REDOX and ELECTRODE POTENTIALS

OXIDISING AND REDUCING AGENTS

OXIDATION STATES
Rermember that oxidation is loss of electrans and Lo 4 |

reduction is galn of electrons. Electrons cannot
leave without somewivere to go.

EXAM TIP
Redex reactions
must have both
an oxidising and &
reducing agent.

= An oxidising agent accepts electrons. By
gaining electrons, it becomes reduced,

» A redoding agent donates electrons. in basing
electrons it becomes oxidised.

REDOX EQUATIONS

A radox reaction can be represented by two half-equations - one for the reaction of the oxidising agent and one for the reaction of the reducing agent.
HaH-equations can be combined to form a full eguation if the number of electrons Is the same in both.

H Mn axidation number=+7 H H Mn oxidation number = 43 H EXAM TIP

[7T=4x2=-1) 7-2=550 5¢" are gained If you are asked to construct an equation, O and H
can often be made to balance using HIO
\ o

Example: Manganate{VII] ions are an oxidising agent: MO + 8H* + S&- —+ MrA®* + 4H30 and iron(]l) fons are a redicing agent: Fal* — Falds &g

They combine 1o form: MnTe + 8H* + 5Fel* = M+ + SFa? + AHO EXAM TIP

// In the overall equation, the increase in oxidation

. . state of the reducing agent must equal the
— 5Fe™ in arder to make Se” (both halfeguations must have the same number of electrans) ~ decraasa inodation shite oF the cxidising agent:

ELECTRODE POTENTIALS

A standavd electrode potentiol [or standord redo potential) is 8 measune of 4 chemical's tendency to be reduced. It has the symbal £€ and is measured in volts. £ refers
only to reduction. Since It is not pessible 1 have reduection without axdation, it is rot possible to measure E9 directly, You can, however, maasure the difference between
v EF values —one for each half equation In a redox reaction.

When a cell is set up, the cell potential is the ..._imﬂa_nm%nq..__wmh_ the FS ____w_c_mn of the chemicals in the electrodes. The chemical with the langer £8 value is neduced, the
other coddised. The cell potential is caleulated using: Eopg = Erncuced-Eoxones (The electrade written on the left is where suidation happens)

The standard conditions are concentrations of 1 mal dm™ and & temperature of 298 K fwhich is equal to 25 *C), and any gases must be at a pressure of 100 kPa. If any of
these conditions change, the E2 values will change.
‘ EXAM TIP

In questizng where you need ESvalues,
thay will be on the exam paper.

The stendard hydrogen sléctrode is a special half-cell that is defined as having £2 = 0.t has H; gas bubbling overa Pt
electrode in 2 solution of H* lons, All other electrode potntials are measured relative to this,

Cell patentials can be used to tell which direction a redox reaction will go in. Lock up the £2 value for the chemical that yeu think is geing to be reduced and subtract
the ED value for the chemical that you think will be exidised to calculate mu._..n. If it ks positive, the reaction will go in the direction you expect. If not, you need to switch
which chemical will ba reduced and which will be sxidised,

Examphe: Use the data to determine if this reaction will proceed az written: Cu¥eg + 2Ag0, —+ Cux + 2A0% O gy + 28— Cuyy BB =+034 W

Agtaqg +E-=—k AQy E9=+080VW
B = B co-Fonicieg=0.34-0.80= -0.44 This reaction will actually go the other way = It will be the Cu that is axidised and the Ag® reduced, Remember this is

only true under standard conditions. It is pessible that a redox reaction will proceed in different directions at different temperatures or with solutions at
different concentrations, especially in cases where E2 values for the tweo electrodes are quite similar.
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HALF-EQUATIONS

A redox reaction can be represented by two half-equations - one
for the reduction reaction and one for the oxddation reaction.

2.9, magnesium reacting with hydrochloric ad Is a redox reaction
M5} + 2HCI[ag) — MaChiog) + Halgl

—
H it reduced: san halt I
ox. state changes ﬁﬁn.vnﬂwmuu ...u._ _._nn.__a:nn. Heisthe
from 1t 0(le = cxtidising agent
gaired per H atom)
—_—
Ouidation half equation:
M s oxidised: Mg — Mg®* + 2e-
o state changes
from Ot 2 (2e bost)

ELECTROCHEMICAL CELLS

An alectrachemical cell consists of two contakners
with & eonductar {matal ar graphite) dipping inte a
salution, These conductors are called electrodes and
are Enked with a salf bridge, which lets ions rove
bepwesn them,

Cells can be described without having to draw a

phcture. You need 1o know what symbals 1o use and

what they represant:

*  Avertical line separates substances in different states
(solids, liquids, selutions or gases)

*  Acomma separates different substances in the same state
{e.g. mixed in the same solution)

« A doublevertical line represents the salt bridge

Foreample: Zn | Zn™aq) || Fe, Fa™ [Pt shows 3 piece of Zint metal dipping
inte a solution of Zn** lons, which [s connected via a salt bridge to a selution of both
Fe™and Fe™ lons, with platinuem metal dipped in.

The comvention i to write half-equations for ebectrode reactions always as a reduction,
e Zn" 42— In

Ina redox reaction, howewer, one electrode reaction must be an oxidation and one a
reduction, The convention is that the left-hand electrode is where oxidation happens,
with reduction cocurring in the right-hand electrode.

Electrons travel from the lefi-hand electrode to the right-hand electrade,

called an electrochemical series. Matals a1 the tog of the list fwith very

..__._u.E.n__mﬁadun.mmnzguiﬂnm.Er._..._duu_:mu..#a__m‘w._u_ﬁnw
risgative B2 values) sre the most resethee [mast likely 1o be addised).
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