Chapter 20 - Electrochemistry

Kahoot!
1. The oxidation state of Nin NHs*is __ . +1,0,-1, -3
2. The oxidation state of Mnin MnO4 is ___.-1,+2, +4, +7
3. Thereducing agentin Zn + Cu®* ->Zn* +Cuis __.Zn, Cu®*, Zn%*, Cu
4. The oxidizing agent in Zn + Cu?* ->Zn* + Cuis ___.Zn, Cu®, Zn*, Cu
5. To balance MnO4 ->Mn?*, ___ electrons need to be added to ___side. 5; product, 2; product, 2;

reactant, 5; reactant

The purpose of the salt bridge is to ___. Provide H+ ions needed to balance charges, maintain

neutrality by allowing the flow of ions, serve as the site for oxidation to occur, serve as the site

for reduction to occur.

7. Reduction occurs at the ___. anode, cathode, electrode, electrolytic cell

8. Oxidation occurs at the ___. anode, cathode, electrode, electrolytic cell

9. Which is the strongest oxidizing agent? F,, Cl, Bry, I,

10. Which is the strongest reducing agent? Zn, Al, Na, Li

11. If Cl; -> 2Cl" has E = +1.36V, and I, -> 2I" has E = +0.54V then ___. Cl, will reduce I to I, Cl, will
oxidze I to I3, I, will reduce CI to Cl,, |, will oxidze CI to Cl,

12. If the value of Ecell is positive then the reaction is ___. at equilibrium, spontaneous,
nonspontaneous, very fast

13. A__ cell uses an external energy source to produce a redox reaction. galvanic, voltaic,
electrolytic, anionic

14. The Nernst equation is most useful when ___ are nonstandard. Oxidizing agents, reducing
agents, ion concentrations, temperatures

o

Whiteboard Examples:
Balancing Redox Example I: Balance the following redox reaction given the solution is acidic:
— 2—
-- step 1 - separate the eqn into the ox'n and red'n half-rxns
Bryy = Briag
2—
SOz(g) = SOi(ag)
-- step 2 - balance the non-O and H atoms
Bryy = 2Briyg)
2—
SOz(g) = SOi(ag)
-- step 3 - determine the ON of the non-O and H atoms and balance charge with e-
2e” +Bry;) = 2Bry,
ON=0 ON=-1
2— —
SO;(g) = SO4aq) +2€
— —
ON=+4 ON=+6
-- step 4 - balance charge for each half-rxn using H*
2e" +Bry;y = 2Br,q
SOy(q) > SO}(ag) + 26~ +4H"
-- step 5 - mass balance O and H with water
2e” + Bry;y — 2Bry,
2— _
2H,0 + 80,4y = SOj5q) + 26~ +4H"
-- step 6 - use a constant to make sure electrons cancel and add the two equations



2e + Brz(,) - 2Br(;q)

2H,0+ 80,5, — SO}, +26” +4H"

26+ Bryg) +2H,0 + S0,y — 2Bi5) + S0 + 26 +4H*

By +2H,0 + S0,y — 2Brq) + soj(;q) +4H"

-- you can check and make sure your equation is correct by looking to make sure both sides of the
equation are balanced both by charge and number of atoms

Balancing Redox Example 2 - Balance the following reaction in basic solution:
ZrO(OH) () +SO%aq) = ZN(s) +SO%kag)
-- step 1 - separate the eqn into the ox'n and red'n half-rxns
ZrO(OH)Z(S) AR
$O3(aq) = SOiag)
-- step 2 - balance the non-O and H atoms - NA
-- step 3 - determine the ON of the non-O and H atoms and balance charge with e-

4e” +ZrO(OH),() —> Zrg
v et —
ON=+4 ON=0
SO%aq) > SOiaq) + 26~
— —
ON=+4 ON=+6
-- step 4 - balance charge for each half-rxn using OH"
4e” +ZrO(OH),() — Zr() +40H ™
20H" + S04, —> SOjq) + 28~
-- step 5 - mass balance O and H with water
H,0 +4e” +ZrO(OH ),y —> Zr(s) +40H "~
20H" + S04, — SOjq + 26~ +H,0
-- step 6 - use a constant to make sure electrons cancel and add the two equations

H,0 +4e™ + ZrO(OH),) — Zr(g +40H"
2{(20H" +503,) = SOjaq) +2¢™ +H,0)

HyO + 46 +ZrO(OH ) o) + 4OH™ +250% ) — Ziig) + 4OH +250%) + 4¢~ + ZH,0

ZrO(OH) () ++250%q) = Zis) + 2505,y + H,0

Voltaic Example: A voltaic cell with a basic electrolyte is based on the oxidation of Cds) to Cd(OH)z)
and the reduction of MnO, to MnO2 ). Write the half-rxns, the balaced cell reaction and draw a diagram
of the cell.

anode:  3(20H ) +Cdg) — Cd(OH )y +2¢7 )

cathode : 2(2H,0+ 3¢ +MnO(yg) — MOy, + 40H (‘aq))

%wc% +4H,0+ 5¢” +2Mn0Oj;q) — 3Cd (OH )¢ + 56~ +2MnOyq +280H )
3Cd,s) +4H,0 + 2MNOGq) — 3Cd (OH ) ) + 2MNOyq +20H gy

Ecen Example: Given the information below determine the voltage and write the balanced equation of the
following voltaic cell.



Ag., +& — Ag, E°=0.80V
Zn(za*q) +28° > Zn, E°=-0.76V
Answer: If the cell is voltaic, it must be spontaneous so E > 0. Therefore, we must be oxidizing
Zn —so we need to reverse the equation to oxidation for zinc and reverse the sign of the emf.

2(Ag(aq) re - Ag(s)) E°=0.80V
Zn, —>Znk, +2¢  E°=—(-0.76V)

2Ag () + 2N — 2Ag + 20, E° =156V

Gibbs Example: Calculate the Ec for the following reaction and determine if the reaction is

spontaneous.
a)2Cu’ —Cu* +Cu, AGp, =-34.5kJ
AG? —34.5kJ x 10003y 1Cv.
S — W ~ U _10358V
el nF 1mol e” x9.65x10% ¢/, 0:358V|

this system is spontaneous
b) Ag, +Fe* — Ag’ +Fe* AG, =2.9k

[ ngJ 1000J ., 1C.V_
A _ “w X u____[70301V

E(jell == - _ 4
nF 1mol e x9.65x10" ¢/,
this system is nonspontaneous

Nernst Example: Calculate the Ecei at 298K for the cell based on the following:

3+ 2+ 2+ 3+
Feag) +Cliagy = Feag) +Clig)

[Fe3*] = [Cr¥*] = 1.50x103M, [Fe?*] = [Cr¥*] = 2.5x10*M
Using Appendix E in your book

Cr¥*+e — Cr>* E°=-0.41V

Fe3* +e — Fe?* E°=0.770V

3+ 2+ 2+ 3+ 0
Fel, +Cr —FeZ +Cr¥  E°=0.770+041=1.18V
472
E —11gy - 20992, [25X107T _ ) gagy,

0]
el 1 [1.50x10°T



