zuur

HBr
HCl
H,SeOs
H2S04
HMnO,
HCNS
HClo,
HNO;
HCIO;
H;0*
Cl,C-COOH
HaCro,
HIO;
HyP,0,
NH,SO;H
HsPO,
(COOH),
HsPO5
CI,HC-COOH
HIO,
H,S0;
HCIO,
HSO,~
H3P,0,”
HsPO,
Fe(H,0)s™"
H3AsO,
H.Te
CIH,C-COOH
HF
HNO,
HOCN
HCOOH
HOOC-COO"
H,Se
C4Hs-COOH
HN;
CH3COOH
CH3CH,COOH
CgHs-NH;"
Al(H;0)6™
CsHsNH*
NH5OH*
H2C0;
HCro,~
H,PO5"
H,P,0,>
HaASO4”
HaS
HSO5"
H,PO,~
HoCl
H,N-NH;*
HOBr
HCN
NH,*
H3BO;
H3AsO;
HP,0,>
H2Si0;

® NH,(CH,),NH;"

CgHs-OH
HCO5~
HOI
C4HoNH5™
CH3NH;*
HTe"
HSe™
HASO,>
H0,
HSi0;"
HPO,>
CH,CHO
H,0
CH5OH
CH3CH,0H
HS"

Br-
cl-
HSeO,”
HSO,~
MnO,
CNS®
clo,
NO5™
ClO;"
H,0
CI5C-CO0"
HCro,~
105
HsP,0,
NH,S0;"
H,PO;"
HOOC-COO™
H,PO5
Cl,HC-COO"
104
HSO;~
clo;”
S0,
H,P,0,%
H,PO,”
Fe(H,0)s0H*"
H,AsO,"
HTe™
CIH,C-COO"
=
NO,™
NCO™
HCOO"
(€00"),
HSe™
CHs-COO"
N5
CH,C00"
CH;CH,CO0"
CgHs-NH,
Al(H,0)s0H**
CsHsN
NH,0H
HCO5™
Cro,”
HPO,>
HP,0,>
HASO,*

HPO,*
clo®
H,N-NH,
Bro”
cN
NH;
H,BO;
H;AsO5
P,0,"
HSiO5"
NH,(CH;);NH,
CeHs-0
CO5"

107
C4HgNH,
CH3NH,

Te*
se”
AsO,*
HO;™
Si05*
PO,
OHC-CH,”
[¢]
CH50
CH3CH,0"
s*

UR - BASE EVENWICHT
= geconj. base

E11

2,0 E-1
1,8E-1
1,7 E-1
1,2E-1
8,9 E-2
7,9 E-2
5,6 E-2
50E-2
4,5 E-2
2,3E-2
1,4 E-2
1,2 E-2
1,0 E-2
7,9E-3
6,9 E-3
6,3 E-2
5,5E-3
2,5E-3
1,4 E-3
6,3E-4
5,6 E-4
3,5E-4
1,8E-4
1,6 E-4
1,3E-4
6,3 E-5
2,5E-5
1,8E5
1,4E-5
1,4E-5
1,0E-5
59 E-6
1,2E6
4,5E-7
32E7
2,0 E-7
2,0 E-7
1,7E7
8,9E-8
6,3E-8
6,2 E-8
4,0E-8
7,9 E-9
2,8E-9
6,2 E-10
5,6 E-10
5,4 E-10
5,1 E-10
4,8 E-10
1,3 E-10
1,2 E-10
1,0 E-10
4,7 E-11
3,2 E-11
2,5E-11
2,2 E-11
1,0 E-11
1,0 E-11
5,1 E-12
2,4 E-12
1,3E-12
4,8E-13
2,7 E-14
1,0 E-14
3,2E-16
3,2E-16
1,0 E-19

