ACID / BASE EQUILIBRIUM . HETEROGENEOUS EQUILIBRIUM COMPLEX EQUILIBRIUM OXIDATION / REDUCTION EQUILIBRIUM
SOLUBILITY in water at room temperature N R
acid = conjugate base Ka PKa salt (s) = ions (aq) Ksp Cation + n Ligands = Complex K¢ 0oX +ne = RED E° (V)
HI T E11 -11 NOs| ac | on| or | Br | ' |sost{co,? o* | s* |po. KCIO,4 =2 K" + Clog il 2=z sn?t +4CI = sncl,® 2,8 E1 (N) Li* + e = Li - 3,04
HBr Br- E9 -9 Co(103); = Co** + 2105 1,2 E-2 Pb%* + 3 CI = PbCly 6,3EL ™) K* + e N K -2,93
HCI Cl- E7 Nat| + " " " o - " o s " o Ba(OH), = Ba?* + 20H 2,6 E-4 Cd** + 2 (ac) = Cd(ac), 1,4E3 (N) Ba?* + 2e = Ba -2,91
H,SeO, HSeO,” 1000 Ag,S0, = 2Ag" + SO 1,2E-5 cu®t + 2 (ac) = Cu(ac), 4,3E3 (N) ca’t +2e” = Ca -2,87
H,S0, HSO, 1000 e o . o o o o o o sz o o PbCl, = pp** + 2CI il,7/ (2= Pb** + 2 (ac) = Pb(ac), 1,2 E4 (N) Na* + e = Na -2,71
HMnO, MnO, 200 Zn(10s); = zn** + 2105 4,1 E-6 Co®* + 6 NH3 = Co(NH5)¢**  2,5E4 N Mg** +2e = Mg -2,37
HCNS CNS™ 63 NHH 4|+ sl al 2| = CaS0, = Ca** + S0 4,9 E-6 Pb* + 4T = PbL> 3,2E4 N APt + 3¢ = Al -1,68
HCIO, clo,” 40 Ca(OH), = Ca®* + 20H 5,0 E-6 Fe’* + 250, = Fe(S0.), 2,4 ES (N) Mn2* + 2e =2 Mn -1,19
HNO; NO5™ 25 Agt| + | £ | - R : e - B R : Ca(I0;); = Ca** + 2105 6,5 E-6 cu*t + 4cr = CuCly® 4,2E5 * (B) S0 +H0+2 = S04 +20H -0,93
HCIO; Clo; 10 PbBr, = pb** + 2Br 6,6 E-6 cd*t + 41 = cdr,> 8,3 E5 (N) crt + 2e = Cr -0,91
H;0" H,0 ngt| + | = B ; ) B : B _ : MgCO3 = Mg* + COs* 6,8 E-6 Hgl, +2T = HgL?* 1,3 E6 () 2H0 +2¢ = H, + 20H -0,83
®  CI;C-COOH Cl,Cc-COO” 2,0 E-1 0,7 B NiCO5 = Ni** + COs* 1,4 E-7 Pb** + 2 (0x*) = Pb(ox),* 2,0 E6 N zp?* +2e = Zn -0,76
H,Cro, HCro,~ 1,8 E-1 0,74 met| ¢ |+ | |+ | & |+ ] 4] - = P2 ® BaC0, = Ba®* + G0, 1767 % Cd?* + 4 NH, = Cd(NHy)2*  5,5E6 PO - = cr -0,74
HIO3 105 1,7 E-1 0,78 CuCl = cut + Cr 1,7 E-7 Ag® + 2 NHs = Ag(NH;)," 1,7 E7 ® (2) 2CO; + 2HY + 2e” = (COOH)> -0,49
H4P,0, HsP,0, 1,2 E-1 0,91 | | + | 2| 4| + |+ | = Pl - : ® FeC,0, = Fe** + C0,% 2,1E7 * Ag" + 2Br = AgBry” 3,2E7 (8) S +H0 +2e = HS™ + OH" -0,48
NH,SOsH NH,S05" 8,9 E-2 1,05 B B - SrS0, = sr?* + S0.” 3,4 E-7 Fe** + 3 (ac) = Fe(ac)s 1,9 E8 (N) Fe?* +2e = Fe - 0,45
