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Goals for today:

® Review how to assign
oxidation numbers

e Solving for electrical
potential

e Two electrochemical cells

® Electrochemical cells in
non-standard conditions

® Electrochemical application

® Battery types

e Study tips for the exam
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you know you're not a kid anymore
when you're watching hsm and
understand wtf Gabriella’s doing on
the board

kevin
@_KevinSosa_

| guess I'm still a Emsg-child then
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Electrochemistry Terms
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Redox Reaction: a chemical reaction that involves
the transfer of electrons from one species to
another, resulting in a change in oxidation state. A
redox reaction balances both electron-transfer AND
stoichiometric coefficients

Reduction: a species gains electrons in a half-
reaction, resulting in a lower oxidation state

Oxidation: a species loses electrons in a half-reaction,
resulting in a higher oxidation state

Oxidizing Agent: the species that drives the oxidation
of another species in a redox reaction ; the oxidizing
agecntta nstalways the species undergoing reduction as a
reactan

Reducing Agent: the species that drives the reduction
of another species in a redox reaction ; the reducing
ageé\tta |stalways the species undergoing oxidation as a
reactan
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Assigning Oxidation Numbers

1. Atoms in their standard state are neutral
Example: O,, Na, Fe, Br,

2. If the question directly assigns an oxidation
number, that” %ts oxidation number

Example: ir%n lJI), aluminah“m_(ll)
4

3. Group 1lis+1,Group 2is +2...Group 7Ais -1 X = |y
Example:ﬁ’, K, F 2x =T\

4. Mydrogen is +1, Oxygen is -2When bonded W k2ce |y =o
Exce : hydrides are - 2 ex+1E2) =0

5. Assign peripheral charges first / NN I

NangO7
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Balancing Reactions in Acid

Nb + WO,Z = NbO, + W

yQH,_’D + NL — NLO, +"1H++'-fe"3

—

Z:ZE—+KH+ * \NO‘11— —> W +4H,0

_ . 2-
tYa=. + th*HZwo.l — s oW +@
E"ﬁ—"' 3INb —> INLO, +T}H{F7\2e\,

v U FaINL + 2W04" T 5 3NL0, 120 « 2 d, 0




TEXAS

The University of Texas at Austin

Standard Cells
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Electrochemical Cell Definitions

1. Anode: the site of oxidation (An Ox) ; gives electrons to the wire
e-
2. Cathode: the site of reduction (Red Cat) ; takes in electrons from the /@
wire f d
3. Voltage: the difference in potential per unit charge (J/Cor V); a D
measurement of the “pulling power” on the electrons, where a positive A
potential means electrons are spontaneously flowing and a negative 5 5 5
potential means the electrons must be pulled/pushed by an external : |

power source @D \/

4.  Voltaic Cell (Galvanic Cell): an electrochemical cell with a positive

standard cell potential ; the redox reaction of the cell occurs without an LA‘
external power source (spontaneous) ; €°. o4 > € 1n0de (reduction g
potentials)

5. Electrolytic Cell: an electrochemical cell with a negative standard cell Anode Cathode

potential ; the redox reaction of the cell relies on an external power
source (non-spontaneous) €° . 4. < € ynode (reduction potentials)



Electrochemical Potential

Electrical Cell Potential (€° ,): the voltage associated with the redox
reaction occurring in an electrochemical cell 5 UK dete sivaight

o - ° oM recuct i
Qe —7 € cell = € cathode ~ € anode peteahel hble

*in this equation, both £° values are reduction potentials read from a table*



Using the following half-reactions, show the voltaic/ electrolytic cells that can be created:

Cu* +2¢” —=Cu (034V)~

Al* +3¢” — Al (-1.66V) v

A voltaic cell produces a positive voltage through a spontaneous redox reaction

o — o — o
€ cell = € cathode ~ € anode

Galvanic Voltage: 2.00V = (0.34V) - (-1.66V) ;

Al | AP* || Cu?* | Cu
A= AlG)
B iy \Jo“"“'

C =2 Cu(s)
D -7 Sa“’ brdge

An electrolytic cell requires a power source to run a non-spontaneous redox reaction

o vl °
€ cell = € cathode ~ € anode
Electrolytic Voltage: -2.00V = (-1.66V) — (0.34V) ; Cu | Cu?* || AB* | Al
s

