))
against |o|/(N,/2) ‘

O MnO,ICI, & MnO,ICI12, [0 MnO,IC22, A
TiOQ, . FCqu,

_.8 -

T -9
g‘% N Fe;04
ol
b —10f

S~

é” MnQ,IC22

&

—11 e
ManIClZ
0 0.1 0.2

o (N/2)Y/—
Fig. 4 Plot of log (¢[OH™]/(N,/2—0)[NO; )
against 9/(N,/2)
O Fe;04, @ TiO,, [ MnO,IC12, & MnO,IC22

HHLWALNTHS.

RIZ, BALERHT & 5 KRR O Byt B AR e T
K3, Ky, DEV, TE0O5BEA A+ v SHPEERDE
Wi, HETFRBA AV OIEERNBEEOEVICLE LD E
UTLIRD EHICHIATE 4. BTEEA A+ v OIEERN
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B F DM KEDIEE, XA F VRN ENE
EKEL., FeO, i Fe2T  Fet om0, Fe /4 VD
TR +2.7, MnO, & TiO, & TUEMMHIEIVWIT A
Lat THHM, 44 EEE Mt 2060 A, Ti*Y
NK068A THDHYW. HoTIhoDRTFEBA A D
EBEWMHEEIL FE7P T <Mn*" OIEICHMT 5 S
DEEZHND. BAKBEIX, BMEITLIEEI+ D
EBRSKEVEEKEA A V2 REE L3 <BBREN
WIHLOETPHTE, BE K, DX OBIC—HLT
"5 (Table 2). IRERIKBEOEEGRE K 306
BEEBAA VOEBEBRGS/NIVEFERZIVIEICLD
7, KMFEORERBIEINEZSHEL TS,

THANEIE R A,, A, 1&, FIED &S ICEBEREA A+
VI OBERREICLHRBIMFIORE %2 LK T, TiO,,
Fe;O4 1 MnO, D K& A fHEDL L, Th oD
(b L CBERA 4+ VIS LV KERRFENHET S
ZEBRLTWVA., THRBIEEEA A~ OBRZEED,
ROBEATHRILMICE >TRLL1HTHASH. TiO,,
Fe;O4 1 MnO, & VD K& /2 K} ik H 5 (Table 2),
OH A A vABHLRT V. E->TA 4+ v EDFES
HEF<, BEAERIEVWLOEEZ SN D, HEHEE
DRI EREREA 4 v OBERIIIEFHEST A M kbH
MEZILODT, BREEFPRKTRENVPRKEL, B
WABNEHER 24 U bDEELONS. —T 4, 1l
BEEEMICE D BEAEEDS T, K EHEDHEANE
HHNKWV. - TRERA A VOKRES, 3805
W#EW 4 + v OBRERE R L > TE LN
LB, ThHAREYA b-BEBA 4 v R
k> TkDEHIZHPTE 5. AREY A Mg, Bk
PR FORIEE JBICHE L, EENERRKERICLD
BN SRTHNTNDEY, ZokORERA A+ 13d
IR EICEMTEYA bABET AL TE Y,
TSR Z T30, BEBA 4 v OBREESELY
REHC L - TEEAEEDSRVE® A, ENED S
WboEEZHNS.

HEDE UL (MnO,) TH->TH, FHBEMI
ko THIZ K, K5 EWEL U, ShidZ OREXRHM
RO ZLT B 0HTHAHD. MREHEIVITRE B
LEANTVEY, ERRIZIZE - ORSERERCEEED
LDOWEEL TS, - TEHWN LR A A4 V1l
FRME S TBLMIC L CRA R D LD EEZONS.
X MnO, #kH3IEfbEERMAKEZ & 5, B S U
T MnO, o5 FREDOHDHAHV SN A, i
20 Mn®T A F U TEHEL, ZO0RBIEFHBEZMIC K
STERTSE, COLIBBBECLPHBMDOEBENIIE-T

HA, & SR CHREKEZED (4 7 ZHPERE O RH 639

K, Ky BB THbDEEZ BN,

BRI D pac 1, BILMHABORFEEO—> &
LT OFIIC E< BN SN B9 T IEEELY
DR UEREE LTORS OB E2RIMETH BY.
Table 2 @ pzc fEi3 FECHRA L Bl T X — 5 — @D
HEELLHDTHY, Fig. 2D o=0 DERSE»HD
e E<—HLTWNA.