H3PO, H,PO," 7,9 E-2 1,1 gatt # |+ |+ | |+ | o] -] &) - Mn(I03); = Mn®* + 2105 4,4 E-7 Ni** + 6 NH; = Ni(NH;)¢** 2,0 E8 N crt + e = cr*t -0,41
. (COOH), HOOC-COO™ 5,6 E-2 1,25 Hg,S04 = 2Hg* + S0, 6,5 E-7 Hg?* + 2 (ac) = Hg(ac), 2,8 E8 (N) cd** + 2e = Ccd - 0,40
HsPO3 H,PO5™ 5,0 E-2 1,3 |+ |+ ) c el s ] s ) R : PbSO, = Pb?* + SO 2,5E-8 Zn** + 4 NH; = Zn(NHs).>*  7,8E8 N Co?* + 2¢” = Co -0,28
®  Cl,HC-COOH ClL,HC-COO™  4,5E-2 1,35 AgIO; = Ag" + 105 3,2E-8 Ag* + 4 SCN = Ag(SCN)> 1,2 E10 @  H;PO, +2H*+2e = HPO;+H0 -0,28
HIO, 104 2,3E-2 1,64 T R R R I R A T ~ ~ R ® CaC0, = Ca* + GO0, 2,3E-9 Cu®* + 4 NH; = Cu(NH3)s2* 5,6 E11 N N2t +2e° = Ni -0,26
H,S0; HSO5" 1,4 E-2 1,85 BaCOs; = Ba’* + CO;* 2,6 E-9 Agt + 25,05 = Ag(S;0;),> 1,7E14 * (2 Co, +2H +2¢ = HCOOH -0,20
HClO, clo,” 1,2 E-2 1,94 cort| + | + B P I I B B _ B CaC0, = Ca** + CO3* 3/4IEz9 Zn®* + 4 OH = Zn(OH).> Bi2]EilS) (B) 0, +HO0 +2e = HO, + OH" - 0,15
HSO,” S0,2 1,0 E-2 1,99 Ba(10;), = Ba?* + 2105 4,0 E-9 Hg®* + 4CI = HgCl, > 4,0 E15 (N) sn2* +2e = Sn -0,14
H3P,0; H,P,0,* 7,9 E-3 2,10 FRTETY I I A R O O I B R : CuBr = cut + Br 6,3 E-9 AP* + 3 (ox¥) = Al(ox)5> 9,3 E15 N pp* +2e = Pb -0,13
Hs;PO, H,PO,~ 6,9 E-3 2,16 PbI, = pp?*t + 2T 9,8 E-9 cu®* + 2 (hb) = Cu(hb), 7,9E16 * (N) Fe3* + 3¢’ =2 Fe - 0,04
H3AsO, H,AsO,” 5,5 E-3 2,26 BaCrO, = Ba’* + Cro.> 1,2 E-10 Fe** + 3 (ox%) 2 Fe(ox)s> 4,1 E18 ® (2 HCOOH +2H +2e = HCHO + H,0  +0,06 *
H,Te HTe 2,5E-3 2,6 | o+ | o+ 3 N B : : : ZnCO; = zn* + Cos* 1,5 E-10 Hg** + 4 NH; = Hg(NH5).** 1,3 E19 ) S,06* + 2¢ = 25,05% +0,08
®  CIH,C-COOH CIH,C-COO" 1,4 E-3 2,87 AgCl = Ag* + CI 1,8 E-10 APt + 4F = AIFy 1,3 E19 @ s +2H +2e = H;S +0,14
HF F 6,3 E-4 3,20 Hg?| + o . + ) 2 : ) _ B ® CuC,04 2 cu¥ + G0 4,4 E-10 Zn** + 4CN° 2 Zn(CN),*> 4,2 E19 (8) 103 +2H,0 + 4 = 10" + 40H" +0,15
HNO, NO,™ 5,6 E-4 3,25 AgiCr,0; = 2Ag" + Cr,0; 1,0 E-11 * Ag* + 2CN = Ag(CN),” 3,0 E20 N sp* +2e = sn? +0,15
HOCN NCO™ 3,5E-4 3,46 sntt + | ¢ | o | & | s |+ | w] - : : : MnCO; = Mn®* + COs> 2,2 E-11 Hg** + 4Br = HgBrs* 1,0 E21 N cu?t + e = cu* +0,15
. HCOOH HCOO 1,8 E-4 3,75 FeCO; = Fe’* + COs” 3,1E-11 Cu”* + 2 (dhb) = Cu(dhb),”* 1,0 E25 * @  s0.” +4H"+2e =  HSO; +H0 40,17
