UNIT

Acid-Base Equilibria

Unit Outcomes

At the end of this unit, you will be able to:

< understand the Arrhenius, Bransted-Lowry and Lewis concepts of acids and
bases,

< understand the dissociation of water, weak monoprotic and polyprotic acids,
and bases,

< know how to solve equilibrium problems involving concentration of reactants
and products, K, K., pH and pOH;

< understand the common-ion effect, buffer solutions, hydrolysis of salts, acid-
base indicators and acid-base titrations;

<« explain how buffering actions affect our daily lives, using some examples;

< determine the equivalents of acids and base, respectively, that are required to
neutralize specific amounts of base and acid;

< predict, in qualitative terms, whether a solution of a specific salt will be acidic,
basic or neutral;

<@ know how to solve problems involving concentration and pH of acid-base
titration; and

< describe scientific enquiry skills along this unit: classifying, communicating,
asking questions, applying concepts and making generalizations.
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Whileworking with your groups collect alemon, orange and a piece of soap.

Procedure:
1. Preparelemon and orangejuicesand put themintwo different test tubes.

2. Putapieceof bluelitmus paper in each test tubes. What did you observe? What
doyou concludefromthistest?

3. Takeapieceof soap and dissolveitin 10 mL of water. Add apieceof red litmus
paper or 2-3 dropsof phenol phthalein solution.

What do you observe and what do you concludefrom thistest?

Acidsand bases areimportant in numerous chemical processesthat occur around us.
Their importancevary greatly, for example, fromindustrial processesto biological ones
and fromreactionsinthelaboratory to thosein our environment. Proteins, enzymes, food
products, medicines, blood, genetic materid, and other componentsof living matter contain
both acidsand bases.

Inthisunit youwill learn threedefinitionsof acidsand basesthat will dllow youto understand
ever-increasing numbersof reactionsin different phasesof life. Whiledealing withthe
acidsandthebasis, you will aso beableto apply the principlesof chemica equilibriumto
thisessential group of substances.

After presenting the classical (Arrhenius) acid-basedefinition, wewill examinetheacid
dissociation to seewhy acidsvary in strength. The pH scaleisintroduced asameans of
comparing theacidity or basicity of agueoussolutions. Then, wewill noticethat the short
coming of the Arrheniustheory are overcome by the theory proposed independently by
JN. Brensted in Denmark and T.M. Lowry in Great Britian.
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Weak acids and weak bases areimportant weak electrolytes. They arefound in many
chemical and biological processesof interest. Amino acids, for example, are both weak
acidsand weak bases. Inthisunit, wewill learn someways of expressing concentrations
of hydroniumionsand of hydroxideionsin solutionsof weak acidsand weak bases. Then
you will examineequilibriainvolving theseweak electrolytes. You will also seethat the
indicators, usedintitration, such asphenol phthalein, arewesk acidsor weak bases. Finally
youwill learn how to use these propertiesto select an appropriateindicator for atitration.

2.1 ACID-BASE CONCEPTS

At the end of this subunit, you will be able to:

* defineacid by theArrheniusconcept;

+ explainwhy proton exists bounded to water molecules, asH,O", inall acid-base
resctions,

» giveexamplesof Arrheniusacids,

* definebaseusing theArrheniusconcept;

 giveexamplesof Arrheniusbases;

* defineacid using the Brensted-L owry concept;

* giveexamplesof Bransted-Lowry acids;

* definebase using the Bransted-L owry concept;

 giveexamplesof Brgnsted-L owry bases;

» explanwhat conjugate acidsand conjugate basesare;

* identify theacid-base conjugate pairsfrom agiven reaction;

* writean equation for self-ionization of water and ammonig;

 explainwhat ismeant by amphiprotic species,

* giveexamplesof reactionsof amphiprotic species,

* defineanacid by using Lewisconcept;

» giveexamplesof Lewisacids,

* defineabase usingthe L ewisconcept;

» giveexamplesof Lewishases.

In grade 10 Chemistry, you have learnt the acid-base concepts. Recall this and discuss the
following questions in group. After discussion write a report and present to the class:

1. Explain the concept of acid-base using examples.

2. Which of the concepts is more general?
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Svante August Arrhenius (1859-1927), was a Swedish chemist
helped lay the foundations of modern chemistry. Born near
Uppsala, Sweden, he was educated at the University of Uppsala
. and received his Ph.D. in 1884. While still a student, he studied
the conductive properties of electrolytic (charge-conducting)
solutions. In his doctoral thesis, he formulated the theory of
electrolytic dissociation.

This theory holds that, in electrolytic solutions, the dissolved
chemical compounds in the solution are dissociated into ions,
even when there is no current flowing through the solution.
Arrhenius also postulated that the degree of dissociation
Svante August increases as the solution becomes more dilute. This hypothesis

Arrhenius later turned out to be significantly true only for weak
electrolytes. His theory was initially thought to be completely
wrong, and his thesis was given the lowest possible passing
grade. Later, however, Arrhenius’ theory of electrolytic
dissociation became generally accepted, and eventually became
one of the cornerstones of modern physical chemistry and
electrochemistry.

