Data section

Table 1 Thermodynamic data for organic compounds (all values relate to 298.15 K)

m/ AHE/ AG®/ Sl Com! AHEI
(@mol™) (kJ mol™") (kJ mol™1) (J K"2mol=1) (J K1 mol~1) (kJ mol~1)

C(s) (graphite) 12.011 0 0 5.740 8.527 —393.,51
C(s) (diamond) 12.011 +1.895 +2.900 2.377 6.113 —395.40
CO,(g) 44,010 —393.51 —394.36 213.74 37.11

Hydrocarbons

CH4(g), methane 16.04 —74.81 —50.72 186.26 35.31 —890
CHs(g), methyl 15.04 +145.69 +147.92 194.2 38.70

C»H»(g), ethyne 26.04 +226.73 +209.20 200.94 43.93 —1300
C»H4(g), ethene 28.05 +52.26 +68.15 219.56 43.56 —1411
C2Hg(9), ethane 30.07 —84.68 —32.82 229.60 52.63 —1560
C3Hg(g), propene 42.08 +20.42 +62.78 267.05 63.89 —2058
C3He(g), cyclopropane 42.08 —103.85 —23.49 269.91 73.5 —2220
CqHg(g), 1-butene 56.11 —0.13 +71.39 305.71 85.65 —2717
C4Hglg), cis-2-butene 56.11 —6.99 +65.95 300.94 78.91 —2710
C4Hg(g), trans-2-butene 56.11 -11.17 +63.06 296.59 87.82 —2707
CsH10(g), butane 58.13 —126.15 —17.03 310.23 97.45 —2878
CsH12(g), pentane 72.15 —146.44 —8.20 348.40 120.2 —3537
CsHyo() 72.15 —173.1

CeHe (), benzene 78.12 +49.0 +124.3 173.3 136.1 —3268
CeHela) 78.12 +82.93 +129.72 269.31 81.67 —3320
CeHy2(D), cyclohexane 84.16 —156 +26.8 156.5 —3902
CeH1a(D), hexane 86.18 —198.7 204.3 —4163
CeHsCHa(g),

methylbenzene (toluene) 92.14 +50.0 +122.0 320.7 103.6 —3953
C7H16(1), heptane 100.21 —224.4 +1.0 328.6 224.3

CgH1g(l), octane 114.23 —249.9 +6.4 361.1 —5471
CgHyg(l), iso-octane 114.23 —255.1 —5461
C10Hg(s), naphthalene 128.18 +78.53 —5157

Alcohols and phenols

CH5OH(1), methanol 32.04 —238.86  —166.27 126.8 81.6 -726
CH30H(g) 32.04 —200.66  —166.27 239.81 43.89 ~764
C,Hs0H(), ethanol 46.07 -277.69  —174.78 160.7 111.46 —-1368
C2Hs0H(g) 46.07 —-235.10  —168.49 282.70 65.44 —1409
CoHs0H(s), phenol 94.12 —165.0 -50.9 146.0 —3054

(continued)
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Tahle 1 (continued)
M/ AtH®! AiGS/ S/ Com™! AH®/
(g mol™) (kd mol™%) (kd mol™) (J K™ mol™%) (J K™1mol™1) (kJ mol™1)
Carboxylic acids, hydroxy acids, and esters
HCOOH(), formic 46.03 —424.72 —361.35 128.95 99.04 —255
CH3COOH(D, ethanoic 60.05 —484.3 —389.9 159.8 124.3 —875
CH3COOH(aq) 60.05 —485.76 —396.46 178.7
CH3CO, (aq) 59.05 —486.01 —369.31 86.6 —6.3
CH3(CO)COQH (D), pyruvic 88.06 —950
CH3(CH>,),CO0H(1), butanoic 88.10 —533.8
CH3C0OQC,Hs(1), ethyl acetate 88.10 —479.0 —332.7 259.4 170.1 —2231
(CO0H):(s), oxalic 90.04 —827.2 117 —254
CH3CH(OH)COOH(s), lactic 90.08 —694.0 —522.9 —1344
HOOCCH,CH,COOH(s), succinic 118.09 —940.5 —747.4 153.1 167.3
CeH5CO0H(s), benzoic 122.13 —385.1 —245.3 167.6 146.8 —3227
CH3(CH;)gCOO0H(s), decanoic 172.27 —713.7
CeHg04(s), ascorbic 176.12 —1164.6
HOOCCH,C(OH)(COOH)CH,COOH(s), 192.12 —1543.8 —1236.4 —1985
citric
CH3(CH3)10C00QH(s), dodecanoic 200.32 —774.6 404.3
CH3(CH3)14C00H(s), hexadecanoic 256.41 —891.5
C1aH3605(s), stearic 284.48 —947.7 501.5
Alkanals and alkanones
HCHO(g), methanal 30.03 —108.57 —102.53 218.77 35.40 —571
CH3CHO(D), ethanal 44.05 —=192.30 —128.12 160.2 —1166
CHsCHO(g) 44.05 —-166.19 —128.86 250.3 57.3 —1192
CH3COCH5(1), propanone 58.08 —248.1 —-155.4 200.4 124.7 —-1790
Sugars
CsH1005(s), p-ribose 150.1 —1051.1
CsH1005(s), p-xylose 150.1 —1057.8
CeH1204(s), @-D-glucose 180.16 —1273.3 —917.2 212.1 —2808
CeH1204(s), B-D-glucose 180.16 —1268
CeH1204(s), B-D-fructose 180.16 —1265.6 —2810
CeH1204(s), a-D-galactose 180.16 —1286.3 —918.8 205.4
Cq12H325071(s), sucrose 342.30 —2226.1 —1543 360.2 —5645
C12H22011(s), lactose 34230 —2236.7  —1567 386.2
Amino acids?
L-Glycine
solid 75.07 —528.5 —373.4 103.5 99.2 —969
aqueous solution 75.07 —469.8 —315.0 111.0
L-Alanine 89.09 —604.0 —369.9 129.2 122.2 —1618
L-Serine 105.09 —732.7 —508.8 149.2 135.6 —1455
L-Proline 115.13 —515.2 164.0 151.2
L-Valine 117.15 —617.9 —359.0 178.9 168.8 —2922
L-Threonine 119.12 —807.2 —550.2 152.7 147.3 —2053

