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Thermodynamic equilibrium of hydroxyl complex ions in
Co’*-H,O0 system
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Abstract: Based on the thermodynamic equilibrium principle of complex chemistry, the diagrams for the concentration
of complex ions pe-pH, the ratio of Co*" hydroxyl complex ions a,-pH, conditional solubility product of the hydrate to
pH in the Co**-H,0 system were drawn, respectively. The relationship between the equilibrium concentration of total
cobalt ions and pH value was shown in Co>"-H,O system, when the dissolution of Co(OH), is in equilibrium. The
solubility of Co(OH);, is the least at pH value of 10—13. The relationship of hydroxyl complex ions and pH value is shown
in the diagram of a,—pH, the cobalt ions will turn into different hydroxyl complex ions according to different pH values.
There are Co(OH)", Co(OH);~, Co(OH),>~ and Co4(OH),*" existing in the Co?-H,O system, and a little of Co(OH), and
Co,(OH)**. The diagram for the conditional solubility product pP,—pH indicates that the pP, reaches the minimum value
at pH value ranging from 9 to 11.
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FHEI(CONRITIRT Co™ B4, BB TR
BB 7 EZELL Co(OH) . Co(OH),. Co(OH) .
Co(OH),* . Coy(OH)* "1 Cous(OH),* fl L R AFAE -

E 25 CHAFI, HBEg R e w5 K, 90
Co**+OH =Co(OH)"

K,=[Co(OH)"])/[Co*'][OH ]=1 X 10* (1)
Co(OH)'+OH =Co(OH),
K>=[Co(OH),])/[Co(OH)*][OH ]=1 X 10°* )
Co(OH),+OH=Co(OH);
K3=[Co(OH); J/[Co(OH),][OH ]=1 X 10*! 3)
Co(OH); +OH=Co(OH),*
K4=[Co(OH),* ]/[Co* T [OH ]=1X 10"* 4)
2Co*"+OH =Co,(OH);"
Ks=[Co,(OH)’")/[Co* [OH =1 X 10* %)
4Co*"+40H =Co4(OH),*"
Ke=[Cos(OH),*")/[Co* T [OH 1*=1X 10°7° (6)
BN, T Kg=KoK)» Ko=KK>» Ka=KoKs,

Ku=KsKy» KSSZKSOZKS ’ K562K504K6 °
Co(OH),(s)=Co” +20H"

Ko=[Co*'][OH T*=1X10"*¢ (7
AT LA 2

Co(OH),(s)=Co(OH) +OH

K=[Co(OH)'][OH =1 X 107'*¢ (8)

Co(OH),(s)=Co(OH),

Ko=[Co(OH),]= 1Xx107'°2 9)

Co(OH),(s)+OH =Co(OH);”

Ks=[Co(OH); J/[OH ]=1 X 10"%" (10)

Co(OH),(s)+20H=Co(OH),*~

Kyu=[Co(OH),* J/[OH =1 X10"** (11)

2Co(OH),(s)=Co,(OH)*+30H"

K=[Co,(OHY’"J[OH J’=1 X 10**7 (12)

4Co(OH),(s)=Cos(OH),* +40H

K=[Cos(OH),* J[OH 1*=1X107"? (13)
X 2 (T)~(13) K P 32 [ I O

1gK,=1g[OH J+lg[H'], EI Ig[OH J=lgK+pH, 7] it}
pc(Me)=—lgc(Me)(c K EIRWEE), AT LA

1gK=1g[Co” |+2Ig[OH ]=lg[Co* |+2lgK,+2pH
p[Co*'1=—13.41+2pH (14)
1gK;;=1g[Co(OH")]+1g[OH ]=lg[Co*‘]+1gK+pH

p[Co(OH")]=—3.41+pH (15)
1gK,=1g[Co(OH),]

p[Co(OH),]=10.2 (16)
1gK=1g[Co(OH); ]-1g[OH ]=lg[Co(OH); ]-lgK,~pH
p[Co(OH); ]=20.1-pH (17)

1gK=1g[Co(OH),* ]-2Ig[OH ]=
1g[Co(OH),* ]-21gK,,—2pH
p[Co(OH),* 1=32.9-2pH (18)
1gKs=1g[Co,(OH)**]+31g[OH ]=
1g[Co,(OH) " ]+31gK,+3pH
p[Cox(OH)**]=—17.5+3pH (19)
1gK=1g[Co,(OH),*1+41g[OH ]=
1g[Cos(OH),*+41gK +4pH
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p[Co4(OH),*"=—25.1+4pH (20)

W W 2(14)~(20)4E pe[Me]—pH Abkr & FRAER,
LK 1.

