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9.1.1Oxidation & reduction

Oxidation & Reduction

= There are three definitions of oxidationand reduction used indifferent branches of chemistry
= Oxidationandreductioncanbeused to describe anyof the followingprocesses

Definitions and Examples of Oxidation & ReductionTable

Oxidation Numbers

The oxidationnumberofanatomis the charge thatwould exist onanindividual atomif the
bondingwere completelyionic

Itis like the electronic ‘status’ of anelement
= Oxidationnumbers areused to...

= tellif oxidationorreductionhas takenplace
= work outwhathas beenoxidised and/orreduced
= constructhalf equations and balance redoxequations

Atomsand simpleions

= The oxidationnumberis the numberof electrons whichmustbe added orremoved to become
neutral

= The oxidationnumberis always written with the charge before the number

OxidationNumber of Simple lons Table
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@ Worked example

What are the oxidation states of the elements inthe following species?

a)C b) Fe3* c) Fe?+ d)0?- e) He f) A3+

Answers:
a)0 b)+3 c)+2 d)-2 e)0 f)+3

= So,insimpleions,the oxidationnumberofthe atomis the charge ontheion:
= Na* Kt H*allhave anoxidationnumberof +1
= Mg?+ Ca?+ Pb2+allhave an oxidation numberof +2
= Cl-,Br,I-allhave an oxidationnumberof -1
= O2-,S2-allhave anoxidation numberof -2

MoleculesorCompounds
= |Inmolecules orcompounds,the sumofthe oxidationnumbers onthe atomsis zero

OxidationNumberinMolecules or Compounds Table
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= Because COjis aneutralmolecule,the sumofthe oxidationstates mustbezero
= Forthis,one element must have apositive oxidationnumberand the othermust be negative

How do you determine whichis the positive one?

= the more electronegative species will have the negative value
= electronegativityincreases across aperiod and decreases downagroup
= Oisfurtherto therightthan Cinthe periodic table so it has the negative value

How do youdetermine the value of anelement's oxidationstate?
= fromits positioninthe periodic table and/or
= the otherelement(s) presentinthe formula

Variable Oxidation Numbers

= Manyatoms,suchas S,Nand Cl,canexistinavarietyof oxidationstates

= The oxidationnumberofthese atoms canbe calculated byassumingthat the oxidation number
of the otheratomis fixed

s Herearesixrules to deduce the oxidationnumberof anelement

OxidationNumber Rules Table
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O ExamTip

Oxidationnumberand oxidationstate are oftenused interchangeably, though I[UPAC does not
distinguishbetweenthe two terms.Oxidation numbers are represented by Roman numerals
accordingto I[UPAC
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9.1.2Deducing Oxidation Numbers

Deducing Oxidation Numbers

= The oxidationnumbers of allotheratoms intheircompounds canvary

= Byfollowingthe oxidationnumberrules,the oxidationnumberofanyatominacompound orion
canbe deduced

The positionofanelementinthe periodic table canactas aguide to the oxidationstate

OxidationNumbers & The Periodic Table

= Testyourunderstandingonthe following examples:
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@ Worked example

State the oxidationnumberofthe atoms inblue inthese compounds orions

a)P,0s
b) SO42-
c)H»S

d)AlzClg

Answers:
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Are oxidationnumbers always whole numbers?
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= Theanswerisyes andno

= Whenyoutryand work out the oxidation of sulfurinthe tetrathionate ion $40¢2- you get an
interestingresult!

