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Relative Strengths of common acids/conjugate bases in water

* These unstable acids once formed, decompose in water to their stable products.

Acid Name Acid | Conjugate Base
“Hydroiodic™ " T T T T T} HI . e

Hydrobromic HBr i Br- These

Perchloric | HCIO, i ClO4 _ %ﬁseggt

Hydrochloric HCI | Cl~ with

Sulfuric H,>SO4 i HSO4~ water!
_Niwie HNQs ___i____] NOs _ - _____ .

Hydronium H:O* i H.0 (1)

Oxalic H>C,04 i HC.04~

Sulfurous H,SOsz* | HSO3™

Hydrogen Sulfate HSO.~ i SO4>

Phosphoric H3PO4 i HoPO4~

Nitrous HNO; | NO2~

Hydrofluoric HF i F~

Formic (methanoic) HCHO, | CHO,~

Lactic HC3Hs03 i CsHsO3~

Hydrogen Oxalate HC,04~ i C204*

Acetic (ethanoic) HC,H30, | CoH30,™

Carbonic H,COs* i HCO3™

Hydrosulfuric H,S l HS™

Hydrogen sulfite HSO3~ E SOz

Dihydrogen phosphate H,PO4~ i HPO4*

Hypochlorous HOCI | OCI™

Hydrocyanic HCN i CN~

Ammonium NH4* | NH;

Hydrocyanic HCN i CN~

Hydrogen carbonate HCO3~ i COs>

Hydrogen phosphate HPO,2 i PO,

Hydrogen sulfide HS™ | S* Most

Water HO () OH «— | common

Hydroxide OH~ | O* \Sl\t/;ct’gf base In

Ammonia NHs | NH2™
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1. Acid Dissociation Constants (K,) of Selected Acids in water at 25 °C.

Acid

Acetic acid
Arsenic acid
Arsenous acid
Boric acid
Carbonic acid
Chlorous acid
Chloric acid
Chloroacetic acid
Chromic acid
Citric acid

Formic acid
Hydrazoic acid
Hydrobromic acid
Hydrochloric acid
Hydrocyanic acid
Hydrofluoric acid
Hydrosulfuric acid
Hydroiodic acid
Hydroxylamine acid
Hypochlorous acid
Hypobromous acid
Hypoiodous acid
lodic acid

Lactic acid

Maleic acid

Malic acid
Malonic acid
Mandelic acid
Nitric acid
Nitrous acid
Oxalic acid
Perchloric acid
Permanganic acid
Peroxyacetic acid
Phosphoric acid
Phosphorous acid
Propanoic acid
Salicylic acid
Sulfamic acid
Succinic acid
Sulfuric acid
Sulfurous acid
Thiocyanic acid
Thiosulfuric acid
Trichloroacetic acid
Water

Formula
CH3COOH
H3AsO,
H3AsO;
H3BO,

H,CO5as [CO,(aq) + H,0]

HOCIO
HOCIO,

CICH,COCH
H,CrO,

HOOC(OH)C(CH,COOH),

HCOOH
HN,
HBr
HCI
HCN
HF

H,S

HI
NH,OH
HOCI
HOBr
HOI
HOIO,

CH,CHOHCOOH
cis- HOOCCH:CHCOOH
HOOCCHOHCH ,COOH
HOOCCH ,COOH
C¢HsCHOHCOOH
HNO;4

HNO,

HOOCCOOH
HOCIO;

HMnO,
CHACO,H
HsPO,

HyPO,
CH,CH,COOH
CeHa(OH)COOH
H,NSO,H
HOOCCH,CH,COOH
H,S0,

H,S0,

HSCN

H25,03
CI;CCOOH

H,O

Kal
1.75E-05
5.8E-03
5.1E-10
5.81E-10
4.45E-07
1.1E-02
1E+01
1.36E-03
3.55
7.45E-04
1.80E-04
2.20E-05
1.0E+08
1.0E+06
6.3E-10
6.8E-04
9.6E-08
1.0E+09
1.1E-06
2.90E-08
2.2E-09
2.3E-11
1.70E-01
1.38E-04
1.3E-02
3.48E-04
1.42E-03
4.0E-04

Ka2 Ka3
1.1E-07 3.2E-12
4.69E-11

1.0E-02

1.73E-05 4.02E-07

1.3E-14

5.9E-07
8.00E-06
2.01E-06

high (below 2 M), 18 (2-14 M)

7.1E-04
5.60E-02
very high
1.8E+02
6E-09
6.90E-03
6.3E-02
1.34E-05
1.06E-03
1.03E-01
6.21E-05
2E+06
1.23E-02
0.13

0.3

3
1.0E-14

5.42E-05

6.21E-08 4.73E-13
2.00E-07 1E-14

2.31E-06
1.02E-02
6.6E-08

2.50E-02
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2. Acid Dissociation Constants (K,) of Selected Hydrated Metal lons in Water at 25 °C.

Cation
Al
BeZ+
C02+
Cr3+
Cu2+
FeZ+
FeS+

Ni%*

In®

Pb**
sn?*
Ti**

n“

3. Base Dissociation Constants (Ky,) of selected compounds in water at 25 °C.

Base

Ammonia
Aniline

Codeine
Diethylamine
Dimethylamine
Ethylamine
Ethylenediamine
Hydrazine
Hydroxylamine
Methylamine
Morphine
Nicotine
Piperidine
Propylamine
Pyridine
Strychnine
Triethylamine
Trimethylamine

Formula

Al(H,0)5>"
Be(H,0)s”"
Co(H20)62+
Cr(H,0)6™"
Cu(H,0)s>"
Fe(H,0)”"
Fe(H,0)s"
Ni(H,0)s”"
In(H,0)s>"
Pb(H,0)¢*"
Sn(H,0)5™"
Ti(H,0)6>*

Zn(H,0)s”"

Formula
NH;
CgHsNH,
C1gH21NO;3
(C2Hs),NH
(CH3),NH
CoHsNH,
H,NCH,CH,NH,
H,NNH,
HONH,
CH3NH,
C17H19NO3
C10H14N2
CsHqoNH
C3H;NH,
CsHsN
C21H25N20,
(CoHs)sN
(CH3)3N

Kat
1.10E-05
3.2E-07
1.41E-10
2.19E-04
1E-08
1.8E-07
3.5E-03
1.4E-10
4E-05
1.2E-08
2E-02
5.1E-02
1.1E-09

Koy

1.76E-05
2.3E-05
1.6E-06
1.0E-03
5.45E-04
6.46E-04
5.2E-04
1.7E-06
9.5E-09
4.6E-04
1.6E-06
1.0E-06
1.34E-03
5.14E-04
1.8E-09
1.8E-06
1.0E-03
6.5E-05

PKa1
4.96
6.5
9.85
3.66
8
6.74
2.46
9.86
4.4
7.93
1.7
1.29
8.96

PKb1
4.754
4.63
5.79
2.98
3.264
3.19
3.285
5.77
8.02
3.340
5.79

5.98
2.874
3.289
8.75
5.74
2.99
4.19

Note: The exponential notation E is 10%; for example, 1.0E-3 means 1.0 x 10 3
Ref. 1: Analytical Chemistry, An Introduction 7th Edition: Appendix 2, p. A-3
Ref. 2: Dissoctaion constants of inorganic acids and bases, D.D. Perrin,Butterworths, London, 1965

Ref. 3: CRC handbook of Chemistry and Physics, 60th ed. 1980.