1See Table 4 for the molecular structures of the amino acids. Unless otherwise noted, data relare

to the substance in the solid state.

(continued)
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Tahle 1 (continued)

M/ AH®/ AGS/ S Com! AHE/
(gmal™) (kd mol™)) (ki mol™» (U K~!mol™1) J K~! moal~1) (kJ mol-1)

Amino acids® (continued)

L-Cysteine 121.16 —534.1 —340.1 169.9 162.3 —1651
L-Leucine 131.17 —637.4 —347.7 211.8 200.1 —3582
L-Isoleucine 131.17 —637.8 —347.3 208.0 188.3 —3581
L-Asparagine 132.12 —789.4 —530.1 174.5 160.2 —530
L-Aspartic acid 133.10 —973.3 —730.1 170.1 155.2 —1601
L-Glutamine 146.15 —826.4 —532.6 195.0 184.2 —2570
L-Glutamic acid 147.13 —1009.7 —731.4 188.2 175.0 —2244
L-Methionine 149.21 —577.5 —505.8 231.5 290.0 —2782
L-Histidine 155.16 —466.7

L-Phenylalanine 165.19 —466.9 —211.7 213.6 203.0 —4647
L-Tyrosine 181.19 —685.1 —385.8 214.0 216.4 —4442
L-Tryptophan 204.23 —415.3 —119.2 251.0 238.1 —5628
L-Cystine 240.32 —1032.7 —685.8 280.6 261.9 —3032
Peptides

NH,CH,CONHCH,CQOOH(s), 132.12 —747.7 —487.9 180.3 164.0 —1972

glycylglycine
NH;CH(CH3;)CONHCH,COQOQOH, 146.15 —489.9 213.4 182.4 —2619

alanylglycine

Other nitrogen compounds

CH3NH,(g), methylamine 31.06 —22.97 +32.16 243.41 53.1 —1085
(NH2),C0(s), urea 60.06 —333.1 —197.33 104.60 93.14 —632
CeHsNH5(), aniline 93,13 +31.1 —3393
C4HsN50(s), cytosine 111.10 —221.3 132.6

CaH4N,05(s), uracil 112.09 —429.4

CsHeN505(s), thymine 126.11 —462.8 150.8

CsHsNs(s), adenine 135.14 +96.9 +299.6 151.1 147.0

CsHsNs0(s), guanine 151.13 —183.9 +47.4 160.3
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Data section

Tahle 2 Thermodynamic data (all values relate to 298.15 K)*

M/ AHS/ A:G®/ S/ Cpm!
(g mol™1) (kJ mal=1) (kJ mol~1) (J K7t mol™h) (J K 1mol™1)

Aluminum

Al(s) 26.98 0 0 28.33 24.35

Al 26.98 +10.56 +7.20 39.55 24.21

Al(g) 26.98 +326.4 +285.7 164.54 21.38

AlP*(g) 26.98 +5483.17

AlP*(aq) 26.98 —531 —485 —321.7

Al;03(s, a) 101.96 —1675.7 —1582.3 50.92 79.04

AlCl5(s) 133.24 —704.2 —628.8 110.67 01.84

Argon

Ar(g) 39.95 0 0 154.84 20.786

Antimony

Sbh(s) 121.75 0 0 45.69 25.23

ShHs(g) 153.24 +145.11 +147.75 232.78 41.05

Arsenic

As(s, a) 74.92 0 0 35.1 24.64

As(g) 74.92 +302.5 +261.0 174.21 20.79

Asa(g) 299.69 +143.9 +92.4 314

AsHs(g) 77.95 +66.44 +68.93 222.78 38.07

Barium

Ba(s) 137.34 0 0 62.8 28.07

Bal(g) 137.34 +180 +146 170.24 20.79

Ba®*(aqg) 137.34 —537.64 —560.77 +9.6

BaO(s) 153.34 —553.5 —525.1 70.43 47.78

BaClx(s) 208.25 —858.6 —810.4 123.68 75.14

Beryllium

Be(s) 9.01 0 0 9.50 16.44

Be(qg) 9.01 +324.3 +286.6 136.27 20.79

Bismuth

Bi(s) 208.98 0 0 56.74 25.52

Bi(g) 208.98 +207.1 +168.2 187.00 20.79

Bromine

Bra(1) 159.82 0 0 152.23 75.689

Bro(g) 159.82 +30.907 +3.110 245.46 36.02
" Br(g) 79.91 +111.88 +82.396 175.02 20.786

