Appendix Il
Useful Data

A.Atomic

Atomic number:

Atomic symbol:

Atomic number:

Atomic symbol:

Atomic number: 20 29 30
Ca Cu Zn

B. Standard Thermodynamic Quantities for Selected Substances at 25 °C

Atomic symbol:

Colors

d

H

4 5 6 7 8 9
Be B C N [¢] F

Si

35

Br

53 54
1 Xe

17 19
Cl K

Substance AH;(k)/mol)  AGj(Kki/mol)  S°(J/mol - K) Substance AHi(k)/mol)  AGj(Ki/mol)  S°(J/mol - K)
Beryllium
Ai(s) 0 0 28.32 Be(s) 0 0 95
Allg) 330.0 289.4 164.6 BeO(s) ~609.4 -580.1 13.8
A(aq) -538.4 -483 -325 Be(OH)(s) -902.5 -815.0 155
AlCl4(s) —704.2 —628.8 109.3 Bismuth
A1;04(s) -1675.7 —1582.3 50.9 Bi(s) 0 0 56.7
Barium BiClx(s) -379.1 -315.0 177.0
Ba(s) 0 0 625 Bi;0s(s) -573.9 -493.7 1515
Ba(g) 180.0 146.0 170.2 Bi;Ss(s) -143.1 -140.6 200.4
Ba™' (aq) -537.6 —560.8 9.6 Boron
BaCO4(s) —1213.0 —1134.4 112.1 B(s) 0 0 59
BaCly(s) —855.0 —806.7 1237 B(g) 565.0 521.0 153.4
Ba0(s) -548.0 -520.3 72.1 BCls(g) ~403.8 -388.7 290.1
Ba(0H),(s) ~944.7 BF3(g) -1136.0 -1119.4 254.4
BaS0y(s) -1473.2 -1362.2 1322 ByHe(g) 36.4 87.6 232.1

{continued on the next page)
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A-6 Appendix Il:  Useful Data

AHi(kl/mol)  AGi(K)/mol)  S°()/mol - K) AH(kl/mol)  AGi(K/mol)  S°()/mol - K)
B,05(s) -12735 -1194.3 54.0 CyHafg) 227.4 209.9 200.9
H3BO(s) -1094.3 -968.9 90.0 CoHylg) 524 68.4 2193
Bromine CoHefg) -84.68 -32.0 2292
Brig) 1119 82.4 175.0 C,HsOH(!) -277.6 ~174.8 160.7
Br(l) 0 0 152.2 C,HsOH(g) -234.8 -167.9 2816
Bry(g) 30.9 3.1 2455 CoHsC
Br(aq) —121.4 ~102.8 80.71 (g, vimyt chioride) 372 53.6 264.0
HBrE) 363 534 198.7 2,&1,0, ~166.8 ~796 2085
cot) 0 0 sis ::,,n,o ) ~166.2 -133.0 2638
Cd(g) 1118 773 167.7 ;zmoz 1823 3899 1508
Cd**(ag) ~75.9 -77.6 ~73.2 (1, avetic acid)
CdCly(s) -3915 -343.9 115.3 CyHelg) —103.85 —23.4 270.3
CdOfs) ~258.4 ~228.7 54.8 CaHe0
CdS(s) -161.9 -156.5 64.9 (), acetone) —2484 ~155.6 199.8
CdS04(s) -933.3 -822.7 123.0 C3H0H
Calcium ( isopropanol) —318.1 181.1
cat9) 0 o e CaHyalh) -1473 -15.0 231.0
Colg) prps T840 549 CaHyalg) -125.7 -15.71 310.0
(60 o128 5506 51 CoHsll) 49.1 1245 1734
CaCyls) —59.8 =649 00 5‘2%:3 316 149.2 191.9
CaC0y(s) —1207.6 -1129.1 91.7 CaeOH
CaCly(s) —795.4 —748.8 108.4 (s, phenol) —-165.1 -50.4 144.0
CaFs(s) —1228.0 —1175.6 68.5 CgHy0p
CaHy(s) ~1815 ~1425 41.4 (s, glucose) -12733 -910.4 2121
Ca(NO3),(s) -938.2 ~742.8 193.2 CyioHs
Ca0(s) 6349 -603.3 381 (s, 85 2016 167.4
Ca(OHlAs) 9852 8975 834 g.’:ﬁ;) ~2226.1 -1544.3 360.24
CaS0y(s) -14345 -1322.0 1065 0@ 05 72 1977
CayPOulyls)  —41208 38847 2360 C0,(¢) 3935 3984 2138
Carbon : C05(aq) -4138 -386.0 117.6
Uts. gophitc) 0 0 57 €07 (50) —677.1 5278 569
C(s, diamond) 1.88 29 24 HCO, (aq) 692.0 5868 012
) 716.7 671.3 168.1 HaClo) — T T
Chalg) -746 —50.5 1863 presme 51 166 s
CHaCiEg) = =502 2346 HEN() 1089 125.0 1128
CryCly(e) 54 2102 HCN(g) 135.1 124.7 2018
CHCla{1) ~124.2 -63.2 1778 s =0 ot s
CHCh(1) -134.1 -73.7 201.7 oS40 67 o1 278
CCule) =361 =03 309.7 COC(g) -219.1 -204.9 2835
CCulh 1282 664 2164 Caols) 23270 2302.0 4260
CH,0(g) —108.6 -102.5 2188 Cesium
::;()), (Lformic  —425.0 —361.4 129.0 osts) 0 o 52
CHgNH, 225 27 2029 Cste) s Ll L55
(& i Cs'(2q) —258.0 —292.0 132.1
CHaOH(1) —238.6 —166.6 126.8 CsBr(s) —400 —387 17