Ref 4: Wikipedia

PKp2

6.433

3.12

Ref.
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4. Solubility Product Constants for Selected Compounds at 25 °C

No.
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Compound
Aluminum hydroxide
Aluminum phosphate
Barium carbonate
Barium chromate
Barium fluoride
Barium hydroxide
Barium sulfate
Barium sulfite
Barium thiosulfate
Cadmium carbonate
Cadmium hydroxide
Cadmium oxalate
Cadmium sulfide*
Calcium carbonate
Calcium chromate
Calcium fluoride

Calcium hydrogen phosphate

Calcium hydroxide
Calcium oxalate
Calcium phosphate
Calcium sulfate
Calcium sulfite
Chromium(ll) hydroxide
Chromium(lll) hydroxide
Cobalt(ll) carbonate
Cobalt(ll) hydroxide
Cobalt(lll) hydroxide
Cobalt(ll) sulfide*
Copper(l) chloride
Copper(l) cyanide
Copper(l) iodide
Copper(ll) arsenate
Copper(ll) carbonate
Copper(ll) chromate
Copper(ll) ferrocyanide
Copper(ll) hydroxide
Copper(ll) sulfide*
Iron(ll) carbonate
Iron(ll) hydroxide
Iron(ll) sulfide*
Iron(lll) arsenate
Iron(lll) ferrocyanide
Iron(Ill) hydroxide
Iron(lll) phosphate
Lead(ll) arsenate
Lead(ll) azide
Lead(Il) bromide
Lead(ll) carbonate
Lead(ll) chloride
Lead(ll) chromate
Lead(ll) fluoride
Lead(ll) hydroxide

*MS(s) + HO() ==

Formula
Al(OH)3
AIPO,
BaCO,
BaCrO,
BaF,
Ba(OH),
BaSO,
BaSO,
BaS,03
CdCO,
Cd(OH),
CdC,04
CdS *
CaCOq
CaCrO,
CaF,
CaHPO,
Ca(OH),
CaC,0,
Caz(POy),
CaS0,
CaS0,
Cr(OH),
Cr(OH),
CoCOs
Co(OH),
Co(OH),
CoS *
CuCl
CuCN
Cul
Cug(AsO,),
CuCO,
CuCrO,
Cu[Fe(CN)g]
Cu(OH),
CuS *
FeCO,
Fe(OH),
FeS*
FeAsO,
Fey[Fe(CN)e]3
Fe(OH),
FePO,
Pb3(AsO,),
Pb(N3),
PbBr,
PbCO,4
PbCl,
PbCrO,4
PbF,
Pb(OH),

M?*(aq) + HS(aq) + OH(aq)

Ksp
1.3x10°%8
6.3x107
5.1x10°°
1.2x10™°
1.0x10°°
5x107
1.1x10™°
8x10™
1.6x10°°
5.2x107
2.5x10™
1.5x10°®
8x107%8
2.8x107°
7.1x107*
5.3x10°°
1x1077
5.5x107°
2.7x10°°
2.0x107%
9.1x10°°
6.8x10°°
2x107°
6.3x10°"
1.4x107
1.6x107°
1.6x107*
4x107%
1.2x10°°
3.2x107%
1.1x10™%
7.6x10°%
1.4x10™°
3.6x10°°
1.3x10°7
2.2x107%
6x10°
3.2x1071
8.0x107'
6x107
5.7x107%
3.3x107%
4x1078
1.3x107%
4x107%
2.5x107°
4.0x10°°
7.4x10™
1.6x10°°
2.8x108
2.7x10°8
1.2x107°

No.
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

Compound

Lead(ll) iodide

Lead(ll) sulfate
Lead(ll) sulfide*
Lithium carbonate
Lithium fluoride
Lithium phosphate
Magnesium ammonium phosphate
Magnesium arsenate
Magnesium carbonate
Magnesium fluoride
Magnesium hydroxide
Magnesium oxalate
Magnesium phosphate
Manganese(ll) carbonate
Manganese(ll) hydroxide
Manganese(ll) sulfide*
Mercury(l) bromide
Mercury(l) chloride
Mercury(l) iodide
Mercury(ll) sulfide*
Nickel(ll) carbonate
Nickel(ll) hydroxide
Nickel(ll) sulfide*
Scandium fluoride
Scandium hydroxide
Silver acetate

Silver arsenate

Silver azide

Silver bromide

Silver chloride

Silver chromate

Silver cyanide

Silver iodate

Silver iodide

Silver nitrite

Silver sulfate

Silver sulfide*

Silver sulfite

Silver thiocyanate
Strontium carbonate
Strontium chromate
Strontium fluoride
Strontium sulfate
Thallium(l) bromide
Thallium(l) chloride
Thallium (1) iodide
Thallium(lll) hydroxide
Tin(ll) hydroxide

Zinc carbonate

Zinc hydroxide

Zinc oxalate

Zinc phosphate

Formula
Pbl,
PbSO,
PbS *
Li,CO4
LiF
Li;PO,
MgNH4PO,
Mg3(AsO,),
MgCO,
MgF,
Mg(OH),
MgC,0,4
Mg3(PO,),
MnCO,4
Mn(OH),
MnS *
Hg,Br,
Hg,Cl,
Hg.l,
HgsS *
NiCO,
Ni(OH),
NiS *
ScF,
Sc(OH),
AgC,H;0,
AgsASO,
AgN3
AgBr
AgCl
Ag.Cro,
AgCN
AglO3
Agl
AgNO,
Ag2S0,
Ag,S *
Ag,S03
AgSCN
SrCO4
SrCrO,
SrF,
SrSO,
TIBr

