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Appendix 2
°Enthalpies, Entropies, and Free Energies of Formation 

Table A3–1 Aluminum

Formula
Description
State
Hof
(kJ)
So 

(J/K)
Gof
(kJ)








Al
Metal
c

28.3


Al3+

aq
–524.7
–313.4
–481.2

AlO2–

aq


–839.7

H2AlO3–

aq


–1077.0

Al(OH)3

amorph
–1275.7
71.1
–1137.6

Al2O3
Corundum
c
–1669.8
51.0
–1576.4

Al2O3•H2O
Boehmite
c
–1970.7
96.9
–1820.0

Al2O3•H2O
Diaspore
c


–1820.5

Al2O3•3H2O
Gibbsite
c

140.2
2320.4

Al2O3•3H2O
Bayerite
c


–2311.7

Al2Si2O5(OH)4
Kaolinite
c


–3700.7

Al2S3

c
–508.8
96.2
–492.5

Al2(SO4)3

c
–3434.9
239.38
–3091.93

Table A3–2 Antimony

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Sb

g
254.4
180.2
51.1

Sb
Metal
c

43.9


Sb2

g
217.6
254.8
40.

SbO+

aq


–42.0

SbO2+

aq


–65.5

SbO2–

aq


–82.5

SbO3–

aq


–122.9

Sb2O4

c
–808.8

–165.9

Sb4O6
Cubic senarmontite
c,II
–1409.2
246.0
–298.0

Sb4O6
Orth. valentinite
c


–294.0

Sb2O5

c
–980.7
125.1
–200.5

SbH3

g
142.3
221.8
35.3

SbO2–

aq


–82.5

HSbO2

aq


–97.5

SbF3

c
–908.8
105.4
–199.8

SbCl3

g
–314.6
338.1
–72.3

SbCl3

c
–382.2
186.2
–77.62

SbS32–

aq


–32.0

Sb2S3

amorph
–150.6
126.8
–32.0

SbS2–

aq


–13.

Table A3–3 Arsenic

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








As
, gray metal
g
253.7
174.1
212.3

As

c

35.1


As
(, yellow
amorph.
4.2



As

c
14.8



As2

g
123.8
239.7
73.2

As4

g
149.4
288.7
105.4

AsO

g
20.0



AsO+

aq


–163.6

AsO2–

aq


–350.2

AsO43–

aq
–870.3
–144.8
–636.0

As2O5

c
–914.6
105.4
–772.4

As2O5•4H2O

c
–2093.3
261.9
–1720.0

As4O6
Octahedral
c, II
–1313.5
214.2
–1152.1

AsH3

g
171.5
217.6
175.7

HAsO42–

aq
–898.7
3.8
–707.1

H2AsO3–

aq
–712.5

–587.4

H2AsO4–

aq
–904.6
117.2
–748.5

H3AsO3

aq
–741.8
196.6
–639.7

H3AsO4

aq
–898.7
206.3
–769.0

AsF3

g
–913.4
289.0
–898.3

AsCl3

g
–299.2
327.2
–286.6

As2S2

g
–17.7



As2S2

c
–133.5
137.7
–134.5

As2S3

c
–146.4
112.1
–135.8

Table A3–4 Barium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ba
Metal
c

66.9


Ba2+

aq
–538.4
12.6
–560.7

BaO

c
–558.1
70.3
–528.4

BaO2

c
–629.7
65.7
–568.2

BaO2•H2O

c
–935.1
105.0
–815.9

Ba(OH)2

c
–946.4
95.0
–856.5

Ba(OH)2•8H2O

c
–3345.1

–2789.9

BaF2

c
–1200.4
96.7
–1140.1

BaS

c
–443.5
78.2
–437.2

BaSO4

c
–1465.2
132.2
–1353.1

BaSeO4

c
–1171.5
151.0
–1061.9

Ba3(PO4)2

c
–4175.6
356.1
–3951.4

BaCO3
Witherite
c, II
–1218.8
112.1
–1138.9

BaSiO3

c
–1504.1
101.3
–1417.1

Ba2SiO3

c
–2078.6
194.1
–1969.0

BaMnO4

c
–1179.9
154.0
–1075.3

BaMoO4

c
–1564.0
161.9
–1461.5

BaWO4

c
–1705.8
171.5
–1563.1

BaCl2

c
–860.1
125.5
–810.9

Ba(NO3)2

c
–991.9
213.8
–795.0




–299.2
327.2
–286.6




–17.7






–133.5
137.7
–134.5




–146.4
112.1
–135.8

Table A3–5 Beryllium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Be
Metal
c

