Useful conversions and relations:
(* denotes a rounded value)

Energy (S! unit: Joule {J))

Length (S/ unit: meter (m)):

Fundamental constants:

Atomic massunit 1g=
lamu=

6.02214179x10% amu
1.660538782x10>" kg

1km = 0.62137119 mi* 1) 1 kg m*/s’ Avogadro’s number N,= 6.02214179x10* /mol
1mi = 5280 feet = 0.23900574 cal* Boltzmann’s const. k = 1.3806502x10 > J/K
= 1.609344 km = 1CV Electron charge e = 1.602176487x10 " C
1m = 1.0936133 yd* 1 cal = 4.184) Faraday’s constant F = 9.64853399x10" C/mol
lyd = 3ft 1Cal (food) = 1 kcal Ideal gas constant R = 0.082058205 L-atm/mol-K
1ft = 12in = 4184 = 8.314472 J/mol-K
1in = 2.54cm 1eV = 1.602176487x107*° ) Mass of electron  m,= 5.48579909x10 " amu
lecm = 0.39370079 in* = 9.10938215x10 " kg
1A = 10m Mass of neutron m,= 1.008664916 amu
Pressure (S/ unit: Pascal (Pa)): = 1.674927211x10"" kg
1Pa = 1N/m? Mass of proton mp= 1.007276467 amu
Mass (S/ unit: kllogram (kg)): =1 kg/m—sz = 1.672621637x10 kg
1kg = 2.2046226 Ib* latm = 101,325 Pa Pi n = 3.1415927*
1lb = 453.59237¢g = 760 torr Planck’s constant h = 6.62606896x10>* J-s
= 16 0z = 14.69595 |b/m2 Speed of light (vac) ¢ = 2.99792458x10° m/s
1ton = 2000Ib lbar = 10°Pa . .
1tonne = 1000 kg ltorr = 1mmHg Provided equations:
lamu = 1.660538782x10 g c=hv, E=hv, A=h/mv, Ax-mAv > h/4r,
s E, (H atom)=—2.179x10*8 (1/n2)
Volume (S/ unit: cubic me?t:er (m’)): E.=xQ,Q,/d, 1D=3. 33564x10°% C-
Temperature (S/ unit: Kelvin (K)): 1L = 0.001m
T°C = 5/9(T°F-32°) = 1dm’ _ |3RT rate, _
TF = 9/5-T°C+32° = 1000 cm® Vems =\ g p
TK = T°C+273.15 = 1.0566882 qt* rateg
0K = -273.15°C lgal = 4aqt p+7 (V' nb)=nRT
= —459.67 °F = 231in
= 3.7854118 L*
1ecm® = 1mL 1115 = Hmp i i
1in® = 16.387064 cm’ 2 R I T
1 2
H He
1.00794 4.002602
3 4 5 6 7 8 9 10
Li Be B C N (0] F Ne
6.941 9.012182 10.811 12.0107 14.0067 15.9994 18.9984032 20.1797
1 12 13 14 15 16 17 18
Na | Mg Al lsi| P ]| s |c | ar
22.989769 24.3050 26.9815386 28.0855 30.973762 32.065 35.453 39.948
19 20 21 22 23 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \' Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.0983 40.078 44.955912 47.867 50.9415 51.9961 54.938045 55.845 58.933195 58.6934 63.546 65.38 69.723 72.64 74.92160 78.96 79.904 83.798
37 38 39 40 41 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 | Xe
85.4678 87.62 88.90585 91.224 92.90638 95.96 98] 101.07 102.90550 106.42 107.8682 112.411 114.818 118.710 121.760 127.60 126.90447 131.293
55 56 57-71 72 73 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.9054519] 137.327 178.49 180.94788 183.84 186.207 190.23 192.217 195.084 196.966569 200.59 204.3833 207.2 208.98040 [209] [210] [222]
87 88 89-103 104 105 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra Rf Db Bh Hs Mt Ds Rg Cn Uut Fl Uup | Lv | Uus | Uuo
[223] [226] [267] [268] [272] [270] [276] [281] [280] [285] [284] [289] [288] [293] [294] [294]
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.90547 140.116 140.90765 144.242 [145] 150.36 151.964 157.25 158.92535 162.500 164.93032 167.259 168.93421 173.054 174.9668
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
[227] 232.03806 | 231.03588 | 238.02891 [237] [244) [243) [247) [247) [251] [252) [257) [258] [259] [262]