2.1.1 The Arrhenius Concept of Acids and Bases

Form groups and discuss the following questions and write a report of your discussion.

1. Explain Arrhenius acids and bases concepts using suitable examples?

2. Does hydrogen ion exist freely in water?

What are the drawbacks of the Arrhenius concepts of acids and bases?
TheArrheniusdefinition of acidsand baseshasthefollowing limitations.

* |t definesacids and basesin terms of what happenswhen compoundsdissolvein
water. However, Smilar chemistry occursin many reectionsthat take placein solvents
other than water, and thisdefinition does not work for such reactions.

* |t does not explain why some compounds in which hydrogen has an oxidation
number of + 1 (such asHCI) dissolveinwater to give acidic solutions, whereas
others (suchasNH,) do so.
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* Only the compoundsthat contain the OH~ion can be classified asArrhenius bases.
TheArrhenius definition does not explain why compounds such asNa,CO, have
basic properties.

Exercise 2.1

Based on their dissociations in water solution, classify each of the following
compounds as Arrhenius acid, Arrhenius base, or as a compound that cannot be
classified as an Arrhenius acid or Arrhenius base.

a HPO,() + HO(I) = HPO (&) + HO (a0
b NaCl(s) + H,O() = Na'(ag) + Cl(ag)

c CaOH), + HO() = Ca&(a) + 20H(aq)
d NH,() + HO() = NHj(ag) + OH (a0

2.1.2 Brgnsted-Lowry Concept of Acids and Bases

From what you have learnt in Grade 10 Chemistry discuss the following questions.
1. What are acids and bases according to Brgnsted-Lowry concept?
. How does it differ from Arrhenius definition? What are the similarities?

2
3. Give two Brgnsted-Lowry bases that are not Arrhenius bases.
4

. Are there any Brgnsted acids that do not behave as Arrhenius acids?

Congder theionization of hydrochloricacidinwater:

oo +
oo/\ (X O o0 _
H—Of + H—Clt — H” | “H| +(it
H H
Which oneis a Bransted-Lowry acid and which one is a Brgnsted-L owry base?

The Brensted-L owry concept isnot limited to reactionsin agueous sol ution. For example,
HClisanacidinliquid anmonia, NH(I), just asitisinwater.

% i
N+ @ — |[H—N—H -+ :CE

0l u |
H H
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TheBransted-L owry concept successfully explainshow ammoniaactsasabasein water,
whichtheArrheniusdefinitionfailsto do. Intheionization of ammonia, NH,, water isthe
acid. Theionization of anmoniainwater isareversiblereaction. Thisreversbleacid-base
reaction can bewritten as:

H * -
o0 ° ‘ X
I-I/@—Q. <= |H—N—H| + :0—H

| | |
H H H H

Oncean acid hasgiven up aproton, the remaining part can be aproton acceptor and s,
now called a conjugate base. On the other hand, when a base accepts a proton, the
speciesformediscalled conjugate acid.

Every acid has a conjugate base, and every base has a conjugate acid. Thus, for any
conjugate acid-basepair:

* Theconjugate base has onelessH and one more minus chargethan the acid.
* Theconjugate acid hasonemore H and oneless minus charge than the base.

Table 2.1 The conjugate pairs in some Acid-Base Reactions.

Acid  + Base =—  Conjugate base =+  Conjugate acid

|

HF + H,0 = F- + H,0"

HCOOH 1 CN- = HCOO~ ik HCN

NH,* + coz = NH, + HCO,"

H,PO,”  + OH- = HPO2- + H,0

HSO,  + N,H,* = HSO," + N,H,2*

HPOZ  + S0,> = PO3- + HSO,"
Example 2.1

Identify the Bransted-Lowry acids and bases and their respective conjugates
in each of the following reactions.

aHS + NH, = NH + HS

b OH- + HPO- = H,0 + HPOZ
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Solution:

To identify Bransted-Lowry acids and bases, we look for the proton donors
and proton-acceptors in each reaction.

a H,Sis converted to HS by donating a proton. So, H,S is an acid, and
HS is its conjugate base. NH, accepts the proton lost by the H,S. As a
result, NH, is a base, and NH," is its conjugate acid.

HS + NH, = NH; +  HS
Acid Base Conjugate acid Conjugate base

b OH~ accepts a proton from H,PO,~. Therefore, OH~is a base and H,O is
its conjugate acid. H,PO,~ donates a proton to OH™. Thus, H,PO," is an
acid, and HPO,* s its conjugate base.

OH™ + H,PO;, = H,0 + HPO;
Base Acid Conjugate Acid  Conjugate Base

I dentify the Bransted-L owry acids, bases, conjugate acidsand conjugate basesin each
of thefollowing reactions.