The oxidation number of sulfurin S404&" is a fraction

The fact that the oxidationnumbercomes outto +2.5 does notmeanitis possible to get half an
oxidationnumber
This is onlyamathematical consequence of foursulfuratoms sharing +10 oxidation number

Single atoms canonlyhave anintegeroxidation number, because youcannot have half an
electron!
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9.1.3 Oxidizing & Reducing agents

Oxidizing & Reducing Agents
Oxidising agent

= Anoxidisingagentis asubstance that oxidises anotheratomorionbycausingitto lose
electrons

= Anoxidisingagentitself gets reduced - gains electrons
= Therefore,the ox.no.of the oxidisingagentdecreases

Example of an oxidising agent in a chemical reaction

Reducing agent

= Areducingagentis asubstance thatreduces anotheratomorionbycausingitto gainelectrons
= Areducingagentitself gets oxidised - loses/donates electrons
= Therefore,the ox.no.of thereducingagentincreases

Example of a reducing agent in a chemical reaction

= Forareactionto berecognised as aredoxreaction,there mustbe bothanoxidisingand
reducing agent

= Some substances canactbothas oxidisingand reducingagents
= Theirnatureis dependentuponwhat theyare reactingwithand the reactionconditions

Oxidising & Reducing Agents Table
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Identifying Oxidizing & Reducing Agents

Applying the definitions of oxidising and reducing agents allows you to identify themin chemical
equations

Bydeducingthe oxidationnumbers of the species youcandetermine whetherit has been
oxidised orreduced

A visual reminder of oxidation numbers and redox. This is like an elevatorin a building going up to higher
floors is oxidation and going down to the basement is reduction
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@ Worked example

Fourreactions are shown.Inwhichreactionis the speciesinblue actingas an oxidisingagent?

A. Cry072- + 8H* + 35032~ 52Cr3* + 4H,04+ 35S042-
B. Mg +Fe?* -Mg2* +Fe
C.Cl+2Br-—2Cl- +Bry

D. Fe;03+3C0O —>2Fe +3CO,

Answer:
The correctoptionis B.

Oxidisingagents are substances that oxidise otherspecies,gainelectrons and are
themselvesreduced.
Write down the oxidation numbers of each speciesinthereaction

0 +2 +2 0

Mg + Fe** > Mg* + Fe

Inequation B, Fe2+oxidises Mg(0) to Mg2+(+2) and is itself reduced from Fe2+(+2) to Fe(0)
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9.1.4 Naming Transition Metal Compounds

Naming Transition Metal Compounds

= Transitionmetals are characterized by having variable oxidationnumbers.
= Oxidationnumbers canbe usedinthe names of compounds to indicate which oxidation
number a particularelementinthe compoundisin
= Where the element has a variable oxidationnumber, the numberis written afterwards inRoman
numerals.
= Thisis called the STOCKNOTATION (afterthe Germaninorganic chemist Alfred Stock), butis not
widelyused fornon-metals,so SO is sulphurdioxide ratherthan sulphur(lV) oxide
= Forexample,ironcanbe both+2and +3 so Romannumerals are used to distinguishbetween
them
= Fe2+inFeO canbe writtenasiron(ll)oxide
» Fe3*inFey,Ozcanbe writtenas iron(lll) oxide

@ Worked example

Canyouname these transitionmetalcompounds?

1.CuyO
2.MnSO4

3. NaQCrO4
4.KMnOy
5.N62Cl’207

Answer:
Answerl:copper(l)oxide:

The ox.no.of10 atomis -2and Cu,O has overallno charge so the ox.no.of Cuis +1
Answer 2: manganese(ll)sulfate:

The charge onthe sulfateionis -2,so the charge onMnand ox.no.is +2
Answer 3:sodiumchromate(VI):

The ox.no.of 2Naatomsis +2so0 CrO4 has anoverall-2charge,so the ox.no.of Cris +6
Answer 4:potassiummanganate(VIl):

The ox.no.ofaKatomis +1so MnO4has overall -1charge,so the ox.no.of Mnis +7
Answer 5:sodiumdichromate(VI):

The ox.no.of2Naatomsis +2so CrpO7has anoverall -2charge,so the ox.no.of Cris +6.
To distinguishit from CrO4we use the prefixdiinfront of the anion
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O ExamTip

The answerto No.2should strictly speaking being managanese(ll) sulfate (VI) since sulfuris an
element with avariable oxidation number.However,itisacommonionwhose name and formula

youshould know and you are onlyrequired to name transition metal compounds using Stock
Notation