TABLE 4.5 ¢ Activity Series of Metals in Aqueous Solution

Metal Oxidation Reaction
Lithium Li(s) — Li(aq) + ¢
Potassium K(s) — K'(aq) + ¢
Barium Ba(s) — Ba’"(aq) + 2¢~
Calcium Ca(s) — Ca’*(aq) + 2¢~
Sodium Na(s) — Na®(aq) + ¢~
Magnesium Mg(s) — Mg**(aq) + 2¢~
Aluminum Al(s) —> AP"(aq) + 3¢~
Manganese Mn(s) — Mn?*(aq) + 2¢~
Zinc Zn(s) —> Zn**(aq) + 2¢~ Mg
Chromium Cr(s) — Cr¥*(aq) + 3¢~ =
Iron Fe(s) — Fe’*(aq) + 2¢~ g
Cobalt Co(s) —> Co**(aq) + 2¢~ ‘-g
Nickel Ni(s) — Ni**(aq) + 2¢~ %
Tin Sn(s) — Sn**(aq) + 2¢~ =
Lead Pb(s) — Pb**(aq) + 2¢~
Hydrogen H,(g) — 2H"(aq) + 2e
Copper Cu(s) — Cu**(aq) + 2¢~
Silver Ag(s) — Ag'(aq) + ¢ L
Mercury Hg(l) — Hg*'(aq) + 2¢~
Platinum Pt(s) — Pt (aq) + 2¢”
Gold Au(s) —> Au’'(aq) + 3¢~
Solubility Tables:
Water soluble compounds contain: Insoluble exceptions:
Ammonium, Sodium ion, Potassium ion, None
Acetate, Chlorate, Perchlorate, Nitrate
Chloride, Bromide, lodide Compounds of Ag*, Hg,?*, and Pb2+
Sulfate Compounds of Sr2+, Ba2+, Hg,2*, and Pb2+
Water insoluble compounds contain: Soluble exceptions:
Sulfide, Hydroxide Compounds of the alkali cations, Ca?+, Sr?+, Ba2+, and NH4*
Carbonate, Phosphate, Oxalate Compounds of the alkali cations, and NH*
Unit cells:

P

— Face-centered
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b
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g

Cs(Cl structure NaCl structure ZnS structure CaF; structure



B, C,, N, and their ions: 0, F,, Ne,, and their ions:

TABLE 8.4 ° Average Bond Enthalpies (kJ/mol)

Single Bonds
C—H 413 N—H 391 O—H 463 F—F 155
C—C 348 N—N 163 0—0) 146
C—N 293 N—O 201 O—F 190 Cl—E 253
CcC—0O 358 N—F 272 O—¢l 203 cl—al 242
C—F 485 N—ClI 200 O0—I 234
C—Cl 328 N—Br 243 Br—F 257
C—Br 276 S—H 339 Br—Cl 218
C—l 240 H—H 436 S—F 327 Br—Br 193
C—S§ 259 H—E 567 S—l 253

H—Cl 431 S—DBr 218 I—€l 208
Si—H 223 H—DBr 366 S—S 266 [—Br 175
Si— 51 226 H—1 299 =l 151
Si—C 301
Si—0 368
Si—Cl 464
Multiple Bonds
C=C 614 N=N 418 0O, 495
C=C 839 N=N 941
C=N 615 N=0 607 $S=0O 523
C=N 891 $=S§ 418
C=0 799

