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 Within the scope of the JAEA thermodynamic database project for performance 

assessment of geological disposal of high-level and TRU wastes, the selection of the 

thermodynamic data on the inorganic compounds and complexes of cobalt and nickel have been 

carried out. For cobalt, extensive literature survey has been performed and all the obtained 

literatures have been carefully reviewed to select the thermodynamic data.  Selection of 

thermodynamic data of nickel has been based on a thermodynamic database published by the 

Nuclear Energy Agency in the Organisation for Economic Co-operation and Development 

(OECD/NEA), which has been carefully reviewed by the authors, and then thermodynamic data 

have been selected after surveying latest literatures.  Based on the similarity of chemical 

properties between cobalt and nickel, complementary thermodynamic data of nickel and cobalt 

species expected under the geological disposal condition have been selected to complete the 

thermodynamic data set for the performance assessment of geological disposal of radioactive 

wastes. 
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z{�hi9���������e�,hi^VW 5)�\ç�9����_�m]�r

��9��
�[ª����¯W\ �iWu{
�����$Øv�������_

ïø¯W�\\]�b
�9OECD/NEA e������_$%]yç|�u{
��

���$ØvTcV^9��
��������Ü��W\øùhi�s�TcV^d9

¿%å\]^ OECD/NEA e�¹å\øù]�å_æU¯W�\\]�b
�9 

OECD/NEA ������������z{���\y�yç|�������_êÉ

¯W��T92000 M?Û��,jk_��\]^jklm_q|�bâ®\]^9�

�
��������Ü\ �iW������d-ðhiyç|�b 

0  

2.4 u�ÝÞßàT�W��� ���!"#����������% 

0 �r�Ö¤���i�������_!"#�\��� �!"¯W\9ZÖ�ÅJ

���������e$%hi^VWu{
�����u�ve�ðhiWb!"#�

\��� �u�Ó���_��W\9#Ö�ÅJ�fghi^VWu�vdsrZÖ

�ÅJ�s��]^VW���e�Vb���\ç�9u�ÝÞßà_UV^����

���� _qr�\\]�bwxd@r¯Wb 

 

���������������������

���
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3. ��� �������$% 

 

3.1 34áf 

��� Td 0 �9II �9III �e��¯W�\e$�i^VW 14)b�iEi�ñ­

ö%�òóôõ�ö��åd9Table 2Tj¯ NBS Table 
15)�æUå_UVW�\\]9

&è^hi�òóôõ�ö����ìí%î_÷ø]�b 

��� d�'�Tª 0.0025%	³hi^��9�µ"/�:(LCoAs2Q9)���

 (LCoAsSQ9���bu
L��� à��0¤CoO*ZnOQ\]^(
�v���

¯Wb-I�ç� V�
��u{
e$�i^VWe9II�\ III��s�eÄVb��

a��d II�e¦%�9III����� dÀ�ybu+���9_`T�¦%��Wb

II �\ III �$ØTcV^d9
Uu�9
U)LÁhi9K)��hiy��3'Ó

�Æe,úç�*+hi^VW 14)b 

°b-Å.e��¯W/N���T�V^°u��� LCo
II

SQ_ñ­¯We90N

��1\bu-ÅÔ�eÑu¯W\2��\yW 16)b 

 

3.2 jk�z{�â® 

3.2.1 �bu
���é���v 

0 ��� (II)\�bu
´^0�$ñ­Lé���hiQ�¦%!%îT�¯W*+

d9���Ke_UV� pH [%e34Tq�iW�rTy|� 1950 MÜ����y

���`ahi^VWbjk�z{�ç���i�fgå�Z5_Table 3Tj¯bä�

�“log10 β reported” dtjk�fgå���9“log10 βm

 (a) 

accepted” dfgå_Æ¨¸�

"!%6TÑÁ]9AÜTi�^ïð7þ�ý=s]úd
��_q|�'�z{��

æUå��Wb“log10 βm

 (a) 

accepted”�åe“−” \¡hi^VWjkd9�z{��â®

�æU\y|�s���Wb�æU�PóTcV^d@r¯Wb 

��u�v��W CoOH
+��� Co(OH)2(aq)eñ­¯Whi�ìí%îd9BTZ%

"!� Co
2+

 _	²�aTÝ�3��a_8�] pH �Ñu_[%¯WKUþ8%�9

Z%"!�b�aTv��"!���� (II)_9�hè9��Ì� pH Ñu�[%ç

�÷øhi^VWb����Ö¤T�V^s�a���J´^0"! [H
+

] _VçTÄ

�T[%�\Wçe��iWìí%î����_:;¯W�\TyWe9Table 3Tj]

�Äú�jkT�V^ IUPAC�%��<`�=Ä¤T��=Ä]�Ke_�>]� pH

?���@�å pHr _î�9�J´^0"!�A��îå–log [H
+

]L= pcH \¯WQ\

]^VWbpHr\ pcH �å�þd9�BK�Æ�v�9"!9�a�¦!�Ke�Ô�

\V|�C)TD�¯We9«��¦!e 25 
o

C�´^0À!e NaClO4 T^ 1 M Tl

���������������������

���
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Xhi^VW�a�d9pHrå\ pcH å�þd 0.3ý!\y�9���\yVÃ\h\

yWb����9'�z{��d pHrç� pcH1��Äe¹ÞTyhi^VyV�j�

ìí%îfgåTcV^d9}×�Óþ_��Tý=]�z{�æUå\]�b
�9

Table 3�djk�ìí%îe I = 0.1M ?��´^0À!��å��|�z{9¸�"

!LM: mol·dm
-3Q�%6hi�ìí%î log10 β_Æ¨¸�"!Lm: mol·kg

-1Q�%6h

i�ìí%î log10 βmTÁÂ]^VWbé���v�ìí%îTcV^d9jkT�|

^9Co
2+

 +OH
-

 ⇔ Co(OH)
+

 ��rT OH
-_UV�%6\9Co

2+

 ÌH2O ⇔ Co(OH)
+

 +H
+

 �

�rT H
+_UV�%6eE�]^VWb���9'�z{��djko�ìí%î�

!"_�2T¯W��T9§^@��%6T��Wìí%îTÁÂ]�b��ÌTAÜ

\yW��´^0F(Kw = [H
+

][OH
-

]) �åd9NIST������ 
13)T�þhi^VWå

_UV�b��ç�9?��GTµV SIT¤T�WHvIJ�	ç�9Im = 0T��W

]Zé���%îLlog10 β°1,mQ_K�W�\_Ò��b 

 

 log10 β1,m – ∆z
2

 D − log10 aH2O = log10 β°1,m − ∆ε Im      (1) 

  ∆ε = ε(Co(OH)
+

, ClO4

-

/Cl
-

) + ε(H
+

, ClO4

-

/Cl
-

) − ε(Co
2+

,ClO4

-

/Cl
-

)   (2) 

 

�Bg\]^NaClO4_UV�Ê�djk 
17-19) �æUå_9KCl_UV�Ê�djk 

20) 

�æUå_UV^ÙÂ_q|�b����ÊT�V^s9HvIJ�	TL¯W���

îe 3M
�d 1M\�yV��9ñ­u�v�}ÅÆUí�?��d?��u�ÝÞ

ßàå 8)_UV�b 

 

ε(Co(OH)
+

, ClO4

-

) ≅ ε(Ni(OH)
+

, ClO4

-

) = 0.14 ± 0.07 

ε(Co(OH)
+

, Cl
-

) ≅ ε(Ni(OH)
+

, Cl
-

) = -0.01 ± 0.07 

 


�9��|�}ÅÆUí�?��\]^Ð�å 8)_UV�b 

 

 ε(H
+

, ClO4

-

) = 0.14 ± 0.02, 

ε(Co
2+

,ClO4

-

) = 0.34 ± 0.03, 

ε(H
+

, Cl
-

) = 0.12 ± 0.01, 

ε(Co
2+

,Cl
-

) = 0.16 ± 0.02 

 

��i� Im = 0T��W¦%!%îd9NaClO4Ê�d log10 β°1,m = − 9.49 ± 0.029KClÊ

�d log10 β°1,m = − 9.45 ± 0.02��|�bNÖ�åd�iEi���O�TXY�
W�

���������������������

���
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�9�i��å�PQì�å_ÙÂ]9?��å_ Im = 0T��W]Zé���%î�

æUå\]�b 

 

Co
2+

 + H2O ⇔ Co(OH)
+

 +H
+

,  log10 β°1,m = - 9.47 ± 0.02 0 0 0    (3) 

0 0  

^�µ�"2ËR*+·LORNLQ�d9SËôõ�ö�T��ß2�µ \]^q|

�¬p´^0�é���hi����¨TcV^��z{�fg 21)L?�9kORNL �

z{�mQT�V^9´^0À! 09¦! 298.15 KT��W��� (II)�]Zé���

%î\]^9 

 

Co
2+

 + H2O ⇔ Co(OH)
+

 +H
+

,  log10 K11= - 9.65 ± 0.05     (4) 

 

\Vrå_�U^VWb��ådjk 22)ç��¶Uå���9��jk�d 1960 MÜ

?�� 2 cìí%î�fgå_ Debye-Hückel GT��´^0À! 0 T�V]^VWb

ìí%î�øW\y|^VW�j�MÜ��VTUV�i^VW¸��_�w¯i�9

'�z{�� log10 β°1,m�fgå(3)d�����e�V\ðyèWb 

]Zé���hi�hiô0��;�Ñu ∆Hr TcV^d Bolzan and Arvia 
17)

, 

Ciasson and Tewari 
20)T^fge�Wb�jk\shi�ìí%î_Vúcç�¦!T^

�%]9��¦!D��ç�?���X0 fY"�G_UV^ ∆Hr _÷ø]^VWb 

 

 














−

∆

−=

0

0r

000

11

10ln

loglog

TT)(R

)T(H

)T(K)T(K       (5) 

 

�G�d9ZV¦!op��i�hi���¨ Cp d¦!TD�èOZ%\�yèW\

[%]9log10 K(T) _ 1/T T�]^�ß" ¯i�9��\\ç� ∆HreK
W\]^

VWb����9jk 23)�d(5)G�¹Uopd��¨ Cp�¦!D��e���\rW± 

10 KT»�Ws\\]^VWbBolzan and Arviad915c40 °C�op�� 4M�ìí%

îT�]^(5)�HvIJ_qV ∆Hr _÷ø]^VW
17)e9Ciasson and Tewari d 25c

200 °C�op�� 4M�ìí%îT�]^HvIJ_q|^�� 20)9�r]�¹U¦!

op_ÃOT]�^VWb���ryop�dhi���¨ Cp�¦!D��d���

\yV��9'�z{��d��Ciasson and TewariT�W∆Hr�fg
20)_�æU\]�b

��â®9Table 4Tj]�9Bolzan and Arvia�fgå 17)_'�z{��æUå\]�b 

]öé���%îTcV^d9Co(OH)2(s)���![%_q|�jk 19,24)T��fg

���������������������

���
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hi^VWb�jk�[%�ÛÜTcV^d Co(OH)2(s)���!FTcV^�^T^@

r¯We9]öé���%îd��� (II)��!_pH`H��	ç�÷øhi^VWb

a�T�a���J´^0"!�áfe�Ü\yWe9�jk\s pHrç� pcH1��

Ädq�i^��O pHr = pcH\y|^VWb��TbC¯Wìí%î���`�_�

w]9ìí%îTdÓþ_��Tý=]9'�z{��æUå\]�LTable 3Qb�r

]^��i� Ćosović et al.�æUå 19)_ SIT¤T�WHvIJ�	ç�9Im = 0��å

T�V]�\��9log10 β2,m

o

 = − 17.1 ± 0.3��|�b��Ì9Kc_³hyVu�v�

�W Co(OH)2(aq)�´^0}ÅÆUí�?��ddß\]�b�V��K
|�åd 

Gayer and Garrett� Im = 0��æUå−18.8 ± 0.3 
24)\Ã\úeyWb���9�i��å

�Mfì�å_K�9NÖ�������O_��WÓþ_ý=]9?��å_ Im = 0

T��W]öé���%î�æUå\]�b 

 

Co
2+

 + 2 H2O ⇔ Co(OH)2(aq) +2 H
+

,  log10 β°2,m = -18.0 ± 1.10 0 0   (6) 

 

ORNL�z{�21)�d]öé���hi�æUå\]^?��å_�U^VWb 

 

Co
2+

 + 2 H2O ⇔ Co(OH)2(aq) +2 H
+

,  log10 β°2,m = -18.8 ± 0.1   (7) 

 

��åd'�z{��æUå���ì���Tx|^��9́ ^0À!�V¸����

gV_�w¯i�9�úZû]^VW\ðyèWb 

Co(OH)2(s)L(s)d�}eâhÆç_hÆç��%ys���W�\_j¯Q���!

FTcV^djk 19,24)ç��æUå_!"]�bGayer and Garrett d9{­]�

Co(OH)2(s)_�a�Té�9��]���� (II)���u�v�"!_!i�j�	T

��[%¯W9V�aW�kK¤T����!_K�^VW 24)bZÖ9 Ćosović et al.

d Z%"!� Co
2+

 _b��aT��hè9Ý�3�_é�^V\ye�l�T pH_

�mhè9noeñ�Ç�W pH_ðø]9��\\���� (II)"!_�� pH��

��!å\]^VW 19)b��Ö¤d9V�aW�kK¤\p�iWû¤��Wb��\

sT pHrç� pcH1��Ädq�i^��O9�J´^0"!�[%T'(e�Wbh

�T9Gayer and Garrettd´^0À!lXU��Bg_UV^VyV 24)��9´^0À

!��ÄTs'(e�Wb
�9Ćosović et al.d Co(OH)2 no�-ñ_Ï�T^��]

^VW 19)��9_`Tq¨�no­��-ñ_ð�\]^VW���e�Wb?��P

óç�ñ�Wìí%î���`�_�w]9�fgåT!"ÓÃ\yÓþ_��Tý=

]9'�z{��æUå\]�LTable 3Qb ��i� Ćosović et al.� NaClO4Ê�æU

���������������������

����
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å\ NaClÊ�æUå 19)_ Im = 0�åT�iEi�V]�\��9log βsp,m

o

 = 12.8 ± 0.3 

(NaClO4Ê), log βsp,m

o

 = 12.3 ± 0.3 (NaClÊ)\y�9Gayer and Garrett� Im = 0��å 24)

\�úZû]�b�i��å�PQì�_ÙÂ]9?��å_ Im = 0T��W Co(OH)2 

(s)���!F�æUå\]�b̀ �Ö¤�Ã\úeyW9�kK¤ç���i�å\�

kK¤ç���i���!Fe�úZû]���9?��æUå����d!"Ó�V

\ �iWb 

 

 Co(OH)2(s) + 2 H
+

 ⇔ Co
2+

 +2 H2O, log10 β°sp,m = 12.43 ± 0.17   (8) 

 

ËÌfÄfiUu�å{LIUPACQ� section of analytical chemistry, commission on 

equilibrium datad91963MTI�¬p���!F�Í2��z{�LIUPAC�z{�Q

_q|^VW 25)b���z{��d9Co(OH)2 (s)T�]^9no86TriW_hÆ\

 �iWsi��bu
\9t­@TriW;0µi��bu
e��¯W\]^VWb

��;0µi��bu
d9h�TÃ��}\�Ã��}T��hi9{Ù 3v���

bu
TcV^��!Fe?���rT�U�i^VWb 

 

log10 Ksp = log ([Co
2+

][H
+

]
−2

)   

= 13.8  Co(OH)2(am) blue 

= 13.2  Co(OH)2(s) pink (active) 

= 12.3  Co(OH)2(s) pink (inactive)0 0         (9) 

 

�i��å\'�z{��æUåL(8)GQ_!"¯W\9'�z{�� log10 β°sp,md�

bu
����s¦%y;0µi��Ã��}���!F\�úZû]^��9'�z

{��æU]���!Fd�Ã��bu
���!F��W\���iWbZÖ9

ORNL�z{�21)�d9��hi���!FTcV^?��å_æUå\]^VWb 

 

log10 Ksp = log ([Co
2+

][H
+

]
−2

) = 12.3 ± 0.1       (10) 

 

��ås'�z{��æUå��� IUPAC �z{���Ã��}���!F\�VZ

û_j]^VWb 

Co(OH)3

-T�¯Wìí%î�fgd9Gayer and GarrettT�W Co(OH)2(s) + H2O ⇔ 

Co(OH)3

-

 + H
+0 hi�ìí%î log10 β°sp/3,m = −19.1 ± 0.5 

24)����Wb��åd IUPAC

�z{�25)TsæUhi^VWb��åT�]^9pHrç� pcH1�ÑÁeq�i^V

���������������������

����
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yV�\�9́ ^0À!elXhi^VyV\V|�`�Ö¤TbC¯W��`�_�

w]�Óþ_ý=]�b��å\(5)G���!F_UV^9]Jé���hi� Im = 0

T��Wìí%î_÷ø]9æUå\]�b 

 

Co
2+

 +3 H2O ⇔ Co(OH)3

−

 +3 H
+

, 

log10 β°3,m = log10 β°sp/3,m − log10 β°sp,m = -31.5 ± 0.5      (11) 

 

3.2.2 �"u
$Ø 

��� (II)\�"u
´^0�$ñ­�¦%!%îT�¯Wfgd9�"J´^0

$��Ke_UV�8%¤T��9!"Ó�2çc�!�ú[%�\W�\ç�9fg

åsÄVLTable 5Qb`�d9§^ F
-��ß 0u������ (II)�é���\V|

�uhi�<=e���\W pH 4c5�op�q�i^VWb 

Kulvinova et al.d90.1 ~ 3 Mop� 6c�eyW NaClO4"!T��W 1:1$ñ­�¦

%!%î_fg]^VW 26)bZÖ9Bond and Hefter 
27)��� Solomon et al. 

28)d9�iE

i 0.1 M NaClO490.05 M / �?v�Ýw0�gJbLTMAPQT��Wå_fg]

^VWb�i��fgåT�]^9?��GTµV SIT¤T�WHvIJ�	ç�9Im 

= 0T��W$ñ­�¦%!%îLlog10 β°1,mQ���∆ε_K�W�\_Ò��LFigure 1Qb 

 

 log10 β1,m – ∆z
2

 D = log10 β°1,m – ∆ε Im        (12) 

 ∆ε = ε(CoF
+

,ClO4

-

) – ε(Co
2+

,ClO4

-

) – ε(Na
+

,F
-

)      (13) 

 

���9Co
2+

 + F
-

 ⇔ CoF
+�hiGT�]^d9∆z

2

 = -4���9Dd Debye-Hückelí�

?����WbFigure 1��9Bond and Hefter 
27)��� Solomon et al. 

28)�fgåe9ò

��T�|^=��i^VW��O�op�9Kulvinova et al. 
26)\Zû]^yV�\9

c
�9�i��fgåe Kulvinova et al. 
26)\G��Ùx�£Tp]^VyV�\ej

yhiWb���9Bond and Hefter 
27)��� Solomon et al. 

28)�fgå_	z]9Kulvinova 

et al. 
26)���fgå_UV^9SIT ¤T�WHvIJ�	_q|�b��i�â®_

Figure 1TîH�j¯b��i� log10 β°1,m�åd9 

 

 Co
2+

 + F
-

 ⇔ CoF
+

,  log10 β°1,m = 1.47 ± 0.04      (14) 

 

��Wb
�9G(12)�îH�\\L∆ε = -0.05 ± 0.02Q���(13) Gç�9ε(CoF
+

,ClO4

-

) 

= 0.31 ± 0.04e��iWb 

���������������������

����
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Kulvinova et al.d9Table 5�¦%!%î�å���{´µß3ß�? ��_�U]

��¨8%�â®ç�9eyWg"!T��W��� (II)\�"J´^0o� 1:1$ñ

­����í�?��L∆rG°m9∆rH°m9∆rS°mQ_K�^VWLTable 6Q26)b∆rH°m�å

ç�9§^�g"!T�V^9CoF
+�ñ­hie-�hi���9
�9!"ÓÃ\y

∆rS°mç�9��hieô0 ß;�|��hi��W�\e�çWb
�9∆rH°m��

�∆rS°m�¥�ådg"!�Úé\9TÃ\úyW\}T�W�\e�çWb 

 

3.2.3 gu
$Ø 

��� (II)-gu
´^0$Ød9gu
´^0LCl
-Q"!\¦!TD�]� 6
U

$Øç� 4
U$Ø1�/-ÑuT�r ~Óy����µ ��Ñuç�9�i
�

TÄú�*+ehi^VWbZeltmann et al.d917

O\ 35

Cl-NMR��9OnV HCl"!

L0.4c14.7 mol•kg
-1Q�� Co

2+

-Cl
-$Ø�/-e��hi^��9NMR;�µ�� �

!"ç�9CoCl(H2O)5

+

, CoCl2(H2O)2

0

, CoCl3(H2O)
-

, CoCl4

2-\Vr 4c�u�ve��]9

5c9 mol·kg
-1

 HCl"!���9��� (II)�
Uîe 6
Uç� 4
UTÑu¯W�\

_j]^VW 29)bZÖ9Pan and Susakd9��� (II)�����µ ��wxyêë

ç�9 25 °C94 mol·kg
-1?��9ß­0LCl

-

, Br
-Q"!�d 6
U�$ØeÃ1�_�

�W\rs^VW 30)b
�9��jk 30)�d96
U� 1:1 ~ 1:4$Ø\ 4
U� 1:4$

Ø�Ù 5c�$Øe[%hi^VWb 

��� (II)\ Cl
-�$ñ­d9|�
U)\!s^�ú9¦%!%îeuhV�\e

 ~��WbLibuś and Tiaŀowskad9eyWI�¬p´^0\ Cl
-$ñ­�"!D���

!"ç�9��� (II)��� Ni(II)-Cl
-� 1:1 $ØTd���\���� 2 v��$Ø

e9�¯W\rs^VW 31)b���ry�V$ñ­���9`��Ã1�d�"!�

Cl
-����q�i^��9hiT�=]yV�BK�Æe�éhi^VyVz{sÄ

Vb����9Zå�[%�Ã¨~î�Ã\yÑu_�Ä¯W�\eq�i^VWe9

��Ö¤d�����9��â®9¦%!%î�fgåTÃ\yOe�Wb 

'fg¡�d9°v�q\Vr��Té�9 4c5 mol·kg
-1?��d 6
U 1:1$Ø�

�e��¯Wãä�*+�â®ç�9�� 1:1 $Ø�ñ­��_�w¯W�\\¯Wb


�9���$Ø���d�%�\yVs��9 T%jÓTd÷�yV�\\¯Wb

ãä�jk�fghi^VW Co
2+

-Cl
-� 1:1$ØLCoCl

+Q�¦%!%îLlog10 β1Q_Table 

7Tj¯bSmithson and Williams 
32)��� Skibsted and Bjerrum 

33)�`[åd9K�Æ"!

e_`T�VL> 6 MQ�����i�å��W�\ç�9'fg¡T��W log10 β°1,m

�ÂøTdUVyV�\\¯Wb
�9Zeltmann et al. 
29)9Bjerrum et al. 

