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Appendix 14
Conventional Partial Molal Properties of Electrolytes in Water

Table A15–1. The Conventional Thermochemical Properties of Ions in Water at 25 ºC
Ion
V0
––103K0
Cp0

S0

(Hf0

(Gf0


cm3mol––1
cm3mol––1 bar––1
J mol––1K––1

J mol––1 K––1

J mol––1

J mol––1 












H+
0
0
0

0

0

0

Li+
––0.87
 2.86
63.12

14.22

––278.44

––293.8

Na+
––1.21
3.94
43.01

60.25

––239.66

––261.88

K+
9.03
3.37
12.47

102.50

––251.20

––282.25

Rb+
14.08
3.09
––7.25

120.08

––248.53

––283.05

Cs+
21.35
2.60
––23.65

133.05

––261.91

––296.23

NH4+
17.87
1.20
71.93

112.84

––132.8



Tl+
10.6

127.2

5.77

––32.43



Ag+
––0.7

17.67

105.89

77.11



Be2+
–12.0









Mg2+
 –21.15
8.01
–11.72

–461.95

–456.01



Ca2+
–17.83
7.61
–26.72

–542.95

–553.04



Sr2+
–17.86
9.22
–34.85

–545.51

–557.30



Ba2+
–12.49
9.05
–47.80

12.55

–538.35

–560.66

Sn2+




–24.68

–10.00

–26.234

Pb2+
–17.8

–56

21.34

1.6317

–24.31

Zn2+
–26.55
9.06
–20.10

–106.48

–152.42

–147.19

Ni2+
–29.46
9.12
–39.56







Co2+
–25.75
8.68
–24.85







Cd2+
–14.18
6.45
–2.17

–61.086

–72.383

–77.7387

Hg2+
–14.2

–16

–22.593

174.01

164.7659

Cu2+
–25.50
8.96
–18.65

–98.742

64.391

64.97752

Fe2+

–24.7









Mn2+
7.81
–17.06
–5.86

–83.68

–223.00

–227.61

Al3+

–44.7

–119.5







Fe3+
–43.7



–293.29

–47.697



Cr3+
–39.5









Yb3+
–44.22

–57.19







Er3+
–42.86

–60.65







Ho3+
–41.76

–87.48







Dy3+
–40.83

–69.56







Tb3+
–40.24

–70.92







Gd3+
–40.41

–67.66

–179.912

–706.259



Sm3+
–42.33

–116.67







Nd3+
–43.31

–104.08







Pr3+
–42.53

–106.57







La3+
–39.10

–85.28







Th4+
–53.5









Table A15–2. The Conventional Thermochemical Properties of Ions in Water at 25 ºC.

Ion
V0
–103K0
Cp0

S0

(Hf0

(Gf0


cm3mol–1
cm3mol–1 bar–1
J mol–1K–1

J mol–1 K–1

J mol–1

J mol–1 

F–
–1.16

3.02

–117.75

–9.62

–329.11

–276.48

Cl–
17.82

0.74

–126.32

55.23

–167.44

–131.17

Br–
24.71

–0.22

–131.27

80.71

120.917

102.80

I–
36.03

–1.38

–122.84

109.37

–55.940

–51.672

OH–
–3.98

3.86

–140.80

–10.54

–229.95

–157.28

HS–
–8.2





62.76

–4.602

0

NO2–

26.2





125.10

–106.27

–34.51

NO3–
28.99

–0.58

–73.51

146.44

–206.56

–110.58

ClO3–
36.66



–57.55

163.18

–98.324



ClO4–
44.12



–26.82

180.75

–131.41

–10.334

BrO3–




–91.97







IO3–




–73.44







HSO4–
35.67





127.70

–885.75

–752.87

HSeO4–

31.1





92.048

–598.73

–452.71

HCO3–

24.29

2.75

–53.33

94.976

–691.113

–587.05

H2PO4–

31.42

4.69



89.119

–1302.48

–1135.12

H2AsO4–
35.2





117.152

–904.581

–748.52

B(OH)4–
21.84

5.75



30.5432

–1053.53

–910.44

HCOO–
26.27





91.629

–410.032

–334.72

BF4–
44.18





167.36

–1527.16

–1435.11

CH3COO–
40.46



24.22

87.027

–488.86

–372.46

CN–






117.99

151.04

165.686

CNO–

26.12





130.122

–140.164

–98.7424

MnO4–




–11.45







ReO4–
47.91



–14.9







TcO4–
47.91



–14.6







SO42–
13.98

6.74

–281.59

17.154

–907.51

–741.99

SeO42–
21.0





16.317

–512.08

–373.75

S2O32–




–251.07







S2O82–




–111.98







CO32–
–3.78

7.35

–208.88

–53.136

–676.26

–528.10

MoO42–




–210.21







WO42–




–197.76







HPO42–

5.53

8.78



–35.98

–1298.71

–1094.12

HAsO42–






3.765

–898.723

–707.09

C2O42–
16.0





44.350

–818.81

–666.93

PtCl42–






175.728

–516.30

–384.52

PtCl62–

150.0





220.078

–700.40

–515.05

PO43–
–30.46

16.71



–217.56

–1284.07

–1025.5


V0 and K0 data from Millero (1972); Millero (1989); 
Cp0 data from Criss and Millero (1996; 1999); 
S0, (

f0 and (

f0 from  Lewis and Randall as revised by Pitzer and Brewer (1961).