9.5


Be2+

aq
–389.1
–230.1
–356.5

BeO
Hexagonal
c
–610.9
14.1
–581.6

BeO22–

aq
–785.8
–113.0
–649.8

Be2O32–

aq


–1246.8

Be2O2+

aq


–912.1

Be(OH)2

c
–907.1
55.6
–820.9

Be(OH)2

c
–904.2
55.6
–818.0

BeO•Be(OH)2
Pptd.
c
–1532.2
69.9
–1414.2

BeS

c
–233.9
38.9
–233.9

BeCl2

c
–511.7
85.8
–467.8

BeSO4

c
–1196.6
90.0
–1088.7

BeH

g
326.8
170.9
298.3

Table A3–6 Bismuth

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Bi

g
207.9
186.9
169.0

Bi
Metal
c

56.9


Bi2

g
248.5
273.6
200.8

BiO

c
–208.6
71.1
–182.0

Bi3+

aq


62.0

BiO+

aq


–144.5

BiOH2+

aq


–163.7

Bi2O3

c
–577.0
151.5
–496.6

Bi2O4

c


–456.1

Bi2O5

c


–383.1

Bi4O7

c


–973.8

BiOOH

g


–369.9

Bi(OH)3

amorph
–709.6
102.9
–573.2

BiCl

g
44.8
246.4
21.8

BiCl3

g
–270.7
356.9
–260.2

BiCl3

c
–379.1
189.5
–318.9

BiOCl

c
–365.3
86.2
–322.2

BiBr

g
53.1
257.7
15.9

BiI

g
66.9
265.3
46.0

BiCl4–

aq


–477.8

Bi2S3

c
–183.3
147.7
–164.8

BiH3

g


231.5

Table A3–7 Boron

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








B
Crystalline
c

6.5


BO2–

aq
–767.8
83.7
–709.6

B2O3

c
–1263.6
54.0
–1184.1

B2O3

glass
–1245.2
78.7
–1173.2

B10H14

c


272.0

B4O72–

aq


–2577.3

H2BO3–

aq
–1053.5
30.5
–910.6

HBO32–

aq


–838.0

BO33–

aq


–759.3

H3BO3

c
–1088.7
89.6
–963.2

H3BO3

aq


–963.0

BF3

g
–1110.4
254.0
–1093.3

BF4–

aq
–1527.2
167.4
–1435.1

B2S3

c
–238.5
57.3
–223.0

B2H6

g
31.4
232.9
82.8

B5H9

g
62.8
275.6
165.7

B10H14

g


297.1

BH

g


471.1

BO

g


–81.6

Table A3–8 Bromine

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Br2

l

152.3


Br–

aq
–120.9
80.7
–102.8

Br2

g
30.7
245.3
3.1

Br2

aq
–4.6

4.1

Br3–

aq
–133.9
167.4
–105.7

HBrO

aq


–83.3

BrO–

aq


–33.5

HBr

g
–36.2
198.5
–53.2

HBrO7–

aq


–2628.7

BrO3–

aq


9.6

Table A3–9 Cadmium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Cd
Metal, 
c

51.5


Cd
Metal, 
c


1.7

Cd2+

aq
–72.4
–61.1
–77.7

CdO
Cubic
c
–254.6
54.8
–225.1

Cd(OH)2
“Active”
c
–557.6
95.4
–470.5

Cd(OH)2
“Inactive”
c


–473.3

HCdO2–

aq


–361.9

CdF2

c
–689.9
113.0
–647.7

CdCl2

c
–389.1
118.4
–342.6

CdCl+

aq

23.4
–216.7

CdCl2°
Un-ionized
aq

71.1
–352.7

CdBr2

c
–314.4
133.5
–293.5

CdCl3–

aq

212.1
–484.9

CdS

c
–144.3
71.1
–140.6

CdSO4

c
–926.2
137.2
–820.0

CdSO4•H2O

c
–1231.6
172.0
–1066.3

CdSO4•8/3H2O

c
–1723.1
242.3
–1462.9

CdTe

c
–101.7
94.6
–99.7

CdCO3

c
–747.7
105.4
–670.3

Cd(NH3)42+

aq


–224.8

Cd(CN)42–

aq


464.4

CdH

g
261.7
212.4
233.2

Table A3–10 Calcium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ca
Metal
c, II

51.5


Ca2+

aq


1.7

CaOH+

aq
–72.4
–61.1
–77.7

CaO
Cubic
c
–254.6
54.8
–225.1

CaO2

c
–557.6
95.4
–470.5

Ca(OH)2
Rhombic
c


–473.3

CaF2

c


–361.9

CaCl2

c
–689.9
113.0
–647.7

CaBr2

c
–389.1
118.4
–342.6

CaI2

c

23.4
–216.7

CaS

c

71.1
–352.7

CaCO3
Calcite
c
–314.4
133.5
–293.5

CaCO3
Aragonite
c

212.1
–484.9

CaSiO3
Pseudo-Wollastonite
c
–144.3
71.1
–140.6

CaSiO3
Wollastonite
c
–926.2
137.2
–820.0

Ca2SiO4

c
–1231.6
172.0
–1066.3

Ca2SiO4

c
–1723.1
242.3
–1462.9

CaSO4
Anhydrite
c
–101.7
94.6
–99.7

CaSO4
Soluble, 
c
–747.7
105.4
–670.3

CaSO4
Soluble, 
c


–224.8

CaSO4•1/2H2O

c


464.4

CaSO4•1/2H2O

c
261.7
212.4
233.2

CaSO4•2H2O

c
–2021.1
194.0
–1795.7

Ca3(PO4)2

c
–4126.3
241.0
–3889.9

Ca3(PO4)2

c
–4137.6
236.0
–3899.5

CaHPO4

c
–1820.9
87.9
–1679.9

CaHPO4•2H2O

c
–2410.0
167.4
–2153.1

Ca(H2PO4)2
Precipitated
c
–3114.6
189.5
–2811.6

CaWO4

c
–1642.2
151.0
–1542.6

CaSO4°
Un-ionized
aq


–1308.2

CaCO3°
Un-ionized
aq


–1099.4

CaHCO3+

aq


–1145.0

CaMg3(CO3)4
Huntite (natural)
c


–4216.2

CaBa(CO3)2
Alstonite (natural)
c


–2271.9

CaBa(CO3)2
Barytocalcite (natural)
c


–2271.5

CaMn(CO3)2
Kutnahorite (natural)
c


–1950.6

CaMg(CO3)2
Dolomite (natural)
c


–2177.8

Table A3–11 Carbon

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Go°f
(kJ)








C
Diamond
c
1.9
2.4
2.9

C
Graphite
c

5.7


CO

g
–110.5
197.9
–137.3

CO2

g
–393.5
213.6
–394.4

CO2

aq
–412.9
121.3
–386.2

CH4

g
–74.8
186.2
–50.8

C2H2

g
226.7
200.8
209.2

H2CO3

aq
–698.7
191.2
–623.4

HCO3–

aq
–691.1
95.0
–587.1

CO32–

aq
–676.3
–53.1
–528.1

COS

g
–137.2
231.5
–169.2

CS2

g
115.3
237.8
65.1

CF4

g
–679.9
262.3
–635.1

H2C2O4

aq
–818.3

–697.9

HC2O4–

aq
–818.8

–690.9

C2O42–

aq
–818.8
44.4
–666.9

CH3OH

aq
–245.9
132.2
–175.2

HCHO

aq


–129.7

HCO2H

aq
–410.0
163.6
–356.1

HCO2–

aq
–410.0
91.6
–334.7

Table A3–12 Cerium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ce
Metal
c, III

57.7


Ce3+

aq
–727.2
–184.1
–713.4

CeO2

c
–974.9
66.1
–916.3

Ce(OH)3+

aq


–785.3

Ce(OH)22+

aq


–1020.9

Ce(OH)3

c


–1303.9

CeS2

c
–643.9
78.7
–633.9

Ce2S3

c
–1249.8
131.8
–1226.3

Table A3–13 Cesium

Formula
Description
State
Hof
(kJ)
o 

(J/K)
Gof
(kJ)