® HOOC-CO0® (C00), 1:61E:4 3,81 [ R R R e R I I I ® PbC04 = PB4+ G0 34E-11 % Hg®* + 4T = HgL> 6,6 E29 N AgCl + e = Ag + CI +0,22
H,Se HSe 1,3E-4 3,89 ST T CaF, = Cca* + 2F 3,5 E-11 Ni** + 4CN° = Ni(CN).,> 1,7 E30 N cu?t +2e = Cu +0,34
®  CeHs-COOH CeHs-COO™ 6,3 E-5 4,20 P I R T R I B : CdCo; = Ccd®* + COos® 1,0 E-12 AP* + 40H = Al(OH), 2,5 E33 (N} Fe(CN)s™ + e = Fe(CN)s* +0,36
HN; Ny 2,5E-5 4,6 AgSCN = Ag* + SCN° 1,0 E-12 Hg®* + 4 CN = Hg(CN);> 9,3 E38 ®) © +2H,0 + 46 = 40H + 0,40
®  CH,COOH CH,C00" 1,8 E-5 4,75 NS P I R O AgCro, = 2Ag" + Cro2 1,1 E-12 @ HS0; +4H + 48 = S + 3H,0 +0,45
® CH;CH,COOH CH,CH,COO™ 1,4 E-5 4,87 Mg(OH), = Mg*" + 2 OH 5,6 E-12 (ac’) = acetate = CH;COO" N cut + e = cu +0,52
. CEHS-NH;* CsHs-NHzp 1,4 E-5 4,87 ac = acetate fon (CH,COO") Ag,CO5 =2 2Ag" + COJZV, 8,5 E-12 (oxf' oxalate = (COO"), ) (N) I, +2e = 2T + 0,54
AI(H,0)6> Al(H,0)s0H 1,0 E-5 5,0 ® Hg,C:0, = Hg,®t + G042 1,0 E-13 * (hb*) = 2-hydroxybenzoate = CgH4(OH)(CO0") @  H3AsO, +2HY+2e = HAsO+2H,0 +0,56
®  CoHsNH* CsHsN 5,9 E-6 5,23 o CuscN = cut + SCN° 1,8 E-13 (dhb) = 1,2-dihydroxybenzene = CeHs(OH), (B)  MnOs +2H,0 +3e =  MnO,+40H  + 0,60
NH30H* NH,OH 1,2 E-6 5,94 + | nighly soluble ( > 10 g/1) decomposes MgNH,PO, = Mg?*+ NH,*+ PO,>  2,5E-13 % @ 0, +2H +2e = H,0, +0,70
H,CO;3 HCO5™ 4,5E-7 6,35 L L7 Pb(I0;); = Pb* + 2105 3,7 E-13 ® @ CHO, +2H"+2e =  2GCgHiOH), +0,70 *
HCrO,~ cro 3,2E-7 6,49 B . ot (1- 1000 o | AgBr = Ag* + Br 5,4 E-13 EDTA K¢ EDTA K¢ N Fe* + e = Fe?* +0,77
H,PO5" HPO;* 2,0 E-7 6,70 L PbCO;3 = Pb** + CO* 7,4 E-14 Ag(I)-EDTA 2,1E7 Co(I1)-EDTA 2,0 E16 N Hg,** +2e = 2Hg +0,80
H,P,0,% HP,0,* 2,0 E-7 6,70 ~ | poorly soluble ( < 1 g/ does not oceur in solution Co(OH), = Co®* + 20H 5,9 E-15 Ba(II)-EDTA 5,8 E7 Cd(I1)-EDTA 2,9 E16 N Ag* + e = Ag +0,80
H,ASO," HASO,> 1,7 E-7 6,76 L L] Cd(OH), = cd®* + 20H 7,2 E-15 Sr(11)-EDTA 4,3E8 Zn(I1)-EDTA 3,2 E16 N Hg* +2e - Hg +0,85
H,S HS" 8,9 E-8 7,05 Ni(OH), = Ni#* + 2 OH 5,5 E-16 Mg(II)-EDTA 4,9E8 Pb(II)-EDTA 1,1 E18 ()  HO, +HO0+2e = 3 0H +0,88