TICI

Tl
TI(OH)3
Sn(OH),
ZnCO;
Zn(OH),
ZnC,0,4
Zny(POy),

Ksp
7.1x10°°
1.6x10°®
3x107%
2.5x107
3.8x107°
3.2x10°°
2.5x107
2x107%
3.5x107°
3.7x10°®
1.8x107™
8.5x107°
1x107%
1.8x107™
1.9x107
3x107
5.6x107%
1.3x107®
45x107%
2x107%3
6.6x107°
2.0x10
3x107
4.2x10®
8.0x107
2.0x107°
1.0x10°%
2.8x107°
5.0x10™
1.8x10™°
1.1x10™
1.2x10°7
3.0x10°®
8.5x107
6.0x10™
1.4x10°°
%107
1.5x107
1.0x10™%
1.1x107%
2.2x10°°
2.5x107°
3.2x107"
3.4x10°°
1.7x107*
6.5x10°°
6.3x107%
1.4x107%
1.4x10™
1.2x107Y
2.7x10°8
9.0x10%



5. Complex lon formation Constants for Selected Compounds at 25 °C

No. |Formula

1

2

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

[Ag(CN),]
[Ag(EDTA)™
[Ag(en),]"
[Ag(NH;)I"
[Ag(NH;),]"
[Ag(S,05),1"
[Ag(SCN),1™
[AgCl,I”
[AI(EDTA)]”
[AI(OH),]”
[Al(ox);]*
[AIF,]”
[AIF¢]*
[Au(CN),]”
[AuCl,]”
[BeF,]*
[CA(CN),1*
[Cd(en)s]™
[Cd(NH3),1**
[Co(EDTA)]”
[Co(EDTA)]*
[Co(en)s]**
[Co(en)s]™
[Co(NH3)¢]**
[Co(NH,)¢]**
[Co(ox);]*
[Co(ox);]*
[Co(SCN),]*
[Cr(EDTA)]”
[Cr(OH),I
[Cu(CN),]"
[Cu(CN),]*
[Cu(EDTA)]*
[Cu(en),]**

K¢
5.6x10"®
2.1x10’
5.0x10’
1.6x10°
1.6x10’
1.7x10"
1.2x10"°
2x10°
1.3x10"°
1.1x10%
2x10"°
2.0x10°
2.5x10"
2x10%
2x10?"
1.3x10"
6.0x10"®
1.2x10%
1.3x10’
1x10%
2.0x10'"°
8.7x10"
4.9x10*
1.3x10°
4.5x10>
1x10%°
5x10’
1.0x10°
1x10%
8x10%
1.0x10"
1x10”
5x10"

1x10%

No.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Formula
[Cu(NH;),]"
[Cu(NH3),I**
[Cu(OH),1*
[Cu(ox),]*
[CuCly)*
[CuCl,]*
[Fe(CN)g*
[Fe(CN)¢]*
[Fe(EDTA)]”
[Fe(EDTA)]*
[Fe(en)s]**
[Fe(ox);]*
[Fe(ox);]*
[Fe(SCN)]**
[Hg(CN),]*
[Hg(EDTA)*”
[Hg(en),)”
[Hg(ox),1"
[HgCl)]*
[Hgl,]*
[Ni(CN),J*~
[Ni(EDTA)]*
[Ni(en)]*"
[Ni(NH3)e]**
[Ni(ox)s]"
[Pb(EDTA)]>
[Pb(OH),]”
[Pb(ox),]*
[Pb(S,05)]"
[PbCl,]”
[Pbl,]*
[Pt(NH,)e]™"
[Ptcl,]*

[Sn(OH);]"

K¢
6.3x10"
1.1x10"
1.3x10"
3x10°
5x10°
4x10°
1x10*
1x10%
1.7x10**
2.1x10™
5.0x10°
2x10%°
1.7x10°
8.9x10°
3x10™
6.3x10°
2x10”
9.5x10°
1.2x10"
6.8x10%
2x10*
3.6x10"
2.1x10%
5.5x10°
3x10°
2x10™
3.8x10"
3.5x10°
2.2x10°
2.4x10"
3.0x10*
2x10%
1x10*°

3x10%

No.

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

Formula
[Zn(CN),1*
[Zn(EDTA)]>
[Zn(en)s]**
[Zn(NH;),]**
[Zn(OH)]*

[Zn(ox)]*

K¢

1x10"
3x10™
1.3x10"
4.1x10°
4.6x10"

1.4x10°



APPENDIX

THERMODYNAMIC QUANTITIES
FOR SELECTED SUBSTANCES
AT 298.15 K (25 °C)

AH; AG; s° AH; AG; s°
Substance (kj/mol) (kj/mol) (j/mol-K) Substance (kj/mol) (kj/mol) (i/mol-K)
Aluminum C,H,(8) 226.77 209.2 200.8
Al(s) 0 0 28.32 CoHa(g) 52.30 68.11 219.4
AICI;(s) ~705.6 ~630.0 109.3 C,Hq(g) ~84.68 ~32.89 229.5
ALOy(s) ~1669.8 ~1576.5 51.00 C;3Hy(g) ~103.85 ~23.47 269.9
Barium C4Hio(8) ~124.73 ~15.71 310.0
Ba(s) 0 0 632 CaHio(1) ~147.6 ~15.0 231.0
BaCOs(s) ~1216.3 ~1137.6 12.1 CoHs(8) 82.9 129.7 269.2
BaO(s) ~553.5 ~525.1 70.42 CoHe(1) 49.0 124.5 172.8
CH,0H(g) ~201.2 ~161.9 237.6
Beryllium CH,0H(1) ~238.6 ~166.23 126.8
Be(s) 0 0 9-44 C,H;OH(3) ~235.1 ~168.5 282.7
BeO(s) ~608.4 —579.1 13.77 C,H;OH(1) ~277.7 ~174.76 160.7
Be(OH),(s) ~905.8 -817.9 50.21 CoHLOu(s) 70 o104 o1
Bromine CO(9) —110.5 -137.2 197.9
Br(g) 111.8 82.38 174.9 CO,(g) ~393.5 ~394.4 213.6
Br(aq) —120.9 -102.8 80.71 CH;COOH (1) —487.0 -392.4 159.8
By(g) 30.71 314 245.3 Cesium
Br(1) 0 0 152.3 Cs(g) 76.50 49.53 175.6
HBr(3) ~36.23 ~53.22 198.49 csth 509 0.03 92,07
Calcium Cs(s) 0 0 85.15
Ca(g) 179.3 145.5 154.8 CsCI(s) ~442.8 —414.4 101.2
Caf(s) 0 0 41.4 Chlorine
CaCOs(s, calcite) -1207.1 —1128.76 92.88 g 121.7 105.7 165.2
CaCly(s) ~795.8 ~748.1 104.6 Ol tag) 672 312 65
CaFy(s) ~1219.6 ~1167.3 68.87 Che) o o 22296
Ca0(s) ~635.5 ~604.17 39.75 HClag) 1672 312 65
Ca(OH),(s) 9862 ~898.5 834 HCI(g) ~92.30 ~95.27 186.69
CaSO4(s) ~1434.0 ~1321.8 106.7
Chromium
Carbon Cr(g) 397.5 352.6 174.2
c(® 718.4 672.9 158.0 Cxs) o o 936
C(s, diamond) 1.88 2.84 2.43 Cr,04(s) _1139.7 10581 81.2
C(s, graphite) 0 0 5.69
CCly(g) ~106.7 ~64.0 309.4 Cobalt
cCly(l) ~139.3 ~68.6 214.4 Cog) 439 393 179
CEy(g) ~679.9 ~635.1 262.3 Cols) 0 0 28.4
CH,(g) ~74.8 -50.8 186.3

