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CHEM 539/

 Lecture: TTh 8:00 —9:20 a.m.

Room 352 @hcm\
W

 Instructor: Dr. Teresa : olden,

Chemistry 279, 565-2888, tgolden@unt.edu

e Office hours: TTh 9:30 0:30 a.m. Room
279 or 207B, Chemistry.



mailto:tgolden@unt.edu
mailto:tgolden@unt.edu
mailto:tgolden@unt.edu

CHEM 5399/

e Textbook: Electrochemical Methods
Fundamentals and APP/W
Bard and L.R. Faulkner, Wiley, -

edition, 2001, ISBN 0-471 2-9
— Can order Textbook online
— Textbook is on reservedun Willis Library X




CHEM 5390/

« Exams: There will be 2-3 exams, various
assignments, and-a-final exam.

e« Dates for each exam will be annou .

class.
— The final will be Tuesday, Dece Oth,
8:00 a.m. - 10:00 a.m:
N

* Grading:
+ A—90% B-80% ‘€—70% D-5 < 55%




CHEM 539

* Topics:

Basic electronics,

signals and noise,
electrochemical theory,
thermodynamics and kinetics,

/|

mechanisms, .
voltammetry,

experiments and instrumentation,

electrodeposition electroplating, N

batteries, sensors, fuel cells, solar cells;
EIS and corrosion,
potentiometry



CHEM 5390/

* Research Paper: —

* A research paper will be required in class and
count as 1 test grade. I'he topic must cover

the latest advances in eIectroc'H@H'Hs\

« A white paper (1-2=pages) indicating the ™

student's topic of choice (with Mitakreference
list) must be submitted to the instructor.
N\




CHEM 5390/

* Research Paper: —

 The grade will be based on the research idea,
coverage of theory, and scope of literature

review. \

« *Any plagiarism in the.report will result in a ™

failing grade. No Al. Use you words; if
you are not sure about any section or f
your writing, come see mexfor help. \




CHEM 5390—"_

 Research Paper:
(1) Research the chemistry literaturgm———————— =
(2) 6010 format — follow division guidelines.

(3) Paper covering student's.research project
for publication in must foIIowjomh\
n

guidelines.

(4) Chapter for thesis or dissert ust

follow UNT guidelines.

(5) Not 2-4 — follow ACS research paper X

guidelines.



CHEM 539@/

 Research Paper:

¢ Good places to start:
o Chemical Abstracts —Sci Scholar
o Journal Electrochemical Socnety

o ACS Journals - Analytical
Journal
o Elsevier Journals undersScience Direct N



CHEM 5390/

* Research Paper: - T—

¢ Write a white paper (1-2 pages) indicating the
student's topic of choice over the topic with a
short reference list for approva

¢ Write an extended detailed.outline of your
research paper with detailed refe ISt—
(30 pts)

¢ Complete Research Paper — ( pts)



Class Assignmﬂ/

» https://sites.chemistry.unt.edu/~tgolden __ _

* Begin white paper and-lo opIC
 Due in class 9/30/25 S

\~

CHPWI 5390



Introductie

Electrochemistry

« Study of chemical changes caused by
passage of an —eleetric_ current and
production of electrical ene
chemical reactions

CHMYI 5390



Introducti(m/

Includes:

* Electrophoresis

» Corrosion

* Sensors \-
» Batteries

* Fuel Cells

» Electroplating \
» Solar Cells

CHPWI 5390



Introduction

Electrochemistry

* Both kinetics and thermodynamics play
a large role in electrochemical theory
and electrochemical experi

[\

* Electrochemistry can also upled
with other techniques i.e.

— spectroscopy
— chromatography
— silicon devices

Al

CHPY 5390



Theoretical Coneep‘s/

Electrochemical Theory is_defined by the

Interfaces present in the electrochemical

cell. \.

Transport of charge oce at these
interfaces. \
N

CHMYI 5390



Introdu

Electrochemical cells consist of electrodes immersed in an electrolyte solution.
Voltmeter e e

1.100 V

Salt bridge

rSaturated KClI solution

- Cu electrode

0.0100 M
| cuso,

9.0100 M N - \POTOUS ]
BN w, e disk
solution solutlon
Zn(s) = Z/,nz*(aq) + 2e” Cu2+(aq) + 2e” = Cu(s)
az,2+=0.010 acy2+=0.010
Anode Cathode

Figure 22-1 A galvanic electrochemical cell with a salt bridge.

CHBY 5390



Introduction /
Type of cells

Galvanic — cells that produce electrical -

energy (voltaic) -- i.e. battery

— stores electrical energy. Reaction e
electrodes proceed spontaneously.
Electrolytic — cells that.consume electrical .

energy

— consumes energy. Need an external source o
electrolytic energy.

