CHEMISTRY 1220 OIS
EXAM USEFUL INFORMATION SIAIE

CONVERSIONS AND CONSTANTS
linch=2.54cm, 1nm=10"m,1 pm=1012m, 1 A=101m,1cm3=1mL

N = kg-m/s?, Pa=N/m?, ] = kg-m2/s?
760 mmHg=760 torr=1 atm=1.01325 bar=101,325 Pa=101.325 kPa=14.696 psi
Molar Volume at STP =22.4 L, T(K) = T(°C) + 273.15
The speed of light is ¢ = 3.00 x 108 m/s, Planck’s constant, h = 6.626 x 1034 s
Na =6.022x1023, R = 0.08206 L-atm/mol-K = 8.314 ] /mol-K
d =m/V, density of H20 at 252C = 1.00 g/cm3, density of Hg at 20°C = 13.55 g/cm3

FORMULAS
Energy states of the hydrogen atom: E = (-2.18 x10-18 ])(1/n2)

A= h/mv, E =hc/A
AHorxn = E AHoproducts - Z nAHoreactants, AHorxn = 2 bOl’ldS bFOken - Z bOIldS fOI'med
q = mass x specific heat x AT PE of two interacting charges E = k(Q1Qz)/d

F =ma, P =F/A, KE = %2 mv2
2
[P + %}V —nb)=nRT, and for an ideal gases: PV = nRT

3RT .
V= e where v is rms speed

z%2 = X2 + y? (diagonal of right angle triangle), Vhox =1-w - h
Se¢ = KkuPg, Pa = XaP°s, ATy, = Kem, AT = Kem, I1= (n/V)RT
=X, jon P

solvent™ solvent

AP=X_, P’ P

solute™ solvent solution

P, AH, ([ 1 1 P, AH -
Zn[—ij - (————j log{—zJ = — {] AI—] ln(P) - &4, (lj +C
P, R \T, T, P)  2303R\T, T, R \T

For the general equation:  aA +bB 5 dD + ¢E
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[A], =—-kt+[A], In[A], = -kt +1n[A], ﬁ =kt + W




. __Inl2_ 0693 L1
2 k k % kA,

Ink = —i + InA

RT
k E 1 1 k E
In(2) = %) log(-}) = —— (-
k™ RT T, k' 2303R'T, T,
- E
-E JRT
b=de in(®) = (%) () + In(d)
R T
Molarity, M = @oles of SOll,‘lte Molality, m = — moles of solute
liters of solution kilograms of solvent
A = ebe z=(§jRT=MRT
at 25°C, Kw = 1.0x10-14 K.=[H;0"][OH ] =K,
K, = m pH = —log[H"] = —log[H;0"]. K,xKy=K,  pOH=-log[OH]
© o [HA]
],
% ionization = ———2IMm_ 10, = [base]
[HA]initia] pH pKa i log ( [acid]
for ax? +bx +c =0, g = bt b? - dac

S=kpglnW, AG=AH-TAS, AG=AG+RTInQ, AG=-RTInK
0.0592v

E’cenn = E’ved (CathOde) - Eeq (anode), AG = -nFEcen, Ecell = E’cenl - IOgQ

le =1.60x10"7°C, 1V=1J/1C, 1W=1J/1s, 1kW-h=3.6x10°]
F =96,485 J/V-mol = 96,486 C/mol e
InK =-AH°/R(1/T) + C




TABLE D.1 ¢ Dissociation Constants for Acids at 25 °C
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HOOC(CHOH),COOH (or H,C4H,O4)

Name Formula Ka1 Ka2 Kas

Acetic acid CH3COOH (or HC,H50,) 1.8 X 107°

Arsenic acid H3AsO, 5.6 X 107° 1.0 X 1077 3.0 X 10712
Arsenous acid H3AsO; 51 % 10710