34)9Libuś and 

Tiaŀowska 
31)9Pan and Susak 

30)�fgåd9ãTLSIT¤?��QQ�ç�Ö¤�Ã¨~

���������������������

����
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î�Äeq�i9K�Æ"!D��e�whi^VWb�i��fgåT�]^d9ñ

���e�Lhi^VyVç9�WVd9�Lhi^V�\]^s9`�����Pó

� SIT¤��Ã¨�ÄT}V^VyV�\ç�9'fg¡T��W log10 β°1,m�ÂøT

dî�UVW�\dèO9@�9��i�â®�X{����T�U¯W�\\¯Wb 

Co
2+

-Cl
-� 1:1$ØLCoCl

+Q�¦%!%î�Âø���TæU]�fgåd9NaClO4Ê 

19,35,36)\ HClO4Ê 
37,38)T��W�\e�\Wby�9Lister and Rosenblum �fgå 35)

Td��Oeýhi^Vyç|���9�¼T± 0.05���O_=��bSIT¤T�W

�uö�¹{�â®_9Figure 2Tj¯b���ç�9Morris and Short�fgå 37)d|

�jkå\Ã\úeyW�\ç�9êëç���¯W�\\]�bNaClO4 Êdº�y

���îe�W�\ç�9
O9������" �� log10 β°1,m��� ε(CoCl
+

, ClO4

-

)

_�%]9��@9��i� ε(CoCl
+

, ClO4

-

)_UV^9Morris and Short�fgå 37)_�

V� HClO4Ê
 38)ç� log10 β°1,m_K�W�\\]�bNaClO4Ê����ç���i� Im 

= 0T��W¦%!%îd log10 β°1,m = 0.81 ± 0.07���9
�9}ÅÆUí�?��d

ε(CoCl
+

, ClO4

-

) = 0.41 ± 0.04��|�b�� ε(CoCl
+

, ClO4

-

)_UV^ HClO4ÊT��W

log10 β°1,m�åd90.54 ± 0.18\y|�b2c�����" ç���i� log10 β°1,m�

åe��O�op��Zû]^VyVe9���d9���Mî�îç�øù]^9

NaClO4Êç���i�å_æU¯W�\\¯Wb 

 

 Co
2+

 + Cl
-

 ⇔ CoCl
+

,  log10 β°1,m = 0.81 ± 0.07      (15) 

 

Co
2+

-Cl
-� 1:1$ñ­TcV^ SIT¤_UV^K��i�¦%!%î�åd9��O�o

p� Zeltmann et al. 
29)��� Bjerrum et al. 

34)�fghi^VWÃ¨~î�Ä~��¦%

!%î�å\Zû¯Ws���Wb 

Kennedy and Listerd93ß�? ��T�W�¨8%`�\¦%!%î�¦!D��

��Öç�9Co
2+

-Cl
-

 1:1$ñ­�∆Hr

o\∆Sr

o_��]^��9∆rH°m = 2.2 kJ·mol
-19∆rS°m 

= 4.6 kJ·mol
-1

·K
-1_fg]^VW 39)b 

 

3.2.4 °u
$Ø 

0 ��� (II)\°u
´^0�$ñ­�¦%!%îT�¯Wfgd�yú9êëhi

^VWhisì�i^VWbjk�z{�ç���i�fgå�Z5_Table 8Tj¯b

ä��“log10 βm

 (a) 

accepted”�åe“−” \¡hi^VWjkd9�z{��â®�æU\

y|�s���Wb�æU�PóTcV^d@r¯Wb 

CoS(aq)_ñ­¯Whi�ìí%î�fgd Dyrssen 
40)����|�b���j�d9

���������������������

����
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°u
´^0�]Z�ß 0u%îLH
+

 +S
2-

 ⇔ HS
-Qe9�������VåTØ�h

i���9G�ò�e2v�0_	²�gu®J�ñ_UV��ñïø¤T����]

� Co
2+

 +S
2−

 ⇔ CoS(aq)hi�ìí%î 41)��Ä_q|^VWb��ÌTUV�i^VW

]Z�ß 0u%îd log10 K°1 = 17.0 ± 0.5���9��TbC¯WÓþ_$ñ­%îT

ý=]9?��å_ Im = 0T��W CoS(aq)�$ñ­%î�æUå\]�b 

 

Co
2+

 +S
2−

 ⇔ CoS(aq), log10 β°1,m = 19.6 ± 0.5 0  0 0 0 0 0 0 0   (16) 

 

CoS(s)���!FTcV^d9Licht 
42)\ Dyrssen and Kremling 

43)T�|^fghi^V

WbLicht ��j�d9ãf�j��z{�eq�i¬p°u
T�¯W���¨LB

T ∆fG°mQe��
\��i^VW
42)b��� TcV^d CoS�ñ­òóôõ�ö�

∆fG°m_��]9��ç��i��u{
 CoS(s)���òóôõ�ö�∆rG°sp,m _?�

�Gç�÷ø]^VWb 

 

∆rG°sp,m = ∆fG°m(Co
2+

)aq + ∆fG°m(S
2-

)aq − ∆fG°m(CoS(s))c     (17) 

 

��i���òóôõ�ö�∆rG°sp,m��∆rG°sp,m = −RT ln K°sp ��~ç���!FK°sp

_ÙÂ]^VWbCoS(s)TcV^d9��!��V α}\9�V β}e��¯W\hi9

�}TcV^���!Fefghi^VWb��a���°u
´^0��ß 0uÆ

UdÃÑÀú9'�z{����MT�V^s]Z�ß 0u%îLH
+

 +S
2-

 ⇔ HS
-Q�

Ä�yådfghi^VyVbDyrssen 
40)d9��hi�ìí%î\]^ log10 K = 17.0 ± 

0.5� log10 K = 19 ± 2 \V|�å_�U^��_q|^VWb���\ç�9(16)GT

�V^∆rG°sp,m�÷øTUV�i^VW∆fG°m(S
2-

)aqs°u
´^0�]Z�ß 0u%

î\Gý!�Óþeý=hiWs\\���iWb�i_�w¯W\9Licht �fgå

42)Td9?��(18)GTj]��rT}×�Óþeý=hiW�\TyWb 

 

CoS(s) ⇔ Co
2+

 +S
2-

, log10 β°sp,m = -24.6 ± 1Lα}Q  0 0   

log10 β°sp,m = -30.3 ± 1Lβ}Q  0 0 0   (18) 

 

�iT�]^9Dyrssen�d9ãfT�V^��!F Ksp = [Co
2+

][S
2-

]_�%¯W��Tq

�i^VW��![%`��d`ÌT��hi^VWhid CoS(s) ⇔ Co
2+

 + S
2-

 �d

yú9CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

 ���9î���iWìí%îd Ksp(H) = [Co
2+

][HS
-

]/[H
+

] 

��W\]^VW 43)bãf�d��ç�9 H
+

 + S
2-

 ⇔ HS
-

 hi�ìí%î K1 = 

���������������������

����
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[HS
-

]/[H
+

][S
2-

] _UV^9log10 Ksp = log10 Ksp(H) + log10 K1 �ÙÂT����!F log10 Ksp

eK��i^VWb]ç]ye�9]Z�ß 0u%î log10 K1�ådr�M�sÄ�

T�
|^��O9�iEi��jò��\T
�
�yåeUV�i9���\e�

�!F log10 Ksp�fgåe�j�\TZû]yV(C��W\��]^VWba�T9

��hiTcV^d CoS(s) ⇔ Co
2+

 + S
2-�ìí%î_XP¯Ws\�dyú9²]�9

î���hiW CoS(s) + H
+

 ⇔ Co
2+

 + HS
-�ìí%î_XY¯Ws\��W\rs^V

Wb����T3ù\9°u�J\¬p´^0�}ÅÆUT�¯W$ñ­%î_Ùî�

ãf�j���\ø]^
��_qV9CoS(s)���!F_fg]^VWb���ry

�áT��9'�z{�T�V^ (18)G�j]�ìí%îTd9± 1\Vr!"ÓÃ\

yÓþ_ý=¯W�\\]�b 

��ÓT9'�z{��d9Dyrssen and Kremling�B� 43)_��xi9CoS(s) ⇔ Co
2+

 

+ S
2-hi�dyú9CoS(s) + H

+

 ⇔ Co
2+

 + HS
-hi�%6]�z{� CoS(s)���!F_

?���rTæU¯W�\\]�b 

 

CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

  log10 β°sp,m = -7.44 ± 0.12Lα}Q  

log10 β°sp,m = -11.1 ± 1.7Lβ}Q  0 0   (19) 

 

3.2.5 °b$Ø 

0 ��� (II)\°b´^0�$ñ­hiTcV^d9KUþ8%¤9�ñïø¤9�

jj!¤9KNu�û¤���´^0µß{ à����¤T��êëeq�i91:1

��� 1:2$ØTcV^�$ñ­%î�fge�Wbjk�z{�ç���i�fgå

�Z5_Table 9Tj¯b 

1:1$Ø CoSO4(aq) �ñ­hiTcV^d9Nair and Nancollas 
44)

, 7I� 45)

, Katayama 

46)

, Ashurst and Hancock 
47)

, Ćosović et al. 
19)

, Janoš 
48)�fge�We9Nair and Nancollas 

44)

, 

Katayama 
46)

, Janoš 
48)�`��d´^0À!lXU��BgeUV�i^VyV��9̀

�tM�´^0À!eeyWb�i���j�d9�iEi�`�MT�V^´^0À

!_ÙÂ]9Debye-Hückel Gs]úd Davies GT��Ã¨~î_ÙÂ]9I = 0��ì

í%î_ÙÂ]^VWe9���ry`�Ê�d93'ÓTdK�Ws\ìí%îe�


�y�i�t`�M��´^0À!d%
�yVb����9�i��fgåTdì

í%î�´^0À!D��TbC¯WÓþ_ý=]9Table 9Tj]�'�z{��æU

å\]�b¦! 25ü, Im = 0T��W CoSO4(aq)�$ñ­%î log10 β°1,m�÷øT��|

^d97I� 45)��� Ćosović et al. 
19)�æUåT SIT¤_¹U]�b��i� log10 β°1,m

d 2.193 ± 0.049\y�9Im = 0��$ñ­%î_fg]^VW Nair and Nancollas 
44)��

���������������������

����
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�Katayama 
46)� 25üT��WæUå��� Janoš 

48)� 20 °CT��WæUå\��O�

op��Zû]�b����9�i� 4M�å�PQì��å_9Im = 0T��W 1:1

°b$Ø�ñ­%î�æUå\]�b 

 

Co
2+

 + SO4

2−

 ⇔ CoSO4(aq), log10 β°1,m = 2.20 ± 0.05     (20) 

 

1:1°b$Ø�hiô0��;�Ñu ∆Hr TcV^d 6f�fge�|�bIzatt et al. 

49)

, Hedwig and Powell 
50)

, Kipton and Powell 
51)

, Aruga 
52)�d�¨8%T�� ∆Hr��%e

q�i9Nair and Nancollas 
44)��� Katayama 

46)�d$ñ­%î_Vúcç�¦!T^�

%]9��¦!D��ç�(5)G_UV^ ∆Hr _÷ø]^VWb�¨8%_q|^VW

jk 49-51)�`��d9VOisÒ²T´^0À!lX+eé��i^VyV��9ìí

��´^0À!���÷VT'(e�Wbh�T9���ry`�Ê�d8�a\8%

a�´^0À!�þeÃ\úyW��9
��e§-ñ�¨T Y¯��eÃ\úyW

Tsçç��O9hi
Æe´^0À!_/­]^VWÔÕ�d��
�����_Ä

�Tqr�\d�����Wb?��Póç�9'�z{��d�i��fgå_�æ

U\]�bZÖ9Nair and Nancollas 
44)�d$ñ­%î�¦!D��ç� ∆Hr = (7.28 ± 

0.67 )kJ·mol
-1\Vrå_fg]^VWe9��å�÷øTd9�iEi�¦!�ìí%

î�³¯WÓþeZÞ�whi^VyVb���q�i^VW`��d9´^0À!l

X+\]^��Bgeé��i^��O9´^0À!eZ%T¡Bhi^VyVXç9

�JKeç��[%åeî��JÃ¨\]^UV�i^VWb�i�TbC¯WÓþ_

ìí%îTý=]^ ∆Hr_
ÙÂ]�\��9∆Hr = 7.4 ± 21 kJ·mol
-1\Óþee�^Ã

\úy|���9'�z{��d�æU\]�bKatayama 
46)�sG��'(e��9∆Hr 

= (5.00 ± 0.30) kJ·mol
-1\hi^VWfgåTcV^9�jT¡£hi^VWìí%î�

Óþ_	�^
�	_q|�\��9∆Hr = (4.94 ± 20) kJ·mol
-1\VrÃ\yÓþ_	²

åTy|��\ç��æU\]�b?��â®9�¨8%T�� ∆Hr��%eq�i^

VW Aruga�fgå 52)e'�z{��æUå\y|�b�i_Table 10Tj¯b 

1:2$Ø Co(SO4)2

2-�ñ­hiTcV^�fgd7I� 45)����Wb�����å_

SIT¤T�WHvIJ�	ç�9log10 β°2,m_÷ø]�b��Ì9ñ­u�v�}ÅÆU

í�?��\]^9?��u�ÝÞßàå_UV�b 

 

ε(Co(SO4)2

2-

,Na
+

) ≅ ε(UO2(SO4)2

2-

,Na
+

) = -0.12 ± 0.06 

 

��i� log10 β°2,m_9Im = 0T��W 1:2°b$Ø�ñ­%î�æUå\]�b 

���������������������

����
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Co
2+

 + 2 SO4

2-

 ⇔ Co(SO4)2

2-

, log10 β°2,m = 2.87 ± 0.05  0 0 0 0 0   (21) 

 

 

3.2.6 ¢b$Ø 

xû��y��� (II)-¢b´^0LNO3

-Q$Ø�¦%!%îT�¯Wfgd9

Hutchinson and Higginson 
36)����|�b��jk�d9Co(III)(edta)Cl

2-�-ÅT��

W¬p´^0��ñÆU_�U]^91��
U)���T��W-Å£!_�j¤T

����]9��i�å_
U)����ñ\yW¬p´^0e��]yVz{�â®

\!"¯W�\�9¬p´^0-
U)o�$ñ­�¦%!%î_K�^VWb`�d

¤¥TÙÚf`qhi^��9�	Ö¤s¦×ys���W�\ç�9��jk�fg

hi^VW¦%!%î_æU¯W�\\]�bHutchinson and Higginson�fgå 36)��

�'fgT��WæUå_9Table 11Tj¯b 

Hutchinson and Higginson�fghi^VW��� (II)-¢b´^0$ñ­�¦%!%

îd-1.85 ± 0.06��W 36)b���9SIT¤T��9Im = 0�åT�Ä¯W�\�9log10 β°1,m

\]^9?��å_æU¯Wby�9SIT¤T��W´^0}ÅÆU~î ε(CoNO3

+

, ClO4

-

)

�ÝÞßàå\]^9ε(UO2NO3

+

, ClO4

-

) = 0.33 ± 0.04_UV�b 

 

Co
2+

 + NO3

-

 ⇔ CoNO3

+

,  log10 β°1,m = -1.02 ± 0.06     (22) 

 

Aruga 
53)d9Hutchinson and Higginson 

36)�fghi^VW log10 β1,m_UV^9�¨8

%`�ç�9��� (II)\¢b´^0�$ñ­�ô0��;�Ñu���ô0 ß;

�Ñu�å_÷ø]^VWb��i�∆rH°m ���∆rS°m d9�iEi(-4.86 ± 0.16) 

kJ·mol
-1���(19.2 ± 3.1) J·K

-1

·mol
-1��Wb 

 

3.2.7 Ý0w0$Ø 

��� (II)\��Ý0¸!ÝLNH3(aq)Q�v­hiW$Ø�¦%!%î�fgå_9

Table 12Tj¯bUrbanskad98��§Ke_UV�KNu�[%ç�91:1ç� 1:6


����� (II)-Ý0w0$Ø�¦%!%î_��]^VW 54)b��jk�d9fgå

T�¯W��Oe=��i^��O9
�9$ñ­���T�sZ¨ÓTUV�iWK

Uþ8%¤T�W Isaev et al. 
55)���Mironov et al. 

56)�fgå\!s^9%�çTey

|�å\y|^��9KNu�[%�WVd���	T'(e�|����ejyhi

Wb
�9Lamb and Larson�fgå 57)d9�BK�Æe�éhi^VyV9�"!�

���������������������

����
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�buÝ0¸!©ªL2 – 6 MQ���T��Wâ®��Wb?��PóT��9Urbanska 

54)��� Lamb and Larson 
57)�fgåd�æU\]�b  

Co
2+T
U]� NH3(aq)�î_ n \¯W\9Co

2+\ NH3� 1:n $ñ­hid9Z¨T

?��G�=��iWb 

 

Co
2+

 + n NH3(aq) ⇔ Co(NH3)n
2+

        (23) 

 

SIT¤�d9Im = 0T��W¦%!%îLlog10 β°mQ\g"! ImT��W¦%!%îLlog10 

βmQdÐG��~ù��iWb 

 

 log10 βm – ∆z
2

 D − log10 aH2O = log10 β°m − ∆ε Im       (24) 

 

���9Dd Debye-Hückelí�?��9∆εdhi
Ê\ñ­
ÊT��W}ÅÆUí

�?���þ��Wb��� (II)-Ý0¸!Ýo�$ñ­�z{9hi��@�Kc¨

eÑu]yV�\ç�9∆z
2

 = 0\yWb
�9∆εd9∆ε = ε(Co(NH3)n
2+

, A
-

) - ε(Co
2+

, A
-

) \

yWLA
-

: �jK�Æ��Ý!^0Qb���9ε(Co(NH3)n
2+

, A
-

)T�¯WfgåeyV

�\ç�9ε(Co(NH3)n
2+

, A
-

) ≈ ε(Co
2+

, A
-

)\�ú\9∆ε ≈ 0\yWb?�������[

%��9G(23)�$ñ­d9V�ÓTg"!TD�]yV�\\yWb���9Table 12

T
\�����fgåç�9�r�Ö¤T�� Im = 0T��W¦%!%î_�V]9

MfTì�_\W�\���� (II)-Ý0¸!Ýo� 6áâ�$ñ­�¦%!%î_ð

Fs|�b��i�å_Table 13Tj¯by�9n > 4T��W��Od9��û¤��

�`�_�w]9n = 3�z{L± 0.4Q\Gý!\]�b 

 

3.2.8 �0b$Ø 

xû��y��� (II)-�0b´^0$Ø�¦%!%îT�¯Wfgd9Sigel et al. 
58)

\ Saha et al. 
59)����|�LTable 14Qb�jk\s9G��û�Tµ|�8%¤T3

ùV^��9g"!sG� 0.1 M��Wb�i��jk�d9Ke�=Äe«¬a_U

V^q�i^VWe9ìí%îd�0b�³�T�Wg3�­®¨�þç�K��i^

��9"!MUT3ùú%î\y|^VWb 

Sigel et al.efg]^VW925ü90.1 M NaClO4������ (II)-�0b´^0$ñ

­�¦%!%îd log10 β1 = 2.18��|� 58)by�9��jk�d9¦%!%îT�¯

W��Od=��i^VyVbZÖ9Saha et al.�fgåd 1.99 ± 0.03��|� 59)b�

��9Sigel et al. 
58)�åT��O ± 0.05_=�9�iEi SIT¤T�� Im = 0�å_÷

���������������������

����



JAEA-Research 2009-037 

20

ø]�b��i� log10 β°1,m�åd9Sigel et al. 
58)��� Saha et al. 

59)TcV^9�iE

i 3.04 ± 0.06��� 2.87 ± 0.03��|�b�i��åd995%��OT�V^ÅVTZ

û]^yVb���9'fg��æUå\]^���Mfì�L2.95Q_9��O\]

^���§��_¯	¯WåL± 0.14Q_æU¯W�\\]�b 

 

Co
2+

 + HPO4

2-

 ⇔ CoHPO4(aq),  log10 β°1,m = 2.95 ± 0.14    (25) 

 

Rudii and N. M. Antraptscvad9��� (II)�0bgLCo3(PO4)2·8H2OQ���!F_

�"v¤T��9�}\ìíTy|��a� pH[%����0b"![%ç�K�^

VW 60)b��Ì9�0b��ß 0uT�W PO4

3-"!�Âø9���9Debye-Hückel

P�T�WÃ¨%î��Ä_q|^VWb��i���!Fd9298 K� 5.0 × 10
-35Llog 

K°sp (298K) = -34.3Q9323 K� 1.0 × 10
-35Llog K°sp (323K) = -35Q��|�b
�9�i

��åç�ÙÂhiW ∆fH°m9∆fG°m9S°md9�iEi9-4800 kJ·mol
-1

, -4275 kJ·mol
-1

, -1105 

J·K
-1

·mol
-1��|�b 

 

Co3(PO4)2(s) ⇔ 3 Co
2+

 + 2 PO4

3-

, log K°sp (298.15 K) = -34.3    (26) 

 

 

3.2.9 ®b$Ø 

��� (II)®b´^0$Ø�¦%!%îT�¯Wfgd�yú9xû��yjkd

Ćosović et al. 
19)��� Emara et al. 