C=0 1072
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APPENDIX C

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

AHp AGy S° AHp AGy s°
Substance (kd/mol) (kJ/mol) (J/mol-K) Substance (kd/mol) (kd/mol) (J/mol-K)
Aluminum C,yHy(9) 52.30 68.11 219.4
Al(s) 0 0 28.32 CyHs(g) —84.68 —32.89 229.5
AlCl5(s) —705.6 —630.0 109.3 C5Hs(g) —103.85 —23.47 269.9
ALOs(s) —1669.8 —1576.5 51.00 C4Hyo(g) —124.73 —15.71 310.0
Barium C4Hyo(l) —147.6 —15.0 231.0
Ba(s) 0 0 632 CeHe(9) 82.9 129.7 269.2
BaCOs(s) —1216.3 —1137.6 112.1 CeHo(D) 49.0 124.5 172.8
BaO(s) —553.5 —525.1 70.42 CH;0H(g) —2012 ~1619 237.6
CH;0H()) —238.6 —166.23 126.8
Beryllium C,H;0H(g) —235.1 ~168.5 282.7
Be(s) 0 0 9.44 C,Hs0H()) —277.7 —174.76 160.7
BeO(s) —608.4 —579.1 13.77 CeH1,04(s) —1273.02 —910.4 212.1
Be(OH),(s) —905.8 —817.9 50.21 CO(g) —110.5 —1372 197.9
Bromine CO,(g) —393.5 —394.4 213.6
Br(g) 111.8 82,38 174.9 CH3COOH(]) —487.0 —392.4 159.8
Br (aq) —120.9 —102.8 80.71 Cesium
Bry(g) 30.71 3.14 245.3 Cs(g) 76.50 49.53 175.6
Br,(I) 0 0 152.3 Cs(l) 2.09 0.03 92.07
HBr(g) —36.23 —53.22 198.49 Cs(s) 0 0 85.15
Calcium CsCl(s) —442.8 —414.4 101.2
Ca(g) 179.3 145.5 154.8 Chlorine
Ca(s) 0 0 41.4 Cl(g) 121.7 105.7 165.2
CaCOs(s, calcite) —1207.1 —1128.76 92.88 Cl(aq) —167.2 —131.2 56.5
CaCly(s) —795.8 —748.1 104.6 Cly(g) 0 0 222.96
CaF,(s) —1219.6 —1167.3 68.87 HCl(aq) —167.2 —131.2 56.5
CaO(s) —635.5 —604.17 39.75 HCI(g) —92.30 —95.27 186.69
Ca(OH),(s) —986.2 —898.5 83.4 ]
CaS0,(s) ~1434.0 ~1321.8 106.7 Chromium
Cr(g) 397.5 352.6 174.2
Carbon Cr(s) 0 0 23.6
Clg 718.4 672.9 158.0 Cr,05(s) —1139.7 —1058.1 81.2
C(s, diamond) 1.88 2.84 2.43
. Cobalt
C(s, graphite) 0 0 5.69
Co(g) 439 393 179
CCly(g) —106.7 —64.0 309.4 Cols) 0 0 284
CCly(D) —139.3 —68.6 214.4
CFy(9) —679.9 —635.1 262.3 Copper
CH,(g) —74.8 —50.8 186.3 Cu(g) 338.4 298.6 166.3
C,H,(g) 226.77 209.2 200.8 Cu(s) 0 0 33.30
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1060 APPENDIX C Thermodynamic Quantities for Selected Substances at 298.15 K (25 °C)

