[bookmark: _GoBack]Year 13 Chemistry Class Activities – Term 2; Week 3 an 4
Topic: Oxidation and Reduction
At the end of the class, students should be able to;
· discuss the results of a redox titration, sources of experimental error and  its effect on the results with recommendations
· define galvanic (or voltaic) cell / anions / cations/ Ecell (EMF)/salt bridge
identify/state a feature or example of galvanic (or voltaic) cell / anions /
· cations
Student Activities.
· Read the pdf attached more than two times

  
· Watch the link given below on YouTube
Link 1: Galvanic cells by Tyler Dewitt
Link 2: Introduction to Galvanic cells and Voltaic cells
· Do activity 3A and 3C
· Cross check your answers with the solution below.


Solutions to activity 3A and 3C




For any queries, contact me on messenger; mosese vereti
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Anode and oxidation both start with
vowels

Cathode and reduction both start
with consonants

® REVISION

Quiz 3A 1

Filter paper soaked in
potassium nitrate solution

(salt bridge)

Zinc metal .

Zinc ions-

Oxidation at the anode Reduction at the cathode

In—2n*+ 26" Cu®+ 2e"— Cu
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3A D John Frederic Daniell

Copper metal

-Copper ions

(v is the chemistry of reactions that involye electrr
hemistry is the chemistr) )

Electroc

transfer. ions. electrons are released with ener
In spontaneous reactions, electrons are relea: ergy that ¢y

be used in electrochemical cells. In non-spontaneous reactions, eleciron
> UsS >, : . . Wl i
I’L to be supplied with energy in order to produce chemicals thyy .
have (o be suf
wanted in electrolytic cells or elcclr()IyM:s.

In both electrochemical and electrolytic cells the terms anode ap
cathode have the following meanings: o |

Anode: The electrode where oxidation is occurt m;‘-‘

Cathode: The electrode where reduction is occurring.

v

Electrochemical cells

If zinc powder is put into copper nitrate solution, a redox reaction occyrs:
Zn(s) + Cu(NOj)y(aq) — Zn(NOy),(aq) + Cu(s)

Energy is lost in the form of heat.

Since this is a redox reaction we can write it as two half-equations:

Zn(s) —> Zn2*(aq) + 2e
Cu*(aq) + 2e- — Cu(s)
These two half-equations can occur in separate beakers, provided there is o
path for the electrons to travel (a wire), and a path for the ions to travel (a
salt bridge).
A zinc electrode is placed in a beaker containing zinc nitrate
solution. Beside it is a beaker containing a copper electrode in
copper nitrate solution. A piece of filter Paper soaked in potassium
nitrate solution connects the beakers. Before the two electrodes are
connected ‘b)’ wire, Fhe metal atoms are in equilibrium with the metal
T e etk Thepostion of s cquivan
Whist thesyi connecffi;d}uu dl?d concentration of each solution.
S the electrodes

. S, electrons can flow from the
Zinc (o the ¢ y A .
g copper (shown by (he voltmeter), leaving behind Zn’*
10ns in the zine beaker: “

Potassium jon » and forming Cy atomg in the copper beaker.
S enter the coppe ' .
beaker to keep the syslemLr ; he copper beaker and nitrate jons enter the zine
system e ectrically
. eutral,
. ;I‘he ﬂlov;fof electrons jp (he wire is an ¢
aker a half-cell, 20() yeo . :
experiments uging t:le(il)l{itcdj:b 480 Humphry Davy did the first electrolysis
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lectric current, We call each

Standarg
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e Produceq by
wn“mgncxs for one
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4 given combyinmng: i

cell to loge cl;::l-nb“ml“"‘ O half-cells depends on the

be reduceq), When oy “)‘c OXidised) and the other cell to
WO half-cell yre connected with a
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or E) of the cell. We can therefore use e fi 3 Electrochemistry

of oxidising and reducing agents, 8ures to compare the strength “
POWERPOINT

The equilibrium reaction in each haf.
so clearly the actual emf of a given comp A W Practical electrochemical

both the redox power of the reagents and

cell is affected

by conc i
s ‘ centra
mation of h Ho,

alf-cells is affected by

the concentragj g cells
. ¢ , alions
solutions. If we want to compare the strengths of oxidisin '\'l:fllhe(;r i
agents we must test them under the same conditions of co?] ‘. N r,t. Meing
temperature and pressure, centration,
The standard half-cell
Oxidation will not occur without reduction, so it is impossible to find th |
emf of a single half-cell (eg Cl,/CI). If each half-ce]] is to have a : wire~>~—" H gas
meaningful number, we must measure the emf of that half-cell relative to a glass tube—— & \ {1bt.3keg)
common half-cell. The standard -cell i =
half-cell is the H*/H, half-cell—chosen platinurh wire —}-

because about half the redox reagents oxidise it, and the other half reduce
it. This cell is defined as having an emf of zero. The standard

half-cell is shown on the left. Hyarggen H,0*(1.0 mol L)

Standard conditions for emf measurements are: Pltinum electrode
«  All elements are in pure form H, gas adsorbed
*  Temperature 25°Cor298 K S

¢  All concentrations 1.0 mol L1

The standard hydrogen electrode.
*  Pressure of gases 1.0 atm or101.3 kPa

For half-cells such as this one that have no solid conducting reagent that
can act as an electrode, an electrode must be added. In this case platinum is
chosen, but graphite is also used as an inert electrode for many half-cells.