61)� 2f����|�b��dî°±��ßà���

¤T�� CoCO3(aq)�¦%!%î_9@�d 230 nm��j!Ñu�� CoHCO3

+�¦%

!%î_fg]^VWb]ç]9��\s9Co
2+�é���� HCO3

-

/CO3

2-�L²Q�

ß 0u\V|�uhi���_��]^��9MZ� pHL= 8Q���`�â®��

|�� 19)9�WVd9pHT�¯W¡£eyç|�� 61)¯WÔÕ�d9fghi^VW

¦%!%î�¦×�_��¯W�\d³]Vby�9Emara et al. 
61)�d910

-4

 Mý!L"

!�wxd¢£hi^VyVQ� NaHCO3�a_ëU]^��9Ò²� pH�lXdq

�i^VyVb 

��� (II)-®b$ØLCoCO3 (aq)Q�¦%!%îd9Ćosović et al.�fgåLlog10 β1 

= 3.14 ± 0.05Q19)_9SIT¤T�� Im = 0�åT�Ä¯W�\�K��by�9¦%!%

î���Od9ò��T�|^`�åT�]^fghi^VWåL± 0.05Q��� SIT

¤T��W ε(Co
2+

, ClO4

-

)��� ε(Na
+

, CO3

2-

)���Oç�Óþ�´T��± 0.05\yW

e9�¡�'(_�w]9± 0.1\]�b 
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 Co
2+

 + CO3

2-

 ⇔ CoCO3(aq),  log10 β°1,m = 4.4 ± 0.1     (27) 

 

��� (II)-�®b$ØLCoHCO3

+Q�¦%!%îd9Emara et al.�fgå 61)ç�Â

ø]�bEmara et al.d93c� NaCl"!T��W log10 β1_fg]^VW
61)e9log10 β1 – 

∆z
2

 D� Im��ß" TîH�eyú9log10 β°1_K�W�\d�\yç|�b���9

t NaCl"!T��W log10 β1ç� SIT¤T�� Im = 0�å_÷ø]9��i�å�ì�

_\W�\�9log10 β°1,m_��]�by�9ε(CoHCO3

+

, ClO4

-

)�å\]^9ε(ZnHCO3

+

, 

ClO4

-

) = 0.2_æU]�b¦%!%î���Oeò��T�|^fghi^VyV�\ç

�9���d9�¼T± 0.2���O_=�W�\\¯Wb 

 

 Co
2+

 + HCO3

-

 ⇔ CoHCO3

+

,  log10 β°1,m = 1.4 ± 0.2     (28) 

 

��i�åd9Emara et al.eDavies�G_ëV9G����Ö�K�� log10 β1

o�åL1.39 

± 0.01Q61)\Zû]^��9��g"!���d9SIT¤\ Davies�GTÃ\yþe�

V9¯y��Ã¨~î�ÄT�V^ Debye-Hückel ^e�
ÓyC)Ty|^VW�\

_hµ]^VW\Ò�Wb 

 

3.2.10 �z{�T�|^$%hi������� 

?���z{�T�|^$%hi���� �ìí%î_9Table 16Tj¯b 

 

 

���������������������
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4. !"#��������$% 

 

4.1 ãä����������T��W!"#��$%å 

4.1.1 JNC-TDB 

°±²³´µ�,-./e 1999MT�,]� JNC-TDB 
11)�d9!"#��v���

}���T�¯W������\]^ 1989M�,� Nagra-TDB 
62)_9��u�v�ñ

­T�¯W������\]^¶Ë Harwell�fg¡ 63)_æU]^VWb$%hi��

���������¦×�_�ç�W��T9�0 Þ´ ìí�T��W!"#��

��![%_`a]^VW 64)bJNC-TDB dÍ2�T�W�z{�_O�^��9��

���Td�WZ%���e=��iWs��9����������h�yWê·s

K��i^VWbJNC-TDBT��W!"#��������$%å_9Table 17Tj¯b 

 

4.1.2 Nagra/PSI-TDB 

Nagra/PSI-TDB d 2002MT�,hi^�� 2)9���������" d 2001M 1

NT�%hi^VWLVersion 01/01Qb'����������XYÆ«d9@r¯W

OECD/NEA �����������ß2�µ �!"#����������z{�

e¸q]^V��6Tq�i^V��\ç�9NEA-TDB\¹q]^ºòTÆ«_¸�

W�\dèO9�bu
���é���v9®b���°b�g���$Ø\V|�V

úcç��Üy�������$%�ý_wxT¡r¯WT\��^VWb

Nagra/PSI-TDBT��W!"#��������$%å_9Table 18Tj¯bTable 18T

d9»¼L1992M 5N¼Q�$%åe&¡hi^��LVersion 05/92Q9 T»¼�æ

Uhi^V�°±LSQ�#´JLSiQy�\�u{
�������e9��¼�d

�����h_PóT½�hi^VW�\e�çWb 

 

4.1.3 NEA-TDB 

!"#��������TcV^d9OECD/NEA �����������ß2�µ

 L] 2 ����QT�V^Í2�T�W�z{�e`ahi9���������

LNEA-TDBQe�,hi^VW 5)b�z{����\y|�������d92002 M

�4
�T�,hi�s���WLZ1 2003c2004 MT�,hi�ås��\y|^

VWQb���z{��d9tjk�`����������$%�ý_wxTlm]9

�,hi^VW����������_��]�r��9æU���_�%]^VWb

���\ç�9$%hi�����������d_`T�V\Ò�WZÖ�9@r¯

W\����e�`yu{
s]úd��u�v�s������e$%hi^Vy

���������������������
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Vs�e�Wb 

OECD/NEA �$%hi�!"#���������r�9ìí%î9òóôõ�ö

����ô0��;�T�¯Ws�_9Table 19Tj¯bò��d9$%hi����

����X{�_ls9¾¿eyV�\_��]^VWb 

 

4.2 NEA-TDB�æUhiyç|�������èé�êë 

ò��d9NEA-TDB�lm��jkT	
iyç|� 2002M?Û�jkTcV^9

v��jkêÉ³�z�_UV^êÉ]�bêÉ�â®9��
��������Üy

!"#��������d-ðhiyç|�b 

�r��rT9NEA-TDB �d9��e�`yu{
s]úd��u�v�s���

���e$%hi^VyVs�e�Wb T��
��������Ü\ �iWu{


�����u�v\]^9NiO(cr)9Ni(OH)2(s)9Ni(OH)2(aq)9α-NiS��� β-Nise�

U�iWLy�9Ni(OH)4

2-d9ñ­]�·ÀeyV\]^9OECD/NEA T�W�z{

��êë��ç���hi^VWQb�i��u{
�����u�vTcV^d9V

Ois NEA-TDB������\y|^VW�\ç�9JAEA-TDB�d9����T�

�W�¹å\ �iWå_¿%ÓTæU¯W�\\¯Wb 

?�����æUhi�¿%å_9Table 19TÁØ�j¯b 

 

4.2.1 Ni(OH)2(cr) 

âhÆ�!"#��bu
LNi(OH)2(cr)QTd9α-Ni(OH)2��� β-Ni(OH)2efgh

i^VWs��9α�}d������efghi^��O9�����d\��^�

¦%��W\���i^VW 5)b]�e|^9'�z{��d9Ni(OH)2(cr)\ β-Ni(OH)2

eGZ�u{
_j¯\[%¯Wb 

��!Âì�}eâhÆs]úd_hÆ�!"#��bu
L��_Ã{ÓT

Ni(OH)2(s)\är¯WQ��W\ �iW`�*+dîÄúfghi^VWe9

OECD/NEA�d��!F_$%]^VyVb��Pód9ñ­¯W Ni(OH)2(s)TdAO

�f
L�\�� NaClÊy� NiCl2(s)Qeñ­¯Wç�\hi^VWb]ç]ye�9

��
������_qr������������\]^d9Q�ç�������

_$%]^�ú�\eAÜ��W\ �iWb����9OECD/NEA T�V^ ∆fG°m

��� ∆fH°m e$%hi^VW β-Ni(OH)2 �ìí%î���hi�ô0��;�þ_

∆fG°m��� ∆fH°mç�÷ø]9?��å_��b 

 

2 H2O(l) + Ni
2+

 ⇔ 2 H
+

 + β-Ni(OH)2 , log10 K° = -11.029 ± 0.280,  

���������������������
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∆rG°m = 62.953 ± 1.599 (kJ·mol
-1

), ∆rH°m = 84.372 ± 1.739 (kJ·mol
-1

)   (29) 

 

��i�ìí%îd9��!`�T��W�}_β-Ni(OH)2\G%]�Gamsjäger et al.

�jkå 65)\Zû]^VWb 

 

4.2.2 Ni(OH)2(aq) 

OECD/NEA �d9kNi(OH)2(aq)�������_$%]yú^s`�â®dÄ%�

�m\]^9Ni(OH)2(aq)�������_$%]^VyV 5)b��ZÖ�9k?��h

iGT��Wìí%îe¿%ÓTO�xi��m\s¡hi^VWb 

 

β-Ni(OH)2 ⇔  Ni(OH)2(aq) , log10 K° < -7      (30) 

 

�¡�åç�9 

 

∆rG°m > 39.956 (kJ·mol
-1

), ∆fG°m > -417.114 (kJ·mol
-1

) 

 

e��iWb÷øhi� ∆fG°md9@r¯Wu�ÝÞßà_UV^ Co(OH)2(aq) �åç

��%hiWåL-416.766 ± 7.694Q\Zû]^VWb 

 

4.2.3 NiO(cr) 

NiO(cr)���!���d�¦�]ç��i^VyV��9OECD/NEA �d ∆fG°m�

�� ∆fH°m��_$%]^��9hi�������d$%]^VyV
5)b]ç]ye

�9$%hi^VW ∆fG°m��� ∆fH°mç�9�¡�hi�ìí%î���ô0��;

�þ_÷ø¯W�\e�\Wb 

 

NiO(cr) + 2 H
+

 ⇔  Ni
2+

+ H2O(l) , 

log10 K° = 12.483 ± 0.154, ∆rG°m = -71.253 ± 0.880 (kJ·mol
-1

)    (31) 

 

]�e|^9'�z{��d�¡�å_¿%å\]^æU¯Wb 

 

4.2.4 α-NiS��� β-NiS 

α-NiS��� β-NiSTcV^d9∆fG°m��� ∆fH°my�d$%hi^VWs��9h

i�ìí%î�d$%hi^VyV 5)b��Pód9∆fG°mç�÷øhiWìí%î\9

���������������������
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ãä�`�â®ç���iWìí%îeZû]^VyVL�îå� 1��þe��Q�

\T�W\���iWb'�z{��d9X{���Mç�9∆fG°mç�÷øhiWì

í%î_¿%å\]^æU]^�úb 
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5. ��� ���!"#��������$%��������  

 

5.1 ìí%îç�ïðñ­òóôõ�ö��÷ø 

]3Å�rs���� ��������z{��d9Z1_�V^ìí%îLlog10 

K°Q��_$%]^VWbhi�ö%�òóôõ�ö�þL∆rG°mQdìí%îç�9

ö%�ïðòóôõ�ö�L∆fG°mQd ∆rG°m\hiT��Wu{
s]úd��u�

v�ã$� ∆fG°mç�9�iEi(32)G���(33)G_UV^÷ø�\Wb 

 

 ∆rG°m = – R T ln K°          (32) 

 A + B ⇔ C + D�hiT�]^9 

 ∆fG°m(C) = ∆rG°m – ∆fG°m(D) + ∆fG°m(A) + ∆fG°m(B)     (33) 

 

'fg�d9log10 K°�$%åç�÷øhi� ∆rG°m��� ∆fG°ms$%å\]^��÷

rb∆rG°m��� ∆fG°m�Óþd9log10 K°�Óþ_��hèWv�÷ø¯Wb 

 

5.2 u�Ó���T3ùú���� û¤ 

]1Å�rs��rT9��� \!"#�du�ÓT���ÅJ��W\V�Wb

]�e|^9�i
�������� s]úd!"#��ZÖ��������e$

%hi�u{
�����u�vTcV^d9srZÖ�ÅJ�sñ­¯W\��W�

e¹×��Wb��]9Co
2+\ Ni

2+� ∆fG°meeyWL�iEi9Table 2���Table 19

üÆQ�\ç�9���������_GZ�åT¯W�\d�ò���Wb���9

���������TcV^�}��~_ls9�V¤T��y$%�������_

�%¯W�\\]�b 

��� ���!"#�� ∆fG°m��� ∆fH°m�îHÓy}��~TcV^9'fg

L!"#�d NEA-TDB_���T]�s�Q�$%å�ls�â®_Figure 3Tj¯b

���îH�~d9\\eXY 1���9}�~îe 0.999_]�W�0ys���W

\\sT9Þ#e-8.2 ± 2.9��� 0�dyV�\e�çWb��Þ#�åd9��� 

� ∆fG°mL-54.400 ± 1.000Q\ Ni� ∆fG°mL-45.773 ± 0.771Q�þL-8.627 ± 1.263Q\Z

û]^VWb��â®d9K)�ÇO_�rhi 

 

 M(cr) ⇔ M
2+

 + 2 e
-

          (34) 

 

�d��� \!"#��K)
L�þe�������þe\]^riWZÖ9��

���������������������
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a��´^0�hiL�´��bg3hiQ�d�K����)�
U)�o�V�K

)��
LeÑu¯W���9qxyK)/-�þdriyV�\_j]^VWb]�

e|^9'fg�d�ahi�������¯y�� log10 K°TcV^9u�ÝÞßà

_¹U¯W�\\]�by�9hi�ô0��;�þL∆rH°mQ���ô0 ß;�þ

L∆rS°mQTcV^d9'fg�$%å�dº�y}��~e��iyV�\ç�9u

�ÝÞßà�¹U_ðÈ|�b 

ìí%îLlog10 K°Q���� ���!"#��}�_9Figure 4Tj¯bìí%î

TdÓþL���ì�Qeý=hi^VW�\ç�9}�_j¯îH_K�WÌT9Ó

þ_ý=]��uö�¤_UV�bZ¨T9�uö�¤�dÉÊTdÓþe	
iyV

\]^÷�iW�\ç�9ÉÊT\|�!"#�� log10 K° �ÓþeËÊT\|���

� � log10 K°�ÓþT��

��¯WL��z{Ì
dXY 1y�� ∆y = ∆x\ø

ùQ\]^9�uö�¹{_q|^VWb��i�IJîHd9 

 

log10 K°(Co) = (0.9942 ± 0.0134) log10 K°(Ni) + (-0.0092 ± 0.0398)   (35) 

 

\y�9��\\�}�~îd 0.9991\Vr�0ys���|�b(35)G_UV^ log10 

K°(Ni)ç� log10 K°(Co)_�%¯Wz{�Óþ��d9y = a x + bT�]^ 

 

 | dy | = | x da | + | a dx | + | db |         (36) 

0

\yW�\ç�90

0

00 ∆log10 K°(Co) = 0.0134 log10 K°(Ni) + 0.9942 ∆log10 K°(Ni) + 0.0092   (37)0

0

e��iWb]�e|^9(35)���(37)Gç�9ã$� log10 K°(Ni)ç�yfg� log10 

K°(Co)_9s]údã$� log10 K°(Co)ç�yfg� log10 K°(Ni)_9Óþ_	�^÷ø

¯W�\e�\Wb 

?��û¤��%hi�������_9Table 20Tj¯b 

 

5.3 JAEA-TDB���T$%hi������� 

0 ?�������ÓT$%hi�������L¿%å_	²Q_9������_9

Table 21���Table 22Tj¯bVOi�ÅJTcV^s9log10 K°e$%hi^VWu�

v��_��Óy$%��\]�bu�ÝÞßà_UV^ log10 K°_÷ø]�u�vL�

���������������������
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��u{
QTcV^d9]5.1q\G�û¤� ∆rG°m��� ∆fG°m_÷ø]9�i�¯

s^_¿%å\]^��÷r�\T]�b
�9u{
s]úd��u�vT�|^d

S°m� C°p,ms$%����We9'fg�d ∆fG°m9∆fH°m9log10 K°9∆rG°m��� ∆rH°m

��_$%��\]�b!"#�TcV^d9NEA-TDB 
5)�$%åç������R_

qV9��r`Óy��!ÙÂ�e`a�\WvTXY]�b
�9��� TcV^

d9�i
�T����U����������efghi^Vyç|��\ç�9j

klm����z{�_<]^��T�������$%_`a]9����U���

�������_8�^XY]�b'fg�$%]�������d9JAEA-TDB��

��}�TÃ\ú<=¯Ws�\6ÍhiWb 
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6. âÒ 

 

RS��	
���
������TUVW������������XY�Z[

\]^9��� ���!"#��������_�z{����$%]�b!"#�

TcV^d9NEA-TDB�$%åç������R_qV9��r`Óy��!ÙÂ�

e`a�\WvTXY]�b
�9��� TcV^d9�i
�T����U���

�������efghi^Vyç|��\ç�9jklm����z{�_<]^�

�T�������$%_`a]9����U�������_8�^XY]�b'f

g�$%]�������d9JAEA-TDB����}�TÃ\ú<=¯Ws�\6Íh

iWb 
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Table 1  Chemical properties of cobalt and nickel 

 cobalt nickel 

atomic number 27 28 

electron configuration [Ar]4s
2

3d
7

[Ar]4s
2

3d
8

 

ionization energy (enthalpy) (kJ·mol
-1

) (1st) 758 736.5 

(2nd) 1644 1752 

(3rd) 3231 3489 

ionic radius of M
2+

 (Å) (CN = 4) 0.72 0.69 

 (CN = 5) 0.81 0.77 

 (CN = 6) 0.885 0.83 

standard electronic potential (V) 

 (M
2+

 + 2 e
-

 = M(cr)) 
-0.282 

*

-0.237 ± 0.004 
**

 

*

Calculated from ∆rGºm = -54.4 kJ·mol
-1

 in Table 2 

**

Calculated from ∆rGºm = (-45.773 ± 0.771) kJ·mol
-1

 in Table 19 

 

 

 

 

Table 2  Selected Gibbs free energy of formation and reaction of Co(cr), Co
2+

 and Co
3+

 

 
∆fGºm 

(kJ·mol
-1

)

∆fHºm 

(kJ·mol
-1

) 
Reaction log10 Kº

∆rGºm 

(kJ·mol
-1

) 

∆rHºm 

(kJ·mol
-1

)

Co(cr) 0 0     

Co
2+

 -54.4 -58.2 Co(cr) ⇔ Co
2+

 + 2 e
-

 9.53 -54.4 -58.2 

Co
3+

 -134 92 Co
2+

 ⇔ Co
3+

 + e
-

 -33.0 188.4  
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Table 3  Experimentally obtained hydrolysis constants of Co(II) 

Method 
*1

 Medium t (°C)
log10 β 

reported 

log10 βm

*2

 

accepted 
Reference 

Co
2+

 + H2O ⇔ Co(OH)
+

 +H
+

 

pot 0.1 M KCl 30 -8.90   -8.88 ± 0.02 66 

pot I = 0 25 -12.2 − 67 

pot 1 M NaClO4 15 -9.95 ± 0.15 -9.93 ± 0.15 17 

pot 1 M NaClO4 25 -9.89 ± 0.02 -9.87 ± 0.02 17 

pot 1 M NaClO4 35 -9.60 ± 0.04 -9.58 ± 0.04 17 

pot 1 M NaClO4 40 -9.50 ± 0.04 -9.48 ± 0.04 17 

pot 1 M NaClO4 28 -9.82 ± 0.05 -9.80 ± 0.05 18 

pot 1 M KCl 25 - 9.82 ± 0.02 - 9.81 ± 0.02 20 

pot 1 M KCl 100 - 7.62 ± 0.03 - 7.6 ± 0.1 20 

pot 1 M KCl 150 - 6.59 ± 0.02 - 6.6 ± 0.1 20 

pot 1 M KCl 200 - 6.02 ± 0.04 - 6.0 ± 0.1 20 

pot, sol 0.56 M NaClO4 25 - 8.96 ± 0.15 -9.0 ± 0.3 19 

pot 0.5 M Na2SO4 25 -9.93 ± 0.4 − 68 

Co
2+

 +2H2O ⇔ Co(OH)2 +2H
+

 (aq) 

pot, sp I = 0 25 -18.8 (I=0) -18.8 ± 0.3 24 

pot, sol 0.56 M NaClO4 25 -17.36 ± 0.05 -17.3 ± 0.3 19 

pot 0.5 M Na2SO4 25 -14.9 ± 0.5 − 68 

Co(OH)2(s) + 2H
+

 ⇔ Co
2+

 +2H2O 

pot, sp I = 0 25 12.4 (I=0) 12.4 ± 0.3 24 

pot, sp 0.56 M NaClO4 25 12.8 ± 0.10 12.8 ± 0.3 19 

pot, sp 0.56 M NaCl 25 12.3 ± 0.10 12.3 ± 0.3 19 

pot 0.5 M Na2SO4 25 12.76 ± 0.2 − 68 

Co(OH)2(s) + H2O ⇔ Co(OH)3

−

 + H
+

 

pot, sp I = 0 25 -19.1 -19.1 ± 0.5 24 

pot 0.5 M Na2SO4 25 -18.59 ± 0.5 − 68 

*1

 pot: potentiometry, sol: solubility measurement, sp: spectroscopy 

*2

 The reported values are corrected to molality scale if the salt concentration is larger than 

0.1 M. The standard deviations are given or re-estimated if necessary, see 3.2.4. 
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Table 4  Thermodynamic data on Co(OH)
+

 for the reaction Co
2+

 + H2O ⇔ Co(OH)
+

 +H
+ 17)

 

Medium ∆rG°m ∆rH°m ∆rS°m 

 (kJ·mol
-1

) (kJ·mol
-1

) (J·mol
-1

K
-1

) 

1 M NaClO4 56.1 ± 0.8 34.3 ± 8 -73 ± 23 

 

 

 

 

Table 5  Experimentally obtained stability constant of CoF
+

 

Method 
*1 

Medium t (°C)
log10 β1 

reported 

log10 β1,m

 *2

 

accepted 
Reference 

Co
2+

 + F
-

 ⇔ CoF
+

 

pot, ISE-F 1 M NaClO4 25 0.40 ± 0.05 0.38 ± 0.05 27 

pot, ISE-F 0.1 M NaClO4 25 1.1 ± 0.8 1.1 ± 0.8 26 

pot, ISE-F 0.25 M NaClO4 25 0.90 ± 0.07 0.89 ± 0.07 26 

pot, ISE-F 0.5 M NaClO4 25 0.81 ± 0.05 0.80± 0.05 26 

pot, ISE-F 1 M NaClO4 25 0.72 ± 0.06 0.70 ± 0.06 26 

pot, ISE-F 2M NaClO4 25 0.67 ± 0.06 0.63 ± 0.06 26 

pot, ISE-F 3 M NaClO4 25 0.73 ± 0.06 0.66 ± 0.06 26 

pot, ISE-F 0.05 M TMAP 25 1.28 ± 0.02 1.28 ± 0.02 28 

*1

 pot: potentiometry 

*2

 Corrected to molality scale if the salt concentration is larger than 0.1 M. 
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Table 6  Thermodynamic data on CoF
+

 for the reaction Co
2+

 + F
-

 ⇔ CoF
+

 
26)

Im ∆rG°m ∆rH°m ∆rS°m 

(mol·kg
-1

) (kJ·mol
-1

) (kJ·mol
-1

) (kJ·mol
-1

T
-1

) 

0.1 -4.2 ± 0.5 ~ 0 20.9 ± 6.3 

0.25 -5.1 ± 0.4 3.3 ± 1.7 29.3 ± 6.3 

0.5 -4.6 ± 0.3 7.5 ± 1.3 41.9 ± 4.2 

1 -4.0 ± 0.3 9.2 ± 1.3 46.1 ± 4.2 

2 -3.8 ± 0.4 10.5 ± 1.7 48.1 ± 6.3 

3 -4.1 ± 0.3 11.7 ± 1.7 53.2 ± 6.3 

 

 

 

Table 7  Experimentally obtained stability constant of CoCl
+

 

Method 
*1 

Medium t (°C)
log10β1 

reported 

log10β1,m

*2

 

accepted 
Reference 

Co
2+

 + Cl
-

 ⇔ CoCl
+

 

sp 7 M NaClO4 25 -0.43 - 32 

emf 
1.7 M NaClO4 + 

0.3 M HClO4 
25 -0.177 -0.22 ± 0.05 35 

ix 
0.691 M HClO4 + 

HCl 
20 0.690 ± 0.004 0.675 ± 0.004 37 

ix 3 M HClO4 + HCl 25 -0.21 ± 0.04 -0.27 ± 0.04 38 

nmr 0.4c14.7 m HCl 25 -0.77 ± 0.15
 *3

(-0.77 ± 0.15) 29 

kin, sp 1 M NaClO4 25 -0.07 ± 0.06 -0.09 ± 0.06 36 

sp 5c15 M Cl
- *4

 25 -1.05 ± 0.38 
*3

 (-1.05 ± 0.38) 34 

emf, sp no added salt 25 -0.35 ± 0.17
 *3

(-0.35 ± 0.17) 31 

sp 
10 M M HClO4 + 

HCl 
25 1.34 ± 0.11 - 33 

pol 2 M NaClO4 20 -0.11 ± 0.05 -0.15 ± 0.05 19 

 3.5 M NaClO4  -0.30 ± 0.05 -0.38 ± 0.05  

sp 0c4 m Cl
-

 25 0.60
 *3

 (0.60) 30 

*1

 sp: spectroscopy, emf: electromotive force, ix: ion exchange, nmr: nuclear magnetic 

resonance, kin: rate of reaction, pol: polarography 

*2

 Corrected to molality scale if the salt concentration is larger than 0.1 M. 