0,7
0,74
0,78
0,91
1,05

11 *

1,25
1,3

1,35
1,64
1,85
1,94
1,99
2,10
2,16

2,2 *

2,26
2,6

2,87
3,20
3,25
3,46
3,75
3,81
3,89
4,20
4,6

4,75
4,87
4,87
5,0

5,23
5,94
6,35
6,49
6,70
6,70
6,76
7,05
7,2

7,21
7,4

8,1

8,55
9,21
9,25
9,27
9,29
9,32

9,9 *

9,92
9,99
10,33
10,5
10,6
10,66

11
11,0
11,29
11,62
11,9 %
12,32
13,57
14,0
15,5
15,5
19

<: PKa = - log K,

OPLOSBAARHEID in water bij kamertemperatuur
NO;| ac |OH'| €I | Br | I' |S0,%|CO;*] 0% | s* |PO,*

Na*| + | + | + + |+ | 4+ o I I R

K| o+ | + | + + |+ |+ + |+ | o+ |+
NH,' + + + + + +

Agt| + | | - o S -2 - - - -
Hg*| + | % - - - - - - S o
Mg?t| + + - + + + + - + -
ca?t| + + &h] + + + i - 32 kit -
BaZt| + + + + + + - - EH + -
MnZt + + - + + + + - - -
Fe?t| + + - + + + + - - - -
Co**| + + - + + + + - - - -
Ni2t| + + - + + + + - - - -
cu?t| + + - + + + - - - -
zn?t| + + - + + + + - - - -
ng* + + + + - 32 - - - -
sn?t| + + - + + + + - - - -
Pb>* [ (R e R =
Fe3*| + + - + + + + - -
AP + + - + + + + 3t - 3 -

ac’ = acetaat (CH;COO")

+ | goed oplosbaar ( > 10 g/L) [ | ontbindt
T redelijk oplosbaar ( 1 - 10 g/L) ? reageert

- | weinig oplosbaar ( < 1 g/L) ] komt niet voor in oplossing

zuur-base evenwicht in water:
HA=A +H* of: HA + H,0 = A" + H;0"
indicator-evenwicht in water:
HInd = Ind + H* of: HInd + H,0 = Ind” + H;0"

met K, : zuur of

bij 25°C

alle pKy- en indicatorwaarden uit:
CRC Handbook of Chemistry and Physics (2022)
behalve * : Book of Data, Revised Nuffield Advanced Science (1984)

U

ZUUR-BASE INDICATOREN

Solvent

zure' kleur pH omslaggebied

'Thymolblauw water rood 1,2 - 28 geel
Methyloranje water rood 31 - 4,4 oranje
Broomfenolblauw water geel 3,0 - 4,6 blauw-violet|
Methylrood water rood 4,4 - 62 geel
Lakmoes water rood 50 - 8,0 blauw
Broomthymolblauw  70% EtOH geel 6,0 - 7,6 blauw
Neutraalrood 70% EtOH rood 6,8 - 8,0 geel
Thymolblauw water geel 8,0 - 9,6 blauw
Fenolftaleine 70% EtOH  kleurloos 8,0 - 10,0 rood-paars
Alizarinegeel R water geel 10,0 - 12,0 lichtpaars

1

HETEROGEEN EVENWICHT
zout (s) 2 ionen (aq) Ks

KClO4 = K' + cloy 1,1 E-2
Co(I03); = Co** + 2105 1,2 E-2
Ba(OH), = Ba** + 20H 2,6 E-4
Ag,SO,4 = 2Ag" + SO 1,2 E-5
PbCl; = pb* + 2CI 1,7 E-5
Zn(105); = zn®* + 2105 4,1 E-6
Caso, = Ca** + S0, 4,9 E-6
Ca(OH); = Ca’* + 20H 5,0 E-6
Ca(l0s), = Ca®* + 2105 6,5 E-6
PbBr, = Pb* + 2Br 6,6 E-6
MgCO; = Mg®* + CO5* 6,8 E-6
NiCO5 = Ni** + COs” 1,4 E-7

® BaC0, = Ba’' + G0, 1,7E7 *
Cucl = cut + Cr 1,7 E-7

® FeC0, = Fe’* + G0, 2,1E7 *
Srs0, = Sr" + 50, 3,4 E-7
Mn(I0s); = Mn®** + 2105 4,4 E-7
Hg,SO, = 2Hg* + S0, 6,5 E-7
PbSO,, = Pb* + S0.” 2,5E-8
AgIO; = Ag" + IOy 3,2 E-8

