| ntroduction

Strong Electrolyte

Weak Electrolyte

Dissociation depends on concentration, model as
reaction
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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/moal.

Tf=2700K 271.7 K 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 2.5 MPa 2.5 MPa
Boiling pt elevation, 0.1 mole each

Tbh=101C 100.5C 100.5C



18.3 Speciation

HZO(l) : H aq) t OH_(aq) 18.4

Kq2es = [H*I[OH-] = 1014

a.a_ _
Kaogg = eXp(—AGSe/RT) = H__On

a
HZO




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

true --

molal - my mol/(kg solvent)
molarity - M; mol/L
Standard States for el ectrolytes

Standard State for water.
Ka 208 = (M4 My, 75, -)/ (ME.ME 8y o)

~ M, ;M= [H*][OH-]



18.5 Definition of pH

pH= —logy(a ) 18.7

pH = —log,o[H*] 18.8

Solvent Is important.

18.6 Thermodynamic Network
CZA(V)

I‘<VL E \H Kal C+ + CA 3
CZA(aq) = (aq) (ad)

Ksie H
CoA




18.7 Perspectives on Speciation

2H,0,, Z H307 5q) ¥ OH (ag)

AcOH ,, + H,0, P H307 5q T ACO 4y

Charge Balance



18.8 Acids and Bases
Strong/Weak -

Leveling effect -

NH, +H,O 2 NH; + OH-

Strong Acids - completely dissociate, superficial Ca

CI7] = C, material balance for complete dissociation
Kaw = [HT[OHT] =107  equilibrium

H] = [CI~

+[OH™] charge balance



Proton Condition -
[H'] =Ca+[OHT] proton condition
Condition becomes[H™] = Cp + Ky /[H']

Strong Bases - e.g. NaOH

'Na'] =Cg material balance for dissociation
Kaw = [HT[OHT] =107  equilibrium
'H'] + [Na'] =[OH7] charge balance

Proton Condition

H'] + Cg=[OHT] proton condition
Condition becomes[H"] + Cg = K4 /[H"]




Flood diagram

o2

1A Nl i

2 ARV S - -t

'Strong acicid

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

-log [C(mol/L)]
D




Weak monoprotic acid -

Ka A= :H+] ATl
Kaw = [H+][OH_:
H] =[A] +[0

A7] + [HA] = C, material balance

HA] equilibrium
=10  equilibrium

H™] charge balance

HA] = CA[H*]/([H*] + K, 4) undissociated acid (18.30)

[A7] = Ky ACA/([HT] + K, o) conjugate base (18.31)

10



Weak monoprotic base -

'Na'] =[HA] + [A7] = Cg material balance
Kag = [HA][OHT]/[AT] equilibrium

Kaw = [HT[OHT] =107  equilibrium
H*] + [Na*] =[A7] + [OHT] charge balance

PKoaA+PK, g = PKyyw OF Ky AKis = Kaw
Use pK, 4 to plot




Fluconazole + H,O  Fluconazole* + OH-

=\ IN(KL) =—=1.28 — 8000/T
0y Ao

OH
F

F

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

12



Example 18.5 Cg = 1E-2 mol/L NaOAc

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

Sep 2 [Na'] =[HOACc] + [OAcT] = Cg materia balance
Sep 3: K, =[OACT][HT)/[HOAC] equilibrium
Ky = [HT][OH] =10  equilibrium

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

13



[H,POg]

HPOZ]

H,PO7
[POZ7]

[HPOZ]

Kal
[H*]
Ka2
[H*]
Ka3
[H*]

Polyprotic Acids (HsPO,, H,PO,~, HPO,%~, PO,

or [H PO4_] Kal Ka2

[HsPO,]1  [H*]?

or [PO4_] KalKaZKaS

[H3PO,] [H*]°

The material balance on phosphorousis
C = [H3PO,] + [H,POz] + [HPOZ7] + [PO]

14



1 _ C - 1+ [HZPOZ] + [HPO4_] + [PO4_]
oz [H3PO,] [H;PO,] [H3PO,]  [H3PO,]
Kal + KalKaZ + KalKaZKaS