Exercise 2.2

NH, + HCO; = NH, +  CO
H,PO, + H,0 = H,PO,S +  HO
H,0 + SO~ = OH- +  HSO,~

CH,COOH + H,O = CHCOO  + HO*

Strengths of Conjugate Acid-Base Pairs

Thestronger the acid, theweaker isits conjugate base. Similarly, the stronger the base,
theweaker isits conjugate acid. For example, HCl isastrong acid, and its conjugate
base Cl-, isaweak base. Acetic acid, CH,COOH, isaweak acid, and its conjugate
base, CH,COO-, isastrong base. Thefollowing chart showsthe strength of conjugate
acid-base pairs.
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Acid Base
( HCI cr
H,SO HSO; .
Stron e 4 Negligible
g 3 HIO, NO: glig
| H,0 H,0
( HSO; Sor \
H,S0, HSO,
H,PO, H,PO;
HF F- ) <
z CH,COOH CH,COO 2
2 H,CO, HCO, 2
g ek s HS' weak g
< HSO; O3
H,PO, HPO;~
HCN CN-
NH; NHg
HCO; CO, )
HPO? PO,
Negligible { H20 02'_* Strong
HS~ S
OH~ 0

Chart 1.1 Strengths of Conjugate Acid-Base Pairs.

Auto-ionisation of Substances

Name the ions present in water. How are they formed?

Theauto-ionisation (self-ionization) of asubstanceinvolvesthetransfer of aprotonfrom
onemol ecul e of the substance to another mol ecul e of the same substance. For example,
water undergoes auto-ioni sation as shown below:

/\H .o +
Nes .

p SN -
O + ) H H + [:O — H}
N YN ,L -
H H H T
Actas a Actas an Hydronium ion Hydroxide ion
base acid

Thiscan berepresented by thefollowing equation:
2H,0(l) = H0'(ag) + OH(ag)
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Notethat, inthisreaction, somewater moleculesbehave asacids, donating protons, while
the other water mol ecul es behave as bases, accepting protons.

Amphiprotic Species

Many moleculesandionsgain or loseaproton, under appropriate conditions. Such species
aresaidto beamphiprotic. For example,

HCOyag) = H'(ag) +  CO.%(aq)
HCOj(ag) + H'a) = H,COa0)

In other words, amphiprotic species are speciesthat can act asboth an acid and abase.
Can you suggest more examples of amphiprotic species?

Exercise 2.3
1. Defineeach of thefollowing termsand give examplesfor each.

a autoionizetion
b amphiprotic species
2. ldentify theamphiprotic speciesin each of thefollowing reactions.
a HPO2(ag) + H,0'(aq) H,O(1) +  H,PO;(aq)

HPO,2(aq) + HO() = HO0'ag) + POZ(aq)
b NH,(9) +  HO() = NH,(ag + OH<(ag)
HCI(g) + HO() =« HO'(ag) + Cl(ag)

3. Which of thetwoisthe stronger base? Giveyour reason.
a HPO or PO}~ b HS orS* ¢ CO5or HCOq
What isthe weakness of the Brgnsted-L owry acidsand basestheory?

5.  Wiritethe sdf-ionization of water and ammonia.

2.1.3 Lewis Concept of Acids and Bases

Form groups and discuss the following and report the result of your discussion to your
teacher.

1. Explain Lewis concept of acids and bases.

2. How do Lewis acids and bases differ from Brensted-Lowry acids and bases?
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3. Are all Brgnsted-Lowry acids and bases are also acids and bases according to Lewis
concept?

4. |s there any limitation to the Brgnsted-Lowry definition of acids and bases? Explain if any.

The Lewisacid-base concept includes many reactionsthat do not involve proton- transfer
reactions. Consider, for example, thereaction between boron trifluoride (BF;) andammonia
to form acompound, BF; <« :NH,.

Lewis base Lewis acid

Theboron atomin borontrifluoride, BF;, hasonly six electronsinitsvalance shell and
needstwo electronsto satisfy the octet rule. Consequently, BF; (Lewisacid) acceptsa
pair of electronsfrom NH, (Lewisbase).

Thisexample suggeststhat inal ewisacid-base reaction, we should ook for:

1. aspeciesthat hasan availableempty orbital to accommodate an electron pair such
astheB atomin BF,, and

2. aspeciesthat haslone-pair electronssuch asNH,.

The Lewisdefinition allowsusto consider typica Bransted-L owry bases, suchasOH-,
NH,, and H,0, as Lewis bases. They all have electron pairs available to donate for
electron-deficient species.

Notethat any moleculeor negatively charged specieshaving an excessof eectronscan be
considered asal ewisbase, and any el ectron-deficient molecule or positively charged
speciescan beconsidered asal ewisacid.