Standard electrode potentials (E°) for each substance are found by
putting the hydrogen half-cell on the right-hand side and connecting the
positive terminal of the voltmeter to that cell. They are also called
standard reduction potentials. ‘

Cell diagrams

When an electrochemical cell is set up, and the voltage measured, the
voltmeter will give a positive or negative value, depending on which way

round the terminals of the voltmeter are connected. Obviously, if we are
going to use the cell emf readings we have to know which way round the

readings were taken. One way would be to draw a picture of the set-ups
shown above, but that would be far too time-consuming and take up too
much space. Instead, a special TUPAC convention (a set of agreed rules) is
used to write a ‘cell diagram’ of the cell. ‘ .
In the zinc/copper cell opposite, the zinc half-cell is on the left, and the
copper half-cell is on the right. The cell diagram of this system is as
follows:
7Zn(s) / Zn>*(aq) / / Cu*(aq) / Cu(s)
It does not matter initially which electrode system is chosen for the left-
hand or right-hand side but this convention is agreed to: . '
« adouble line (//) represents the salt bridge or other device separating
the two cells ' _
¢ asingle line (/) represents a change of phase, with the two phases in
direct contact '
« if two species are both present in a single solution, we separate them
with a comma
« write the left-hand electrode first

, . . Y i on the Right

o write the left-hand cell as oxidation (ie, write the reduced form first, Re?{iw:;\OEe(g?n with R)
0

then the oxidised form) Oxidation on the Left

* write the right-hand side as reduction (ie, write the oxidised form first,

then the reduced form) ‘
-‘

+ write the right-hand electrode last.





Practical electrochemical cells
The lead-acid battery

The common car battery is a set of six electrochemical cells, each -
generating about 2 volts, connected in series. Each cell consists of
alternating plates of lead and lead dioxide immersed in an aqueous solution
of sulfuric acid which acts as the electrolyte. When the cell is supplying
current, the lead metal is oxidised to Pb2+ and the PbO, is reduced to Pb2+:

Anode (negative electrode):
Pb(s) — 2e- —— Pb?+(aq)
Cathode (positive electrode):
PbO,(s) + 4H*(aq) +2e- —— Pb?*(aq) + 2H,0()

The Pb2+(aq) produced reacts with the sulfuric acid to form a

orecipitate of lead sulfate which builds up on the plates: |
Pb2+(aq) + SO42(aq) ——> PbSO4(s)

The concentration of sulfuric acid in the cells decreases as the cell goes
lat. Since the density of concentrated sulfuric acid is almost twice that of
vater (1.98 g/mL), a density measurement on the acid will give a good
ndication of how flat the battery is.

The feature which distinguishes the lead-acid battery from most other
‘ommercially available electrochemical cells is that the above reactions
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Continuing Chemistry |
y passing an electric current bagk h;

be reversed. B :
[i?)g*‘ can be converted t0 Pb and PbO,: ‘
ZPbSO4(9) + 2H20(|) —> Pb(s) + PbOz(s) + 4H+(aq) .

thecy
> Hig

IR ides the energy needed to start th : 8042\(3({)
A car battery provi \ € engine
running the engine turns the alternator which gener_ates electricj; Nce it
recharge the battery. After many r epeated charge-discharge 0
the PbSO; falls to the bottom of the container and the H,50, ¢,
remains correspondingly low. The battery can no longer pe rechar, en fu]
ully

‘ ENCOUNTER It should be traded in for a new one, and the lead recovered apg feseg
Se [0

3¢ @ Vanadium flow battery - ake new batteries.
The dry cell (Leclanché cell) )

The common dry cell or torch battery (non-rechargeable) congjgq of-

a zinc case, which is the negative electrode
a central graphite electrode, which is the posifive electrode
black manganese dioxide powder held around the central electrode i, .