Br~(g) 79.91 —219.07

Br~(aq) 79.91 —121.55 —103.96 +82.4 —141.8

HBr(g) 90.92 —36.40 —53.45 198.70 29.142

(continued )
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Tahle 2 (continued)
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My AH®/ A:GS/ S/ Com!
(g mol™1) (kd mol™) (kJ mol™1) (J K™ mol™1) (J K Tmol™1)

Cadmium
Cd(s, v 112.40 0 0 51.76 25.98
Cd(g) 112.40 +112.01 +77.41 167.75 20.79
Cd?*(aq) 112.40 —75.90 —77.612 ~73.2
Cd0(s) 128.40 —258.2 —228.4 54.8 43.43
CdCO0a(s) 172.41 —750.6 —669.4 92.5
Calcium
Cals) 40.08 0 0 41.42 25.31
Ca(g) 40.08 +178.2 +144.3 154.88 20.786
Ca®*(aq) 40.08 —542.83 —553.58 =531
Ca0(s) 56.08 —635.09 —604.03 39.75 42.80
CaC0s(s) (calcite) 100.09 —1206.9 —1128.8 92.9 81.88
CaC0s(s) (aragonite) 100.09 —1207.1 —1127.8 88.7 81.25
CaF,(s) 78.08 1219.6 —1167.3 68.87 67.03
CaClx(s) 110.99 —795.8 —748.1 104.6 72.59
CaBr;,(s) 199.90 —682.8 —663.6 130
Carbon (for “organic” compounds, see Table 1)
C(s) (graphite) 12.011 0 0 5.740 8.527
C(s) (diamond) 12.011 +1.895 +2.900 2.377 6.133
Clg) 12.011 +716.68 +671.26 158.10 20.838
Co(a) 24.022 +831.90 +775.89 199.42 43.21
CO(g) 28.011 —110.53 —137.17 197.67 29.14
C0,(g) 44.010 —393.51 —394.36 213.74 37.11
C0Ox(aq) 44.010 —413.80 —385.98 117.6
H,C05(aq) 62.03 —699.65 —623.08 187.4
HCOs™ (aq) 61.02 —691.99 —586.77 +91.2
€052~ (ag) 60.01 —677.14 —527.81 —56.9
CCl4th 153.82 —135.44 —65.21 216.40 131.75
CS,( 76.14 +89.70 +65.27 151.34 75.7
HCN(g) 27.03 +135.1 +124.7 201.78 35.86
HCN() 27.03 +108.87 +124.97 112.84 70.63
CN~=(aqg) 26.02 +150.6 +172.4 +94.1
Cesium
Cs(s) 132.91 0 0 85.23 32.17
Cs(g) 132.91 +76.06 +49.12 175.60 20.79
Cs*(aqg) 132.91 —258.28 —292.02 +133.05 —10.5
Chlorine
Cls(g) 70.91 0 0 223.07 33.91
Cl(g) 35.45 +121.68 +105.68 165.20 21.840
Cl=(qg) 35.45 —233.13
Cl—(aq) 35.45 —167.16 —131.23 +56.5 —136.4
HCI(g) 36.46 —92.31 —95.30 186.91 29.12
HCl(aq) 36.46 —167.16 —131.23 56.5 —136.4

(continued)
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M/ AsHS/ AGS/ S&/ Com/
(g mol™1) (kJ mol™1) (kJ mal=1) (J K7 mol™) (J K" mol™1)

Chromium
Cr(s) 52.00 0 0 23.77 23.35
Cr(g) 52.00 +396.6 +351.8 174.50 20.79
Cr042~(aq) 115.99 —881.15 —727.75 +50.21
Crp072~(aq) 215.99 —1490.3 —1301.1 +261.9
Copper
Cu(s) 63.54 0 0 33.150 24.44
Cu(g) 63.54 +338.32 +298.58 166.38 20.79
Cu*(aq) 63.54 +71.67 +49.98 +40.6
Cu®*(aq) 63.54 +64.77 +65.49 —99.6
Cus0(s) 143.08 —168.6 —146.0 93.14 63.64
CuO(s) 79.54 —157.3 —129.7 42.63 42.30
CuS04(s) 159.60 —771.36 —661.8 109 100.0
CuS04-H,0(s) 177.62 —1085.8 —918.11 146.0 134
CuS04-5H,0(s) 249.68 —2279.7 —1879.7 300.4 280
Deuterium
D,(qg) 4.028 0 0 144.96 29.20
HD(g) 3.022 +0.318 —1.464 143.80 29.196
D,0(g) 20.028 —249.20 —234.54 198.34 34.27
D,0() 20.028 —294.60 —243.44 75.94 84.35
HDO(g) 19.022 —245.30 —233.11 199.51 33.81
HDO(D) 19.022 —289.89 —241.86 79.29
Fluorine
Fs(g) 38.00 0 0 202.78 31.30
F(g) 19.00 +78.99 +61.91 158.75 22.74
F~(aq) 19.00 —332.63 —278.79 —13.8 —106.7
HF(g) 20.01 —271.1 —273.2 173.78 29.13
Gold
Au(s) 196.97 0 0 47.40 25.42
Aulg) 196.97 +366.1 +326.3 180.50 20.79
Helium
He(qg) 4.003 0 0 126.15 20.786
Hydrogen (see also deuterium)
H.(g) 2.016 0 0 130.684 28.824
H(g) 1.008 +217.97 +203.25 114.71 20.784
H*(aqg) 1.008 0 0 0 0
H,0() 18.015 —285.83 —237.13 69.91 75.291
H,0(g) 18.015 —241.82 —228.57 188.83 33.58
H-0,(1) 34.015 —187.78 —120.35 109.6 89.1