AHp AGy S° AHp AGy S°
Substance (kd/mol) (kJ/mol) (J/mol-K) Substance (kd/mol) (kJ/mol) (J/mol-K)
CuCly(s) —205.9 —-161.7 108.1 MgO(s) —601.8 —569.6 26.8
CuO(s) —156.1 —128.3 42.59 Mg(OH),(s) —924.7 —833.7 63.24
Cu,0(s) —170.7 —147.9 92.36 Manganese
Fluorine Mn(g) 280.7 238.5 173.6
F(g) 80.0 61.9 158.7 Mn(s) 0 0 32.0
F(aq) —332.6 —278.8 —13.8 MnO(s) —385.2 —362.9 59.7
Fy(g) 0 0 202.7 MnOs(s) —519.6 —464.8 53.14
HE(g) —268.61 —270.70 173.51 MnOy (aq) —541.4 —447.2 191.2
Hydrogen Mercury
H(g) 217.94 203.26 114.60 Hg(g) 60.83 31.76 174.89
H" (aq) 0 0 0 Hg(1) 0 0 77.40
H*(g) 1536.2 1517.0 108.9 HgCly(s) —230.1 —184.0 144.5
H,(g) 0 0 130.58 Hg,Cly(s) —264.9 —210.5 192.5
Todine Nickel
1(g) 106.60 70.16 180.66 Ni(g) 429.7 384.5 182.1
1 (aq) —55.19 —51.57 111.3 Ni(s) 0 0 29.9
I,(g) 62.25 19.37 260.57 NiCly(s) —305.3 —259.0 97.65
1,(s) 0 0 116.73 NiO(s) —239.7 —211.7 37.99
HI(g) 25.94 1.30 206.3 Nitrogen
Iron N(g) 472.7 455.5 153.3
Fe(g) 415.5 369.8 180.5 Na(g) 0 0 191.50
Fe(s) 0 0 27.15 NH;(aq) —80.29 —26.50 111.3
Fe?"(aq) —87.86 —84.93 113.4 NH;(,) —46.19 ~16.66 1925
Fe’*(aq) —47.69 —10.54 293.3 NH, " (aq) —132.5 —79.31 113.4
FeCl,(s) —341.8 —302.3 117.9 N,H,4(g) 95.40 159.4 238.5
FeCls(s) —400 —334 142.3 NH,CN(s) 0.0 _ _
FeO(s) —271.9 —255.2 60.75 NH,Cl(s) —314.4 —203.0 94.6
Fey05(s) —822.16 —740.98 89.96 NH,NOs(s) —365.6 —184.0 151
Fe;04(s) —1117.1 —1014.2 146.4 NO(g) 90.37 86.71 210.62
FeS(s) —171.5 —160.1 52.92 NO,(g) 33.84 51.84 240.45
Lead N,O(g) 81.6 103.59 220.0
Pb(s) 0 0 68.85 N,04(g) 9.66 98.28 304.3
PbBr,(s) —277.4 —260.7 161 NOCl(g) 52.6 66.3 264
PbCO5(s) —699.1 —625.5 131.0 HNO;(aq) —206.6 —110.5 146
Pb(NOs),(aq) —421.3 —246.9 303.3 HNOs(g) —134.3 —73.94 266.4
Pb(NO3),(s) —451.9 — — Oxygen
PbO(s) —217.3 —187.9 68.70 0(g) 2475 230.1 161.0
Lithium 0,(g) 0 0 205.0
Li(g) 159.3 126.6 138.8 0s(g) 142.3 163.4 237.6
Li(s) 0 0 29.09 OH (aq) —230.0 —157.3 -10.7
Li* (aq) —278.5 —273.4 12.2 H,0(g) —241.82 —228.57 188.83
Li"(g) 685.7 648.5 133.0 H,0() —285.83 —237.13 69.91
LiCl(s) —408.3 —384.0 59.30 H,0,(g) —136.10 —105.48 232.9
Magnesium H,0,(]) —187.8 —120.4 109.6
Mg(g) 147.1 112.5 148.6 Phosphorus
Mg(s) 0 0 32.51 P(g) 316.4 280.0 163.2
MgCly(s) —641.6 —592.1 89.6 P»(g) 144.3 103.7 218.1