*3

 Activity coefficients are corrected by authors. 

*4

 Added as LiCl, HCl or CaCl2. 
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Table 8  Experimentally obtained stability constants of sulfide complexes of Co(II) 

Method 
*1 

Medium t (°C)
log10β

reported

log10βm

*2

 

accepted 
Reference 

Co
2+

 +S
2−

 ⇔ CoS(aq)  

dis I = 0 20 19.6  19.6 ± 0.5 40 

Co
2+

 +HS
−

 ⇔ CoHS
+

 

pol Seawater 25 5.3 ± 0.1 − 69 

pol I=0.7, seawater 25 4.68 ± 0.1 − 70 

pol half seawater 25 4.95 ± 0.26 − 70 

pol I=0.07, seawater 25 4.68 ± 0.17 − 70 

pol 
Mean for all 

salinities, N > 9 
25 4.80 ± 0.22 − 70 

2Co
2+

 +HS
−

 ⇔ Co2HS
3+

 

pol I=0.7, seawater 25 9.52 ± 0.01 − 70 

pol half seawater 25 10.03 ± 0.48 − 70 

pol I=0.07, seawater 25 9.94 ± 0.16 − 70 

pol 
Mean for all 

salinities, N > 9 
25 9.86 ± 0.36 − 70 

3Co
2+

 +HS
−

 ⇔ Co3HS
5+

 

pol I=0.7, seawater 25 15.50 ± 0.01 − 70 

pol half seawater 25 15.42 ± 0.19 − 70 

pol I=0.07, seawater 25 15.41 ± 0.32 − 70 

pol 
Mean for all 

salinities, N > 9 
25 15.44 ± 0.18 − 70 

CoS(s) ⇔ Co
2+

 +S
2-

 

rev I = 0 25 -24.6 (α-phase) -24.6 ± 1 42 

rev I = 0 25 -30.3 (β-phase) -30.3 ± 1 42 

pol 0.048 M NH3 25 -17.5 − 71 

CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

 

rev I = 0 25 
-7.44 ± 0.12 

(α-phase) 
-7.44 ± 0.12 43 

rev I = 0 25 
-11.07 ± 1.72 

(β-phase) 
-11.1 ± 1.7 43 

*1

 dis: solvent extraction, pol: polarography, rev: compilation 

*2

 The reported values are corrected to molality scale if the salt concentration is larger than 0.1 

M. The standard deviations are given or re-estimated if necessary, see 3.2.4. 
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Table 9  Experimentally obtained stability constants of sulfate complexes of Co(II)  

Method 
*1 

Medium t (°C)
log10 β 

reported 

log10 βm

 *2

 

accepted 
Reference 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) 

pot I = 0 0 2.24 2.2 ± 0.5 44 

pot I = 0 5 2.27 2.3 ± 0.5 44 

pot I = 0 15 2.30 2.3 ± 0.5 44 

pot I = 0 25 2.36 2.4 ± 0.5 44 

pot I = 0 35 2.40 2.4 ± 0.5 44 

pot I = 0 45 2.44 2.4 ± 0.5 44 

cal I = 0 25 2.69 ± 0.03 − 49 

pot, sol 3M LiClO4 25 1.70 ± 0.2 − 72 

dis 1 M NaClO4 25 0.74 0.72 ± 0.05 45 

con I = 0 0 2.19 ± 0.48 2.2 ± 0.5 46 

con I = 0 5 2.19 ± 0.48 2.2 ± 0.5 46 

con I = 0 10 2.20 ± 0.48 2.2 ± 0.5 46 

con I = 0 15 2.21 ± 0.48 2.2 ± 0.5 46 

con I = 0 20 2.24 ± 0.48 2.2 ± 0.5 46 

con I = 0 25 2.25 ± 0.48 2.3 ± 0.5 46 

con I = 0 30 2.26 ± 0.48 2.3 ± 0.5 46 

con I = 0 35 2.29 ± 0.60 2.3 ± 0.6 46 

con I = 0 40 2.30 ± 0.60 2.3 ± 0.6 46 

con I = 0 45 2.32 ± 0.70 2.3 ± 0.7 46 

sp 5 M NaClO4 50 2.4 ± 0.1 2.3 ± 0.1 47 

sp 5 M NaClO4 70 2.6 ± 0.1 2.5 ± 0.1 47 

pol 0.56 M NaClO4 20 1.50± 0.05 1.5 ± 0.2 19 

chr I = 0 20 2.19 ± 0.04 2.2 ± 0.5 48 

*1

 pot: potentiometry, sol: solubility measurement, dis: solvent extraction, con: electric 

conductivity, sp: spectrometry, pol: polarography, chr: ion chromatography 

*2

 The reported values are corrected to molality scale if the salt concentration is larger than 0.1 

M. The standard deviations are given or re-estimated if necessary, see 3.2.4. 
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Table 9  (continued) 

Method 
*1 

Medium t (°C)
log10 β 

reported 

log10 βm

 *2

 

accepted 
Reference 

Co
2+

 + 2SO4

2-

 ⇔ Co(SO4)2

2-

 

dis 1 M NaClO4 25 1.48 1.46 ± 0.05 45 

*1

 dis: solvent extraction 

*2

 The reported values are corrected to molality scale if the salt concentration is larger than 0.1 

M. The standard deviations are given or re-estimated if necessary, see 3.2.4. 

 

 

 

 

Table 10  Thermodynamic data on CoSO4(aq) for the reaction Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)
52)

 

Medium ∆rG°m ∆rH°m ∆rS°m 

 (kJ·mol
-1

) (kJ·mol
-1

) (J·mol
-1

K
-1

) 

0.5 M 

N(CH3)4NO3 
6.79 -0.7 ± 0.5 25.2 ± 0.4 

 

 

 

 

Table 11  Experimentally obtained stability constant of nitrate complex of Co(II)  

Method 
*1 

Medium t (°C) 
log10 β1 

reported 

log10 β1 
*2

 

accepted 
Reference 

Co
2+

 + NO3

-

 ⇔ CoNO3

+

 

kin, sp 1 M NaClO4 25 -1.85 ± 0.06 -1.02 ± 0.06 
(a)

 36 

*1

 kin: rate of reaction, sp: spectrometry 

*2

 Corrected to molality scale if the salt concentration is larger than 0.1 M. 
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Table 12  Experimentally obtained stability constant of anmonium complexes of Co(II) 

Method 
*1

 Medium t (°C) 
log10 β 

reported 

log10 βm

 *2

 

accepted 
Reference 

Co
2+

 + NH3(aq) ⇔ CONH3

2+

pot 5 m NH4NO3 25 2.31 ± 0.02
 *3

2.31 ± 0.02 55 

pol 0.5 M NH4ClO4 20 1.9 - 54 

pot 2 M NH4NO3 25 2.06 ± 0.02 2.01 ± 0.02 56 

Co
2+

 + 2 NH3(aq) ⇔ CO(NH3)2

2+

 

pot 5 m NH4NO3 25 4.14 ± 0.03
 *3

4.14 ± 0.03 55 

pol 0.5 M NH4ClO4 20 3.2 - 54 

pot 2 M NH4NO3 25 3.71 ± 0.03 3.62 ± 0.03 56 

Co
2+

 + 3 NH3(aq) ⇔ CO(NH3)3

2+

 

pot 5 m NH4NO3 25 5.43 ± 0.03
 *3

5.43 ± 0.03 55 

pol 0.5 M NH4ClO4 20 4.3 - 54 

pot 2 M NH4NO3 25 4.81 ± 0.04 4.67 ± 0.04 56 

Co
2+

 + 4 NH3(aq) ⇔ CO(NH3)4

2+

 

pot 5 m NH4NO3 25 6.36 ± 0.04
 *3

6.36 ± 0.04 55 

pol 0.5 M NH4ClO4 20 4.6 - 54 

Co
2+

 + 5 NH3(aq) ⇔ CO(NH3)5

2+

 

pot 5 m NH4NO3 25 6.68 ± 0.06
 *3

6.68 ± 0.06 55 

pol 0.5 M NH4ClO4 20 4.4 - 54 

Co
2+

 + 6 NH3(aq) ⇔ CO(NH3)6

2+

 

pol - 25 4.9  57 

pot 5 m NH4NO3 25 6.38 ± 0.11
 *3

- 55 

pol 0.5 M NH4ClO4 20 6.0 5.9 ± 0.05 54 

*1

 pot: potentiometry, pol: polarography 

*2

 Corrected to molality scale if the salt concentration is larger than 0.1 M. 

*3

 In molality unit. 
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Table 13  Selected stability constants of ammonium conplexes of Co(II) at zero ionic strength 

Co(NH3)n
2+

 log10 βn,m

o

 

CoNH3

2+

 2.2 ± 0.1 

Co(NH3)2

2+

 3.9 ± 0.2 

Co(NH3)3

2+

 5.4 ± 0.4 

Co(NH3)4

2+

 6.4 ± 0.4 

Co(NH3)5

2+

 6.7 ± 0.4 

Co(NH3)6

2+

 5.9 ± 0.4 

 

 

Table 14  Experimentally obtained stability constant of phosphate complexes of Co(II)  

Method 
*1

 Medium t (°C)
log10 β1 

reported 

log10 β1,m 

accepted 
Reference 

Co
2+

 + HPO4

2-

 ⇔ CoHPO4(aq) 

pot 0.1 M NaClO4 20 2.18 2.18 ± 0.05  58 

pot 0.1 M NaNO3 - 1.99 ± 0.03 1.99 ± 0.03 59 

*1

 pot: potentiometry 

 

 

 

Table 15  Experimentally obtained stability constant of carbonate complexes of Co(II)  

Method 
*1

 Medium t (°C)
log10β1 

reported 

log10β1,m 

accepted 
Reference 

Co
2+

 + CO3

2-

 ⇔ CoCO3(aq) 

pol 
0.56 M NaHCO3 + 

NaClO4 
20 3.15 ± 0.05 3.14 ± 0.05 

*2

 19 

Co
2+

 + HCO3

-

 ⇔ CoHCO3

+

 

sp 0.001 M NaCl - 1.31 1.31 61 

sp 0.01 M NaCl  1.22 1.22 61 

sp 0.05 M NaCl  1.05 1.05 61 

*1

 pol: polarography, sp: spectrometry 

*2

 Corrected to molality scale if the salt concentration is more than 0.1 M. 
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Table 16  Selected equilibrium constants of Co(II) complexes 

Species Reaction log10 βm

o

 

CoOH
+

 Co
2+

 + H2O ⇔ Co(OH)
+

 + H
+

 -9.47 ± 0.02 

Co(OH)2(aq) Co
2+

 + 2 H2O ⇔ Co(OH)2(aq) +2 H
+

 -18.0 ± 1.1 

Co(OH)2(s) Co(OH)2(s) + 2 H
+

 ⇔ Co
2+

 +2 H2O 12.43 ± 0.17 

Co(OH)3

−

 Co
2+

 + 3 H2O ⇔ Co(OH)3

-

 +3 H
+

 -31.5 ± 0.5 

CoS(aq) Co
2+

 + S
2−

 ⇔ CoS(aq) 19.6 ± 0.5 

CoS(s) (α phase) CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

 -7.44 ± 0.12 

CoS(s) (β phase) CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

 -11.1 ± 1.7 

CoSO4(aq) Co
2+

 + SO4

2−

 ⇔ CoSO4(aq) 2.20 ± 0.05 

Co(SO4)2

2−

 Co
2+

 + 2 SO4

2−

 ⇔ Co(SO4)2

2−

 2.87 ± 0.05 

CoF
+

 Co
2+

 + F
-

 ⇔ CoF
+

 1.47 ± 0.04 

CoCl
+

 Co
2+

 + Cl
-

 ⇔ CoCl
+

 0.81 ± 0.07 

CoNO3

+

 Co
2+

 + NO3

-

 ⇔ CoNO3

+

 -1.02 ± 0.06 

CoNH3

2+

 Co
2+

 + NH3(aq) ⇔ CoNH3

2+

 2.2 ± 0.1 

Co(NH3)2

2+

 Co
2+

 + 2 NH3(aq) ⇔ Co(NH3)2

2+

 3.9 ± 0.2 

Co(NH3)3

2+

 Co
2+

 + 3 NH3(aq) ⇔ Co(NH3)3

2+

 5.4 ± 0.4 

Co(NH3)4

2+

 Co
2+

 + 4 NH3(aq) ⇔ Co(NH3)4

2+

 6.4 ± 0.4 

Co(NH3)5

2+

 Co
2+

 + 5 NH3(aq) ⇔ Co(NH3)5

2+

 6.7 ± 0.4 

Co(NH3)6

2+

 Co
2+

 + 6 NH3(aq) ⇔ Co(NH3)6

2+

 5.9 ± 0.4 

CoHPO4(aq) Co
2+

 + HPO4

2-

 ⇔ CoHPO4(aq) 2.95 ± 0.14 

CoCO3(aq) Co
2+

 + CO3

2-

 ⇔ CoCO3(aq) 4.4 ± 0.1 

CoHCO3

+

 Co
2+

 + HCO3

-

 ⇔ CoHCO3

+

 1.4 ± 0.2 
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Table 17  Thermodynamic data of nickel selected in JNC-TDB
 11)

 

reaction log K° reference

Ni(OH)2(s) + 2 H
+

 ⇔ Ni
2+

 + 2 H2O 12.73 62 

NiO(cr) + 2 H
+

 ⇔ Ni
2+

 + H2O 12.44 62 

NiS(millerite) + 4 H2O ⇔ Ni
2+

 + SO4

2-

 + 8 H
+

 + 8 e
-

 -42.83 62 

Ni3S2(heazlewoodite) + 8 H2O ⇔ 3 Ni
2+

 + 2 SO4

2-

 + 16 H
+

 + 18 e
-

-82.00 62 

NiCO3(s) ⇔ Ni
2+

 + CO3

2-

-6.97 62 

Ni3(PO4)2(cr) ⇔ 3 Ni
2+

 + 2 PO4

3- 

-29.59 62 

Ni2P2O7(cr) ⇔ 2 Ni
2+

 + 2 PO4

3-

 – H2O + 2 H
+

-33.57 62 

Ni2SiO4(olivine) + 4 H
+

 ⇔ 2 Ni
2+

 + H4SiO4(aq) 18.84 62 

Ni2SiO4(spinel) + 4 H
+

 ⇔ 2 Ni
2+

 + H4SiO4(aq) 20.24 62 

NiSiO3(cr) + H2O + 2 H
+

 ⇔ Ni
2+

 + H4SiO4(aq) -2.28 62 

Ni
2+

 + H2O ⇔ NiOH
+

 + H
+

-9.86 63 

Ni
2+

 + 2 H2O ⇔ Ni(OH)2(aq) + 2 H
+

-19.0 63 

Ni
2+

 + 3 H2O ⇔ Ni(OH)3

-

 + 3 H
+

-30.0 63 

2 Ni
2+

 + H2O ⇔ Ni2OH
3+

 + H
+

-10.7 63 

4 Ni
2+

 + 4 H2O ⇔ Ni4(OH)4

4+

 + 4 H
+

-27.7 63 

Ni
2+

 + CO3

2-

 ⇔ NiCO3(aq) 4 73 

Ni
2+

 + SO4

2-

 ⇔ Ni SO4(aq) 2.32 63 
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Table 20  Obtained thermodynamic data for cobalt and nickel compounds and complexes from 

a chemical analogue using Equations (35) and (37) 

Compound Reaction log
10

 K° (estimated)

CoO(cr) CoO(cr) + 2 H
+

 ⇔  Co
2+

+ H
2
O(l) 12.399 ± 0.326 

Co
2
OH

3+

 H
2
O(l) + 2 Co

2+

 ⇔ H
+

 + Co
2
OH

3+

 -10.548 ± 0.861 

Co
4
(OH)

4

4+

 4 H
2
O(l) + 4 Co

2+

 ⇔ 4 H
+

 + Co
4
(OH)

4

4+

 -27.371 ± 0.211 

CoCl
2
·2H

2
O(cr) CoCl

2
·4H

2
O(cr) ⇔ H

2
O(g) + CoCl

2
·2H

2
O(cr) -4.085 ± 0.076 

CoCl
2
·4H

2
O(cr) CoCl

2
·6H

2
O(cr) ⇔ 2 H

2
O(g) + CoCl

2
·4H

2
O(cr) -3.764 ± 0.063 

CoCl
2
·6H

2
O(cr) 2 Cl

-

 + 6 H
2
O(l) + 2 Co

2+

 ⇔ CoCl
2
·6H

2
O(cr) -3.037 ± 0.018 

β-Co(IO
3
)
2
 2 IO

3

-

 + Co
2+

 ⇔ β-Co(IO
3
)
2
 4.395 ± 0.088 

Co(IO
3
)
2
·2H

2
O(cr) 2 H

2
O(l) + 2 IO

3

-

 + Co
2+

 ⇔ Co(IO
3
)
2
·2H

2
O(cr) 5.101 ± 0.177 

CoHS
+

 HS
-

 + Co
2+

 ⇔ CoHS
+

 5.141 ± 0.277 

α-CoSO
4
·6H

2
O 6 H

2
O(l) + Co

2+

 + SO
4

2-

 ⇔ α-CoSO
4
·6H

2
O 2.229 ± 0.279 

β-CoSO
4
·6H

2
O α-CoSO

4
·6H

2
O ⇔ β-CoSO

4
·6H

2
O -0.105 ± 0.374 

CoSO
4
·7H

2
O(cr) 7 H

2
O(l) + Co

2+

 + SO
4

2-

 ⇔ CoSO
4
·7H

2
O(cr) 2.245 ± 0.058

CoP
2
O

7

2-

 P
2
O

7

4-

 + Co
2+

 ⇔ CoP
2
O

7

2-

 8.671 ± 0.375 

HCoP
2
O

7

-

 HP
2
O

7

3-

 + Co
2+

 ⇔ HCoP
2
O

7

-

 5.101 ± 0.327 

Co
3
(AsO

3
)
2
(cr,hyd) 2 H

2
O(l) + 2 HAsO

2
(aq) + 3 Co

2+

 ⇔ 6 H
+

 + Co
3
(AsO

3
)
2
(cr,hyd) -28.544 ± 0.320 

Co
3
(AsO

4
)
2
·8H

2
O(cr) 2 AsO

4

3-

 + 8 H
2
O(l) + 3 Co

2+

 ⇔ Co
3
(AsO

4
)
2
·8H

2
O(cr) 27.929 ± 0.883 

CoHAsO
4
(aq) HAsO

4

2-

 + Co
2+

 ⇔ CoHAsO
4
(aq) 2.874 ± 0.346 

CoCO
3
(cr) CO

2
(g) + H

2
O(l) + Co

2+

 ⇔ 2 H
+

 + CoCO
3
(cr) -7.128 ± 0.092 

CoCO
3
·5.5H

2
O(cr) CO

2
(g) + 6.5 H

2
O(l) + Co

2+

 ⇔ 2 H
+

 + CoCO
3
·5.5H

2
O(cr) -10.578 ± 0.034 

Co(CN)
4

2-

 4 CN
-

 + Co
2+

 ⇔ Co(CN)
4

2-

 30.017 ± 0.533 

Co(CN)
5

3-

 5 CN
-

 + Co
2+

 ⇔ Co(CN)
5

3-

 28.327 ± 0.888 

CoSCN
+

 SCN
-

 + Co
2+

 ⇔ CoSCN
+

 1.790 ± 0.073 

Co(SCN)
2
(aq) 2 SCN

-

 + Co
2+

 ⇔ Co(SCN)
2
(aq) 2.665 ± 0.115 

Co(SCN)
3

-

 3 SCN
-

 + Co
2+

 ⇔ Co(SCN)
3

-

 2.993 ± 0.229 

β-Ni(OH)
2
 2 H

2
O(l) + Ni

2+

 ⇔ 2 H
+

 + β-Ni(OH)
2
 -11.029 ± 0.280 

Ni(OH)
2
(aq) 2 H

2
O(l) + Ni

2+

 ⇔ 2 H
+

 + Ni(OH)
2
(aq) -18.095 ± 1.341

 *

NiS(aq) S
2-

 + Ni
2+

 ⇔ NiS(aq) 19.723 ± 0.228 

Ni(SO
4
)
2

2-

 Ni
2+

 + 2 SO
4

2-

 ⇔ Ni(SO
4
)
2

2-

 2.896 ± 0.002 

NiNH
3

2+

 NH
3
(aq) + Ni

2+

 ⇔ NiNH
3

2+

 2.222 ± 0.061 

Ni(NH
3
)
2

2+

 2 NH
3
(aq) + Ni

2+

 ⇔ Ni(NH
3
)
2

2+

 3.932 ± 0.139 

Ni(NH
3
)
3

2+

 3 NH
3
(aq) + Ni

2+

 ⇔ Ni(NH
3
)
3

2+

 5.440 ± 0.320 

Ni(NH
3
)
4

2+

 4 NH
3
(aq) + Ni

2+

 ⇔ Ni(NH
3
)
4

2+

 6.446 ± 0.306 

Ni(NH
3
)
5

2+

 5 NH
3
(aq) + Ni

2+

 ⇔ Ni(NH
3
)
5

2+

 6.748 ± 0.302 

Ni(NH
3
)
6

2+

 6 NH
3
(aq) + Ni

2+

 ⇔ Ni(NH
3
)
6

2+

 5.943 ± 0.313 

NiHCO
3

+

 HCO
3

-

 + Ni
2+

 ⇔ NiHCO
3

+

 1.417 ± 0.173 

*

not selected in TDB but used to estimate ∆
f
G°

m
 value (see Section 4.2.2) 
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Figure 3  Correlation of Gibbs free energy of formation between nickel and cobalt 
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Figure 4  Correlation of equilibrium constant (log10 K°) between nickel and cobalt 
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��� �����	
��
���������������
�� 

 

� ��� !"#�����	
��
�$%�&'�()*���
�+,-*&�

��.!"#/����
012345�6�7 

 

Lamb and Larson (1920) 
57)

 

89:�;<=>?@ABCDEF� G�����(II)/����(III)�<=HI�

J�KL#Co(NH3)6

2+MNOP>?Q?����(II)R�S�:�T2U�*"!�7J

�V 25 ± 0.05 °C� !"#2 ~ 6 M NH4OHDEFW#0.05 M CoCl2XY�HIJ�Z

[\]"!�7̂ _H`a�bcdef�ghV[\]"!i!7jL]&S�:�T

V log β1 = 4.90Wk�7 

 

Gayer and Garrett (1950) 
24)

 

�l�WVmn*& Co(OH)2(c) Mop�qrVi*R�X`:2s9:�t<XY

 uv;<=w�xBCXYyWz{q|qrMnitroso R saltbcR�u}J�*"!

