Today

Quantitative Echem
How many electrons

Qualitative Echem
Which direction is spontaneous
What is the voltage
What is the best “oxidizer”
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First some nomenclature

Electrolytic Cell E<0

volt meter

Non-Spontaneous
AG>0 Anode Cathode
E<O

+ -

Anode at a higher potential than the cathode
So anode get the PLUS sign

This reaction must be driven by
an external power supply
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First some nomenclature

Galvanic Cell
Voltaic Cell E>0
Battery

Anode Cathode
Spontaneous

AG<0
E>0
- +

Cathode at a higher potential than the anode
So cathode get the PLUS sign

This is spontaneous. It can be used as a power supply
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In the following standard Ecell,
what is the sign of the cathode!?

Zn(s) | Zn®" || H* | Ha (g)

Zn?* +2e- ---> Zn(s) E°=-0.76V
2H* + 2e" > H» E°=0.0V

A +
B.
C. neither E°cell =0
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Zn(s) + Cu?**(aq)—>Zn?**(aq) + Cu(s)
Zn(s) | Zn** || Cu?* | Cu

Oxidation

Reduction
Anode 7 —»

Cathode

/

We've made a
[.1V battery!
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If | use this battery for a while
how much Zn reacts?

Charge = Current x Time

Coulomb (C) = Amp (C s!) x Second (s)

How many electrons are in a Coulomb?
What is the charge of | mole of electrons?

F is the charge of one mole of electrons
F =96,485 C (Faraday's Constant)
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If I run this cell for 100 s at a current of 30 mA
how many moles of electrons flow?

Zn(s) | Zn?* || Cu?* | Cu (s)

Q=Axt=
-3
A (30x10%)x 100 xF 10x 102 Ax 100 s
B. 30 x100 xF
moles electrons

C.  30/(l100 xF

(100 xF) Q/F
D.  (30x103) /(100 xF) /
E. [(30x10%)x100] /F =3IF
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If | run this cell for 100 s at a current of | mA
how many moles of Zn react!?

Zn(s) | Zn?* || Cu?* | Cu (s)

I mole of Zn?* requires
2 electron to be
B (3/F) x 2 reduced to Zn

C. 3/F) /2 /S° 3/F moles of electrons

will produce half that number
of moles of Zn

A (3IF)
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Zn(s) + Cu?**(aq)—>Zn?**(aq) + Cu(s)
Zn(s) | Zn** || Cu?* | Cu

Oxidation Reduction
Anode Cathode
A . /",:/ \\ /
We’ve made a
[.1V battery!
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The voltage depends on the concentrations
(we've all had dead batteries)

.1V

\\_ volt meter
—

Mix up “standard” concentrations
| MZn?* and | M Cu?*
(note this is very concentrated)
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How do we know what the voltage is?

nnn

\\_ volt meter
—
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Now we can measure every possible combination
of electrochemical cells!

What if | would like to predict
the voltage from a cell using
the following reaction at standard conditions?

Mn2* + [,—>MnOs + I

If want to know about the potential we
just have to identify the two reactions!

Principles of Chemistry I © Vanden Bout




| | I |
Mn2* + [Lb—>MnOs + I Mn2* + [Lb—MnOs + I
| | | |

L — I MnZ* — MnOy everything but O & H
l, — 2I 4H,0 + Mn?* — MnOy balance O w/ H,O
I, +2e- —> 2I" This is the reduction (Cathode) 4H,0 + Mn2* — MnO4+ + 8H*  balance H w/ H*

4H,O + Mn?* — MnOg4 + 8H*+5e  charge w/e-

This is the oxidation (Anode)
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' ! 4H,0 + Mn2* — MnOs + 8H*+ 5 e
Mn2* + |,—>MnOys + |

| | b +2e —2I

How can we compare these two!
4H,O + Mn?* — MnO4 + 8H*+ 5 ¢

b +2e —2I , .
2 We’'ll compare every reaction to a standard
To compare these two we don’t

need to balance the number of electrons!

We only need to do this to relate
moles of electrons to moles of materials.

Potential difference depends only on the two reactions!
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B What is my gravitational potential energy?
m zero if | am on the ground

-
g

A

L
e

But if a hole appears beneath me
then it is no longer zero and
| will move spontaneously from
high to low!