= 1+

[H*]  [H*]? [H*]3

o, = [HsPOd]
C
_ [H*]°
[H+]3 T Kal[H+]2 T KalKaZ[H+] T KalKaZKaS
o = [H,POz] _ [H;PO,][H,PO;] _ g Kai
z C C  [HsPO,l  °[H*]

15



NaH,PO,, 1E-2 M, HCI, 5E-3 M

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

log[C(mol/L)]

16



Amino Acids,
o COOH, pKya =235
/4 NHy, pKap =9.78

H,N  OH
glycinium glycine glycinate
H,Gly* HGly Gly™
pH < 2.35 2.35< pH < 9.78 pH > 9.78
*H;NCH,COOH Z *H3;NCH,COO- Z H,NCH,COO-

pK, = 2.35 pK, = 9.78
HN  PKaa=10.79 po PKaa=3.9

O /

H,N OH HN - OH
. HN - OH o TB/ptophan (Trp, W)
Lysine (Lys, K) Aspartic Acid (Asp, D)

17



0.1 M Glycine

log[C(mol/L)]

pH

O 1 23 45 6 7 8 9 101112 13 14
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Buffers

| soel ectric point

: 'f
3.5
, | 0005N 00LN 002N ‘
”g ot o.oomx\ K * f rf
zZ r
2\ |
15+
1+
0.5
O ©
46 48 5 5 54 56 5.8

pH

Salting In

Salting Out
19



Donnan Equilibria

membrane impermeable

to DNA

-

asde =
Na
c- C c

Na"
Na

side -
p (@

zZzNa Na'
DNAZ Na’
Cl™
Cl™ Na"

20



Solubility and Ksp
Fluconazole, Example 18.8
Ksie = @fiucaq AN IN(Kg g) = 8.474 —3721.9/T

Kaa= [fluc][H™)/([flucT]ag»0)

21



Common lon Effect

KCly & K*aq +Cl-

(aq) (aq)

K

sp

= a

a
KT cl—

22



Redox reactions -
OILRIG
M ethane combustion -

Li-lon battery - LiCy  Cg+ Lit+e
CoO, + Lit+e _Z LiCo0,, LiCq+ Co0O, ~ C,+ LiCoO,

Half-cell rxns, relative to 2H+ +2e- 2 H,,

23



E° = B’ eqg —E°ox
Potential per electron!

Voltage and Gibbs Energy AG® = —nFE°

RTINK,

Faraday constant - 96,485 J/V.
AG°® = —n,FE° 4+ nFE°_,

(equilibrium condition - dead when K is reached.

AG = AG® +RTIn[a' Or n,FE = nFE° —RTIn[[a’

~ 0.05916
ne

RT v
E = E°——In = E°
nF [1a

log[Ta;"

Balancing, including non-redox.

Nernst EqQ.
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Alkaline Battery
Zn(s) and 7/‘|\/| nOZ(S) ZnO(S), o-MnOOH (S)-

£ = EC,_0.05916|Og A2003MnooH
2

Adzndy nOZaH 0

2

Fuel Cell

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

25



Binding polynomials
PO43‘ binding receptor for H* ‘ligands

Kar = 1/Kgs

C = [POE"](1+[H—+]+—[H+]2 T L )
Ka3 KaSKaZ KaSKaZKal

= [PO4—](1 + Kbmd[H+] + Kbdebmd[H+]2 + Kbdebdebi?)nd[H+]3)
(0(1) + 1K, [H*] + 2K,[H™]? + 3K3[H™]°)
I:)bmd
]I — [X] delnd — dInI:)bind

(y =

t
= Phita 2. 11X Pping d[X] din[x]

I =0

26



Energy Carriers
catabolic - aabolic

exergonic - energonic
coupling -

ATP NADP*

(Nc;;cétulzne%r;] e (reduced)

N=—
Adenine

< / \ . DRlbose m
(0] N .
Loy o e 35 N

T 9
O—P—O0—P—0—
5 & & & e D-Ribose
oo D Ribose
| |
OH OH
O:r"’*o_e
Adenosine

ATPY, HATP>, H,ATP, HoATP-, H,ATP, HEATPY
Standard State

27



Transformed Gibbs Energy

(1) Constant pH, pMg

(2) Use apparent concentrations
ATP] = sum of all ATP species

AG’ = AG’ + RTIn[][i]" AG’® = —RTInK_’
i
ATP+H,0 2 ADP+H,;O, or  ATP+H,0 2 ADP+P
, _ [ADP][F;]
Kc = =
[ATP]
AG”%; ppp +AG™¢ P —AG"%; arp —AG “fH,0
exp| )
RT