CH0H(g) —201.0 —-162.3 239.9 CsClis) —438 —414 101.2




Appendix II:  Useful Data A-7
AHi(kl/mol)  AGF(K)/mol)  S°(J/mol - K) AHi(kl/mol)  AGF(K)/mol)  S°(J/mol - K)
CsF(s) —553.5 —525.5 92.8 H'(g) 1536.3 15171 1089
Csl(s) —342 —337 127 Hy(g) 0 0 130.7
Chlorine lodine
Cl(g) 121.3 105.3 165.2 I(g) 106.76 70.2 180.79
Cly(g) 0 0 2231 15(s) 0 0 116.14
Cl{aq) —167.1 -131.2 56.6 L(8) 62.42 193 260.69
HCI(g) -923 —95.3 186.9 I"(aq) ~56.78 ~51.57 106.45
HCl(aq) —167.2 —131.2 56.5 Hi{g) 26.5 1.7 206.6
Cl0o(g) 102.5 120.5 256.8 Iron
Cl,0(g) 80.3 97.9 266.2 Fe{s) 0 0 273
Chromium Fe(g) 4163 370.7 180.5
Cr(s) 0 0 23.8 Fe?'(aq) —87.9 —84.94 113.4
Crig) 396.6 351.8 1745 Fe3*(aq) —47.69 —10.54 2933
' (aq) -1971 FeCO4(s) —740.6 —666.7 92.9
€02 (aq) —872.2 —717.1 44 FeCly(s) —341.8 —302.3 118.0
Cr04(s) —1139.7 —1058.1 812 FeCly(s) —399.5 —334.0 142.3
Cr,0,2 (aq) —1476 —1279 238 Fe0(s) ~272.0 ~255.2 60.75
Cobalt Fe{0H)s(s) ~823.0 ~696.5 106.7
Co(s) 0 0 30.0 FeSy(s) -178.2 ~166.9 52.9
Colg) 424.7 380.3 1795 Fez05(s) ~824.2 ~742.2 87.4
CoO(s) —237.9 —214.2 53.0 Fe;04(s) -11184 -1015.4 146.4
Co(OH)a(s) —539.7 —454.3 79.0 Lead
Copper Pb(s) 0 0 64.8
Cu(s) 0 0 33.2 Pb(g) 195.2 162.2 175.4
Cu(g) 3374 297.7 166.4 P (aq) 0.92 —24.4 185
Cu'(aq) 51.9 50.2 —26 PbBry(s) -278.7 ~261.9 161.5
Cu**(aq) 64.9 65.5 -98 PoCO4(s) —699.1 —625.5 131.0
CuCi(s) -137.2 -119.9 86.2 PoCly(s) —359.4 —314.1 136.0
CuCly(s) =220.1 -175.7 108.1 Poly(s) —175.5 —-173.6 1749
Cu0(s) -157.3 -129.7 426 Pb(NO3)2(s) —451.9
CuS(s) -53.1 -53.6 66.5 PoO(s) -217.3 -187.9 68.7
CuS04(s) —771.4 —662.2 109.2 PoO,(s) 2774 -2173 68.6
Cu,0(s) —168.6 —146.0 93.1 PDS(s) ~100.4 -98.7 91.2
Cu,S(s) —79.5 —86.2 120.9 PbS04(s) -920.0 -813.0 1485
Fluorine Lithium
Fg) 79.38 62.3 158.75 Li(s) 0 0 29.1
Fag) 0 0 202.79 Li(g) 159.3 126.6 1388
Fiaq) —336.35 —278.8 -13.8 Li*(aq) —278.47 —2933 12.24
HF(g) ~273.3 ~275.4 173.8 LiBr(s) -351.2 -342.0 743
Gold LCKs) —108.6 —384.4 59.3
Au(s) 0 0 47.4 LiF(s) —616.0 —587.7 35.7
Au(g) 366.1 326.3 180.5 Lil(s) —270.4 —270.3 86.8
Helium LiNOx(s) —483.1 —381.1 90.0
He(g) 0 0 126.2 LiOH(s) —487.5 ~441.5 428
Li;0(s) -597.9 ~561.2 37.6
H(g) 218.0 2033 1147
H'(aq) 0 0 0 (continued on the next page)