9.1.5 Half Equations

Half Equations

= Oxidationnumbers canbe used to balance chemical equations
= Go throughthese steps to balance aredoxequation:

1.Write the unbalanced equationand identify the atoms whichchange inox. no.
2.Deduce the ox.no.changes
3.Balance the ox.no.changes

4.Balance the charges
5.Balance the atoms

@ Worked example

Manganate(Vll)ions (MnO4") react with Fe2*ions inthe presence of acid (H*) to formMn2*ions,
Fe3*ions and waterWrite the overallredox equationforthe reaction

Answer:

Step 1: Write the unbalanced equation and identify the atoms which change inox. no.

Step 2:Deduce the ox.no.changes

Step 3:Balance the ox.no.changes
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Step 4:Balance the charges

Step 5:Balance the atoms
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9.1.6 The Activity Series

The Activity Series

= Metals canberankedinorderofreactivity-thisis called the reactivity series orjust activity
series

= Metals higherinreactivitycandisplace less reactive metals fromtheircompoundsinsolutions or
fromtheiroxides

= Anexample of ametaldisplacement reactionoccurs betweenmagnesiumand aqueous copper
(I) sulfate solution

Mg (s)+CuSO,4 (aq)—>MgSO4 (aq)+ Cu(s)

= Whataretheredoxprocesses goingonhere? If we splitthe equationinto half equations it’'s easy
to see which speciesis oxidized and whichis reduced:

Mg —»Mg?*+2e- Lossofelectrons = oxidation
Cu?+*+2e-—>Cu Gainof electrons = reduction

= The morereactive metalacts as areducing agent
= This allows metals to be ranked frommostreactive (strongest reducing agents) to least
reactive:

The more reactive a metal is the better it is at pushing electrons onto less reactive metal ions. Magnesium
is better at pushing electrons onto copper(ll) ions than copperis at pushing electrons onto magnesium
ions

Page 15 of 27
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

@ Worked example
Whatis the orderof decreasingreactivity of the metals (mostreactive first)?
Zn(s) +Sn2*(aq) — Zn%*(aq) + Sn(s)

Cu(s) +Zn2*aq) — No Reaction
Sn(s) + Cu?*(aq) — Sn2*(aq) + Cu(s)

Ag(s) +Cu?*(ag) — No Reaction
A. Zn>Cu>Sn>Ag
B. Sn>Zn>Ag>Cu
C. Ag>Cu>Zn>Sn

D. Zn>Sn>Cu>Ag

Answer:
The correct optionis D.
= The firstreactiontells youthatzincis more reactive thantin(Zn> Sn):
Zn(s) + Sn?*(aq) — Zn2*(aq) + Sn(s)
= The secondreactiontells youthatzincis morereactive thancopper(Zn> Cu):
Cu(s) +Zn2%*aq) — No Reaction
= Thethird reactiontells youthattinis more reactive thancopper(Sn> Cu):
Sn(s) + Cu?*(aq) — Sn2*(aq) + Cu(s)
= Thefourthreactiontells youthat copperis more reactive thansilver(Cu>Ag):

Ag(s) + Cu2*(aq) — No Reaction
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Deducing the Feasibility of aRedox Reaction

= Giventhe activity series of metalsitis possible to predict whetheradisplacement reaction will
take place ornot (ifitis feasible)
= Forexample willcalciumdisplace lead fromlead(lV)oxide?

PbO; + 2Ca — Pb + 2CaO
= Deduce theredoxhalf equations

Ca —»Ca?* +2e"

Pb4+ +4e- —Pb

= Caisabove Pbinthe activity series, so thisreactionis feasible
= The morereactive metalundergoes oxidation(Cainthis case)
= Thelessreactive metalionundergoesreduction

Q Exam Tip

Youdon'tneed to learnthe Activity Series forMetals asitis givento youin Section25 of the IB
ChemistryData Booklet
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9.1.7 Redox Titrations

Redox Titrations

= |natitration,the concentrationofasolutionis determined bytitratingwithasolutionof known
concentration.