Exercise 2.4
Identify Lewisacidsand Lewisbasesin each of thefollowing reactions.

a sc, + 2o > [SCJ*

b PR, + F —  [PFRJ

c Cu¥ + 4NH; —  [Cu(NH,),J*
d co,b + HO —  H,CO,

e Ni + 4CO -  Ni(CO),

76




ACID-BASE EQUILIBRIA (UNIT 2) ‘

2.2 IONIC EQUILIBRIA OF WEAK ACIDS AND BASES

At the end of this subunit, you will be able to:
* describetheionization of water;
* derivetheexpression of ion product for water, K ;
* explaintheeffect of temperatureon K, ;
* explanwhy water isaweak eectrolyte;
+ useK, tocaculate[H,0"] or [OH] inagueoussolution;
» definepH;
» definepOH,;
» explaintherelationship between pH and pOH;
» caculatepH from[H*] and[H*] from pH;
» calculate pOH from [OH"] and [OH"] from pOH;
» writeanexpressionfor the percent ionization of weak acids or weak bases;
 calculatethe percent dissociation of weak acidsand bases,
* writetheexpression for the acid-dissociation constant, K ;
« caculateK, for an acid fromthe concentration of agiven solution and itspH;

* caculate[H*] and pH of anacidic solution from givenvaluesof K andtheinitial
concentration of thesolution;

* writetheexpression for the base-dissociation constant, K ;

+ caculateK, for abasefrom the concentration of abasic solutionanditspOH ; and

* cdculatethe[OH] and pOH of abasic solution from agiven vaueof K and the
initid concentration of thesolution.

2.2.1 lonization of Water

How do you calculate the concentration of H,O" ions if the concentrations of
OH~ionsand K, at 25°C are given?

Recdl that water isamphiprotic. So, to adight extent, water moleculescan transfer protons
among themselves. In the salf-ioni zation of water, the proton lost by onewater moleculeis
gained by theother.
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/\H oo +
Neo O e

’ SN B
:0: 4+ 0 H HI o+ [:o — H}
VRN a — H .
H H H =
Actas a Actas an Hydronium ion Hydroxide ion
base acid

The sdlf-ionization of water can berepresented by thefollowing equation:
2H,0() = H3O+(aq) + OH=(ag)

Sincethisreactionisreversible, wecan gpply thelaw of massactiontowritetheequilibrium
constant expression.

_[H;0"][OH7]
R e
[H,0O]
Because only very small fractions of water moleculesareionized, the concentration of
water, [H,QO], remainsunchanged. Thisequilibriumexpresson canbesmplified by including
the constant [H, 0] term with thevalue of K _ to obtain anew equilibrium constant, the
ion-product for water, K,

K. [H,0]?= K, =[H,0"] [OH]

where, K__istheequilibrium constant, intermsof concentretion.

Note that K, is the product of the molar concentrations of H,O" and OH~ ions at a
particular temperature.

SinceweuseH*(aqg) and H,O"(aq) interchangeably to represent the hydrated proton, the
equilibrium constant can also be expressed as

K, =[H][OH]
In purewater at 25°C, the concentrations of H* and OH~ ionsare equal and found to be
[H*] = 1.0x10"M and [OHT] = 1.0x 10'M at 25°C,

K,, =[H][OH] = (1.0x107) (1.0x107) = 1.0x 10
Asyou havelearnedinyour studiesof chemical equilibriumin Grade 11, thevalueof K,
inthiscase K, changes astemperature changes. Inany agueoussolutionat 25°C, no

matter what it contains, the product of [H*] and [OH] must alwaysequal 1.0 x 10714,
Therearethreepossiblesituations.

a A neutrd solution, where[H*] =[OH].
b Anacidic solution, where[H*] > [OH].

¢ A basicsolution, where[OH™] > [H"]
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Form groups and discuss the following. Write a report on the discussion and present to the
classs.

Many substances undergo auto-ionization in analogous to water. For example, the auto-
ionization of liquid ammonia is:

2NH, = NH + NH;

3 2
a Write a K_expression for auto-ionization of ammonia that is analogous to the K
expression for water.

b Name the strongest acids and strongest bases that can exist in liquid ammonia?

¢ For water, a solution with [OH] < [H,0*] is acidic. What are the analogous relationships
in liquid ammonia?

Exercise 2.5

1. Cdculate[H*] or [OH], asrequired, for each of thefollowing solutionsat 25°C,
and state whether the solutionisneutral, acidic, or basic.

a [OH] =1.0x10“M c [H1=10x10"M
b [OH]=10x10%M
2. Cdculatetheconcentration of OH-inasolutioninwhich
a [H01=20x10°M
b [H;O] =[OH]
¢ [H,0" =107 x [OH]
3. Cdculate[H,0"] inasolutionthatisat 25°C and has[OH7] =6.7 x 102 M. Is
the solutionneutral, acidic, or basic?

4. At40°C, thevaueof K  is2.92 x 10714, Calculatethe [H*] and [OH] of pure
water at 40°C.

5. Why water isawesak electrolyte?

The pH scale

The concentration of H* in aqueous solution isusually very small and inconvenient to
express and to draw as graphs. Soren Sorensen, in 1909, devel oped the pH scaleto
solvethisproblem. ThepH of asolutionisdefined asthe negativelogarithm of thehydrogen
ion concentration (inmol/L):

pH=-og[H,0"] or pH=-og[H"]
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Notethat the negativelogarithm gives us positive numbersfor pH. What isthe pH value
of aneutral, basic and acidic solution?