Co(OH),(s)

O 0r
=%
10 —Co(OH), ////
Co(OH), ﬁ (OH)’
0l B N\
0 2 4 6 8 10 12 14
pH

1 Co™"-H,0 fA & pe—pH K
Fig. 1 pc—pH diagram of Cd*"-H,0 system
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TG A REREAT

2 pH EX Co"BFREBEARET
A

FEREW T, TR Co™ B 1B i &
Co(OH)". Co(OH),. Co(OH); « Co(OH)s* . Co,(OH)*
Hl Coy(OH),*, AT BT S S B 2 A K533
H
Co>+OH =Co(OH)"

B1=[Co(OH))/[Co* |[OH ]=1 X 10* (21)
Co*'+20H =Co(OH),
S>=[Co(OH),)/[Co* J[OH T*=1 X 10** (22)

Co™+30H =Co(OH);~

B=[Co(OH); J/[Co*"J[OH J’=1X 10*° (23)

Co**+40H =Co(OH),*

Ba=[Co(OH),* 1/[Co” J[OH ]*=1 X107 (24)

2Co*+OH =Co,(OH)*"

Bs=[Cor(OH)*")/[Co* '[OH ]=10*7 (25)

4Co*"+40H =Co4(OH),*"

Be=[Co4s(OH),*"/[Co™]'[OH ]*=10*"° (26)
INIIEG ¥zl

[Co(OH)'}J/[Co*'J=[OH 18,

Co(OH),)/[Co*']=[OH 1*4,

[Co(OH); J/[Co™']= [OH 1’

Co(OH),* J/[Co™"]= [OH 1*B4

[Cox(OH)*'}/[Co*']= [OH T f5 Ko

[Cos(OH),*)/[Co* 1=[OH ] *Bs Ky’

PR R, B S T LR R

[Co*'l=[Co* 1+[Co(OH) 1+[Co(OH),]+[Co(OH); ]+

[Co(OH),* 1+2[Co,(OH)*“1+4[Co4(OH),*]  (27)

E X ags 01~ G a3~ cas as M ag 2Rk Co*'s
Co(OH)". Co(OH),. Co(OH); « Co(OH),* . Co,(OH)*
H1 Coy(OH), I I B 1 EL g, )

0=[Co* J/[Co* "], (28)
Il

a=1/(14[OH 18,+[OH J*fo+[OH J’A:+[OH 'S4+
[OH ] BsK«+[OH ] *feK )
a,=[Co(OH)"]/[Co™];
0,=[Co(OH),]/[Co™"];
o3=[Co(OH); J/[Co™'];
a,=[Co(OH)4* 1/[Co*"],
as=2[Co,(OH)*")/[Co™ "],
ag=4[Co4(OH),*"1/[Co™ "],
Hl
o, =[Co(OH)"]/[Co*"]=[Co*|[Co(OH)"]/[Co*'],[Co*']=
ao[OH 15, (29)
0,=[Co(OH),]/[Co*']=[C0*'][Co(OH),})/[Co* ][Co*']=
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ao[OH—]zﬁz (30)

a;=[Co(OH); J/[Co*']=[Co* ][Co(OH); ]/
[Co™[Co* J=ao[OH T*B; (31)

a,=[Co(OH)4* J/[Co*"]=[Co*][Co(OH),* I/

[Co®' [Co* ' =as[OH ]*B4 (32)
as=[Co,(OH)**/[Co*"]=[Co*][Co,(OH)* ")/

[Co™ [Co™ [=20,[OH | fsK+o (33)
a6=[Co4(OH)4*1/[Co* ]=[Co*|[Cos(OH),* )/

[Co™ [ [Co* [=4a,[OH | *BeK<’ (34)
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Fig. 2 lga,—pH diagram of Co*"-H,O system
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M 2 hRTLAE H, EARE pH AT, e
T ORI S IR 7E, 4 pHE/NT 7.5 B,
THLL Co™. Coy(OH), " Az Coy(OHY B A4 s
M pH fH Ny 7.5~11 i, FEFELL Co™*. Co(OH) Fl/bH:
Co(OH),+ Co(OH); B A71E s 24 pHAE A 11~15 I,
FZLL Co(OH); Co(OH),* FI/bi Co(OH)'\ Co(OH),
MR AEAE;s 24 pH KT 15 B, EZLL Co(OH),>
A

M 2 FF T LI, Co(OH), AT Co,(OHY* (% E:
Wb, 4t pe—pH K, FEHFH T 3 ZA74E Co(OH) '
Co(OH); + Co(OH),* . Al Cos(OH),""iX 4 Fh¥tHLfC
.

3 pH {EX} Co(OH), iAfEE BN

£ Co™'—H,0 R &1, T4 i Mt A L B 1
KAl Co(OH), FIVAMRERE TN, BRI 4 A F BERR I
WE&2615 pH X Co(OH), R FE 52

Co(OH)y(s) & R Py s LA

Ps:[C02+]I[OH_]12 (35)

1 [Co™ ), i Co(OH)(s) IR T BT A & Co W5t
W Co RKkEE, BIERQ7) s, [Co™ il A4 B
T E , [OH 14 Co(OH),(s) LRI T & OH
YRS EE, WTLAH (7)), [Co* 1=K/[OH ]%.
[Co(OH)']« [Co(OH),]+ [Co(OH); ]+ [Co(OH),* ]+
[Co,(OHY "1HI[Coy(OH), M A Bl (1 FE 3L L 2 1, JLuk s
a] 208 ~(13) i H 15
[OH ]=[OH J+[Co(OH) +2[Co(OH),]+
3[Co(OH); J+4[Co(OH),* J+[Cor(OH)* ]+
4[Co4(OH)," (36)

e [OH ] A ¥ W Ui 25 28 2 R IRk B2
[Co(OH)]+ [Co(OH),]+ [Co(OH); ]+ [Co(OH)s* ]~
[Cox(OH)Y* THI[Coy(OH],* '], vk & [FIFE AT H X (8)~(13)
T

QMBI EBS)H, BRI 43 21754 R pH
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