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8.2.1Acid-base Titrations

Acid-Base Titrations

= Thestepsinvolvedinperforminga titrationand titrationcalculationare outlined inTopic1.2.9
Titrations

= Acid-base titrations follow the same steps and are used to find the unknown concentrations of
solutions of acids and bases

= Acid-baseindicators give informationabout the change inchemical environment

= Theychange colourreversiblydependingonthe concentrationof H* ions inthe solution

= [ndicators are weak acids and bases where the conjugate bases and acids have adifferent
colour

= Manyacid-baseindicators are derived from plants, such as litmus

Commonlindicators Table

= Agoodindicatorgivesaverysharpcolourchange at the equivalence point

= |ntitrationsisitnotalways possible to use two colourindicators because of this limitation,so
forexample litmus cannotbe used successfullyinatitration

= Whenphenolphthaleinis used,itis usuallybetterto have the baseinthe burette becauseitis
easierto see the suddenand permanent appearance of acolour(pinkinthis case) thanthe
change fromacoloured solutionto acolourless one

O ExamTip

Make sure youlearnthe colours of the commonacid-baseindicators

Page 1 of 18
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

8.2.2pH&[H ]

PH & [H+]

The acidityofanaqueous solutiondepends onthe numberofH* (H3O*)ionsinsolution
The pHis defined as:

= where [H*]is the concentration of H*inmoldm™

The pHscaleis alogarithmic scale with base 10

This means that eachvalue is 10 times the value below it. Forexample, pH 5 is 10 times more acidic
thanpH 6.

pHvalues are usuallygivento 2decimal places

Therelationshipbetweenconcentrationis easilyseenonthe following table:

pH & [H+] Table
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@ Worked example

10.0 cm3ofanaqueous solution of nitric acid of pH =1.0 is mixed with990.0 cm3of distilled
water.Whatis the pH of the final solution?

A.1l
B.2
C.3

D. 10

Answer:
The correctoptionis C.

= Thetotalvolume afterdilutionis 1000.0 cm3so the concentrationof H*has beenreduced by
afactorof1000r10-2,whichmeans anincrease of 2 pH units
= The finalsolutionis therefore pH3

O Exam Tip

Make sure youknow how to use the antilog (base 10) feature onyourcalculator. Onmost
calculators itis the 10¥button, but on othermodels it could be LOG™, ALOG oreven atwo-button
sequencesuchasINV+LOG
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8.2.3Interpreting pH

Interpreting pH

= The pHscaleis anumerical scale that shows how acidic oralkaline asolutionis

The values onthe pHscale go from 0-14 (extremely acidic substances have values of below O)
Allacids have pHvalues of below 7, all alkalis have pH values above 7

Thelower the pHthen the more acidic the solutionis

The higher the pHthenthe more alkaline the solutionis

The pH scale showing acidity, neutrality and alkalinity

pHof acids

= Acidic solutions (strong orweak) always have more H*than OH-ions

= Since the concentrationofH* is always greater thanthe concentrationof OH-ions, [H*]is always
greaterthan10”/moldm3

= Usingthe pHformula, this means that the pH of acidic solutions is always below 7

= The higherthe [H*] of the acid, the lowerthe pH

pHof bases

= Basic solutions (strong orweak) always have more OH-thanH*ions

= Since the concentrationof OH~ is always greater thanthe concentrationofH* ions,[H*]is always
smaller than10” moldm=3

= Usingthe pHformula, this means that the pH of basic solutions is always above 7

= The higherthe [OH"] of the base, the higherthe pH

The pHof water
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= Waterat 298K has equalamounts of OH- and H* ions with concentrations of 10-7 moldm-3
= To calculate the pH of water, the following formula should be used:

pH =-log(1077)
=7

= Thus,waterhasapHof7at298K

8.2.4 The lonic Product of Water

The lonic Product of Water
pHof water

= Anequilibriumexists inwaterwhere few watermolecules dissociate into protonand hydroxide
ions

H,O(l)=H*(aq)+ OH"(aq)

= The equilibriumconstant forthisreactionis:

_[H]1[0H ]
K = m,01

K:x[H20]1=[H*]1[OH™]

= Sincethe concentrationthe H*and OH ions is very small, the concentration of wateris
considered to be aconstant,suchthat the expressioncanbe rewritten as:

Ky=[H*]1[OH"]
Where K, (ionic product of water) = K.x[H;0]
= 107 molPdm%at 298K

» The productofthe two ionconcentrations is always 107" mol> dm™¢
= This makes it straightforward to see the relationship betweenthe two concentrations and the
nature of the solution:

[H*]1& [OH ] Table
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@ Worked example

Whatis the pHofasolutionof potassiumhydroxide, KOH(aq) of concentration1.0 x 103 mol
dm=>?Ky=1.0x10""mol?dm™

A.3
B.4
C.10

D.1

Answer:
The correctoptionis D.