HSO5" 505> 6,3E-8 7.2 FePO, = Fe** + PO 9,9 E-16 Ca(II)-EDTA 5,0 E10 Ni(1I)-EDTA 4,2 E18 ® o +H0+28 = CI+20H  +0,89 *
H,PO," HPO,* 6,2 E-8 7,21 acid/base equilibrium in water: Cr(OH), = Cr** + 20H 1,0 E-17 * Mn(11)-EDTA 6,2 E13 Cu(I1)-EDTA 6,3 E18 N 2 Hg** +2e = Hg,?* +0,92
HoCl clo’ 4,0 E-8 74 HA = A"+ H* of: HA + H,0 = A" + H;0* Zn(OH), = zn®* + 20H 3,0 E-17 Fe(II)-EDTA 2,1E14 Hg(II)-EDTA 6,3 E21 @  NO; +3H*+2e =  HNO,+H,0 +0,93
H,N-NH;* H,N-NH, 7,9 E-9 8,1 indicator equilibrium in water: Fe(OH), = Fe** + 2 OH 4,9 E-17 AI(IIT)-EDTA 1,3 E16 Fe(III)-EDTA 1,3 E25 @  HNO, +H+e = NO + H,0 +0,98
HOBr BrO” 2,8 E-9 8,55 HInd = Ind” + H* of: HInd + H,0 = Ind” + H;0" Agl = Agt + I 8,5 E-17 EDTA = ethylenediamine tetra-acetic acid (N) Bry + 2e” = 2 Br + 1,09
HCN CN° 6,2 E-10 9,21 Hg,Cl, =2 2Hg" + 2CI 1,4 E-18 ) 2105 + 12H" + 10e” = I, + 6H,0 + 1,20
NH4* NH; 5,6 E-10 9,25 pK. = - log K, =5 = Fe** + s* 6,3 E-18 * @  MnO, + 4H* + 2e Mn?* +2H,0  +1,22
H3BO; H,BO;5" 5,4 E-10 9,27 K, : acid dissociation constant at 25°C Pb(OH), = pb¥* + 20H 1,4 E-20 {} 2) 0, + 4H* + 4e” = 2 H,0 +1,23
H3AsO; H,AsO; 5,1 E-10 9,29 AIPO, = AP + PO 9,8 E-21 K¢ : formation constant at 25°C @ Ccr,0,” +14H' +6e = 2Cr*+7H,0 +1,36
HP,0,” P,0,* 4,8E-10 9,32 all pK, values and indicator data from: Hg,Br, = 2Hg* + 2Br 6,4 E-23 ™) cl, +2e = 2cr +1,36
H2Si03 HSiO3 1,3E-10 9,9 * CRC Handbook of Chemistry and Physics (2022) Zns 2 Zn* + s* 1,6 E-24 * all K values from: Fundamentals of Analytical Chemistry; @ Cloy +8H +8 = CI" + 4H,0 +1,39
® NH,(CH,),NH;*  NHy(CH,),NH, 1,2E-10 9,92 except * : Book of Data, Revised Nuffield Advanced Science (1984) Hg(OH), = Hg®* + 2OH 6,3E-24 * Skoog, West, Holler & Crouch (2021) @  PbO, +4H +2e =  Pb¥ +2H,0 +1,46
®  CeHs-OH CeHs-0 1,0 E-10 9,99 Nis 2 Ni** + % 2,0E-26 * * : Book of Data, Revised Nuffield Advanced Science (1984) @  Mno; +8H"+5¢ = Mn*+4H,0 +1,51
HCO5~ [ee 4,7E-11 10,33 {} Sn(OH), = sn®* + 2 OH 5,5 E-27 N Mt + e = Mn2* +1,54
HOI 107 3,2E-11 10,5 Cds = cd* o+ s* 8,0 E-27 * @ 5106 +H'+2e = 10y +3H,0 +1,60
. CaHgNH5™ CaHgNH; 2,5E-11 10,6 PbS = pp** + S* 1,3E-28 * heterogeneous equilibrium: MyA, (v) = m M"(aq) + n A™(aq) @ HCIO +H +e = Y Cl, + H,0 +1,61