1088




Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C) 1089

AHf AGy AHf AGy
Substance (kj/mol) (kj/mol) (i/mol-K) Substance (kj/mol) (kj/mol) (i/mol-K)
Copper Li*(aq) —278.5 —273.4 12.2
Cu(g) 338.4 298.6 166.3 Li*(g) 685.7 648.5 133.0
Cu(s) 0 0 33.30 LiCI(s) -408.3 -384.0 59.30
CuCl,(s) —205.9 -161.7 108.1 Magnesium
CuO(s) —-156.1 —-128.3 42.59 Me(s) 71 2.5 1486
Cu,0(s) -170.7 ~147.9 92.36 Me(s) 0 0 32,51
Fluorine MgCl,(s) —641.6 —592.1 89.6
F(g) 80.0 61.9 158.7 MgO(s) -601.8 -569.6 26.8
F(aq) -332.6 -278.8 -13.8 Mg(OH),(s) -924.7 -833.7 63.24
E(8) 0 0 2027 Manganese
HEF(g) —268.61 —270.70 173.51 Mn(g) 280.7 238.5 173.6
Hydrogen Mn(s) 0 0 32.0
H(g) 217.94 203.26 114.60 MnO(s) —385.2 -362.9 59.7
H(aq) 0 0 0 MnO,(s) -519.6 —464.8 53.14
H*(g) 1536.2 1517.0 108.9 MnOy (aq) —541.4 —447.2 191.2
Ha(g) 0 0 130.58 Mercury
Iodine Hg(g) 60.83 31.76 174.89
1(9) 106.60 70.16 180.66 Hg() 0 0 77.40
I(g) -55.19 —51.57 111.3 HgCl,(s) -230.1 -184.0 144.5
I(g) 62.25 19.37 260.57 Hg,Cly(s) —264.9 -210.5 192.5
Io(s) 0 0 116.73 Nickel
HIg) 25.94 1.30 206.3 Ni(g) 429.7 384.5 182.1
Iron Ni(s) 0 0 29.9
Fe(g) 415.5 369.8 180.5 NiCl,(s) -305.3 —-259.0 97.65
Fe(s) 0 0 2715 NiO(s) —239.7 —211.7 37.99
Fe?* (aq) —-87.86 —-84.93 113.4 Nitrogen
Fe** (aq) —47.69 —10.54 293.3 N(g) 472.7 455.5 153.3
FeCly(s) —341.8 -302.3 117.9 N,(3) 0 0 191.50
FeCly(s) —400 —-334 142.3 NH;(aq) -80.29 ~26.50 11.3
FeO(s) -271.9 —255.2 60.75 NH;(g) —46.19 ~16.66 192.5
Fe,0s(s) -822.16 ~740.98 89.96 NH,* (aq) _132.5 _7931 113.4
Fe30,(s) -1117.1 -1014.2 146.4 N,H,4 () 95.40 159 4 238.5
FeS,(s) -171.5 -160.1 52.92 NH,CN(s) 0.4 . .
Lead NH,CI(s) —314.4 —203.0 94.6
Pb(s) 0 0 68.85 NH;NOs(s) —-365.6 —-184.0 151
PbBr,(s) —277.4 —260.7 161 NO() 90.37 86.71 210.62
PbCO;(s) -699.1 —625.5 131.0 NO,(8) 33.84 51.84 240.45
Pb(NO;),(aq) -421.3 —246.9 303.3 N,O(8) 81.6 103.59 220.0
Pb(NO;),(s) —451.9 — — N,04(8) 9.66 98.28 304.3
PbO(s) —217.3 —187.9 68.70 NOCI() 52.6 66.3 264
Lithium HNOs(aq) -206.6 -110.5 146
Li(g) 159.3 126.6 138.8 HNO;(g) -134.3 ~73.94 266.4
Li(s) 0 0 29.09
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Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C)

