Introduction

Strong Electrolyte

Weak Electrolyte

Dissociation depends on concentration, model as
reaction

100

80

18.2 Colligative properties

Electrolyte dissociation changes concentration more
than non-electrolyte (large ‘dilution’ effect).

Freezing pt. 5 g each

NaCl 58.44g/mol, EG 62.07 g/mol, glucose 180 g/mol.

Tf=270.0K 271.7K 272.7K

0.1 mole of each

Tf =269.6 K 271.3K 271.3K

Osmotic pressure, 0.1 mole of each

IT=4.89 MPa 2.5MPa 2.5 MPa

Boiling pt elevation, 0.1 mole each

Tbh=101C 1005C 100.5C
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18.3 Speciation
H20) & H*(ag) + OH(ag) 184
Ko s0s = [H*][OH-] = 10-14

a.a
Ko 208 = eXP(-AGSg/RT) = H_on
8,0

18.4 Concentration Scales and Standard States
entity, superficial, apparent, nominal --

true --

molal - m; mol/(kg solvent)
molarity - M; mol/L
Standard States for electrolytes

Standard State for water.
Ka, 208 — (mH+ 7:_:',+ mOH_})O:IH_)/(mI(-)i"' mgH_aHzo)

~m_m_ _=[H*][OH"]




18.5 Definition of pH

18.7 Perspectives on Speciation

pH = —log,(a,.) 18.7 2H20¢) & H30" g+ OH g
pH = —log,o[H*] 18.8 ACOH g, + H20(y Z H30* ) + ACO(45q)
Solvent is important.
18.6 Thermodynamic Network Charge Balance
CaAw)
Kyvie H Ka1 .
CoAag -~ C*aq) * CA(ag)
KSLE ' a2
A G —  2C* gt AT,
Ksp (aq) (aq)
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18.8 Acids and Bases Proton Condition -
Strong/\Weak - [HT] =C,+[OHT] proton condition
Condition becomes [H*] = Cp + K /[H]
Leveling effect -

NH; + H,0 2 NHj + OH-

Strong Acids - completely dissociate, superficial Cp
[CIT] = C5 material balance for compl ete dissociation
Kaw = [HTI[OH] =107*  equilibrium

[H'] =[CI"] +[OH7] charge balance

Strong Bases - e.g. NaOH

[Na"] = Cg material balance for dissociation
Kaw = [HTI[OH] =107*  equilibrium

[H*] +[Na"] =[OHT] charge balance
Proton Condition

[H] + Cg=[OHT]  proton condition
Condition becomes [H*] + Cg = Ky /[H]




Flood diagram
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Weak monoprotic acid -

[A7] + [HA] = Co materia balance
Kaa = [HI[AT]/[HA] equilibrium

Kaw = [HI[OH] =10"*  equilibrium

[H] =[A7] +[OH7] charge balance
[HA] = CA[H*1/([H*] + K, ») undissociated acid (18.30)
[A-] = K, ACa/([H* 1+ K, A)‘ conjugate base (18.31)

9 10
Weak monoprotic base - Fluconazole + H,O Z Fluconazole* + OH-
[Na'] = [HA] + [A7] = Cg material balance A b=y In(Kg) =-1.28 8000/
N/
Kag = [HAJ[OH]/[A] equilibrium i G
Kaw = [HTI[OH] =10"*  equilibrium ¢
[H] + [Na] =[A7] + [OHT] charge balance
pKa,A+pKaLB = pKa,w or Ka,AKa,B = Ka,w ]
Use pKa, to plot 18.9 Sillen Diagrams - seven steps
1. coordinates, strong acid/base lines.
2. material balance. 3. equil in acid form.
5. sketch acid and base equations.
6. proton condition to find intersection. 7. Check
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Example 18.5 Cg = 1E-2 mol/L NaOAc

Step 1: Thelinesfor [H™] and [OH™] have been drawn and
labeled in the figure.