A-8 Appendix Il:  Useful Data

AHj(k/mol)  AGF(K)/mol)  S°()/mol - K) AHj(k)/mol)  AGF(K)/mol)  S°()/mol - K)
M. HNO4(g) -1339 -735 266.9
Mg(s) 0 0 327 HNO,(aq) —207 -110.9 146
Mg(g) 147.1 1125 1486 NO(g) 91.3 87.6 210.8
Mg?*(aq) —467.0 —455.4 —137 NO2(g) 33.2 51.3 240.1
MgCly(s) —641.3 -591.8 89.6 NO5 () ~206.85 -110.2 146.70
MgCO4(s) —1095.8 —1012.1 65.7 NOBr(g) 82.2 82.4 273.7
MgFa(s) —1124.2 —1071.1 57.2 NOCHg) 51.7 66.1 261.7
MgO(s) ~601.6 -569.3 27.0 NoHa(l) 50.6 1493 1212
Mg(OH)y(s) 9245 8335 £3.2 NoHalg) 95.4 159.4 2385
MgS04(s) -1284.9 ~11706 916 N;0(8) 816 103.7 2200
MgisNo(s) ~461 -401 88 N204(1) -19.5 975 209.2
M N304(g) 9.16 99.8 3044
Mn(s) 0 0 32.0 N30s(s) -43.1 113.9 178.2
Mn(g) 280.7 2385 173.7 N;0s(g) 13.3 117.1 355.7
Mn**(aq) -219.4 ~225.6 ~78.8 Oxygen
MnO(s) -385.2 -362.9 59.7 0(g) 249.2 2317 161.1
MnO,(s) ~520.0 ~465.1 53.1 02(g) 0 0 205.2
Mn0, (aq) —529.9 —136.2 190.6 048 142.7 163.2 2389
Mercury OH™(aq) ~230.02 -157.3 -10.90
Hell) 0 0 759 H,0(1) ~285.8 ~237.1 70.0
Halg) 61.4 31.8 175.0 H;0(g) -241.8 ~228.6 188.8
HE ' (3q) 170.21 164.4 -36.19 Hz0,()) ~187.8 -120.4 109.6
He (aq) 166.87 153.5 65.74 H04(8) -136.3 -105.6 232.7
HeCly(s) —224.3 -178.6 146.0 f
He0(s) -90.8 —58.5 703 P(s, white) 0 0 411
HgS(s) —58.2 —50.6 82.4 P(s, red) -17.6 -12.1 228
HeaClyfs) —265.4 —-210.7 1916 P(g) 3165 280.1 163.2
Nickel Pa(g) 144.0 103.5 218.1
Nifs) 0 0 29.9 Py(g) 58.9 24.4 280.0
Ni(g) 429.7 3845 182.2 PCl3(l) -319.7 -2723 217.1
NiCly(s) -305.3 —259.0 97.7 PCl3(g) -287.0 -267.8 3118
NiO(s) ~239.7 2117 37.99 PCls(s) —443.5
NiS(s) ~82.0 -79.5 53.0 PCls(g) -374.9 -305.0 364.6
Nitrogen PFs(g) -1594.4 -1520.7 300.8
N(g) 472.7 4555 153.3 Phs(g) 5.4 135 2102
Nolg) 0 0 191.6 POCI4(/) —597.1 —520.8 2225
NF3(g) -132.1 -90.6 260.8 POCl5(g) ~568.5 -512.9 3255
NH3(g) 459 -16.4 1928 P0,*(ag) -1277.4 -1018.7 ~2205
NH3(aq) -80.29 ~26.50 1113 HPO,* (2q) -1292.1 -1089.2 -335
NHy*(aq) —133.26 —79.31 111.17 HyP04(29) -1296.3 -11302 904
NH,Br(s) —270.8 -175.2 113.0 H3PO4(s) -1284.4 -1124.3 1105
NH,CI(s) —314.4 —202.9 94.6 H3PO4(aq) —1288.3 -1142.6 158.2
NHLCN(s) 0.4 P40g(s) —1640.1
NH,F(s) ~464.0 ~348.7 720 P40y0fs) —2984 —2698 228.9
NHHCO4(s) -849.4 -665.9 120.9 Platinum
NHql(s) ~201.4 -112.5 117.0 Pr(s) 0 0 416
NHNOs(s) ~365.6 -183.9 151.1 Pg) 565.3 520.5 192.4