A pH-meter (Figure 2.1) isused to measure the pH of asolution.

Figure 2.1 pH-meter.

In your group, measure the pH of the following substances, using a pH-meter. Copy and fill
in the following table. Compare your results with those of other groups. Find the pH
values of the substances in reference books and other sources and compare your results
with the values you observed.

Substance pH Acidic, Basic or Neutral

Beer

Milk of Magnesia

Tomato juice

Lemon juice

Human saliva

Drinking water
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pH decreases asthe concentration of H* ionsincreases; in other words, themoreacidic
the solution, thelower itspH; the more basi ¢ the solution, the higher its pH.

ThepH notation hasbeen extended to other exponentia quantities. For example, hydroxide
concentrations can be expressed interms of pOH, where pOH =—-og [OH]. Similarly,
pK,, can beexpressedas—HogK, .

Derive the relationship, pH + pOH = pK = 14 at 25°C.

Example 2.2
Cdculatethe pH of abasic solution, inwhich[OH7] =2.0 x 103 at 25°C.

Solution:

Fromthegiven[OH"], wecan determine[H*], using therelation

—14
Kw _1.0x10

[H]=—W — =5.0x10""M
[OH"] 2.0x 10
pH =-og (5.0 x 101%) = 11.30
Example 2.3
Cdculae

a thepH and pOH of ajuicesolutioninwhich[H,0"] is5.0 x10° M
b the[H,0"] and [OH"] of human blood at pH = 7.40

Solution:
a Given: Required:
[H;0] =5.0 x10°M pH =?and pOH="?
pH=-log[H,0"] =-log (5.0 x 107
=3-10g5.0=23
pH + pOH = 14

pOH =14 -pH=14-23=11.7
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b pH=7.40, [H0"]="? [OH] =2
—log[H,O'] =7.40
log[H,0"] =-7.40
[H,0] — 10740

= 4.0 x10¢M
K, _10x10"*
[H,0"] 40x10°

[OH] = =25x107M

Exercise 2.6
1. A solutionformed by dissolving anantacidtablet hasapH of 9.18 at 25°C. Cdculate
[H*], [OH"] and pOH.

2. Asolutionis prepared by diluting concentrated HNO, to 2.0 M, 0.30 M and
0.0063M HNO, at 25°C. Calculate[H,0O"], [OH], pH and pOH of the three
solutions.

2.2.2 Measures of the Strengths of Acids and Bases in
Aqueous Solution

The strength of acids and bases can be described in many ways. Some of thewaysare
the concentration of hydrogen and hydroxideions, pH and pOH, percent dissociation,
K,and K.

1. Concentration of hydrogen and hydroxide ions

Acid strength refersto the ability of an acid to release protons. A strong acid givesup
protonsmoreeasily than aweak acid. For two acidsof equal concentrations, the strongest
acid producesthe greater quantity of hydrogenions. Base strength refersto theability of a
baseto accept protons. A strong base accepts more protonsreadily than aweak base. A
solution of astronger basewill contain alarger concentration of hydroxideionsthana
solution of aweaker baseif both solutionsare of equal concentration.

In unit two of Grade 10 Chemistry, you learned about the strength of acids and bases.
By referring to this text book and other chemistry books, list strong acids, strong bases,

weak acids and weak bases. Then discuss what you have written with the rest of the class.
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2. pH and pOH
If the pOH of a solution at 25°C is 12, isit acidic, neutral or basic?

Itispossibleto predict the strength of acidsfrom their pH values. The smaller the pH
value, the stronger the acid. The concentration of hydroxideionsin asolution can be
expressed interms of the pOH of the solution. Hence, the strength of bases can also be
determined from their pOH values. The smaller the pOH value, the stronger the base.

3. Percent lonization
How do you determine the percent ionization of an acid or a base?

Theextent towhich an acid or baseionizesiscaled percent ionization. Mathematically,

lonized acid or base concentration at equilibrium “
Initial concentration of ionized acidor base

100

Percentionization=

Thestrength of an acid depends on the percentage of the acid moleculesthat dissociatein
water solution. If ahigher percentage of the original acid moleculesdissociate, thenthe
acidisastrong acid. Strong acids and strong basesionize nearly completely in water.
However, weak acidsand weak bases dissociate partially in water, and their percent of
ionizetionissmdl.

4. Dissociation (lonization) Constants

Acid Dissociation Constant, K

What is the relationship between strength of acids with their acid-dissociation
constant values?