Cs
Metal
c

82.8


Cs+

aq
–247.7
133.1
–282.0

CsOH

c,II
–406.7
77.8
–355.2

Cs2O

c
–317.6
123.8
–274.5

Cs2O2

c
–402.5
118.0
–327.2

Cs2O3

c
–465.3
120.1
–360.2

Cs2O4

c
–519.7
130.5
–387.0

Table A3–14 Chlorine

Formula
Descr.
State
Hof
(kJ)
So 
(J/K)
Go°f
(kJ)








Cl–

aq
–167.5
55.1
–131.2

Cl2

g

222.9


Cl2

aq


6.9

HCl

g
–92.3
186.7
–95.3

HCl

aq
–167.5
55.1
–131.2

HClO

aq
–116.4
129.7
–80.0

ClO–

aq

41.8
–37.2

HClO2

aq
–57.2
175.7
0.3

ClO2–

aq
–71.9
100.8
11.5

HClO3

aq
–98.3
163.2
–2.6

ClO3–

aq
–98.3
163.2
–2.6

HClO4

aq
–131.4
180.7
–10.3

ClO4–

aq
–131.4
182.0
–10.8

Table A3–15 Chromium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Cr
Metal
c

23.8


Cr2+

aq
–138.9

–176.1

Cr3+
[Cr(6H2O)]3+
aq
–256.1
–307.5
–215.5

Cr2O3

c
–1128.4
81.2
–1046.8

Cr2O72–

aq
–1523.0
213.8
–1319.6

Cr(OH)2+
[Cr(5H2O)(OH)]2+
aq
–474.9
–68.6
–431.0

H2CrO4

aq


–777.9

HCrO4–

aq
–921.3
69.0
–773.6

CrO42–

aq
–894.3
38.5
–736.8

CrO2–

aq


–535.6

Cr(OH)2

c


–587.9

Cr(OH)3

c
–1033.9
80.3
–900.8

Cr(OH)3
Hydrous, probably, [Cr(5H2O)(OH)](OH)2
c
–989.9
82.0
–859.8

Cr(OH)4

c


–1014.2

Cr(OH)2+

aq


–632.6

CrO33–

aq


–603.3

Table A3–16 Cobalt

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Co
Metal
c, III

28.5


Co2+

aq
–59.4
–113.0
–53.6

Co3+

aq


120.9

CoO

c
–231.0
43.9
–205.0

CoO2

c


–216.9

Co3O4

c


–702.1

Co(OH)2

c
–541.0
82.0
–456.1

Co(OH)3

c
–730.5
83.7
–596.6

CoS
, Precipitated
c
–80.8
67.4
–82.8

Co2S3

c
–196.6



CoSO4

c
–859.8
113.4
–753.5

CoCO3

c


–650.9

Co(NO3)2

c


–230.5

HCoO2

aq


–347.1

Table A3–17 Copper

Formula
Description
State
Hof
(kJ)
So
 (J/K)
Gof
(kJ)








Cu
Metal
c

33.3


Cu+

aq
51.9
–26.4
50.2

Cu2+

aq
64.4
–98.7
65.0

CuO

c
–155.2
43.5
–127.2

HCuO2–

aq


–257.0

CuO22–

aq


–181.2

Cu2O

c
–166.7
100.8
–146.4

Cu(OH)2

c
–443.9
79.5
–356.9

CuS

c
–48.5
66.5
–49.0

Cu2S

c, II
–79.5
120.9
–86.2

Cu2SO4

c
–749.8
182.4
–652.7

CuSO4

c
–769.9
113.4
–661.9

CuSO4•H2O

c
–1083.7
149.8
–917.1

CuSO4•3H2O

c
–1683.1
225.1
–1400.0

CuSO4•5H2O
Chalcanthite
c, II
–2278.0
305.4
–1879.9

CuSe

c
–27.6
92.9
–33.1

Cu2(OH)2CO3
Malachite
c


–905.6

Cu3(OH)2(CO3)2
Azurite
c


–1446.8

Cu4(OH)6SO4
Brochantite
c


–1818.5

Cu4(OH)6SO4•1.3H2O
Langite
c


–2115.0

Cu3(OH)4SO4
Antlerite
c


–1445.6

CuCO3°
Un–ionized
aq


–501.7

Cu(CO3)22–

aq


–1048.1

CuCl

c
–134.7
91.6
–118.8

CuCO3

c
–595.0
87.9
–518.0

CuCl2

c
–218.8
112.1
–175.7

Table A3–18 Fluorine

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








F

g
76.6
158.6
59.4

F2

g

203.3


F2O

g
23.0
246.6
40.6

F–

aq
–329.1
–9.6
–276.5

HF

g
–268.6
173.5
–270.7

HF

aq
–329.1
108.8
–294.6

HF2–

aq
–642.7
2.1
–575.3

Table A3–19 Germanium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ge

c

42.4


GeO
Hydrated, a
c


–292.5

GeO
Hydrated, b
c


–262.3

GeO2

c


–569.4

GeO2
Precipitated
c


–552.3

Ge2+

aq




H2GeO3

aq


781.6

HGeO3–

aq


–733.0

GeO32–

aq


–660.7

HGeO2–

aq


–385.3

Table A3–20 Gold

Formula
Description
State
Ho°f
(kJ)
So
(J/K)
Gof
(kJ)








Au
Metal
c

47.7


Au+

aq


163.2

Au3+

aq


433.5

AuO2

c


200.8

Au2O3

c
80.8
125.5
163.2

H3AuO3

aq


–258.6

H2AuO3–

aq


–191.6

HAuO32–

aq


–115.5

AuO33–

aq


–24.3

Au(OH)3

c
–418.4
121.3
–290.0

Table A3–21 Hydrogen

Formula
Description
State
Hof
(kJ)
So
(J/K)
Gof
(kJ)








H+

aq




H2

g

130.6


Table A3–22 Iodine

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








I–

aq
55.9
109.4
–51.7

I3–

aq
–51.9
173.6
–51.5

I5–

aq


–28.9

I2

g
62.2
260.6
19.4

I2

c

116.7


I2

aq
20.9

16.4

IO3–

aq
–230.1
115.9
–135.6

H2IO+

aq


–106.3

HIO

aq
–159.0

–98.3

IO–

aq
–142.3

–35.6

HIO4

aq


–62.8

IO4–

aq


–53.1

H4IO6–

aq


–518.3

HIO52–

aq


–117.6

IO53–

aq


–180.4

ICl

c
–33.6
102.5
–13.6

ICl3

c
–88.3
172.0
–22.4

HIO3

aq


–139.5

ICl

aq


–16.7

Table A3–23 Iron

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Fe

c

27.2


Fe2+

aq
–87.9
–113.4
–84.9

Fe3+

aq
–47.7
–293.3
–10.5

Fe0.95O
“FeO” Wüstite
c
–266.5
54.0
–244.3

Fe2O3
Hematite
c
–822.2
90.0
–741.0

Fe3O4
Magnetite
c
–1117.1
146.4
–1014.2

Fe(OH)2+

aq
–282.0
–97.1
–233.9

Fe(OH)2

c
–568.2
79.5
–483.5

Fe(OH)2+

aq


–444.3

Fe(OH)3

c
–824.2
96.2
–694.5

FeCl2+

aq
–179.5
–92.0
–150.2

FeO2H–

aq


–379.1

FeS

c
–95.1
67.4
–97.6

FeS2
Pyrite
c


–150.6

FePO4

c
–1253.5
93.7
–1138.0

FeCO3
Siderite
c
–747.7
92.9
–673.9

FeSe
Precipitated
c
–69.0

–58.2

FeSiO3

c
–1154.8
87.4
–1075.3

Fe2SiO4

c
–1438.0
148.1
–1338.0

FeMoO4

c
–1077.4
139.7
–982.4

FeWO4

c
–1146.8
148.1
–1047.7

FeSO4

c
–922.6
115.5
–829.7

FeCl3

c
–405.0
130.1
–336.4

FeO42–

aq


–464.4

Table A3–24 Lanthanum

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








La
Metal
c , III

57.3


La3+

aq
–737.2
–163.2
–730.1

La2O3

c
–1916.3
121.8
–1786.1

La(OH)3

c
–1443.5
104.6
–1310.4

LaS2

c
–655.6
78.7
–647.3

La2S3

c
–1283.7
131.8
–1260.2

Table A3–25 Lead

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Pb
Metal
c

64.9


Pb2+

aq
1.6
21.3
–24.3

Pb4+

aq


302.5

PbO
Red
c , II
–219.2
67.8
–189.3

PbO
Yellow
c , I
–217.9
69.5
–188.5

HPbO2–

aq


–338.9

PbO32–

aq


–277.6

PbO44–

aq


–282.1

Pb(OH)2

c
–514.6
87.9
–420.9

PbO2

c
–276.6
76.6
–219.0

Pb3O4

c
–734.7
211.3
–617.6

PbF2

c
–663.2
121.3
–619.7

PbCl2

c
–359.2
136.4
–314.0

PbS

c
–94.3
91.2
–92.7

PbS2O3

c
–628.0
148.1
–560.7

PbSO4

c, II
–918.4
147.3
–811.2

PbSO4•PbO

c
–1182.0
203.8
–1083.2

PbSe

c
–75.3
112.5
–64.4

PbSeO4

c
–619.2
154.8
–510.4

PbTe

c
–73.2
115.5
–75.7

Pb3(PO4)2

c
–2595.3
353.3
–2432.6

PbHPO3

c
–981.1
133.5
–871.5

PbCO3

c
–700.0
131.0
–626.3

PbO•PbCO3

c
–920.5
202.9
–818.4

2PbO•PbCO3

c
–1142.2
272.0
–1012.5

Pb3(OH)2(CO3)2

c


–1698.7

PbCrO4

c
–942.2
152.7
–851.9

PbMoO4

c
–1112.1
161.1
–969.4

PbSiO3

c
–1082.8
113.0
–1000.0

Pb2SiO4

c
–1308.3
179.9
–1195.4

Pb2O3

c


–411.8

PbBr2

c
–277.0
161.5
–260.4

PbI2

c
–175.1
177.0
–173.8

PbH2

g


290.8

Table A3–26 Lithium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Li
Metal
c

28.0


Li+

aq
–278.5
14.2
–293.8

LiH

c
–90.4
24.7
–70.0

LiOH

c
–487.2
50.2
–443.9

Li2O

c
–595.8
37.9
–560.2

Li2O2

c
–634.7
33.5
–564.8

LiCl

c
–408.8
55.2
–383.7

Li2SO4

c, II
–1434.4
113.0
–1324.7

LiNO3

c
–482.3
105.4
–389.5

Li2CO3

c
–1215.6
90.4
–1132.4

LiOH

aq
–508.4
3.8
–451.1

LiCl

aq
–445.9
69.5
–425.0

Li2SO4

aq
–1464.4
45.6
–1329.6

LiNO3

aq
–485.0
160.7
–404.3

Li2CO3

aq
–1233.2
–24.7
–1115.7

LiH

g
128.4
170.6
105.4

Table A3–27 Manganese

Formula
Description
State
Hof
(kJ)
So
(J/K)
Gof
(kJ)








Mn

c, IV

31.8


Mn

c, II
1.5
32.3
1.4

Mn2+

aq
–223.0
–83.7
–227.6

Mn3+

aq
–113.0

–82.0

MnO

c
–384.9
60.2
–363.2

HMnO2–

aq


–505.8

MnO2
Pyrolusite
c
–519.7
53.1
–464.8

MnO4–

aq
542.7
190.0
–449.4

MnO42–

aq


–503.8

Mn2O3

c
–971.1
92.5
–888.3

Mn3O4
Hausmannite
c


–1281.1

Mn(OH)2
Precipitated (identical to pyrochroite)
c


–616.5

Mn(OH)3

c
–887.0
99.6
–757.3

MnS
Green
c, I
–204.2
78.2
–208.8

MnS
Precipitated
c


–223.0

Mn3(PO4)2
Precipitated
c
–3225.9
299.6
–2857.7

MnCO3

c
–895.0
85.8
–817.6

MnCO3
Precipitated
c
–887.0
99.6
–813.0

MnSiO3

c
–1265.7
89.1
–1185.3

MnOOH
“ Mn2O3”
c


–553.1

MnOOH
, Manganite
c


–557.7

MnO2
Birnessite, MnO1.70 to MnO2 (contains hydroxyl)
c


–453.1

MnO2
Nsutite, MnO1.75 to MnO2 (contains hydroxyl)



–456.5

MnCO3

aq
–895.0
–136.8
–751.4

MnSO4

c
–1063.7
112.1
–956.0

MnCO3
Rhodochrosite (natural)
c


–818.8

Table A3–28 Magnesium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Mg
Metal
c