�7X`:J�V 25 ± 0.02 °CW~���� uv��������W[\]#���

��V��*"!�&'��V�������*"!�-�\]�7jL]&X`:�

��`rKL�F��� 1)-3)�������T2��*"!�7^_t�u���?

�:��$V[\]" L�#��MsJ� R¡-���?�:2¢£*#+���

ef¤T2 Harned and Owen 
74)u}¥¦*"¦!"!�7§&;¨��?ef�©�V#

ª«�¬5W­h®]&¯°±H²�J�©MpHreadR2³´¦!" }#pHr → pcH

µ�¶·V[\]"!i!7 

 

1) Co(OH)2(aq) ⇔ Co
2+

 + 2 OH
-

 : log °K1 =-9.2 (I = 0) 

2) Co(OH)2(s) ⇔ Co
2+

 + 2 OH
-

 :   log °K2 = -15.6 (I = 0) 

3) Co(OH)2(s) ⇔ HCoO2

-

 + H
+

 :  log °K3 = -19.1 (I = 0) 

 

��¸ 3) �=�¹ HCoO2

-

 Mº]V Co(OH)3

--»¼½�2¾*"!�R�.!"V>

�¿xXYyW� 5 �X`:J��
�KLÀK]"!�Z#�
� TZÁq-V

!Âi!7º]L�ÃÄ��ÅÆ2�Ç*#F6�©2����
�È¦©-*&7 

 

1) Co
2+

 +2 OH
-

 ⇔ Co(OH)2(aq):  log K1 = 9.2 ± 0.3 (T = 25 °C, I = 0) 

 Co
2+

 + 2 H2O ⇔ Co(OH)2(aq) +2 H
+

 ��ÉWV# 
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log K = log K1+ 2 log Kw = 9.2+2Ê(-14) = -18.8 ± 0.3 (T = 25 °C, I = 0) 

 

2) Co(OH)2(s) ⇔ Co
2+

 +2 OH
-

 :   log K2 = -15.6 ± 0.3 (T = 25 °C, I = 0) 

Co(OH)2(s) + 2 H
+

 ⇔ Co
2+

 +2 H2O ��ÉWV# 

log K = log K2 – 2 log Kw = -15.6-2(-14) = 12.4 ± 0.3 (T = 25 °C, I = 0) 

 

3) Co(OH)2(s) + H2O ⇔ Co(OH)3

-

 + H
+

 : log K3 = -19.1 ± 0.5 (T = 25 °C, I = 0) 

 

Chaberek et al. (1952) 
66)

 

�l�WVË 0.01 M� Co
2+

 2ÌÍ 0.1Mt<XY2 0.1 M KOHXY �"Î�*#

jL]& pHÎ����`rKL�ÏÐ�c;q`�T2U�*"!�7Î����Ñ

:V 30.0 °C#��?�:V KCl�u} 0.1M �Ò&]"!�7pHÓ
��Ô�© pHr

V»¼��?�:�­hXY� EMF J�KLjL]�Õf�2¦!"-log[H
+

] �¶·

®]��¢£�¦!L]"!�7�Ö���W��®]&c;q`�TV�F�ª}W

k�7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1 = -8.90,� I = 0.1 (KCl), T = 30 °C 

 

Ö6�©�Î�×ØW�ÙÚ�Û¼�ÅÆ2�Ç*#af@�9:�É�¶·*&½�

2����
���©-��7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1�
= -8.88 ± 0.02 , I = 0.1 (KCl), T = 30 °C 

 

 

Gayer and Woontner (1952) 
67)

 

�l�WVÜÝ*&t=����MCoCl2R 2Þ;y�X`*#/�ß� pH �¶=

u}à�c;q`�T2Àá*"!�7X`��t=�����f2 0.01 ≤ [Co]t ≤ 0.1

�âãW 5 ¶=®ä#s Wà�c;q`�T2å'#æç�èÞ�é2-}#��

©-*"!�7i #×ØWV^_H`a2¦!"!i!&'#sP?ê����?�

:Vo�®]"!i!7®L� pH�J�V� ­h®]&¯°±H²�ëì©2³´

;¨��?�ef©-*"¦!"n®]"!�7×Ø T��í#��?�:ZîïW

ð"!i! iLv� pHr KL pcH µ�ghZ[\]"!i!º-KL#����


WV�l��©2È¦*i!7 

���������������������
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Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1= -12.2 ,� I = 0, T = 25 °C 

 

 

Herber and Irvine (1958) 
75)

 

ñ��?ò·óôµ�õö��?÷ø�ùúû uv/�Ò_Ó¿AüC2ýþ�

�&'�#�i�9:� HClXYy� !"#4.22 × 10
-2

 FM0.325 mMRCoCl2����

�ù(q|J�2[�"!�7×ØV#25 °C� !"#HCl9: 6.01 ~ 10.83 FM0.165 

~ 0.297 MR W[\]" }#CoCl2Z��iùú¹�i�"!�-�l�GL]"!

�7§&#KrausL�u�"��®]"!���?ò·��
� uvMoore�ef¤

TKL#CoCl2�S�:�T-*"#5.3 × 10
-2

 F
-22��*"!�7 

 

Smithson and Williams (1958) 
32)

 

!	.K�
I�MSCN
-

, Cl
-

, S2O3

-

, SO4

2-

, NO3

-

, I
-R-�
õö��?���mZM0

���R÷ÛnWk��K#��?+�nM���÷ÛnRWk��K-!�����

Â�&'�#Co
2+2��#����ù(q|J�2[�"!�7Co

2+2�'-���


õö��?����� G��!ù(V#�î� d-d�
��ö®]#/�ù|¤TV


I�����2�	�G#y õö��?-
I��!"� 5 #��z���7*Z

&�"#����ù(V#��?+�nWV¶=ä�#��#÷ÛnWV¶=��º-

-i�7���WV#Co(ClO4)2�ù(±$%��2&'�#20 ± 1 °C� !"#1k

�!V 7 M NaClO4DEFW#
I��9:2¶Â�º-WjL]��(ù(±$%�

�KL#Ö)�
I�-Co
2+�1:1÷Ûn�S�:�T2ýþ*"!�7Cl

-�.!"V#

7 M NaClO4yWJ�Z[\]" }#jL]&©V log β1 = -0.43Wk�7�i�
I

���z*KL#SCN
-#Cl

-

, S2O3

-�ìZ#Co
2+-÷ø2�n��º-Z�®]"!�7 

 

Nair and Nancollas (1959) 
44)

 

�l�WV+Ý*&;¨H²2¦!"#,-f�.<����-t<2X`*&��

� pHJ�2[!#º�J�©u} CoSO4(aq) �÷Ûn�T2Àá*"!�7÷Ûn�

T�U�V 0, 5, 15, 25, 35, 45 °C �sÑ:W[\]#jL]&÷Ûn�T�Ñ:/Dû

u}º���� ∆H, ∆S ½Àá*"!�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log K = 2.24 at 0 °C, I = ? 

        � � � = 2.27 at 5 °C, I = ? 
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        � � � = 2.30 at 15 °C, I = ? 

        � � � = 2.36 at 25 °C, I = ? 

        � � � = 2.40 at 35 °C, I = ? 

        � � � = 2.44 at 45 °C, I = ? 

  � � � � �   � ∆H = 7.28 ± 0.67 kJ/mol, ∆S = 69.5 ± 2.1 J/K/mol 

 

�l�W��®]"!����TV9:���TWk�Z#��?�:�$0-*"�

^_tZcÂL]"!i!&'#��y���?�:Z��¡-��i}(0.016 < I < 

0.03)#/��i���?�:WU'L]&���T��é©2��©-*"!�7º�

&'#º�9:���TZ1���?�:�+���KV�2Wk�7ººWV#;¨

H²KL;¨��?efZJ�®]�-3�*#º]2 Davies �¸KL¢£*&ef

¤T2¦!";¨��?9:�·£*#º�©KL÷Ûn�T2¢£*"!�Z#º�

×Ø4WV��?�:�©V÷Ûn�T�/D*"*§�7º]L�ÃÄ���5×û

267*"ÅÆ2�Ç*#�F����
��©-*&7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log K= 2.2 ± 0.5 at 0 °C, I = 0 

             = 2.3 ± 0.5 at 5 °C, I = 0 

             = 2.3 ± 0.5 at 15 °C, I = 0 

             = 2.4 ± 0.5 at 25 °C, I = 0 

             = 2.4 ± 0.5 at 35 °C, I = 0 

             = 2.4 ± 0.5 at 45 °C, I = 0 

 

i #÷Ûn�T�ÅÆ267�8]�-#ººKLýþ®]� ∆H �©V 7.4 ± 21 

kJ/mol -i}#ÅÆV²'"9ð	i�&'����
WVÈ¦*i!7 

 

Lister and Rosenblum (1960) 
35)

 

�
õöM:(II)#����(II)#A;<�(II)R–=>??=@÷ø�S�:�T2J

�*"!�7����(II)��*"V#ù|J�WV Cl
-9: 0.12 M§W±$%���¶

=Zá"!i!º-KL#HA=�Ú�J�2*"!�7×ØV#12#25#40 °C#�

�?�: 2 M NaClO4M0.3 M HClO42ÌÍR� !"# NaCl9: 0.008 M�����

W#Co(ClO4)9:2 0.0999 ~ 0.3139 M§W¶=®ä"#2�� Ag/AgClH²�� EMF

2J���º-W[\]&7B�LV#cCo >> cClWk�º-KL#2¹C�÷ø#CoCl
+

 uv Co2Cl
3+#ZÛn��-6Â#25 °C� G�S�:�T-*"#β(CoCl

+

) = 0.666
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Mlog β(CoCl
+

) = -0.177R#β(Co2Cl
3+

) = 0.274Mlog β(Co2Cl
3+

) = -0.562R2��*"!�7

§&#�i�Ñ:� G�S�:�Tu}#Co
2+

 + Cl
-

 ⇔ CoCl
+�∆HZ 12.5 kcal/molW

k�&7 

 

Bolzan and Arvia (1962) 
17)

 

�l�WV��?�: I = 1.00 (NaClO4) �o�*&���F#T = 15, 25, 35, 40 
o

C �

sÑ:W¯°±H²2¦!&HIÆÎ�2[!#Co
2+

 �à�c;q`�T uvD?

��E
2å'"!�7H²�­hV9:,-�< uvt&�Î��u}[\]" 

}#pHrKL pcHµ�¶·V[\]"!�-ìiä�7å'L]&c;q`�TV 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1 = - 9.95 ± 0.15, I = 1.0 (NaClO4), T = 15 °C 

         log K1 = - 9.89 ± 0.02, I = 1.0 (NaClO4), T = 25 °C 

M3.���©2���>
ZFG�é*&7R 

log K1 = - 9.60 ± 0.04, I = 1.0 (NaClO4), T = 35 °C 

M2.���©2���>
ZFG�é*&7R 

log K1 = - 9.50 ± 0.04, I = 1.0 (NaClO4), T = 40 °C 

 

Ö6�
�- van’t Hoff ¸ (3.2-5¸)u}D?��E
¶=2�F�u��å'"!�7 

 

∆H1= 34.3± 8 kJ/mol (25 
o

C) 

 (cf. ∆G1 =56.07 ± 0.84 kJ/mol ∆S1 =-73.05 ± 27 J/K/mol) 

 

Ö6�©2af@�9:�É�¶·*&½�2����
�È¦©-��7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1,m= - 9.93 ± 0.15  , I=1.0(NaClO4), T=15 
o

C   

    � �  log K1,m= - 9.87 ± 0.02  , I=1.0(NaClO4), T=25 
o

C   

         log K1,m= - 9.58 ± 0.04  , I=1.0(NaClO4), T=35 
o

C   

log K1,m= - 9.48 ± 0.04  , I=1.0(NaClO4), T=40 
o

C 

∆H1= 34.3± 8 kJ/mol (25 
o

C), ∆G1 =56.1 ± 0.8 kJ/mol, ∆S1 =-73 ±27 J/K mol 

 

 

Morris and Short (1962) 
37)

 

����(II)-t=@��?�÷Ûn2H��?ò·I�"ýþ*"!�7×ØV#
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20 ± 1 °C#��?�: 0.691 MMHClO4 + HClR� !"#HCl9:2¶Â& 2.138 × 10
-7

 

M Co(ClO4)2XY2¦!"[\]"!�7OJx>Kx
�
60

CoZL\]" }#H�

�?ò·óô-Yp�q
z�ýþ�V#NaI(Tl)M?N�
MO?¿B?PQ?R�u

� γ�¢JZ¦!L]"!�71:3#1:4� Co
2+

-Cl
-÷ø�DEV5S®]iK�&71:1#

1:2÷ø�TS�:�T-*"#β1 = (4.90 ± 0.05) M
-1Mlog β1 = 0.690 ± 0.004R#β2 = (3.24 

± 0.1) M
-2Mlog β2 = 0.51 ± 0.01RZ��®]"!�7 

 

Feitknecht and Schindler (1963) 
25)

 

�l�V IUPAC� section of analytical chemistry, commission on equilibrium data�u}

×U®]&#�
õö�X`:V�WXY���
���Wk�7����(II)�.!

"V Co(OH)2 (s)�.!"�Z[©2�*"!�7º�iKW Co�;<=@�V\]^

_�`]�a{�;<=@M>@�Kb±-�\]�R-cnç�`]�E?%{�;

<=@( (c)½*	V(s) )Zk�-)dL]"!�7®L�E?%{�;<=@�.!"

eûop-�eûop�.!"/]e]�X`:V2Z[©-*"fg"!�7 

 

log KS0 = log ([Co
2+

][OH
-

]2)  

=-14.2  Co(OH)2 blue  at room temp., I = 0 (Co(OH)2(am)) 

=-14.8  Co(OH)2 pink (active) at room temp., I = 0 (Co(OH)2(s)) 

=-15.7  Co(OH)2 pink (inactive) at 25 °C, I = 0 (Co(OH)2(cr)) 

 

º]2 Co(OH)2(s) + 2H
+

 ⇔ Co
2+

 +2H2O������T�¶·��-#�F�u��i

�7 

 

log Ksp = log ([Co
2+

][H
+

]
−2

) 

= 13.8  Co(OH)2 blue   at room temp., I = 0 (Co(OH)2(am)) 

= 13.2  Co(OH)2 pink (active)  at room temp., I = 0 (Co(OH)2(s)) 

= 12.3  Co(OH)2 pink (inactive)  at 25 °C, I = 0 (Co(OH)2(s)) 

 

®L��l�WV� Co(OH)2(s) + OH
-

 ⇔ Co(OH)3

-

 ������T log KS3�.!"½�

F�u��Z[©2�*"!�7 

 

log KS3 = log ([Co(OH)3

-

]/[OH
-

])  

=-3.6  Co(OH)2 blue at 25 °C, I = 0 (Co(OH)2(am)) 
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=-4.2  Co(OH)2 pink (active) at 25 °C, I = 0 (Co(OH)2(s)) 

=-5.1  Co(OH)2 pink (inactive) at 25 
o

C I=0 (Co(OH)2(cr)) 

 

 

Shankar and DeSouza (1963) 
18)

 

�l�WV��?�: I = 1.00 (NaClO4) Wo�*&���F#T = (28 ± 0.5) °C W¯

°±H²2¦!&HIÆÎ�2[!#Co
2+�à�c;q`�T2å'"!�7H²�­

hV pH 7�h'ijXY2¦!"[\]#pHrKL pcHµ�¶·V#<ûk�( pH<3) W

�9:,-i<-t&2¦!&Î���KLi®]"!�7Î�V[Co
2+

]T = 0.1l0.02 M 

2ÌÍË 0.01 M�~t¨<XYµË 0.05 M � NaOH 2ÎF*"!�7;¨��?�

@a(^u}à�c;q`�� Co
2+

 = Co(OH)
+

 + H
+

 ����T log K12å'"!�7

s������?9:W�Î�KLå'&���T log K1 Vm	��*"!�º-K

L#noc;q`¹�ÛnVp�Wð�-ìi*#sÎ�KLjL]&���T��é

©2æq©-*"�F�u����*"!�7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1= - 9.82 ± 0.05,� I = 1.0MNaClO4R, T = 28 °C   

 

af@�9:�É�¶·*&F6�©2����
���©-��7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

 : log K1,m= - 9.82 ± 0.05 ,� I = 1.0MNaClO4R, T = 28 °C   

 

 

Grimaldi and Liberti (1964) 
38)

 

H��?ò·r2¦!&%>s�R°KQ�u}#2þ�
õö��?M:(II)#��

��(II)#A;<�(II)#¿tQBC(II)R-t=@��?÷ø�S�:�T2ýþ*"!

�7����(II)2+,-*&×ØWV#25 °C� !"#�����?�:#ê>�?

9:FMHClO4 + HCl 3 MRW#0.4 M Co(ClO4)2���WJ�Z[\]"!�7Co
2+

-Cl
-

 1:1

 uv 1:2��*"å'L]&S�:�TV#/]e]#β1 = (0.61 ± 0.05) M
-1Mlog β = 

-0.21 ± 0.04R#β2 = (0.11 ± 0.04) M
-2Mlog β = -1.0 ± 0.2RWk�7B�LV#%>s�R°

KQ�u�S�:�Týþ� !"V#Ü:�8!uvîïZw��i�-§-'"!

�7 
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Isbell et al. (1966) 
76)

 

�l�WVXxtyW� Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)���÷Ûn�TZ��®]"!

�7º���V����
�+,�Wk�7 

 

Kennedy and Lister (1966) 
39)

 

B�L�R�
ê� G�yzMLister and Rosenblum 
35)2ÌÍRKL#�i�Ñ:W

�S�:�T�©KLýþ*&�
õö-=>??=@��?� 1:1÷Ûn�∆HZ van’t 

Hoff��¤¸KL�]�º-Z2LK�i�"!�7B�LV#º��]�{|2#2:1

÷ø�Ûn-6Â#¿>xÓ�x
�u�³´J�*&∆H-Ö6��IWýþ*&∆H

2z**"!�7×ØV#0.67 M õöM:(II), ����(II), A;<�(II)R~t¨<t

- 2 M =>??=w�xBCM}���?�: 2 MR2~m*#/�ß�	f2J�

��º-W#[\]"!�7i #��	�ýþV#Mg(ClO4)2 2¦!&»��J��

u�"i®]"!�7Co
2+

-Cl
-4�.!"V#1:1÷ø�ì23�*&�m#��V�!

ù	-i}#∆H = (0.53 ± 0.05) kcalWk�&7��#1:1÷ø�cÂ#2:1÷ø½3�*

&�m#∆H�©V#/]e]�÷Ûn�+*"#0.68 uv-0.35 kcalWk�&7º]

L�©-S�:�T�Ñ:/Dûu}å'L]&∆H���V�	#��#1:2÷ø23

�*&�mZ�K�&º-KL#B�LV 2:1÷ø�DE2���*"!�7§&#�

�*&∆H-S�:�T-*"#∆H = 0.52 kcal#β1 = 0.73 M
-1Mlog β1 = -0.14R2��*

"!�7 

 

Sigel et al. (1967) 
58)

 

º���WV M
2+

/Bipy (2,2'-bipyridyl)/LM
I�R� 3�÷ø�n�S�:�T2Î

�- NRM J��u}ýþ*" }#/�~�W#M
2+

/L 2 �÷ø�S�:�T2å'

"!�7õö��?-*"#Co
2+

, Ni
2+

, Cu
2+

, Zn
2+Z#
I�-*"#HPO4

2-#AMP 

(Adenosine monophosphate)#ATP (Adenosine triphosphate)Z¦!L]"!�7×ØV#25 °C

� !"#0.1 M NaClO4, 3.5 × 10
-4

 M HClO4#2 × 10
-4

 M 
I�#1 × 10
-2k�!V 2 × 

10
-2

M�õö��?M~t¨<tR2ÌÍXY 50 mL�#2 × 10
-2

M NaOH2bc��º

-W[\]&7
I��<`"�T2å'�&'�#õö��?2Ì§i!��2¦!