APPENDIX C Thermodynamic Quantities for Selected Substances at 298.15 K25°C 1061

AH} AG} s° AH; AGs s°
Substance (kd/mol) (kd/mol) (J/mol-K) Substance (kd/mol) (kd/mol) (J/mol-K)
P,(g) 58.9 24.4 280 AgNO5(s) —124.4 —33.41 140.9
Py(s, red) —17.46 —12.03 22.85 Sodium
P4(s, white) 0 0 41.08 Na(g) 107.7 773 153.7
PCl5(g) —288.07 —269.6 311.7 Na(s) 0 0 5145
PCly(1) -319.6 —272.4 217 Na*(aq) a0 2619 500
PF5(g) —1594.4 —~1520.7 300.8 Na*(g) 6093 43 148.0
PH;(g) 4 134 210.2 NaBr(aq) —360.6 —364.7 141.00
P404(s) —1640.1 - - NaBr(s) —361.4 —349.3 86.82
P4010(s) —2940.1 26752 228.9 Na,CO;(s) —1130.9 —1047.7 136.0
POCl3(g) o422 5025 325 NaCl(aq) —407.1 —393.0 115.5
POC;(1) —597.0 ~520.9 222 NaCl(g) 1814 013 2208
H;PO,4(aq) —1288.3 —1142.6 158.2 NaCl(s) 4109 1840 933
Potassium NaHCOj5(s) —947.7 —851.8 102.1
K(g) 89.99 61.17 160.2 NaNO;(aq) —446.2 —372.4 207
K(s) 0 0 64.67 NaNO;(s) —467.9 ~367.0 116.5
KCl(s) —4359 —408.3 82.7 NaOH(aq) —469.6 —419.2 49.8
KClO5(s) —391.2 —289.9 143.0 NaOH(s) —425.6 —-379.5 64.46
KClO5(aq) —349.5 —284.9 265.7 NaySO,(s) —1387.1 —1270.2 149.6
K,COs(s) —~1150.18 —1064.58 155.44 )
KNOs(s) —492.70 ~393.13 132.9 Strontium
K,0(s) ~363.2 —322.1 94.14 SrO(s) —392.0 619 549
KO, (s) —284.5 —240.6 122.5 Sr(e) 1644 1100 164.6
K,04(s) —495.8 —429.8 113.0 Sulfur
KOH(s) —424.7 —378.9 78.91 S(s, hombic) 0 0 31.88
KOH(aq) —482.4 —440.5 91.6 Ss(g) 102.3 49.7 430.9
Rubidium SO, (g) —296.9 —300.4 2485
Rbig) 45.8 558 170.0 SO;5(g) —395.2 —370.4 256.2
Rb(s) 0 0 76.78 S0,> (aq) —909.3 —744.5 20.1
RbCI(s) —4305 —412.0 92 SOCL(1) —245.6 — -
RbCIO(s) ~392.4 ~292.0 152 HaS(8) —20.17 —33.01 205.6
_ H,50,(aq) —909.3 7445 20.1
Scandium H,50,(1) —814.0 —689.9 156.1
Sc(g) 377.8 336.1 174.7
Sc(s) 0 0 34.6 Titanium
Selenium Ti(g) 468 422 180.3
H,Se(g) 29.7 15.9 219.0 Ti(s) 0 0 30.76
TiCly(g) —763.2 —726.8 354.9
Silicon TiCly()) —804.2 —728.1 221.9
Si(g) 368.2 3239 167.8 TiO,(s) —944.7 —889.4 50.29
Si(s) 0 0 18.7
SiC(s) —73.22 —70.85 16.61 Vanadium
SiCly(l) —640.1 —572.8 239.3 V(g 514.2 453.1 182.2
SiO, (s, quartz) —-910.9 —856.5 41.84 V(s) 0 0 28.9
Silver Zinc
Ag(s) 0 0 4255 Zn(g) 130.7 95.2 160.9
Ag*(aq) 105.90 77.11 73.93 Zn(s) 0 0 41.63
AgCl(s) —127.0 —~109.70 96.11 ZnCly(s) —415.1 —369.4 111.5
Ag,0(s) ~31.05 —~11.20 121.3 ZnO(s) —348.0 —318.2 439