® CaC,0, = Ca* + C0.° 2,3E-9
BaCO; = Ba’* + CO;* 2,6 E-9
CaCos = Ca’" + COs” 3,4E-9
Ba(I0;), = Ba** + 2105 4,0 E-9
CuBr = cut + Br 6,3 E-9
PbI, = Pb*t + 2T 9,8 E-9
BasO, = Ba’" + S0, 1,1 E-10
BaCrO, = Ba?* + Cro> 1,2 E-10
ZnCOs = zn* + Cos* 1,5 E-10
AgCl = Agt + CI 1,8 E-10

® CuC0,4 = Ut + GO 4,4 E-10
Ag:Cr,0;, = 2Ag* + Cr,0,* 1,0 E-11 *
MnCO; = Mn®* + COs* 2,2 E-11
FeCO5 = Fe’* + COs” 3,1 E-11

® PbC,04 = Pb* + G0, 3,4 E-11 %
CaF, = Ca** + 2F 3,5 E-11
CdCos = cd** + Co” 1,0 E-12
AgSCN 2 Ag" + SCN° 1,0 E-12
Ag,CrO;, = 2Ag* + Cro,/* 1,1 E-12
Mg(OH), = Mg’ + 2OH 5,6 E-12
Ag,CO3 = 2Ag" + COs¥ 8,5 E-12

® HgC0s = Hg?™' + C0.° 1,0 E-13 *
CuscN = cut + SCN 1,8 E-13
MgNH,PO, = Mg?*+ NH,*+ PO,>  2,5E-13 %
Pb(10s), = Pb** + 2105 3,7 E-13
AgBr = Ag" + Br 5,4 E-13
PbCO; = Pb** + COs> 7,4 E-14
Co(OH), = Co®* + 20H 5,9 E-15
Cd(OH), = cd®* + 20H 7,2 E-15
Ni(OH) = Ni** + 20H 5,5 E-16
FePO, = Fe’* + PO, 9,9 E-16
Cr(OH); = cr’* + 20H 1,0 E-17 *
Zn(OH), = zn®* + 20H 3,0 E-17
Fe(OH), = Fe’* + 20H 4,9 E-17
Agl = Agt + I 8,5 E-17
Hg,Cl, = 2Hg* + 2CI 1,4 E-18
FeS = Fe’* + % 6,3 E-18 *
Pb(OH), = Pb* + 20H 1,4 E-20
AIPO, = AP + PO 9,8 E-21
Hg,Br; = 2Hg* + 2Br 6,4 E-23
zns = zn?* + ¥ 1,6 E-24 *
Hg(OH), = Hg** + 2OH 6,3 E-24 %
Nis = Ni** o+ s 2,0 E-26 *
Sn(OH), = sn®* + 20OH 5,5 E-27
Cds = cd* o+ s* 8,0 E-27 *
PbS = Pt + ¥ 1,3 E-28 *
Hgl, = Hg®* + 2T 2,9 E-29
Hg,I, = 2Hg' + 2T 5,2 E-29
Cr(OH); = cr’* + 30H 1,0 E-30 %
Al(OH)3 = APT + 30H 1,0 E-32 *
Ni3(PO4); = 3Ni** + 2P0, 4,7 E-32
Cas(POs), = 3Ca’* + 2PO,” 2,1E-33
Cus = cu*t + s 6,3 E-36 *
Cus(PO,); = 3Cu** + 2PO;> 1,4 E-37
Fe(OH); = Fe’* + 30H 2,8 E-39
CuyS = 2Cu* + S* 2,5 E-48 *
Ag;S = 2Ag" + s* 6,3 E-50 *
HgS = Hg®* + S* 1,6 E-52 %

® organische verbinding

EtOH = ethanol

® organisch zout (oxalaat)