&»��Î�½[\]"!�7��®]"!�����(II)-HPO4

2-÷ø�S�:�TV

log10 β1 = 2.18Wk�7 

 

Scaife and Wood (1967) 
77)

 

~�it=@��?ZDE��;k�!V>��
�XY0W#����(II)-A;

���������������������
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<�(II)�t=@��?÷øZ 6
IM8�ø��RKL 4
IM4�ø��R�¶=�

����∆H2�ÑF�����ù(q|J�KLU�*"!�7����(II);XY4

WV#CoCl2(H2O)4KL CoCl3(H2O)µ�÷ø���¶=Z��®]" }#���∆HV#

∆H = (12 ± 2) kcal/mol k�&7 

 

Zeltmann et al. (1968) 
29)

 

17

O- 35

Cl-NMRu}#��! HCl9:M0.4 – 14.7 mol·kg
-1RW� Co

2+

-Cl
-÷Ûn2ý

þ*"!�717

O- 35

Cl� NMRE
%�MK�u}#�Ñu}½8Ñ� !"#� Cl
-

k�!V H2OZ�! chemical exchange�k�º-Z�®]"!�7§&#HCl9:2

¶=®ä&ß�º]L� NMRE
%MK��z*KL#5 – 9 mol·kg
-1� HCl9:k�

� !"#����(II)�
ITZ 6 
IKL 4 
I�¶=��º-Z\K�&7B�

LV#4.� Co
2+

-Cl
-÷øMCoCl(H2O)5

+

, CoCl2(H2O)2

0

, CoCl3(H2O)
-

, CoCl4

2-R23�*#

NMR E
%MK�� HCl 9:/Dû2æ��#KQ;PQ?R�u}ýþ*"!�7

jL]&��S�:�TV# 

 

 Co(H2O)6

2+

 + Cl
-

 ⇔ CoCl(H2O)5

+

 + H2O,   K1 = 0.17 ± 0.06 

 CoCl(H2O)5

+

 + Cl
-

 ⇔ CoCl2(H2O)2

0

 + 3 H2O,  K2 = (1.7 ± 0.4)�10
-3 

 CoCl2(H2O)2

0

 + Cl
-

 ⇔ CoCl3(H2O)
 -

 + H2O,  K3 = (3.1 ± 0.9)�10
-3 

 CoCl3(H2O)
 -

 + Cl
-

 ⇔ CoCl4

2-

 + H2O,   K4 = (8.8 ± 1.7)�10
-3 

 

Wk�7ººW#s��� !"# Cl
-�efV HCl�ef-�*!-3�®]" }#

§&#Co
2+

-Cl
-÷ø�ef¤T�zZ HCl 9:/D*i!-3�®]"!�7º]L�

3�u}#��©V��i��W�	
��TWVi!7B�LV#º�u��*"j

&S�:�TKL#27 °C � G� HCl9:��T-*& Co
2+

-Cl
-4�=�¹q�2�

*" }#4 mol·kg
-1�F� HCl9:WV#CoCl(H2O)5

+�ìZDE��º-Z\K�7 

 

Izatt et al. (1969) 
49)

 

�l�WV#0.02 M �~t¨<����(II)XY�(Me4N)2SO4 XY2ÎF��	f

Î�2[!#�Û	f�J�KL CoSO4(aq) �÷Ûn�T log K  uv ∆H, ∆S 2Àá

*"!�7��?�:�$¦�H`aVcÂ" L�#P�°ÓN�>?@ABC��

?(Me4N
+

)Vñ��?-p�+¦*i!-3�*#Î�s W���?�:2¢£*#

9:���T2U�*"!�7º�©2 Debye-Hückel ¸2¦!" I = 0�©�gh*&

½�2��©-*"!�7��®]"!�©V�F�ª}Wk�7 
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Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); log K = 2.69 ± 0.03,  

∆H = 2.09 ± 0.13 kJ·mol
-1

, ∆S = 58.2 ± 0.4 J·K
-1

·mol
-1

, 

�l��	fÎ�WV��?�:�$0ZcÂL]"!i!&'#������?�:

� }¡!���Zk�7®L�º�×Ø4WVÎFY-Î�Y���?�:�ÆZ9

ð	i�&'��	���Z9ð	i}#º]�.!"½q¢�V¡\]"!i!7�

Ö���#º�u�i��FW[\]&	fÎ�KLT"�	
�fM÷Ûn�T log K 

 uv ∆H, ∆SR2Àá*"!��l����©�V�5×ûZ9ð!&'����


WVÈ¦*i!7 

 

Carney and Laitinen (1970) 
71)

 

�l�WV£
°>R°KQ�u} Co
2+- S

2-���\]Ûn���ýþ2[!#

CoS(s)�X`:V2U�*"!�7¤øÚ�Vij0M0.048 M NH3(aq)R uv/]e

]�9:� Co
2+�}D*&XYy�"#H²Ô���
�®]&.=;¥ HgS �¦�

2[�7Co
2+ZXY0�DE*i!�mVº�¦���V HgS +2e

-

 ⇔ Hg(l) + S
2-

 �u

�"6)®]#HI―Hu��2J���-o§©�¦�HI Ep1 �E
%Z`]�7

º]�+*~�f� Co
2+ZXY0�DE���mV HgS�¦���V HgS +2e

-

 + Co
2+

 

⇔ Hg(l) + CoS W6)®]���Z^
Ú�i}#HI―Hu���`]�¦�E
%

½ Ep2µMK���7º��¤2¦!" Co
2+9:2¨©�ªc®ä"!ð Ep�¶=2J

�*#Ep- log [Co
2+

]�ê>;�2j�7jL]�³��¢«u}\]Ûn�����

�T2Àá*"!�7��®]"!�X`:VV�F�ª}Wk�7 

 

CoS(s) ⇔ Co
2+

 +S
2-� :log KSp (= log[Co

2+

][S
2-

]) = -17.5 

(0.048 M NH3(aq)) 25 
o

C 

 

º�×Ø4WV��?�:Z pHij0Wk� 0.048M NH3(aq)�u�"^_®]"!�

&'#h5i©Z�2Wk�7®L�×ØZ[\]&��WV����(II)- NH3(aq) �

�÷ÛnZÃº�"!�-6ÂL]�Zº���½h5�Výþ®]"!i!7�Ö�

º-KL�l����©V����
WVÈ¦*i!7 

 

Mironov et al. (1970) 
72)

 

�l�WV~t¨<xNBCW I = 3 M��$*&��FW CoSO4(aq) �÷Ûn�T

log K2U�*"!�7F6���©VX`:I-HIÆJ�I-!��.��i�¬
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IKLjL]&©2�é*&½�-¬K]"!�Z#/]e]�×Ø01#�
��.

!"V6­Zi	#§&×ØIZ6*"k�-®]"!���V®�A?R°
t9�

�Il� uv¯°��W8¬Z��±-�\]�7�Ö�º-KL�l����©V

È¦*i!7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); log K = 1.70 ± 0.2, at 25 
o

C, I = 3 M 

 

 

²³L (1971) 
45)

 

����(II)-t=@��?#N�.<��?#.<��?#M�B<��?��÷

Ûn2 TTA k�!V TBP 2¦!&X´µáI�u}ýþ*"!�7×ØV 25°C W[

\]#;py� Na9:V~t¨<w�xBC-Ö6�
I��w�xBCtW��M1 

MR�#;¨��?9:V¶<ijYW��M10
-3.5

 ~ 10
-4.0

 MR�Ò&]"!�7���

�(II)�q
VOJx>Kx
� Co-56 2¦!#�p� γ �J�KLå'L]"!�7

t=@��?-�÷Ûn�.!"V#log β1 < -0.5Wk}#º���WV5SWði!

-®]"!�7 

�l�WVX´µáI�u} CoSO4(aq)�÷Ûn�T2Àá*"!�7§·p-*"

0.1M TTA- 0.1 M TBP2X`®ä&¸t=¹¨Z¦!L]"!�7;pV¶<ij0

�u} pHZ 3.6l4.0�Ò&]#t¨<w�xBC�u}��?�:Z 1 M ��$®]#

��¡-�9:��i�.<w�xBC-OJx>Kx
� Co-56 ��
P
Z}D

*"!�7µá×ØKL Co-56��
P
�q
z log D -º"
I�9: log[L]��

¤Zå'L]#ººKLF6�÷Ûn�T2U�*"!�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); log K1 = 0.74 , at 25 
o

C, I = 1.0 (NaClO4) 

Co
2+

 + 2 SO4

2-

 ⇔ Co(SO4)2

2-

; log K 2 = 1.48 , at 25 
o

C, I = 1.0 (NaClO4) 

 

Ö6�©�VÅÆZ�®]"!i!&'#X´µáI�u}÷Ûn�T2U�*&�m

�»�Úi©�ÅÆ2�Ç*#af@�9:�¶·*����
���©-*&7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); log K1,m = 0.72 ± 0.05, at 25 
o

C, I = 1.0 (NaClO4) 

Co
2+

 + 2 SO4

2-

 ⇔ Co(SO4)2

2-

; log K2,m = 1.46 ± 0.05 , at 25 
o

C, I = 1.0 (NaClO4) 
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Bond and Hefter (1972) 
27)

 

K;¨��?�¼ûH²2¦!&Î�I�u}#Co
2+2ÌÍ 2þ�õö��?µ� F

-

�÷Ûn�S�:�T2U�*"!�7×ØV#(25 ± 0.1) °C#pH = (5.0 ± 0.1)� !"#

25 ml� 1 M NaClO4#5.00 × 10
-2

 M Co(ClO4)22ÌÍXY�#4.00 × 10
-3

 M NaFXYMt

9: 1 M NaClO4R2bc��º-W[\]&7H²�­hV#õö��?2Ì§i!

½°?%XY�Î��u}i®]"!�7jL]&÷Ûn�S�:�TV 2.5 ± 0.3Mlog 

β1 = 0.40 ± 0.05RWk�7B�LV#�i� Co
2+9:W�»��×ØKLjL]� β1�

©Z��*&º-KL#no�÷øVDE*i!-*"!�7 

 

Hedwig and Powell (1973) 
50)

 

�l�WV#0.02 M �~t¨<����(II)XY�Ë 0.7M �(Me4N)2SO4 XY2ÎF

��	fÎ�2[!#�Û	f�J�KL CoSO4(aq) � ∆H 2Àá*"!�7��?

�:�$¦�H`aVcÂ" L�#P�°ÓN�>?@ABCMe4N
+Vñ��?-p

�+¦*i!-3�*#Î�s W���?�:2¢£*"!�7Î����`r�¾

�-i�÷Ûn�TV I = 0 �ß���©����T2Davies equation 2¦!"×Øs

 �©�gh*"¦!"!�7��©V�F�ª}Wk�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); ∆H = (6.17 ± 0.09) kJ/mol at 25 
o

C, I = 0  

 

�l�WV Izatt et al.���© 49)�¿À*"!�7»l�-�l�VÁÂ»¼��W×

ØZ[\]"!�Z#��®]"!�©V9ð	�i�7º�{|-*"V#Izatt et al. 

49)�`rWVÅ�&���TZ¦!L]" }#®L�	
�f���?�:Ã>W�

©µ�gh�½��Zk�&'-*" }#�l����©Vu}ÄÅûZ8!-�l

�G"!�7*K*iZL#�l�W���?�:� }¡!�.!"½�%Zk}#

®L�#��?�:�$02¦!"!i!&'	fÎ�����	� }¡!�½��

Zk�7�Ö���#����
WV�l����©2È¦*i!7 

 

Hutchinson and Higginson (1973) 
36)

 

HutchinsonLV#Co(III)(edta)Cl
2-�¦�� G�õö��?�Æ´+¦2Ç¦*"#1

þ�
I�DEF� G�¦�v:2q|I�u}ýþ*#jL]&©2
I� uv

Æ´-i�õö��?ZDE*i!�m���-z*��º-W#õö��?-
I�

��÷Ûn�S�:�T2å'"!�7
I�ZDE*i!�m�¦���V�F� 3

.�¸WÔ®]�7 
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−−−

+→ Clta)][Co(II)(eddta)Cl][Co(III)(e
2

u

k

 

 dta)][Co(II)(MeMdta)Cl][Co(III)(e
22

→+

+−
M

K

 

 
+

++→

2-

MClta)][Co(II)(ededta)Cl][Co(III)(M
M
k

 

   

/*"#ÈKG���v: kobsV 

 

 

fM

fM

UMuobs

]M[K

]M[K

)kk(kk

+

−+=

1

 

   

-i�7��#
I� L
-ZDE���m#M

2+- L
-���÷Ûn uvKx
�õö�

�?9:[M]fV# 

 

 
+−+

→←+ [ML]LM
1

2 K

 

 

f1

f

[L]1

[M]

[M]

K+

=  

 

-i�7ººW#[L]fVKx
�
I�9:2#[M]VTõö��?9:2Ô�7[L] >> 

[M]��m#[L]f ≈ [L]-i}#õö��? uv
I�ZDE*i!�m�¦�v:K

L kUZ#õö��?ZDE���m�¦�v: uv kU�©KL#kM- KMZjL]#

æÉÚ�#º]L�Ê°Ó
�-õö��?-
I�DEFW�×ØKL#K1ZjL]

�º--i�7×ØV#25 °C#��?�: 1 M NaClO4W[\]"!�7��� pHV#

2 × 10
-4

 M�MES- 1 × 10
-3

 M�}Ët�u�"#pH 4.5 – 5.5��Ì®]"!�7õö

��?-*"#Mn
2+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+

, Cd
2+

, Pb
2+Z#
I�-*"#¶<#Br

-#Cl
-#

ClO3

-

, NO3

-

, NCS
-Z¦!L]"!�7B�LV#M

2+�cÂ"#ML
+÷øZÖ6�¦��

���!Æ´+¦2��-�6ÍKL#jL]& K1�©� 1.10 ± 0.12ÎG�º-W#

æÉÚi log K1-*"!�7��®]"!�����(II)÷ø�S�:�TMlog K1RV#

0.81 ± 0.05 (OAc
-

), -1.80 ± 0.08 (Br
-

), -0.07 ± 0.06 (Cl
-

), 0.21 ± 0.08 (ClO3

-

), -1.85 ± 0.06 

(NO3

-

), 0.95 ± 0.04 (NCS
-

)Wk�7 

 

Kipton and Powell (1973) 
51)

 

�l�WVM
2+

 + SO4

2-

 ⇔ MSO4 ���D?��E
¶= ∆H2Àá��&'�	f

Î����`rI�.!"l¼"!�7B�LVÏ� 50)� !"º���� ∆H2��

���������������������
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*"!�Z#/�©ZÐ���#�� Izatt et al. 
49)9ð	�i�"!�7º�{|�.

!"ÑlZÒÓ®]"!�7B��¾Ô���i�� V� k�7à� V	fÎ�

����`rKL������T log K-D?��E
¶= ∆H2»��Àá��-#

ÅÆ��Z}KL#jL]� ∆H©�ÄÅûVB*	ÕF��-!� Wk�7ÖÂ�

���T log KVHIÆÎ���¬IW��U'L]&©2À8*#	fÎ�`rWV

o�©-*"¡\]�dð-*"!�7à� V`r�¦!L]"!�ef¤TÀá¸

�×!ZjL]� ∆H�1�u������K-¿� Wk�7B�LV#Izatt et al. 
49)

Z¦!"!�ef¤TÀá¸MDebye-Hückel ¸RVq¢WVi	 Davies¸2L�dð

-*"!�7�Ö�Ñl���#l�yWV�� Izatt et al. 
49)�6­®]"!�×Ø�

Û�
�2Ö6�� 2Ø§Â"Ù`r*"!�7º�l�6­� ∆H©VB�L�l

��© 50)-9ð	Ú&�"!&Z#Ù`r���WV�×ØKLjL]� ∆H©�ÆV

ÛÆ�i�&7�l�W[\]"!�Ñl��Ü� ÐVÝÞi¾Ô-�\]�7*K

*iZL� Ð�efgh�Ñl�.!"V#�l�W[\]"!�×Ø-½#��?

�:2���Ò.&'�^_H`aZcÂL]"!i!&'#1ÜL�@��2¦!�

�*"½#��?�:2h5��É��º-ZWði!�Ö#ef¤T2h5�å'�

º-V��±-6ÂL]�7®L��×Ø-½��?�:�$02¦!"!i!&'#

Î���-ÎFY���?�:�ÆZ9ð	i}#º]�ßä"��	���½9ði

½��i�Z#��@aZ��?�:2�n*"!��àWVº���	�ýþ2h5

�[�º-V��±Wk�&'#����
WV!�]�l����©½�È¦-*&7 

 

Blokhin et al. (1974) 
78)

 

�l�WV	fÎ�I�u}��?�: 3 M XYyW� Co
2+

 + SO4

2-

 ⇔ CoSO4��

�∆H 2U�*"!�7¤øÚ�VLiClO4 W��?�:2�$*&0.05M Co
2+

 �SO4

2-

2ÌÍXY2Î�F*#�Û	f�J�2[�"!�7��®]"!�©V�F�ª}

Wk�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); ∆H = (0.62 ± 0.03) kcal/mol, ∆S = (3 ± 1) cal/K/mol,  

T = 25 
o

C, I = 3 (LiClO4) 

 

Î����`r�V������T-*" log K = 0.23 Z¦!L]"!�7º�©VX

`:J� uvHIÆÎ��u}U�*&-k�Z#á»V>M>áW¬K]&�Il

�Wk�&'×Ø�yâ2-�º-VWði!7ÖÂ�ÝÞûVãäWði!7§&#

	fÎ��×ØI#̀ rI�åæ�.!"½6)Vp	#>M>áW¬K]&¯°��

���������������������

����
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çè-i�"!�7�Ö�{|KL�l����©�ÝÞû2ãä��º-Z��±i

&'#����
WVé���7 

 

Aruga (1975) 
53)

 

���WV#¿>xÓ�x
J�KLõö��?MMn
2+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+R-ê

<��?�Ûn�D?��E
¶=M∆fHm

oR2J�*"!�7®L�#Hutchinson and 

HigginsonW��®]"!�S�:�T 36)� Davies�¸�u�gh2U*#���ë|

Dì�í
¶=M∆fGm

oR2£á*#∆fHm

o�©KL#���D?�>E
¶=M∆fSm

oR

2å'"!�7J�V#25 °C#pH 4#1 M NaClO4DEFW[\]"!�7ª«���

	�gh�cÂ#Na
+- NO3

-���?+Ûn�u�	�á8}�gh½[\]"!�7

����(II)-ê<��?�÷Ûn� ∆fHm

o#∆fSm

oV#/]e]#(-4.86 ± 0.16) kJ·mol
-1#

(19.2 ± 3.1) J·K
-1

·mol
-1Wk�7 

 

Bjerrum et al. (1975) 
34)

 

ù(q|J�u}#4 .� Co
2+

-Cl
-÷øMCoCl(H2O)5

+

, CoCl2(H2O)2

0

, CoCl3(H2O)
-

, 

CoCl4

2-R�S�:�T2ýþ*"!�7×ØV#(25.0 ± 0.1) °C� !"#�i�9:

� LiCl#HClk�!V CaCl2DEFW[\]"!�7B�LV#5 M�Ö� Cl
-9:� 

!"#610 – 690 nm�@�ù|¤T-8 Cl
-9:� G�»îïâã�@�ù|¤T�

zZ#CoCl4

2-�DEðm�+���-6Â#æ��#I�u}#4Ïñ�÷Ûn���

S�:�T2U�*"!�òlog K1 = -1.05 ± 0.38#log K2 = -2.69 ± 0.90#log K3 = -1.54 ± 

0.89#log K4 = -1.34 ± 0.13Mlog β1 = -1.05 ± 0.38#log β2 = -3.74 ± 0.98#log β3 = -5.28 ± 1.32#

log β4 = -6.62 ± 1.33R7i #t=@��?�efV#Ê°Ó
� B2¦!"#αCl- = 

[Cl
-

]×10
B[Cl-]-0.5-!�ó�fÚi�¤¸�u�"ÇÂL]"!�7 

 

Libuś and Tiaŀowska (1975) 
31)

 

2þ��
õö��?M:#s?¯?#����#A;<�#ôõR-t=@��?

� 1:1÷Ûn2Î�I-ù|:J��u}#U�*"!�7×ØVT"t=@��?�

zd~���
õö��?DEFW[\]" }#�
õö��?�9:2¶=®ä&

J�2[�º-W#ef¤TM�zR�9:/Dû½67*"!�7Î�IV# 

 

Ag|AgCl, HCl(m1), Mg(ClO4)2(m)||M(ClO4)2(m), HCl(m1), AgCl|Ag 

 

-!��n�ö�W[\]"!�7ººW#m = 0.5-0.3 mol·kg
-1#m1 = 0.00906k�!V

���������������������

����
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0.1070 mol·kg
-1��������	
�
�
������������mCl�����

��� E!"�E = (RT/F)lnm1/mCl#$%$&��'(�)*+,���250 nm� CuCl
+

-!�.
/01�2345��67� NaCl389�Cu(ClO4):M(ClO4)2�M�;<

=>�����?���@A�/*+,3BC	
��D&$� 2E�(F-!C	%

$&GH,�,I�β1��JK�LM�'N�	O"�P,F�Q�RSTU
:V&

	
��WG� 1:1���-OX�Y7ZI�[���\]^R�_1�`:abc�

��d�C	
�D:#$�efg:hfg��iRj]k�D:RlV&	
��m

n$��CuCl
+��op�Y7ZI�[�qrs35
	�t�;<=>���:��

��������-O
	u�Y7ZI�[Rvw-��:�x,�y�m = 0-OX

�H,�,I3z{�	
��_1�`(II)-E
	��efgO!|hfg3}�~

��G�H,�,I:�	�0.45 ± 0.18�log β1 = -0.35 ± 0.17����� 

 

Katayama (1976) 
46)

 

�����
�E#����0.0002�0.003 M�� CoSO4 @A������3+,��

���RCo
2+

 + SO4

2-

 = CoSO4(aq)op���,I-\]k�:
��Z#$���,I

3���	
�����,I���� 0�45 °C � 10�����B�&����,I�

��\]^#$op� ∆HO!| ∆Su���	
����V&	
�s����"�

��� 

 

Co
2+

 + SO4

2-

 � CoSO4(aq)  log K = 2.19 � 0.48 at 0 °C, I = 0 

= 2.19 � 0.48 at 5 °C, I = 0 

= 2.20 � 0.48 at 10 °C, I = 0 

= 2.21 � 0.48 at 15 °C, I = 0 

= 2.24 � 0.48 at 20 °C, I = 0 

= 2.25 � 0.48 at 25 °C, I = 0 

= 2.26 � 0.48 at 30 °C, I = 0 

= 2.29 � 0.60 at 35 °C, I = 0 

= 2.30 � 0.60 at 40 °C, I = 0 

= 2.32 � 0.70 at 45 °C, I = 0 

 ∆H = (5.00 � 0.30) kJ·mol
-1

, ∆S = (59.8 � 1.2) J·K
-1

·mol
-1

, at I = 0, 25 °C 

 

����B�&	
�����������R5
$&	
�
G��������.