Ascorbic acid H,CeHeOg 8.0 X 107° 1.6 X 10712

Benzoic acid C¢HsCOOH (or HC;H;50,) 6.3 X 107°

Boric acid H3BO; 58 X 10710

Butanoic acid C3H;COOH (or HC4H,0,) 1.5 X 107°

Carbonic acid H,CO; 43 X 1077 5.6 X 1071

Chloroacetic acid CH,CICOOH (or HC,H,0,Cl) 14 X 107

Chlorous acid HCIO, 1.1 X 1072

Citric acid HOOCC(OH) (CH,COOH), (or H3CgH50;) 7.4 X 107* 1.7 X 107° 4.0 X 1077
Cyanic acid HCNO 3.5 X 107

Formic acid HCOOH (or HCHO,) 1.8 X 1074

Hydroazoic acid HN; 1.9 X 107°

Hydrocyanic acid HCN 4.9 x 10710

Hydrofluoric acid HF 6.8 X 1074

Hydrogen chromate ion HCrO4~ 3.0 X 1077

Hydrogen peroxide H,0, 24 X 10712

Hydrogen selenate ion HSeO4~ 2.2 X 1072

Hydrogen sulfide H,S 9.5 X 1078 1%x 107"

Hypobromous acid HBrO 2.5 %1072

Hypochlorous acid HCIO 3.0 X 1078

Hypoiodous acid HIO 23 x 1071

Todic acid HIO; 1.7 X 107

Lactic acid CH;CH(OH)COOH (or HC;H;05) 1.4 X 107

Malonic acid CH,(COOH), (or H,C5H,04) 1.5 X 1073 2.0 X 107®

Nitrous acid HNO, 45 % 107*

Oxalic acid (COOH), (or HyC,04) 59 X 1072 6.4 X 107

Paraperiodic acid H5I0¢ 2.8 X 1072 53 X 1077

Phenol CgHsOH (or HCgH50) 1.3 X 10710

Phosphoric acid H;PO, 7.5 X 1072 62 % 1078 42 x 10713
Propionic acid C,HsCOOH (or HC3H;0,) 1.3 X 107

Pyrophosphoric acid H,P,0; 3.0 X 1072 4.4 X 1073 2.1 X 1077
Selenous acid H,Se05 23 %107 53 X 1077

