
Electrochemistry - applications
GENERAL AND PHYSICAL ELCHEM
- Electrochemical Sensors
- Nanotechnology
- Fundamental Electrochemistry Research
- Electroanalysis
- Electrosynthesis
- Electrodeposition

CORROSION
- Bare Metals
- Coatings
- Galvanic Corrosion
- Hydrogen Embrittlement
- Tribocorrosion
- Corrosion in Air

ENERGY STORAGE
- Batteries
- Fuel Cells
- Photoelectrochemistry
- Photovoltaic and Solar Cells

MATERIALS ANALYSIS
- Ceramics
- Dielectrics
- Display Technologies
- Ferroelectric Materials
- Energy Devices and Ionic Conductors
- MEMs and NEMs
- Nanomaterials
- Organic Electronics
- Piezoelectric Materials
- Semiconductors and OFET

SIGNAL ANALYSIS
- Electronic Measurement
- Frequency Response Analyzer
- Magnetic Measurement
- Mechanical Testing
- Optical Engineering
- TOF-MS Time-of-Flight Mass Spectrometry
- Scanning Electrochemical Workstation

- extraction of metals, refining of metals
- Electroplating, electrocleaning
- production of chemicals



Electrochemistry
- Thermodynamics – kinetics – catalysis
- Faradaic/non-Faradaic processes, Omic drop, AC-DC
- Tafel – Faradaic/Non Faradaic – Nernst – Pourbaix
- Buttler-Volmer, Gibs

- 1.-2.-3. current distribution
- ELECTROCEMICAL METHODS
- Electrochemistry is blind -> Raman in-situ as eyes
- Electrode pretreatment-roughness-crystalographic planes/catalysis
- Orders of magnitude aA-amol-aM, ml-mm3, detection limit-linear range





https://ocw.snu.ac.kr/sites/default/files/NOTE/2%20week.pdf



https://www.youtube.com/watch?v=C26pH8kC_Wk



https://www.youtube.com/watch?v=BJzgnjg4Nok



https://ocw.snu.ac.kr/sites/default/files/NOTE/2%20week.pdf



https://www.iitk.ac.in/che/PG_research_lab/pdf/resources/MVA-reading-material.pdf



https://demonstrations.wolfram.com/CyclicVoltammetryCorru
ptedByOhmicDrop/



https://www.basinc.com/manuals/EC_epsilon/Techniques/Cyc
Volt/cv_analysis



https://www.ceb.cam.ac.uk/research/groups/rg-eme/Edu/linear-sweep-and-cyclic-voltametry-the-principles



http://sites.usm.edu/electrochem/CHE%20729%20Current%20
Topics%20in%20Biochemistry/Lecture%20Notes/CHE%20729%
20Electrochem%20Lecture%202.pdf



http://www.sfu.ca/~aroudgar/Tutorials/lecture27-31.pdf



https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/
Supplemental_Modules_(Analytical_Chemistry)/Analytical_Scie
nces_Digital_Library/In_Class_Activities/Electrochemical_Meth
ods_of_Analysis/02_Text/7%3A_Electrochemical_Analytical_M
ethods/7.5%3A_Voltammetric_Methods



https://web.nmsu.edu/~snsm/classes/chem435/Lab13/intro.html



In differential pulse polarography (b) the current is 
measured twice per cycle: for approximately 17 ms before 
applying the pulse and for approximately 17 ms at the end of 
the cycle. The difference in the two currents gives rise to the 
peak-shaped voltammogram. Typical experimental 
conditions for differential pulse polarography are τ ≈ 1 s, tp ≈ 
50 ms, ΔEp ≈ 50 mV, and ΔEs ≈ 2 mV.

Normal pulse polarography (a), for example, uses a series of potential 
pulses characterized by a cycle of time of τ, a pulse-time of tp, a pulse 
potential of ΔEp, and a change in potential per cycle of ΔEs. Typical 
experimental conditions for normal pulse polarography are τ ≈ 1 s, tp ≈ 
50 ms, and ΔEs ≈ 2 mV. The initial value of ΔEp is ≈ 2 mV, and it 
increases by ≈ 2 mV with each pulse. The current is sampled at the end 
of each potential pulse for approximately 17 ms before returning the 
potential to its initial value. The shape of the resulting voltammogram 
is similar to that of normal polarography, but without the current 
oscillations. Because we apply the potential for only a small portion of 
the drop’s lifetime, there is less time for the analyte to undergo 
oxidation or reduction and a smaller diffusion layer. As a result, the 
faradaic current in normal pulse polarography is greater than in the 
polarography, resulting in better sensitivity and smaller detection 
limits.