(continued)
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My AiHE/ A:GE/ St/ Cpm!
(g mol™1) (kJ mol™1) (kJ mol=1) (J K=t mol™1) (J K=t mol™h)

Todine
I»(s) 253.81 0 0 116.135 54.44
I,(qg) 253.81 +62.44 +19.33 260.69 36.90
I(g) 126.90 +106.84 +70.25 180.79 20.786
I~ (ag) 126.90 —55.19 —51.57 +111.3 —142.3
HI(g) 127.91 +26.48 +1.70 206.59 29.158
Iron
Fe(s) 55.85 0 0 27.28 25.10
Fe(g) 55.85 +416.3 +370.7 180.49 25.68
Fe2*(aq) 55.85 —89.1 —78.90 —137.7
Fe3+(aq) 55.85 —48.5 —4.7 —315.9
Fes04(s) (magnetite) 231.54 —1184.4 —1015.4 146.4 143.43
Fe,05(s) (hematite) 159.69 —824.2 —742.2 87.40 103.85
FeS(s, a) 87.91 —100.0 —100.4 60.29 50.54
FeS.(s) 119.98 —178.2 —166.9 52.93 62.17
Krypton
Kr(g) 83.80 0 0 164.08 20.786
Lead
Pb(s) 207.19 0 0 64.81 26.44
Pb(g) 207.19 +195.0 +161.9 175.37 20.79
Pb2*(aqg) 207.19 -1.7 —24.43 +10.5
PbO(s, yellow) 223.19 —217.32 —187.89 68.70 45.77
PbQ(s, red) 223.19 —218.99 —188.93 66.5 45.81
Pb0,(s) 239.19 —277.4 —217.33 68.6 64.64
Lithium
Li(s) 6.94 0 0 29.12 24.77
Li(g) 6.94 +159.37 +126.66 138.77 20.79
Lit(aq) 6.94 —278.49 —293.31 +13.4 +68.6
Magnesium
Mg(s) 24.31 0 0 32.68 24.89
Mg(g) 24.31 +147.70 +113.10 148.65 20.786
Mg2*(aq) 24.31 —466.85 —454.8 —138.1
MgQO(s) 40.31 —601.70 —569.43 26.94 37.15
MgC0O5(s) 84.32 —1095.8 —1012.1 65.7 75.52
MgCl,(s) 95.22 —641.32 —591.79 89.62 71.38
MgBr,(s) 184.13 —524.3 —503.8 117.2
Mercury
Hg(D 200.59 0 0 76.02 27.983
Ha(g) 200.59 +61.32 +31.82 174.96 20.786
Hg2"(aq) 200.59 +171.1 +164.40 —32.2

(continued)
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M/ AsHS/ A:G®/ St/ Cpm!
(g mol=1) (kJ mal~1) (kJ mal~1) (J K=Y mol™1) (J K™ mol™1)