32.5


Mg2+

aq
–462.0
–118.0
–456.0

MgO

c
–601.8
26.8
–569.6

MgO
Finely divided
c
–598.1
27.9
–566.1

Mg(OH)2

c
–924.7
63.1
–833.7

MgS

c
–347.3
52.7
–349.8

Mg3(PO4)2

c
–4022.9
237.7
–3782.3

Mg3(AsO4)2

c
–3059.8
225.1
–2842.2

MgCO3

c
–1112.9
65.7
–1029.3

MgNH4PO4

c


–1631.8

MgCl2

c
–641.8
89.5
–592.3

MgOHCl

c
–800.4
82.8
–732.2

MgBr2

c
–517.6
123.0
–499.2

MgSO4

c
–1278.2
91.6
–1173.6

MgSO4°
Un-ionized
aq


–1211.5

MgCO3°
Un–ionized
aq


–1003.5

MgHCO3+

aq


–1049.7

MgOH+

aq


–628.0

MgH

g
171.5
199.2
142.3

Mg4(CO3)3(OH)2•3H2O
Hydromagnesite (natural)
c


–4637.1

Table A3–29 Mercury

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Hg
Metal
l

77.4


Hg2+

aq
174.0
–22.6
164.8

Hg22+

aq


152.1

HgO
Red
c, II
–90.7
72.0
–58.5

HgO
Yellow
c, I
–90.2
73.2
–58.4

Hg(OH)2

aq


–274.9

HHgO2–

aq


–190.0

HgCl

g
79.5
260.2
58.6

HgCl2

c
–230.1
144.3
–185.8

Hg2Cl2

c
–264.9
195.8
–210.7

HgCl42–

aq


–450.6

HgBr42–

aq
–418.0
351.5
–368.2

Hg2Br2

c
–206.8
213.0
–178.7

HgBr2

c
–169.5
155.6
–147.4

HgI

g
138.1
280.7
96.2

Hg2I2
Yellow
c
–121.0
239.3
–111.3

HgS
Red, cinnabar
c, II
–58.2
77.8
–48.8

HgS
Black, metacinnabar
c, I
–54.0
83.3
–46.2

HgS22–

aq


48.5

HgSO4

c
–704.2
136.4
–589.9

Hg2SO4

c
–742.0
200.7
–623.9

Hg2CO3

c


–442.7

Hg2CrO4

c


–651.7

HgH

g
242.9
219.3
220.1

Hg

g
60.8
174.9
31.8

Table A3–30 Molybdenum

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Mo
Metal
c

28.6


Mo3+

aq


–57.7

HMoO4–

aq


–893.7

MoO2

c


–502.1

MoO3

c
–754.5
78.2
–677.6

MoO4

aq
–726.3
167.4
–644.3

MoO42–

aq


–859.5

H2MoO4
Probably complex
aq


–949.8

MoS2

c
–232.2
63.2
–225.1

MoS3

c
–256.1
75.3
–241.0

MoO3•H2O

c


–1187.0

Table A3–31 Nickel

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ni
Metal
c, II

30.1


Ni2+

aq
–64.0

–48.2

HNiO2–

aq


–349.2

NiO2

c


–198.7

NiO​2•2H2O

c


–689.5

Ni3O4•2H2O

c


–1186.3

Ni2O3•H2O

c


–711.1

Ni(OH)2

c
–538.1
79.5
–453.1

Ni(OH)3

c
–678.2
81.6
–541.8

NiS

c


–74.1

NiS

c


–114.2

NiO

c


–214.6

NiSO4

c
–891.2
77.8
–773.6

NiSO4•6H2O
Green
c, I
–2698.6



NiSO4•6H2O
Blue
c, II
–2688.2
305.9
–2221.7

NiCO3

c
–664.0
91.6
–615.0

Table A3–32 Niobium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Nb
Metal
c

34.7


NbO

c


–378.7

NbO2

c


–736.4

Nb2O4

c
–1622.6
122.2
–1516.3

Nb2O5

c


–1765.6

Nb3+

aq


–318.0

Table A3–33 Nitrogen

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








N2

g

191.5


NO

g
90.4
210.6
86.7

NO2

g
33.9
240.5
51.8

NO2–

aq
–106.3
125.1
–34.5

NO3–

aq
–206.6
146.4
–110.6

N2O22–

aq
–10.8
27.6
138.1

N2O4

g
9.7
304.3
98.3

NH3

g
–46.2
192.5
–16.6

NH3

aq
–80.8
110.0
–26.7

NH4+

aq
–132.8
112.8
–79.5

HNO3

l
–173.2
155.6
–79.9

HNO3

aq
–206.6
146.4
–110.5

NH4OH

aq
–366.7
179.9
–263.8

NH2(OH)2+

aq


–56.7

NH2OH

aq
–90.8
167.4
–23.4

N2

aq


12.5

N2O

g
81.5
220.0
103.6

N2O4

g
9.7
304.3
98.3

NOCl

g
52.6
263.6
66.4

NOBr

g
81.8
272.6
82.4

Table A3–34 Oxygen

Formula
Description
State
Hof
(kJ)
So
(J/K)
Gof
(kJ)








O2

g

205.0


OH–

aq
–229.9
–10.5
–157.3

H2O

g
–241.8
188.7
–228.6

H2O

l
–285.8
69.9
–237.2

H2O2

aq
–191.1

–131.7

O2–

aq


54.4

HO2–

aq


–65.3

Table A3–35 Palladium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Pd
Metal
c

37.2


Pd2+

aq


190.4

PdO

c
–85.4
55.2
–60.2

Pd(OH)2

c
–385.3
90.8
–301.2

Pd(OH)4

c
–708.8
103.3
–528.0

Pd2H

c


–4.6

PdO3

c


100.8

Table A3–36 Phosphorus

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








P
White
c III

44.4


P
Red
c, II
–18.4
29.3
–13.8

P
Black
c, I
–43.1



PO43–

aq
–1284.1
–217.6
–1025.5

H2PO2–

aq


–512.1

HPO32–

aq
–978.2

–811.7

HPO42–

aq
–1298.7
–36.0
–1094.1

H2PO3–

aq

79.5
–846.6

H2PO4–

aq
–1302.5
89.1
–1135.1

H3PO4

aq
–1289.5
176.1
–1147.3

H3PO2

aq
–609.2
159.0
–523.4

H2PO2–

aq


–512.1

H3PO3

aq
–971.5
167.4
–856.9

H2PO3–

aq

79.5
–846.6

HPO32–

aq
–978.2

–811.7

H4P2O6

aq


–1640.1

H3P2O6–

aq


–1627.6

H2P2O62–

aq


–1611.7

HP2O63–

aq


–1570.3

P2O64–

aq


–1513.4

HPO3

aq
–982.4
150.6
–902.9

PH3

g
9.2
210.0
18.2

P2

g
141.5
218.1
102.9

P4

g
54.9
279.9
24.4

PCl3

g
–306.4
311.7
–286.3

PCl5

g
–398.9
352.7
–324.6

Table A3–37 Platinum

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Pt
Metal
c

41.8


Pt2+

aq


229.3

Pt(OH)2

c
–364.8
110.9
–285.3

PtS

c
–87.0
84.5
–90.4

PtS2

c
–116.3
74.5
–107.1

Table A3–38 Potassium

Formula
Description
State
Hof
(kcal)
So 
(cal/K)
Gof
(kcal)