Sulfuric acid H,S0, Strong acid 1.2 X 1072

Sulfurous acid H,S05 1791072 6.4 X 1078

Tartaric acid 1.0 X 107



TABLE D.2 « Dissociation Constants for Bases at 25 °C

Name Formula Kp

Ammonia NH; 1.8 X 107°

Aniline CgHsNH, 43 x 10710

Dimethylamine (CH3),NH 54 X 107

Ethylamine C,H;NH, 6.4 X 1074

Hydrazine H,NNH, 1.3 X 1076

Hydroxylamine HONH, 1.1 x 1078

Methylamine CH3NH, 44 x 1074

Pyridine CsHsN 1.7 X 107°

Trimethylamine (CH3)3N 6.4 X 107

Name Formula Ksp Name Formula Ksp
Barium carbonate BaCO; 5.0 X 1077 Lead(II) fluoride PbF, 3.6 X 1078
Barium chromate BaCrO4 2.1 X 10710 Lead(1I) sulfate PbSO4 6.3 X 1077
Barium fluoride BaF, 1.7 X 10°° Lead(1I) sulfide* PbS 3 X108
Barium oxalate BaC,04 1.6 X 1076 Magnesium hydroxide Mg(OH), 1.8 X 1071
Barium sulfate BaSO4 1.1 X 10710 Magnesium carbonate MgCO; 35X 10°¢
Cadmium carbonate CdCO;3 1.8 X 10714 Magnesium oxalate MgC,04 8.6 X 107
Cadmium hydroxide Cd(OH), 2.5 % 10714 Manganese(II) carbonate MnCO; 5:0:% 10710
Cadmium sulfide* Cds 8 X 10728 Manganese(IT) hydroxide Mn(OH), 1.6 X 10713
Calcium carbonate (calcite) CaCOs 45 X 107° Manganese(IT) sulfide* MnS 2.% 1072
Calcium chromate CaCrOy4 45 % 107° Mercury(I) chloride Hg,Cl, 1.2 X 10718
Calcium fluoride CaF, 3.9 x 1071 Mercury(I) iodide Hgyl, 1.1 X 1071
Calcium hydroxide Ca(OH), 6.5 X 1076 Mercury(II) sulfide* Hg$S 2% 1073
Calcium phosphate Ca3(POy), 2.0 X 107% Nickel(IT) carbonate NiCO5 13 X 1077
Calcium sulfate CaSO, 2.4 X 107 Nickel(II) hydroxide Ni(OH), 6.0 X 10716
Chromium(III) hydroxide Cr(OH)3 1.6 X 1073 Nickel(II) sulfide* NiS 3 X 10720
Cobalt(II) carbonate CoCO; 1.0 X 10710 Silver bromate AgBrO; 55X 1071
Cobalt(II) hydroxide Co(OH), 1.3 X 10713 Silver bromide AgBr 5.0 X 10713
Cobalt(II) sulfide* CoS 5 X 10722 Silver carbonate Ag,CO; 8.1 X 10712
Copper(I) bromide CuBr 53 X 1077 Silver chloride AgCl 1.8 X 10710
Copper(II) carbonate CuCOs 23 X 10710 Silver chromate Ag,CrO4 1:25%10742
Copper(II) hydroxide Cu(OH), 4.8 X 1072 Silver iodide Agl 8.3:%:107Y7
Copper(II) sulfide* CuS 6 X 1077 Silver sulfate Ag,SO, 1.5 X 1072
Iron(II) carbonate FeCO3 21 x 1071 Silver sulfide* Ag,S 6% 107!
Iron(II) hydroxide Fe(OH), 7.9 X 1071¢ Strontium carbonate SrCO; 9.3 X 10710
Lanthanum fluoride LaF; 2% 1079 Tin(1I) sulfide* SnS 1 X 10726
Lanthanum iodate La(I03); 7.4 X 1071 Zinc carbonate ZnCO; 1.0 X 10710
Lead(II) carbonate PbCO; 7.4 % 1071 Zinc hydroxide Zn(OH), 3.0 X 10716
Lead(II) chloride PbCl, 1.7 X 1073 Zinc oxalate ZnC,04 27561072
Lead(II) chromate PbCrO, 2.8 X 10713 Zinc sulfide* ZnS 2% 1072

*For a solubility equilibrium of the type MS(s) + H,O(l) =— M”(aq) + HS (aq) + OH (aq)
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Equilibrium constants for of complex-ion formation reactions. Cations that