Table A15–3. The Conventional Partial Molal Volume 

0 (cm3 mol–1) of Ions as Function of Temperature
Temp
Mn2+
Fe2+
Co2+
Ni2+
Cu2+
Zn2+
Cd2+
Pb2+
Hg2+
UO22+













10 ºC





–24.60f



6.3

15
–17.0b,c
–21.6b
–25.2b,c
–28.70a,c
–25.61a
–25.0c







–22.1c









25
–17.4b,c
–22.7b
–25.8b,c
–29.37a,c
–25.71a
–25.3c



6.1



–22.6c

–29.26e

–24.11f 






–17.6d

–25.75d
–29.46d
–25.50d
–26.55d
–14.18d
–17.8g
–14.2g


35
–18.1b,c
–22.5b
–25.6b,c
–29.70a,c
–25.69a
–25.3c







–22.8c









40



–28.28e

–24.68f 



5.2

45
–17.9b,c
–22.4b
–26.5b
–28.95a,c
–25.16a
–24.9c







–22.3c
–25.6c








55
–17.9b,c

–25.6b,c
–29.16a,c
–25.18a
–24.6f



4.5





–28.44e

–23.98d





70



–30.90e







80
–20.2c

–28.2c
–30.8a,c







85



–33.30e







100
–22.0c

–29.8c
–33.6c







120
–24.6c

–33.2c
–36.4c







140
–29.3c

–37.2c
–40.3c



















Temp
Al3+
Al(OH)4–





















10 ºC
–43.2a
43.6a









25
–44.7
46.3









40
–45.7
47.0









55
–47.4d
47.3

































aPogue and Atkinson (1988); bPogue and Atkinson (1989a); 
cPogue and Atkinson (1989b);dLo Surdo and Millero (1980);
ePan and Campbell (1997); Pan and Tremaine (1994); 
gHovey, Hepler, and Tremaine (1988); hHovey et al. (1989).

Table A15–4. The Conventional Partial Molal Heat Capacity 

p0 (J K–1 mol–1) of Ions as Function of Temperature
Temp
Al3+
Al(OH)4–
Co2+
Ni2+
Cu2+
Zn2+
Cd2+
Pb2+
Hg2+












10 ºC
–138.1c
59.1c



–48.4a















25
–119.5c
96.5c

–44.0b

–25.8a

–56c
–16c


































40
–110.4c
119.1c

–40.3b

–15.5a 




55
–108.1c
129.0c

–35.9 b






70



–43.7 b






85



–46.5b




























aPan and Tremaine (1994); 
bPan and Campbell (1997); 
cHovey et al. (1988).

Table A15–5. The Conventional Partial Molal volumes (cm3 mol–1) and compressibilites (cm3 mol–1 bar–1) of Ions at 25 ºC
Cation
V0
–103K0

Cation
V0
–103K0 











H+
0
0

Al3+

–42.2



Li+
–0.87
 2.86

Fe3+
–43.7



Na+
–1.21
3.94

Cr3+
–39.5



K+
9.03
3.37

Yb3+
–44.22



Rb+
14.08
3.09

Er3+
–42.86



Cs+
21.35
2.60

Ho3+
–41.76



Tl+
17.87
1.20

Dy3+
–40.83



Ag+
10.6


Tb3+
–40.24



NH4+
17.87


Gd3+
–40.41



Me4N+
89.57


Sm3+
–42.33



Et4N+
149.12


Nd3+
–43.31



nPr4N+
214.44


Pr3+
–42.53



nBu4N+
275.66


La3+
–39.10



nAm4N+
339.2


Th4+
–53.5



Ph4As+
300.65







Be2+
–12.0







Mg2+
 –21.15
8.01






Ca2+
–17.83
7.61






Sr2+
–17.86
9.22






Ba2+
–12.49
9.05






Sn2+








Pb2+
–15.5







Zn2+
–26.55
9.06






Ni2+
–29.46
9.12






Co2+
–25.75
8.68






Cd2+
–14.18
6.45






Hg2+
–19.3







Cu2+
–25.50
8.96






Fe2+

–24.7







Mn2+
7.81
–17.06






UO22+
6.1
42















Anion
V0
–103K0
Cp0
Anion
V0
–103K0



cm3 mol–1
cm3 mol–bar–1






F–
–1.16







Cl–
17.82







Br–
24.71


Ph4B–
277.62



I–
36.03


ReO4–
48.18



OH–
–3.98


SeCN–
49.68



HS–
–8.2


SO3F–
47.93



HSO4–
35.67


SO3NH2–
41.49



HSeO4–

31.1


CH3CH2CO2–
54.0



ClO3–
36.66


CH3(CH2)2CO2–
70.40



ClO4–
44.12


PhSO3–
108.9



NO2–

26.2


MnO4–




NO3–
28.99


BrO3–
35.3



HCO3–

24.29


IO3–
25.3



CNO–

26.12


PhO–
68.7



B(OH)4–
21.84


WO42–
25.7



H2PO4–

31.42


MoO4–
28.9



H2AsO4–
35.2


S2O32–
34.0



BF4–
44.18


Cr2O72–
73.0



HCOO–
26.27


SO32–
8.9



CH3COO–
40.46


Fe(CN)62–
120.8



CO32–
–3.78


Fe(CN)63–
74.0



SO42–
13.98







SeO42–
21.0







HPO42–

5.53







PtCl62–

150.0







C2O42–
16.0







PO43–
–30.46







AsO43–
–15.6







TcO4–
47.91







ReO4–
47.91
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