= Since K, =[H*][OHT,rearranging gives [H*] =K, +[OH7]
s The concentrationof [H*]is (1.0 x107) = (1.0 x 1073 =1.0 x 10" moldm™3
= SothepH=11
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8.2.5 Acid-Base Calculations

Acid-Base Calculations

Using the relationships between pH, [H+]and [OH] avariety of problems canbe solved

pH=-log[H*] and Ky =[H*][OH"]

= Testyourunderstandingonthe followingworked examples:

@ Worked example

1.The pHof asolutionof phosphoric acid changes from 3 to 5.Deduce how the hydrogenion
concentrationchanges

2.Waterfromapond was analysed and found to have ahydrogenion concentrationof 2.6 x10-°
moldm=3.Calculate the pHof the pond water.

3.Determine the pH of asolution made by dissolving5.00 g of potassium hydroxide in 250 cm3
of distilled water

Answers:

Answer 1: The initial pH of the phosphoric acid is 3 whichcorresponds to ahydrogenion
concentrationof1x103moldm3:

[H+]=10-PH
[H+]1=1x10-3moldm-3
The final pHis 5, which corresponds to 1x10-°moldm=3

Therefore, the solutionhas decreased in[H*] concentration by 102 or100 times

Answer 2: The pond waterhas [H*] =2.6 x10-°moldm-3.

pH=-log[H+]= -log(2.6 x10-°%)=4.58

Answer 3:Potassiumhydroxide (M=56.10 gmol)is astrongbase so the concentration of
[OHT]is the same as the concentration of the solutionas it fullydissociates:

KOH (s) = Kt*(aq)+OH (aq)
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The concentrationof KOHis

5.00
56.10

250 cm3

X 1000

= 0.357 mol dm® = [OH]

UsingK,, =[H*]I[OH], and thenrearranging [H*] =K, /[OH"]

1 %10 mol?2dm="°
0.357 mol dm™3

[H*] = = 2.80 x 10" mol dm-3

pH=-log(2.80x10°'%)=13.55

8.2.6 pH Meters & UniversalIndicator

pH Meters & UniversalIndicator

= The mostaccurate wayto determine the pHis byreadingit off apHmeter
= The pHmeteris connected to the pHelectrode which shows the pHvalue of the solution

The diagram shows a digital pH meter that measures the pH of a solution using a pH electrode

= Alessaccurate methodis to measure the pHusinguniversalindicatorpaper

= Theuniversalindicatorpaperis dipped into asolutionof acid uponwhichthe paperchanges
colour

= Thecolouristhencompared to those onachart whichshows the colours correspondingto
different pHvalues
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The diagram shows the change in colour of the universal indicatorpaperwhen dippedin a strong (HCI)
andweak (CH3COOH) acid. The colourchart is used to read off the corresponding pH values which are
between 1-2 forHCland 3-4 for CH;COOH
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8.2.7 Strong & Weak Acids & Bases

Strong & Weak Acids & Bases

Strong acids

= Astrongacidis anacid thatdissociates almostcompletely inaqueous solutions
= HCl(hydrochloric acid), HNOx(nitric acid) and H,SO 4 (sulfuric acid)

= The positionof the equilibriumis so faroverto theright thatyoucanrepresentthereactionas an
irreversible reaction

The diagram shows the complete dissociation of a strong acid in aqueous solution

= The solutionformed is highly acidic due to the high concentration of the H*/H;O*ions
= Sincethe pHdependsonthe concentrationof H*/H;O%ions, the pH canbe calculated if the
concentrationof the strongacid is known

pH is the negative log of the concentration of H* /H30* ions and can be calculated if the concentration of
the strong acid is known using the stoichiometry of the reaction

Weakacids

= Aweakacidis anacid that partially (orincompletely) dissociates inaqueous solutions
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= Eg.mostorganic acids (ethanoic acid),HCN (hydrocyanic acid), H,S (hydrogen sulfide) and
H,COz(carbonic acid)

= The positionof the equilibriumis more overto the left and anequilibriumis established

The diagram shows the partial dissociation of a weak acid in aqueous solution

= Thesolutionisless acidic due to the lowerconcentrationof H*/HzO*ions
= Findingthe pHofaweakacid requires using the acid dissociationconstant, K, but this not
required at Standard Level, but onlyat HigherLeveland is covered in Topic 18

Acid & EquilibriumPositionTable
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Strong bases

= Astrongbaseis abase thatdissociates almostcompletelyinaqueous solutions
E.g.group ITmetal hydroxides suchas NaOH (sodium hydroxide)

= The positionof the equilibriumis so faroverto the right that youcanrepresent thereactionas an
irreversible reaction
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The diagram shows the complete dissociation of a strong base in aqueous solution

= Thesolutionformed is highlybasic due to the highconcentrationofthe OH-ions
Weakbases

= Aweakbaseis abase that partially (orincompletely) dissociatesinaqueous solutions
= NHz(ammonia),amines and some hydroxides of transition metals

= The positionof the equilibriumis more to the left and an equilibriumis established

The diagram shows the partial dissociation of a weak base in aqueous solution
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= Thesolutionisless basic due to thelowerconcentrationof OH-ions

Base & EquilibriumPositionTable
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Conjugate Pairs & Acid-Base Strength

= The conjugate base of HClis the chlorideion, Cl-, but since the reverse reactionis virtuallynon-
existent the chloride ionmust be averyweak conjugate base

HCI(g)—H* (aq) + Cl-(aq)
acid conjugate base

= |ngeneralstrongacids produce weak conjugate bases and weak acids produce strong
conjugate bases

= Astrongbaseisalso fullyionized and isagood protonacceptor

= Forexample the hydroxideionis astrongbase and readilyaccepts protons:

OH- (aq)+ H* (aq) = H,O(I)

= The conjugate acid of the hydroxide ionis water,whichis aweak conjugate acid
= |ngeneralstrongbases produce weak conjugate acids

O ExamTip

Hydrogenionsinaqueous solutions canbe written as eitheras HzO*oras H*however,if HzO*is
used,H>0 should be included inthe chemical equation: HCI(g) — H*(aq) + Cl-(aq) ORHCI(g) +
H,0O(l)>H30*(aq) + Cl-(aq) Some acids containtwo replaceable protons (called 'dibasic’) - for
example,H2SO4 (sulfuric acid) has two ionisations:H,SO4acts as astrongacid:H2SO4 - H* +
S04 HSO, acts as aweak acid:HSO4~ =H* + SO42-The second ionisationis only partial whichis
whythe concentration of Imoldm=3sulfuric acid is not2moldm=3inH*ions Also,don't forget
that the terms strong and weak acids and bases are related to the degree of dissociationand
notthe concentration.The appropriate terms to use whendescribingconcentration are dilute
and concentrated.
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8.2.8 Comparing Strong & Weak Acids

Comparing Strong & Weak Acids

= Strongand weak acids canbe distinguished fromeach otherbytheir:
= pHvalue (usingapHmeteroruniversalindicator)
= Electrical conductivity
= Reactivity

pHvalue
= Anacid dissociatesinto H*insolutionaccordingto:
HA —->H* + A-
= The strongerthe acid, the greater the concentrationof H* and therefore the lower the pH

pHvalue of aStrong Acid & Weak Acid Table

Electrical conductivity

= Since astronger acid has a higher concentrationof H* it conducts electricity better
= Strongeracids therefore have a greaterelectrical conductivity

= Theelectricalconductivitycanbe determined byusing aconductivity meter

= |like the pH meter,the conductivitymeteris connected to anelectrode

= The conductivityof the solutioncanberead off the meter
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The diagram shows a digital conductivity meter that measures the electrical conductivity of a solution
using an electrode

Reactivity

= Strongand weak acids of the same concentrations react differentlywithreactive metals
= Thisis because the concentrationofH*is greaterinstrongacids compared to weak acids
= The greaterH*concentrationmeans that more H, gas is produced inashortertime

The diagram shows the reaction of 0.1mol dm™3 of a strong acid (HCI) with Mg. The reaction produces a
lot of bubbles and hydrogen gas due to the high concentration of H* present in solution
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The diagram shows the reaction of 0.1mol dm=3 ofaweak acid (CH3COOH) with Mg. Thereaction
produces fewerbubbles of hydrogen gas due to the lower concentration of H* present in solution

= Similarobservations would be made inthe reactionbetweenstrongand weak acids with
carbonates and hydrogencarbonates, althoughthe gas given off this timeis carbondioxide

= Withoxides and hydroxides, there maynotbe alotofvisible changes althoughitis likelythat they
would dissolve fasterinastrongacid thaninaweak acid

Thesereactions are also likelyto produce larger enthalpy changes which could be seenin higher
temperaturerises

Q Exam Tip

The above-mentioned properties of strongand weak acids depend on theirability to dissociate
and formH*ions.Strongeracids dissociate more, producing agreaterconcentrationof H*ions

and therefore showinglowerpH values, greaterelectrical conductivity and more vigorous
reactions withreactive metals.
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