���&�&d���D�G� I = 0 � ���,I3��k�G�-���¡:��

���������������������

����
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�?�:2¢£* Debye-Hückel ¸�"¢£*&ef¤T2¦!"!�7��?�:2

�n����?Z��@Wk� Co
2+

  uv SO4

2-

 ��?Wk�&'#��?�:-÷

Ûn�T��2h5�Výþ®]"!i!7º]�.!"��5×û267�8]ÅÆ

2�c*i *�F�©2����
�÷Ûn�T���©-��7§&�l�WV÷

Ûn�T�Ñ:/Dûu}D?��E
2¢£* ∆H = (5.00 ± 0.30) kJ·mol
-1-��*"

!�Z#º�©�Àá~��Vs���T�§��ÅÆZT	ýþ®]"!i!7sÑ

:� logK �ÅÆ267�8]&Ù`r2[�&-º÷ ∆H = (4.94± 20) kJ·mol
-1-!�

²'"9ðiÅÆZ�Ç®]&7º�������
WV ∆H�©Vé�*&7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)  log K = 2.2 ± 0.5 at 0 
o

C, I = 0 

= 2.2 ± 0.5 at 5
 o

C, I = 0 

= 2.2 ± 0.5 at 10
 o

C, I = 0 

= 2.2 ± 0.5 at 15
 o

C, I = 0 

= 2.2 ± 0.5 at 20
 o

C, I = 0 

= 2.3 ± 0.5 at 25
 o

C, I = 0 

= 2.3 ± 0.5 at 30
 o

C, I = 0 

= 2.3 ± 0.6 at 35
 o

C, I = 0 

= 2.3 ± 0.6 at 40
 o

C, I = 0 

= 2.3 ± 0.7 at 45
 o

C, I = 0 

 

 

Ashurst and Hancock (1977) 
47)

 

�l�WVù|:Î�I�u} Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)���÷Ûn�T2��?

�: 5M (NaClO4) T = 50 
o

C uv 70 °C WU�*"!�7����(II)9:��W#SO4

2-

9:��i����ù(±$%��2îï 500l570 nm�âãWJ�*#±$%���

¶=KL÷Ûn�TZU'L]"!�7��� pHV 3l3.5�$ÂL]#º���FW

V Co
2+�c;q`-#SO4

2-�ê>�?=2p���º-ZWð�7�l����©V

�F�ª}Wk�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log K = 2.4 ± 0.1 at 50 °C, I = 5 M (NaClO4) 

= 2.6 ± 0.1 at 70 °C, I = 5 M (NaClO4) 

 

Ö6�©2af@�9:�É�¶·*&½�2����
���©-��7 

���������������������

����
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Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log Km = 2.3 ± 0.1 at 50 °C, I = 5 M (NaClO4) 

= 2.5 ± 0.1 at 70 °C, I = 5 M (NaClO4) 

 

 

Ciasson and Tewari (1978) 
20)

 

�l�WV 200 °C §W�8ÑFW#2 .�����;¨��?9:Æ2J�Wð�

��i�øö�2+Ý*#º]2¦!"����(II)�c;q`�T2 T = 25, 100, 150, 

200 °C �sÑ:WU�*"!�7ö�0� 2.���V��?�: 1.0 M (KCl)��$

®]#»¼9:� HCl 2ÌùW!�7������VU§�&9:�����(II)ZX

D*" }#½�������V����(II)ZDE*i!7º�-ð������ pcH 

�Æu}c;q`��2ýþ*"!�7à�c;q`�T uvà�c;q`�T�.

!"��*"!�Z#B�V�[�&×Ø��WV�� Co(OH)
+�ìZDE*" }#

Co(OH)2 V¡	\�K�*KÛn*"!i!�-)d"!�&'����
WVà�c

;q`�T�ì }Ög�7��©V�F�ª}Wk�7 

 

Co
2+

 ⇔ Co(OH)
+

 +H
+

 : log K1 = - 9.82 ± 0.02  , I = 1.0MKClR, T = 25 °C 

: log K1 = - 7.62 ± 0.03  , I = 1.0MKClR, T = 100 °C 

: log K1 = - 6.59 ± 0.02  , I = 1.0MKClR, T = 150 °C 

: log K1 = - 6.02 ± 0.04  , I = 1.0MKClR, T = 200 °C 

 

®L� 0.1l1.0��� 3.���?�:W½à�c;q`�T2U�*"!�7jL]

& log K1-(I)
1/2

 ��¤2³���*#����º-�u} I = 0 �ß�	
�Úc;q

`�T2�F�u��U�*"!�7 

 

Co
2+

 ⇔ Co(OH)
+

 +H
+

 : log K1 = - 10.02 ± 0.02  , I = 0, T = 25 °C 

: log K1 = - 7.79 ± 0.02  , I = 0, T = 100 °C 

: log K1 = - 6.86 ± 0.03  , I = 0, T = 150 °C 

: log K1 = - 6.10 ± 0.06  , I = 0, T = 200 °C 

 

Ö6�
�- van’t Hoff equationMà���IRu}à�c;q`���D?��E
 

uvD?�>E
2�F�u��å'"!�7 

 

���������������������
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Co
2+

 ⇔ Co(OH)
+

 +H
+

 : ∆H 1= (60 ± 3) kJ/mol, ∆S 1= (20 ± 8) J/mol/K at 25 °C 

 

����
WV I = 1.0MKClRW����TVaf@�9:�¶·*È¦*&7I = 0µ

���©�.!"V¦!L]"!�@�����Zk�&'È¦*i!7§& ∆HÀá

�¦!L]& van’t Hoff equationMà���IRV 25 − 200 °C -!�&�!Ñ:âãW

Vq¦Wði!&'#º�©Vé���7����
�È¦©2�F���7 

 

Co
2+

 ⇔ Co(OH)
+

 +H
+

 : log K1,m = - 9.81 ± 0.02 , I = 1.0MKClR, T = 25 °C 

: log K1,m = - 7.6 ± 0.1 , I = 1.0MKClR, T = 100 °C 

: log K1,m = - 6.6 ± 0.1 , I = 1.0MKClR, T = 150 
o

C 

: log K1,m = - 6.0 ± 0.1 , I = 1.0MKClR, T = 200 °C 

 

Skibsted and Bjerrum (1978) 
33)

 

10 M H(Cl, ClO4)yW�����(II)-t=@��?�÷Ûn2ù|:J��u}ýþ

*"!�7×ØV#25°C� !"[\]" }#1:2#1:3�÷øVDEä�#6
I 1:1

 uv 4
I 1:4÷ø�ìZDE��-*"#/]e]�S�:�TZå'L]"!�7

×Ø��u}#10 M H(Cl, ClO4)yWV#;�efZ�®!MÞ;� 4 %�:R1.5 M HCl

�:W 1:4÷ø��nZ����-®]"!�71:1#1:4÷ø�S�:�T�©V#/

]e]#log β1 = 1.34 ± 0.11#log β4 = 2.57 ± 0.09Wk�7 

 

Fisher and Fox (1979) 
79)

 

�l�WV^_H`a2bc*"!i!.<����XY�úÀ:J�KL CoSO4 

�÷Ûn�T��
/DûZ 1l2000 atm �âãWJ�®]"!�7º�u�i�
â

ãV����
�+,�Wk�º-KL�l�Vé���7 

 

Aruga (1981) 
52)

 

�l�WV	fÎ��u} Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)��� ∆H uv ∆S2Àá*"

!�7×ØWV^_H`a-*"ê<P�°ÓN�>?@ABCtZ¦!L]#��?

�:Z I = 0.5 M �$ÂL]"!�70.16 M �:� Co
2+

 2ÌÍ pH 4.5��$®]&�

�XY� SO4

2-

 2ÌÍXY2ÎF*#º�ß��Û	fZJ�®]"!�7pHr → pcH 

µ�¶·V��[\]"!i!ZÖ6��WV SO4

2-Z�T�`"*"!�	}#H
+Z

�Ç*i!&'��®]�	
�f�V#Á-ù1��*i!-�\]�7	fÎ��

��`r�V���T���©2 Davies ¸�u} I = 0.5 �·£*&½�(log K = 1.19 

���������������������

����
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at 25 
o

C I = 0.5)Z¦!L]"!�7��©V�F�ª}Wk�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); ∆H = -(0.71 ± 0.13) kJ/mol, ∆S = (25.16 ± 0.43) J/K/mol,  

at 25 °C, I = 0.5 (N(CH3)4NO3) 

 

	fÎ��`r� I=0 �ß�÷Ûn�T2��*"¦!"!�º-�ÃÄ��ÅÆ2

�Ç*#����
���©V�F�©-��7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq); ∆H = -(0.7 ± 0.5) kJ/mol, ∆S = (25.2 ± 0.4) J/K/mol 

at 25 °C, I = 0.5M (N(CH3)4NO3) 

 

 

Baes and Mesmer (1981) 
21)

 

�l�V
�Dì�í
��ê>
�%�-*"�
%x;
��yz�Z[�&#

õö��?�c;q`���	
�f�.!"����
��Wk�7����(II)�

à�c;q`�T�.!"V#,�����
u}�F�©2È¦*"!�7 

 

Co
2+

 ⇔ Co(OH)
+

 +H
+

 : log K1 = - 9.65± 0.05  , I = 0, T = 25 °C 

 

º����D?��E
¶=�.!"½È¦©2fg"!�Z#º� ∆HV���T�

Ñ:/DûKLÀK]"!�&'ÅÆZ9ð	i�"!�º-Z�6®]"!�7 

 

∆H 1 = (14.6 ± 0.5) kcal/mol (= (61.1 ± 2) kJ/mol) at I = 1.0 M (KCl) 

∆H 1 = (14.6 ± 0.5) kcal/mol (= (61.1 ± 2) kJ/mol) at I = 0 M  

 

®L�Ö6����T-∆H�©KL¢£*&D?�>E
�.!"½�F�u��f

g"!�7 

 

∆S 1 = (4.8 ± 1.7) cal/K/mol (= (20.1 ± 7.1) J/K/mol) at I = 0  

 

à�c;q`�T�.!"�È¦©V#�F�ª}Wk�&7 

 

Co(OH)
+

 ⇔ Co(OH)2(aq) + H
+

(stepwise) 

���������������������

����
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log K2 = -9.15 ± 0.1 , I = 0, T = 25 °CMlog β2 = -18.8 ± 0.1R 

∆H 2 = (11.2 ± 1.7) kcal/mol (= (46.9 ± 7.1) kJ/mol )  

∆S 2 = -(4.3 ± 6) cal/K mol (= -(18.0 ±25) J/K/mol )  

 

;<=@ Co(OH)2(c)�X`:V�.!"�È¦©V#�F�ª}Wk�&7 

 

Co(OH)2(c) + 2 H
+

 ⇔ Co
2+

 + 2 H2O�  log Ks10 = 12.3 ± 0.1  at 25 °C, I = 0 M 

∆H s10 = -(20.5 ± 0.9) kcal/mol (= -(85.8 ± 3.8) kJ/mol) 

∆S s10 = -(12.6 ± 3) cal/K mol (= -(52.7 ± 12.6) J/K/mol) 

 

Co(OH)2(c)Co(OH)2(aq)������.!"�	
�f�.!"½#��©2��*"!

�7 

 

Co(OH)2(c) ⇔ Co(OH)2(aq) log Ks12 = -6.5 ± 0.14  at 25 °C, I = 0 M 

∆H s12 = (4.1 ± 1) kcal/mol (= (17.2 ± 4.2) kJ/mol) 

∆S s12 = -(16.0 ± 3.4) cal/K/ mol (= -(66.9 ± 14.2) J/K/mol) 

 

 

Kulvinova et al. (1981) 
26)

 

à 4�_��
õöMs?¯?(II)#����(II)#A;<�(II)#:(II)#ôõ(II)R-

K;¨��?-� 1:1÷Ûn�S�:�T uv	
�Ê°Ó
�2K;¨��?�¼

ûH²�u�Î�I uvs�%>¿>xÓ�x
2Ç¦*&	fÎ��u}å'"

!�7K;¨��?�¼ûH²�u�Î�V#25 °C#pH 4l5���W#�i���?

�:M0.1 ~ 3.0 M NaClO4R� !"[\]&7H²�­hVJ�XY-»��H`aX

Y2¦!"i®]" }#H²�Ü:V 0.1 mV#K;¨��?�9:¾TMpFRJ�

�ÄÅ�V ± 0.02Wk�7Co
2+�.!"jL]& 1:1÷Ûn�S�:�TMβ1RV 11.5 

± 2.8 (0.1 M)#8.0 ± 1.3 (0.25 M)#6.5 ± 0.8 (0.5 M)#5.2 ± 0.7 (1 M)#4.7 ± 0.7 (2 M)#5.4 ± 

0.7 (3 M)Wk}#log β1-*"V#1.1 ± 0.8 (0.1 M)#0.90 ± 0.07 (0.25 M)#0.81 ± 0.05 (0.5 

M)#0.72 ± 0.06 (1 M)#0.67 ± 0.06 (2 M)#0.73 ± 0.06 (3 M)-i�7��#÷Ûn�∆G#

∆H#∆SVt9: 0.1 M� !"#/]e]#-(1.44 ± 0.11)#l0#(5.0 ± 1.5) kcal·mol
-1

Wk}#3 MWV#-(0.99 ± 0.08)#(1.7 ± 0.4)#(12.7 ± 1.5) kcal·mol
-1Wk�&7 

 

 

���������������������
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Ćosović et al. (1982) 
19)

 

Ćosović LV#³u£
°>R°KQI�u�óîHI�MK�u}#�;2ÌÍ!

	.K�;XYyW�����(II)-t=@��?#¹<��?#.<��?�÷Ûn

�S�:�T2��*"!�7¤øÚ�V����(II)��?�9:#pH uv��?

�:����FW#ñ��?9:2¶=®ä&s W�����(II) → Co(I) µ�¦�

���óîHI E1/2 2J���7ñ��?9:ZÕ!âãWV E1/2 V Co
2+

 o§�©W

��Wk�Z#[Co
2+

] = [CoL] -i�
I�9:2~��- E1/2V�����¶=*"

!	7æÉÚ�T"�����(II)Z÷ø-i�- E1/2 V��©�(���7º� E1/2

-
I���?9: log[L]���i�¤u}���÷Ûn�T2Àá*"!�7 

.<��?MNaClO4 + Na2SO4, I = 0.56, pH 8, T = 20 °CR uv¹<��?MNaCl + 

NaHCO3, I = 0.56, pH 8, T = 20 °CR2¦!&»��×ØKL#º]L�
I�-�÷Û

n�S�:�T-*"#log10 β1 (SO4

2-

) = 1.50 ± 0.05, 3.15 ± 0.05 (CO3

2-

)-!�©Z��®

]"!�7�×Ø� !"½H²�ëì©Wk� pHr2 pHr = -log [H
+

]-*";¨��

?9:2å'"!�MpHrKL pcHµ�¶·i*RZ#.<��?-�÷Ûn���V

H
+�á8}Z³´Vp	#SO4

2-Z�T��"*" }#����(II)�c;q`���

.!"½p�Wð�k�Wk�&'#pH J��Ì§]�nû�ÅÆ�.!"���V

p�Wð�7*K*iZL#÷Ûn�TZ 3 �HIJ��
�KLU'" }#×Ø

 T-*"Áq-V¿!�!7�Ö�º-�ÃÄ���5×ûKLÅÆ2�c*#��

��
���©-*&7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) : log K1= 1.5 ± 0.2 , I = 0.56 (NaClO4), T = 20 °C 

 

§&#X`:�ØKL CoO(s)#CoCO3(s)�X`:V½��*"!�7t=@��?-

�÷ÛnV#��?�:2�����W NaClO4- NaCl�~mz2¶Â&×ØKL#I = 

2.0, 3.5 M�+*"#/]e]#log10 β1 = -0.11 ± 0.05, -0.30 ± 0.05-�©ZjL]"!�7

B�LZ)d"!�u��#���� pHMpH 8RWV#w¹<-�÷ø���2��

Wði!½�Wk�7X`:�Ø���V#0.56 M� NaCl- NaClO4#/]e]�.!

"#log Ks = -14.7 ± 0.1#-15.1 ± 0.1Wk�&7ººW#KsV�F�������T2Ô

�7 

 

CoO(s) + H2O ⇔ Co
2+

 + 2 OH
-

, Ks

 

�l�WV#��?�: I = 0.56 M� NaClO4 uv NaCl;XY� G�����(II)

���������������������

����
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�X`:2J�*#/� pH /Dûu}à� uvà�c;q`�T#CoO(s) (= 

Co(OH)2(s))�X`:V2U�*"!�7��®]"!����TV�F�ª}Wk�7 

 

Co
2+

 ⇔ Co(OH)
+

 + H
+

      : log K1 = -8.96 ± 0.15, I = 0.56 (NaClO4), T = 25 °C 

Co
2+

 ⇔ Co(OH)2(aq) + 2 H
+

  : log K2 = -17.36 ± 0.10, I = 0.56 (NaClO4), T = 25 °C 

CaO(s) + H2O ⇔ Co
2+

 + 2 OH
-

 : log Ksp = -14.7 ± 0.10, I = 0.56 (NaClO4), T = 25 °C 

: log Ksp = -15.1 ± 0.10, I = 0.56 (NaCl), T = 25 °C 

 

X`:J�WV#��9:�����(II) 2ÌÍXY�t&2bc*#pH 2¨©�Ö

g"!ð#Ð��"XY�~�ZV¼§� pH2U�*#º�-ð�����(II)9:2

~�Z�§�& pHW�X`:-*"!�7�©i^_9:�����(II)XYW»��

×Ø2��º-�u}#pH–X`:��2j"#º�X`:� pH /Dûu}Ö6�s

���T2å'"!�7\]¹Ûn�u�XY�~�2Ð��"[�"!�&'#¡	

�f�op��ÛVÈ�®]#X`:Z~9�ÈV½L]"!��±ûZk�7®L�

z*Ú8��?�:k�W�×ØWk�Z#H²�ëì©Wk� pH2 pH = -log [H
+

]

-*";¨��?9:2å'"!�7.§} pHrKL pcH µ�ghV[\]"!i!7

º]L�ÃÄ���5×û267*"ÅÆ2�Ç*#af@�9:�É�¶·*#�F

�����
�È¦©-*&7 

 

Co
2+

 + H2O ⇔ Co(OH)
+

 + H
+

 : log K1,m = -9.0±0.3, I = 0.56 (NaClO4), T = 25 °C 

Co
2+

 + 2 H2O ⇔ Co(OH)2(aq) + 2 H
+

: log K2,m = -17.4 ± 0.3, I = 0.56 (NaClO4), T = 25 °C 

CoO(s) + H2O ⇔ Co
2+

+ 2 OH
-

 : log Ksp,m = -14.7 ± 0.3, I = 0.56 (NaClO4), T = 25 °C 

: log Ksp,m = -15.1 ± 0.3, I = 0.56 (NaCl), T = 25 °C 

 

º]2 Co(OH)2(s) + 2 H
+

 ⇔ Co
2+

 + 2H2O����T�¶·��-#�F�©�i�7 

 

log K = log Ksp – 2 log Kw = -14.7–2�(-13.73) = 12.8 ± 0.3, I = 0.56 (NaClO4), T = 25 °C 

log K = log Ksp – 2 log Kw = -15.1–2�(-13.69) = 12.3 ± 0.3, I = 0.56 (NaClO4), T = 25 °C 

 

 

Ezhov and Kamnev (1983) 
80)

 

�l�WV,�� Co(OH)2(c) X`:J��.!"���©�
�2¥¦#Ù${*#

���������������������

����
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�t&ûk�M[OH
-

] > 2MRW�8�c;q`¹�Ûn�TMef���TR2Àá*

"!�7Àá®]&©V�F�ª}Wk�7 

 

Co
2+

 + 4 OH
-

 ⇔ Co(OH)4

2-

  : log K4 = 12.1, ef���T(NaOH), T = 25 °C 

     : log K4 = 11.3, ef���T(KOH), T = 25 °C 

Li
+

 + Co
2+

 + 4 OH
-

 ⇔ LiCo(OH)4

-

: log K4 = 13.7, ef���T, T = 25 °C 

 

Ö6�8�c;q`¹Vt&9:Z 2 M 2�Â�8��?�:K.�t&ûk�WÛ

n��-B�V)d"!�Z#º�u�i���½�\L�#s=�nq�ef¤T�

¢£� Debye-Hückel @��Z¦!L]"!�7º�&'s=�¹�efVq¢�ýþ

®]"!i!�±ûZk�7�l�W¡\]"!�²'"8!t&ûk�V����


�+,�Wk�&'#�l�����TV����
WVÈ¦*i!7 

 

Solomon et al. (1983) 
28)

 

�
õö=>??÷ø� Irving and Williams4�����yz�&'�#K;¨��

?�¼ûH²2¦!&Î�I�u}#s?¯?(II)#����(II)#A;<�(II)#:(II)#

ôõ(II)- F
-� 1:1÷Ûn�S�:�T2ýþ*"!�7×ØV#25 °C#pH 5l6MHF

� Ç2p�Wð�R#0.05 M ~t¨<P�°ÓN�>Q?MTMAPRDEFW[\]

&7H²�­hVÖ6�XY�K;=P�°ÓN�>Q?XY2��bc��º-W[

\]#­hç�K;¨��?2ÌÍXY�#õö��?XY2bc��º-W#S�:

�T�U�2[�"!�7§&#;/D�!
�~mX´yW�»��×Ø½[\]"

!�7Co
2+�.!"jL]& 1:1÷Ûn�S�:�TMβ1RV 19 ± 1Mlog β1 = 1.28 ± 0.02R

Wk�7�i�Ñ:� G��(� β1KL#	
�Ê°Ó
��U�½[\]" }#

0.05 M  TMAP yW� CoF
+�Ûnë|Dì�í
¶=#ÛnD?��E
#ÛnD?

�>E
V#/]e]#-(3.7 ± 0.1) kJ·mol
-1#(13.8 ± 0.8) kJ·mol

-1#(59 ± 4) kJ·mol
-1

·T
-1W

k�&7 

 

Emara et al. (1987) 
61)

 

º���WV#�i�9:� NaClXYy� G�����ù(q|J�KL#��

��(II)-w¹<��?-�÷Ûn�S�:�T2ýþ*"!�7CoHCO3

+�ýþ�V

230 nm� G�ù|:Z¦!L]"!�7jL]& log β1, 1, 1�©V#1, 10, 50 mM NaCl

����+*"#/]e]#1.31, 1.22, 1.05Wk�&7B�LV#Davies�¸2¦!"#

º]L� 3.�©�ef¤T2U*#	
�ÚS�:�T-*"#log β°1, 1, 1 = 1.39 ± 0.01

���������������������

����
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2��*"!�7º���WV#NaCO3�bc�ß� H2CO3 ⇔ H
+

 + HCO3

-����u

�÷ÛnÏ� HCO3

-9:2Z�*"!�7*K*#XY� pHV6­®]" L�#§

&Ö6�� uv¹<��?-���V#����(II)- HCO3

-

/CO3

2--�÷Ûn-»�

�67®]�dð½�Wk�7 

 

Licht (1988) 
42)

 

�l�WV,�l�����
2[!#õö.=@����	
�f2 }§-'#

gh�2cÂ"${*i *"!�7�����.!"V CoS(s)�Ûnë|Dì�í


∆G
o

f2()*#/ºKLº]L�=m@ CoS(s)�X`ë|Dì�í
∆Gsp 2�F�¸

KLÀá*"!�7 

 

∆Gsp = ∆G°f(Co
2+

)aq + ∆G°f(S
2-

)aq − ∆G°f(CoS(s))c  

 

/*"#jL]&X`ë|Dì�í
∆Gspu}� ∆Gsp = −R T ln Ksp ��¤KLX`:V

Ksp2¢£*"!�7X`:V���©V�F�ª}Wk�7 

 

CoS(s) ⇔ Co
2+

 +S
2-

: log KSp (= log [Co
2+

][S
2-

]) = -24.6 (αp) 25 °C at I = 0 

= -30.3 (βp) 25 °C at I = 0 

 

;XYyW�.=@��?�ê>�?=+¦V9¶�	#����
+n� � !"