AH; AG; s AH; AG; s°
Substance (kj/mol) (kj/mol) (i/mol-K) Substance (kj/mol) (kj/mol) (i/mol-K)
Oxygen Scandium
0(g) 247.5 230.1 161.0 Sc(9) 377.8 336.1 174.7
0,(3) 0 0 205.0 Sc(s) 0 0 34.6
05(3) 142.3 163.4 237.6 Selenium
OH(aq) ~230.0 ~157.3 -10.7 H,Se(s) 29,7 159 219.0
H,0(g) ~241.82 ~228.57 188.83
H,0(1) ~285.83 ~237.13 69.91 Silicon
H,0,(g) ~136.10 ~105.48 232.9 S18) 368.2 3239 167.8
H,0,(I) ~187.8 ~120.4 109.6 Si(s) 0 0 18.7
SiC(s) ~73.22 ~70.85 16.61
Phosphorus SiCly(I) ~640.1 ~572.8 239.3
P(g) 316.4 280.0 163.2 Si0,(s, quartz) ~910.9 ~856.5 41.84
Py(8) 144.3 103.7 218.1
Silver
P4(3) 58.9 24.4 280
Ag(s) 0 0 42.55
Py(s, red) —17.46 -12.03 22.85
Agt(aq) 105.90 77.11 73.93
P4(s, white) 0 0 41.08
AgCl ~127.0 ~109.70 96.11
PCLy(3) ~288.07 ~269.6 3117 gCle)
Ag,0 ~31.05 ~11.20 121.3
PCLy (1) ~319.6 ~272.4 217 820(5)
AgNOs(s) ~124.4 ~33.41 140.9
PF5(g) ~1594.4 ~1520.7 300.8
PH3(g) 5.4 13.4 210.2 Sodium
P,04(s) —1640.1 — — Na(g) 107.7 77.3 153.7
P4010(5) —2940.1 —2675.2 228.9 Na(s) 0 0 51.45
POCl5(g) —542.2 —-502.5 325 Na*(aq) —240.1 —-261.9 59.0
POCl4(1) ~597.0 ~520.9 222 Na*(g) 609.3 574.3 148.0
H3PO,4(aq) ~1288.3 ~1142.6 158.2 NaBr(ag) ~360.6 ~364.7 141.00
, NaBr(s) ~361.4 ~349.3 86.82
Potassium
~1130.9 ~1047.7 136.0
K(g) 89.99 61.17 160.2 Na;COs(s)
KGs) 0 0 6467 NaCl(aq) ~407.1 ~393.0 115.5
K*(a) 2524 2833 1025 NaCl(g) ~181.4 ~201.3 229.8
K*(g) 142 1812 1545 NaCl(s) ~410.9 ~384.0 72.33
NaHCOs(s) ~947.7 ~851.8 102.1
KCI(s) ~435.9 ~408.3 82.7
KCIOs(s) ~391.2 ~289.9 143.0 NaNO;(aq) —446.2 —372.4 207
KCIOs(aq) 3495 9849 2657 NaNO;(s) ~467.9 ~367.0 116.5
K,COs(s) ~1150.18 ~1064.58 155.44 NaOH(aq) —469.6 —419.2 49.8
KNOs(s) ~492.70 ~393.13 132.9 NaOH(s) —425.6 —379.5 64.46
K,0(s) 3632 3001 9414 Na,S04(s) ~1387.1 ~1270.2 149.6
KOy(s) —284.5 —240.6 122.5 Strontium
K205(s) ~495.8 ~429.8 113.0 STO(s) ~592.0 ~561.9 54.9
KOH(s) —4247 ~378.9 78.91 Sr(g) 164.4 110.0 164.6
KOH(aq) ~482.4 ~440.5 91.6 Sulfur
Rubidium S(s, thombic) 0 0 31.88
Rb(g) 85.8 55.8 170.0 Ss(3) 102.3 49.7 430.9
Rb(s) 0 0 76.78 SO,(g) ~296.9 ~300.4 248.5
RbCI(s) ~430.5 ~412.0 92 SO5(g) ~395.2 ~370.4 256.2
RbClO;(s) ~392.4 ~292.0 152 SO2 (aq) -909.3 ~744.5 20.1
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AH; AG; s° AH; AG; s°
Substance (kj/mol) (kj/mol) (i/mol-K) Substance (kj/mol) (kj/mol) (i/mol-K)
SOCl,(I) —245.6 — — Vanadium
H,S(8) -20.17 —-33.01 205.6 V(g 514.2 453.1 182.2
H,S04(aq) -909.3 —744.5 20.1 V(s) 0 0 28.9
H,S0,4(1) —814.0 —689.9 156.1 .
Zinc
Titanium zZn(g) 130.7 95.2 160.9
Ti(g) 468 422 180.3 7n(s) 0 0 41.63
Ti(s) 0 0 30.76 ZnCly(s) —415.1 ~369.4 111.5
TiCl ~763.2 —~726.8 354.9
iCly(8) ZnO(s) —348.0 -318.2 43.9
TiCly(1) —804.2 —-728.1 221.9
TiO,(s) —944.7 —889.4 50.29




6. Standard Reduction Half-Cell Potentials at 25 °C.
ALPHABETICAL (Note: All species are in their "aq" state except otherwise noted.) Revision 11/17

© ©® N O A ®WN PR

O OO o g U o0y oo o o0 g b b B D DSBS D DS DD DWW W WWWwWwWWWNNDNDNDDNDNDNDDNDNDNDNDNREERPR R R REPR R R P BB
N P O © 0 N O O B W NP O O 0N O O W NP O O 00N O O W NP O O 0 ~NO O B WNP O O 0WNO OB WNDN P O

. |Reduction Half-Cell

Ag(CN), +e
Ag'+e”

Ag,0(s) + 2H" + 2e”
Ag,0(s) + H,O + 2e~
Ag,S(s) + 2H" + 2e”
Ag,S(s) + 2e”
AgCI(s) +

Al(OH)s(s ) +3e’
A +3e”

2AsO,?
Au+e”

AU +3e”

AuCl,” +e”

AuCl,” + 3e”

Br,(l) + 2e”

2BrO™ + 4H" + 2e”
BrO™ + H,0O + 2e~
2BrO™ + 2H,0 + 2e”
Ca(OH),(s) + 2e~
Ca?" +2e”

Ccd™ +2e”

Cly(aq) + 2e”

ClO™ +H,0 + 2e~
2CIO™ + 2H,0 + 2e”
ClO,” +H,0 + 2e

2ClO;™ + 12H" + 10e”

ClO;” +3H" + 2e”

2ClO,” + 16H" + 14e”

Clo, +2H" +2e”
CO,(g) + 2H" + 2e~
CO,(g) + 2H" + 2e~
2C0O,(g) + 2H" + 2e”
Co* +2e”

cr* +2e”

Cr,0/% + 14H" + 6e”
Cr,0/% + 10H" + 6e”
Cr,0,*
crt +3e

cr¥+e”

CrO,> +2H" +3e”
CrO,> +4H" + 3e”
Cr0,% +4H,0 + 3¢~
Cu(NH,), > + 2e‘
Cu(NH,),"

Cu(NHa), 2 +

Cu' +e”

Cu® +2e”

2Cu*" + H,0 + 2¢e”
F(g) + 2H" + 2~
Fa(9) + 27
Fe(OH),(s) + 2e”
Fe? +2e”

Fe¥ +e”

Fe® +3e”

2H" + 2e”

Ha(g) + 2e”

2H,0 + 2¢”

H,0, + 2H" + 2¢”
2HBrO + 2H" + 2e”
2HCIO + 2H" + 2¢”
2Hg* + 2e”

Ho?* +2e”

T+ 10H" +4e”

+14H" + 12e”

T O A o o A A O O O

Ag(s) + 2CN”~
Ag(s)

2Ag(s) + H,0O
2Ag(s) + 20H
2Ag(s) + H,S(9)
2Ag(s) + S*
Ag(s) + CI
Al(s) + 30H"
Al(s)

As,05(s) + 5H,0
Au

Au(s)

Au(s) + 2CI-
Au(s) + 4CI°
2Br-

Br,(l) + 2H,0
Br~ +20H"
Br,(l) + 40H"
Ca(s) + 20H™
Ca(s)

Cd(s)

2CI-

Cl” +20H"
Cly(g) + 40H"
CIO™ + 20H
Cly(g) + 3H,0
HCIO, + H,0
Cly(g) + 8H,0
ClO;™ + H,0
CO(g) + H,0
HCOOH
H,C,0,

