Today

Voltage and Equilibria (again)
Batteries and Fuel Cells

Electrolytic Cells




We'll look at standard concentrations
Zn | Zn?** || Cu?*| Cu

\

1.1V

J

volt meter

| M Zn?* (aq) and | M Cu?* (aq)
(note this is ridiculously concentrated)
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What about other concentrations? E, 7‘:L—_‘ 0

volt meter

[Zn?*] #IM and [Cu?*] = IM 1?
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What is voltage for the following reaction
at equilibrium?

Zn(s) + Cu?*(aq) — Zn**(aq) + Cu(s)

B. Zero .

C. -1.1'V
D.

something between 0 and |.1V




What is voltage for the following reaction

if [Cu?*] = 10%M and [Zn**] =19 M
Zn(s) + Cu?*(aq) — Zn**(aq) + Cu(s)

A LIV 51’&/{' @ S'\'t& (,I \f)

B. zero Mo\r\{b ~> QD\] 1\

~ D. something between 0 and 1.1V

NG r‘e. ned o knon K
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/
Relationship between E and AG R

N
AG = - charge x E zﬂ-(




Other concentrations and equilibrium
Let’s remember equilbrium!

AG = AG® + RTInQ
at equilibrium AG =0
so AG® = -RTInK

-nFE = -nFE® + RTInQ

E=F . logQ
Nem—v =0 KCron
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What about other concentrations’

volt meter

103 M Zn?* (aq) and 10-' M Cu?* (aq) 7?
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| M Zn?* (aq) and | M Cu?* (aq) standard
Zn(s) + Cu?*(aq)<— Zn?** (aq) + Cu(s)




10> M Zn?* (aq) and 10! M Cu?* (aq) 7!
Zn(s) + Cu?*(aq) «<—>Zn?*" (aq) + Cu(s)

_Z_(0%) (L
Q= [Cu2]  (107) - A
0.059 | %k\f—\'"
E=E° - - logQ €7L«
E=1.10V - 0'0259' log(102) = 1.16V
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0.0591

n

E=E° -

logQ

Current will flow until E=0
Equilibrium

0.0591
n

E°= +

logK



What will happen to the voltage
if | lower the Zn?* concentration?

Zn(s) + Cu?*(aq) — Zn**(aq) + Cu(s)

E—

t\s‘v A. the voltage will increase K 1\ o ? \‘I =

B. the voltage will decrease -

@ the voltage will stay the same K L 0r F ’i\ L




What about this cell?
Zn | Zn** || Zn?t | Zn

volt meter

10 M Zn?** (aq) and | M Zn?* (aq) !7?
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Does this cell have a non-zero voltage?

Zn | Zn2* (104 M) || Zn?* (I M) | Zn




Which side has the lower free energy?

Zn | Zn2* (104 M) || Zn?* (I M) | Zn

A | M solution MU ('Q, & NC

10 M solution h\b‘/\ rTXe 5

C. they are the same (its at equilibrium)




Will electrons flow spontaneously to the cathode!?

Zn | Zn2* (104 M) || Zn'\‘l“(l M) | Zn

Hlup G Law G




Will the potential for this cell be positive?

Zn | Zn2* (104 M) || Zn2* (1 M) | Zn

—
G 0y

B. noob E<O

¢ it is the same reactionso E=0




Zn | Zn2* (104 M) || Zn2* (1 M) | Zn

Same reaction! E° =0V

[Zn2+] anode _ |04
[Zn2+] cathode |

{1
c = po _ 0.0591 1080 7
n Sp

E=0V - °'°259' log(104) (= 0.118V )

each factor of ten will be another 0.0591V

Q= = 104




Take home message!

Voltage is a direct measure of the free energy

Therefore it is a direct measure of Q!

If you set up a system where one half of the cell is known,
the the other half can be used as a sensor!




Let’s look at this reaction
2HO(l) —> 2Hax(g) + O2(g)

Anode (oxidation): 2H,0 (1) — Oy (g) +4H™" (aq) + 4e~
- Cathode (reduction): 2H,0 (1) + 2¢~ — Hs (g) + 20H™ (aq)




2H,0 () = O,(g) + 4 H'(ag) + 4 &

\ 02 m 2H20 Hh+2e —» Hz(g)-l-ZOH'(aq)
g \

H,
f
= battery
[u]
o ) - 5
Q
O o0
\ .




You reduce H* to Hz in an electrochemical cell.
Your cell has a current of | Amp for 10 minutes
What is the total charge that is passed through the cell?




You reduce H* to H2 in an electrochemical cell.
Your cell has a current of | Amp for 10 minutes
How many moles of electrons pass through the cell?

A. 600 C/F .
‘ 600 C x F F - ﬁb)LtﬁS C mﬂl z

(@ |A x F




You reduce H* to Hz in an electrochemical cell.
The number of moles of electrons that pass through the
cell is 6.2 x 103 . How many moles of H, are formed?




You reduce H* to H2 in an electrochemical cell.
Your cell has a current of | Amp for 10 minutes.
How many moles of H; are formed?




This is the most impractical |.1V battery

1.1V

. J

volt meter

How can we get rid of the beaker and salt

bridge!?
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What is the voltage when 90% of the Cu?* has reacted?

Zn(s) + Cu?*(aq) «<—>Zn?** (aq) + Cu(s)
1.9 M Zn?* (aq) and 0.1 M Cu?* (aq) ???

[Zn?*]  (1.9)
[Cu®] (1)

Q: =19

~0.0591
N

E=1.10V - 0'0259' log(19) = 1.06V

E=E°

logQ
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Issue to deal with

Beakers keep
the oxidation
and reduction
reactions
physically
separated from
one another

Salt bridge connect the circuits by allowing ions
to flow between the two regions
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No Beakers is easy. Put chemical into a porous medium

Water and ions can flow in and out
Solids can't

Many
many
tiny
holes




How to connect them!?

Use a common electrolyte
Same chemical is common to both the
oxidation and reduction

Pb/PbSO4 PbO2/PbSO4
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Anode

Lead Acid Battery

reduction potential

Pb(s) + HSOj (aq) + HaO(1) «» PbSOy4(s) + H3O" (ag) + 2¢- [E° = -

0.356V

PbO,(s)+3H307" (aq)+HSO; (ag)+2e~ «— PbSO,(s)+5H,0(1) € =1.685V

Cathode

electrolyie

!
Anode i lead
erid Olled wih
spengy lead)

|
Cathude @ lead
arid filled weith
spongy Pbi-)

%ol = 1.685 - (-356) = 2.041 V.

rything in liquic




Batteries without liquids

Dry Cell

Anode
(zInc Inner case)

Cathode
(graphite rod)

Paste of MnQO,,
NH,CI, and
carbon

Zn(s) = Zn’*(aq) + 2 &

2MnO,(s) + 2 H*(ag) + 2 & = Mno0a(s) + HoO()

The Key
Solid Electrolyte

—— ., R E-—. = .. =, == _ ==

—— s s

NH4*, NH3, H,O




Hﬁzawkw%w&&i—

“fill up” with Fuel Cells O, from air
Ha r = \ /
b, 2
\\ O, +4e +

2H, 2H,0O




Fuel Cells

—

r 4e

\

2H>

O, + 4e +
2H,0




i

O, + 4e +




