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1. Introduction to Electrochemistry

* Redox reaction

e-

More positive

How can we quantify “positive” and “negative”?

More negative



1. Introduction to Electrochemistry

Standard Reduction Potential (Redox Potential)

Standard reduction potential is written in a
form of

Ox +e = Red

They are constants describing how
oxidative/reductive reactions could be.

More positive value means more oxidative.

increasing strength as an oxidizing agent -

_ Half Reaction potential

2% = 2F +2.87 V

26 =  Pb* +1.67 V

Cl, 2 — 2Cr +1.36V

Ag* e — Ag +0.80 V

Fed* 1 = Fe* § +0.77 V

cuz 26 =  Cu g +0.34 V

2H* 2 = H, 2 000V
-

Fes* 3¢ = Fe L{% ~0.04V

Pb2+ 2 = Pb § ~0.13V

Fe2* 2 = g ~0.44V
O

Zne* 2o = % _0.76 V

Al 36 = g -1.66 V

Mg2* oo w= —2.36 V

Lit o0 = ~3.05V




—— increasing strength as an oxidizing agen! ——

Half Reaction potential
+ 2 2F +2.87V
+ 2 =  Pb* +1.67V
+ 2 =  2Cr +1.36V
+ 1l — Ag I +0.80 V
+ 1l Fe2* g +0.77 V
(o + 20 = g +0.34 V
2H' + 200 — % 000V

a

Fe** + 38 — 5 00V
b2+ 20 = 5 -0.13V
Fe* + 20 — g -0.44V
[ e o+ e = % ~0.76 V
AR+ Be = § 166V
Mgz + 2 —= -2.36V
e+ 1o = -3.05V

salt bridge, >
NaCl(aq) £

oxidation half-reaction:
Zn(s) — Zn*(aq) + 28~

reduction half-reaction:
Cu?*(aq) + 26 — Cu(s)

overall reaction: Zn(s) + Cu>*(ag) — Zn**(aq) + Cu(s)

pli
&

-5

Zn anode Cu cathode

Ref: Principles of General Chemistry (v. 1.0)




1. Introduction to Electrochemistry

* Electrochemistry is the art to guide the flow of electrons

Voltage >1.23V

=

0,/H,0:1.23V

apouy

H*/H,: 0V

.




Experiment #1: tap water electrolysis

Procedure: Fill the beaker with 25 mL tap water. Apply 4 V between anode (mesh) and
cathode (plate).

Observation:
Bubbles evolved from anode and cathode.

Question:
What is happening in the beaker?
Why the required voltage to split water is larger than 1.23 V?



Experiment #2: Experiment #1: saltwater electrolysis

Procedure:
Fill the beaker with 25 mL tap water amended with 4 tsp of table salt.
Apply 4 V between anode (mesh) and cathode (plate).

Observation:

1. Increase of current;
2. Bubble evolved from anode and cathode;
3. Smell

Questions:
Why the current increases?
Why there is a funny smell?



CL/CI-: 1.36 V
0,/H,0:1.23V
H*/H,: 0 v‘

Chloride was oxidized to hypochlorous acid, a powerful oxidant/disinfectant.

EWER LR b
.. - " e,

i
|
LY




Experiment #3: Electrochemical Water Treatment

Procedure:

Fill the beaker with 25 mL tap water, then add %z tsp of table salt and one drop of food
dye (any color).

Apply 4 V between anode (mesh) and cathode (plate).

Observation:
Gradual discoloration of dye-spiked water.

Question:
How was the water treated?



The importance of Disinfection

Life Expectancy - Safe Water

90 90
‘ . + 80
- | - 07 \ +70
70 + _ + 60 =
g 60 L \\_ -+ 50 ?‘_ mm Life
g N 14 8 Expectancy
50 + ’ +30 &
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How can we inactivate tiny bugs?

CORONAVIRUS

: Avarage Pore Size of
Size Reference Chart Sediment Water Filters

Red Blood Coll

Pom Size of
Standard Carbon
Bacillus Waler Filters

Pore Size of Coronavirus Bacteria

Nanofiltration .
Membrane ()

0.0001 ym 0.001 pm

Pore Size of
Reverse Osmosis
Membrane

0.06 - 0.14 pm 0.5 ym

1 ym =1 micron = 0.001 mm

Photo credit: https://abcdust.net/how-large-is-a-corona-virus-virion-compared-to-the-mp10-2-5/



How can we inactivate tiny bugs?

Low hypochlorite concentrations High hypochlorite concentrations

“POISONING” "°“ “EXPLODING”

i .'I‘!I'

Considerable
membrane damage

Only minor detectable
membrane damage

Decrease in
intracellular ATP

Decrease of
intracellular ATP

Increase in
extracellular ATP

Mo change in
extracellular ATP

Reference: https://doi.org/10.1016/j.watres.2016.05.087




Examples of electrochemical water treatment

Our team at Clarkson is developing full-scale electrochemical water treatment unit for:

Sewage disinfection Harmful algal bloom mitigation
(in collaboration with Caltech) (in collaboration with NYDEC and ResET Water)