Co(s)

Cr(s)

2¢r* + 7H,0
2Cr(OH)," + 3H,0
2Cr(s) + 7H,0
Cr(s)

Cr2+

CrO;* + H,0
CrO,” +2H,0

Cr(OH)4(s) + 50H™

Cu(s) + 4NH,
Cu(s) + 2NH,4
Cu(NH,)," + 2NH,
Cu(s)

Cu(s)

Cu,0(s) + 2H"
2HF(aq)

2F

Fe(s)+ 2 OH™
Fe(s)

Fe2+

Fe(s)

H,

2H

H,(g) + 20H"
2H,0

Br,(l) + 2H,0
Cly(g) + H,0
H922+

Hg(l)

E,V
-0.31
0.792
1.173
0.342
-0.036
0.712
0.228
2.31
-1.662
1.27
1.69
1.5
1.154
1.002
1.065
2.09
0.76
0.45
-3.03
-2.866
-0.403
1.39
0.89
0.4
0.66
1.47
1.21
1.39
1.19
0.12
0.2
-0.49
-0.277
-0.91
1.33
1.14
0.29
-0.744
-0.408
0.36
0.95
-0.13
-0.07
0.12
-0.01
0.521
0.34
0.2
3.06
2.87
-0.88
-0.44
0.771
-0.04
0.000
2.25
-0.83
1.776
1.59
1.63
0.907
0.854

No.
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

Reduction Half-Cell
Hg,”" + 2e”
HO,™ +H,0 + 2e”
1,(s) + 2e”
K'+e”
Li"+e”
Mg(OH),(s) + 2e”
Mg?* +2e”
Mn(OH),(s) + 2e~
Mn®* + 2e”
MnO,(s) + 4H" + 2e”
MnO,” + 4H"+ 3e”
MnO,” + 2H,0 + 3e”
MnO,” + 8H" + 5¢”
N,(g) + 8H" + 6e”
N,(g) + 6H" + 6e”
N,(g) + 4 H,0O + 4e~
Na"+e”
NiZ* + 2e”
NiOOH + H,O + e~
2NO(g) + 4H" + 4e”
2NO,™ +8H' + 6e”
NO,™ + 7H" + 6e”
NO,(g) + H' +e”
NO,(9) + €
NO;™ +4H" +3e”
NO;™ + H,0 + 2e”
0,(g) + 4H" + 4e”

0,(g) + 2H" + 2¢”
0,(g) + 2H,0 + 4e”
0O,(9) + H,0 + 2e”
0,(g) + 2H,0 + 4e”
O,(g) +
04(g) + 2H" + 2e”
0O4(g) + 6H" + 6e”
05(g) + H,O + 2e”
OH+e

Pb? +2e”
PbyO,(s) + 8H" + 2e”
Pb3O,(s) + H,O + 2e~
PbO(s) + 2H" + 2e”
PbO(s)+ H,O + 2e”~

T

QL 8

PbO,(s) + 4H" + SO,2” + 2¢”

PbSO, + 2e”

Pd®* +2e”

Pt + 2"

S(s) + H" +2e”
S(s) + 2e”

S,045 +2¢”

Sn?* +2e”

SO,(g) + 4H" + 4e”
S0.% +6H" + 6e”
2S0,% +6H" + 4e”
S0,% + 10H" + 8e~
SO,” +4H" +2e”
Ti?" +2e”

TiO,(S) + 4H" + 2e”
Zn(NHj),*" + 2e”
Zn(OH),(s) + 2e~
Zn* +2e”

Zn0O,>” + 4H" +2e”
Zn0,”” + 2H,0 + 2¢”
ZnS(s) + 2e”

T O A o o A A O O O

2Hg(l)
30H”

217

K(s)

Li(s)

Mg(s) + 20H"
Mg(s)

Mn(s) + 20H"
Mn(s)

Mn?* + 2H,0
MnO,(s)+ 2 H,0
MnO,(s) + 40H"
Mn?* + 4H,0
2NH,"
2NH;(9)
N,O,+ 4 OH"
Na(s)

Ni(s)

Ni(OH), + OH"
N2(9) + 2H,0
N2(9) + 4H,0
NH;(g) + 2H,0
HNO,

NO,”

NO(g) + 2H,0
NO,” +20H"
2H,0

H,0,

40H™

HO,™ + OH"
H,0, + OH"
0,

O,(g) + H,0
3H,0

0O,(g) + 20H
OH~

Pb(s)

3Pb% + 3H,0
3PbO(s) + 20H™
Pb(s) + H,O
Pb) +2 OH”
PbSO,(s) + 2H,0
Pb(s) + SO,*"
Pd(s)

Pt(s)

HS™

s

280,%

Sn(s)

S(s) + 2H,0
S%" +3H,0
S,0,°” + 3H,0
H,S(g) + 4H,0
H,SO; + H,0
Ti(s)

Ti** + H,0
Zn(s) + 4NH,
Zn(s) + 20H"
Zn(s)

Zn(s) + 2H,0
Zn(s) + 40H"
Zn(s) + S*

E,V
0.776
0.88
0.535
-2.925
-3.045
-2.69
-2.363
-1.55
-1.18
1.23
1.695
0.588
151
0.275
0.057
-1.16
-2.714
-0.25
0.49
1.678
1.52
0.789
1.093
0.893
0.96
0.1
1.23
0.682
0.401
0.076
-0.146
-0.56
2.07
1.501
1.24
14
-0.126
2.094
0.249
0.249
-0.58
1.685
-0.35
0.987
1.2
-0.065
-0.476
2.05
-0.136
0.451
0.231
0.705
0.303
0.172
-1.63
-0.502
-1.04
-1.245
-0.763
0.441
-1.216
-1.4



7. Standard Reduction Half-Cell Potentials at 25 °C.
Voltage Sorted (Note: All species are in their "aq" state except otherwise noted.) Revision 11/17
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. |Reduction Half-Cell

F,(g) + 2H" + 2e”
Fy(9) + 2e”

Pb3O,(s) + 8H" + 2e”
2BrO™ + 4H" + 2~
05(g) + 2H" + 2~
S,04° +2e”

H,0, + 2H" + 2e”
MnO,” + 4H"+ 3e”
Au +e”

PbO,(s) + 4H" + SO,* + 2¢”

2NO(g) + 4H" + 4e”
2HCIO + 2H" + 2e~
2HBrO + 2H" + 2e”
2NO,” + 8H" + 6e”
MnO, + 8H" + 5e~
0O4(g) + 6H" + 6e”
AU +3e”

2CI0;” + 12H" + 10e”
OH +e”