Mercury (continued)
Hg,2*(aq) 401.18 +172.4 +153.52 +84.5
HgO(s) 216.59 —920.83 —58.54 70.29 44.06
Hg,Clo(s) 472.09 —265.22 —210.75 192.5 102
HgCl,(s) 271.50 —224.3 —178.6 146.0
HgS(s, black) 232.65 —53.6 —47.7 88.3
Neon
Ne(g) 20.18 0 0 146.33 20.786
Nitrogen
N, (g) 28.013 0 0 191.61 29.125
N(g) 14.007 +472.70 +455.56 153.30 20.786
NO(g) 30.01 +90.25 +86.55 210.76 29.844
N,0(g) 44.01 +82.05 +104.20 219.85 38.45
NO;(g) 46.01 +33.18 +51.31 240.06 37.20
N»04(g) 92.01 +9.16 +97.89 304.29 77.28
N»05(s) 108.01 —43.1 +113.9 178.2 143.1
N,>0s(g) 108.01 +11.3 +115.1 355.7 84.5
HNO5(1) 63.01 —174.10 —80.71 155.60 109.87
HNOs(aqg) 63.01 —207.36 —111.25 146.4 —86.6
NOs~(aq) 62.01 —205.0 —108.74 +146.4 —86.6
NH3(g) 17.03 —46.11 —16.45 192.45 35.06
NH;(aq) 17.03 —80.29 —26.50 113.3
NH;%(ag) 18.04 —132.51 —-79.31 +113.4 +79.9
NH,0H(s) 33.03 —114.2
HN (1) 43.03 +264.0 +327.3 140.6 43.68
NHx(g) 43.03 +294.1 +328.1 238.97 98.87
NoHa(D 32.05 +50.63 +149.43 121.21 139.3
NH4NQ5(s) 80.04 —365.56 —183.87 151.08 84.1
NH4CI(s) 53.49 —314.43 —202.87 94.6
Oxygen
0,(g) 31.999 0 0 205.138 29.355
0(g) 15.999 +249.17 +231.73 161.06 21.912
0s(qg) 47.998 +142.7 +163.2 238.93 39.20
OH™(aq) 17.007 —229.99 —157.24 —10.75 —148.5
Phosphorus
P(s, wh) 30.97 0 0 41.09 23.840
P(g) 30.97 +314.64 +278.25 163.19 20.786
P>(g) 61.95 +144.3 +103.7 218.13 32.05
Palg) 123.90 +58.91 +24.44 279.98 67.15
PHs(g) 34.00 +5.4 +13.4 210.23 37.11
PCls(g) 137.33 —287.0 —267.8 311.78 71.84
PCls(D) 137.33 —319.7 —272.3 217.1
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M/ AsH®/ A:GS/ S&/ Cp,m!
(g mol™1) (kJ mol™1) (kJ mol™1) (J K7 mol™1) (J K™ mol™1)
Phosphorus (continued)
PCls(g) 208.24 —374.9 —305.0 364.6 112.8
PCls(s) 208.24 —443.5
H3P05(s) 82.00 —964.4
H,P0Os(aq) 82.00 —964.8
H3P04(s) 94.97 —1279.0 —1119.1 110.50 106.06
H3PO4(D 94.97 —1266.9
H3P04(aqg) 94.97 —1277.4 —1018.7 —222
P043 (ag) 94,97 —1277.4 —1018.7 —222
P4040(s) 283.89 —2984.0 —2697.0 228.86 211.71
P406(5) 219.89 —1640.1
Potassium
iK(s) 39.10 0 0 64.18 29.58
iK(g) 39.10 +89.24 +60.59 160.336 20.786
K*(g) 39.10 +514.26
K*(aq) 39.10 —252.38 —283.27 +102.5 +21.8
KOH(s) 56.11 —424.76 —379.08 78.9 64.9
KF(s) 58.10 —576.27 —537.75 66.57 49.04
KCI(s) 74.56 —436.75 —409.14 82.59 51.30
KBr(s) 119.01 —393.80 —380.66 95.90 52.30
Kl(s) 166.01 —327.90 —324.89 106.32 52.93
Silicon
Si(s) 28.09 0 0 18.83 20.00
Si(g) 28.09 +455.6 +411.3 167.97 22.25
Si0s(s, a) 60.09 —910.93 —856.64 41.84 44.43
Silver
Ag(s) 107.87 0 0 42.55 25.351
Aglg) 107.87 +284.55 +245.65 173.00 20.79
Agt(ag) 107.87 +105.58 +77.11 +72.68 +21.8
AgBr(s) 187.78 —100.37 —96.90 107.1 52.38
AgCl(s) 143.32 —127.07 —109.79 96.2 50.79
Ag,0(s) 231.74 —31.05 —11.20 121.3 65.86
AgNOs(s) 169.88 —124.39 —33.41 140.92 93.05
Sodium
Na(s) 22.99 0 0 51.21 28.24
Na(g) 22.99 +107.32 +76.76 153.71 20.79
Na*(aq) 22.99 —240.12 —261.91 +59.0 +46.4
NaOH(s) 40.00 —425.61 —379.49 64.46 59.54
NaCl(s) 58.44 —411.15 —384.14 72.13 50.50
NaBr(s) 102.90 —361.06 —348.98 86.82 51.38
Nal(s) 149.89 —287.78 —286.06 98.53 52.09
(continued)
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M/ AH®/ A:G®/ S&/ Cpm/
(g mol™1) (kJ mol™1) (kJ mol™1) (J K™t mol™h) (J K™t mol™h)