NH4NO3(aq) —339.9 —190.6 259.8




Appendix Il: - Useful Data
AHj(kl/mol)  AGf(K)/mol)  S°()/mol - K) AHj(k)/mol)  AGf(K)/mol)  S°()/mol - K)

F AgBr(s) —100.4 -96.9 107.1
K(s) 0 0 64.7 AgCI(s) —127.0 -109.8 96.3
Kig) 89.0 60.5 160.3 AgF(s) —204.6 -185 84
K'(aq) —252.14 —283.3 101.2 Agl(s) -61.8 —66.2 1155
KBr(s) —-393.8 -380.7 95.9 AgNO5(s) -124.4 -33.4 140.9
KCN(s) —-113.0 -101.9 1285 Ag;0(s) -31.1 -11.2 121.3
KCi{s) —436.5 —408.5 826 Ag,S(s) -326 -40.7 144.0
KCIOs(s) —-397.7 —296.3 143.1 AgoS04(s) -715.9 -618.4 200.4
KCI04(s) —432.8 -303.1 151.0 Sodium
KF(s) ~567.3 -537.8 66.6 Na(s) 0 0 51.3
KI(s) -327.9 ~324.9 106.3 Na(g) 107.5 77.0 153.7
KNOs(s) -494.6 -394.9 133.1 Na*(ag) ~240.34 ~261.9 58.45
KOH(s) —424.6 —379.4 81.2 NaBr(s) —361.1 —-349.0 86.8
KOH(aq) —482.4 —440.5 91.6 NaCl(s) —411.2 —384.1 72.1
KO,(s) —284.9 -239.4 116.7 NaCl(aq) —107.2 —-393.1 1155
K;004(s) —1151.0 —1063.5 155.5 NaCl0s(s) —365.8 —262.3 123.4
K;0(s) -361.5 —322.1 94.14 NaF(s) —576.6 —546.3 51.1
Kz0(s) —494.1 —425.1 102.1 NaHCOs(s) —950.8 —851.0 101.7
KzS04(s) ~1437.8 -1321.4 175.6 NaHS04(s) -11255 -992.8 113.0
Rubidium Nal(s) ~287.8 ~286.1 98.5
Rb(s) 0 0 76.8 NaNOs(s) -467.9 ~367.0 1165
Rb(g) 80.9 53.1 170.1 NaNOs(aq) -447.5 -373.2 205.4
Rb*(2q) ~251.12 ~283.1 121.75 NaOH(s) —425.8 —-379.7 64.4
RbBr(s) -394.6 -381.8 110.0 NaOH({aq) —470.1 —419.2 48.2
RbCI(s) -435.4 -407.8 95.9 Na0,(s) —260.2 —218.4 115.9
RbCI03(s) -392.4 ~292.0 152 NazC04(s) —1130.7 —1044.4 135.0
RbF(s) —557.7 Na0(s) —414.2 3755 75.1
Rbi(s) -333.8 -328.9 1184 Naz05(s) -510.9 -447.7 95.0
Scandium NazS04(s) ~1387.1 ~1270.2 149.6
Sefs) 0 0 346 NazPO4(s) -1917 ~1789 173.8
Selg) 3778 336.0 1748 Strontium

S(s) 0 0 56.0
Se(s, gray) 0 0 424 Sr(g) 164.4 1309 164.6
Selg) 227.1 187.0 176.7 sr*(aq) ~545.51 ~557.3 -39
HySe(g) 29.7 15.9 219.0 SrCly(s) ~828.9 ~781.1 114.9
Silicon SrC0s(s) -1220.1 -1140.1 97.1
Si(s) 0 0 18.8 S$r0(s) —592.0 —561.9 54.4
Si(g) 450.0 405.5 168.0 S1504(s) —1453.1 —1340.9 117.0
SiCly(n —687.0 -619.8 239.7 Sulfur
SiFy(g) —1615.0 -1572.8 282.8 S(s, rhombic) 0 0 321
SiHa(g) 343 56.9 2046 S(s, i 03 0.096 326
Si0ss, quartz) -910.7 ~856.3 415 S(g) 2772 236.7 167.8
SipHg(8) 80.3 127.3 2727 Sy(8) 128.6 79.7 2282
Silver Salg) 102.3 49.7 4309
Ag(s) 0 0 426 s (aq) 41.8 83.7 22
Ag(g) 2849 246.0 173.0 SFelg) —1220.5 -1116.5 2915
Ag'(aq) 105.79 7711 73.45 HS (aq) -17.7 12.4 62.0

(continued on the next page)
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Appendix I1:  Useful Data

