CHEM 243

LECTURE # 9

___________________________________________

pH OF SOLUTIONS OF AMPHIPROTIC SALTS

(salts formed during neutralization titration of polyfunctional acids and bases)



NaOH + H2A ---> NaHA + H2O



HA- + H2O <===> A2- + H3O+



HA- + H2O <===> H2A + OH-



Ka2 = ([H3O+] [A-2])/[HA-];



Kb2 = Kw/Ka1 = ([H2A][OH])/[HA-]





Mass balance equation (MBE):



CNaHA = [HA-] + [H2A] + [A2-]



Charge balance equation (CBE):



[Na+] + [H3O+] = [HA-] + 2{A2-] + [OH-]



[Na+] = CNaHA



CNaHA + [H3O+] = [HA-] + 2{A2-] + [OH-]



Kw = [H3O+] [OH-]



CBE-MBE :



[H3O+] = [A2-] + [OH-] -[H2A]





[H2A] = ([H3O+] [HA-])/Ka1



[A2-] = (Ka2 [HA-])/[H3O+]		[HA-] ~CNaHA



[OH-] = Kw/[H3O+]



so:



[H3O+] = square root{(Ka2CNaHA + Kw)/(1 + CNaHA /Ka1)}



if

CNaHA/Ka1>> 1



Ka2CNaHA>> Kw



than



[H3O+] ~ square root (Ka1Ka2)

_______________________________________________

TITRATION CURVES FOR POLYFUNCTIONAL ACIDS



Calculation of pH in each range (six ranges)

examples



______________________________________________

TITRATION CURVES FOR AMPHIPROTIC SPECIES



Aminoacids

glycine: weak acid and weak base functional groups



NH2CH2COOH <===> NH3+CH2COO-  (internal acid/base reaction)



NH3+CH2COO- + H2O <===> NH2CH2COO- + H3O+

Ka=2 x 10-10



NH3+CH2COO- + H2O <===> NH3+CH2COOH + OH-

Kb = 2 x 10-12



R1NH2 + R2COOH <===> R1NH3+ + R2COO-

amine       carboxylic acid





NH3+CH2COO-  - zwitterion



Ka>Kb  ===> pH<7



Zwitterion has no tendency to migrate to an electric field

no net migration of amino acid occurs in the electric field when the pH is such that the concentration of anions and cations are equal



isoelectric point - pH at which no net migration occurs



in the case of glycine:



Ka = ([H3O+][NH2CH2COO-])/[NH3+CH2COO-]



Kb = ([OH-][NH2CH2COOH])/[NH3+CH2COO-]





[NH2CH2COO-] = [NH3+CH2COOH]



Ka/Kb = [H3O+]/[OH-] ; [OH-] = Kw/[H3O+]



[H3O+] = square root (KaKw/Kb)

_____________________________________________________________



COMPOSITION OF POLYPROTIC ACIDS AS A FUNCTION OF pH



(alfa functions, plots)



CT = [H2M] + [HM-] + [M2-]



alfa 0 = [H2M]/CT



alfa 1 = [HM-]/CT



alfa 2 = [M2-]/CT



alfa0 + alfa1 + alfa 2 = 1