Cly(aq) + 2e”

2CI0,” + 16H" + 14e”
Cr,0,% + 14H" + 6~
2AsO,* + 10H" + 4e”
05(g) + H0 +2e”
MnO,(s) + 4H" + 2e~
0,(g) + 4H" + 4e”
ClO;™ + 3H" + 2e”
Pt + 27

Clo,” +2H" + 2e”
Ag,0(s) + 2H" + 2e”
AuCl,” + e

Cr,0,% + 10H" + 6e”
NO,(g) +H" +e”
Bry(l) + 2e”

AuCl,” + 3e”

Pd* + 2e”

NO;™ + 4H" + 3e”
Cro,Z +4H" + 3e”
2Hg* + 2e”

NO,(g) + e~

ClO™ + H,0O + 2e”
HO,™ + H,0 + 2e”
Hg?" + 2~

Ag'+e”

NO,” + 7H" + 6e”
Hg,?" + 2e”

Fe¥ +e”

BrO™ + H,0 + 2e”
250,% + 6H" + 4e”
0,(g) + 2H" + 2~
ClO,” + H,0 + 2e”
Ix(s) + 2e”

MnO,” + 2H,0 + 3¢~
Cu'+e”

NiOOH + H,0 + e~
SO,(g) + 4H" + 4e”
2BrO™ + 2H,0 + 2e”
Zn0,% + 4H" + 2e”
0,(g) + 2H,0 + 4e”
2CIO™ + 2H,0 + 2e”
Cro,2 + 2H" +3e”
Ag,0(s) + H,0 + 2e”

R O o O 2 S O O s A O

2HF(aq)

2F

3Pb?" + 3H,0
Bry(l) + 2H,0
O,(9) + H,0
280,%

2H,0

MnQ,(s)+ 2 H,0O
Au

PbSO,(s) + 2H,0
N,(9) + 2H,0
Cly(g) + H,0
Bry(l) + 2H,0
N,(g) + 4H,0
Mn?* + 4H,0
3H,0

Au(s)

Cl,(g) + 3H,0
OH™

2CI

Cl,(g) + 8H,0
2Cr*" + 7H,0
As,05(s) + 5H,0

0,(g) + 20H
Mn?* + 2H,0
2H,0

HCIO, + H,0O
Pt(s)

ClO;” + H,0
2Ag(s) + H,O
Au(s) + 2CI"
2Cr(OH)," + 3H,0
HNO,

2Br~

Au(s) + 4CI°
Pd(s)

NO(g) + 2H,0
CrO, + 2H,0
H922+

NO,”

ClI” + 20H
30H"

Ha())

Ag(s)

NH;(g) + 2H,0
2Hg()

Fe2+

Br + 20H"
$,0,% + 3H,0
H,0,

ClO™ + 20H™
217

MnO,(s) + 40H~
Cu(s)

Ni(OH), + OH™
S(s) + 2H,0
Bry(l) + 40H"
Zn(s) + 2H,0
40H"

Cly(g) + 40H™
Cro;* + H,0

2Ag(s) + 20H"

E,V
3.06
2.87
2.094
2.09
2.07
2.05
1.776
1.695
1.69
1.685
1.678
1.63
1.59
1.52
151
1.501
15
1.47
14
1.39
1.39
1.33
1.27
1.24
1.23
1.23
121
1.2
1.19
1.173
1.154
1.14
1.093
1.065
1.002
0.987
0.96
0.95
0.907
0.893
0.89
0.88
0.854
0.792
0.789
0.776
0.771
0.76
0.705
0.682
0.66
0.535
0.588
0.521
0.49
0.451
0.45
0.441
0.401
0.4
0.36
0.342

No.
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

Reduction Half-Cell
Cu” +2e”

S0,% + 10H" + 8¢~
Cr,0,% + 14H" + 12e”
Ny(g) + 8H" + 6e”
Pb3O,(s) + H,O + 2e”
PbO(s) + 2H" + 2e”
S0,% +6H" + 6e”
AgCI(s) + e~

2Cu?" + H,0 + 2~
SO,% +4H" +2e”
NO;™ + H,0 + 2e~
0,(g) + H,O + 2e”
Ny(g) + 6H" + 6e”
2H" + 2e”
Cu(NHa), 2" +e”
Ag,S(s) + 2H" + 2e”
Fe®" + 3e”

S(s) + H" + 2e”
Cu(NHa) > + 2~
CO,(g) + 2H" + 2~
Cu(NH,)," +e”
Pb* + 2e”

Cro,% + 4H,0 + 3¢~
sn* +2e”

0,(g) + 2H,0 + 4e”
CO,(g) + 2H" + 2e”
Ni#* + 2~

Co®" +2e”
Ag(CN); +e”
PbSO, + 2e”

Cd* +2e”
cr¥+e”

Fe?" + 2e”

S(s) + 2e”

2C0,(g) + 2H" + 2~
TiO,(s) + 4H" + 2e”
Ox(g) +e”

PbO(s)+ H,0O + 2e”
Ag,S(s) + 2e”

cr +3e”

Zn* +2e”

2H,0 + 2e”
Fe(OH),(s) + 2e”
cr’t +2e”
Zn(NH3),”* + 2e”
N,(g) + 4 H,0 + 4e”
Mn?" + 2~

Zn0,% + 2H,0 + 2e~
Zn(OH),(s) + 2e”
ZnS(s) + 2e”
Mn(OH),(s) + 2e”
Ti* + 2e”

AP+ 3e”

Ha(9) + 26~
Al(OH)3(s) + 3e”
Mg?* + 2e”
Mg(OH),(s) + 2e”
Na" +e”

ca® +2e”

K"'+e”

Ca(OH),(s) + 2e~
Li"+e”

R O o O 2 S O O s A O

Cu(s)

H,S(g) + 4H,0
2Cr(s) + 7H,0
2NH,"

3PbO(s) + 20H"
Pb(s) + H,O

$% +3H,0
Ag(s) + CI”
Cu,O(s) + 2H"
H,SO; + H,O
NO,”™ + 20H"
HO, + OH™
2NH;(9)

H,

Cu(NH,)," + 2NH,4
2Ag(s) + HS(9)

Fe(s)

HS™

Cu(s) + 4NH;
CO(g) + H,O
Cu(s) + 2NH;
Pb(s)
Cr(OH)4(s) + 50H"
Sn(s)

H,0, + OH"
HCOOH

Ni(s)

Co(s)

Ag(s) + 2CN”
Pb(s) + SO,*
Cd(s)

Cr2+

Fe(s)

s

HZCZOA

Ti** + H,0
0,

Pb, + 2 OH”
2Ag(s) + $*
Cr(s)