Sep 2. [Na'] =[HOA(] + [OACT] = Cg material balance
Sep 3: Ky =[OAC][HT]/[HOAC] equilibrium
Ky = [HI[OHT =10 equilibrium

Step 4: [H] + [Na'] =[OAc] + [OHT] charge balance
Proton Condition - eliminate large terms from charge balance

Polyprotic Acids (H3PO,, H,PO,~, HPO,Z, PO,
[H,PO;z] _ Ka

[HsPO,]  [H*]

[HPO‘%_] — Ka2 or [HPO‘%_] — KalKaZ

[H,POg] [H*] [H3PO,] [H*]2

[POZ’_] — Ka3 or [POE_] — KalKaZKa3

[HPO7] [H*] [H;PO,] [H*]3
The material balance on phosphorousis
C = [H3;PO,] + [H,PO;] + [HPOZ-] + [PO3]
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1 _ C _ 1+[H2POZ]+[HPO£_]+ [PO3] NaHzPO4, 1E-2 M, HCI, 5E-3 M
o3 [H3PO,] [H3PO,]  [H3PO,]  [H3PO,] L
Kar , KarKaz | KatKoK e
=1+ a1+a1a2+ al'Ma2'Ma3 . .
[H*] [H*]? [H*]3
_ [H3PO,] i
O3 —c 5E
_ [H*]? 3
[H+]3 + Kal[H+]2 + KalKaZ[H+] + KalKaZKa3 %
o = (H2POal _ [HsPO,IHPOZ] - Ky
2 C C [HsPO,] S[H*]
_8 VA
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Amino Acids, 0.1 M Glycine
o COOH, pKoa =235 pH
Wi a
/X NHp, pKyp =9.78 of F.%.3.%.9.6. 7.8 910111213 19
H,N  OH A T
glycinium glycine glycinate
H,Gly* HGly Gly~™
pH'< 2.35 2.35<pH<9.78 pH > 9.78 =
*H,NCH,COOH 2 *H;NCH,COO- = H,NCH,COO- g .
pK, = 2.35 pK, = 9.78 % .
H,N PKaa=10.79 1o PKaa=39
0 / o
2 o} NHZ 4
H,N OH HN  OH
_ HN - OH o TB/ptophan (Trp, W)
Lysine (Lys, K) Aspartic Acid (Asp, D)
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Buffers Donnan Equilibria
membrane impermeable
to DNA B .
aside ~ > Jside -
. . Na+ . Cl
| soel ectric point _ - ANa gt
cl- cl cl ] .
45 DNAZ Na
al Na* . cl-
35T 0005N 00IN 002N Na cr- Na*
”E 2_2 WO.OOINL ? & * F
LA
0.;—— w
Salting In
Salting Out
19




Solubility and Ksp
Fluconazole, Example 18.8
Ksie = @nueag andIn(Kg g) =8.474 —3721.9/T

Ka.a = [flucl[H1/([fluc]a0)
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Common lon Effect

d -
KClg & K*ag +Cl7ag K a .a

sp T “k+%a-
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Redox reactions -
OILRIG
M ethane combustion -

Li-lon battery - LiCq 2 Cq+Lit+e
Co0, +Li*+e 2 LiCo0,, LiCq+ CoO, 2 Cq+LiCoO,

Half-cell rxns, relative to 2H* +2e 2 Hy,
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E®=E’reg —E’ox

Potential per electron!

Voltage and Gibbs Energy AG® = —nFE° = —-RTInK,

Faraday constant - 96,485 J/V.

AG® = —nFE° 4+ nFE°,,

(equilibrium condition - dead when Kj, is reached.

AG = AG°+RTIn[]a' or nFE = n,FE° —RTIn[]a;’'

0.05916
ne

Balancing, including non-redox.

E = EO—FIEInHaiV‘ = E°- log[Ta" Nernst Eq.
e
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Alkaline Battery
Zn(s) and 7‘M nOZ(S) ZnO(S), o-M nOOH(S)

E = Eo_005916|og aZnOaMnOOH

2 a,.a a
Zn MnO2 HZO

Fuel Cell

Biological Reactions
Degree of reduction CyH,OpN¢ ¥%eq = (4d + a—2b)/d
Glucose --> Ethanol

Binding polynomials
PO,> binding receptor for H* ‘ligands

KB = 1/Kgs

- 3 [H*] , [H*]? [H*]®
¢ [PO4 ](1 ' Ka3 i KaSKaZ ' KaSKaZKal)

= [po3 ](1 + Kb|nd[H+] + Kb|nde|nd[H+]2 + Kbdebdebi3nd[H+]3)
iy = (0(2) + 1K, [H*T + 2Ky[H* ]2 + 3K5[H*]%)