LDU 25, b &I, BwERORIER
KEREEH A4 MICDOWT, FhEh—Ho “BEE” LEE

CHE S, mE> EREsEson (K L A, K E

Ay). SO &, REKBES A MEIERYEHSH—
BRISHZ o0, DWRISOETE EbICEI N
A PORIGHES —EEATRYT A EREKT 5. —
H, ThiC USRIt REICREDRL
BEMOBERESNSTET A ENPONT VS, O
LWEVE, DTOL> IKBILRABOREREDEND
EBLDOTHAHS. ML TIE, ZLDBESHE
H5HNISFEKBERCEHERIERESBESAES NS
N KR T IR EKBBRICEBLTVDOD
T, B AUISBIOK S FEBIERERIEEZ L TVS. &
U 7e /KB R 3 B R R A5 & 3 R B R R D BAfR 12 85
0, KROBERSOZHEEIXFILINLEDEEX
HEND. EEABEY A POREE—MEE2FEILET 5
SFHE LW, TOWMDFENIIMOZ < OWFETHER
INTN AT,

AR, BbP/ KA ST % 8 MR/ KA R O &
IR, BROEBEOMBRAIMEE 2 E U TRERIG
T AREBNEORELER L CHRSFEREL L
0072 L L, BEYEEOBEF IXREERE &
BEOFEY 4 bE VTR H L, REEMES
EEL, $lfHd 2 @dTERY. AR TIE, FERN
RERIERS 4 A v B I BT BN FIREZRNT,
SIEREA LY R TKEEIED 4 F 28 BbsHe = 37 L 72,
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W

Characterization of the ion-exchange properties of surface hydroxyl groups on
metal oxides. Hiroki TaMURA and Ryusaburo Furuichr (Analytical Chemistry Labora-
tory, Faculty of Engineering, Hokkaido University, Kita-13, Nishi-8, Kita-ku, Sapporo-
shi, Hokkaido 060)

The extent of cation and anion exchange on sparingly soluble metal oxides was mea-
sured by titration. Anion exchange was predominant at lower pH, and cation exchange
at higher pH. Ton exchange occurs through an acid-base dissociation of the surface hy-
droxyl groups on the oxides followed by electrostatic adsorption of ions on the formed
charg sites. The equilibrium conditions of the ion exchanges were derived by considering
a suppression of the ion exchange due to electrostatic repulsion between the adsorbed
ions, K;=K,exp(4,8,), K}, =Kyexp(Ap0y), where K5 and K7, are the intrinsic equilibrium
constants, K, and Ky, are the concentration ratios at equilibrium, 4, and Ay, are the sup-
pression constants, and 6, and 6, are the coverages of the exchanged acid and base hyd-
roxyl sites. The K3 and K}, values included in the equilibrium equations were deter-
mined by multiparametric curve-fitting. The parameter values for an oxide sample are
specific; these values can be used to characterize the ion-exchange properties of oxide
samples. The K values increased in the order FesO4, TiOg, and MnOy; the order of
the K}, values was opposite. The different acidities and basicities of oxide samples could
be explained in terms of the different positive charge densities of the lattice metal ions.
The charge density increases with increasing valency and decreasing radius of the ions;
the order of the density is Fe?7" <Ti*" <Mn*". The larger positive charge densities
promote the release of protons from adjacent hydroxyl groups (increase in acidity), and
suppress the uptake of protons on the hydroxyl groups (decrease in basicity).

(Received June 20, 1991)
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