28



Biological Fuel Cells
Glucose --> Gluconolactone

O, -->Hy0,

Non-ideal Solutions
M = p7 + RTIn(m )

For biology, usually

]
— n - 1 ag
a, = MYyt Ideal Solution— -
or Regl .
— o Solution
d; = C1Y71 N
TR al
™o Ctandard tate
_~ concentration

0 1 mlo?cl
29



li[rza_q)} — _pi(r)
r2orl  or €

r isradial position, @ is electric potential, p.(r) ischarge
distribution asafunction of radial distance, £= £,D, where &, 1S
the permittivity of avacuum and D is the dielectric constant

g(r) ~ exp(=Ucoy /KT)

_72
log, o /2 = ZAN uptol =0.1m

1+ BaJl

2A.M 1
lo = =201 + Ba./l — —2In(1+ Ba./l

oS 1000<Ba>3{ Ay Bai J)}
O = —1000 Ina, osmotic coefficient
Mw,s Z mi
electrolytes

30



Ivlw, S Z mi
I = RT electrolytes

V, 1000
Gibbs energies for electrolytes

NC
A_C;T — AC;TO + | |: Vi:|

@ osmotic pressure

Rt - Rrr o om &

i=1
GFhgg(H*) + AGE,g5(OH™) — AGP ,95(H,0y))
AGPogg(H*) + AGF,g5(OH) +237.18 = 79.908 kJmol

AG (2)98

31



Transformed Gibbs Energies
G =U-TS+PV-Nyu . - Nighy 2+
AG™¢ 1 (1, pH, pMg) = AG® (1)
o |\|H, |{AG: T H+(I) - RTpHcln(lO)}
—Nwg i1AG |, 52+(1) —RTpMgIn(10) }

AG®; 1.;(1) = AG® 1 (1=0) = RTIn(10)z2A (/1/(1 + BaJ/l))

o T o _
AG f,j(lzo) - (M)AG f, 298.15,j(|—0)

T ° _
t (1 T 20815 AH® 59515, (1=0)
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Gibbs Energies of Pseudoisomers
AG™ 1i(l, pHe, PMQ) = AG™® 1 i1y(1, PHe, PMQ) —RTINPy; g
AG”% 1y —AG" .
Phing = (1+ exp( ’I(l)RT ’I(Z))
AG™ (1) —AG™; i(3)) )
+ : : +
exp( o7
Pbind:(l_l_ :} + /1/ T ’ :} /)
K a3 K a3K a2 K a3K aZK al
= (14 K78+ K/BPOK B + KBk BOK B
F- 1 exp(AG,Of,i(l) _AG,Of,i(j)) _ exp(AG,of’ T _AG,Of,i(j))
' Pping RT (RT)
Example, pH. =7, pMg, = 3, I= 0.25 mol/kg
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[ATP+] _ 1 _ 1

X

[HATP3] _ [MgATP] _ 0.2863

P

= =£992 - 003
P 9.7452

[MQATP>] 8.148

- = —— =084

P
A,

~ 9.7452

—2291.9 -0.008314(298.15)In9.7452
—2297.5 kJmol
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Coupled Reaction and Phase Equilibria
(Ideal Solutions only)

Cl 2(aq) + HZO : H+ + ClI— + HCI O(aq)

a.a__a
Ky = O Cn = 1F.3348

a a
C|2(aq) H,0

a.a_
HClO(aq) = H+ + ClO™ Ka2 = H _do —1E-7.555

aHCIO(aq)

a.a_  _
H,O 2 H*+OH- K, = — =1E-14

a
HZO

Write the VLE as “reactions’
H,0,, 2 H,00) Ky= awl(yyP) = 1/ (P, ™)
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%
Cl 2(v) Cl 2(aq)

log[C(mol/L)]

0

pH

Kh = [Claagl/(Yai2P), Henry’'s Law

36