Substance AHj(k)/mol)  AG](K)/mol)  $°()/mol - K) Substance AHj(k)/mol)  AGF(KI/mol)  $°()/mol - K)
H,S(8) —20.6 -33.4 205.8 Ti0y(s) —944.0 -888.8 50.6
H;S(aq) —39.4 -27.7 122
SOCh() —245.6 Wis) 0 0 326
S04(8) —296.8 —300.1 248.2 Wig) 849.4 807.1 174.0
S04(8) -395.7 -371.1 256.8 WOs(s) -842.9 —764.0 75.9
50, (aq) -909.3 ~7446 185 Uranium
HS04 (aq) ~886.5 ~754.4 129.5 U(s) 0 0 50.2
HS04(1) -814.0 -690.0 156.9 uig) 533.0 488.4 199.8
H,504(aq) -909.3 ~744.6 185 UFg(s) —2197.0 —2068.5 2276
5,05 (2q) —648.5 —522.5 67 UFg(g) —2147.4 —2063.7 377.9
Tin U0,(s) —1085.0 -1031.8 77.0
Sn(s, white) 0 0 512 Vanadium
Sn(s, gray) -2.1 0.1 44.1 V(s) 0 0 289
Snig) 301.2 266.2 168.5 Vig) 514.2 754.4 1823
SnClyff) —511.3 —440.1 2586 Zine
SnCly(g) —471.5 —432.2 365.8 Zn(s) 0 0 416
Sn0(s) —280.7 —251.9 57.2 2n(g) 1304 94.8 161.0
Sn0y(s) —577.6 5158 490 2n**(aq) —153.39 -147.1 -109.8
Titanium 20Cly(s) —415.1 —369.4 1115
Tifs) 0 0 30.7 Zn0(s) -350.5 -320.5 437
Ti(g) 473.0 428.4 180.3 08 (s, zinc
TICk() —804.2 —1372 2523 blende) —2060 —2013 57.7
Tl 7632 263 3532 20804(s) —982.8 —871.5 1105
C. Aqueous Equilibrium Constants
1. Dissociation Constants for Acids at 25 °C

Name Formula K, Ky, K,, Name Formula K, Ky, K,,
Acetic HCHs0,  1.8%107° HCN 29x10710
[ HCgH04 33x 1077 HF 35x107¢
Adipic HyCaHaOy 39X 107° 3.9x107° Hydrogen
Arsenic HiAsOy;  55x107% 1.7x107 51x107? chromate ion  HCr0;” 3.0 1077
Arsenous HifsO3  51x1077° Hyd'ose: o 2ax10°2
Ascorbic HyCeHgOs 8.0%107° 16x 107 N;’:’: ¢ = A
Benzoic HC/Hs0, 65%107° mf:'é ion  HSeOf  22x1072
Boric HiBOs  54x107° Hydrosulfuric  H,S 89x10° 1x1071°
Butanoic HC4H0, 15x107° Hole 23%10%  16x10°
Carbonic Hy00;  43x107 56x10" HBO 28x 107
¢ HOH0,0 14107 HCIo 29107
Chlorous HCIO, 1.1% 1072 Frv——— HIO 23% 101
Citric HiCeHs0; 7.4x107% 1.7x10™° 40x107 Todic HIO 17%10°
Cyanic HCNO 2x107 Lactic HOHaOs 14X 107
Formic HeHO,  18x 107 Maleic HoCiHa0p 12X107 59x1077

. Hy 25x10°° Malonic HoCsHa0p 15% 107 201078




Appendix Il:  Useful Data A-11

Name Formula K, K, K, Name Formula K, K,
Nitrous HNO, 46x107¢ Selenous HSe0;  24x107 48x107°

Oxalic H004  60x107 61x107° Succinic HCHO; 62x107° 23x107°
Paraperiodic  Hgl0g 28x107% 53x107° Sulfuric H;S0;  Stongacid 1.2x1072

Phenol HCHs0  13x107%° H;80;  16x1072 6.4x10°

Ph HsPO, 75x107 62x107°% 42x1079 Tartaric HyCyHi0s 1.0x 1077 461077

Ph HsPOs 5x1077  20x1077 Ti ic  HCyCl:0; 22x107!

Propanoic HCaHs0;  1.3x107° Tiifl j

Pyrvic HCHs0s 4.1 107 acid HCoF30;  3.0x107!

