1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

@ HL IB Chemistry

Proton Transfer Reactions

Contents

3 Brensted-Lowry Acids & Bases

3 Conjugate Acids & Bases

3 Amphiprotic Species

3 ThepH Scale

The lon Product of Water

Strong & Weak Acids

Neutralisation Reactions

pH Curves

Interpreting pH Curves (HL)

The pOH Scale (HL)

Acid & Base Dissociation Constants (HL)
Solving Acid-Base Dissociation Problems (HL)
Salt Hydrolysis (HL)

Acid-Base Indicators (HL)

Choosing an Acid-Base Indicator (HL)
Buffer Solutions (HL)

Buffer Calculations (HL)

K K K K K K KKK KK KK

Page1of 57

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Brensted-Lowry Acids & Bases

Bronsted-Lowry Acids & Bases

What are Brensted-Lowry acids and bases?

= The Bronsted-Lowry Theory defines acids and bases in terms of proton transfer between chemical
compounds
= ABronsted-Lowry acidis a species that gives away a proton (H*)
= ABrensted-Lowrybaseis a species that accepts a proton (H*) using its lone pair of electrons

Equilibrium of a Brensted-Lowry acid and base

BRZNSTED-LOWRY BASE

LONE PAIR OF ELECTRONS

+
PROTON} &E

BR@ZNSTED-LOWRY ACID
The diagram shows a Brensted-Lowry acid which donates the proton to the Brensted-Lowry base that
accepts the proton using its lone pair of electrons

= The Breonsted-Lowry Theoryis not limited to aqueous solutions only and can also be applied to
reactions that occurin the gas phase

Diagram to show how hydrochloric acid acts as a Brensted-Lowry acid and ammonia acts
as a Brensted-Lowry base
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AMMONIA AS
BRZNSTED-LOWRY BASE

@(g) — (s)

HYDROGEN CHLORIDE
AS BR@NSTED-LOWRY ACID

Example of a Brensted-Lowry acid and base reaction in the gas state

@ Worked example

Identify the correct role of the species in the following reaction:

HoPO4(aq) + HoO(l) » HPO 42 (aq) + HzO*(aq)

Brensted-Lowry acid Brensted-Lowry base

A HoPO4” H,O
B HoPO 42" HoPO4
c HoPO4” H3O*
D H,O HoPO4”

Answer:

= ThecorrectoptionisA.
= HyPO4 isdonating a protonto H,O
= So,HyPO4 mustbe anacidandH,O must be abase
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O Examiner Tip /

, Your notes
= Anatom of hydrogen contains 1proton, 1electronand O neutrons

= Whenhydrogenloses an electron to become H* only a proton remains, whichis why a H* ionis also
called aproton.
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Conjugate Acids & Bases

Conjugate Acids & Bases

ABrensted-Lowry acid is a species that can donate a proton

ABrensted-Lowry base is a species that can accept a proton

Inan equilibrium reaction, the products are formed at the same rate as the reactants are used
CHzCOOH(ag)+H,O() = CH3zCOO-(aq) + HzO*(aq)

acid base conjugate base conjugate acid

Thereactant CHz;COOHi s linked to the product CH;COO~ by the transfer of a proton from the acid to

the base
= Similarly, the H,O moleculeis linked to HzO*ion by the transfer of a proton
These pairs are therefore called conjugate acid-base pairs
= Aconjugate acid-base pairis two species that are different from each other by a H*ion
= Conjugate here meansrelated
= |notherwords, the acid and base are related to each other by one proton difference

@ Worked example

In the equilibrium reaction shown below, which species are a conjugate acid-

base pair?

CH3zCH,CH2COOH (aq) + H20 (I) # CHzCH2CH,COO™ (aq) + H30™ (aq)

A. CH3CH2CH2COOH and Hzo

w

H,O and HzO*

(@)

. HpO and CH3zCH,CH,COO~

D. CH3CH,CH,COO™ and HzO*

Answer:

= ThecorrectoptioninB
= Aconjugate acid-base pair differ only by an H ion
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Amphiprotic Species
Amphiprotic Species
= Speciesthatcanactbothas protondonors and acceptors are called amphiprotic

Water as a Brensted-Lowry acid

Diagram to show how water is amphiprotic

AMMONIA AS
BRZNSTED-LOWRY BASE

v+ (g} =— (aq) + (aq)

WATER AS
BRZNSTED-LOWRY ACID

The diagram shows water acting as a Brensted-Lowry acid by donating a proton to ammonia which
accepts the proton using its lone pair of electrons

Lewis diagram for the reaction between water and ammonia
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H 4
® e ox
® 0 Your notes
x O x # e NeH
H
WATER AMMONIA
OH™ HAS A NEGATIVE NH; HAS A POSITIVE
CHARGE DUE TO THE CHARGE AS ONE OF
EXTRA ELECTRON THE H ATOMS HAS
LOST AN ELECTRON
o0 [ ®
XY H ]
..'l ox
- HS N g H
H oxn
/ H
- _

THIS ELECTRON IS FROM
THE H+ THAT HAS BEEN
DONATED BY THE WATER

THESE ELECTRONS COME FROM
THE NITROGEN IN AMMONIA
AND ARE USED TO FORM A
BOND WITH THE INCOMING H*

The Lewis diagram for the reaction of water with ammonia to show how water acts as a Bronsted-Lowry
acid and ammonia as a Brensted-Lowry base

Water as a Brensted-Lowry base

Diagram to show how water is amphiprotic
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WATER AS
BRZNSTED-LOWRY BASE

(g0 + = N (aq) + (aq)

HYDROCHLORIC ACID
AS BR@NSTED-LOWRY ACID

The diagram shows water acting as a Brensted-Lowry base by accepting a proton from hydrochloric
acid proton using its lone pair of electrons

Lewis diagram for the reaction between water and hydrochloric acid

) o %
%
@) ° @) =+ ® O 52
o Cl o Hee
Y
HYDROCHLORIC [ WATER
ACID

THESE ELECTRONS COME
FROM THE OXYGEN IN

THIS ELECTRON IS

HAS BEEN DONATED
BY HYDROCHLORIC ACID

FROM THE H* THAT v

WATER AND ARE USED
TO FORM A BOND WITH
THE INCOMING H+

.'.. § —‘®
.Cl.. + ....
00 .OI
L —

The Lewis diagram for the reaction of water with hydrochloric acid to show how water acts as a
Bronsted-Lowry base and ammonia as a Bronsted-Lowry acid

What is the difference between amphiprotic and amphoteric?
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= Acompound thatis amphoteric means it has both basic and acidic character
= \Whenthe compoundreacts with an acid, it shows that it has basic character
= Whenitreacts with abase, it shows thatit's acidic

= Anexample of thisis aluminium oxide which reacts with both hydrochloric acid and sodium

hydroxide:

Al,Oz(s) + 6HCI (ag) — 2AICIz (ag) + 3H20 (1)

Al,Oz(s) + 2NaOH (aqg) + 3H20 (1) —» 2NaAl(OH)4 (aq)

= Whenacompoundisamphiprotic, it meansit canact as a proton donor and as a proton acceptor

= Aluminium oxide is not amphiprotic, even though it is amphoteric
Amphiprotic versus Amphoteric Table

Amphiprotic

The term amphiprotic describes a
substance that canbothacceptand
donate aprotonorH*

Amphoteric

The term amphoteric refers to the ability
toactasbothanacidandabase

Amphiprotic substances can both
accept ordonate protons

Amphoteric substances canact as both
anacidandabase

Allamphiprotic substances are
amphoteric

Not allamphoteric substances are

amphiprotic
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The pH Scale

The pH Scale

The acidity of an aqueous solution depends on the number of H* (HzO*) ions in the solution
pHis defined as:

pH = -logyo[H"]

= Where [H*]is the concentration of H*in mol dm=3
The pH scaleis alogarithmic scale with base 10
This means that each value is 10 times the value below it
= Forexample, pH5is 10 times more acidic than pH 6.
pH values are usually given to 2 decimal places
The relationship between concentrationis easily seenin the following table:

pH & [H*] Table

Scientific notation

0.1 107 1
0.01 1072 2
0.001 1073 3
0.0001 1074 4
_ 107% X
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@ Worked example /

Your notes
10.0 cm3 of an aqueous solution of nitric acid of pH = 1.0 is mixed with 990.0 cm?3 of distilled water.

What is the pH of the final solution?
Al
B. 2
C.3

D. 10

Answer:

= The correctoptionisC.
= The total volume after dilutionis 1000.0 cm3
= So, the concentration of H* has been reduced by a factor of 100 or 10-2
= This means anincrease of 2 pH units
= Therefore, the final solutionispH 3

O Examiner Tip

= Make sure you know how to use the antilog (base 10) feature on your calculator
= Onmostcalculators, itis the 10¥button
= Butonothermodels, it could be LOG™!, ALOG or even a two-button sequence such as INV +
LOG

= The pH scaleisanumerical scale that shows how acidic or alkaline a solutionis
= Thevaluesonthe pH scale go from O - 14 (extremely acidic substances have values of below O)
= Allacids have pH values below 7, all alkalis have pH values above 7
= Thelower the pH then the more acidic the solutionis
= The higher the pH then the more alkaline the solutionis
The pH scale
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pH 01 2 3 4 5 6 @ 383 9 10 M1 12 13 M1 Your notes
< — | NEUTRAL | | >
INCREASING ACIDIC INCREASING BASIC
CHARACTER CHARACTER
(#)save myexams

The pH scale showing acidity, neutrality and alkalinity

pH of acids

= Acidic solutions (strong or weak) always have more H* than OH™ ions

= Since the concentration of H* is always greater than the concentration of OH™ ions, [H*]is always
greater than10” moldm™3

= Using the pH formula, this means that the pH of acidic solutions is always below 7

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

pH of bases

= Basic solutions (strong or weak) always have more OH™ than H*ions

= Since the concentration of OH™ is always greater than the concentration of H ions, [H*]is always
smaller than 10~ mol dm™3

= Using the pH formula, this means that the pH of basic solutions is always above 7

= The higherthe [OH™] of the base, the higher the pH

pH of water

» Water at 298K has equal amounts of OH™ and H* ions with concentrations of 10~” mol dm~3
= To calculate the pH of water, the following formula should be used:

pH = -logjo[H* (aq)]
[H* (aq)] = concentration of H*/H3O* ions
pH = -log (10-7) = 7
= Thus, waterhas a pH of 7 at 298 K

How to measure pH

= The mostaccurate way to determine the pHis by reading it off a pH meter
= The pH meteris connected to the pH electrode which shows the pH value of the solution
Using a pH meter
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METER WHICH IS
MEASURING THE pH

pH ELECTRODE

@ @ )F SOLUTION THAT

IS MEASURED

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

= Alessaccurate methodis to measure the pH using universal indicator paper
= Theuniversalindicator paperis dipped into a solution of acid upon which the paper changes colour
= The colouris then compared to those on a chart which shows the colours corresponding to different

pH values
Using universal indicator
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UNIVERSAL

COLOUR CHART

INDICATOR

ALKALINE

UNIVERSAL INDICATOR
CHANGING COLOUR TO
BRIGHT YELLOW
(pH = 3-4)

ACIDIC NEUTRAL
UNIVERSAL INDICATOR
CHANGING COLOUR TO
ORANGE (pH =1-2)
A\ -~ N\
N /1 b

L

_J

i \ AN
SOLUTION OF
04 moldm3 HCl

SOLUTION OF
0.4 mol dm= CH,COOH

The diagram shows the change in colour of the universal indicator paper when dipped in a strong (HCI)
and weak (CH3COOH) acid. The colour chart is used to read off the corresponding pH values which are
between 1-2 for HCl and 3-4 for CH;COOH
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The lon Product of Water

The lon Product of Water

pH of water

= Anequilibrium existsin water, where a few water molecules dissociate into proton and hydroxide ions

H.O (I) = H* (aq) + OH™ (aq)
= The equilibrium constant for thisreactionis:

0, = W00

0]
Kcx [H20] = [H*][OH"]

= Since the concentration of the H* and OH~ionsis very small, the concentration of wateris considered
tobe aconstant
= This means that the expression canbe rewritten as:

Kw =[H*]1[OH7]
» Where Ky, (ion product of water) = K. x [H,0] = 1.00107'* at 298K
= The product of the two ion concentrations is always 1.00 x 10~

= This makesit straightforward to see the relationship between the two concentrations and the nature of

the solution:
[H*] & [OH"] Table

Type of solution

0.1 1x1071 acidic
1x1073 1x107" acidic
1x107° 1x107? acidic
1x1077 1x1077 neutral
1x107? 1x107° alkaline
1x107" 1x1073 alkaline
1x10713 0.1 alkaline

Page 15 of 57

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

@ Worked example /

Your notes
What is the pH of a solution of potassium hydroxide, KOH (aq) of concentration 1.0 x 10~3mol dm=3?

Kw=1.0x10"1at 298 K
A3
B.4
C.10

D.M

Answer:

= The correctoptionisD.
= Since Ky, =[H*][OH"], rearranging gives [H*] =Ky, + [OH"]
= The concentration of [H*]is (1.0 x 10714 + (1.0 x 10~3) = 1.0 x 10~-""mol dm-3
= SothepH=T1

How does temperature affect the ion product of water, K, ?

= Theionisation of wateris an endothermic process
2H50 (I) 2 Hz0* (aq) + OH" (aq)

= |naccordance with Le Chatelier's principle, anincrease in temperature will result in the forward reaction
being favoured

= This causes anincrease in the concentration of the hydrogen and hydroxide ions

= Thisleads to the magnitude of K, increasing

= Therefore, the pH will decrease
= |ncreasing the temperature decreases the pH of water (becomes more acidic)
= Decreasing the temperature increases the pH of water (becomes more basic)

Graph to show how K, changes with temperature
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As temperature increases, K,, increases so pH decreases
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Strong & Weak Acids

Strong & Weak Acids

Strong acids

= Astrongacidis anacid that dissociates almost completely in aqueous solutions
= Examplesinclude HCI(hydrochloric acid), HNOx (nitric acid) and H,SO4 (sulfuric acid)
= The position of the equilibriumis so far over to the right that you canrepresent the reactionas an
irreversible reaction
Diagram to show the dissociation of a strong acid

IRREVERSIBLE REACTION

-

FROM THE ALMOST COMPLETE
DISSOCIATION OF THE
STRONG ACID

STRONG ACID

HHYDROGEN IONS FORMED

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

= The solution formedi s highly acidic due to the high concentration of the H*/HzO*ions
= Sincethe pHdepends onthe concentration of H*/HzO*ions, the pH can be calculated if the
concentration of the strong acid is known
* pH=-logo[H* (aq)]
= [H+(aq)] = concentration of H* /HzO*ions
= pHisthe negative log of the concentration of H*/HzO*ions and can be calculated if the
concentration of the strong acid is known using the stoichiometry of the reaction

Weak acids

= Aweakacidis an acid that partially (orincompletely) dissociates in aqueous solutions
= E.g.mostorganic acids (ethanoic acid), HCN (hydrocyanic acid), H,S (hydrogen sulfide) and
H,COz(carbonic acid)
= The position of the equilibrium is more towards the left and an equilibriumis established
Diagram to show the dissociation of a weak acid
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EQUILIBRIUM REACTION ,
Your notes
-0 ®
=
[
WEAK ACID WEAK ACID IS ONLY SLIGHTLY

DISSOCIATED THEREFORE THERE ARE
MANY MORE MOLECULES OF WEAK
ACID THAN H' AND A” IONS

The diagram shows the partial dissociation of a weak acid in aqueous solution
= Thesolutionisless acidic due to the lower concentration of H* /H3O* ions

Acid & Equilibrium Position Table

Strong Acids Weak Acid

Position of equilibrium Right Left
Dissociation Completely (—) Partially =)
H* concentration High Low

oH Use [strong a;i|_c|l] to calculate Use K, to find [H*]

Organic acids (ethanoic acid)

HCI
HCN
HNO
Examples 3
xamp H2S
HySOy4 (firstionisation)
H,CO3

= The strength of a Brgnsted-Lowry acid depends on the ease with whichit dissociates to release H* ions
= Thisdepends uponthe strength of the bond that has to be broken torelease H+
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= Forexample, forhydrogen halides, the size of the halogen atom increases in size going down
Group 17 which increases the length of the H-X bond

= Aslongerbonds are weaker they need less energy to break

= The acid strength of the hydrogen halides increases down Group 17

= HF <HCI<HBr <Hl
Strong bases
= Astrongbaseis abase that dissociates almost completely in aqueous solutions

= E.g.group I metal hydroxides such as NaOH (sodium hydroxide)

= The position of the equilibriumis so far over to the right that you canrepresent the reactionas an

irreversible reaction
Diagram to show the dissociation of a strong base

IRREVERSIBLE REACTION

@) —— @ -

HYDROXIDE IONS FORMED
STRONG BASE FROM THE ALMOST COMPLETE

DISSOCIATION OF THE
STRONG BASE

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

= The solution formed is highly basic due to the high concentration of the OH~ions

Weak bases

= Aweakbaseis abase that partially (orincompletely) dissociates in aqueous solutions
= NHz(ammonia), amines and some hydroxides of transition metals
= The position of the equilibriumis more to the left and an equilibriumis established
Diagram to show the dissociation of a weak base
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EQUILIBRIUM REACTION V4

-~
~——
L

Your notes

+
|

WEAK BASE

WEAK BASE IS ONLY SLIGHTLY
DISSOCIATED THEREFORE THERE ARE
MANY MORE MOLECULES OF WEAK
BASE THAN OH™ AND B" IONS

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

= Thesolutionisless basic due to the lower concentration of OH™ ions

Base & Equilibrium Position Table

Strong Base Weak Base

Position of equilibrium Right Left
Dissociation Completely (—) Partially ( =)
OH- concentration High Low
NH3
Amines
Examples Group 1metal hydroxides
Some transition metal
hydroxides

Strength of conjugate acids and bases
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= The conjugate base of HClis the chloride ion, CI-,
= However, since thereverse reactionis virtually non-existent the chloride ion must be a very weak
conjugate base
HCI(g) —»H*(aq) + CI-(aq)

acid conjugate base

= |ngeneral, strong acids produce weak conjugate bases and weak acids produce strong conjugate
bases
= Astrongbaseisalso fullyionised andis a good proton acceptor
= Forexample, the hydroxide ionis a strong base and readily accepts protons:
OH-(aq) + H* (aq) = HO(l)

= The conjugate acid of the hydroxide ion is water, which is a weak conjugate acid
= |ngeneral strong bases produce weak conjugate acids

O Examiner Tip

= Hydrogenionsinaqueous solutions can be written as eitheras HzO* oras H*
= However, if HsO*is used, H,O should be included in the chemical equation:
HCI (g) —» H* (aq) + Cl- (aq) ORHCI(g) + H20 (I) » H30*(aq) + Cl- (aq)

= Some acids contain two replaceable protons (called 'dibasic’)
= Forexample, H2SOy4 (sulfuric acid) has two ionisations
= HySOgactsasastrongacid: H;SO4 —H* + SO4~
» HSO4 actsasaweakacid: HSO4~ = H* + SO42-
= The secondionisationis only partial which is why the concentration of 1 mol dm=3 sulfuric
acidisnot 2 moldm-3in H*ions
= Also,don't forget that the terms strong and weak acids and bases are related to the degree of
dissociation and not the concentration
= The appropriate terms to use when describing concentration are dilute and concentrated

How to distinguish between strong and weak acid

= Strong and weak acids can be distinguished from each other by their:
= pH value (using a pH meter oruniversal indicator)
= Electrical conductivity
= Reactivity
pH value

= Anaciddissociatesinto H*in solutionaccording to
HA—-H*+A-

pH value of a Strong Acid & Weak Acid Table

Acid pH of 0.1mol dm~3 solution
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HCl (strong) 1 ,

Your notes

CHzCOOH (weak) 2.9

= The stronger the acid, the greater the concentration of H* and therefore the lower the pH

Electrical conductivity

= Since a stronger acid has a higher concentration of H* it conducts electricity better
= Strongeracids therefore have a greater electrical conductivity
= The electrical conductivity can be determined by using a conductivity meter
= Like the pH meter, the conductivity meteris connected to an electrode
= The conductivity of the solution can be read off the meter
Diagram to show how to measure the electrical conductivity of an acid

METER WHICH IS
MEASURING THE
CONDUCTIVITY

CONDUCTIVITY
ELECTRODE

)‘FSOLUTION THAT
IS MEASURED

A digital conductivity meter measures the electrical conductivity of a solution using an electrode

Reactivity

= Strong and weak acids of the same concentrations react differently with reactive metals

= Thisisbecause the concentration of H*is greaterin strong acids compared to weak acids

= The greaterH* concentration means that more H, gasis producedin a shorter time
Diagram to show how a strong acid reacts with magnesium
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Mg (s) + 2HCL (aq) —> MgCL, (aq) + H, (g)

HYDROGEN
GAS
~

SOLUTION OF
0.1 mol dm3 HCL

The diagram shows the reaction of 0.1mol dm3ofa 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

Diagram to show how a weak acid reacts with magnesium
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Mg (s) + 2CH,COOH (aq) ——> Mg(CH;COO), (aq) + H, (g)

\ \ -
U S

(]
E:D HYDROGEN
© °S——BUBBLES

SOLUTION OF
0.1 mol dm3 CH,COOH

Mg(CH,COO0),

The diagram shows the reaction of 0.1mol dm~3 of a weak acid (CH3COOH) with Mg. The reaction
produces fewer bubbles of hydrogen gas due to the lower concentration of H* present in solution

Similar observations would be made in the reaction between strong and weak acids with carbonates
and hydrogencarbonates, although the gas given off this time is carbon dioxide
With oxides and hydroxides, there may not be alot of visible changes althoughitis likely that they

would dissolve fasterin a strong acid than in aweak acid
Thesereactions are also likely to produce larger enthalpy changes which could be seenin higher

temperaturerises

© ExaminerTip

= The above-mentioned properties of strong and weak acids depend on their ability to dissociate
andformH*ions
= Strongeracids dissociate more
= This means that they produce a greater concentration of H*ions resultingin:
= LowerpH values
= Greaterelectrical conductivity
= Morevigorousreactions with reactive metals.
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Neutralisation Reactions

Neutralisation Reactions

= Aneutralizationreactionis one inwhich an acid (pH <7) and a base/alkali (pH >7) react togetherto form
water (pH =7) and a salt:
acid + base (alkali) — salt + water

= The proton of the acid reacts with the hydroxide of the base to form water:
H* (aq) + OH~ —H,O (l)

= The spectatorionswhich are not involved in the formation of water, form the salt
Diagram to show neutralisation between an acid and abase

MAIN NEUTRALISATION REACTION:

HCL + NdOH =" HOH _a#"NaCl

ACID BASE H,0 SALT

THE TWO INDIVIDUAL REACTIONS TAKING PLACE ARE:

1. H" + OHT —— H,0

2. Na* + CIU —— NaCl

The diagram shows a neutralisation reaction of HCl and NaOH and the two individual reactions that take
place to form the water and salt

= The name of the salt produced can be predicted from the acid that has reacted

Acid Reacted & Salt Table
Hydrochloric acid Achloride
Nitric acid Anitrate
Sulfuric acid Asulfate
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O Examiner Tip

= The enthalpy of neutralisation is the enthalpy change that occurs when an acid reacts with a base
to form one mole of water

= Since thereaction between strong acids and strong bases is the same regardless of the acid or
base, it should be no surprise the enthalpy change is the same and is approximately -57 kJ mol™!

Metals and acids

= Thetypicalreaction of ametal and an acid can be summarised as
acid + metal — salt + hydrogen

= Forexample:
2HCI(aq) +Zn(s) — ZnCl,(aqg) + H, (g)

hydrochloric acid + zinc — zinc chloride + hydrogen

= Clearly, the extent of the reaction depends on the reactivity of the metal and the strength of the acid
= Veryreactive metals would react dangerously with acids and these reactions are not usually carried out
= Metalslowinreactivity donotreact at all
= Forinstance, copperdoes not react with dilute acids
= Stronger acids will react more vigorously with metals than weak acid
= What signs of reaction would be expected to be different between the two?
= Fasterreaction, seenas:
= More effervescence
= The metal dissolves faster
= More exothermic

Metals and oxides

= Thereaction of an acid with a metal oxide forms two products:
acid + metal oxide — salt + water

= Forexample:
2HCl(aq) + CaO (s) — CaCl, (ag) + H,O (1)

hydrochloric acid + calcium oxide — calcium chloride + water

Metals and hydroxides

= Thereactionwith a metal hydroxide and an acid follows the same pattern as an oxide:
acid + metal hydroxide — salt + water

= Asuitable example might be:

H,S0,4(aq) + Mg(OH), (s) — MgSO,, (aq) + 2H,0 ()
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sulfuric acid + magnesium hydroxide — magnesium sulfate + water ,

Metals and carbonates Your notes

= Thereaction between a metal carbonate and an acid produces three products:
acid + metal carbonate — salt + water + carbon dioxide

= Forexample:
2HNO3z(aq) + CuCO3(s) — Cu(NO3), (aq) + H,O (1) + CO, (@)

nitric acid + copper carbonate — copper nitrate + water + carbon dioxide

Metals and hydrogencarbonates

= Thereaction between a metal hydrogencarbonate and an acid is the same as the carbonate reaction
with a slight difference in stoichiometry:
acid + metal hydrogencarbonate — salt + water + carbon dioxide

= Anexample of this would be:
HCl(ag) + NaHCOz (s) — NaCl(ag) + H,O () + CO, (g)

hydrochloric acid + sodium hydrogencarbonate — sodium chloride + water + carbon dioxide

O ExaminerTip

Make sure you learn the formulae of the common acids and bases and that you can write examples of
balanced equations of their characteristic reactions

= Theacids and bases needed to make different salts can be deduced using the principles coveredin
the previous section
The table below summarises these reactions

Making Salts Table

Type of salt Acid needed Formula Base needed

Sulfates S04% sulfuric H,SO4

Nitrates NO3~ nitric HNO3 metal oxide,

hydroxide,
carbonate or
Chlorides CI- hydrochloric HCI hydrogen carbonate
Ethanoates CHzCOO~ ethanoic CHzCOOH
Ammonium NH4* any - agueous ammonia
Page 28 of 57

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Note that although some metals can be used to make salts, they are not classified as bases as wateris not a /
product of the reaction Your notes

@ Worked example

Which are the products of the reaction between zinc oxide and hydrochloric acid?
A. zinc chloride and carbon dioxide
B. zinc chloride, hydrogen gas and water
C.zinc, hydrogen gas and water

D.zinc chloride and water

Answer:

= Thecorrect optionisD.
= Metal oxidesreact with acids to produce a salt and water as the only products
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pH Curves /

Your notes

pH Curves

Strong acid - strong base pH curve

= During a titration, a pH metercan be used and a pH curve plotted

= ApHcurveisagraphshowinghow the pH of a solution changes as the acid (orbase) is addedina
strong acid - strong base titration, e.g.

HCl(aq) + NaOH (ag) — NaCl (aq) + H,O ()

Diagram to show the general characteristics of a strong acid-strong base pH curve

N
14
pH AT
ENEFOINT EQUIVALENCE
oH POINT
.
EQUIVALENCE
POINT VOLUME, V
0 N~
0 25.0 500 ~

VOL, BASE ADDED (cm?)

The characteristics of a pH curve

= AllpH curves show an s-shape curve

pH curvesyield useful information about how the acid and alkali react together with stoichiometric
information

The midpoint of the inflectionis called the equivalence or stoichiometric point
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= Fromthe curvesyoucan: /
= Determine the pH of the acid by looking where the curve starts on the y-axis

= Findthe pH at the equivalence point Your notes

= Find volume of base at the equivalence point
= Obtaintherange of pH at the vertical section of the curve

How to calculate the pH depending on the volume of base added

= |fbaseisaddedto the conical flask then the pH of the solution will rise during the titration
= Let'slook at the reaction between 50 cm?3 of 0.10 mol dm=3HCl(ag) and 50 cm?3 of 0.10 mol dm=3 of
NaOH (aq)
HCI (aq) + NaOH (aq) — NaCl (aq) + H2O (1)

= Atthestart:
= Atthe start of the titration, the conical flask will only contain a strong acid so the pH can be
calculated by
* pH=-logio[H"]
* pH=-log;p[0.10]=1.0

= After25.00 cm3 of NaOH has been added
= Now, we must consider whatisin excess
= Thereis more acidin the flask than base in terms of volume, some of the acid has been neutralised,
so we must calculate the excess moles of one of the reactants using n = ¢ (mol dm=3)x v (dm3)
= n(HCI)=0.10x0.050 =0.0050 mol
= n(NaOH)=0.10x0.025=0.0025mol
= n(ExcessHCI)=0.0050-0.0025=0.00250 mol
= Newvolume=0.0750dm?3

0.0025

» [H*]= ————=0.0333moldm™3
0.0750

= sopH=15

= After49.00 cm?3of NaOH has been added
= n(HCI)=0.10x0.050=0.0050 mol
= n(NaOH)=0.10x0.049 =0.0049 mol
= n(ExcessHCI)=0.0050-0.0049 =0.0001mol
= Newvolume =0.0990 dm?3

0.0001

= [H*]= ————=0.0010Tmoldm™3
0.0990

= sopH=3.0

= After50.00 cm3 of NaOH has been added the acid has been completely neutralised by the base, so
the solution only contains NaCland H,O, therefore the pH=7.0
= After 51.00 cm3 of NaOH has been added
= n(AddedNaOH)=0.10x0.051=0.005Tmol
= n(Excess NaOH)=0.0051-0.0050=0.0001mol
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= Newvolume=0.101dm3 /
_0.0001 S
u [OH]=W=0.00099mO|dm Your notes
s pOH=3.0
= sopH=11.0
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Interpreting pH Curves (HL) /

Your notes
Interpreting pH Curves

Four Types of Acid-Base Titrations

= There are four combinations of acids and alkalis that you should know about:
= Strongacid + strong base
= Weak acid + strong base
= Weakbase + strong acid
= Weak acid + weak base

Strong Acid + Strong Base

= |nthis example, sodium hydroxide, NaOH (aq), is being added to hydrochloric acid, HCI (aq)
HCI (aq) + NaOH (aq) —NaCl (aq) + H,O (1)

= ThepHinterceptonthe y-axis starts at alow pH, roughly 1, due to the relative strength of the
hydrochloric acid

= AstheNaOH (aq)is added, thereis a gradualrise in pH until the titration approaches the equivalence
point

= [nthiscase, the pHatequivalenceis?7

= The equivalence pointisinthe middle of the vertical section of the pH curve
= Onceall of the acid has been neutralised, the curve flattens out and continues to rise gradually
= Atthe end of the titration, the pH will be high due to the relative strength of the sodium hydroxide

Diagram to show a strong acid - strong base pH curve
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HIGH pH ﬁfp
14 Your notes

121
10
8 EQUIVALENCE POINT
pPH - pH=7
6 —
N pH 1
47 INTERCEPT

[ I I [ I [ [ [ I
0O 5 10 15 20 25 30 35 40 45 50

VOLUME OF NaOH ADDED (cm?®)

Strong acid - strong base pH curve. The equivalence pointis atpH7

Weak Acid + Strong Base

= |nthis example, strong sodium hydroxide, NaOH (aq), is being added to weak ethanoic acid,
CH3zCOOH (aq)
NaOH (aq) + CH3COOH (aq) —» CH3COONa (aq) + HoO (I)

= ThepHontheintercept onthey-axis starts at roughly 3 due to the relative strength of the ethanoic acid
= Theinitial rise in pHis steep as the neutralisation of the weak acid by the strong base is rapid
= Ethanoateions(conjugate base to ethanoic acid) are formed which then creates a buffer
= Abufferconsists of aweak acid and its conjugate base or a weak base and its conjugate acid
= At this point, the buffer formed will resist changes in pH so the pH rises gradually as shown in the buffer
region
= The half equivalence point is the stage of the titration at which exactly half the amount of weak acid
has been neutralised
= [CH3COOH (aq)] = [CH3COO™ (aq)]
= Atthispoint,itisimportant to note that the pKj, of the acid is equal to the pH
= pK, = pH at half equivalence
= Theequivalence pointinaweak acid - strong base titrationis above 7

Diagram to show a strong acid - strong base pH curve
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HIGH pH 4
14 Your notes

12
10 - {/_% EQUIVALENCE POINT
R T N PH >7
8 —
RE = 1/2 EQUIVALENCE POINT

4 —

pH 3 - | \EBUF#ER REGION
INTERCEPT | 2- | .
I

I
I 1 | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

VOLUME OF NaOH ADDED (cm?®)

Weak acid - strong base pH curve. The equivalence pointis above pH 7

Weak Base + Strong Acid

= |nthis example, strong hydrochloric acid, HCl (aq), is being added to weak ammonia, NHz3 (aq)
NH3z (aq) + HCI (aq) — NH4Cl (aq)

= ThepHontheintercept onthey-axis starts at roughly 11 due to the relative strength of the ammonia
= The pH will fall as the ammonia begins to be neutralised and the conjugate acid, NH4* (aqg), is produced
= Thisagain creates a bufferregion so the pH will only fall gradually
= The half equivalence pointis the stage of the titration at which exactly half the amount of weak base
has been neutralised
» [NH3(aq)] = [NHs* (aq)]
= Atthispoint, itisimportant to note that the pKy, of the base is equal to the pOH
= pKp, = pOH at half equivalence
= ThepH atequivalence foraweak base-strong acidis below 7

Diagram to show a strong acid - weak base pH curve
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4

Your notes

pH 11
INTERCEPT

/EBUFFER REGION
£—{1/2 EQUIVALENCE POINT

PH EQUIVALENCE POINT
R pH <7

LOW pH

:
| | | [ i | I | | |
0 5 10 15 20 25 30 35 40 45 50

VOLUME OF HCL ADDED (cm®

Weak base - strong acid pH curve. The equivalence point is below pH 7

Weak Acid + Weak Base

= |nthis example, weak ethanoic acid, CHzCOOH (aq), is being added to weak ammonia, NHz (aq)
NH3 (aq) + CH3COOH (aq)— CH3zCOONH;4 (aq)

= The starting pH of roughly 11 for the weak base will fall as it begins to neutralise
= The changeinpH forthis titrationis very gradual
= Note that the vertical section of this pH curve is not steep as with the other three so the
equivalence pointis difficult to determine
= Therefore this titrationis not performed
= The pH at equivalence foraweak acid-weak base is roughly 7 but it is difficult to determine

Diagram to show a weak acid - weak base pH curve
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4

Your notes

pH 11
INTERCEPT

EQUIVALENCE POINT
pH=7

I
:
I
2 I
I
!

[ I I [
0O 5 10 15 20 25 30 35 40 45 50

VOLUME OF CH,COOH ADDED (cm®)

Weak acid - weak base pH curve. The equivalence point is difficult to determine
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The pOH Scale (HL)

The pOH Scale

pH

The acidity of an aqueous solution depends on the number of H*ions in the solution
pHis defined as:
PH = -logyo [H*]

= Where [H*]is the concentration of H* ions in mol dm=3
Similarly, the concentration of H* of a solution can be calculated if the pH is known by rearranging the
above equation to:
[H*] =10-PH

The pH scaleis alogarithmic scale withbase 10

= Forexample, pH5is10 times more acidic thanpH 6

= This means that eachvalueis 10 times the value below it
pH values are usually given to 2 decimal places

pOH

The basicity of an aqueous solution depends on the number of hydroxide ions, OH~, in the solution
pOH is defined as:
POH = -log [OH"]

= Where [OH"]is the concentration of hydroxide ions in mol dm=3
Similarly, the concentration of OH- of a solution can be calculated if the pH is known by rearranging the
above equation to:
[OH-] =10-POH

If you are given the concentration of a basic solution and need to find the pH, this can be done by:
[H*1=Ky /[OH]

Alternatively, if you are given the [OH"] and calculate the pOH, the pH can be found by:
pH=14 - pOH

Aswe cansee, pHand pOH are interlinked and at all temperatures, pH + pOH = pK,,

Relationship between H*, OH~, pH and pOH
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(OH1=7 K“’ ‘/

—pH =
[H"1 =10 POH = —log,[OH'] Your notes

/\/\/\

H*(aq) OH (aq)
—log,,[H"] y 4 [OH™1 = 107"
(H71 = [OH ]

i tl — FPI‘ &

To make a conversion, follow the arrow and equation given, so to convert OH™ (aq) to pOHuse pOH = -
logi10[OH™]

@ Worked example

pH and H* calculations

1. Find the pH when the hydrogenion concentrationis 1.60 x 10~ mol dm™3
2. Find the hydrogenion concentration when the pHis 3.10

Answers:

1.The pH of the solutionis:
= pH=-log[H]
» pH=-log1.6x10™
= pH=3.80

2.The hydrogen concentration can be calculated by rearranging the equation for pH
= pH=-log[H']
= [H*]=10"PH
= [H*]=107310
= [H*]=7.94x10"*moldm™3
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@ Worked example /

Your notes
pH calculations of a strong alkali

1. Calculate the pH of 0.15 mol dm-3 sodium hydroxide, NaOH
2. Calculate the hydroxide concentration of a solution of sodium hydroxide when the pHis 10.50

Answers:

= Sodium hydroxide is a strong base which ionises as follows:
NaOH (aq) — Na* (aq) + OH~ (aq)

1. The pH of the solutionis:
= [H*]=K, +[OH"]
= [H*=(1x10"%)+0.15=6.66x10"
= pH=-log6.66x107 =13.17pH = -log[H*]

2.To calculate the hydroxide concentration of a solution of sodium hydroxide when the pHis 10.50:
= Step1: Calculate hydrogen concentration by rearranging the equation for pH
= pH=-log[H"]
n [H+] - '|O—10.50
= [H*1=3.16x10""mol dm-3[H*] =10-PH

= Step 2: Rearrange the ionic product of water to find the concentration of hydroxide ions
» Ky=[H*1[OH]
= [OH1=Ky, + [H]

= Step 3: Substitute the values into the expression to find the concentration of hydroxide ions
= SinceKyis1.00x10714
= [OH1=(1x10"") + (3.16x107")
= [OH1=3.16x10"4moldm-3
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Acid & Base Dissociation Constants (HL) /

Your notes

Acid & Base Dissociation Constants
Weak acids

= Aweakacidis an acid that partially (orincompletely) dissociates in aqueous solutions
= Forexample, most carboxylic acids (e.g. ethanoic acid), HCN (hydrocyanic acid), H,S (hydrogen
sulfide) and H,COgz (carbonic acid)
= |ngeneral, the following equilibriumis established:
HA (aq) + H,O (I) = A~ (aq) + HzO* (aq)

OR
HA(aq) = A~ (aq) +H*(aq)

= Atequilibrium, the majority of HA molecules remain unreacted

= The position of the equilibrium is more towards the left and an equilibriumis established
= Asthisis anequilibrium, we can write an equilibrium constant expression for the reaction
= This constantis called the acid dissociation constant, K,

[A™][H"]

HA

K =

a

—
—

= Carboxylic acids are weak acids
= Forexample, propanoic acid, CH;CH,COOH (aq), dissociates according to the following equation
which leads to the K, expression for propanoic acid:
CH3zCH,COOH (aq) + H,0O (l) # CH;CH,COO~ (aq) + HzO* (aq)

OR
CH3CH,COOH (aq) = CH3CH,COO- (aq) + H* (aq)

= The acid dissociation constant expressions for propanoic acid:
[CH,CH,CO0~][H*]
[CH3CH2COOH]
= Values of K, are very small
= Forexample, K, for propanoic acid =1.34x10-°
= Whenwriting the equilibrium expression for weak acids, we assume that the concentration of H*
(aq) due to theionisation of wateris negligible
Weak bases

lKa=

= Aweak base will alsoionise in water and we can represent this with the base dissociation constant, K,
= |ngeneral, the equilibrium established is:
B (aq) + H,O (l) = BH* (aq) + OH" (aq)

= The base dissociation constant expressionis:
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Amines are weak bases
= Forexample, I-phenylmethanamine, C4HsCH,NH> (aq), dissociates according to the following
equationwhich leads to the K, expression for 1-phenylmethanamine:
CsHs5CH2NH; (aq) + H20 (1) = C¢H5CH2NH3* (aq) + OH- (aq)

= Basedissociation constant expression for 1-phenylmethanamine
[ CH,CH,NH,*][OH "]
[C6H5CH2NH2]

n Kb=

pK,and pKy

The range of values of K;and Ky is very wide
Forweak acids, the values themselves are very small numbers
Table of K, values

Acid Ka
Methanoic acid, HCOOH 1.77x10-4 3.75
Ethanoic acid, CH;COOH 1.74x10°5 4.75
Benzoic acid, C¢HsCOOH 6.46x1075 418
Carbonic acid, H,COz 4.30x10°5 6.36

Forthisreason, itis easier to work with another term called pK, for acids or pK for bases
In orderto convert the values we need to apply the following calculations:
pKa = -logK, K,=10-PKa

pKp = -logKp Kp=10-PKb

The range of pK,values formost weak acids lies between 3and 7

Relative Strengths of Acids and Bases

The larger the K value, the stronger the acid
The larger the pK;, value, the weaker the acid
Thelarger the Kp value, the stronger the base
The larger the pKp value, the weaker the base
Diagram showing the relationship between strong and weak acids / bases
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pKa INCREASES pK, INCREASES
STRONG WEAK STRONG WEAK
ACID ACID BASE BASE
Ka INCREASES Ky INCREASES

pK,and pK, tell us the relative strengths of acids and bases

In allagueous solutions, an equilibrium exists in water where a few water molecules dissociate into
protons and hydroxide ions
We can derive an equilibrium constant for the reaction:

H,O (I) * H* (aq) + OH~ (aq)

The concentration of wateris constant, so the expression for K, is:
K, = [H*][OH"]

Thisis a specific equilibrium constant called the ion product for water
The product of the two ion concentrationsis 1.00 x 10-14 at 298 K
For conjugate acid-base pairs, K, and K, are related to K,

K, x Ky, =Ky,

The conjugate base of ethanoic acid is the ethanoate ion, CH;COO~ (aq)
CH3;COOH (aq) # CH3COO~ (aq) + H* (aq)

acid conjugate base

We can then put thisinto the K, expression

r _'ilr +]
[cHyc00 ™ f[Ht]
" Ka = T[cu,coon]

The ethanoate ion will react with water according to the following equation
CHzCOO~ (aq) + H,O (I) = CH3zCOOH (aq) + OH~ (aq)

We can then put thisinto the K, expression
[CH,COOH][OH]
n Kb = r —
.LCH3COO |

4

Now, these two expressions can be combined, which corresponds to
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u Ka XKb = KW ,
" K,xKp=10"14
= Orwe could say that Your notes
* pKa+pKpb = pKw
= pK,+pKp=14
= This makes the numbers much more easy to deal with as using K, Kp, = 10~ will give very small
numbers
= Combining the K5 and Ky, expressions:
[cH,Co0™|[H"] y [CH,cooH[0oH™]

K, X K, =
@ b [ CH;COOH] [CH,C00"]

= Orrearranging these:

K,
- K, = r

K,
- Ky = —

o
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Solving Acid-Base Dissociation Problems (HL) 4

Your notes

Solving Acid-Base Dissociation Problems
Ka! pKa, Kb and pr

= |nreactions of weak acids and bases, we cannot make the same assumptions as for the ionisation of
strong acids and bases
= Foraweak acid andits conjugate base, we can use the equation:
Ky =Ky;xKy

= By finding the -log of these, we canuse:
PKw = PK, + PKp,

= Remember, to convert these terms you need to use:
pK,=-logK,  K,=10"PK

PKy, = -logKy, K= 10-PKb

= The assumptions we must make when calculating values for K, pKj,, K, and pKy are:
= Theinitial concentration of acid = the equilibrium concentration of acid
= [AT]=[H]
= Thereisnegligible ionisation of the water, so [H*]is not affected
= The temperatureis 298 K

@ Worked example

Calculate the acid dissociation constant, K, at 298 K for a 0.20 mol dm-3 solution of propanoic acid
with apH of 4.88.

Answer:

= Step 1: Calculate [H*] using
= [H*]=10-PH
- [H+]=]O—4.88
= [H*]=1.3183x10-°
= Step 2: Substitute values into K, expression
[H*]?
Ka= fCH,CH,COOH |
L 4
(1.3182 x 107%)?
) 0.2
» K,=8.70x10-10

u
a
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@ Worked example

A 0.035 mol dm=3sample of methylamine (CH3zNH>) has pKp, value of 3.35 at 298 K. Calculate the pH of
methylamine.

Answer:

= Step 1: Calculate the value for Ky using
= Kp=10"PKo
" Kp=1073-35
" Kp=4.4668x104
= Step 2: Substitute values into Kp, expression to calculate [OH]

o _LoH7T
°” [CH,NH, ]
foH"]
= 4.4668%x1074= = -
0.035

- [OH1=+/(4.4668 X 107% X 0.035)
= [OH1=3.9540x103
= Step 3: Calculate the pH
KW
[OH~]
= [H*1=(1x107%)+3.9539x10-3
s [H*]=2.5291x10°12
* pH=-log[H']
= pH=-l0g2.5291x10"12
= pH=11.60to2decimal places

- W=

OR

= Step 3: Calculate pOH and therefore pH
= pOH=-log[OH"]
= pOH=-log3.9540x10-3
= pOH=2.4029
= pH=14-pOH
= pH=14-2.4030
= pH=T11.60to2decimal places
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Salt Hydrolysis (HL) 4

Your notes

Salt Hydrolysis

= Anionic saltis formed from the neutralisation reaction of an acid and base
Neutralisation

NEUTRALISATION

HA + MOH > M'A” + H,0

PARENT PARENT SALT
ACID BASE

Neutralisation forming an ionic salt

= Theionic salt, MA, formed will dissociate in water
= Hydrolysisis where wateris used to break a bond within a compound, which results in the aqueous
ions foranionic salt
= Thereaction of the salt will vary depending on the strength of the acids and bases usedin the
neutralisation reaction
= Theuse of the differing strengths of the acids and bases will directly influence the type of salt
hydrolysis and the pH of the final solution

Strong Acids and Strong Bases

= Acommon example of thisis the reaction between hydrochloric acid, HCl (aq), and sodium hydroxide
(aq):
HCI (aq) + NaOH (aq) — NaCl (aq) + H,O

= TheNa*and Cl ions do not act as Brgnsted-Lowry acids or bases as they can notrelease oraccept H*
ions
= Therefore, they do not affect the pH
Strong Acid and Weak Base

= The salt formed by a strong acid such as hydrochloric acid, HClI (ag), and a weak base such as ammonia,
NH3z (aq), will form an acidic solution:
HCI (aq) + NH3z (aq) = NH4Cl (aq)

= Inthisreaction, the conjugate acid of ammoniais formed, NH4*, and can react with water to produce
H3;O*
NHz* (aq) + H20 () = H30" (aq) + NH3 (aq)

= Therefore, the solutionbecomes more acidic
= The hydrolysis of this salt demonstrates why the equivalence point of a strong acid - weak base pH
curveis below?7
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Strong Base and Weak Acid ,

= Thesalt formed by a strong base such as sodium hydroxide, NaOH (ag), and a weak acid such as Your notes
ethanoic acid, CHzCOOH (aq), will form an alkaline solution:
NaOH (aq) + CH3COOH (aq) — CH3COONa (aq) + H2O (I)

= |nthisreaction, the conjugate base of ethanoic acidis produced, CH3COO" (aq), and this willreact
with water to form hydroxide ions, OH~ (aq)
CH3zCOO~ (aq) + H,0 (I) > CHzCOOH (aq) + OH" (aq)

= Therefore, the solution becomes more basic
= The hydrolysis of this salt demonstrates why the equivalence point of a strong base - weak acid pH
curveisabove?7

Weak Acid and Weak Base

= |nordertodetermine the pH of the resulting solution of areaction between a weak acid and weak base
we must take into account the K; and K, values
= Usingthereaction between ammonia, NHz (aq), and ethanoic acid, CHzCOOH (aq), as an example:
NH3 (aq) + CH3COOH (agq)— CH3COONH,4 (aq)

= Both the cation (positive ion) and anionion (negative) produced will have acid-base properties
CH3zCOO~ (aq) + H,O (I) > CH3COOH (aq) + OH- (aq)

NH4* (aq) + H20 (I) - H30* (aq) + NHz (aq)

K,

K.(cation) =
( ) K, (parent base)
K
Kp(anion) = hd

K, (parent acid)

If the Kjis larger, the solution will be acidic
If the Kpis larger the solution will be basic
If K3 =Kp, thenthe pHwillbe 7

Metals

= Smallmetalions that have a high charge will exhibit a high charge density
= Anexampleis Al3*
= This makes the highly charged metalionsideal for forming complexes as they can coordinately bond
with ligands
= The complexformed canthenact as aweak acid by releasing hydrogenions when hydrolysed, H*
= The high charge density of the metalionincreases the polarity of the water molecule pulling the
electrons towards itself, until the O-H bond finally breaks
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[Al(H20)5(OH)]?* (aq) + H* (aq)

= The metalion must have a high enough charge and small radius for this to occur, consequently, 1+ and
2+ions willnot release H*ions and therefore decrease the pH of a solution

Diagram to show how the aluminium complex forms an acidic solution

A
]

The [Al(H20)s]%* (aq) releases an H+ ion decreasing the pH of the solution

Al

H\/H

/\
\/

H/\H
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Acid-Base Indicators (HL)

Acid-Base Indicators

An acid-base indicatoris a weak acid which dissociates to give an anion of a different colour
Consideraweak acid, Hin:
Hin(aq) = H*(aq) +In~(aq)

colourl1 = colour2

Hlnandits conjugate base In~ are different colours
The colour of the solution depends on the relative concentrations of the two species
= |fthe solutionis acidic, the above equilibrium will be shifted to the left and more Hin will be present
= Colourlwilldominate
= |f the solutionis alkaline, the above equilibrium will shift to the right and more In~ will be present
= Colour?2 willdominate
The colour does not change suddenly at a certain pH, but changes gradually overa pHrange
The colour of the indicator depends on the ratio of [HIn] to [In7]
The colour of the indicator depends on the pH of the solution
The pH at which these transitions will occur depends on the K, of the indicator
[H*][In"]
[Hin]
The endpoint of the reactionis where there is a balance between [HIn] and [In~]. At this point these two
concentrations are equal:

lKa=

rey+1r -1
- K, = LHr JLII: i _ [H*]
{Hln}
Taking negative logs of both sides
" pK,=pH

This means the pK, of anindicatoris the same as the pH of its endpoint
The colour change for most indicators takes place overarange of pH = pK, = 1

Weak bases asindicators

Anindicatorcanalso be aweakbase:
BOH (aq) = B* (aq) + OH" (aq)

colour1 = colour2

Forsuchindicators:
= Colourlisobservedinalkaline conditions
= Colour2isobservedinacidic conditions
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Choosing an Acid-Base Indicator (HL) ,

Your notes

Choosing an Acid-Base Indicator (HL)

Choosing a suitable indicator

= Around the equivalence point of a titration, the pH changes very rapidly
= Indicators change colour overanarrow pHrange, approximately centred around the pK, of the
indicator
= Anindicatorwillbe appropriate for a titration if the pH range of the indicator falls within the rapid pH
change for that titration
= Section18 of the data booklet contains information about acid-base indicators
Common Indicators and their colours table

pH range of colour

Indicator Colourinacid Colour in alkali D
Methyl orange red yellow 3.7 3.1-4.4
Bromophenol blue yellow blue 4.2 3.0-4.6
Methylred red yellow 51 4.4-6.2
Phenolphthalein colourless pink 9.6 8.3-10.0

Strong acid - strong base

= |nstrongacid - strong base titrations, the pH changes from 4 to 10 at the end-point so a suitable
indicator must change colour within thisrange

= Methylred and phenolphthalein are suitable indicators for these titrations

= Methyl orangeis notideal butit shows a significant enough colour change at the endpoint so is widely
used

Weak acid - strong base

= |nweakacid - strong base titrations, the pH changes from 7 to 10 at the endpoint so a suitable
indicator must change colour within thisrange

= Phenolphthaleinis the only suitable indicator for weak acid - strong base titrations that is widely
available

Strong acid - weak base
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= |nstrongacid - weak base titrations, the pH changes from 4 to 7 at the end-point so a suitable ‘,
indicator must change colour within thisrange
= Methylredis the most suitable indicator for these titrations Your notes

= However, methyl orange is often used since it shows a significant enough colour change at the
endpoint andis more widely available than methyl red

Weak acid - weak base

= |Inweakacid - weak alkali titrations, there is no sudden pH change at the end-point and thus there
are no suitable indicators for these titrations
= The endpoints of these titrations cannot be easily determined

Weak acid - weak base titration curve including indicators

N\ WEAK ACID + WEAK BASE KEY-
[] = PHENOLPHTHALEIN

[] =METHYL ORANGE

14

COLOURLESS

RANGE OF
} CHANGE
TO PINK

pH

RANGE OF
CHANGE
RED TO YELLOW

0 =
0 25.0 50.0
VOL, BASE ADDED /cm?

The overlay on the graph shows that both phenolphthalein and methyl orange would change colour
outside the point of inflection in a weak acid-weak base titration so they would not be able to show the
equivalence point of the titration
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Buffer Solutions (HL)

Buffer Solutions

= Abuffer solutionis a solution whichresists changes in pH when small amounts of acid or base are
added
= Abuffersolutionis used to keep the pH almost constant
= Abuffercan consist of weak acid - conjugate base or weak base - conjugate acid

Acidic Buffers

=  Acommon acidic buffer solutionis an aqueous mixture of ethanoic acid and sodium ethanoate
= Ethanoic acidis a weak acid and partially ionises in solution to form a relatively low concentration
of ethanoate ions
CH3;COOH (aq) = H* (aq) + CH3COO" (aq)

ethanoicacid = ethanoate
highconc & low conc

= Sodium ethanoate is a salt which fully ionises in solution
CH3zCOONa + ag —Na* (aq) + CH;COO~(aq)

sodiumethanoate — ethanoateion

low conc. - high conc.

= There arereserve supplies of the acid (CH;COOH) and its conjugate base (CHzCOO")
= The buffersolution contains relatively high concentrations of CHzCOOH (due to the partial
ionisation of ethanoic acid) and CH3;COO~ (due to the full ionisation of sodium ethanoate)

= |nthe buffer solution, the ethanoic acidis in equilibrium with hydrogen and ethanoate ions
CH3;COOH (aq) = H* (aq) + CH3COO" (aq)

high conc. high conc.

Adding H* ions to an acidic buffer solution

= The equilibrium position shifts to the left as H*ions react with CH;COO~ ions to form more CHzCOOH
until equilibriumis re-established

= Asthereisalargereserve supply of CH:COO-, the concentration of CHz;COO~ in solution doesn’t
change much asitreacts with the added H*ions

= Asthereisalargereserve supply of CH;COOH, the concentration of CH;COOH in solution doesn’t
change much as CHz;COOH is formed from the reaction of CHzCOO~ with H*

= Asaresult, the pHremainsreasonably constant

Ethanoate ions reacting with hydrogenions
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ETHANOATE IONS IN THE BUFFER SOLUTION REACT WITH
THE ADDED H' IONS TO PREVENT THE pH FROM DECREASING

CH,CO0™ (aq) + H'(aq) = CH,COOH(aq)

When hydrogen ions are added to the solution the pH of the solution would decrease. However, the
ethanoate ions in the buffer solution react with the hydrogen ions to prevent this and keep the pH
constant

Adding OH™ ions to an acidic buffer solution

= The OH reacts with H* to form water
OH™ (aq) + H* (aq) = H20 (l)

= The H*concentration decreases
= The equilibrium position shifts to the right and more CHzCOOH molecules ionise to form more H* and
CH3zCOO™ until equilibriumis re-established
CH3COOH (aq) = H* (aq) + CH3COO™ (aq)

= Asthereisalargereserve supply of CHzCOOH, the concentration of CH3COOH in solution doesn’t
change much when CH3zCOOH dissociates to form more H*ions
= Asthereisalargereserve supply of CHzCOO", the concentration of CHzCOO™ in solution doesn’t
change much
= Asaresult, the pHremainsreasonably constant
Ethanoic acid dissociating into hydrogen ions and ethanoate ions

EQUILIBRIUM MOVES TO REPLACE
THE REMOVED HYDROGEN IONS

1 4 |\

CH,COOH(aq) = CH,COO (aq) + H'(aq)

HYDROXIDE IONS COMBINE
WITH THESE TO MAKE WATER

When hydroxide ions are added to the solution, the hydrogen ions react with them to form water; The
decrease in hydrogen ions would mean that the pH would increase however the equilibrium moves to
the right to replace the removed hydrogen ions and keep the pH constant

Basic buffers
= Abasic bufferis made by mixing a solution of a weak base with its salt

Page 54 of 57

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

= E.g.NH3z(ag)and NH4Cl(aq)

= |nsolution
* NHz(ag)+H20 () = NH4* (aqg) + OH- (aq)
= The equilibriumlies to the leftas NHz is a weak base

= And
= NH4Cl(ag)— NH4* (aq) + Cl-(aq)
= NH4Clis asoluble salt so fully dissociated in solution

= Therefore the mixture contains high concentrations of NHz (ag) and NH4* (aq) which will be able to react
with any H* and OH~ added
Adding acid to an basic buffer

= |[fH*isadded
* NH3(aqg)+H*(aq) = NHa*(aq)
= H*willcombine with NHz to form NH4* so removing any added H*

Adding base to a basic buffer

= |fOH-isadded

* NHy4*(ag)+ OH-(ag) = NHz(aq)+HoO(l)

= OH~willcombine with the acid NH4* and form NH3 and H,O so removing any added OH-
= Therefore thereis no overall changeis pH if there are small amounts of acid or base are added

O Examiner Tip

= Rememberthat buffer solutions cannot cope with excessive addition of acids or alkalis as their
pHwill change significantly
= The pHwillonly remainrelatively constant if small amounts of acids or alkalis are added
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Buffer Calculations (HL) 4

Your notes

Buffer Calculations

= The pH of a buffer solution can be calculated using:
= The K, of the weak acid
= The equilibrium concentration of the weak acid and its conjugate base (salt)

= Todetermine the pH, the concentration of hydrogenions is needed which can be found using the
equilibrium expression:

r 1
[salt]lH"]

r_:11
tacid |

[ acid]

» K, = which can be rearranged to [H*] = K,

[ salt]

= Tosimplify the calculations, logarithms are used such that the expression becomes:

[ acid 1
s —log,,[H*] = —log,, K, X —log L[i(:lfi
= Since-log;g[H*] = pH, the expression can also be rewritten as:
= pH = pK, + log —[ salt]
a 10 Tacid]
= Thisis known as the Hendersen-Hasselbalch equation
Basic buffers
[ base ] [ salt]
* [OHT=K, T andpOH=pKy +logio 77—+
| salt | | base |

The pH of abuffer can be determined from:

= The pKj, or pKy values of its component acid or base
= Theratio of initial concentrations of acid and salt used to prepare the buffer
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@ Worked example

Calculate the pH of a buffer solution containing 0.305 mol dm=3 of ethanoic acid and 0.520 mol dm-3
sodium ethanoate.

The K, of ethanoic acid =1.74 x 10-° at 298 K

Answer:

= Ethanoic acidis aweak acid thationises as follows:
CH3zCOOH (aq) = H* (aq) + CH3COO (aq)

= Step 1: Write down the equilibrium expression to find K,
[cH,co0™][H"]

[CH;COOH]
= Step 2: Rearrange the equation to find [H*]

1

[CH;COOH]|
[CcH,C007]

1
4

lKaz

n [H+] =Ka X

Step 3: Substitute the valuesinto the expression
0.305

« [H] = 1.74 x107°%
0.520

=1.02x10-5 moldm-3

= Step 4: Calculate the pH
= pH=-log[H*]
= pH=-log1.02x10"5=4,99

Factors that caninfluence buffers
Dilution

= K,andKp are equilibrium constants so are not changed by dilution
= Dilution does not change the ratio of acid or base to the salt concentration as both components will be
decreased by the same amount
= The overall pH change of the buffer does not change
Temperature

= Aconstant temperature must be maintained when using buffers as temperature willinfluence the pH of
the solution

= Temperature affects the values of K, and K,

= |nmedical procedures, temperature fluctuations should be avoided due to the effect on the buffersin
the blood
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