Anode Cathode

A= Cu(s)
‘g.7?ow/ Seur a
c - AlG)
D -2 Sl brdg €



The Electrochemical Cell Summary

Voltaic cells Electrolytic Cells

§P6A+mam‘l 6\ «l\/&hic
“Eaapesa AC.  |negative(-) ves pesitive (4], N O

potential, E positive (+) negative (<) |/
push/pull of Anode to cathode via Anode to cathode via an external
electrons spontaneous chemical power source

reaction
anode negative () v’ positive (+) \/
cathode positive (+) V4 negative (~) \/

Summary:

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.
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Electrochemical Applications
and Nonstandard Cells
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‘| Electroplating

You are using current to cause metal ions to reduce and become their solid form on a
metal cathode.
4+

Ex: (o~ +2e- —> (o

A baseball bat is made by electroplating solid cobalt on a metal surface from a concentrated
cobalt(ll) chloride solution. If 6.40 amps of current is passed for a total of two and a half days, what

is thgks of the solid cobalt surface? Molar Mass of Co 58.93 g/mol
2.5 olk\\/\s-
248w O ~ 40?

IT=LYA
law | he Ne

- Z-SAAV; / :L(k\ (s)
F:G[LI'NS Mﬁ’ﬁ.{ 6? __/f—.

N=2 mmole- meta | = lf E Z”’)OOO s
0
Tl ST sl o _ (&™) (216,000)

o] Twal 7T wela @Y (A6,199)
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2 Electrical Energy of a Cell

You are predicting the non-expansion work (also known as total energy) of an
electrochemical cell based on the number of transferred electrons in the overall

H 2+
reaction. ?d _|_2] PA ZU.H_ o 24+ ur

Ex: 2 x (U“‘ 4+ 3 + IJ Y -PO( _|.u

. ’ U +¢-
Consider the following short-hand notation for an electrocrfmicalcell:
ary) [
Ptl@,w. |P(c‘l:‘ | Pd (5) E'=1.525V
What is the value of getrnerpaniioowerk for this cell at standard conditions?

o 1 f= 7018
E°<| 525V (Z\C%L’“)(/- 525)

Et\e./' = "\FED
__’—3‘3 h:Z N\a[ o 2_01(42_)(:' '_T'/Mo(

—X
2(%!.{ 3 KT) masl <A lUUcJ
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3.Cells at Non-Standard Conditjons

Croor_‘" cead

[rea +Jc"¥f\¢ud‘
You are predicting the voltage of a non-standard cell using the Nernst Equation that
allows us to see how concentrations affect cell potential.

Ex: s
What is the non-standard cell potential for the following cell at 298.15 K and 1 atm? E E \Tl_@ I @
Bi | Bi3. (0.00200 M) || Cu.(0.830M) | Cu E'=0.32V

o B+ 30at ;R_’H “2. E =03 o.o§Nk 0902
—r
- | 2o

B — B;g+-\-ye/ O.?é?\/
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Batteries — Primary Cells (one-way)

Primary Cell: a voltaic cell capable only of
discharging. Primary cells are one-time use batteries.
o The common primary cells in our
lives are alkaline cells (D, C, AA,

AAA, etc.)

= These all involve the same
reaction, meaning they have the
same standard potential.

= They differ in size; therefore, they
differ in current. A large surface
area (D-batteries) will have a
greater current (less internal
resistance)
) Alkaline Cell: Zn(s) + MnO3(s) = Zn(OH);(s) + Mn;03(s)



Batteries — Secondary Cells (rechargeable)

Secondary Cell: a battery that can act like a voltaic cell when discharging, but can also act like an
electrolytic cell when recharged (examples: cell phone battery, lead-acid car battery, Lithium-lon). Secondary
cells can be used numerous times (or continuously) until eventually the battery degrades.

Lead-Acid Car Battery: a specific type of secondary cell that involves lead in three
solid oxidation states: P?s), PbSO,(s), PbO,(s)

A -H.l

Batteries — Fuel Cells (refillable)

Fuel Cells: a battery that relies on a spontaneous combustion reaction. We are mostly concerned with the

hydrogen fuel cell. The combustion of hydrogen to form water is very spontaneous, so we don’t try to recharge
these cells. Instead, we can refill them with our hydrogen fuel.
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How to prepare for the exam in the next
two nights:

%Ldafn;f\s Out comes

3 HW s

QK’ jCl’\fN\ NQ‘CCL’DCLC/V\(SINJ — [’\flpsl«eeﬁ

% ?H’A;C.{- EKn/v\ @f
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