Acids and bases
AH=A-+ H-BH+=B + H+

Keq =[A-][H+]
[AH]

logKeq = log [A-] + log[H+]

[AH]
-log[H+] = -logKeq + log [A-]

[AH]
pH =pKa+log [A-] AG = AG° + log product
[AH] reactant

pH - pKa=log [A- ] /[AH]

when pH = pKa then [A-] =[AH]
For example if the pK =7 = —log Keq so log Keq = -7
AG® = -RT In Keq = -1.36 kcal/mol log Keq = +9.52 kcal/mol

At pH 7 (when [H+] = 107 molal) what is the equilibrium mixture of A~ and AH?
AG = AG® +1.36kcal / mol " log[4-1[107 1= AG® +1.36kcal / mol " log[4-] - pH
[4H] [AH]
atequib AG =0=AG°+ 1.36 log[4- ]/[AH] - 1.36 pH
-log[4- /[AH] =- (AG®/1.36 —7) = (9.52/1.36 - 7) =0
- [A-]/[AH] =1 at pK =pH

AtpHS  -log[4- J/[AH] = (9.52/1.36 - 5) =2; - log[A-]/[AH]=-2
- [A-]/[AH] =0.01 at pH < pK there is more AH

AtpH9  -log[4- J/[AH] = (9.52/1.36 - 9)=-2; > log[A-]/[AH] =2
- [A-]/[AH] =100. at pH > pK there is more A-



If a group has 2 choices (ionized and neutral) the system has 2 states.
If there are n groups with 2 choices there is 2" states.

With 1 acid the states are A~ and AH
If we set the energy of the AH state = 0 (arbitrary reference)
the energy of the A~ state is pK - pH (this is the energy of the system when [A-]=[AH]

The concentration of a microstate at equilibrium =
102G 1kt

<state> = <statei> =

IR (the sum is called the partition coefficient)

31 0AG, ki
i=1
with these 2 states
AH = <0>has a G defined as 0 so 109" =1

A- > <-1> hasa Gof pK - pH (The energy for moving AH (G=0) to A-)

if the pK =7
at pH 5 <0>=1/(1+10 PP =099  <-1>=10P*PH/(1+10P*PH) =0.01

If there are 2 groups there are 27 states

the energy of
AH : AH is defined as 0
Ay :AH, ispKy-pH+ 0 + interaction energy between A, and AH,

AH; : A» is 0 + pK, - pH+ interaction energy between A, and AH;
Ay A, ispKy-pH+ pK,-pH + interaction energy between A; and A,

The partition coefficient now has 4 terms.



