CH 302 — Unit 5 Review 2

ELECTROCHEMICAL APPLICATIONS, NON-STANDARD CELLS
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Unit 5 Outline: Electrochemistry

l.  Understand fundamental redox reactions
Balancing redox reactions
Assigning oxidation numbers
Identifying the roles of the different species in the reaction

Il.  Combine half-reactions into standard cells (voltaic and electrolytic)
O Important: Electrolytic applications (electrolysis and electroplating)

~ Apply the concepts of electrochemical cells to non-standard conditions
. Concentration Cells

Nernst Potential

Complete the stor?llmes of thermodynamics and equilibrium by converting
electrlcal potential into K and AG.

V. Common applications of batteries
Primary and secondary cells
Fuel Cells



Unit 5 Equations ol P
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1. Electrochemical Cell Potential
cathode

2. Faraday’s Law, plating a metal, electrolysis
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3. Convert between electrical potential (g)
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4. Convert between electrical potential (€)
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and the equilibrium constant (K)




Electrochemical Cell Definitions y
f\> wurk 'S oML

b v bem
2. Cathode: the site of reduction (Red Cat) ; takes in electrons from the Y S

wire A c_- L O
Voltage: the difference in potential per unit charge (J/Cor V); a

" : ” o O
measurement of the “pulling power” on the electrons / 7

1.  Anode: the site of oxidation (An Ox) ; gives electrons to the wire

4.  Voltaic Cell (Galvanic Cell): an electrochemical cell with a positive > 7
standard cell potential ; the redox reaction of the cell occurs without K —
an external power source (spontaneous) ; €° .ihode > € anode (reduction
potentials) k1S 0( ¢
Electrolytic Cell: an electrochemical cell with a negative standard cell 2 l"’.ov- cv Ft M
potential ; the redox reaction of the cell relies on an external power av\ \f
source (non-spontaneous) €° ihode < € anode (reduction potentials) A 6’ > D

Shorthand Notation:

R R £° Lo
anode|anodic solution | |cathodic solution | cathode
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The Electrochemical Cell Summary

voltaic cells electrolytic cells
free energy, AG negative (=) positive (+)
potential, E positive (+) negative ()
push/pull from the chemical reactions from an external
of electrons of the two half-reactions electrical power source
anode negative (-) positive (+)
cathode positive (+) negative (-)

In all electrochemical cells, the electrons travel from the site of oxidation (anode) to the site of reduction (cathode).
The main difference is that voltaic cells are spontaneous cells, where the redox reaction drives the current. In an

electrolytic cell, the redox reaction is non-spontaneous. Therefore, the push/pull of current is driven by an external
power source.



Conceptual Summary: Standard Cells

STD. Electrical Free Energy Equilibrium Constant Spontaneous?
Potential AG° K
8¢>
Positive Negative Greater than 1 Yes
Negative Positive Less than 1 No
Zero Zero Equalto 1 At Equilibrium

|

Concentration Cell



Tough Shorthand Notation

anode |anodic solution | |cathodic solution | cathode

Al| APRP* | |Cu?* | Cu f?
Pt|H2|H+||Cu2+|CuJ
Al| AI3* || Cr3*, Cr?* | C (graphite) j
Ag | Ag" | ICI (aq)| AgCl (s) | Ag(s)
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Faraday’'s Law

Two common applications of electrolytic cells are electroplating and electrolysis

Here our “n” value represents the moles of electron in the half-reaction that produces the desired product
S A S
S A P \
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Lyt charge appliect
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Exam Question
What is the mass of aluminum (Al, 26.98 g/mol) (/( y j— |<(7 (? 760160)

formed when 18 A is run through the following cell
for 8.0 hours?
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Electrolysis Question "

What is the volume of Cl,(g) produced ay the electrolysis of concentrated
sodium chloride if 7.00 A are passed throUgtf the solution for 6 hours? The

reaction is shown below:

A 3G » 0.0¥200Y Zj3if
V" -—/\ 2K8Cl(aq) #2394} = ZaOtitaezetitg) + Cl,(g)

- |, + 7e”
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Free Energy and Electrical Work

1. Thereis asimple relationship between free energy arsd
electrical potential: C kﬁr" < » (

AG =-nFE

2. This equation can be applied to tell us about the capacity for
an electrochemical system to do work:

~\y

Fxn

w=-q-E

3. These values are ideal, meaning we are calculating the
maximum electrical work, or the maximum reversible non-
expansion work.