½à�ê>�?=�TMH
+

 + S
2-

 ⇔ HS
-R�h5i©V��®]"!i!7DyrssenV#

º�������T-*" log K = 17.0 ± 0.5d log K = 19 ± 2 -!�&©2fg"Ñl

2[�"!� 40)7º�º-KL#�l�� !"∆Gsp�Àá�¦!L]"!�∆G
o

f(S
2-

)aq

½.=@��?�à�ê>�?=�T-»�:�ÅÆZ�Ç®]�dð-6ÂL]�7

º]267*����
WV�F�©2��©-��7 

 

CoS(s) ⇔ Co
2+

 + S
2-

 : log KSp (= log[Co
2+

][S
2-

]) = -24.6 ± 1 (αp)� 25 °C at I = 0  

= -30.3 ± 1 (βp)� 25 °C at I = 0 

 

 

Dyrssen (1989) 
40)

 

�l�WV#.=@��?�à�ê>�?=�TMH
+

 + S
2-

 ⇔ HS
-RZ�3#u}Ä

Åû�8!©�"#®]&&'#B�ZÏ� 41)W��*&.=@��?��Ç��÷Û

���������������������

����
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n�T�$hZ[\]"!�7B���Ï���WVÖ6�ê>�?=�T-*" log 

K1= 13.48 -!�©Z¦!L]"!&Z#�3�%T���KL log K1= 17.0 ± 0.5 -!

�©2È¦*#º]2¦!"õö��?-�÷Ûn�T#X`:V�2Ùýþ*"!�7

��������Ùýþ©V�F�ª}Wk�7 

 

Co
2+

 + S
2-

 ⇔ CoS(aq)  log K = 19.6  at I = 0, 20 °C   (1) 

CoS(s) ⇔ CoS(aq)  log K = -4.6  at I = 0, 20 °C   (2) 

 

��(1)��-i��
�VÏ� 41)�"»¼B�ZX´µá×Ø�u}U�*"!�º

-Z5SWð&Z#��(2)���
�V“unpublished data”-6®]"!�&'#1�u

���
�ZjL]&KZ�2Wk�7u�"����
WV��(2)Vé�*#��(1)

����T�ì#à�ê>�?=�T�ÅÆ2Ö6�
���c*#F6�©2���

�
�È¦©-��7 

 

Co
2+

 +S
2-

 ⇔ CoS(aq)�  log K = 19.6 ± 0.5 at I = 0, 20 °C 

 

 

Pan and Susak (1989) 
30)

 

����(II)�=>??÷øMCl
-- Br

-R�÷Ûn2��!��M=>??9:#Ñ:R

W�ù|:J�W�d"!�7J�V#25#50#90 °C� !"#Cl
-Mor Br

-R9:2 0

l4 mol·kg
-1�âãW¶=®ä&����(II)XY2¦!"[\]"!�Mt9:VP?

ê��W9ð	�i�"!�R7B�LV#§�#Co-H2O-Cl
-� 6 
I÷ø- 4 
I÷

ø�ù(±$%���`]�E
%�åæi�ö2[!#/�ç#s��� G���

i÷ø�=�flz2U�*"!�7�Â&#25 °C#4 mol·kg
-1�F�=>??9:W

V#6
I�÷øZ9'q2('�7S�:�T�£áV#6
I� 1:1KL 1:4÷ø-

4
I� 1:4÷ø�¢ 5.�÷øZ3�®]#;�efZ2�Ú���� })§]"

!�7; uvÐ���?�ef¤T�ghVDebye-Hückel���'��½�Wk�7

jL]&S�:�TMβR©V#log β°1(CoCl(H2O)5

+

) = 0.60#log β°2(CoCl2(H2O)4

0

) = 0.02#

log β°1(CoCl3(H2O)3

-

) = -1.71#log β°4(CoCl4(H2O)2

2-

) = -4.51#log β°(4)(CoCl4

2-

) = -2.09Wk

�7§&#º]L�©KL��S�:�T uv∆Gr

oZ¢£®]#/]L�©�Ñ:/

DûKLs���∆Hr

o-∆Sr

oZjL]"!�7CoCl(H2O)5

+�.!"V(2.1 ± 0.1) kJ·mol
-1#

(18.7 ± 0.3) kJ·mol
-1

·K
-1Wk�7 

 

���������������������

����
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Dyrssen and Kremling (1990) 
43)

 

�l�WV�;y�õö��?���2¢£��&'�#.=;¨-õö��?�p

�+¦����÷Ûn�T2%T�,�l�u}*ðá*${*"!�7����(II)

�.!"V CoS�X`���T�.!"!	.K���©��é©ZfgL]"!�7

B�V,�� !"X`:V Ksp = [Co
2+

][S
2-

]2U���&'�[\]"!�X`:J

�×ØWV×ß�+Í®]"!���V CoS(s) ⇔ Co
2+

 + S
2-

 WVi	#CoS(s) + H
+

 ⇔ 

Co
2+

 + HS
-

 Wk}#³´jL]����TV Ksp(H) = [Co
2+

][HS
-

]/[H
+

] Wk�-*"!�7

,�WVººKL# H
+

 + S
2-

 ⇔ HS
-

 ������T K1 (= [HS
-

]/[H
+

][S
2-

]) 2¦!"#log 

Ksp = log Ksp(H) + log K1 �¢£�u}X`:V log KspZå'L]"!�7*K*iZL#

à�ê>�?=�T log K1�©V�l�,-� W½h5�U§�" L�#/]e]

�l�B�¡-�§Ü§Üi©Z¦!L]#º�º-ZX`:V log Ksp���©Z�

�*i!.ÄWk�-�l��B�V¾Ô*"!�7ÖÂ�#º����.!"V

CoS(s)= Co
2+

 + S
2-W���T2${��dðWVi	#Í*÷#³´+Í®]� CoS(s) + 

H
+

 ⇔ Co
2+

 + HS
-����T2$%��dðWk�-)d"!�7�Ö�6Â�&/ð�

F�©Z CoS�X`������T-*"��®]"!�7 

 

CoS(s) + H
+

 ⇔ Co
2+

 + HS
-

  : log Ksp(H) (= log [Co
2+

][HS
-

]/[H
+

])  

= -7.44 ± 0.12 (αp) 25 °C at I = 0  

= -11.07 ± 1.72 (βp) 25 °C at I = 0  

 

����
WVÖ6���©2È¦��7 

 

Isaev et al. (1990) 55) 

�i�Ñ:� G�����(II)->?@A>�÷ÛnMCo(NH3)n: n = 1 – 6R2HI

ÆÎ��u}ýþ*"!�7×ØV#5 mol·kg
-1 �ê<>?@ABCyW#>?@A>

9:2 5.0 × 10
-4KL 3.5 mol·kg

-1�âãW¶=®ä�º-W[\]"!�725 °C� G

�÷Ûn���S�:�TMlog K
n
, n = 1 – 6RV#log K1 = 2.31 ± 0.02#log K2 = 1.83 ± 0.02#

log K3 = 1.29 ± 0.02#log K4 = 0.93 ± 0.02#log K5 = 0.32 ± 0.04#log K6 = -0.3 ± 0.1Wk�7

§&#º]L�S�:�T�Ñ:/DûKL#÷Ûn�	
�Ê°Ó
�ZÀá®]"

 }#n = 1 – 6�+*"#-∆H
n
 = (8 ± 2)#(9 ± 2)#(9 ± 2)#(8 ± 2)#(9 ± 2)#(12 ± 4) kJ·mol

-1#

∆S
n
 = (18 ± 7)#(5 ± 7)#-(6 ± 7)#-(5 ± 7)#-(46 ± 14) kJ·mol

-1

·T
-1Wk�7 

 

���������������������
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Urbanska (1990) 
54)

 

ÎF;¥H²2¦!&HA=�J��u}#����(II)->?@A>��÷Ûn�

S�:�T2å'"!�7×ØV#20 °C� !"#0.5 mol·dm
-3�~t¨<>?@AB

CyW[\]&7 Co
2+�9:V 1.0 × 10

-4

 mol·dm
-3#>?@A>�9:V 1.0 × 10

-4

~ 4.7 

mol·dm
-3Wk�&7�i�����->?Q?÷ø�H²Ô�W�¦��óîHIKLå

'L]�MTRS�:TV#n = 1 – 6�+*"#/]e]#log β
n
 = 1.9#3.2#4.3#4.6#

4.4#6.0Wk�&7 

 

Rudii and Antraptscva (1991) 
60)

 

!	.K�õö��?�x?<tMCo3(PO4)2·8H2O, Mn3(PO4)2·3H2O, Zn3(PO4)2·4H2OR

 uvMg-�%tMCo3-xMg
x
(PO4)2·8H2O, Mn3-xMg

x
(PO4)2·3H2O, Zn3-xMg

x
(PO4)2·4H2OR

�X`:V2�;NI�u}#op-���i�&XY� pHJ� uvx?<9:J

�KLå'"!�7/�ß#x?<�ê>�?=�u�Kx
� PO4

3-�£á# uv#

Debye-Hückel{l�u�ef�T�gh2[�"!�7Co3(PO4)2·8H2O��*"jL]

&X`:VV#298 K#323 K#/]e]#5.0�10
-35#1.0�10

-35Wk�&7§&#º]L

�©KL¢£®]�h'���ÛnD?��E
¶=#í½±�Ûnë|Dì�í
¶

=#ÛnD?�>E
¶=V#/]e]#-4800 kJ·mol
-1

, -4275 kJ·mol
-1

, -1105 kJ·K
-1

·mol
-1

Wk�&7 

 

Mironov et al. (1992) 
56)

 

;-D�!
�~m4� G�#s?¯?(II)#0(II)#����(II)�>?@A>��

÷Ûn2Î�I�u}ýþ*"!�7×ØV#25 ± 0.1 °C� !"#2 M ê<>?@A

BCyW[\]&7H²�­h����6)Vp!71:1 KL 1:3 §W�����(II)-

>?Q?÷ø���S�:�TMlog K
n
, n = 1 – 3RZjL]" }#0 %D�!
��

 !"V#log K1 = 2.06 ± 0.02#log K2 = 1.65 ± 0.02#log K3 = 1.10 ± 0.03Wk�7 

 

Mironov et al. (1992) 
81)

 

;->ö�?/
�OP?~m4� G�#s?¯?(II)#0(II)#����(II)�>?@

A>��÷Ûn2Î�I�u}ýþ*"!�7×ØV#(25 ± 0.1) °C� !"#2 M ê

<>?@ABCyW[\]&7H²�­h����6)Vp!7§·X´2Ì§i!�

m�#����(II)->?Q?÷ø�S�:�TVÖ6�Mironov et al. (1992) 
56)-»��

©Wk�7 

���������������������
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Janoš (1993) 
48)

 

�l�WV¿°C��?%>s�R°KQ
�u}#Co
2+

 + SO4

2-

 ⇔ CoSO4(aq)���

÷Ûn�T2U�*"!�7o�p2ÌÍ¿°C� pH 6W��9:�������?

M[Co
2+

]T = 0.01l0.1 MR-9:��i� SO4

2-Mæ99: 0.05 MR2ÌÍ
1p2u*#

������?�q
z2J���7q
z-
I�9:�+T© log[L]��¤KL÷

Ûn�T2Àá*"!�7��XY�V��?�:�$¦�^_H`aVcÂL]"!

i!7.<��?9:V��¡-��i�&'���?�:½�i�7º�&'#s�

��J�KLÀá®]����T2 Debye-Hückel ¸�" I = 0�½����*#º��

é©2��©-*"!�7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log K = 2.19 ± 0.04  at 25 °C, I = 0 M 

 

pHrKL pcHµ�¶·V[\]"!i!Z#+,���Vê>�?�á8}Zi!&'

º���Vp�Wð�-6ÂL]�7��?�:�$0ZcÂL]"!i!&'#XY

y���?�:V��@Wk� Co
2+

 d SO4

2-

 -!�& 2þ��?W�n®]" }#

h5iýþZWði!7®L�#æ½��?�:�8!��WV I = 0.1 2�Â" }#

2þ��?�+�� Deby-Hückel ¸�q¦âã2�Â"!�7�Ö�º-KLÅÆ2�

Ç*�F�©2����
���©-*&7 

 

Co
2+

 + SO4

2-

 ⇔ CoSO4(aq) log K = 2.2 ± 0.5  at 25 °C, I = 0 M  

 

 

Zhang and Millelo (1994) 
69)

 

�l�WV£
°>R°KQ�u}.=;¨2ÌÍ23�;XY�HI―Hu��

2J�*"!�7.=;¨��?DEF�ÎF;¥H²y�;¥�<=��V�F�¸

W6)®]�7 

 

HS
-

 + Hg ⇔ HgS + H
+

 + 2 e
-

 

Ö6�¦���Vo§�¦�HI Ep12§*#(45F;¥H²KLõö;¥V«��

�f67®]�&'#º�HIW�¦��8�HAf©V��XYy�º".=;¨�

�?9:[HS
-

]����/D��7º��¤KL/]e]�9:� Co
2+

 ��?-.=;

���������������������
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¨��?Z}D����y�[HS
-

]2U�*#�F� Co
2+-.=;¨��?��;yW

�÷Ûn�T2U�*"!�7 

 

Co
2+

 + HS
-

 ⇔ CoHS
+

  log K1 = 5.3 ± 0.1  M�;y, T = 25 
o

CR 

 

l�yWB�V�×ØWV.=;¨�9:Z 2.5 ×10
-7l5×10

-7

 M -9qÕ!9:Wk

�&' CoS(s) �\]VÛ¼i!-3�*#Ö6����T2À	&'�`r�� Co
2+

 

+ S
2-

 = CoS(s) ���V67*"!i!7�3� CoS(s)�X`:V267��-#X`

:�9ði CoS(am)�ì67*&�mW½#�×Ø�[\]&9:��WV CoS(am)�

\]Z�Û*"!��±ûZk�7§&#�l�W��®]"!����TV�©i

H:ñ��?2ÌÍ�;yW�÷Ûn�TWk}#/]L���?-����(II)-�

p�+¦VT"67®]"!i!7�Ö�{|KL�l�V�È¦-��7 

 

Mironov et al. (1995) 
68)

 

�l�WV 0.5 M� Na2SO4 ^_H`a-*"¦!#��?�: 1.5 M�$Â&XY

yW� Co(OH)2(s) �X`:2s pH ( 8 − 14)WJ�*#X`:−pH��u}X`:V#

à�#à� uvà;c;q`�T2U�*"!�7U�®]&�TV�F�ª}Wk

�7 

 

Co
2+

 + OH
-

 ⇔ Co(OH)
+

    : log K1 = 3.8 ± 0.4 , I = 0.5 (Na2SO4), T = 25 ± 0.1 °C 

Co(OH)
+

 + OH
-

 ⇔ Co(OH)2(aq) : log K2 = 8.8 ± 0.2 , I = 0.5 (Na2SO4), T = 25 ± 0.1 °C 

Co(OH)2 + OH
-

 ⇔ Co(OH)3

-

(aq) : log K3 = 10.0 ± 0.3 , I = 0.5 (Na2SO4), T = 25 ± 0.1 °C 

Co(OH)2(s) ⇔ Co
2+

 + 2 OH
-

  : log Ksp = -14.7 ± 0.2 , I = 0.5 (Na2SO4), T = 25 ± 0.1 °C 

 

×Ø��WV 0.5M �.<w�xBC2^_H`a-*"¦!"!�&'#<B�Ãº

�"!�-�\]�����(II)-SO4

2-

 ��÷Ûn��V#÷Ûn-*"WVi	^_

H`añ��?�u� Co
2+�S�=+¦-*"¡\]"!�7®L�z*Ú8��?�

:k�W�×ØWk��½KK\L�H²�ëì©Wk� pH2 pH = -log[H
+

]-*";

¨��?9:-*" }#pHrKL pcH µ�ghZi®]"!i!7�Ö�{|KL#

�l�W��®]"!����TV����
WÈ¦*i!7 

 

Luther et al. (1996) 
70)

 

�l�WV£
°>R°KQ�u}.=;¨ uv����(II)2ÌÍ;XY�HI

���������������������

����
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―Hu��2J�*"!�7Co
2+

 ZDE*i!-ð�ÎF;¥H²y�;¥�<=�

�V�F�¸W6)®]#��� pHZ��Wk]&o§�¦�HI Ep1(pH)2_.7 

 

HS
-

 + Hg ⇔ HgS + H
+

 + 2 e
-

  

 

º]�+* Co
2+��?Z.=@��?�+*"~��DE*"!��m#.=@��?

V����(II)-÷ø2�n��&'#¦�HIEpVEp1 KLEp2µ-MK�*"!	7

l�yWV pH#��?�:���.=@��?2ÌÍXY�����(II)XY2ÎF*

"!	Î�Z[\]"!�7/�ß�¦�HIE
%�Æ-/]e]�E
%�Hu©

2Ç¦*"�F�÷Ûn�T2U�*"!�7 

 

Co
2+

 + HS
-

 ⇔ CoHS
+

  log β1 = 4.68 ± 0.1 (seawater, I = 0.7 at 25 °C) 

 = 4.95 ± 0.26 (half seawater, I = 0.35) 

 = 4.68 ± 0.17 (0.1 strength seawater, I = 0.07) 

 = 4.80 ± 0.22 (Mean for all salinities, N > 9) 

 

2 Co
2+

 + HS
-

 ⇔ Co2HS
3+

  log β2 = 9.52 ± 0.01 (seawater, I = 0.7 at 25 °C) 

 = 10.03 ± 0.48 (half seawater, I = 0.35) 

 = 9.94 ± 0.16 (0.1 strength seawater, I = 0.07) 

 = 9.86 ± 0.36 (Mean for all salinities, N > 9) 

 

3 Co
2+

 + HS
-

 ⇔ Co3HS
5+

  log β3 = 15.50 ± 0.01 (seawater, I = 0.7 at 25 °C) 

 = 15.42 ± 0.19 (half seawater, I = 0.35) 

 = 15.41 ± 0.32 (0.1 strength seawater, I = 0.07) 

 = 15.44 ± 0.18 (Mean for all salinities, N > 9) 

 

Ö6�u���l�WV�o uv;o÷ø�Ûn�TZ)dL]"!�Z#º]L�

=�¹Z	
�Ú�S�i=�¹K1�KV��Z=�7§&#�×Ø�[\]"!�

9:âãV[HS]T ≈ 2 µM, [Co(II)]T ≈ 10 µM Wk}#CoS(am)-*"\]ZÛ¼��±û

Zº]�.!"Vl¼L]"!i!7®L�#�l�W��®]"!����TV�©

iH:ñ��?2ÌÍ�;yW�÷Ûn�TWk}#/]L���?-����(II)-

�p�+¦VT"67®]"!i!7�Ö�{|KL�l����©V�È¦-*&7 
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Saha et al. (1996) 
59)

 

Ûø0� G�x?<D±P�>Àø�eûKL#æ½èÞix?<D±P�Wk�

ÓN�x?<-#z*�&'�#p·M���Rx?<�<`"�T uv����(II)

2ÌÍnT� 2þõö��?-�÷Ûn�S�:�T2Î�I�u}U�*"!�7×

ØV#25 °C#0.1 M NaNO3yW#0.1 M NaOH2¦!"[\]#H²�­hV 3¹C�

ijY2¦!"[\]"!�7���TV#0.01 M HNO3�Î�� !"#2.1 mM�

x?<ZDE*i!�m-���m�t&�?@f�Æu}å'L]"!�7§&#x

?<-����(II)�9:zV 1:28Wk�&725 °C#0.1 M NaNO3� G�#p·x?

<� 3Ïñ�<`"�TV#pKa,1 = 1.80 ± 0.04#pKa,2 = 6.75 ± 0.01#pKa,3 = 11.68 ± 0.05

Wk}#��# ����(II)-���x?<MHPO4

2-R�÷Ûn�S�:�TV 1.99 ± 0.03

Wk�&7º]L�©VÅÆ�âãW��©-+���½�Wk�7 

 

Disic et al. (1999) 
82)

 

�l�yWV����(II)�c;q`=�¹�������T���Vi!7Table 1 

y� Co2(OH)2����TZ�®]"!�Z#º]V���6)KL Co2(OH)2eddp �Å

AWk�º-Z\K�&7ÖÂ��l�V���
u}é���7 
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