Zn(s)

H,(g) + 20H~
Fe(s)+ 2 OH"
Cr(s)

Zn(s) + 4NH;
N,O,+ 4 OH™
Mn(s)

Zn(s) + 40H"
Zn(s) + 20H"
Zn(s) + $*
Mn(s) + 20H"
Ti(s)

Al(s)

2H"

Al(s) + 30H~
Mg(s)

Mg(s) + 20H~
Na(s)

Caf(s)

K(s)

Ca(s) + 20H

Li(s)

A
0.34
0.303
0.29
0.275
0.249
0.249
0.231
0.228
0.2
0.172
0.1
0.076
0.057
0.000
-0.01
-0.036
-0.04
-0.065
-0.07
-0.12
-0.12
-0.126
-0.13
-0.136
-0.146
02
-0.25
-0.277
-0.31
-0.35
-0.403
-0.408
-0.44
-0.476
-0.49
-0.502
-0.56
-0.58
-0.712
-0.744
-0.763
-0.83
-0.88
-0.91
-1.04
-1.16
-1.18
-1.216
-1.245
1.4
-155
-1.63
-1.662
-2.25
231
-2.363
-2.69
2714
-2.866
-2.925
-3.03
-3.045



Some general chemistry constants and equations, you may nheed:

P.V=n.R.T (ideal gas law) c: speed of light =2.998 x 108 m/s
K=°C+273.15 h: Planck’s constant = 6.626 x 03* J.s/photon
F=(1.8)(°C) + 32 1 amu =1.66054 x 10%" kg

Faraday’s constant: 96485 C/mol e’ 1 e charge =1.60218 x 10 C

Kw=1.0x 10" at 25 °C 1amu=931.5 MeV

E=h.c/A and E=h.v 1eV=1.60217x10")

Quadratic equation: ax*> + bx + c =0 1 neutron mass = 1.67493 x 10% kg
Quadratic Roots: x = [- b + (b*4ac)"?]/(2a) 1 proton mass = 1.67262 x 10" kg
Avogadro’s no: 6.022 x 10 count.mol™ g = 9.807 m/s?(acceleration due to gravity)

R=0.082057 L.atm.mol*.K*?
R =8.3144 J.molt.K?

Solutions

Note: You should know concentration unit definitions: m, M, %(vol), %(mass), ppm, ppb, ppt
Gas solubility in water (Henry’s Law): Ca=Ky.Pa

Colligative properties (i = van’t Hoff factor for an ionic solute!)

Boiling/freezing: ATp = Kp.m.i ATs= Ke.m.i
Osmotic pressure: m.V=inRT AVp = i Xsolute- P20 (NnON-volatile solute)
Two volatile liquids: Pa=Xa.P° Ps=Xz.P% Pa+Pg=Pt (P°: Pure liquid vapor pressure)
Xa+Xp=1 (liquid) Ya+Yp=1 (gas)
Ligand Spectrochemical series
(Strong-field) CN™>NO, >en>NHs>.............H,O>0H™>F >CI™>Br™>I" (weak-field)
Kinetics
Order Integrated form Half-Life
0 [Ale=-k.t + [A]o ti2=[Alo /(2k)
1 In[A]: = - k.t + In[A], or In [A]y/[Alo = -kt t12 = 0.693/k
2 1/[Al = k.t + 1/[Al, t1/2=1/(k[A]o)

k = Ae®/RT or Ink =-Ea/(R.T)+InA
In (ka/k1) = (-Ea/R)(1/T2>-1/T1) (note: lower case “k” is used for rate constant)

Equilibrium
Kp = Kc.(RT)Ane R =0.08206 L.atm.mol*.K?

Acid-Base

Ka . Kp = Ky

pH = pK, + log [base]/[acid]
pK = -logK

Thermodynamics

AS = Qrev/T AG®= —R.T.In Keq

ASuniy =ASgys + ASsur InKeq = —AH°/(RT) + AS°/R
AG° = AH® —T. AS° In(K2/K1) = -AH°/R(1/T>-1/T1)
AG =AG°+R.T.InQ R =8.3144 J.mol1.K!

Electrochemistry

AG=-n.F.E
AG®° =—n.F.E°
E°=R.T/ (n.F) In Keq OF
At 259C: E°=(0.02569V /n).In Keq (V is the volts unit)
or E°=(0.05916 V/ n) . log Keq (In=2.3026 log)
E=E°-RT/(n.F)InQ or
At25°C. E=E°-(0.05916V/n).logQ Faraday’s constant: 96485 C/mol e’

Thermodynamic Quantities for Selected Substances




Periodic Table of the Elements

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
A A MA IVA VA VIA VIA VIIA
1 2
H He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B N (0) F Ne
6.939 | 9.012 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na | Mg Al | Si P S | Cl | Ar
22,99 | 24.31 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K |Cda|Sc | Ti |V |Cr | Mn|Fe | Co|Ni |[Cu|Zn|Ga | Ge| As | Se | Br | Kr
39.10 | 40.08 | 44.96 | 47.90 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.71 | 63.55 | 65.39 | 69.72 | 72.59 | 74.92 | 78.96 | 79.91 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr | Y | Zr [Nb | Mo | Tc | Ru |Rh | Pd | Ag | Cd | In | Sn | Sb | Te I | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 (99) |101.07 | 102.91 | 106.4 | 107.87 | 112.40 | 114.82 | 118.69 | 121.75 | 127.60 | 126.90 | 131.30
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs |Ba|La*| Hf | Ta | W [ Re | Os | Ir | Pt | Au| Hg | Tl | Pb | Bi | Po | At | Rn
132.90 | 137.34 | 138.91 | 178.49 | 180.95 | 183.85 | 186.21 | 190.2 | 192.2 | 195.09 | 196.97 | 200.59 | 204.37 | 207.19 | 208.98 | (210) | (210) | (222)
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr | Ra |Ac**| Rf | Db | Sg | Bh | Hs | Mt |Uun | Uuu | Uub Uuq Uuh Uuo
(223) | (226) | (227) | (261) | (262) | (263) | (262) | (265) | (269) | (269) | (272) | (277) (289) (289) (293)

58 59 60 61 62 63 64 65 66 67 68 69 70 71
* Ce | Pr [Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

140.12 | 140.91 | 144.24 | (147) | 150.35 | 151.96 | 157.25 | 158.92 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97

90 91 92 93 94 95 96 97 98 99 100 101 102 103
*'Th | Pa| U |[Np| Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No | Lr

232.04 | (231) |238.03 | (237) | (242) | (243) | (247) | (248) | (251) | (252) | (257) | (258) | (255) | (257)
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