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Equilibrium Law:

Derivation:

BEWI N YIaY

aA+ bB = cC +dD

[c]°[D]?

SETIE

forward rate = reverse rate
k¢[A]°[B]® = k,[c]°[D]“

k; [C]°[D]?
k, [A]*[B]®

r
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In the reaction A+ B—C

rate = kK|A]"[B]"
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aA+bB —— cC+dD

. [cT D}
AG = AG"+RT 1In [A]a [B]b

c],[p], K

2" 0=AG"+RT In—% B]V “
: eq
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aA+ B < oS + 1T
[S] [T] Equilibrium constant
[A] Bl
B+H,0 < HB" +OH" HA+H,0 & A"+ H,0"
[HB+ IOH ] base ionization [A IH ] Acid ionization
b constant “ [ H A] constant
B]

pK, = _loglo(Kb) pK, = _loglo(Ka)
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Acid strength

Tonization
Ionization Equilibrium Constant K pK
Acid Ka - pKa
lodic acid HIO; + H,0 H 0% + 104~ 1.6 X 10~ 0.80
Chlorous acid HCIO, + H,0 HyO" + ClO,~ 1.1 X 1072 1.96
Chloroacetic acid ~ HC,H,ClO, + H,0 H30* + C,H,CIO,~ 1.4 X 1073 2.85
Nitrous acid HNO, + H,0 H;0* + NO,~ 7210 3.14
Hydrofluoric acid HF + H,0 H,O0" + F~ 6.6 X 1074 3.18
Formic acid HCHO, + H,O H,O™ + CHO, ™ 18 x:107* 3.74
Benzoic acid HC,;H0, + H,0 H,O0™ + C;H;0,™ 6.3 X 107 4.20
Hydrazoic acid HN; + H50 H,O™ + N3~ 1.9 X 1072 4.72
Acetic acid HC,H;0, + H,0 H,0™" + C,H30,™ 1.8 X 1073 4.74
Hypochlorous acid HOCI + H,0 H,0" + OCI~ 29 X 108 7.54
Hydrocyanic acid HCN + H,0 H,0* + CN 6.2 X 10~10 9.21
Phenol HOC.H;5 + H,50 H,0" + CH;O™ 1.0x 10719 10.00
Hydrogen peroxide H,0, + H,0 H,0" + HO, 1.8 X 10~12 11.74
Base K, Pk,
Diethylamine (C,H5),NH + H,0 (C,H5),NH,* + OH™ 6.9 x 1074 3.16
Ethylamine C,HsNH, + H,0 C,HsNH;™ + OH™ 43X 1074 3.37
Ammonia NH; + H,0 NH," + OH 18X 107" 4.74
Hydroxylamine HONH, + H,0 HONH," + OH~ 9.1 X 1077 8.04
Pyridine CsHsN + H,0 CsHsNH™ + OH 1.5 X 10~° 8.82
Aniline C¢HsNH, + H,0 C¢HsNH;™ + OH 7.4 % 1010 9.13
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pH = _logIO(H3O+) = logm(wj

HO-H +OH

[H30+]=[OH-] n1ox=tus o

pH=pOH -
7.4=1072 °
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More basic

More acidic

<

LA g ) SOTH=IVINI:

[H;07] pH [OH] pOH The pH Scale
1400 A\ 000 [H'] (W) pH [OH ] (W) POH*
13.00 1.00 10° (1) 0 10 ¢ 14
12.00 2.00 10} 1 10 '3 13
11.00 3.00 BASIC 102 2 1012 12
10.50 3.50 103 3 10" 11
10.00 4.00 10°¢ 4 10°1° 10
9.00 5.00 10°¢ 5 10 ¢ 9
8.00 6.00 10 © 6 10°® 8

- 7.00 7.00 NEUTRAL 107 7 107 7

6.00 8.00 108 8 10°% 6
5.00 9.00 10 ¢ 9 10°° 5
4.50 9.50 1010 10 10 ¢ 4
4.00 10.00 5 ; 10 ¢ 11 103 3
3.00 11.00 e 10 12 12 102 2
2.00 12.00 10 3 13 10! 1

\/ 1.00 13.00 10 14 10° (1) 0
0.00 14.00
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H,O + H,0 <> H,0*+ OH
Kw = [H,0*][OH"] = 1014 250C
[H,0*] = [OH ] = 107

pH + pOH = pKw = 14

BH* + H,0 <> B + H,0* B+ H,0<> BH* + OH™
Ka = [B][H;0*] / [BH*] Kb = [BH*][OH™] / [B]

Ka - Kb ={[B][H;0*] / [BH*]}- {[BH*][OH ]/ [B]}

Ka - Kb = [H;0*][OH] = Kw



Ka - Kb = [H,0*][OH ] = Kw
log(Ka - Kb)=log([H;0*][OH ]=log(Kw)

Log(Ka)+log(Kb)=log([H;0*])+log([OH ])=-14

pKa+pKb=pH+pOH=14
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2H,0 H,0" 7 -8

Q) Q Q} 9 14.94 -2

12.71 -»

X :[OH [ H30+] 7.47 -=
© o [H:07 pKw =—log(kw) 6.35 -

Ko =[OH-][H30+]