I:)bind
. dP,, dinP,,
= P:L IKi x]i = [X] bind _ bind
bind 2. | Pping d[X] din[x]

i=0
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Energy Carriers Transformed Gibbs Energy
catabolic - anabolic (1) Constant pH, pMg
exergonic - energonic (2) Use apparent concentrations
coupling - [ATP] = sum of al ATP species
ATP NADP" AG' = AG®+RTIN[I[I1"  AG™ = —RTInK,
<§ }Sjte 55* ATP+H,0 2 ADP+H,PO, o  ATP+H,0 2 ADP+P,
o o N\ )Adenine
O;\F‘\’fofﬁfoi\% e }‘ DRboe T (ji\) oenine /= —[ADP][P'] =
e} o o \OH O: { DRlbose Cc [ATP]
Rl v (AG,Of, app + AG% p —AG™ prp —AG™ HzO)
ATP*, HATP®, HoATP?, HaATP, H4ATP, HEATP! &P RT
Standard State
27 28




Biological Fuel Cells I —
Glucose --> Gluconolactone
O, -->Hy0,

glucose

Non-ideal Solutions
4 = uP +RTIn(m; )

r2orl or €

risradial position, ® is electric potential, p.(r) ischarge
distribution as afunction of radial distance, €= £,D, where &, is
the permittivity of avacuum and D is the dielectric constant
g(r) ~ exp(-Ucoyl /KT)

lﬁ[r@] _ ()

—72
. log,o /P = A uptol=0.1m
For biology, usually 1+ Bau/l
aﬂ
a, = myP Idedl Solution .~ 1 2A M
> éz 1
or Red lo = 311 + Ba./l| -———— —2In(1 + Ba.J/I
a, = C,Y? Solution \' 91075 lOOO(Ba)3{ A 1+Ba.J/l ( Af)}
oo *m:* R af O = —1000 Ina, osmotic coefficient
v e Mus 3 M
0 1 my ot ¢ 3 electrolytes
29 30
M S m Transformed Gibbs Energies
w, s i [
= RT clectrolytes ¢ psmotic pressure G=U-TS+PV ~Nulye = '\lh/'gﬂwlg2+
V, 1000

Gibbs energies for electrolytes

NC
AGT AGTO Vi
— = ——+1In a
RT RT Lljl[ ! }

AG3ys = AGPF,g5(H*) + AGF05(OH™) —AGP 205(H,0))

= AGPhgg(H*) + AGPLeg(OH-) +237.18 = 79.908 kJmol
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AG”°; 1 (I, pH, pMg) = AG®; 1 (1)
=Ny, i{AG,  +(1) —RTpHIn(10)}
—NMg,i{AG" (I)-RTpMgIn(10)}

f, T, MgZ*

AG® (1) = AG® 1(1=0) = RTIn(10)z?A(/1/(1+ BaJl))

o T o] -_—
AG®;(1=0) = (2"9_8-..1".5)- AG®f 29815, (1=0)

T o _
¥ (1_298.1 AH®; 59815, j(1=0)
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Gibbs Energies of Pseudoisomers

AG"% 1 i(l, pHe, PM@) = AG™ 1 i(1)(I, PHe, PM@) = RTINPyq

AG"% 1y —AG"%
Phing = (1+ exp( f"(l)RT f'(z))

N eXp(AG'of,i(1)R—TAG'°f,i(3)) + )

Pbind:(1+:/l-+/1/+l :} /)
Ka3 Ka3Ka2 Ka3Ka2Kal

— /bind /bind K 7 bind /bind K 7 bind K 7 bind
- (1+Kal +Ka1 Ka2 +Ka1 Ka2 Ka3 )

_ 1
r

AG™ia) =AG™ i(j)) _ (AG’OL T.i—AG% i

i - PbmdeXp( RT
Example, pH. = 7, pMg, = 3, 1= 0.25 mol/kg

(RT)
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)

[ATP+] _

1 _ 1

P, Purg  9.7452
[HATPS] _ [MgATP] _ 0.2863 _

= 0.10

P

[MgATP>] _

= 0.03
P 9.7452

8.148

P -
AG®p = AG’

o745y _ 084

°f P(1) ™ RTINPyg

—2291.9 -0.008314(298.15)In9.7452
—2297.5 kJ/mol

Coupled Reaction and Phase Equilibria

(Ideal Solutions only)

Clz(aq) + Hzo : H+ +ClI™ + HClO(aq)
Ko = a +a.-8ycio

al —

a a
2(aq)

(o) = ]F-3,348

o}

Hy

a.,a._
HCIOq = H" + CIO™  K,, = .89 = |E-7.555

aHCIO(aq)

a.a_
H,O 2 H*+OH- K, = 2L =1E-14

a,
H,0

Write the VLE as “reactions’
H,O., 2 H,0 K\~ aw/(ywP) =1 (ng[)
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%
Cl 2(v) Cl 2(aq)

0

Kn = [Cla@g)l/(yci2P), Henry's Law

pH

log[C(mol/L)]
A
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