K
Metal
c

63.6


K+

aq
–251.2
106.7
–282.3

KCl

c
–435.9
82.7
–408.3

KCl

aq
–418.7
157.7
–413.4

K2O

c
–361.5
87.0
–193.3

KOH

c
–425.8
59.4
–374.5

K2S

c
–418.4
111.3
–404.2

K2CO3

c
–1146.1
140.6
–1069.0

KAlSi3O8
Feldspar
c


–3581.5

KAl3Si3O10(OH)2
Mica
c


–5439.2

KBr

c
–392.2
96.4
–379.2

KI

c
–327.6
104.3
–322.3

KNO3

c
–492.7
132.9
–393.1

KOH

aq
–481.2
92.0
–439.6

KSO4–

aq


–1029.7

Table A3–39 Rubidium

Formula
Description
State
Hof
(kJ)
So
 (J/K)
Gof
(kJ)








Rb
Metal
c, I

69.5


Rb+

aq
–246.4
124.3
–282.2

Rb2S

c
–348.1
133.9
–337.2

Rb2CO3

c
–1128.0
97.5
–1043.1

RbH

c


–30.5

RbOH

c, II
–413.8
70.7
–364.4

Rb2O

c
–330.1
109.6
–290.8

Rb2O2

c
–425.5
103.8
–349.8

Rb2O3

c
–488.3
105.9
–386.6

Rb2O4

c
–528.0
116.3
–395.8

RbOH

aq
–476.6
113.8
–439.5

Table A3–40 Scandium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Sc
Metal
c

33.5


Sc3+

aq
–622.6
–234.3
–601.2

ScOH2+

aq


–810.4

Sc(OH)3

c


–1228.0

Table A3–41 Selenium

Formula
Description
State
Hof
(kJ)
So
(J/K)
Gof
(kJ)








Se

g
202.4
176.6
162.2

Se
I, gray hexagonal
c, l

41.8


Se2–

aq
132.2
83.7
155.6

Se2

g
138.7
252.0
88.5

SeO2

c
–230.1
56.9
–173.6

SeO32–

aq
–512.1
16.3
–373.8

SeO42–

aq
–607.9
23.8
–441.1

HSe–

aq
102.9
177.0
98.6

H2Se

g
85.8
221.3
71.1

H2Se

aq
75.7
166.9
77.0

HSeO3–

aq
–516.7
127.2
–411.3

HSeO4–

aq
–598.7
92.0
–452.7

H2SeO3

aq
–512.1
191.2
–425.9

H2SeO4

aq
–607.9
23.8
–441.1

SeF6

g
–1029.3
314.2
–928.8

Table A3–42 Silicon

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Si
Metal
c

18.7


Si

g
368.4
167.9
323.9

SiO2
Quartz, II
c
–859.4
41.8
–805.0

SiO2
Cristobalite, II
c
–857.7
42.6
–803.7

SiO2
Tridymite, IV
c
–856.9
43.3
–802.9

SiO2
Vitreous
glass
–847.3
46.9
–798.7

SiH4

g
–61.9
203.8
–39.3

SiF62–

aq
–2336.8
–50.2
–2138.0

H4SiO4

aq


–1256.5

H3SiO4–

aq


–1200.0

SiF4

g
–1548.1
284.5
–1506.2

SiCl4

g
–609.6
331.4
–569.9

Table A3–43 Silver

Formula
Description
State
Hof
(kJ)
So
 (J/K)
Gof
(kJ)








Ag
Metal
c

42.7


Ag+

aq
105.9
73.9
77.1

Ag2+

aq


268.2

AgO+

aq


225.5

AgO–

aq


–23.0

Ag2O

c
–30.6
121.7
–10.8

AgO

c
–25.1

10.9

Ag2O3

c


87.0

AgCl

c
–127.0
96.1
–109.7

AgBr

c, II
–99.5
107.1
–95.9

AgI

c, II
–62.4
114.2
–66.3

Ag2S
Rhombic, 
c, II
–31.8
145.6
–40.3

Ag2S

c, I
–29.3
150.2
–39.2

Ag2SO4

c, II
–713.4
200.0
–615.8

Ag2SeO4

c
–396.2
181.2
–286.6

Ag2CO3

c
–506.1
167.4
–437.1

AgMoO4

c


–821.7

Ag2WO4

c


–861.9

Ag2CrO4

c
–737.2
216.7
–647.3

AgOH

c


–92.0

AgNO3

c, II
–123.1
140.9
–32.2

Ag(S2O3)23–

aq
–1194.5

–1036.0

Ag(SO3)23–

aq


–943.1

Ag(NH3)2+

aq
–111.8
241.8
–17.4

Ag(CN)2–

aq
269.9
205.0
301.5

Table A3–44 Sodium

Formula
Description
State
Hof
(kJ)
So
(J/K)
Gof
(kJ)








Na
Metal
c

51.0


Na+

aq
–239.7
60.2
–261.9

NaCl

aq
–407.1
115.5
–393.0

NaCl

c
–411.0
72.4
–384.0

Na2S

c
–373.2
97.1
–362.3

Na2CO3

c
–1130.9
136.0
–1047.7

Na2CO3

aq


–1051.9

NaHCO3

c
–947.7
102.1
–851.9

NaHCO3

aq
–930.9
155.2
–848.9

NaHCO3°
Un-ionized
aq


–847.5

Na2SiO3

c
–1518.8
113.8
–1426.7

NaOH•H2O

c
–732.9
84.5
–623.4

NaOH

c, II
–426.7
52.3
–377.0

NaOH°
Un-ionized
aq


–415.2

Na2O

c
–415.9
72.8
–376.6

NaCO3–

aq


–797.2

NaSO4​–

aq


–1008.0

NaF

c
–569.0
58.6
–541.0

NaBr

c
–359.9
85.8
–347.7

NaI

c
–288.0
92.5
–237.2

Na2SO4

c, II
–1384.5
149.5
–1266.8

NaNO3

c, II
–466.7
116.3
–365.9

Na2CO2•10H2O

c


–3429.0

Na2CO3•7H2O

c


–2715.9

Na2CO3•H2O

c


–1286.6

NaHCO3•Na3CO3 •2H2O
Trona
c


–2386.6

Table A3–45 Strontium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Go°f
(kJ)