COMPLEXVORMING
Kation + n Liganden = Complex Kse
sn?* +4Cl = SnCly* 2,8EL
Pb** +3CI = PbCl5" 6,3 E1
cd** + 2 (ac) = Cd(ac), 1,4 E3
Cu®* + 2 (ac) = Cu(ac), 4,3 E3
Pb** + 2 (ac) = Pb(ac), 12E4
Co®* + 6 NH3 = Co(NH5)¢**  2,5E4
Pb** + 4T = PbL> 3,2E4
Fe’* + 250, = Fe(S0.);" 2,4 E5
cu®t + 4cr = CuCly” 4,2E5 *
cd** + 4r = cd1,> 8,3 E5
Hgl, + 2T = HgL* 1,3 E6
Pb** + 2 (ox*) = Pb(0x),”’ 2,0 E6
Cd** + 4 NH; = Cd(NH;),**  5,5E6
Ag" + 2NH; Ag(NHs)," 1,7 E7
Agt + 2Br = AgBry Bi2|E7
Fe** + 3 (ac) Fe(ac)s 1,9 E8
NiZ* + 6 NH; = Ni(NH5;)¢**  2,0E8
Hg* + 2 (ac) = Hg(ac), 2,8 E8
Zn®* + 4 NH3 = Zn(NHs)** 7,8 E8
Ag* + 4 SCN = Ag(SCN)> 1,2 E10
Cu®* + 4 NH; = Cu(NHs)s** 5,6 E11
Ag" + 25,05% = Ag(S;05),> 1,7 El4
Zn®* + 4 0H = Zn(OH),~  3,2E15
Hg>* + 4cCI = HgCl,> 4,0 E15
AP+ 3 (ox¥) = Al(ox)s> 9,3E15
cu** + 2 (hb) = Cu(hb), 7,9E16 *
Ccd** + 4CN = Cd(CN);” 8,3 ELl7
Fe** + 3 (ox*) = Fe(ox)s> 4,1 E18
Hg** + 4 NH; = Hg(NHs).** 1,3 E19
APT + 4F = AIF, 1,3 E19
Zn?* + 4CN Zn(CN)~  4,2E19
Ag" + 2CN = Ag(CN),” 3,0 E20
Hg** + 4 Br = HgBrs* 1,0 E21
Cu”* + 2 (dhb) = Cu(dhb),”* 1,0 E25 *
Hg** + 4T = Hgl,* 6,6 E29
Ni** + 4 CN° Ni(CN),* 1,7 E30
AP* + 4 OH = Al(OH), 2,5E33
Hg®* + 4CN° = Hg(CN),> 9,3 E38

(ac’) = acetaat = CH;COO"

(0x™) = oxalaat = (CO0"),

(hb") = 2-hydroxybenzoaat = CgH,(OH)(COO")
(dhb) = 1,2-dihydroxybenzeen = CgHs(OH),

EDTA-complex Ko

EDTA-complex

Ag(I)-EDTA 2,1E7 Co(II)-EDTA 2,0 E16
Ba(II)-EDTA 5,8E7 Cd(11)-EDTA 2,9E16
Sr(I1)-EDTA 4,3E8 Zn(11)-EDTA 3,2E16
Mg(11)-EDTA 4,9 E8 Pb(I1)-EDTA 1,1 E18
Ca(11)-EDTA 5,0 E10 Ni(II)-EDTA 4,2 E18
Mn(11)-EDTA 6,2 E13 Cu(11)-EDTA 6,3 E18
Fe(11)-EDTA 2,1E14 Hg(11)-EDTA 6,3 E21
AI(III)-EDTA 1,3E16 Fe(II)-EDTA 1,3 E25

EDTA = ethyleendiamine tetra-acetaat

it

Kt © iliteits- of vor

(Ky) bij 25°C

alle Ki-waarden uit Fundamentals of Analytical Chemistry;
Skoog, West, Holler & Crouch (2021)
% : Book of Data, Revised Nuffield Advanced Science (1984)

heterogeen evenwicht: MA, (v) = m M""(aq) + n A™(aq)
Ks = [M"*]™. [A™]" : oplosbaarheidsproduct