The acid-dissociation constant isaquantitative measure of the strength of theacidina
given solvent. For thedissociation of theacid, HA;

HA(ag) + H,O() = H,0'(ag) + A~ (ag)
the dissociation-constant expression can bewritten as.
L0 [[A]
[H0][HA]
Sincethe concentration of water isnearly constant, we canwrite;

[HA]
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The product of thetwo constants, K and[H,O], isitself aconstant. Itisdesignated asK
whichisthe acid-dissociation constant or the acid-ionization constant. Hencefor aweak
acid, HA:

o)A ]

T [HA]

TheK, vauefor astrong acidisvery large, because[HA] inthedenominator isvery small
sincetheacid dissociatesessentially completely. Smilarly, the K vauefor aweak acidis
relaively smal, since[H,0"] and[A~] arevery small, and [HA] inthedenominator islarge.
Theionization-constants of someweak monoprotic acidsaretabulatedin Table 2.2.

Table 2.2 lonization constant of some weak monoprotic acids at 25°C.

Name of the Acid Formula K,

Acetic acid CH,COOH 1.8 x 107
Ascorbic acid CHgOq 8.0 x 10~
Benzoic Acid C¢H.COOH 6.5%x 107>
Formicacid HCOOH 1.7 x 1074
Hydrocyanic acid HCN 49 x 10710
Hydrofluoric acid HF 6.8 X 107
Hypobromous acid HOBr 2.5 % 107°
Hypochlorous acid HOdl 3.0x 1078
Nitrous acid HNO, 45x 10

How do you calculate the pH of weak acids?

Generally, we can cal culate the hydrogen-ion concentration or pH of an acid solution at
equilibrium, giventheinitial concentration of theacidanditsK  value. Alternatively, if we
know the pH of aweak acid solution anditsinitial concentration, we can determineitsik..

The following may help you to solve weak-acid dissociation problems.

1. identify themajor speciesthat can affect the pH of the solution. In most caseswe
canignorethedissociation of water. Why?

write balanced equationsfor the reactions producing H,O".

list theinitial concentration of the species participatingintheequilibrium.
definethe change needed to achieve equilibrium. That is, definex.
writetheequilibrium concentration, intermsof x.

2.
3.
4,
5.
6.

writethe acid dissociation constant, K, intermsof equilibrium concentration.
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7. first solvefor x by the approximation method. If theapproximationisnot valid, use
the quadratic equation.

8. having solvedfor x, caculatetheequilibrium concentrationsof al speciesand/or the
pH of the solution.

Example 2.4

CdculatethepH of 2a0.50 M HF solutionat 25°C. Theionization of HF isgiven by
HF(ag) + H,O(l) = H;0%(aq) + F(aq)
Solution:

The speciesthat can affect thepH of the solution are HF, and the conjugate base F,
L et x betheequilibrium concentration of H,O" and F ionsin molarity (M). Thus,

HF(ag) + H,O(l) = H,0%(ag) + F(ag)

Initid, M 0.50 0.00 0.00
Change, M —X +X +X
Equilibrium,M (0.50 —x) X X
_[H'IIF]
®  [HF

Substituting the concentration of HF, H* and F, intermsof x, gives:

< = ) _ g gqo
& 0.50-x
Rearranging thisexpression provides.
X>+6.8x10%x-34x10%=0
Thisisaquadratic equation that can be solved, using thequadratic formula, or you
can use the approximation method for x. Because HF isaweak acid, and weak

acidsionizeonly toadight extent, x must be small compared to 0.50. Therefore,
you can makethisapproximation:

0.50 —x = 0.50
Now, theionization constant expression becomes

2 2
X X

~ = 6.8x10™*
050—x 050
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Rearranging thisequation gives.
x?=(0.5)(6.8 x 10%) =3.4 x 10

x = V3.4x10™* =1.8x 102M

Thus wehavesolved for xwithout using thequadraticequation. At equilibrium, wehave
[HF] =(0.50-0.018) M =0.48 M
[H;0"]1=0.018 M
[F]=0.018 M
andthepH of thesolutionis
pH =-0g(0.018) = 1.74
How good isthis approximation?Because K , valuesfor weak acidsare generally
known to an accuracy of only +5%, it isreasonableto requirex to belessthan 5%

of 0.50, the number fromwhichit issubtracted. In other words, the gpproximation
isvalidif thepercentionizationisequal to or lessthan 5%.

0.018
3 x100% = 3.6% Is the approximation valid?

Exercise 2.7
For a0.036 M HNO, solution.
a Writeachemical equation that showstheionization of nitrousacid inwater.

b Cdculatetheequilibrium concentration of hydrogenionsand nitrousacid at 25°C,
using thegpproximation method. Then check whether the gpproximationisvalid or
not.

c If the approximation is invalid, use the quadratic formula to calculate the
concentration of hydrogenions.

d CaculatethepH of thesolution.

Base dissociation constant, K,

Inthe sameway asfor acids, the dissociation of abasein water can bewritten as
B(ag) + H,O() = BH'(ag) + OH(ag)

which givestheequilibrium expresson of theform:

. BH' | on |

’ [B]
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whereK| isthebase dissociation constant. K| valuesfor strong basesarelarge, while K
valuesfor weak basesare small. Table 2.3 showsthe K values of some common weak

bases at 25°C.
Table 2.3 Values of K, for some Common Weak Bases at 25°C.