Sr
Metal
a

54.4


Sr2+

aq
–545.5
–39.3
–557.3

SrO

c
–590.4
54.4
–559.8

SrO2

c
–642.7
54.4
581.6

Sr(OH)2

c
–959.4
87.9
–869.4

SrF2

c
–1214.6
89.5
–1162.3

SrS

c
–452.3
71.1
–407.5

SrSO4

c
–1444.7
121.8
–1334.3

Sr3(PO4)2

c
–4130.9
292.9
–3899.9

SrHPO4

c
–1804.6
130.5
–1672.3

SrCO3
Strontianite
c, II
–1218.4
97.1
–1137.6

SrSiO3

c
–1553.1
94.1
–1467.7

Sr2SiO4

c
–2178.2
179.9
–2074.0

Sr(WO4)

c
–1666.5
158.2
–1533.4

SrCl2

c
–828.4
117.2
–781.2

Table A3–46 Sulfur

Formula
Description
State
Hof
(kJ)
S°
(J/K)
Gof
(kJ)








S
Rhombic
c, II

31.9


S
Monoclinic
c, II
0.3
32.6
0.1

S

g
222.8
167.7
182.3

S2–

aq


91.9

S2

g
124.9

80.0

S22–

aq


82.6

S32–

aq


75.2

S42–

aq


69.5

S52–

aq


65.6

SO2

g
–296.9
248.5
–300.4

SO3

g
395.2
256.2
–370.4

SO32–

aq
–635.5
–29.3
–485.8

SO42–

aq
–907.5
17.2
–742.0

S2O32–

aq
–644.3
121.3
–532.2

S2O42–

aq
–686.2
238.5
–577.4

S2O52–

aq
–970.7
104.6
–790.8

S2O62–

aq
–1173.2
125.5
–966.5

S2O82–

aq
–1356.9
146.4
–1096.2

S3O62–

aq
–1167.3
138.1
–958.1

S4O62–

aq
–1213.4
259.4
–1030.5

S5O62–

aq
–1175.7
167.4
–956.0

HS–

aq
–17.7
61.1
12.6

H2S

g
–20.1
205.6
–33.0

H2S

aq
–39.3
122.2
–27.4

HSO3–

aq
–628.0
132.4
–527.3

HSO4–

aq
–885.8
126.9
–752.9

H2SO3

aq
–608.8
234.3
–538.0

H2SO4

aq
–907.5
17.2
–742.0

HS2O4–

aq


–591.6

H2S2O4

aq
–686.2

–585.8

H2S2O8

aq
–1356.9
146.4
–1096.2

SF6

g
–1096.2
290.8
991.6

S2Cl2

l
–60.2
167.4
–24.7

SO2Cl2

g


–307.9

H2S2O3

aq


–543.5

HS2O3–

aq


–541.8

SO

g
79.6
221.9
53.5

Table A3–47 Tantalum

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ta
Metal
c

41.4


Ta2O5

c
–2091.6
143.1
–1969.0

Table A3–48 Tellurium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Te

c , II

49.7


Te2–

aq


220.5

Te22–

aq


162.1

Te2

g
171.5
268.1
121.3

HTe–

aq


157.7

H2Te

g
154.4
234.3
138.5

H2Te

aq


142.7

TeO2

c


–273.3

TeO32–

aq


–392.4

H6TeO6

c


–1025.2

H2TeO3

c


–478.5

TeOOH+

aq


–258.5

TeF6

g
–1318.0
337.5
–1221.7

TeCl4

c
–323.0
209.2
–237.2

TeCl62–

aq


–574.9

Te4+

aq


219.2

HTeO2+

aq


–261.5

HTeO3–

aq


–436.6

HTeO4–

aq


–515.8

TeO42–

aq


–456.5

H2TeO4

aq


–550.9

Table A3–49 Thorium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Th
Metal
c

56.9


Th4+

aq
–765.7
–313.8
–733.0

ThO2

c
–1221.7
70.7
–1164.8

Th(OH)4
“Soluble”
c
–1763.6
133.9
–1585.7

Th2S3

c
–1096.2
149.4
–1078.2

Table A3–50 Tin

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Sn
Gray
c, III
2.5
44.8
4.6

Sn
White
c, II

51.5


Sn2+

aq
–10.0
–24.7
–26.3

Sn4+

aq


2.7

SnO

c
–286.2
56.5
–257.3

SnO2

c


–515.5

HSnO2–

aq


–410.0

Sn(OH)2

c
–578.6
96.7
–492.0

SnF62–

aq
–1986.1
0.0
–1757.3

Sn(OH)4

c
–1131.8
121.3
–951.9

Sn(OH)62–

aq


–1299.1

SnS

c
–77.8
98.7
–82.4

Sn(SO4)2

c
–1646.0
155.2
–1451.0

SnCl2

c
–349.8
122.6
–302.1

Sn(OH)+

aq


–253.6

Sn2O32–

aq


–590.4

SnO32–

aq


–575.0

SnH4

g


414.2

Table A3–51 Titanium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Ti
Metal
c, II