Type of electrodes
Cathode — electrode:where reduc OCCUrsS
Anode — electrode where,oxidation oc




Introduction/

Cell notation - Represent electrochemical cells by a
shorthand method: —

Cu | Cu™(0.0200M) | Ag'(0.0200M) | Ag

- | | |
Anode phase boundary 2 phase phase cathode

(interface) boundaries at ¢

potential occurs  end of the salt bridge

here liquid junction potential. _
Anode on left
Cathode on right

Single vertical line — represent phase
boundary where potential mayadevelop. X

Double vertical line = represent ju
between half cells.

5390



Cu   |   Cu+2 ( 0.0200M)   ||  Ag+(0.0200M)   |         Ag



   |      |                                       |                                    |              |


 Anode    phase boundary            2 phase                         phase        cathode 


                (interface)                boundaries at either          boundary


                potential occurs       end of the salt bridge


                here                          liquid junction potential.



Introducti()n/

« Write the diagram for a cell that has a hydrogen

electrode on the left, an iron(I11I)/iron(1I)

electrode on the right,.and includes a salt
bridge.

Pi(s) | Hy(g) | H*(aq) | Fe%(aq)m

CHMYI 5390

\



Introducti()n/

Write the chemical equation for the cell reaction

resulting from

the following half-reactions: -

H,(g) ---> 2H"(aq) + 2¢

Co’*(aq) + le
Assume that p]
write the cell d

---> Co*'(aq)

latinum eleetrodes are used and
1agram.

H,(g) + 2Co**(ac

Pi(s) 1 Hy(g) 1 H'(aq) Il Co™*(aq),

) --->2H'(aq) + 2Co*"(aq)
*“(aq) 1 Pt(s)

5390



Introduction/

Potential of a cell = E__ ;4. - E half-reaction

anod

To generate the relative.half -cell potentials use a
standard. \
n

1.e. Standard hydrogen reterence electrode
(SHE or NHE).

This 1s the standard reference h
all other half-reactions against.




Introductie

Conduction in a cell
Charge is conducted by:

—r
e

ne electrodes and'leads.—.lnvolves
ectrons
_

— The solution — involves'migration of cations
and anions
— The interface — involves oxidation and
reduction N

CHMYI 5390



Introduct

Conduction in a cell

Charge is conducted by:

— The electrodes andleads.— involves
electrons

CHPWI 5390



Electrochemieal C‘H/

For two electrodes in_solution (g _cel) —

there Is a working electrode (WE) and a

counter electrode (CE).
\ .

These two electrodes are™e ected to a
circuit which  applies a tial
difference to the cell. .

CHPY 5390




Electrochemica-l-eﬁ/

S Vo,
it e

Figure 6.1 Classical two-electrode controlled-potential apparatus.

The applied potential, E, is measu between the WE N\
and CE and the resulting current is sured in the
WE lead and WE is tied:.to ground poten

5390



Electrochemiecal C‘El‘/

The counter electrode in the two electrode _
system serves two functions:

« completes the circuit, allowing charge to flow through

the cell
* maintains a constant interfacial potential differen -

regardless of the current

It is better if these 2 functions aresepam\
two electrodes. N

Thus we can replace.the CE with afsauxiliary

electrode (AUX) and areference electwode
(REF)




Electrochemical-eﬁ/

The auxiliary electrode (AUX)

I
« completes the circuit, allowing charge to flow through

the cell

The reference electrode (REF)\ -

* maintains a constant interfacial p lal difference
regardless of the current

CHMYI 5390



Electrochem@l.@eﬂ/

{lIlIF

AN

| _FEEDBACK_ | POTENTIAL
CONTROL SIGNAL|  pomiToR

r”—-

REF

AUX \ w

Figure 6.4 Schematic representation of a primitive three-electrode controlled-poten-
tial apparatus.

CHPW 5390



Electrochemiecal C‘El‘/

The reference electrode (REF) is used as a

. : __
potentiometric (always zero Currenf; proBe {0

monitor A¢,, relative to its own potential A¢,.

This value is compared.to E_ andm .

difference (error), the potential led by the
potentiometer is adjusted.
\

This device is called a potentiostat®

CHPY 5390



Electrochemiecal C‘El‘/

This value is compared to E_ and if there is a _
difference (error), the potential app||ea By the

potentiometer is adjusted.

When the potentiometer is adjustm -

to initiate a reaction at the " Wks.the potential
at which the reaction occurs is E_ v

As the species is consumed atthe WE, the
current through the cell will decre causing
E_ to increase.

5390



Electrochemical€‘5l‘/

As the species Is consumed at the WE, the
current through the cell will decrease causing
E_ to increase.

The voltage applied to-the Aux is decreased by >

the potentiometer (through negaiti
feedback) until E, returns to the initia
N\

CHPY 5390



Electrod/

Requirements for the electrodes:

T s
* Working

» Counter (auxiliary)

* Reference \
W

CHRYI 5390



Class Assigmﬂﬂ‘\‘/

» Research paper Topic

* Read Chapters 1
“Electrochemical Me > Bard

\\

CHRYI 5390
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