form complex ions with OH- and NHj3 are given for: Ag, Al, Bi, Co, Cr, Cu, Fe, Ni, Zn.
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Half-Reaction E°(V) Half-Reaction E°(V)
Ag*(aq) + e — Agls) +0.799 2H,0(l) + 2e” — H,(g) + 2 OH (ag) —0.83
AgBr(s) + e” — Ag(s) + Br(aq) +0.095  HO, (ag) + H,0(l) + 2¢~ —> 3 OH (ag) +0.88
AgCI(s) te —»_Ag(s) + Cl (aq) 10222 H,0,(aq) + 2H*(aq) + 2¢~ —> 2 H,0(]) +1.776
Ag(CN), (aq) + i — Ag(s) + 2 CN—Z(:zq) —0.31 Hg,2*(aq) + 26~ —> 2 Hg() +0.789
Ag,CrOq(s) + 2¢= = 2Ag(s) + CrO4™ (ag) T0446 ) Hg?* (ag) + 267 —> Hg,?*(ag) +0.920
Agl(s) + e& — Ag(s) + I'(aq) —0.151 2+ Z
3 A P Hg""(aq) + 2e- —— Hg()) +0.854
Ag3(3203)2 (ag) + & — Ag(s) + 25,05"(ag) +0.01 L(s) + 2¢” — 21 (aq) +0.536
aFElag) ok g - Als) —166 2105 (ag) + 12H"(ag) + 10~ —> +1.195
H3AsO4(aq) + 2H (agq) + 2™ — +0.559
H3As05(aq) + H,0() I a0
Ba?*(aq) + 2¢~ —> Ba(s) —2.90 K.+(aq) + e — Kfs) —~2.925
BiO*(aq) + 2H*(ag) + 3¢~ —> Bi(s) + H,0() w3y e —HlY a0
Bry(I) + 2e” —> 2 Br (aq) +1.065 Mg (ag) +2e” —> Mg(s) —2.37
2BrO;(ag) + 12 H'(ag) + 10e~ —> +Ls2  Mn7(ag) +2¢” —> Mn(s) —1I8
Br,(I) + 6 H,O(l) MnO,(s) + 4 H+(aq) +2e — +1.23
2CO,(g) + 2H*(aq) + 2¢~ —> HyC,04(aq) ~0.49 Mn**(aq) + 2 H,0(])
Ca’*(aq) + 2¢” —> Ca(s) ~287 ~ MnO,(ag) + 8H"(ag) +5¢" —> +1.51
Cd?*(ag) + 26~ — Cd(s) —0.403 . .. ‘Mo (ag) +4H0()
Ce*(ag) + &« —> Ce**(ag) +1.61 MnO4 (aq) + 2H,O(I) + 3e _M’O T, +0.59
famiwie R i HNO,(ag) + H*(ag) + ¢~ N(I)l(g;:— H,0(l) “ +1.00
+ = 2laq aq) e —— 2 .
2HCIO(ag) + 2H (aq) + 2¢” — T +1.63 Ny(g) + 4H,0() + 4e~ —> 4OH (ag) + NpHy(ag) —116
CIO(aq) + HyO()) + 2¢~ —> +0g9  Na® +5H"(ag) + 4¢” — N;Hs (ag) —0.23
Cl(aq) + 2 OH (ag) NO; (aq) + 4H(ag) + 3¢~ — NO(g) + 2H,0()) +0.96
2ClO; (aq) + 12H"(ag) + 10e” —> +1.47 Na(aq) + ¢” — Na(s) —2.71
Cly(g) + 6 H,O() Ni®*(aq) + 2¢~ — Ni(s) —0.28
Co®’*(aq) + 2e~ — Co(s) —0277  Os(g) + 4H"(aq) + 4e” — 2H0() +1.23
Co3+(aq) e C02+(aq) +1.842 0,(g) + 2H,0(l) + 4e7 — 4 OH (aq) +0.40
Cr3+(aq) +3e — Cr(s) —0.74 O,(g) +2 H+(aq) + 2e” — H,0,(aq) +0.68
Cr’*(aq) + e —> Cr?"(aq) —0.41 03%) + 2H+(“_‘1) +2e — O,(g) + HO() +2.07
CrO;*(aq) + 14H*(aq) + 66~ —> +1.33 Pb™(aq) + 2&~ —> Pb(s) ) —0.126
2 Cr¥* (ag) + 7 H,0() PbO,(s) + HSO, (ag) + 3H*(ag) + 2¢” — +1.685
CrO.> (aq) + 4H,0() + 3¢~ —> —0.13 PbSO,(s) + 2 H,0(])
Cr(OH)3(s) + 5 OH (aq) PbSO4(s) + H*(ag) + 2e” —> Pb(s) + HSO, (aq)  —0.356
Cu’"(aq) + 2¢” — Cu(s) +0.337 PtCl* (aq) + 2~ — Pt(s) + 4 Cl (aq) +0.73
Cu’*(aq) + e — Cu™(aq) 4+0.153  S(s) + 2H™(aq) + 2¢” —> H,S(g) +0.141
Cu*(aq) + e~ — Cul(s) +0.521 H,803(aq) + 4H" (ag) + 4¢” — S(s) + 3 H,0()) +0.45
Cul(s) + &= — Cu(s) + I'(aq) —0.185 HSO, (aq) + 3HY(ag) + 2~ —> +0.17
Fy(g) + 2e7 — 2F (aq) +2.87 H,50s(aq) + H,O()
Fe**(aq) + 2e” — Fe(s) —0.440 sn**(aq) + 2¢” — Sn(s) —0.136
Fe’*(aq) + e« —> Fe*(aq) +0.771  Sn**(aq) + 2¢” —> Sn**(ag) +0.154
Fe(CN)¢> (aq) + e~ — Fe(CN)¢* (ag) +0.36 VO, (aq) + 2H (aq) + e~ —> VO**(ag) + H,O(I) +1.00
0.000 Zn**(aq) + 2e” — Zn(s)

2H%(aq) + 2¢” — Hy(g)
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