P HP0;  12x107' 7.9x107% 20x107

2. Dissociation Constants for Hydrated Metal lons at 25 °C

Cation lon K, Cation Hydrated lon K,

e Al(Hy0)6™ 1.4%107% Fe** Fe(H,0)6*" 63x 107
Be?* Be(K,0)5* 3x1077 NiZ* Ni(H,0)6> 25x 107
co** CofH,0)¢** 13x107° Po?* Pb{H;0)6** 3x107°
crt Cr(H,0)¢™ 1.6%107 S Sn{H,0)5** 4x107*
cu®* Cu(H,0)6> 3x10°8 m** In{H0)6> 25% 10710
Fe?* Fe(H,0)6"" 32x10710

3. Dissociation Constants for Bases at 25 °C

Name Formula Ky Name Formula Ky
Ammonia NH3 176 X107 Ketamine Cy3HCINO 3x107"
Aniline CgHsNH, 39x107 Methylamine CH3NH, 4.4x107
Bi ion HCOs™ 23%107° i Cy7HyaNO3 16x107°
Carhonate ion €05~ 18x107 Nicotine CyoHyaNz 1.0x107¢
Codeine CyHaiNO3 16x10°° Piperidine CeHyoNH 133%107°
Di (CoHs)oNH 69x107¢ P i C4HyNH, 35x107¢
D (CH)oNH 54x107 Pyridine CyHgN 1.7%x10°°
Ethylamine C,HgNH, 56x107 Strychnine CyyHagN,05 18x107°°
Ethylenedi CoHgNy 83x107° Ti i (CoHs)N 56x107
Hydrazine HyNNH, 13x107° Trimethylamine (CH3)aN 6.4x107°
Hydroxylamine HONH, 11x107%

4. Solubility Product Constants for Compounds at 25 °C
C d Formula Ky [ d Formula
hydroxide HI{OH)z 13x1079 Cadmium CdCO; 1.0x1077

Aluminum phosphate PO, 9.84 107 Cadmium hydroxide Cd(OH); 7.2x107"
Barium carbonate BaC03 2.58x107° Cadmium sulfide cds 8x107%8
Barium chromate BaCr0y 117107 Calcium carbonate €aC03 496x107°
Barium fluoride BaF, 2.45%107° Calcium chromate CaCr0y 7.1x107*
Barium hydroxide Ba(OH), 50x107 Calcium fluoride CaF, 1.46x1071°
Barium oxalate BaC,04 16x107° Calcium hydroxide Ca(OH), 468x10°°
Barium Bay(P0y); §x107%° Calcium hyd
Barium sulfate Bas0, 107x 10710 phosphate CaPO, 131077

(continued on the next page)
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Compound Formula Kep Compound Formula

Calcium oxalate €aCy04 232x107° Manganese(ll) carbonate  MnCO3 224x 1071
Calcium phosphate Cay(POy), 207x10°% Manganese(ll) hydroxide ~ Mn(OH), 1.6x1078
Calcium sulfate Cas0y 7.10x10°° Manganese(ll) suffide  MnS 23x10°8

( Ill) hydroxide ~ Cr{OH)s 63x1071 Mercury(l) bromide Hg,Br, 6.40 X 1075
Cobalt(ll) carbonate CoC04 1.0x10710 yl) HgyCOs 3.6x107"7
Cobalt(ll) Co(OH), 592 x 10718 Mercury(l) chloride HeaCly 143x10718
Cobait(ll) sulfide CoS 5% 107 Mercury(l) ch HeaCrO, 2x107°
Copper(l) bromide CuBr 627x107° Mercury(l) cyanide Hea(CN), 5% 1074
Copper(l) chioride cucl 1.72x107 iodide Healy 52x107%
Copper(l) cyanide CuCN 3.47x107% Mercury(ll) Hg(OK), 31x107%
Copper(ll) CuCOy 2.4x1071 Mercury(ll) sulfide HgS 16x107
Copper(ll) Cu(OH), 22x107% Nickel(ll) NiCO3 142107
Copper(ll) Cua(PO4)s 1.40x10°% ickel(ll) Ni(OH); 5481076
Copper(l) sulfide Cu$ 1.27%x10°% Nickel(ll) sulfide NiS 3x10°%°
Iron(ll) FeC04 3.07x107" Silver bromate AgBr0y 538x107°
Iron(ll) Fe(OH); 4.87x107" Silver bromide AgBr 535x1073
Iron{ll) sulfide FeS 3.72x107 Silver carbonate AgC04 8.46x 1077
Iron(ll) hydroxide Fe(OH)3 279 %107 Silver chloride AgCl 1.77x 1071
Lanthanum fluoride LaFs 2% 107 Silver chromate AgyC0; 1121072
Lanthanum iodate La(103)3 7.50 % 1072 Silver cyanide AgCN 597x 107"
Lead(ll) bromide PbBr, 467x1078 Silver iodide Agl 851x107"
Lead(ll) carbonate PbCO; 7.40% 1074 Silver phosphate AgsPO, 8.89x 107"
Lead(ll) chloride PbCly 117 %107 Slver sulfate AgS0, 1.20%10°°
Lead(ll) POCr0; 28x1078 Silver sulfide ABS 6x107%
Lead(ll) fiuoride POF, 33x1078 Strontium S1C0y 5.60 % 10710
Lead(ll) Pb{OH), 1.43x107% i SICr0, 36x107°
Lead(ll) iodide Pol, 98x107° Sr3(PO4)y 1x107
Lead(ll) phosphate Pb3(P0y4), 1x107 Strontium sulfate Sr50, 3.44x107
Lead(ll) sulfate PbS0, 1.82 X107 Tin{ll) hy Sn(OK), 5.45 x 1077
Lead(ll) sulfice PbS 9.04x 1079 Tin{ll) sulfide sn$ 1x107%
tagnesi MgC05 6.82x10°° Zinc 20004 1.46x 107