We need to pick a zero potential for electrochemistry

We chose this reaction

)

Pt (electrode)

1 MHY ions
%° = 0.000 volt

Hy(g) in

2H* +2e  Ha(g)

—
note standard conditions

we pick this as E°= OV

potential energy

Now compare everything to this

© Vanden Bout
Digital
voltmeter
(036l
er _ e \
Hy(g) in

1 it
S0,2”

o9
1.0 M ZnSO, ‘Ol s 1 MH* ions
olution loexample, %° = 0.000 volt
2 1 M HCI) g
Anode Cathode
@ (b)

So potential for Zn —> Zn?* + 2e
is 0.76 V
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Write everything as a reduction reaction
TABLE 11.1 Standard Reduction Potentials at 25°C (298 K) for Many Common Half-reactions
Half-reaction € (V) Half-reaction € (V)
2.87 0, +2H,0 + 4¢ — 40H 0.40
Agt +e 1.99 Cu?' +2¢ — Cu 0.34
Co** +e” = Co** 1.82 Hg,Cl, + 2¢~ — 2Hg + 2C1 0.27
H0, + 2H" +2¢~ — 2H,0 1.78 AgCl+e — Ag+Cl 0.22
Cettircn 3 Cet 1.70 SO42™ +4H* + 2¢~ — H,S0; + H0 0.20
PbO, + 4H" + SO2™ +2¢” — PbSO, +2H,0  1.69 Cu** +e” - Cu? 0.16
MnO;~ +4H™ + 3¢” — MnO, + 1.68 0.00
104~ + 2H" + 2¢” — 10;” + H,0 1.60 ~0.036
MnO; +8H' +Se — Mn®" + 4,0 1.51 -0.13
Au*t +3e” - Au 1.50 3 -0.14
PbO, +4H' +2¢ — Pb>' + 2H,0 1.46 Ni?' +2¢ — Ni -0.23
Cl, +2¢” — 2CI 1.36 PbSO, + 2¢™ — Pb + SO, -0.35
Cr,0 + 14H' +6e” — 2Cr*" + 7H,0 1.33 Cd** +2¢ — Cd —0.40
0, +4H" + 4¢~ - 2H,0 1.23 Fe’* +2¢” — Fe 0.44
MnO, + 4H" + 2¢~ — Mn** + 2H,0 1.21 Crif tei SICrt —0.50
105 +6H' +Se — 31, + 3H,0 1.20 Cr** +3¢ - Cr 0.73
Br, +2¢” — 2Br 1.09 Zn** +2¢” — Zn -0.76
VO,' +2H" +e — VO*' + H,0 1.00 2H,0 +2¢ — H, + 20H 0.83
AuCly™ + 3¢ — Au +4Cl 0.99 Mn** +2¢” — Mn -1.18
NO; +4H' +3e — NO + 2H,0 0.96 AP’ +3e - Al ~1.66
Clo, + ¢ — ClO, 0.954 H, +2¢” — 2H -2.23
2 0.91 Mg?" + 2e Mg —2.37
0.80 La** +3¢” — La 2.37
0.80 Na“+e¢” — Na -2.71
0.77 Ca +2 — Ca 2.76
0, +2H" +2¢~ — H,0, 0.68 Ba** +2¢” — Ba -2.90
MnO; +e — MnOg 0.56 K'+e —>K 2.92
L+2¢ — 21 0.54 Li* +¢” — Li -3.05
Cu' +e > Cu 0.52
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TABLE 201 Standard Reduction Potentials in Water at 25°C
Standard
Pokntial () Reduction Half-React Easy to reduce
+2.87 Fy g)+2e~ —2F(a7)
+151 MnOy~(sg) + 8H*(a7) + 5o~ —=Mrd*(a7) 4 4H0(/ ) (StrongeSt
+1.3 Clig) + 26~ —2C1~(ag) oxidizing
+1.33 Cry072~(ag) + 14H*(a7) + be~ —= 20 *(s) + THO(/)
+1.23 O 5) + AH*(a7) + de= — 2H0(/) agents)
+1.06 Bry(/) + 2e~ —2Br~(a7)
+0.96 NO3~(47) + 4H*(ag) + 3~ —= NO(g) + HyO(/)
+0.80 A;;‘(q)d-e' —sAg(s)
+0.77 Fed*(ag) + e~ —sFel*(ag)
+0.68 Oxg)+2H*(ag ) + 26~ —sHOX %7 )
4059 MOy~ (4g) + 2H0(/ ) + 3¢~ —= MrOx{ #) + 40H™ (g )
+054 15(5) + 26~ — 2~ (a7)
+040 O )+ 2HpO(/ ) + de~ —4OH (a7 )
+0.34 Cul*(ag )+ 26~ —Cu(s)
0 2H*(ag) + 26~ —Hylg)
-028 Ni2*(ag) + 26~ —Ni(s)
-044 Fel*(ag) + 2~ —Fe(s)
-076 Zret(ag) + 26~ —2x(s)
-083 2H,0(7) + 26~ —Hylg) + 20H (ag)
166 *(ag) + 3e™ —Als)
-7 Nat(ag) + e~ —=Na(s)

Li*(ag) + e~ —Li(s)

How to find E°cell?

4H,0 + Mn?* — MnO4 + 8H*+ 5 ¢
lh, +2e —2I