Base Formula K,

Ammonia NH, 1.8 % 107°
Aniline CgHsNH, 4.0x 10710
Ethylamine C,HNH, 47 x 107
Hydrazine N,H, 1.7 X 1076
Hydroxylamine NH,OH 1.1 x 1076
Methylamine CH,;NH, 44 x 107
Pyridine C,HN 1.7 X 107°

In solving problemsinvolving weak bases, you should follow the sameguidelinesasyou
followed for wesk acids. Themain differenceisthat weca culate[OH] fird, instead of [H*].

a
b

For a0.040 M ammoniasolution:

Exercise 2.8

Writeachemica equation that showstheionization of ammoniainwater.

Cd culatetheequilibrium concentration of ammonia, ammoniumionsand hydroxide
ions, using the approximation method. Check whether the gpproximationisvaid
or not.

If the approximation is invalid, use the quadratic formula to calculate the
concentration of ammonia, anmoniumionsand hydroxideions.

Calculatethe pOH and pH of the solution.

2.3 COMMON ION EFFECT AND BUFFER SOLUTION
At the end of this subunit, you will be able to:

definethe common-ion effect;

explaintheimportance of the common-ion effect;

definebuffer solution;

givesome common examplesof buffer systems;

explaintheaction of buffer solutionsand itsimportancein chemical processes,
caculatethe pH of agiven buffer solution; and

demonstratethe buffer action of CH,COOH/CH,COONa.
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2.3.1 The Common ion Effect

In Grade 11 Chemistry, you learned Le Chatelier’s principle. Make a group and discuss the
following and present your report to the class.

Industrially, ammonia is produced by the Haber process.
1. Write a chemical equation for the production of ammonia in the process.
2. Assume that the reaction is at equilibrium. What is the effect of

a adding more ammonia to the equilibrium system?

b removing ammonia from the equilibrium system?

¢ adding more hydrogen gas to the equilibrium system?

d decreasing the concentration of both hydrogen and nitrogen gases from the
equilibrium system?

e increasing temperature?
f decreasing pressure?

g adding finely divided iron as a catalyst?

The common-ion effect iscaused by theaddition of acompound having anionincommon
with thedissolved substancethat shift theequilibrium.

The presence of the common ion suppressestheionization of aweak acid or awesk base.
For example, if sodium acetate and acetic acid are dissolved in the same sol ution, they
both dissociate and ionizeto produce CH,COO ions.

CH,COONa(s) — CH,COO (ag) + Na'(ag)
CH,COOH (ag) + H,0(l) = CH,COO (ag) + H,0"(ag)

Sodium acetate, CH,COONa, isastrong electrolyte, so it dissociates completely in
solution, but acetic acid, CH,COOH, isaweak acid and ionizes partially. According to
L e Chatelier’sprinciple, the addition of CH,COO"ionsfrom CH,COONato asolution
of CH,COOH will suppresstheionization of CH,COOH and decreasethe concentration
of hydrogenions.

Therefore, asolution containing both CH,COOH and CH,COONawill belessacidic
thanasol ution containing only CH,COCOH of thesame concentration. Theshiftinequilibrium
of theaceticacidionizationiscaused by the acetateionsfrom the sodium acetate. CH,COO™
isthe common ion becauseit issupplied by both CH,COOH and CH,COONa.
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Example 2.5

Determine the [H,0"] and [CH,COO"] in a solution that is 0.10 M in both
CH,COOH and HCI.

Solution;

0.10M HCl ionizescompletely toform 0.10M H,O0"and 0.10M Cl-ions. The
Cl~ionisaspectator ion, and it hasnoinfluence on the concentrations of CH,COO™
andH,O".

CH,COOH (aq) + H,0(1) = CH,CO0~(aq) + H,0*(aq)

Initia, M 0.10 0.00 0.10
Change, M —X +X + X
Equilibrium,M  (0.10 —x) X 0.10 + x

_[H:0"J[CH,CO0" | _(0.10+X)(x)

. [CH,COOH | 0.10—x
1.8x10° = M
1.00—x

If xisvery small, you can approximate (1.00 —x) and (1.00 + x) to 1.00.

1.8x107° = M
(100)
x=[H0* =105M
pH =—og [H,0"]
=-log (18x10°®) = 4.74

Exercise 2.9

a Calculate the pH of asolution containing 0.20 M CH,COOH and 0.30 M
CH,COONa.

b What would bethe pH of 20.20 M CH,COOH solutionif no salt were present?
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2.3.2 Buffer Solutions

How does a buffer solution resist a pH change?

A buffer solution isasolution that resists changesin pH from the addition of alimited
amount of an acid or abase. Table 2.4 shows how the pH of unbuffered and buffered
solutions changewhen asmall amount of acid or baseisadded.