fluoride MgF; 5.16x 101! Zing Zn(OH), 3x10°Y

t Mg(OH), 206x 107 Zinc oxalate 0C,04 2.7x1078
M. oxalate MgC,0, 4.83x107° Zinc sulfide ns 2x107%5

5. Complex lon Formation Constants in Water at 25 °C

Complex lon K Complex lon K

[AGICN)]™ 1107 [A{OH).]™ 3x10%
[AR(EDTA)*~ 21x10° Alfon)s]* 2x10"
Aglen);]” 5.0 107 [CaBr 55%10°
[RE(NHs)ol™ 17107 1CH{CN)*~ 3x10%

[AE(SCN) > 12% 10 [CACILJ 6.3% 107
[AB(S203)2]" 28x 10" [Cafen)s* 12x10%
[AEDTA)|™ 13%10% (Gl 2% 10°

ARG 7x10" [ColEDTA - 2.0%10%
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Complex lon Ke Complex lon K
[Co(EDTA)] 1x10% [HgClJ> 1.1% 101
[Cofen)a]* 87x 132 (HEEDTA)F 63 107
[Cofen)s]* 49%1 He(en T 2% 108
[Co(NHa)e]*~ 1.3%10° :H::‘;}.?l 2% 10%
(CofNi)e* 23x10% [Hg(oxh]*~ 9.5x10°
ool s110° NN 2 10%
[Co{ax)s]* 5x107 [NI(EDTA)|>~ 3.6x10'
(Cofony™ 1x10% [Nifen),* 2110
IC«SCN)IF‘ 1x 1::3 [Ni(NH;)e]p 20% 10°
[CAEDTA)] 1 1 NiCals] 3% 108
(ROl 20X 167 [PBCIs” 2.4 % 10!
[Cuchs 1 5% 10° . 2% 10
[Cu(CN)J>~ 1.0% 10 (PEDTAF

: — [Pbl*~ 30 10°
[Cu{EDTA)> 5% 10 1POOH)I 8x 107
[Cufen),)** 1x10% {Pb{oaR- 15x10°
[Cu(NH3)a)** 1.7% 01:" PS04 22%10°
(Cuforl 3t [PCL) 1x10'
[Fe(CN)e]*~ 1.5 10% PUNH)." ax10%
[Fe(CN):I*~ 2x109 SHOH)T YT
[Fe(EDTA)] 2.1 10" [Zn(CN)P 2.1% 101
[Fe(EDTA)]~ 1.7x10% [Zn(EDTA)>™ 3% 10
(Fefensl” 50 10° e 13% 10"
[Fe(ox)y] 17% 12005 20N 28% 10°
(Fe(ox 210 [20(0H).~ 2x10%
[Fe(SCN)J** 8.9x 10 {Zn(omls]* Lax10°
[HE(CN).J*~ 1.8 % 10%

D. Standard Electrode Potentials at 25 °C

Half-Reaction E*(V) Half-Reaction E*(V)
Fofg) +2¢ — 2F(aq) 2.87 Cly(g) + 28~ — 2CI(3q) 1.36
03(8) + 2 H(aq) + 26~ — Ofg) + Holl) 2.08 Cr,077(3q) + 14 H'(aq) + 6e~ — 133
Ag(ag) + ¢ —> Ag'(aq) 198 20 (aq) + 7 Hy0()
Co¥*(ag) + &~ —> Co?*(ag) 1.82 0y(g) + 4 H'(ag) + 4 &~ — 2 H,0() 1.23
H,0,(ag) + 2 H(aq) + 2 &~ —> 2 H,0() 1.78 MnO(s) + 4 H(aq) + 2~ — Mn*“(aq) + 2H,0() 121
PbO(s) + 4 H'(ag) + SOF (ag) + 2¢~ —> 169 105 (ag) + 6 H'(aq) + 5¢~ —> 31.(aq) + 3 H,0() 120
PbS04(s) + 2 H,0()) Br,{/) + 2~ — 2 Br{aq) 1.09
MnO, (ag) + 4 H'(aq) + 3¢ —> MnOy(s) + 2H,0()  1.68 AuCly (aq) + 3 e — Au(s) + 4 CI(aq) 1.00
2 HCI0(aq) + 2 H™(aq) + 2" — Ciy(g) + 2 H,00) 161 V0,(5q) + 2 H(ag) + &~ —> V0"(aq) + H,0() 1.00
MnO,(aq) + 8 H'(ag) + 5~ — Mn""(ag) + 4 H,0() 1.5 HNO,(aq) + H'(aq) + ¢~ —> NO(g) + 2 H,0()) 0.98
Aurt(aq) + 3 — Au(s) 1.50 NOs (aq) + & H'(ag) + 3 &~ — NO(g) + 2 H,0()) 0.96
2 Br0; (aq) + 12 H'(aq) + 106~ —> Bry{l) + 6 H,0()  1.48 Cl0,(g) + &~ — CI05(2q) 0.95
Pb0,(s) + 4 H'({aq) + 2 ¢~ —> Pb**(aq) + 2 H,0() 1.46 2 Hg (aq) + 2e- — 2 Hg, " (aq) 0.92

