PhyChem – Redox Equilibria

Redox

Redox:

· Oxidation: A species is oxidized, it lost electrons

· Reduction: A species is reduced, it gained electrons

· Oxidizing agent can oxidize something else but itself is reduced

· Reducing agent reduces something else but itself is oxidized

Oxidation states:

· Oxidation states = Oxidation numbers

· Oxidation state of an element in an ionic cpd is the charge on the ion

· Oxidation state are usually written in Roman numerals in brackets during chemical nomenclature

· O.N. of atom in element = 0

· Sum of all ON of a neutral cpd = 0

· Sum of all ON of an ion = Charge on the ion

· More electronegative atom in a cpd has a negative ON

· Gp.I metal ion always have O.N. of +1

· Gp. II metal ion always have O.N. of +2

· Al always have O.N. of +3

· H
has an O.N. +1 when combined with non-metal to form covalent cpd
 
has an O.N. –1 in metal hydrides like NaH, MgH2
· F always have O.N. –1

· O usually have O.N. –2, except –1 in peroxides and positive in bonding with fluorine

· Cl have O.N. –1 except in cpd of F or O

Electrochemistry

Electrochemical Cell:

· Redox is a reaction involving the exchange of electrons

· There is a flow of electrons or transfer of electrons

· Current

· By using solution of ionic cpds and electrodes, a electrochemical cell could be set up

· A device that can covert chemical energy to electrical energy

Cell diagram:

· The Daniell Cell is a electrochemical cell which Zn metal in Zn2+ solution is used as negative half cell (anode) and Cu metal in Cu2+ solution is used as positive half cell (cathode)

Electromotive force = +1.1 V

· Cell diagram:  Zn(s) | Zn2+(aq)┆┆Cu2+(aq) | Cu(s)  E = +1.1V

· In a cell diagram,

· Solid vertical line represents the phase boundary where change of phase is present

· A pair of broken vertical lines represents salt bridge

· If a porous partition used, single vertical line┆is used

· If a salt bridge of KCl(aq) is used, the cell diagram is:
    Zn(s) | Zn2+(aq)┆KCl(aq)┆Cu2+(aq) | Cu(s)  E = +1.1V

· Zn(s) | Zn2+(aq)
represents
Zn(s) (( Zn2+(aq) + 2e–
Cu2+(aq) | Cu(s)
represents
Cu2+(aq) + 2e– (( Cu(s)
E represents the EMF, where the + or – sign represents the polarity of the right hand electrode

· It is equivalent to Cu(s) | Cu2+(aq) ┆┆Zn2+(aq) | Zn(s)  E = –1.1V

· Right-to-left reaction:
Zn2+(aq) + 2e– (( Zn(s);
 
Cu (s) (( Cu2+(aq) + 2e–
When the solution is 1M, standard EMF E[image: image1.wmf] is used:
 

Zn(s) | Zn2+(aq, 1M)┆┆Cu2+(aq, 1M) | Cu(s)  E[image: image2.wmf] = +1.1V

If anode is acidified KMnO4, cathode is Fe2+ solution and Pt electrode is used

· Half cell reaction:
MnO4– + 8H+ + 5e– ⇌ Mn2+ + 4H2O
 
Fe3+ + e– ⇌ Fe2+
· Cell diagram:  Pt(s) | Fe2+(aq), Fe3+(aq)┆┆[MnO4–(aq) + 8H+(aq)][Mn2+(aq) + 4H2O(()] | Pt(s)
Standard EMF:

· The standard hydrogen electrode is selected as reference electrode and assigned E[image: image3.wmf]= 0

· Usually a platinum electrode in H2(g) is used:  Pt(s) | H2(g, 1 atm) | 2H+(aq, 1M)┆┆Mn+(aq, 1M) | M(s)
· EMF of the cell = (E[image: image4.wmf] of Mn+ ( M) – (E[image: image5.wmf] of 2H+(H2) = E[image: image6.wmf]RHS –E[image: image7.wmf]LHS
· Electrode potential of a half cell is a measure of the relative potential of this electrode when compared with the standard hydrogen electrode

· Standard hydrogen electrode = H2(g) at 1 atm bubbling over platinized platinum in solution of 1M H+(aq) at 298K

· Electrode potential = Potential for Mn+(aq) + ne– ( M(s)
· Also called reduction potential

· A measure of tendency for reaction to occur

· If standard state is used (1M, 1 atm, 298K), the electrode potential is called standard electrode potential or standard reduction potential

Application of Standard EMF:

· Construction of electrochemical cell:

· When half cell are reversed, the sign of E[image: image8.wmf] is also reversed

· E[image: image9.wmf] = E[image: image10.wmf]RHS –E[image: image11.wmf]LHS
The value of E[image: image12.wmf] is not changed when the half reaction is multiplied
· i.e. E[image: image13.wmf] is independent of how many times the reaction occurs

· If a redox A + Bn+ (( An+ + B occurs, the E[image: image14.wmf] difference btw Bn+ + ne– (( B and
An+ + ne– ( A must be positive

· A(s) | An+(aq)┆┆Bn+(aq) | B(s) has positive E[image: image15.wmf]
· This concludes whether a reaction is energetically feasible to occur but haven’t give any information on kinetic factors

· The electrochemical series deal with aqueous solution only i.e. the redox involves other states or in other solution is not given

· The E[image: image16.wmf] deals with the standard states only, when the chemical is not at 298K, 1M or 1 atm, the value is not reliable

· Generally an error of 0.4V may happen


