Sulfur
S(s, @) (rhombic) 32.06 0 0 31.80 22.64
S(s, B) (monaclinic) 32.06 +0.33 +0.1 32.6 23.6
S(g) 32.06 +278.81 +238.25 167.82 23.673
S,(g) 64.13 +128.37 +79.30 228.18 32.47
$2-(aq) 32.06 +33.1 +85.8 -14.6
S0,(g) 64.06 —296.83 —300.19 248.22 39.87
S05(g) 80.06 —395.72 —371.06 256.76 50.67
H.S04(1) 98.08 —813.99 —690.00 156.90 138.9
H,S$04(aq) 98.08 —909.27 —744.53 20.1 —293
S04% (aq) 96.06 —909.27 —744.53 +20.1 —293
HS0, (ag) 97.07 —887.34 —755.91 +131.8 —84
H,S(g) 34.08 —20.63 . —33.56 205.79 34,23
H.S(aq) 34.08 —39.7 —27.83 121
HS(aqg) 33.072 —17.6 +12.08 +62.08
SF¢(g) 146.05 —1209 —1105.3 291.82 97.28
Tin
Sn(s, B) 118.69 0 0 51.55 26.99
Sn(g) 118.69 +302.1 +267.3 168.49 20.26
Sn2*(aq) 118.69 —8.8 —27.2 —17
Sn0(s) 134.69 —285.8 —256.8 56.5 44,31
Sn0,(s) 150.69 —580.7 +519.6 52.3 52.59
Xenon
Xe(g) 131.30 0 0 169.68 20.786
Zinc
Zn(s) 65.37 0 0 41.63 25.40
Zn(g) 65.37 +130.73 +95.14 160.98 20.79
Zn?*(aq) 65.37 —153.89 —147.06 —-112.1 +46
Zn0(s) 81.37 —348.28 —318.30 43.64 40.25

*Entropies and heat capacities of ions are relative to H (aq) and are given with a sign.




Data section

Table 3a Standard potentials at 298.15 K in electrochemical order

679

Reduction half-reaction ESIV Reduction half-reaction ES/V
Strongly oxidizing Cu2t + e~ ——Cu™ +0.16
HsXeOg + 2 HY + 2 e~ —— Xe03 + 3 H,0 +3.0 Sntt + 2 e —— Sn2t +0.15
F,+2e ——2F~ +2.87 AgBr + e~ —> Ag + Br~ +0.07
O;+2HT+2e ——0,+ H,0 +2.07 T4t + e —— Ti2* 0.00
S,0027 + 27— 2 50,42 +2.05 2Ht+2e ——H 0, by definition
Ag2t +e” —— Agt +1.98 Fe3* +3e” —— Fe —0.04
Co*t + e~ —— Co?t +1.81 0, +H,0+2e ——HO,” + OH™ —0.08
HO, + 2 H" +2e —— 2 H,0 +1.78 P2t +2 e —— Pb —-0.13
Aut +e”—— Au +1.69 Int +e- ——1In —-0.14
Pb*t + 2 e~ — Pb2t +1.67 Sn2t +2e” — Sn -0.14
2HCIO+2HY+2e  ——Cl, +2 H,0 +1.63 Agl+e  ——Ag+ 1~ —0.15
Cedt + 7 —— Ce?t +1.61 Ni2t +2 e~ —— Ni —0.23
2HBrO+2HT+2e ——Br, +2H +1.60 Co?t +2e~——Co —0.28
MnQ,~ +8 HY + 5 e~ —— Mn?* + 4 H,0 +1.51 NPt +3e ——1In —0.34
Mn3t + e~ —— Mn2™* +1.51 TI* +e ——TI —0.34
AuvdiT +3 e —— Au +1.40 PbS0,4 + 2 e~ — Pb + S0,4%~ —0.36
Cl, +2e ——2Cl™ +1.36 T2t + e —— Ti2t —0.37
Crs0:2~+ 14 H +6e-——2Cr3T + 7 H,0 +1.33 Cd®’t+2e ——Cd —0.40
03 +H0+2e”——0,+20H" +1.24 In2* +e ——In* —0.40
0, +4 Ht +4e”——2 H,0 +1.23 cr3t + e ——Cr?t —0.41
Cl0y~ +2 HY +2e”——CI05~ + H0 +1.23 Fe?* +2e” —— Fe —0.44
MnO, + 4 HY + 2 e~ —— Mn?*" + 2 H,0 +1.23 In** +2e ——In"t —0.44
Br, +2e —2 Br~ +1.09 S+2e —— 527 —0.48
Putt + e~ — Pudt +0.97 In*t + e~ ——In?" —0.49
NO;~ +4 HT +3e”——= NO+ 2 H;0 +0.96 U4t + e —— U3t —0.61
2 Hg2t + 2 e7 —> Hgp2t +0.92 Cr3t +3e¢e ——Cr —0.74
Cl0OT+H,0+2e”——Cl™+2 0H™ +0.89 nt+2e ——7n —0.76
Hg®t + 2 e~ — Hg +0.86 Cd(OH), +2e ——Cd + 2 OH™ —0.81
NO;~ +2 H' + e~ —— NO, + H,0 +0.80 2H,0+2e ——>Hy, +20H" —0.83
Agt + e —— Ag +0.80 Crét +2 e~ ——Cr —0.91
Hg,?" +2e —— 2 Hg +0.79 Mn2t + 2 e~ —— NMn —1.18
Fe3* + e~ —— Fe?t +0.77 V2t 2 e ——V —1.19
BrO” + H,0+2e  ——Br~ +2 0H™ +0.76 T2t +2e” ——Ti —1.63
Hg,S04 + 2 67— 2 Hg + S04°~ +0.62 APt +3 e —— Al —1.66
Mn042~ + 2 H,0 + 2 e~ — Mn0, + 40H™ +0.60 Ut +3e-——U —1.79
MnO,~ + &~ — Mn042~ +0.56 Mg2*t + 2 e~ —— Mg —2.36
ILb+2e ——21" +0.54 Ce*t +3e~——Ce —2.48
Cut+e~——Cu +0.52 Lat+3e —— La —2.52
;- +2e —— 31" +0.53 Nat + e~ —— Na —2.71
NiOOH + H,0 + e —— Ni(OH),0H™ +0.49 Ca?t+2e ——Ca —2.87
IAg.CrO, + 2 e~ —— 2 Ag + Cr042~ +0.45 Sr2t + 2 e~ —— S —2.89
0,+2H,0+4e ——40H™ +0.40 Ba?t + 2 e  —— Ba —2.91
Cl04~ +H,0+2e ——ClO3~ +2 OH™ +0.36 Ra?t + 2 e~ ——> Ra —2.92
[Fe(CN),1>~ + e~ ——> [Fe(CN),1%~ +0.36 Cst +e~——Cs —-2.92
Cuit +2e ——Cu +0.34 Rb™ + e~ —— Rb —2.93
Hg,Cl, + 2 e~ —— 2 Hg + 2 CI™ +0.27 Kt +e —— K —2.93
AgCl + e~ ——> Ag + CI™ +0.22 Lit + e — Li —3.05
Bi** 4+ 3 e~ —— Bi +0.20 Strongly reducing
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Data section

Table 3b Standard s at 298.15 K in alphabetical

Reduction half-reaction ESIV Reduction half-reaction ESIV
Agt +e” —— Ag +0.80 Ib+2e ——21" +0.54
Ag®t + e —— Agt +1.98 I3+2e ——>31" +0.53
AgBr + e~ —— Ag + Br™ 40.0713 IntT+e~——1In —-0.14
AgCl +e~ —— Ag + CI— +0.22 In?t +e-——In* —0.40
Ag,Cr04 + 2 e —— 2 Ag + Cr042~ +0.45 In*t+2e ——In" —0.44
AgF + e  —— Ag + F~ +0.78 InPt+3e ——1In —0.34
Agl+e —— Ag+ 1~ —0.15 In*t + e- —— In2* —0.49
AlPT + 3¢ —— Al —1.66 Kt +e —— K —2.93
Aut +e" —— Au +1.69 La*t +3e” —— La —2.52
APt +3 e —— Au +1.40 Lit + e —— Li —3.05
Ba?t+2e” ——>Ba —2.91 Mg2t +2 e —— Mg —2.36
Be?t + 2 e~ —— Be —-1.85 Mn2t +2 e —— Mn —1.18
Bi** + 3 e~ —— Bi +0.20 Mn3* + e~ — Mn2* +1.51
Br, +2 e~ —— 2 Br~ +1.09 MnO, + 4 H" + 2 e~ —— Mn?" + 2 H,0 +1.23
BrOT+H,0+2e”——=Br~ +20H™ +0.76 MnOs,~ + 8 H" + 5 e  —— Mn?* + 4 H,0 +1.51
Ca?* +2e ——Ca —2.87 MnOs~ +e —> Mn042~ +0.56
Cd(OH), +2e”——Cd+ 2 OH™ —0.81 Mn042~ + 2 H,0 +2 e~ —— Mn0, + 4 OH™ +0.60
Cdet +2 e ——Cd —-0.40 Na® + e —— Na —-2.71
Ce>* +3e” ——Ce —2.48 NiZt +2 e~ —— Ni —0.23
Ce*t + e —— Ce3* +1.61 NiOOH + H,0 + e~ —— Ni(OH), + OH™ +0.49
Cla + 2 e~ ——=2CI™ +1.36 NOs™ +2 HT + e~ —— N0, + H,0 +0.80
Cl0O"+H,0+2e”——CI™+2 0H™ +0.89 NOs~ +3 H"+3e”——NO+ 2 H,0 +0.96
Cl04~ +2 HY +2 e~ —— CI03™ + H,0 +1.23 NOs~ + H,0+2e —— NO, +2 QH™ +0.10
Cl04~ + H,0+2e™——Cl03~ + 2 OH™ +0.36 0, +2H,0+4e ——4 0H™ +0.40
Co?t 4+ 2e” ——Co —0.28 0,+4H"+4e ——2 H,0 +1.23
Co®t + e —— Co2* +1.81 0, +e”——0," —0.56
Crét +2 e~ ——>Cr —0.91 0, +H,0+2e” ——=HO,” + 0H™ —0.08
Cro0;2- + 14 Ht +6 e ——2Cr3T +7 H,0 +1.33 Os+2HY+2e" —— 0, + H,0 +2.07
Cr3* +3e” ——Cr —-0.74 O3 +H,0+2e" ——0,+20H™ +1.24
Cr3t + e~ —— Cr2* —-0.41 Pbh2* +2 e~ —— Pb -0.13
Cst +e” ——=Cs —2.92 Ph**t + 2 e~ —— Pb?* +1.67
Cut +e” ——Cu +0.52  PbhS0s+ 2 e —— Ph + S04°~ —0.36
Cut* +2e ——Cu +0.34 P2t +2e” —— Pt +1.20
Cu?t +e” —— Cu” +0.16 Putt + e~ —— Pu?t +0.97
F,+2e ——2F~ +2.87 Ra’* + 2 e~ ——Ra —2.92
Fe2™ + 2 e~ —— Fe —0.44 Rb* +e”—— Rb —2.93
Fe3* + 3¢~ —— Fe —0.04 S+2e ——> 827 —0.48
Fe3* + e~ — Fe2+ +0.77 §5,0527 + 2 67— 2 S04~ +2.05
[Fe(CN), >~ + e~ —— [Fe(CN) 1%~ +0.36  Sn** +2e” ——Sn —0.14
2Ht+2e ——H, 0, by definition Sn*t + 2 e —— Sn?* +0.15
2H,04+2e ——H,+20H" —0.83 Sr¥t +2e —— 5S¢ —2.89
2 HBrO+2 Ht +2e  —— Br, + 2 H,0 +1.60 Tt +2e ——Ti —1.63
2 HCIO+ 2 H" +2e ——Cl, + 2 H,0 +1.63 Tt +e ——Tiet —0.37
H,0, + 2 H" +2 e —— 2 H,0 +1.78 Ti*t +em —— T3 0.00
HaXeOp + 2 HT + 2 e~ —> Xe03 + 3 H,0 +3.0 TI* +e” ——TI —0.34
Hg.?t +2 e —— 2 Hg +0.79 Ut +3e ——U -1.79
Hg,Cl, + 2 e ——2 Hg+ 2 CI™ +0.27 Utt + e —— U3+ —0.61
Hg®* + 2 e~ —— Hg +0.86 V2t 4+ 2e ——V -1.19
2 Hg?" +2 e~ —— Hg,?t +0.92 V3T 4+ e —— 2t —0.26
Hg,S04 + 2 e~ — 2 Hg + S0, +0.62 Zn?t +2e ——7n —0.76