Ks-waarden uit CRC Handbook of Chemistry and Physics (2022)
* : Book of Data, Revised Nuffield Advanced Science (1984)
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REDOX EVENWICHT

ox +ne = RED E° (V)
N) Li* + e 2 Li - 3,04
N K* + e = K -2,93
N Ba** + 2e = Ba -2,91
N ca’t +2e = Ca -2,87
(N) Na* + e 2 Na -2,71
N Mg*t +2e = Mg - 2,37
(N) AP + 3¢’ = Al -1,68
(N) Mn?* +2e” = Mn -1,19
®) S0, +HO0+2e = SO +20H -0,93
(N) cr?* +2e = cr -0,91
®  2H0 +2e = H, + 20H" -0,83
(N) zn?* + 2e 2 Zn -0,76
(N) crt + 3e = Cr -0,74
® @ 2cCO0, +2H +2e = (COOH), - 0,49
(8) S +H0+2 = HS + OH -0,48
(N) Fe?* + 2e = Fe -0,45
N crt + e = cr?t -0,41
N cd* +2e = cd - 0,40
(N) Co** + 2e” = Co -0,28
@  H3PO, +2H*+2e = HPO;+H0 -0,28
(N) Ni%* +2e = Ni -0,26
* (2) CO, + 2H + 2e” = HCOOH -0,20
(®) [oH +H0+2e = HO, + OH"  -0,15
(N) sn?t + 2e = Sn -0,14
(N) PbZ* +2e = Pb -0,13
N Fe’* + 3¢ = Fe - 0,04
® @ HCOOH +2H"+2e = HCHO+H0 +0,06 *
) S,06* +2e = 25,05% +0,08
@ S +2H +2e = HS +0,14
® 105 +2H,0 + 4 = 10" +40H  +0,15
N sp** +2e = sn** +0,15
N cu®* + e = cu* +0,15
@  s0.” +4H"+2e =  HSO;+H0 40,17
(N AgCl + e = Ag + CI' +0,22
™ cu*t +2e = Cu +0,34
(N)  Fe(CN)e> + e = Fe(CN)s" +0,36
(8) [oH +2H,0 + 4 = 4 OH + 0,40
@  H;S0; +4H" + 4 = S + 3H,0 +0,45
(N) cu* + e = Cu + 0,52
N) I, +2e - 2T + 0,54
@) H;AsO4 + 2H + 2 = HAsO, + 2H,0  + 0,56
(8)  MnO, +2H,0 +3e° = MnO,+40H  +0,60
[t4] 0, + 2H* + 2e” =2 H,0, + 0,70
® (2) CeH40, + 2H* + 2e” = 2 CgH4(OH), +0,70 *x
N Fe’* + e = Fe?* +0,77
() Hg** + 2e = 2 Hg +0,80
(N) Ag* + e = Ag + 0,80
(N) Hg** +2e = Hg + 0,85
(8) HO, +H,0 +2e = 3 0H +0,88
®)  clo” +H0+2e = CI+20H  +0,89 *
N 2 Hg™ +2¢° = [ +0,92
@ NO; +3H"+2e = HNO, + H,0 +0,93
@  HNO, +H +e = NO + H,0 +0,98
[l Br +2e = 2Br +1,09
@ 2105 +12H" + 106" = I, + 6H,0 +1,20
@  MnO +4H" + 2¢7 Mn®* + 2H,0  + 1,22
2 0, + 4H* + 4e” = 2 H,0 +1,23
@ Cr0%  +14H'+6e = 2CPT+7H,0 +1,36
™) cl, +2e = 2¢r +1,36
@  clos +8H' + 8 = CI +4H,0  +1,39
@  PbO, +4H +2e = Pb®* + 2H,0  + 1,46
@  Mno; +8H"+5e = Mn*+4H,0 +1,51
N Mn** + e = Mn** +1,54
@ 510 +H'+2e = 10y +3H,0 +1,60
@  HClo +H +e = 2Cl+ H0  +1,61
(2 MnO, +4H"+3e = MnO,+2H,0 +1,68
N ce* + e = ce’* +1,72
@  HO, +2H +2e = 2 H0 +1,78
) 05 + 2H* + 2e” =2 0, + H,0 + 2,08
(N) Fa + 2e’ = 2F + 2,87
@ Fa +2H +2e = 2 HF + 3,05
e organische halfreactie (2 halfreactie in zuur midden
(N} in neutraal midden (8) halfreactie in basisch midden
ES: dr of nor
E°-waarden uit CRC Handbook of Chemistry and Physics (2022)
* Book of Data, Revised Nuffield Advanced Science (1984)
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