Various elchem techniques



Various elchem techniques



Electrochemical signal transduction. 
There are four main types of 
electrochemical methods of analysis: 
voltammetry, amperometry, 
electrochemical impedance 
spectroscopy (EIS), and potentiometry. 
In voltammetry, a potential sweep (linear, 
cyclic, i.e., cyclic voltammetry (CV), or 
pulsed, e.g., square‐wave voltammetry 
(SWV)) with respect to the reference 
electrode (RE) is applied by a 
potentiostat (an electronic instrument) 
between the working (WE) and counter 
(CE) electrodes and the current 
generated is measured as the analytical 
signal. In amperometry, a constant or 
stepped (chronoamperometry) potential 
is employed instead. In potentiometry, 
the open‐circuit voltage between the WE 
and RE is measured as the analytical 
signal which can increase or decrease 
depending on concentration of the 
analyte. In EIS, a sinusoidal potential 
over a frequency range is applied to an 
electrochemical cell. By measuring the 
current response, the impedance 
(resistance, capacitance etc.) of the 
system can be estimated, allowing the 
study of the surface and material 
properties.

https://www.researchgate.net/publication/333132057_Disposable_Sensors_in_Diag
nostics_Food_and_Environmental_Monitoring/figures?lo=1

Various elchem techniques
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In differential pulse voltammetry (DPV), small amplitude, short pulses are superimposed on a linear ramp. Current is 
measured before the application of the pulse and at the end of each pulse, and the difference between the currents is 
calculated. This procedure effectively reduces the background current due to the DC ramp, and thus this procedure results 
in a Faradaic current free of most capacitive current. The major advantage of DPV is low capacitive current, which leads to 
high sensitivity. The small step sizes in DPV also lead to narrower voltammetric peaks and thus DPV is often used to 
discriminate analytes that have similar oxidation potentials.

DPV





Pt CV in acid



System complexity



Pourbaix diagram





pH 
electrodes



pH 
electrodes



What is Chemical Kinetics?
The term chemical kinetics refers to the
branch of physical chemistry that deals
with the rates of chemical reactions. It is
also known as reaction kinetics. This
term is described in contrast to
thermodynamics. (Thermodynamics deal
with the direction in which a process
occurs).
What is Thermodynamics?
Thermodynamics can be described as
the branch of physical science that deals
with the relations between heat and
other forms of energy such as
mechanical, electrical, or chemical
energy. This phenomenon explains the
relationship between all energy forms.
The main idea of thermodynamics is the
association of heat with work done by or
on a system.

https://web.stanford.edu/~kaleeg/chem32/kinT/

Chemical kinetics vs Thermodynamic



There are several important terms in thermodynamics, as listed below.
1.Enthalpy – the total energy content of a thermodynamic system
2.Entropy – a thermodynamic expression explaining the inability of a thermodynamic system to convert its thermal energy into
mechanical energy
3.Thermodynamic state – the state of a system at a given temperature
4.Thermodynamic equilibrium – the state of a thermodynamic system being in equilibrium with one or more other
thermodynamic systems
5.Work – the amount of energy that is transferred to the surrounding from a thermodynamic system.
6.Internal energy – the total energy of a thermodynamic system that is caused by the motion of molecules or atoms in that
system.

Furthermore, thermodynamics includes a set of laws.
1.Zeroth Law of Thermodynamics – When two thermodynamic systems are in thermal equilibrium with a third thermodynamic
system, all three systems are in thermal equilibrium with each other.
2.First Law of Thermodynamics – The internal energy of a system is the difference between the energy it absorbs from the
surroundings and the work done by the system on the surrounding.
3.Second Law of Thermodynamics – Heat cannot flow from a colder location to a hotter area spontaneously.
4.Third Law of Thermodynamics – As a system approach absolute zero, all processes cease, and the entropy of the system
becomes minimum.

Thermodynamics should be called "thermostatics." Thermodynamics is not about things moving and changing but instead about how stable 
they are in one state versus another, while kinetics is about how quickly or slowly species react. It is dangerously easy to confuse 
thermodynamic quantities like free energy with kinetic ones like activation energy.

Thermodynamic



https://web.stanford.edu/~kaleeg/chem32/kinT/

Energy of the reaction

https://www.youtube.com/watch?v=lWlb3
1eWBQs – catalysis and thermodynamics

http://www.fhi-
berlin.mpg.de/acnew/department/pages
/teaching/pages/teaching__wintersemest
er__2012_2013/raimund_horn__thermo
dynamics__121026.pdf - Thermodynamic 
Aspects of Heterogeneous Catalysis



Catalysis is a term describing a process in which the 
rate and/or the outcome of the reaction is influenced by 
the presence of a substance (the catalyst) that is not 
consumed during the reaction and that is subsequently 
removed if it is not to constitute as an impurity in the 
final product.

Catalysts increase the rate of a reaction without 
undergoing any chemical or physical change. Catalysts 
just decrease the energy barrier for the conversion of 
reactants to products.

Catalysis



Mechanism of Heterogeneous
Catalysis of Chemical Reactions:

The modern theory of adsorption
proposed a five-step mechanism for
the catalysis of chemical reactions.
These steps are:

•Introduction and diffusion of reactant 
molecules on the catalytic surface.
•Adsorption of molecules of reactants 
on the catalytic surface.
•Formation of intermediate on a 
catalytic surface by a chemical 
reaction between the reactant 
molecules.
•Desorption of product molecules 
from the catalytic surface.
•Diffusion of product molecules away 
from the catalytic surface to form 
final products.