30.3


Ti2+

aq


–314.2

Ti3+

aq


–349.8

TiO2
Rutile
c


–888.3

TiO2
Hydrated
c
–866.1

–821.3

TiO(OH)2

c


–1058.6

TiO2+

aq


–577.4

Ti2O3

c, II


–1432.2

Ti3O5

c


–2314.2

FeTiO3

c
–1207.1
105.9
–1125.1

HTiO3–

aq


–956.0

TiO22+

aq


–467.4

TiO

c


–489.1

Ti(OH)3

c


–1049.8

Table A3–52 Tungsten

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








W
Metal
c

33.5


WO2

c
–570.3
71.1
–520.5

WO3
Yellow
c
–840.3
83.3
–763.5

W2O5

c
–1413.8
142.3
–1510.0

WO42–

aq
–1115.5
62.8
–920.5

WS2

c
–193.7
96.2
–193.3

Table A3–53 Uranium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








U
Metal
c, III

50.3


U3+

aq
–514.6
–125.5
–520.5

U4+

aq
–613.8
–326.4
–579.1

UO2

c


–1031.8

UO2+

aq
–1035.1
50.2
–994.1

UO22+

aq
–1047.7
–71.1
–989.1

UO3

c


–1142.2

UO3•H2O

c
–1570.7
138.1
–1435.1

U(OH)3+

aq
–854.0
–125.5
–809.6

U(OH)3

c


–1101.2

U(OH)4

c


–1471.1

Na2UO4

c
–2096.2
196.6
–1987.4

UO2SO4

aq
–1955.2
–54.4
–1730.9

UO2(CO3)34–

aq


–2677.8

UO2(CO3)2(H2O)22–

aq


–2602.4

UO2CO3

c


–1577.4

UO2(OH)2 •H2O

c


–1828.4

Table A3–54 Vanadium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








V
Metal
c

0.0


V2+

aq


226.8

V3+

aq


–251.5

VO2+

aq


–456.1

VO2+

aq


–596.6

V2O2

c


–790.8

V2O3

c


–1133.9

V2O4

c


–1330.5

V2O5
Aged ppt.



–1439.3

V2O5
Fresh ppt.



–1430.9

V(OH)3
Ppt.



–912.1

V(OH)2+

aq


–472.0

VO(OH)2
Ppt.



–893.7

NH4VO3

c


–928.0

V4O92–

aq


–2783.6

H2V10O284–

aq


–7845.8

HV10O285–

aq


–7846.3

V10O286–

aq


–7792.3

Table A3–55 Ytterbium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Yb

c

60.5


Yb(OH)3

c


–1262.3

Yb2+

aq


–539.7

Yb3+

aq
–672.0
–190.0
–656.1

Table A3–56 Yttrium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)

 






Y
Metal
c

47.3


Y3+

aq
–702.9
–200.8
–686.6

Y(OH)3

c
–1420.5
96.2
–1284.9

Y2O3
Cubic
c


–1682.0

Table A3–57 Zinc

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Zn
Metal
c

41.6


Zn2+

aq
–152.4
–106.5
–147.2

ZnO
Orthorhombic
c


–321.7

ZnO22–

aq


–389.2

Zn(NH3)42+

aq


–307.5

Zn(OH)+

aq


–329.3

Zn(OH)2
, Orthorhombic
c


–559.1

Zn(OH)2
, White
c


–557.8

Zn(OH)2
, Orthorhombic
c


–557.0

Zn(OH)2

c


–552.0

Zn(OH)2

amorph


–551.7

ZnO
“Active”
c


–316.7

ZnS
Sphalerite
c, II
–202.9
57.7
–198.3

ZnS
Wurtzite
c
–189.5
57.7
–184.9

ZnS
Pptd.
c
–185.4

–180.7

ZnSO4

c
–978.6
124.7
–871.6

ZnSO4•H2O

c
–1299.6
146.0
–1129.3

ZnSO4•6H2O

c
–2775.2
363.2
–2322.1

ZnSO4•7H2O

c
–3075.7
386.6
–2560.2

ZnSe

c
–142.3
93.3
–145.2

ZnSiO3

c
–1232.6
89.5
–1149.8

ZnCO3

c
–812.5
82.4
–731.4

HZnO2–

aq


–464.0

ZnCl2

c
–415.9
108.4
–369.3

ZnBr2

c
–327.1
137.4
–310.2

Table A3–58 Zirconium

Formula
Description
State
Hof
(kJ)
So 
(J/K)
Gof
(kJ)








Zr
Metal
c, II

38.4


Zr4+

aq


–594.1

ZrO2+

aq


–843.1

ZrO2

c


–1036.4

ZrO(OH)2

c
–1414.2
92.0
–1303.3

Zr(OH)4

c
–1720.5
129.7
–1548.1

HzrO3–

aq


–1203.7
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A3–59. Bond Contributions for The estimation of Thermodynamic Properties of Hydrocarbon Gases at 1 atm and 25ºCa
Bond
Cp0
S0
Ho°f


Bond
Cp0
S0
Hof



J mol–1 

K–1
J mol–1 

K–1
kJ


J mol–1 K–1
J mol–1

 K–1
kJ





















C–H
7.3
54.0
–16.0

S–S
22.6
48.5
0.0

C–D
8.6
56.9
–19.8

((>C–C
10.9
–59.8
28.0

C–C
8.3
–68.6
11.4

>C–H
10.9
57.7
13.4

C–F
14.0
70.7
0.0

>C–F
19.2
77.8
0.0

C–Cl
19.4
82.4
–31.0

>C–Cl
23.8
88.7
–2.9

C–Br
21.5
94.8
9.2

>C–Br
26.4
100.8
40.6

C–I
23.2
103.1
62.8

>C–I
28.0
109.2
0.0

C–O
11.3
–16.7
–50.2

>CO–H
17.6
112.1
–58.2

O–H
11.3
100.4
–113.0

>CO–C
15.5
–2.5
–60.2

O–D
13.0
103.8
–116.7

>CO–O
9.2
41.0
–211.3

O–O
20.5
38.1
90.0

>CO–F
23.8
132.2
0.0

O–Cl
23.0
136.0
38.1

>CO–Cl
30.1
147.3
–113.0

C–N
8.8
–53.6
38.9

(–H
12.6
49.0
13.6

N–H
9.6
74.1
–10.9

(–C
18.8
–72.8
30.3

C–S
14.2
–6.3
28.0

NO2–O
0.0
180.3
–12.6

S–H
13.4
113.0
–3.3

NO–O
0.0
148.5
37.7

Benson,  S.W. (1979) The Foundations of Chemical Kinetics, McGraw–Hill: New York.,. 703 pp.

References

Benson,  . W. (1979) The Foundations of Chemical Kinetics, McGraw-Hill: New York., 703 pp.

Garrels, R. M., and Christ, C. L. (1965) Solutions, Minerals, and Equilibria, Harper & Row: New York., 450 pp.

Latimer, W. M. (1952) Oxidation Potentials, 2nd ed, Prentice-Hall: New York.

Rossini, F. D., Wagman, D. D. Evans, W. H., Levine, S., and Jaffe, I. (1952) Selected Values of Chemical Thermodynamic Properties, Natl. Bur. Standards Circ. 500, U.S. Dept of Commerce, Washington, D.C.
.

�PAGE \# "'Page: '#'�'"  ��Please provide year and city of publication for Rossini et al. reference.





