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Electrochemuistry

For any two metals in an activity series, the more active metal
1s the more readily oxidized.

Table 21.1

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

Element Oxidation half-reactions
Maost active and Lithium Lils) ——=Lli'lagl+ e
most easily oxidized | Potassium Kisi ——=K'lag) +e
Barium Bals) — Ba*"{ag + 2e
Calcium Cais) —— Ca*"{agl + 2e
- Sodium Ma(s) =——>Na'lagl + a
* Magnesium Mgis) — Mg?*lag) + 2e
g Aluminum Alls) ——= AP"{ag) + 3o
= Zin Znis) —» Zn**{ag + 2e
T::E Iran Fals) —» Fa?'(ag) + 2o
o Mickal Mils} — Ni?'({agl + 2o
g Tin Snisi — Sn**lag) + Ze
Lead Pbis} ——=Pb*"(ag) + 2e
Hydrogen® H;lgl — 2H " {ag + 2o
Copper Culs) — Cu®'lag) + 20
Mercury Hglsl — Hg*"(ag) + 2e
Least active and Silver Agisl —— Ag'lagl + e
least easily oxidized Goald Auls) —= Au® (ag) + 3e
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Example: zinc metal in a solution of copper (ll) sulfate
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Oxidation: ?@——/” ﬂ(«m + Ze”

H 2+ - —J C a500303 [RM] © www.visualphotos.com
Reduction: (o Ze us)
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Electrochemical process - any conversion between chemical
energy and electrical.

- 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
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Voltaic Cells

- electrochemical cells used to convert chemical energy into
electrical energy
- electrical energy is 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 in a solution of its

ons

- 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
[+)

Znls)—s Zn*{ag) + 2e" i solution Cu*{ag) + 28— Culs)

http://www.youtube.com/watch?v=JuWS0d_1Ghg
3


http://www.youtube.com/watch?v=JuWS0d_1Ghg
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How a Violtaic Cell Works The electrochemical process that occurs in a
rinc—copper voltaic cell can best be described in a number of steps. These
steps actually eccur at the same time.
1. Electrons are produced at the zinc rod according to the oxidation half-
reaction.

Zn(s) —> 7" (ag) + 2e

Because it is oxidized, the rinc 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 ocours.
Cu'{ag) + 2 ——=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) — 7n*(ag) + 2e~
Cu*lag) + 2~ — Cus)

Zn(s) + Cu"(aq) —» 71" (aq) + Culs)
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Using Voltaic Cells as Energy Sources

(a ) Dry Cell (b Alkaline Battery

Positive button (+) Positive button (+)

Graphite rod Steel case

icathodal MnO; in KOH pasta
) Graphita rod lcathodsl

Maist paste Absorbent saparator

of Mn(;, .

Enm], NH.CI, .zll'lﬂ 'uar'DdEll

H;0, and

graphita

powdar

inc (anodel

Megative end cap {—} Megative end cap {—}

electrolyte is a paste

Oxidation: Znis) —Zn*'(ag) + 2 (anode reaction)

Reduction: 2Mn0,(s) + 2NH,*(aq) + 28 ——
Mn,0,(5) + 2NH,(aq) + H,O(l) (cathode reaction)
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Lead Storage Batteries

A battery is a group of cells connected together.

Starter motor

r . Discharge N 1\-
-]
Oxidation half-reaction at Reduction half-reaction at ()
Phis) + 50,3-lag) — PhS0,s) + 2= PhO,ls) + 4H*(ag) + SO2-lag) + 2o ""élETLTC
— PBS0,ls) + ZH,01
l[ )
e
Switch
|‘, -
Dilute B
sulfuric acid Lead grid filled &
[Hy 50, {agi) with lead(V} Reduction half-reaction at Oxidation half-reaction at
electralyte oxida (PhO,) PBS0,is) + 28— Pbls) # S0, ~lag)  PbSO,s) + 2H,00) — ELECTROLYTIC
Lead grid filled with \cathada) Pbi,is) + 4H*(aq) + S02-iag) + 2e-
spongy lead (Pb) lanodal & T

k_ . Recharge &

Power supply
i :
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Fuel Cells

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

Hot potassium
] hydroxide electralyte
lapprox. 2007C)

Waste steam

Porous
carbon
alactrodes
Hydrogen Oxvgen
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