paste
« an electrolyte paste of NH,CI, ZnCl, and water
ik  aphysical separator between the electrodes, such as paper or muslip,
elecat_:pgg——ff . When the cell is generating electricity, the zinc is oxidised to Zn*(aq) ang
(positive) - Paste mix the MnO, is reduced to the Mn(III) compound Mn(OH)j;.
Faper Anode (negative electrode):
Sopariar : Zinc case Zn(s) — 2e- ——> Zn%*(aq)
bet::;g— 1 (Regative) Cathode (positive electrode): ‘v
and zinc MnO,(s) + NHz*(aq) + H;O + e —— Mn(OH);(s) + NHj(aq)
The traditional ‘zinc-carbon’ cell has a It is not possible to use acid as the electrolyte because the acid would
dissolve the zinc. Instead acidic salts are used, which provide sufficient

central carbon electrode (+); a paste mix
containing the NH,CI/ZnCl, electrolyte and  H+(aq) for the reduction of MnO, without dissolving the case. The

the MnO, oxidising agent; a paper . - ; )

separator and a zinc case which acts as the am:ﬁ? lf. tha(; IS|proqrced f Or.ms 5 comp lex with the Zn?+:

negative electrode. a 1nf: ry ce}ls are similar to ordinary dry cells, except that the
electrolyte is alkaline because it contains KOH instead of NH,CI and the

inner surface of the zinc case is roughened to give a larger surface area.
The cathode reaction is different:
2MnO,(s) + 2H,0(l) + 2e- ——» Mn,05(s) + 20H(aq)
Quiz3c1  The voltage of an alkaline dry cell is slightly lower than the standard cell
(14 V rather than 1.5 V), but the voltage stays constant for the life of the \
cell, instead of gradually decreasing like the Leclanché cell. §

estyourself 3C Practical electrochemical cells

1 In the lead-acid battery, during discharge:

a  what species is oxidised? b
What species is reduced?

2 Why does the density of the acid solution in 4 lea

d-acid b; .
acid battery decrease as the battery discharges?

3 In the common dry cell (Leclanché cely).
a what species is oxidised? '

b wi .
¢ what is the function of the carbop? atspecies is reduced?
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1 .
Wire and Switch

[ron metg] ~
1~ Copper meta]
Iron(11) iops—— ‘
T Copper ions
u~___,______1\ -
Salt bridge
2 It completes the circuit by allowing the movement of ions.
3 Temperature of 25 °C (298 K); all solutions at 1.0 mol L-!:
gas pressures of 1 atmosphere or 101.3 kPa. <
4 Fe(s) / Fe?*(aq) // CuZ*(aq) / Cu(s)
S C(s)/ Fe?*(aq), Fe3(aq) // CuZ*(aq) / Cu(s)
6 LHE2Cl- — Cl, + 2e-

RHE MnO4~ + 8H* + 5¢e- —— ‘Mn?* + 4H,0 o
2MnO,- + 16H* + 10ClI-—— 2Mn?** + 8H,0 + 5Cl,





TATNAL,  —m— szwl. + w:No & MO—M

Test yourself 38

1 el = E°
LA B o= mw:mlmorzm

= +0.34V_ (2236 V)
= 4270V
._ b E “n = E Rug — E LHE

200x 1073 L

= l_.oo<tﬁ+_.mo<v
= -3.16V

¢ E%y = E°y - E ue

= +~.m~<|A+o.q,\<v

= +0.74V

Mg(s) + Cu’Hag) ~——s Mg2+(aq) + Cu(s)

Al(s) + Audt(aq) — AB+(aq) + Au(s)

SFe* + MnO,~ + 8H+ — SFe¥* + Mn2+ + 4H,0
When the Cl,,CI-and AI3+/ Al half. ,

will reduction occur in the A13+/ Al
the O_N\ CI- cell?

o - o o
m.oa: - W.Woal Ox

= ~1.66 V- (+1.40V)
x2493x 10° L = -3.06V

ct concentration

" I~ V]

cells are combined,
cell and oxidation in

0l The E° is negative, so the CI- will not reduce A3+ to
Al

b Is CI- oxidised and Au3* reduced when the Cl,/ Cl- and
Au3+/ Au half-cells are combined?

E°ea = E°%ea— E°x
ol = +1.50V-(+1.40V)
= +0.10V
The E°., is positive, so Cl- will be oxidised by Au3+.
10l ¢ Is I~ oxidised and MnO,~ reduced .éso: the I, /I~ and
ol MnO,-/ Mn2+ half-cells are combined?
E%n = E°Rea—E°x
= +1.51V-(+0.54V)
= +0.97V
The E°. is positive, so MnO4~ will oxidise I- to L.
Au d Cl
MnO,~ e Fe2t
e Cl- f Nat

.33

o
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, b PbO,(s)
but minor error in 1 a Ebls) ?

) fig

201






Continuing Chemistry

2 Because water is produced in the reaction and this dilutes the
acid.

3 a ZH(S) b MHOz
¢ Itacts as the positive electrode.

4 a Zn(s)/ Zn**(aq) // Ag*(aq) / Ag(s)
b 2Ag(s) + Zn2+(aq) —— 2Ag*(aq) + Zn(s)

. S —