®  CHsNH;" CH3NH, 2,2 E-11 10,66 ACID / BASE INDICATORS Hgl, = Hg®* + 2T 2,9 E-29 Ksp = [M™]™. [A™]" : solubility product @  MnO, +4H'+3e° = MnO;+2H,0 +1,68
HTe Te? 1,0 E-11 11 Indicator Solvent acidic color transition range basic color Hgsl, = 2Hg* + 2T 5,2 E-29 N) ce*t + e = ce?t +1,72
HSe™ Se? 1,0 E-11 11,0 Thymol Blue water red 1,2 - 28 geel Cr(OH);3 = Cr’* + 30H 1,0 E-30 * Ksp values from: CRC Handbook of Chemistry and Physics (2022) @ H,0, +2H +2e = 2 H,0 +1,78
HASO,> AsO> 5,1E-12 11,29 Methyl Orange water red 31 - 44 oranje AI(OH); = AP* + 30H 1,0 E-32 * * : Book of Data, Revised Nuffield Advanced Science (1984) @ [N +2H +2e = 0, + H0 +2,08
H,0, HO,™ 2,4 E-12 11,62 Bromophenol Blue water yellow 3,0 - 4,6 blauw-violet| Ni3(POs), = 3 Ni** + 2P0.> 4,7 E-32 (N) F, + 2e” = 2F +2,87
HSiO;" Sios> 1,3E-12 11,9 * Methyl Red water red 44 - 62 geel Cas(PO;), = 3Ca’* + 2P0, 2,1E-33 @ F, +2H +2e = 2 HF +3,05
HPO,> PO, 4,8 E-13 12,32 Litmus (Azolitmin) water red 50 - 8,0 blauw Cus = Cu*t + S* 6,3 E-36 *
. CH3CHO OHC-CH;" 2,7 E-14 13,57 Bromothymol Blue 70% EtOH yellow 6,0 - 7,6 blauw Cu3(POy), = 3cCu®* + 2P0 1,4 E-37 @ 2024 Cobalt blue coaching CC BY-NC 4.0 e organic half-reaction (2 half-reaction in acidic solution
H,0 [o] 1,0 E-14 14,0 Neutral Red 70% EtOH red 68 - 8,0 geel Fe(OH); = Fe* + 30H 2,8 E-39 info@cobaltbluecoaching.be  www.cobaltbluecoaching.be (N) pH independent half-reaction (8) half-reaction in basic solution
. CH30H CH;0" 3,2 E-16 15,5 Thymol Blue water yellow 8,0 - 9,6 blauw Cu,S = 2Cu* + s¥ 2,5 E-48 * - —
®  CH3CH,OH CH;CH,O" 3,2 E-16 135 Phenolphthalein 70% EtOH  colorless 8,0 - 10,0  rood-paars Ag>S = 2Ag" + S* 6,3 E-50 * T [An] s Cobalt blue coaching E°: standard reduction potential
HS" 5% 1,0 E-19 19 Alizarin Yellow R water yellow 10,0 - 12,0 lichtpaars Hgs = Hg** + s* 1,6 E-52 % 0 9 . 9 . . E° values from: CRC Handbook of Chemistry and Physics (2022)
Caball * Book of Data, Revised Nuffield Advanced Science (1984)
® organic compound EtOH = ethanol ® organic salt (oxalate) 58533
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