Inredoxtitrations, an oxidizing agent is titrated against areducing agent

Electrons are transferred from one species to the other

Indicators are sometimes used to show the endpoint of the titration

However,most transitionmetalions naturallychange colourwhen changingoxidationstate
There are two commonredox titrations you should know about manganate(VIl) titrations and
iodine-thiosulfate titrations

Manganate(VIl) Titrations

= Aredoxreactionoccurs betweenacidifled manganate (Vll)ions and iron(ll) ions:
MnO,- (aq) + 8H* (aq) + 5Fe2* (aq) —»Mn?* (aq) + 5Fe3* (aq) + 4H,0 (l)

= Thisreactionneeds noindicatoras the manganate (Vll)is astrong purple colourwhich disappears
atthe end point, so the titrationis self-indicating
= Thisreactionis oftenused forthe analysis of ironforexampleinirontablets (health supplement)

lodine-Thiosulfate T Titrations
= Aredoxreactionoccurs betweeniodine and thiosulfateions:
28,03 (aq) +1z (aq) > 21" (aq) + S406%~ (aq)

= Thelightbrown/yellow colouroftheiodine turns palerasitis converted to colourlessiodide
ions

= Whenthe solutionis astraw colour,starchis added to clarify the end point

= The solutionturns blue/black until all the iodine reacts, at which point the colourdisappears.

= This titrationcanbe used to determine the concentration of an oxidizing agent, which oxidizes
iodideions toiodine molecules

= Theamountofiodineis determined fromtitrationagainstaknown quantityof sodium
thiosulfate solution

= Thisreactioncanbe used forthe analysis of chlorine inbleach
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9.1.8 The Winkler Method

The Winkler Method

The Winkler Method is atechnique used to measure dissolved oxygenin freshwatersystems
Dissolved oxygenis used as anindicatorof the healthof awaterbody, where higherdissolved
oxygenconcentrations correlate with high productivityand little pollution

The biologicaloxygendemand (BOD)is the amount of oxygenused to decompose the organic
matterinasample of wateroveraspecified time period, usually 5 days, at aspecified
temperature

AhighBOD indicates a greaterquantity of organic waste inthe water,whichmeans alowerlevel
of dissolved oxygen

Chemical analysis

Inthe first step, manganese(ll)sulfate is added to awatersample and then the solutionis made
alkaline withNaOH
Inthe alkaline solution, dissolved oxygen will oxidize manganese(ll)ions to manganese(IV)

2Mn2+*(aq) + 40H" (aq)+ O, (aq)—2Mn0O, (s) +2H,0 ()

The manganese(lV)oxide,MnO,, appears as abrown precipitate

Inthe second part,acidified potassiumiodide,Kl,is added to the solution

The precipitate willdissolve backinto solution,so Mn(IV)is reduced back to Mn(ll) liberating
iodineinthe process

MnO, (s) + 21-(aq) +4H* (aq) —Mn2+(aq) + l,(aq) + 2H,O(l)
Thiosulfateis used,withastarchindicator, to titrate the iodine liberated
28,032-(aq) + 1, (aq) —>S,042-(aq) + 2I-(aq)
Fromthe above stoichiometric equations,we cansee that:
Tmole of O, —»2 moles of MnO, —2 moles of I, -4 moles of S,032-

Therefore, afterdetermining the numberof moles ofiodine produced,we canwork out the
numberofmoles of oxygenmolecules presentinthe original watersample
The oxygencontentis usuallypresented as mg/dm3 orppm
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Winkler Method Calculation

= The following calculationshows how the data fromaWinkleranalysis is carried out:

@ Worked example

Asample of lake waterwas analysed using the WinklerMethod.The size of the sample was 600
cm3and the following table shows the results of atitration of the liberated iodine against
0.0500 moldm=3sodiumthiosulfate solutioninthe final step of the analysis:

Determine the dissolved oxygen content of the watersampleingdm=3

Answer:
Step 1: Determine the average volume of delivered
Average volume Na,S,0z = (18.35+18.30+18.40) +3
Average volume Na,S,03 =18.35 cm?
Step 2:Determine the numberof moles of sodium thiosulfate reacted
Moles of Na,S,0z=volume indm3xconcentration=0.01835 dm3x 0.0500 moldm-3
=9.175x10"* mol
Step 3:Determine the moles of oxygenreacted
TmolofO,isequivalentto 4 molofNa,S,03
Therefore,amount of oxygeninthe sampleis =(9.1775x1074) +4 =2.294 x10"4 mol

Step 4:Calculate the concentration of the dissolved oxygen

Concentration=mol+volumeindm3=(2.294 x10*4 mol) +0.600 dm?3
=3.823x10"% moldm=3

Convertto gdm==3.823x10%moldm=3x32.00gmol'=0.01223gdm"3
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9.1.9 Voltaic Cells

Voltaic Cells

= Voltaic (or Galvanic)cells generate electricityfromspontaneous redoxreactions
= Forexample:

Zn(s) +CuSO4 (aq)—Cu(s) +ZnS0O4 (aq)

= |nstead of electrons beingtransferred directlyfromthe zinc to the copperions acellis built
which separates the two redoxprocesses

= Eachpartofthecellis called ahalf cell

= |farod of metalis dippedinto asolutionofits ownions,anequilibriumis setup

= Forexample:

Zn(s) = Zn2* (aq) + 2e"

When a metal is dipped into a solution contains its ions an equilibrium is established between the metal
anditions

= Thisis ahalf celland the strip of metalis anelectrode

= The positionof the equilibrium determines the potential difference between the metal strip and
the solutionof metal

= TheZnatoms ontherod candeposittwo electrons onthe rod and move into solution as Zn?*
ions:

Zn(s)=Zn’*(aq)+2e"

= This processwould resultinanaccumulation of negative charge onthe zinc rod
= Alternatively,the Zn?*ions insolution could accept two electrons fromthe rod and move onto
therod to become Znatoms:
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Zn?*(aq)+2e- =Zn(s)

= This process wouldresultinanaccumulationof positive charge onthe zinc rod
= Inbothcases,apotentialdifferenceis setupbetweentherod and the solution
= Thisis knownas anelectrode potential

= Asimilarelectrode potentialis setupifacopperrodisimmersedinasolutioncontainingcopper
ions (eg CuS0Oy),due to the following processes:

Cu2*(aq)+2e- =Cu(s) -reduction(rod becomes positive)
Cu(s)=Cu?+(aq)+2e- -oxidation(rod becomes negative)

= Notethatachemicalreactionis nottakingplace - thereis simply a potential difference between
therod and the solution
= The potentialdifference willdepend on
= the nature of theionsinsolution
= the concentrationof theionsinsolution
= thetypeofelectrodeused
= the temperature

Creating an emf

= |ftwo differentelectrodes are connected, the potential difference betweenthe two
electrodes willcause acurrent to flow betweenthem.Thus anelectromotive force (emf)is
established and the system can generate electrical energy

= Atypicalelectrochemical cellcanbe made bycombiningazinc electrodeinasolutionofzinc
sulphate withacopperelectrodeinasolutionof coppersulphate
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The zinc-copper voltaic cell (also known as the Daniell Cell)

The circuit mustbe completed byallowingions to flow fromone solutionto the other

Thisis achieved bymeans of asalt bridge - oftenapiece of filterpapersaturated withasolution
of aninert electrolyte suchas KNOz(aq)

The e.m.fcanbe measured usingavoltmeter

Voltmeters have ahighresistance so that theydo notdivert much current from the main circuit
The combinationof two electrodes inthis wayis knownas an electrochemical or voltaic cell,
and canbe used to generate electricity

