LECTURE 15

THEORY OF POTENTIOMETRY



POTENTIOMETRY:

	analytical methods based upon potential measurements



reference electrode/salt bridge/analyte solution/indicator electrode

	Eref             Ej                                               Eind





Reference electrode:

	half cell having a known electrode potential

		1)constant

		2)independent of the composition of the analyte solution



Indicator Electrode:

	electrode system having a potential that varies in a known way with variation in the concentration of an analyte



	Ecell= Eind - Eref + Ej

____________________________________________________



REFERENCE ELECTRODES



Ideal reference electrode potential is:

1) accurately known

2) constant

3) insensitive to the composition of the analyte solution



Calomel reference electrodes



Hg/Hg2Cl2(sat’d), KCl(xM)//

       calomel





Hg2Cl2(s) + 2e <===> 2Hg(l) + 2Cl-(aq)



(schematic view)



Silver/silver chloride reference electrode



Ag/AgCl (sat’d), KCl(sat’d)//



(schematic view)



AgCl(s) + e <==> Ag(s) + Cl-

___________________________________________________

LIQUID -JUNCTION POTENTIALS



(schematic view how it develops)



___________________________________________________



INDICATOR ELECTRODES



1)metallic

2) membrane

3) ion-selective filed effect transistors



Metallic:

- electrode of the first kind

- electrodes of the second kind

- redox electrodes



ELECTRODES OF THE FIRST KIND

pure metal electrode that is in direct equilibrium with its cation in the solution



X+n(aq) + ne <==> X(s)



Eind = E0X+n - (0.0592/n) log 1/aXn+ = EoX+n + (0.0592/n) logaXn+



Eind = EoXn+ - (0.0592/n) pX



Disadvantages of the electrodes of the first kind:

	not selective

	can be used in neutral or basic solution

	easily oxidized



ELECTRODES OF THE SECOND KIND

	they respond to the activities of anions that form sparingly soluble precipitates or stable complexes with cations (to which an electrode responds).



AgCl(s) + e <===> Ag(s) + Cl-



Eind = EoAgCl - 0.0592logaCl- = EoAgCl + 0.0592pCl



INERT METALLIC ELECTRODES FOR REDOX SYSTEMS



platinum electrode:



Eind = E0Ce(IV) -0.0592 log(aCe+3/aCe+4)



__________________________________________________________________



MEMBRANE ELECTRODES



GLASS ELECTRODE FOR pH MEASUREMENTS

(schematic view)



Glass electrode system:

1)the external calomel electrode

2)internal silver/silver chloride electrode



BOUNDARY POTENTIAL

develops at the two surfaces of the glass membrane



E1, E2



H+Gl-(s) <===> H+(aq) + Gl-(s)

glass 1               soln1        glass 1



H+Gl-(s) <====> H+(aq) + Gl-(s)

glass 2                   soln 2      glass 2





Eb = E1-E2 = 0.0592 log(a1/a2)



a1 - activity of analyte solution

a2 - activity of the internal solution



Eb = L’ + 0.0592 log a1 = L’ - 0.092 pH



L’ = -0.0592 loga2



Boundary potential is a measure of the hydrogen ion activity of the external solution



pH sensing element:

the thin glass membrane of the tip of the electrode that responds to pH



(DIAGRAM OF GLASS ELECTRODE WITH MARKED POTENTIALS)



Hydration of a pH sensitive glass membrane involves an ion-exchange reaction between singly charged cations of the glass lattice and protons from the solution



H+ + Na+Gl- <==> Na+ + H+Gl-

soln    glass              soln      glass





Asymmetry potential:

Potential which develops when identical solutions and reference electrodes are placed on the two sides of a glass membrane

_____________________________________________________________



MEMBRANE ELECTRODES FOR OTHER CATIONS

glass and polymer based

(calcium electrode schematic view)

_________________________________________________________

Alkaline error



error caused by the response of the electrode to other cations than hydronium ions (for instance sodium). It happens with high pH.



___________________________________________________________

DIRECT POTENTIOMETRIC  MEASUREMENTS:



base upon a comparison of the potential developed in a cell containing the indicator electrode in the analyte solution with its potential when immersed in one or more standard solutions of known analyte concentration.



Equations for direct potentiometry:



Ecell = Eind - Eref + Ej



Eind = L -(0.0592/n) pX = L + (0.0592/n)logax



pX = -logax = - {(Ecell-(Ej-Eref +L))/0.0592/n}



pX = -logax = -Ecell-K/0.0592/n



pA = Ecell-K/0.0592/n = n(Ecell-K)/0.0592



K - determined by measuring Ecell for one or more standard solutions of known pX or pA



Assumption: K is unchanged when the standard is replaced by the analyte solution



_______________________________________________________



STANDARD ADDITION METHOD



Determining the potential of the electrode system before and after a measured volume of a standard has been added to a known volume of analyte solution

_______________________________________________________

OPERATIONAL DEFINITION OF pH



based upon the direct calibration of the meter with carefully prescribed standard buffers followed by potentiometric determination of he pH of unknown solutions:



pHs = - Es-K/0.0592



Es - cell potential when electrode is immersed in buffer



pHu = - Eu - K/0.0592



pHu = pHs -(Eu - Es)/0.0592



_________________________________________________________

POTENTIOMETRIC MEASUREMENTS USING A GLASS ELECTRODE

(pH measurements)



Errors affecting pH measurements:

- the alkaline error

-the acid error

-dehydration

- errors in low ionic strength solutions

- variation in junction potential

- error in the pH of standard buffer



END POINT DETECTION



______________________________________________________

RECOMMENDED PROBLEMS TO SOLVE 19:10-19:22:




