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18.1Further Aspects of Acids & Bases

18.1.1Lewis Theory

Lewis Theory of Acids & Bases

¢ Amore general definition of acids and bases was given by G.N. Lewis who defined them as:
o Alewis acidis an electron pairacceptor

o Alewis baseis an electronpairdonor

+ [ - °
A + B —> A<—=B
LEWIS ACID LEWIS BASE COORDINATE
(ELECTRON ACCEPTOR)

(ELECTRON DONOR) BOND

General mechanism for Lewis acids andbases

¢ This enabled a widerrange of substances to be classed as acids orbases

¢ This canbe shown in the following examples in which a hydroxide ion, OH~, and ammonia,
NHz, donate a pair of electrons to a hydrogenion

H+1/\:OH — O

.O.
N\
H H

The OH~ion and ammonia act as Lewis bases in both examples by donating an electron pair
Brensted-Lowry Acids and Bases

* ABrensted-Lowry acidis a species that can donate a proton

o Forexample, hydrogen chloride (HCI) is a Brensted-Lowry acid as it can lose a proton
toform a hydrogen (H*) and chloride (CI7) ion

HCl(aq) > H*(aq) +Cl~(aq)

¢ ABrensted-Lowrybaseis a species thatcan accepta proton

o Forexample, a hydroxide (OH") ionis a Brensted-Lowry base as it can accepta proton
toformwater

OH~ (aq) +H*(aq) > H2O(I)
Weak acids dissociating
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¢ Inanequilibriumreaction, the products are formed atthe samerate as thereactants are
used

¢ This means that at equilibrium, both reactants and products are presentin the solution

e Forexample, ethanoic acid (CHzsCOOH) is a weak acid that partially dissociates in solution

¢ When equilibriumis established there are CH;COOH, H,0, CHzCOO~and HzO*ions
presentin the solution

Lewis Acid, Lewis Base, Bransted-Lowry acid or Brensted-Lowry base

¢ Apoint to considerwhen thinking about Lewis acids and bases as well as Bransted-Lowry
acids andbases is the donating and accepting of protons
o Brgnsted-Lowry acid andbase theory restricts the acids to proton donors only

* Alewis acid can accept a pair of electrons andit can also accept a proton
o As alone pairof electrons present a proton can be accepted, the OH"ionis a good
example of this

Tobedefinedas a Brensted-Lowry acid orbase, a proton must be donated oraccepted

e This does not of course occurin every reaction

¢ Forexample:

o Thelone pairon the nitrogen atomin ammonia, NHz, can be donated to the boron
atomin boron trifluoride, BF3, creating a molecule of NHzBF =

o Inthis case, neithercompoundreacts as an Brgnsted-Lowry acid or Brensted-Lowry
baseas no protons (H*ions) are being donated oraccepted

o Only electron pairs are being donated and accepted

FF " |
LEWIS ACID LEWIS BASE COORDINATE
BOND

Ammonia donates a lone pair of electrons to form a coordinate bond

 Hereboron forms three sp? hybridised orbitals leaving a vacant 2p, orbital which allows the
lone pairon the nitrogen atom to form a dative covalent bond
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SPACE FOR A LONE YOURNOTES
PAIR TO FORM 1
COORDINATE BOND

2p ’] 2p°

HYBRIDISE
2s > 2sp* |1 |1 ]

1s [, 1s ’] [,

EXCITED STATE

Hybridisation of the boron atom

¢ Thefollowingmolecules canbehave as either Lewis bases and Brgnsted-Lowry acids
o Lewis bases as they can donate an electron pair
o Brgnsted-Lowry base as they canacceptaproton

10 —H IC=N CH, NH,

Examples of molecules that can behave both as Lewis bases and Brensted-Lowry base
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¢ Inthecaseof acomplexion, such as hexaaquacopper(ll), the watermoleculeis actingas a
Lewis base andthe metalionis actingas a Lewis acid
o Copper(ll), like other transition metals, can form a complex due to a partially occupied

dsubshell
o Cu?*(aqg) +6Hy0 (1) > [Cu(H,0)6]%* (aq)

Cu2+

LEWIS
ACID

6 °0;
/

H

LEWIS
BASE
(LIGAND)

—>

[Cu(H,0),1
(COMPLEX)

V. — 2+
OH,

H,0 , OH,
Cu

AT/

H,0° | " OH,
OH,

Hexaaquacopper(ll) complex

¢ GiventhatLewis acids can donate a pair of electrons, they can be classed as electrophiles
o Anelectrophileis a electron-deficient species that can accept alone pairfroma
nucleophile, in the same way the Cu?*ion accepts electron pairs from water

e Thecyanideion, "CN,water,HoO,ammonia, NHz, are examples of Lewis bases and they
canalsoactas nucleophiles
o Nucleophiles are electronrich species with atleast on pair of lone electrons

*> Worked Example

Identify the Lewis acid and Lewis base in the following reaction

Answer

o Thelewis acidis water, HoO
= Thehydrogen in the watermoleculeis accepting a pair of electrons leavingan OH"

on

Methanoateionreacting with water
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o Thelewis baseis the methanoateion,HCOO" YOURNOTES
= Thelone pair of electrons in the methanoateion forms a coordinate bond with one 1
of the hydrogens from the water molecule
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18.1.2 pH Curves

pH Curves

e Duringatitration, a pH metercan be usedanda pH curve plotted
e ApH curveis a graph showing how the pH of a solution changes as the acid (orbase) is
added

N
14
pH AT
SR EQUIVALENCE
oH POINT
7
EQUIVALENCE
POINT VOLUME, V
0 N~
0 25.0 50.0 =

VOL, BASE ADDED (cm?®)

The features of apH curve

AllpH curves show an s-shape curve
e pH curvesyieldusefulinformation about how the acid and alkalireact together with
stoichiometric information
* Themidpoint of theinflectionis called the equivalence or stoichiometric point
e Fromthecurvesyoucan:
o Determinethe pH of the acid by looking where the curve starts on the y-axis
Find the pH at the equivalence point
Findvolume of base at the equivalence point
Obtain therange of pH at the vertical section of the curve

o

o

o

Four Types of Acid-Base Titrations

e There are four combinations of acids and alkalis that you should know about:
o strongacid+strongbase
o weakacid +strongbase
o weakbase +strongacid

weak acid + weak base

o
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StrongAcid + Strong Base
* Inthis example, sodium hydroxide, NaOH (aq), is being added to hydrochloric acid, HCl (aq)

HCI (aq) + NaOH (aq) » NaCl (aq) + H,O(I)

e ThepHinterceptonthey axis starts atalow pH, roughly 1, due to the relative strength of the
hydrochloric acid
e AstheNaOH (aq)is added, thereis a gradualrise in pH until the titration approaches the
equivalence point
¢ Inthis case, thepH atequivalenceis 7
o Theequivalence pointisin the middle of the vertical section of the pH curve

¢ Oncealloftheacidhas beenneutralised, the curve flattens outand continues torise
gradually
¢ Attheendof thetitration, the pH will be high due to therelative strength of the sodium

hydroxide
HIGH pH-
14

12
10
8 (*VEQUIVALENCE POINT
PR - - pH=7
6 —
N pH 1
4 INTERCEPT

0 5 10 15 20 25 30 35 40 45 50
VOLUME OF NaOH ADDED (cm?)

Strong acid - strongbase pH curve

Weak Acid + Strong Base

¢ Inthis example, strong sodium hydroxide, NaOH (aq), is being added to weak ethanoic
acid, CHzCOOH (aq)

NaOH (aq) + CH3COOH (aq) > CH3zCOONa (aq) + H2O (1)

e ThepH ontheinterceptonthey axis starts atroughly 3 due to therelative strength of the
ethanoic acid
¢ Theinitialrisein pH is steep as the neutralisation of the weak acid by the strong base is rapid
e Ethanoateions(conjugate baseto ethanoic acid) are formed which then creates a buffer
o Abufferconsists of aweak acid andits conjugate base oraweak base andits
conjugate acid
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At this point, the buffer formed will resist changes in pH so the pH rises gradually as shown
in the bufferregion
The half equivalence point is the stage of the titration at which exactly half the amount of
weak acid has been neutralised
o [CH3COOH (aq)] =[CH3COO™ (aq)]
o Atthis point,itisimportant to note that the pK, of the acidis equal to the pH
= pK,=pH athalf equivalence

The equivalence pointin a weak acid - strong base titrationis above 7

14

12
10 (_(“EQUIVALENCE POINT
N H>7
g P
P 1/2 EQUIVALENCE POINT|
i :
—————— |
4 I I
Pl 3 4 | \{:BUF#ER REGION
INTERCEPT | 2 : . ’
7 : l
| I 1 | [ | | | |
0] 5 10 15 20 25 30 35 40 45 50
VOLUME OF NaOH ADDED (cm?)
Weak acid - strongbase pH curve
Weak Base + Strong Acid

In this example, strong hydrochloric acid, HCI(aq), is being added to weak ammonia,
NH3z (aq)

NH3 (aq) + HCl (aq) » NH4Cl (aq)

The pH ontheintercept on they axis starts atroughly 11 due to the relative strength of the
ammonia
The pH will fallas the ammonia begins to be neutralised and the conjugate acid, NH4* (ag),
is produced
This again creates a bufferregion so the pH will only fall gradually
The half equivalence point is the stage of the titration at which exactly half the amount of
weak base has been neutralised

o [NHz(aq)]=[NH4*(aq)]

o Atthis pointitisimportant to note that the pKy of the baseis equal to the pOH

= pKp=pOH athalf equivalence

The pH at equivalence fora weak base-strong acidis below 7
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pH 11 YOURNOTES
INTERCEPT l

BUFFER REGION |

/%1/2 EQUIVALENCE POINT

I
! — 1
|
pH ! EQUIVALENCE POINT
61" - . pH <7
|
4 —
_ : -LOW pH
2 | .
I
|

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

VOLUME OF HCL ADDED (cm?)

Weak base - strong acidpH curve

Weak Acid + Weak Base

¢ Inthis example, weak ethanoic acid, CH;COOH (aq), is being added to weak ammonia,
NH3 (aq)

NH; (aq) + CH3COOH (aq)> CH;COONH, (aq)

¢ Thestarting pH of roughly 11 forthe weak base will fall as it begins to neutralise
e Thechangein pH for this titrationis very gradual
o Notethethatthevertical section of this pH curveis not steep as with other three so the
equivalence pointis difficult to determine
o Therefore this titration is not performed

e ThepH atequivalence foraweak acid -weak baseis roughly 7 but is difficult to determine
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|
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!
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Weak acid - weak base pH curve
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18.1.3 Indicators

Indicators

An acid-baseindicatoris a weak acid which dissociates to give an anion of a different
colour
Consideraweak acid, HIn:

Hin(aq) +H,O(l) = HzO0*(aq) +In~(aq)
colourl EN colour2

Hinandits conjugate baseIn™are different colours
The colour of the solution depends on the relative concentrations of the two species
If the solutionis acidic, the above equilibrium will be shifted to the left and more Hin will be
present
o Colourlwilldominate

If the solutionis alkaline, the above equilibrium will shift to the right and more In~ will be
present
o Colour2 willdominate

The colour of the indicator depends on the pH of the solution
o The colourdoes notchange suddenly ata certain pH, but changes gradually overa pH
range
o Thecolourof theindicator depends on theratio of [HIn] to [In~]

The pH at which these transitions will occur depends on the K, of the indicator
+ -
_IH I
= —
[(Hin]

The endpoint of thereaction is where thereis a balance between [HIn] and [In~]. At this point
these two concentrations are equal:

+
K. = [H 10r] M
[HAAT
Takingnegativelogs of both sides:

pK, =pH

This means the pK,of anindicatoris the same as the pH of its endpoint
The colourchange formostindicators takes place overarange of pH =pK, %1

Weak bases as indicators

Anindicatorcanalsobeaweakbase:
BOH (aq) =B*(aq) + OH" (aq)

colour1l = colour2
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e Forsuchindicators:
o Colourlis observedin alkaline conditions
o Colour2is observedinacidic conditions

Choosing a suitable indicator

¢ Aroundtheequivalence point of a titration, the pH changes very rapidly

 Indicators change colourovera narrow pHrange, approximately centred around the pK, of
theindicator

¢ Anindicatorwillbe appropriate for a titration if the pH range of the indicator falls within the
rapid pH change for that titration

Commonindicators and their colours table

pH range of
Indicator Colourinacid Colourinalkali pKgq colour change
Thymol blue red yellow 1.7 12-2.8
Methyl orange red yellow 3.7 3.1-4.4
Bromophenol blue yellow blue 4.1 3.4-46
Methyl red red yellow 55 4.4 -6.2
Phenolphthalein colourless pink 9.3 3.3 -10.0

Strong acid - strongbase

¢ Instrongacid - strongbase titrations, the pH changes from 4 to 10 at the end-pointso a
suitable indicator must change colourwithin this range
o Methylred and phenolphthalein are suitable indicators forthese titrations
o Methyl orangeis notideal butit shows a significant enough colourchange at the end
pointsois widely used

Weak acid - strongbase
¢ Inweakacid - strongbase titrations, the pH changes from 7 to 10 at the end-pointso a
suitable indicator must change colour within this range
o Phenolphthaleinis the only suitable indicatorforweak acid - strong base titrations
thatis widely available

Strong acid - weak base
¢ Instrongacid - weak base titrations, the pH changes from 4 to 7 at the end-pointso a
suitable indicatormust change colour within this range
o Methylredis the most suitable indicatorforthese titrations
o However, methyl orangeis often used sinceit shows a significant enough colour
change atthe end-point andis more widely available than methylred

Weak acid - weak base

Page 13 of 30

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
l


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

¢ Inweakacid - weak alkalititrations, there is no sudden pH change at the end-pointand
thus there are no suitableindicators for these titrations
o The end-points of these titrations cannot be easily determined

N\ WEAK ACID + WEAK BASE KEY:
[] = PHENOLPHTHALEIN
[] =METHYL ORANGE

14

COLOURLESS

RANGE OF
}_ CHANGE
bH TO PINK

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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18.1.4 Buffers

Buffers

¢ Abuffersolutionis a solution whichresists changesin pHwhen smallamounts of acid or
base are added
o Abuffersolutionis usedto keep the pH almost constant
o Abuffercan consist of weak acid - conjugate base or weak base - conjugate acid

Ethanoic acid & sodium ethanoate as a buffer

¢ Acommon buffersolutionis 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 ethanoateions

CH3COOH (aq) = H* (aq) + CH3COO™(aq)
ethanoicacid = ethanoate
high conc 2 low conc
¢ Sodium ethanoateis a salt which fully ionises in solution
CH3COONa +aq > Na* (aq) + CHz;COO~(aq)
sodiumethanoate - ethanoateion
low conc. > high conc.

¢ There arereserve supplies of the acid (CHzCOOH) andits conjugate base (CH3COO")
o Thebuffersolution contains relatively high concentrations of CH;COOH (due to the
partialionisation of ethanoic acid) and CHzCOO™ (due to the fullionisation of
sodium ethanoate)

In the buffer solution, the ethanoic acidis in equilibrium with hydrogen and ethanoateions
CH3COOH (aq) = H* (aq) + CH3COO™(aq)
high conc. high conc.

Adding H* ions to a buffer solution:

¢ The equilibrium position shifts to the left as H*ions react with CH3;C OO~ ions to form more
CH3zCOOH until equilibriumis re-established

e Asthereisalargereserve supply of CHzsCOO™, the concentration of CH;COO™in solution
doesn’tchange much asitreacts with the added H*ions

e Asthereisalargereserve supply of CHzsCOOH, the concentration of CHzCOOH in solution
doesn’tchange much as CHzCOOH is formed from the reaction of CH;COO~ with H*

¢ Asaresult, the pHremains reasonably constant
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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'(ag) == CH,COOHI(aq)

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

Adding OH~ ions to a buffer solution:
¢ The OH reacts with H* to formwater

OH~ (aq) +H* (aq) » HO ()

¢ TheH*concentration decreases
¢ Theequilibrium position shifts to theright and more CH3COOH molecules ionise to form
more H*and CH3COO™ until equilibriumis re-established

CH3COOH (aq) = H* (ag) + CH3COO" (aq)

e Asthereis alargereserve supply of CHzCOOH, the concentration of CHzCOOH in solution
doesn’tchange muchwhen CHzCOOH dissociates to form more H*ions

e Asthereisalargereserve supply of CHzCOO™, the concentration of CH3C OO~ in solution
doesn’tchange much

¢ Asaresult, the pHremains reasonably constant

EQUILIBRIUM MOVES TO REPLACE
THE REMOVED HYDROGEN IONS

T i |\

CH,COOH(aq) == CH,CO0 (aq) + H'(aq)

HYDROXIDE |ONS COMBINE
WITH THESE TO MAKE WATER

When hydroxide ions are added to the solution, the hydrogenions react with them to form
water; The decreasein hydrogenions would mean that the pH wouldincrease however the
equilibrium moves to theright to replace the removed hydrogenions and keep the pH
constant

(') ExamTip

¥ Rememberthat buffer solutions cannot cope with excessive addition of acids or
alkalis as their pH will change significantly.The pH will only remain relatively constant
if small amounts of acids oralkalis are added.

The Buffer Region
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e TheseareseenonapH curveandrepresent theregion where smalladditions in acid orbase YOURNOTES
resultinlittle changein the overall pH of the solution 1

e Foraweakacid- strongbasetitration between sodium hydroxide, NaOH (aq) , and
ethanoic acid, CHzCOOH (aq)

NaOH (aq) + CH3COOH (aq) » CH3COONa (aq) + HO(I)

¢ Theinitialrisein pH is steep as the neutralisation of the weak acid by the strong base is rapid
¢ Sodium ethanoateis then formed which creates a buffer that willresist changes in pH so
the pH rises gradually
o Abufferconsists of aweak acid andits conjugate salt

¢ This section of the curveis known as the buffer region
¢ Onlysmallincreases in pH are seen when the strongbase is added in this part of the
titration curve
¢ Atthis point, the acidis in equilibrium with the saltion
o CHzCOOH (aq) +H,O(l) = CHzCOO™+HzO*(aq)

e Continuingtoaddthe strongbasewill'use up' all of the acid so the forward reaction will

then be favoured

(_(_:EQUIVALENCE POINT
PH ____________________ PH >7

HIGH pH
AS STRONG
BASE USED

[
I

HPH =pKa AT HALF
EQUIVALENCE POINT

VOLUME OF NaOH (aq) ADDED

Bufferregion shown is a weak acid - strong base titration curve

e Abufferregionis also observed during a weak base - strong acid titration
o Ammonia, NHz (aq), and hydrochloric acid, HCI(aq), is a common example

NH3 (aq) + HCI (aq) > NH4Cl (aq)

e Thestarting pH of the weak base will fallas it begins to be neutralised and the conjugate
acid, NH,* (aq), willbe produced
¢ Thisresultsin a bufferthatresists changein pH
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¢ Duetothis, the pH will only fall gradually

pH

pOH = pKb AT 1/2 EQUIVALENCE POINT

K_‘QEQUIVALENCE POINT
pH <7

LOW pH AS
ATRONG
ACID USED

VOLUME OF HCl(aq) ADDED

Bufferregion shownis a weak base - strong acid titration curve
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18.1.5 Salt Hydrolysis

Salt Hydrolysis

¢ Anionicsaltis formed from the neutralisation reaction of an acidandbase

NEUTRALISATION

HA + MOH > M"A” + H,0

PARENT PARENT SALT
ACID BASE

Neutralisation

¢ Theionicsalt, MA, formed will dissociate in water
o Hydrolysis is where wateris used to break a bond within a compound, which results in
the aqueousions foranionic salt

¢ Thereaction of the salt will vary depending on the strength of the acids and bases usedin
the neutralisationreaction

¢ Theuse of the differing strengths of the acids and bases will directly influence the type of
salthydrolysis and the pH of the final solution

Strong Acids and Strong Bases

e Acommon example of this is the reaction between hydrochloric acid, HCl (aqg), and sodium

hydroxide (aq):
HCl (aq) + NaOH (aq) » NaCl (aq) + H,O

e TheNa*andCl ions donotactas Bransted-Lowry acids or bases as they can not release or
acceptH*ions
e Therefore, they do not affect the pH

Strong Acid and Weak Base

¢ Thesaltformedby a strongacid such as hydrochloric acid, HCl(aqg), and a weak base such
as ammonia, NHz (aq), will form an acidic solution:

HCI (aq) + NH3 (aq) > NH4Cl (aq)

¢ Inthisreaction, the conjugate acid of ammonia is formed, NH4*, and can react with waterto
produce Hz;O*

NH4* (aq) + H,O () » H30* (aq) + NH3 (aq)

e Therefore, the solution becomes more acidic
¢ Thehydrolysis of this salt demonstrates why the equivalence point of a strong acid - weak
base pH curveis below 7

Strong Base and Weak Acid

e Thesaltformedby a strongbase such as sodium hydroxide, NaOH (aq), and a weak acid
such as ethanoic acid, CH;COOH (aq), will form an acidic solution:
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NaOH (aq) + CHsCOOH (aq) > CH;COONa (aq) +H,0 () YOURNOTES

¢ Inthisreaction, the conjugate base of ethanoic acidis produced, CHz;COO™ (aq), and this !
will react with water to form hydroxideions, OH~ (aq)

CH3COO" (aq) + H,0 (1) > CH;COOH (aq) + OH-(aq)

¢ Therefore, the solution becomes more basic
¢ Thehydrolysis of this salt demonstrates why the equivalence point of a strong base - weak
acidpH curveis above7

Weak Acid and Weak Base

¢ Inorderto determine the pH of the resulting solution of a reaction between a weak acid and
weak basewe must takeinto account the K, and Ky values

¢ Usingthereaction between ammonia, NHz (aq), and ethanoic acid, CHzCOOH (aqg), as an
example:

NHz (aq) + CHzCOOH (aq)> CHzCOONH,4 (aq)

¢ Boththe cation (positiveion) and anionion (negative) produced willhave acid-base
properties

CH3zCOO~ (aq) + H,O (I) » CH3COOH (aq) + OH™ (aq)
NH4* (aq) + H,0 (1) » H30* (aq) + NH3 (aq)
Kw

Ka (CATION) =
K, (PARENT BASE)

Kw
Kq (PARENT ACID)

Ky (ANION) =

Howto calculate the vales for the values of K, (cation) and Ky, (anion)

o IftheKj,is larger, the solution willbe acidic
o IftheKyis largerthe solution will be basic
e If Ky=Kjp, thenthe pH willbe 7

Metals

¢ Smallmetalions thathave a high charge will exhibit a high charge density
o Anexampleis AIS*

¢ This makes the highly charged metalions ideal for forming complexes as they can
coordinately bond with ligands

e Thecomplexformedcanthen act as aweak acid by releasinghydrogenions when
hydrolysed, H*

¢ Thehigh charge density of the metalionincreases the polarity of the water molecule pulling
the electrons towards itself, untilthe O-H bond finally breaks

[AI(H20)6]** (aq) » [Al(H20)5(OH)1** (aq) + H* (aq)
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e Themetalion musthave a high enough charge and smallradius for this to occur,
consequently, 1+ and 2+ ions willnot release H*ions and therefore decrease the pH of a

solution

H\/

/\
\/

Al

H

/\
\/

H/\H

3+

H\/H

/ \ O~
"\ / \O/H

Al

|
H/\

H

The [AI(H,0)4]3* (aq) releases an H+ ion decreasing the pH of the solution
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18.2 Calculations Involving Acids & Bases YOUR TOTES

18.2.1 Acid & Base Dissociation Constants

Acid & Base Dissociation Constants
Weak acids

* Aweak acidis an acid that partially (orincompletely) dissociates in aqueous solutions
o Forexample, most carboxylic acids (e.g. ethanoic acid), HCN (hydrocyanic acid), H,S
(hydrogen sulfide) and H,C O3 (carbonic acid)
o Ingeneral, the following equilibriumis established:

HA (aq) + HO () = A~ (aq) + H;O* (aq)
OR
HA(aq)= A (aq)+H*(aq)

e Atequilibrium, the majority of HA molecules remain unreacted

¢ Theposition of the equilibriumis more over to theleft and an equilibriumis established
As this is an equilibrium, we can write an equilibrium constant expression forthe reaction
« This constantis called the acid dissociation constant, K,, and has the units mol dm~3

[A1[H,0"]
U AT
[A 1IHY]
Kg= ———
[HAT

Aciddissociation constant expressions

e Carboxylic acids are weak acids
o Forexample, propanoic acid, CHz:CH,COOH (aq), dissociates according to the
following equation which leads to the K, expression for propanoic acid:

CH3CH,COOH (aq) + H,0 () = CHsCH,COO- (aq) + H30* (aq)
OR
CH3CH,COOH (aq) = CH3CH,COO" (aq) + H* (aq)
[CH,CH,CO0™ 1IH,0"]
®~ 7 [CH,CH,COOH]

[CH,CH,CO0™ 1[H"]
[CH,CH,COOH]

a=

Aciddissociation constant expressions for propanoic acid
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e Values of K arevery small
o Forexample, K, for propanoic acid=1.34x10-° moldm~3

¢ When writing the equilibrium expression forweak acids, we assume that the concentration
of HzO* (aq) due to theionisation of wateris negligible

Weak bases

* Aweakbasewillalsoionisein waterandwe canrepresent this with the base dissociation
constant, Ky,
¢ Ingeneralthe equilibrium establishedis:

B (aq) + H,O (I) 2 BH* (aq) + OH™ (aq)

_ [BH"IIOH™]
T (BI

Basedissociation constant expression

¢ Amines areweakbases
o Forexample, 1-phenylmethanamine, C4H5CHoNH2 (aq), dissociates according to the
following equation which leads to the K, expression for 1-phenylmethanamine:

C6H5CH2NH2 (aq) + Hzo (|) = C6H5CH2NH3+ (aq) +OH" (aq)
‘ [C,H,CH,NH, 1LOH™]
®" [C,H,CH,NH,]

Base dissociation constant expression for 1-phenylmethanamine

pKzand pKp
e Therange of values of KzandKpis very wide and forweak acids, the values themselves are
very smallnumbers

Table of K,values

Methanoic, HCOOH 1.77 x107*
Ethanoic, CH;COOH 1.74 x107°
Benzoic, C,H,COCOH 6.46 x 107°
Carbonic, H,CO, 4.30 x 107

e Forthisreason,itis easiertowork with anotherterm called pK,for acids or pKpforbases
¢ Inorderto convert the values we need to apply the following calculations:

pKa=-logK, K,=107PKa
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Kp=107PKo

Table of pK,values

Acid Kq/ mol dm-3 pKa
Methanoic, HCOOH 177 x107* 3.75
Ethanoic, CH,COOH 1.74 x 107 4.75
Benzoic, C;H,COOH 6.46 x107° 4.18
Carbonic, H,CO, 4.30 x 107 6.36

e Therange of pKvalues formostweak acids lies between 3and 7

Relative Strengths of Acids and Bases

e Thelargerthe K,value, the strongerthe acid
e Thelargerthe pK,value, the weakerthe acid
e Thelargerthe Kpvalue, the strongerthe base
e Thelargerthe pKpvalue, the weakerthe base

pKa INCREASES

N\

STRONG
ACID

WEAK
ACID

S

Kq INCREASES

pKy INCREASES

N

STRONG
BASE

WEAK
BASE

~ S

K, INCREASES

pKsandpKjptellus therelative strengths of acids andbases
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Relating Kw to Ka

The lonic Product of Water and Temperature

¢ Inallagueous solutions, an equilibrium exists in water where a few water molecules
dissociateinto protons and hydroxide ions
¢ We can derive an equilibrium constant for the reaction:

2H,0(l) * H3O* (aq) + OH" (aq)
e Theconcentration of wateris constant, so the expression forK,, is:
Kw = [H30*][OH"]

¢ Thisis a specific equilibrium constant called theionic product for water
 Theproduct of the twoion concentrations is 1x10-¥mol2dm=at 25 °C

e Forconjugate acid-base pairs, K, and K, arerelated to K,y
KaKp =Ky
e Theconjugatebase of ethanoic acidis the ethanoateion, CHzCOO~ (aq)
CH3COOH (aq) + H,O (I) # CH3COO™ (aq) + H30* (aq)
acid conjugatebase
¢ We canthen put this in to the K, expression
[CH,COO™ 1[H,0M
?~ 7 ICH,COOHM]

Aciddissociation constant for ethanoic acid
e Theethanoateion willreact with wateraccording to the following equation
CH3zCOO™ (aq) + H2O (I) 2 CH3COOH (aq) + OH™ (aq)
¢ We canthen put this in to the K, expression

_ [CH,COOHIIOH ]
®”  [CH,CO07]

Base dissociation constant for the ethanoateion

¢ Now, these two expressions can be combined, which corresponds to
o KaszKw
o KaKp=10"14

e Orwecouldsaythat
o pKa+PpPKp = pKw
o pKa+pr='|4
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o This makes the numbers much more easy to deal with as using K, Ky, = 104 will give
very smallnumbers

< [CHCOO HO"1  [CH,COOHIIOH]
= X
anb [CH,COOH] [CH,CO0]

= [H,0"IIOH™1 = K,,

Combining K, Kpexpressions

e Orrearrangingthese:
o Ky= Kw/Kp
o Kp=Kw/Ka

Theionic product of water, K,

¢ Theionisation of wateris an endothermic process
2H,0 (I) 2 H3O* aq) + OH™ (aq)
e Inaccordance with Le Chatelier's principle, anincrease in temperature willresultin the

forwardreaction being favoured

o This causes anincreasein the concentration of the hydrogen and hydroxideions
o This leads to the magnitude of K, increasing
o Therefore, the pH will decrease

¢ Increasingthe temperature, decreases the pH of water (becomes more acidic)
¢ Decreasingthetemperature, increases the pH of water (becomes more basic)

40
N% 30
o
£
e 20—
2
hv4
10 —

T T | T | | T T T |
10 20 30 40 50 60 70 80 90 100

TEMPERATURE (°C)

Relationship between K,, and temperature
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18.2.2 Acid & Base Problem Solving

Acid & Base Calculations

pH
¢ Theacidity of an aqueous solution depends on the number of HO*ions in solution
e pHisdefinedas:

pH = -log [H30%*]
o Where [H3O"]is the concentration of H3O* 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;O*] =10"PH

e ThepH scaleis alogarithmic scale with base 10
e This means thateachvalueis 10 times the value below it
o Forexample, pH5is 10 times more acidic than pH 6

e pHvalues areusually givento 2 decimal places

pOH

¢ Thebasicity of an aqueous solution depends on the number of hydroxide ions, OH",in
solution
¢ pOHisdefinedas:

POH = -log[OH"]
o 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

¢ Ifyou are given the concentration of a basic solution and need to find the pH, this can be
doneby:

[H30*] =Ky /[OH7]
¢ Alternatively, if you are given the [OH ] and calculate the pOH, the pH can be found by:
pH=14-pOH
*> Worked Example
o

pH and H3O* calculations

1. Find the pH when the hydrogen ion concentration is 1.60 x 10~ mol dm~3
2.Findthe hydrogen ion concentration when the pHis 3.10
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Answers YOURNOTES

Answer1: l

The pH of the solutioniis:

o pH=-log[Hz0"]
» pH=-log1.6x10™4
= pH =3.80

Answer 2:
The hydrogen concentration can be calculated by rearranging the equation for pH

° pH=-log[H30"]
o [H30*=10-PH
- [H30+]:'|O—3.1O
= [H30%=7.94x10-*moldm™3

*> Worked Example
°

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
thepHis10.50

Answers

Sodium hydroxideis a strong base whichionises as follows:
NaOH (aq) » Na* (aq) + OH™ (aq)

Answer1:

The pH of the solutionis:

o [H]=K,, +[OH"]
= [H]=(1x1074)+0.15=6.66x107

o pH=-log[H*]
= pH=-log6.66x107=13.17

Answer 2
Step 1: Calculate hydrogen concentration by rearranging the equation for pH

o pH=-log[H*]
o [H*]=107PH
- [H+]='|O—1O.50
= [HY1=3.16x10""moldm™3
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Step 2: Rearrange the ionic product of water to find the concentration of hydroxide ions

o Ky=[HT[OH]
o [OH1=K,, + [H"]

Step 3: Substitute the values into the expression to find the concentration of hydroxide
ions

o SinceK,is1x10¥mol?dm=
= [OH1=(1x107") = (3.16x10° 1
= [OH1=3.16x10"*moldm™3

Ka, PKa, Kp and pKp
¢ Inreactions of weak acids andbases, we cannot make the same assumptions as forthe

ionisation of strong acids and bases
e Foraweakacidandits conjugate base, we canuse the equation:

Kw=K.Kp
¢ Byfindingthe -log of these, we canuse:
pPKw=pPK, +pPKp
¢ Remember, to convert these terms you needtouse:
pK,=-logK, K,=10"PKa
pKy=-logK, Kp=10"PKb

¢ Theassumptions we must make when calculating values for K, pKj,, K, and pKp are:
o Theinitial concentration of acid = the equilibrium concentration of acid

[ATT=[Hz0"]

Thereis negligible ionisation of the water, so [HzO*]is not affected

The temperatureis 25 °C

(e}

(e}

[e]

*> Worked Example

Calculate the acid dissociation constant, K,, at 298 K fora 0.20 mol dm™3 solution
of propanoic acidwith a pH of 4.88.

Answer
Step 1: Calculate [HzO*] using

o [Hz0%]=10"PH
= [H30*]=10"488
= [Hz0*1=1.3182x10-°

Step 2: Substitute values into K, expression (include image)

o K,=[H30%%/[CH3CH,COOH]
" K,=(1.3182x107%)2/0.2
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» K,=8.70x10""9mol dm™3 YOURNOTES
l

) Worked Example

A 0.035 mol dm™3 sample of methylamine (CH3NH,) has pKp, value of 3.35 at 298 K.
Calculate the pH of methylamine.

Answer
Step 1: Calculate the value for Ky using

o Kb:10'pr
= Kp=10733%
" Kp=4.4668x1074

Step 2: Substitute values into K, expression to calculate [OH"]

(e}

Kp=[OH12/[CH3NH,]
4.4668x10™4=[0OH12/0.035
[OH1=V(4.4668x1074x0.035)
[OH1=3.9539x1073

(e}

(e}

o

Step 3: Calculate the pH

o [H*]=K,, ~[OH"]
= [H=(1x10")+3.9539x1073
= [H*=2.5290%x10712
o pH=-log[H*]
= pH=25290x10712
= pH=11.60to2decimal places

OR
Step 3: Calculate pOH and therefore pH

o pOH =-log[OH"]
» pOH=-log3.9539x10°3
» pOH=2.4029

o pH=14-pOH
= pH=14-2.4029
= pH=11.60to 2 decimal places
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