4. This relationship provides an effective way of determining
the capacity for a chemical system to do work when we do
not have a change in gas moles (no change in volume)



Electrochemical Work

Consider the following cell at standard conditions (E* =0.75 V) :
AI| AI3* || Cr2+ | Cr }
(e~

What is the value of AG™? Is work done on the system or being applied to the

system? 6 o
N - A F ¢
\,

=y54192. ¢J. _ émwﬁs 0,75
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Electrical Potential and Equilibrium

Now that we know the relationship between electrical potential and free energy:

AG =-nFE = AG =-RTInK

We can very clearly connect the dots between free energy and the
equilibrium constant, K:

o _RT. g 005916,
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Equilibrium Calculations  ~ 20516 = K

| (\
|V
The standard potential of the cell _ G )(l O 7
Ph(s) | PbSO,(s) | SO7 (aq) || -
Pb**(aq) | Pb(s)
is +0.23 V at 25°C. Calculate the K, of

PhSO,. 6280

g 400.0
1. 1.3 x 1078 ;; 300.0

‘2 200.0
2. 1.7 % 107" correct 100.0 98.00

00 —1:00 10.00
3.1.3x10" 1 2 3 4 5
Response

5:;0x107 E = 00591610gK
n



Pb 5’0‘/ -7&744 Jo, "
Equilibrium Calculations

The standard potential of the cell % 4 go ‘1 - —7 I L Sd ‘1 ﬂ(/

Ph(s) | PbSO,(s) | SO7 (aq) ||
Pb**(aq) | Ph(s) P
is +0.23 V at 25°C. Calculate the K, of sz*,‘)/ —7
PbSO;,.

A 7 S0 =7 Py

3.1.3x 10"

4. 2.7 %1077

5. 6.0 x 107



Non-Standard Cells ElectricakNPotential

You can use Q to determine the non-standard potenti ' quation

c_g —Ean - c_g — 0.0591610gQ
nk n

Remember how Q works (and remember that Q depends only on aqueous and
gaseous species!):

Q is the given concentrations (or pressures) of the products raised to the power of their
coefficients divided by the reactants raised to the power of their coefficients.

If you add product, your voltage drops

If you add reactant, your voltage increases
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Non-Standard Cell Potgntial

Consider the following cell at standard conditions:
Pb(s) | PbSO,(s) | SO,* || H*(aqg)| H, (g)| Pt

How does each of the following change the voltage:

I.  Increase partial pressure of hydrogen QJI\ £ V4
Il. Add sodium sulfate to the anode compartment & | 54\

Il. Decrease the pH ,Pl.“ Cl—'*]f[‘ a_v EAN
Pu,

GL Cgo JE”}




Overview Question

Suppose you create a battery out of nickel and cadmium with the following half-

reactions: L_7 (+)
+ —_—
—_ +
Cd2+ +2e - Cd -0.40V CC{ V4 CJ ZC .
Ni2* +2¢ - Ni 1023V NiZtele” =7 M

o .2 + ) +
,% ) ) Cel s N2 —7 i #Cel ©
What are the values of £°, AG®, and’K?

What is the ratio of Cd?* : Ni?* when your battery reaches equilibrium?
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Non-Standard Calculatlons

If E° for the following cell is 0.36 V at 25°C, what is the value of E for the
conditions given: — —

[Slq ][H Jz

Pb(s) | PbSO,(s) | SO,%(aq, 0.60 M) || H*(ag, 1.6 M) | H,(g, 0.08 atm) | Pt

oSﬂl‘o[ 00(5
OL{()\/ - O%QV - )




The Concentration Cell

A concentration cell is simply a cell that has identical half-reactions and achieves a positive
cell potential by having a favorable Q-value in the Nernst Equation.

reduction : Cu” +2¢~ — Cu (0.34V) €°  =¢g°

cell ™

(o]
reduction +& oxidation

oxidation :Cu — Cu”* +2e (-0.34V)




The Concentration Cell

A concentration cell is simply a cell that has identical half-reactions and achieves a positive
cell potential by having a favorable Q-value in the Nernst Equation.

reduction : Cu” +2¢~ — Cu (0.34V) g°  =g°

cell ™ oxidation

(o]
reduction +&

oxidation : Cu — Cu”" +2e (-0.34V) €°cen = OV

/g(_ O .059 1 6 log Q You can maximize € by minimizing Q:

8 p— 1. Increasing the concentration of Cu?* in the

=0V n cathode compartment
2. Decreasing the concentration of Cu?* in the
anode compartment
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Concentration Cell Question

An electrochemical cell is created out of two SHE compartments (shown below). What is
the pH of the anode compartment if the measured potential is 0.12 V?

Pt | H, (1 atm)l H*(???) || H* (1M)| H, (1 atm)| Pt