Catalysis



Catalysis





https://en.wikipedia.org/wiki/Double_layer_(surface_science)





TEM –
atomic 

resolution



Crystalline structure



Catalytic 
planes



Catalytic planes





Glucose 
sensor 

sampling





Overview of micro‐ 
and nanomaterials 
with respect to 
their use for signal 
amplification as 
substrate 
materials, labels in 
bioassays, and 
bulk/surface 
modifiers and 
tools for 
enhancing the 
signal generating 
events and 
signaling
components.



Schematics of the 
production of natural 
and artificial 
recognition elements 
illustrated on the 
example of antibodies 
and molecular 
imprinted polymers.



Magnetic signal transduction. A 
variation in the magnetic field 
caused by speed, direction, 
rotation, angle, or the presence of 
magnetic particles (like beads) 
results in an electrical signal, 
providing information concerning 
the magnitude or concentration 
of the analyte. One of the most 
promising examples using 
magnetic signal transduction is 
the giant magnetoresistance 
(GMR) sensor. GMR sensors can 
be built using multiple thin films 
of ferro‐ and non‐magnetic 
materials, and in two different 
designs where the current can 
flow either in plane or 
perpendicular. GMR sensors can 
be applied to: a) physical (heart 
rate, blood pressure), or b) 
biological (detection of 
biomarkers) sensing.



Thermometric signal 
transduction in 
disposable sensors. A 
temperature change 
caused by (a) the medium 
(such as gas or liquid) or 
(b) a target (bio)chemical 
substance (for example, a 
chemical reaction 
catalyzed by an enzyme 
for a certain substrate) 
produces an analytical 
(electrical) signal. Two 
notable examples are thin 
film thermistors 
(temperature‐dependent 
resistors), and 
thermopiles. Thermopiles 
consist of a number of 
thermocouples, which 
generate a 
temperature‐dependent 
voltage due to the 
thermoelectric effect (for 
example, Seebeck effect).



Microgravimetric signal 
transduction is a subclass of 
mechanical methods of 
transduction, however, due 
to its high sensitivity, 
microgravimetric methods 
are particularly suited for 
applications in label‐free 
(bio)chemical sensing in 
disposable sensors. For 
example, increased mass 
due to captured analytes can 
bend a cantilever or shift the 
resonant frequency of a 
quartz crystal microbalance 
(QCM), producing an 
analytical signal. Surface 
acoustic wave type 
microgravimetric sensors 
can also detect analytes 
captured on a surface of a 
disposable sensor.



Mechanical signal 
transduction. Physical 
changes caused by 
acceleration or force can 
be converted to an 
analytical signal related to 
the magnitude of the 
physical quantity 
measured.



Optical signal transduction. 
Absorbance/transmission involves 
passing a beam of light (single or 
spectrum of wavelengths containing, for 
example λI, λII, and λIII) through the 
sample and measuring the amount of light 
absorbed or transmitted (here, λII) on the 
opposite side using an optical detector. 
Note that in the illustration shown above, 
λI and λIII do not interact with the sample; 
hence, the intensities of signals do not 
change. A monochromator can be used to 
scan (λ‐scan) by selecting a specific 
wavelength from the source. The amount 
of light absorbed or transmitted varies (λII) 
with the concentration of the analyte in the 
sample. Fluorescence involves excitation 
of a fluorescent compound with a beam of 
light. The excited molecule itself then 
emits light with an energy smaller than the 
energy of the source (λemission < 
λexcitation). The intensity of the emitted 
light depends on the concentration of the 
fluorescent compound in the sample.

https://www.researchgate.net/publication/333132057_Disposable_Sensors_in_Diagnostics_Food_and_Environ
mental_Monitoring/figures?lo=1



Historical timeline of the discovery 
of various sensors and their 
development with respect to 
materials (green), sensor 
technologies (blue), and 
biotechnology (black).248



https://www.youtube.com/watch?v=rkbjHNEKcRw&t=2s

MOSFET



https://medium.com/nerd-for-tech/graphene-field-effect-transistors-b21daf900d38

FET sensor



https://medium.com/nerd-for-tech/graphene-field-effect-
transistors-b21daf900d38



https://www.mdpi.com/2079-6374/11/4/103/htm

FET sensor



https://www.sciencedirect.com/science/article/pii/S0956566317304517

FET sensor



https://www.sciencedirect.
com/science/article/pii/S09
25400518304180

FET sensor



https://www.sciencedirect.com/science/article/pii/S0925400518304180

FET sensor



https://www.researchgate.net/publication/273706902_Predictive_of_the_Quantum_Capacitance
_Effect_on_the_Excitation_of_Plasma_Waves_in_Graphene_Transistors_with_Scaling_Limit

FET sensor



https://ocw.snu.ac.kr/department_detail?field_c_deptidx_tid=19

GREAT LECTURES



https://ocw.snu.ac.kr/node/29598 https://ocw.snu.ac.kr/node/2187

https://ocw.snu.ac.kr/node/2331
https://ocw.snu.ac.kr/node/32970



https://ocw.snu.ac.kr/node/30938

https://ocw.snu.ac.kr/node/2434https://ocw.snu.ac.kr/node/29040