(continued on the next page)
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Half-Reaction E°(V) Half-Reaction E°(V)
Ag'(aq) + 6" — Agls) 0.80 Agl(s) + &~ — Ag(s) + (aq) -0.15
Hei2"(aq) + 2 &~ — 2 Hg(h) 0.80 Na{g) + 5 H'(ag) + 4 &~ —> NoHs'(aq) -023
Fe**(aq) + & — Fe*"(aq) 0.77 Ni*“(aq) + 2 e~ —> Ni(s) -0.23
PICI(aq) + 2 €~ — Pt(s) + 4 CI(aq) 0.76 Co**(3q) + 2 e~ — Co(s) —0.28
05(g) + 2 H'(aq) + 2 ¢~ — H,0;(aq) 0.70 PbSO4(s) + 2 e~ —> Pb(s) + 50" (aq) —036
MnO; (ag) + ¢~ —> Mno.2"(aq) 0.56 Cd**(aq) + 2~ — Cd(s) —0.40
L{s) + 2 &~ — 217(aq) 0.54 Fe’(ag) + 2~ — Fe(s) —0.45
Cu*{aq) + &~ — Cu(s) 0.52 200,(g) + 2 H'(aq) + 2 e~ —> H,C,04(2q) —0.49
0,(g) + 2H,0() + 4 ¢~ —> 4 OH (aq) 0.40 Cr*(ag) + & —> Cr7(aq) -050
Cu*'(aq) +2¢” — Cu(s) 034 Cr*(ag) + 36~ —> Crls) -0.73
Bi0"(aq) + 2 H'(ag) + 3 &~ —> Bi(s) + H,0() 032 07(ag) + 26— Zn(s) -0.76
Hg,Clofs) + 2 6" — 2 Hgll) + 2 CI(aq) 027 2H,0() + 26~ —> Hy(g) + 2 OH (3g) -0.83
AgCl(s) + &= — Ag(s) + CI(aq) 0.22 Mn**(aq) + 2 &~ —> Mn(s) ~1.18
S07(20) + 4 H(aq) + 2 &~ — HyS04(aq) + H,0() 020 AP(aq) + 3 e~ —> Alls) ~1.66
Cu(aq) + & — Cu(an) 016 Holg) + 2 ¢ —> 2H-(aq) 223
Sn*(aq) + 2 ¢~ — Sn"(aq) 0.15 Mg (aq) + 2 &~ — Mgs) ~237
S(s) + 2H™(ag) + 2~ — H,S(g) 0.14 La*(ag) + 38~ — La(s) -2.38
AgBris) + e~ —> Agls) + Br(sq) 0071 Na*(ag) + &~ —> Nafs) 27
2H'(aq) +2¢ — Hyig) 0.00 Ca*(ag) + 2 ¢~ —> Cafs) -2.76
Fe’(ag) +3¢” —> Fefs) 0038 Ba®*(aq) + 2 ¢~ —> Bafs) -2.90
P (aq) + 207 —> Pbis) —013 K'(aq) + &~ — K(s) 292
Sn?*(ag) + 2~ — Sn(s) ~0.14 Li*(aq) + &= —> Li(s) ~3.04
E. Vapor Pressure of Water at Various Temperatures
T(°C) P (torr) T(°c) P (torr) T(°C) P (torr) T(°C) P (torr)
0 4.58 21 18.65 35 422 92 567.0
5 6.54 22 19.83 40 55.3 94 6109
10 921 23 21.07 45 719 9% 657.6
12 1052 24 22.38 50 925 98 707.3
14 11.99 25 23.76 55 1180 100 760.0
16 13.63 26 25.21 60 149.4 102 815.9
17 1453 27 26.74 65 187.5 104 875.1
18 15.48 28 28.35 70 233.7 106 937.9
19 16.48 29 30,04 80 356.1 108 1004.4
20 17.54 30 31.82 90 525.8 110 1074.6




