Electrochemuistry

For any two metals in an activity series, the more active metal
is the more readily oxidized.

Table 21.1

Activity Series of Metals, with Half-Reactions
for Oxidation Process

Element Oxidation half-reactions
Most active and Lithium Lils) ——=Lli'(agl+ e
most easily oxidized | Pgtassium Kist ——=K'lagl +e
Barium Bals) —» Ba®'(agl + 2e
Calcium Cals} — Ca*'(agl + 2e
- Sodium MNaisl ——= Na'lagl + e
= Magnesium Mgish — Mg®'(aqg) + 2o
ﬁ Aluminum Alls) ——= AP (agh + 3o
o Zinc Znis) — Zn (agl + 2e
?5,; Iron Fols) ——>» Fe®'lag) + 2e
o Mickal Mils) ——= Ni®'(ag) + 2o
g Tin Snis) —> Sn*'lag) + 2e
Lead Phis} —— Pb*"{ag) + 22
Hydrogen® Hilgl ——=2H"{ag) + 2e
Copper Culshy — Cu*'lag) + 2a
Mercury Hgisl ——> Hg*"lag) + 2e
Least active and Silver Aglsl —— Ag'lagl + e
loast easily oxidized | galg Auls) — A (ag) + 3o

Example: zinc metal in a solution of copper (ll) sulfate

| GSOu

aa)  GTOC

2+
Oxidation: Zn(s) —> o) t 2&‘"

v
Reduction: CW«q\ + Ze’ —> C\A(s\



Electrochemical process - any conversion between chemical
energy and electrical energy.

- all involve redox reactions

- half reactions must be physically separated if reaction is to be
used as a source of electrical energy

- an electrochemical cell is any device that converts between
electrical energy and chemical energy



Voltaic Cells

- electrochemical cells used to convert chemical energy into
electrical energy
- electrical energy 1s produced in a voltaic cell by spontaneous
redox reactions within the cell
- A half-cell is one part of a voltaic cell in which either oxidation
or reduction occurs.
- normally consists of a metal immersed 1n a solution of its
ions
- half-cells are connected by a salt bridge - a tube containing
a strong electrolyte

- electrode - a conductor in a circuit that carries electrons to or
from a substance other than a metal
anode - the electrode at which the oxidation occurs (labeled the
negative electrode because electrons are produced)
cathode - the end at which reduction occurs (labeled the
positive electrode because electrons are consumed)

- always remains balanced in terms of charge because of the salt
bridge

[Cathodel
[+)

Znis)—s Zn**(ag) + e solution Cu**{ag) + 28~ — Culs)

http://www.youtube.com/watch?v=JuWS0d_1Ghg
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http://www.youtube.com/watch?v=juws0d_1ghg

How a Voltaic Cell Works The electrochemical process that occurs in a
zinc—copper voltaic cell can best be described in 2 number of steps. These
steps actually occur at the same time.

1. Electrons are produced at the zinc rod according to the mddation half-
reaction.
n(s) — Zn** (ag) + 2e

Because it is oxidized, the @inc rod is the anode, or negative electrode.
2. The electrons leave the zinc anode and pass through the external

circuit to the copper rod. (If a bulb is in the circuit, the electron flow will

cause it to light. If a voltmeter is present, it will indicate a voltage.)

3. Electrons enter the copper rod and interact with copper ions in solu-

tion. There the following reduction half-reaction occurs.

Cu*'(ag) + 26— Culs)
Because copper ions are reduced at the copper rod, the copper rod is
the cathode, or positive electrode, in the voltaic cell.

4. To complete the circuit, both positive and negative ions move through
the aqueous solutions via the salt bridge. The two half-reactions can be
summed to show the overall cell reaction. Note that the electrons in the
overall reaction must cancel.

Zn(s) — In*'(ag) + 2e~
Cu**(ag) + 2= — Cuis)

Zn(s) + Cu*"(aq) —> Z1¥"(aq) + Culs)

Representing Electrochemical Cells



Using Voltaic Cells as Energy Sources

(a) Dry Cell b) Alkaline Battery
Positive button (+) Positive button (+)

Graphite rod — teel case
(cathode) MnQ, in KOH paste

Moist paste
of Mn0O,,
ZnCl,;, NH,CI,
H.0, and
graphite

powder

lanodel

Absorbent separator
Zinc (anode)

Negative end cap () Negative end cap (—)

electrolyte is a paste

Oxidation: Zn(s) — Zn*'(aq) + 2e  (anode reaction)
Reduction: 2MnQO,(s) + 2NH,'(aq) + 2¢ —>
Mn,0,(s) + 2NH,(aqg) + H,0(]) (cathode reaction)



Lead Storage Batteries

Dilute

sulfuric acid Lead grid filled

Hy 50, lagi) with leadilV}

electrolyte oxide (PbO;)
lcathode)

Lead grid filled with
spongy lead (PE) lanodal

Starter maotor

( b Discharge

2]

Reduction half-reaction at (2}
Pbi,(s) + 4H*(ag) + 50, -(agh + Ze-
—= PbS0,[5) + 2H O

Onidation half-reaction at
Phis} + 50,7 lag] — PhE0,(s) + 2e-

Oxidation half-rezction at

PbS0,(s + 2H,0(h—
PbO,is) + 4H lag) + 50,7 lag) + Ze-

Power suiply

Reduction half-reaction at
PbS0,is) + 28— Pbls) + 50,% lag)

A

\\ & Recharge -—

l‘\

A battery is a group of cells connected together.

WVOLTAIC
CELL

ELECTROLYTIC
CELL



Fuel Cells

Voltaic cells in which a fuel substance undergoes oxidation and
from which electrical energy is continuously obtained.

Hot potassium
hydroxide electralyte
lappraox. 200°C)

]
Cathode (+)

Porous
carbon
electrodes
Hydrogan Oorygen




Homework

p. 670 #1-8
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