[H30+]=[OH-]
[H30+] =107 [H30+]=10"""
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pH

Titration curve of acetic acid

- CH;3CO0~

i [CH;COOH] = [CH3COO "]

0 1
0 01 02 03 04 05 06 07 08 09 1.0

OH ™~ added (equivalents)
I I

0 50
Percent titrated

pH 5.76

Buffering region

—l— pH 3.76

100%

I Wi
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HA + H,0 <> A~ + H,0*

pH = pKa + log[A ]/[HA]

pH = pKa + log[De]/[Pro]

*pOH = pKb + log[salt]/[base]
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pH<pKa Protonated>Deptoronated
pH=pKa Protonated=Deptoronated

pH>pKa Protonated<Deptoronated
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TABLE 21.1 Some Selected Standard Electrode (Reduction)

Potentials at 25 °C

Reduction Half-Reaction E°V

Acidic solution

ey 7997290-1UPOR
Oug) + 2H(aq) + 2¢ — Ou(g) + H.O() +2.075

S,047 (ag) + 2¢ —> 250, (ag) +2.01

H,Ox(aq) + 2H (ag) + 2¢ = 2 H,(X1) +1.763

MnQ), (aq) + 8H'(ag) + S¢ — Mn*'(aq) + 4 H,O) +1.51

PbO,(s) + 4 H'(aq) + 2¢ — PH ' (aq) + 2 HyONl) +1.455

Clig) + 2¢ — 2Cl(aq) +1.358

Cr.07 (aq) + 14H(aq) + 6 — 2Cr'(aq) + 7 H.O() +1.33

M30.(6) £ 4 H'Ga) £ 26— Ma*(0) 4 2HLO s DR Pava a9 B0 M2 12Ron ONUNTIVD YRab nin by
Oudg) F4Hin) + A e~ 2HO0 i .0-2 7MW, 3% DI TPW M NRRn KRR
210, (aq) + 12H'(ag) + 10e — L(s) + 6 H,O() +1.20 3

Bryl) + 2¢ — 2 Br (ag) +1.065 =92 2an Pw vt 817 £° = REDOX-7 »Xax1wn
NO; (aq) + 4 H'(ag) + 3¢ — NO(g) + 2 H,O(l) +0,956

P Rty i HO.800 AT T2 — INIY IR DRIZIVIDTR 9D RI9D L,V NRPNT
Fe''(ag) + ¢ — Fe''(aq) +0.771

(')E(ghtl’ 2H(ag) + 2¢ — H,Ou(aq) +0,695 any PT” 13?:”7: N7
IL(s) + 2¢ — 21 (aq) +0.535

Cu*'(aq) + 2¢ — Cu(s) +0.340

SO (agq) + 4H'(ag) + 2¢ — 2 H, (X1} + SO.(g) +0,17

Sn*'(aq) + 2¢ — Sn™'(aq) +0.154

S(s) + 2H'(aq) + 2¢ — H,S(2) +0.14

2H'(ag) + 2¢ — Hufp) 0 ASO _ 80 80

Pb*'(aq) + 2¢ — Pbis) 0.125 - —

Sn’(ag) + 2¢” — Snf(s) —0.137 Ce" IxXnnn Tnn

Fe*'(aq) + 2¢ — Fe(s) —0,440)

Zn'(aq) + 2e — Zn(s) 0.763

Al''(ag) + 3¢ —> Al(S) ~1.676

Mg*'(aq) + 2¢ — Mg(s) -2.356

Na'(aq) + ¢ — Nal(s) 2713

Ca**(ag) + 2e” — Cal(s) -2.84

K'(aq) + ¢ — Kis) -2.924

Li'(aq) + e — Li(s) 3040

Basic solution

Oug) + HO) + 2e — Os(2) + 20H (aq) +1.246

OCl{aq) + H;O(1) + 2¢ —> Cl (aq) + 2 OH (aq) +(0).890

Oyg) + 2H,OKD + 4¢ — 4 0H (aq) +0.401

2H,O) + 2¢ — Hi(2) + 20H (aq) 0.828



Fumarate + 2H" + 2¢- =3 succinate
Oxaloacetate + 2H" + 2¢- S malate
Pyruvate + 2H* + 2ec = lactate

Acetaldehyde + sH +2e
NAD* + H' +2e-

—>ethanol

Acetoacetate + 2H" +2e=> 3 - hydroxybutyrate

= NADH

0.031
-0.166
-0.185
-0.197
-0.320
-0.346

TTONL

 .2MYITIVD 2ORIN DIAMIPNM 9D IR WY 2772 INDW 952 NIIVIDT KT NINAT NIMT IR NIRRT AR "

A. Malate + NAD*

B. Acetoacetate + NADH + H" ———> 8 — hydroxybutyrat e + NAD™"

oxaloacetate + NADH +H*

C. Pyruvate + B — hydroxybutyrate— lactate + acetoacetate

D. Malate + pyruvate

>oxaloacetate + lactate

E Acetaldehyde + succinate

ethanol + fumarate

AEY (V)
-0.154
-0.026

0.161
-0.019
-0.228
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Direction of Reaction

spontaneous in forward direction
spontaneous in reverse direction

no net reaction: system at equilibrium
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HO0+CO»<= HCOs +H”
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