The positive electrode orcathode is the one whichmost favours reduction
= [nthiscaseitisthe copperelectrode whichis positive

The negative electrode oranode is the one whichmost favours oxidation
= |nthis caseitis the zinc electrode whichis negative

Thus electrons flow fromthe zinc electrode to the copperelectrode
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lonic equations forthe Daniell Cell

= To maintaincharge inthe half cells:
= anions flow to the negative half cellto replace the negative charge of the electrons
= cations flow to the positive half cell since there is a surplus positive charge from the metals
becomingcations inthe negative half cell

= The sulphateions flow through the salt bridge from the Cu2+(aq) solutionto the Zn2+(aq) solution,
to complete the circuit and compensate forthe reduced Cu?*concentrationand increased Zn?*
concentration

= Theoverallcellreactionincluding spectatorions canthus be writtenas follows:

Zn(s) + CuSO4 (aq)—Cu (s) +ZnS0O4 (aq)

= The externalconnectionmustbe made of ametallic wireinorderto allow electrons to flow

= The saltbridge mustbe made of anaqueous electrolyte to allowions to flow

= Byallowingtwo chemicalreagents to be connected electrically,but not chemically,areaction
canonlytake placeif the electrons flow externally

= The chemicalenergy is thus converted into electricalenergy.

Q Exam Tip

Students oftenconfuse theredoxprocess that take place involtaic cells and electrolytic cells.
Aneasywayto rememberis the phrase RED CATS:REDuctiontakes place at the CAThode!!
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9.1.10 Electrolytic Cells

Electrolytic Cells

= Anionic compound conducts electricitywhenitis moltenorinsolution

= The current causes theionic compound to splitup and formnew substances.

= Thisprocessis called electrolysis,aword whichcomes from Greek and means “splitting by
electricity”

= Electrolysis has manyuses,including:

purifying copper

plating metals with silverand gold
extractingreactive metals, such as aluminium
making chlorine, hydrogen and sodium hydroxide

Electrolysiscells

= Electrolysis cells canbe constructed usingabeakerorcrucible as the celldependingwhether
the ionic compoundisinsolutionormolten

= ForStandard Level Chemistrywe onlyneed to look at the electrolysis of moltenionic
compounds
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Electrolysis of a molten ionic compound

Inelectrolysis, the substance that the current passes through and splits upis called the
electrolyte

= The electrolyte contains positive and negative ions

= What happens to these ions during electrolysis?

= Negativeions move to the anode and lose electrons - this is oxidation

= Positiveions move to the cathode and gainelectrons - this is reduction

= FElectricallyneutralatoms ormolecules are released

Electrolysis of moltenlead bromide

= Thereactions whichtake place atthe electrodes canbe shown byhalf equations
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= Whenthe positive lead ions move to the cathode, theygainelectronsinareductionreaction:
Pb2+(aq)+2e- =Pb(s)

= Similarlywhenthe negative bromide ions move to the anode theylose electrons inan oxidation
reaction:

2Br=(I)-2e~ =Bry (l)

= Sometimes oxidationreactions are writtenwith'+2e~" ontheright of the arrowinstead of'-2e'on
the left
= [nthis case the alternative half equationis:

2Br-()=2Bra (l) + 2e-

= Since metals are always cations and non-metal anions, itis easyto predict the products of
electrolysis of moltensalts:
= Metals willalways be formed at the cathode and non-metals at the anode

Comparing Voltaic & Electrolytic Cells Summary Table

Q Exam Tip

Ratherconfusingly........ inelectrolytic cells the negative electrode is called the cathode and the
positive electrodeis called the anode, whichis the opposite to voltaic cellsThis naming
confusionarises because inbothcases the cathodeis where reductionoccurs and the anodeis
where oxidationoccursTo avoid this confusion manypeople onlyuse the words cathode and
anode whentalkingabout electrolysis and use negative and positive electrodes when talking
aboutvoltaic cells
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