Data section

Table 3¢ Biological standard potentials at 298.15 K in

electrochemical order

Reduction half-reaction E®IN
0, +4 H' +4e —>2 H,0 +0.81
NO;~ +2 H" +2e” ——> NO,~ + H,0 +0.42
Felt(cyt f) + e~ —— Fe2*(cyt ) +0.36
Cu2*(plastocyanin) + e~ —— Cu™ (plastocyanin) +0.35
Cu2t(azurin) + e~ —— Cu™(azurin) +0.30
0, +2 HY +2e —> H,0, +0.30
Fe3*(cyt c551) + 67 — Fe?t(cyt cs51) +0.29
Fe3*(cyt ¢) + e~ — Fe2*(cyt ¢) +0.25
Fe3*(cyt b) + e~ — Fe?*(cyt b) +0.08
Dehydroascorbic acid + 2 HT + 2 e~ —— ascorbic acid +0.08
Coenzyme Q + 2 H" + 2 e~ — coenzyme QH, +0.04
Fumarate?~ + 2 HT + 2 e~ — succinate®” +0.03
Vitamin Ki{ox) + 2 H" + 2 e —— vitamin Ky(red) —0.05
Oxaloacetate?™ + 2 HT + 2 e ——— malate®~ —0.17
Pyruvate™ + 2 H* + 2 e~ —— lactate™ -0.18
Ethanal + 2 H* + 2 e~ —— ethanol —-0.20
Riboflavin(ox) + 2 H* + 2 e~ — riboflavin (red) -0.21
FAD+2 HtY 4+ 2e”——> FADH; —-0.22
Glutathione (ox) + 2 H* + 2 e~ — glutathione (red) —0.23
Lipoic acid (ox) + 2 HY + 2 e~ ——= lipoic acid (red) —0.29
NADT + HT* + 2 e~ —— NADH —0.32
Cystine + 2 H* 4+ 2 e~ —— 2 cysteine —0.34
Acetyl-CoA + 2 HT + 2 e~ —— ethanal + CoA —0.41
2H,0+2e”——>H; +2 OH™ —0.42
Ferredoxin (ox) + e~ —— ferredoxin (red) —0.43
0, +em-——>0;" —0.45

681




682

Table 4 The amino acids

Data section

Amino acid, Structure, Abbreviations
R—CH(NH,)COOH R = Three-letter One-letter
Alanine CH;— Ala A
NH
Arginine H,N N Arg R
H
Asparagine H,NCOCH,— Asn N
Aspartic acid HOOCCH,— Asp D
Asparagine or aspartic acid Asx B
Cysteine HSCH,— Cys C
Glutamine H,NCO(CH5)o— Gln Q
Glutamic acid HOOC(CH5),— Glu E
Glutamine or glutamic acid GlIx z
Glycine H— Gly G
/
H,C
Histidine — His H
NVNH
Isoleucine CH3CH,CH(CH3)— Ile I
Leucine (CH3)5CHCH,— Leu L
Lysine NH,(CHo) 40— Lys KK
Methionine CH3SCH,CH,— Met M
Phenylalanine CeHsCHo— Phe F
COOH
HN
Proline Pro P
[complete acid]
Serine HOCH.,— Ser S
Threonine HOCH(CH,)— Thr T
AN
CH,
Tryptophan EI\S Trp W
N
H
CH,
Tyrosine /©/ Tyr Y
OH
Valine (CH3)oCH— Val V