Table 2.4 Comparison of buffered and unbuffered solutions.

Initial pH of  pH after addition of  pH after addition of
1.0 L sample 0.010 mol NaOH 0.010 mol HCI
Unbuffered solution: 4.8 12.0 2.0
1.28 x 10 M HCI
Buffered solution: 4.8 4.8 4.7
0.099 M CH,COOH
0.097 M CH,COONa

Buffers contain either a weak acid and its conjugate base or a weak base and its
conjugateacid.

A buffer solution must contain arelatively large concentration of acid to react with any
OH~ionsthat areadded toit. Similarly, it must contain arelatively large concentration of
baseto react with any H*ions. To understand the action of buffer, consider abuffer that
containsapproximately equal molar amountsof aweak acid, HA, and itsconjugate base,
A~.Whenastrong acid isadded to the buffer, it supplieshydrogenionsthat react withthe
base A~

H*(ag) + A (ag) — HA(ag)

Onthe other hand, when astrong baseisadded to the buffer, it supplieshydroxideions
that react withtheacid, HA.

OH (aq) + HA(ag) — H,O0() + A (ag)

Thus, abuffer solution resstschangesin pH through itsability to combinewith theH" and
OH~ions.

Buffersarevery important to chemica and biological systems. The pH inthe human body
variesgresatly from onefluid to another. For example; the pH of blood isabout 7.4, whereas
thegadtricjuicein our somach hasapH of about 1.5. The pH values, which arecrucial for
proper enzymefunction and the balance of osmotic pressure, are maintained by buffersin
most cases.
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By reading references or using other sources, write a report on the buffer system in
human blood. Discuss the report with the rest of the class.

Example 2.6

1. Cdculatethe pH of abuffer system containing 1.0 M CH,COOH and 1.0 M
CH,COONa.

2. WhatisthepH of thebuffer systemin (1) after theaddition of 0.10 mol of gaseous
HCI to 1.0 L of the solution? Assume that the volume of the solution does not
changewhen HCl isadded.

Solution:

1. Inthiscase, you areaskedto calculatethe pH of the buffer system of CH,COOH/
CH,COONabefore adding HCI. Hence, you can apply the same method you
have used to cal cul ate asol ution containing common ions:

CH,COOH(aq) + H,O(l) = H,O*(ag) + CH,COO(aq)

Initid, M 1.0 0 1.0
Change, M —X +X +X
Equilibrium,M (2.0-x) X (1.0+x)
‘ - [H0" J[CH,COO™ | _ (x)(1.0+x) _ L8x10S
2 [CH,COOH] 1.0-x

Assuming 1.0+ x=1.0and 1.0—x= 1.0, we obtain

1.8x107° = (x)(1.0+x) _ x(1.0)
(1L0-x) 10

x=[H,0" =1.8x 105 M
pH =—-og (1.8x107°) = 4.74

2. TheH*ionsprovided by thestrong acid, HCI, react completely with the conjugate
base of the buffer, whichis CH,COO™.,

CH,COO(ag) + H'(ag) — CH,COOH(aq)
Themolesof H* ionsadded = 0.10 mal.
The molesof acetateionsbefore HCl isadded=1.0M x1L=1.0 mol.
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0.10 mol H* consumes0.10 mol CH ,CO0™~.

Therefore, the number of molesof CH,COO™ that remainsunreacted = 1.0 mol —
0.10mol =0.9mol.

Molesof CH,COOH formed=0.10 mol
Total molesof CH,COOH =0.10mol + 1.0mol = 1.1 mol

0.9 mol
[CH,COOT] = TS 0.9 M
1.1mol
[CH,COOH] = =11M
1L
CH,COOH (ag) + H,O(l) = CH,COO (ag) + H,O" (ag)
Initid, M 11 0.90 0.00
Change, M —X +X S
Equilibium,M (1.1 -X) (0.90 + x) X
_[CH,cO0 ][H,0"] _ (0.90+x)(x) 1 ax10°
¢ [CH,COOH | 1.1-x '
Sincexisvery smal comparedto1.1and0.9,0.90+x=0.90and 1.1-x=1.1, you
obtain:
0.90+ x)x (0.90)x
1.8><1ch=( )x_(090)

1.1-x 11
x=[H,0"]=22x10°M
pH =—og (2.2 x 10-%) = 4.66

Experiment 2.1 i“iuiﬂ;'*riE

The Buffer Action of Solutions
Objective: Toinvestigatethe buffer action of CH,COOH/CH,COONa.
Apparatus: 20 mL test tubes, droppers, beakersand pH meter.

Chemicals: CH;COOH, CH,COONa, distilled water, 0.01 M HCI, universd indicator,
0.010 M NaOH.




ACID-BASE EQUILIBRIA (UNIT 2) .

1

b

C

Procedure:

Mix 5mL of 0.10M CH,COONawith 5mL of 0.10M CH,COOH ina200 mL
test tube. Inasecond test tube add 100 mL of distilled (or de-ionized) water. Add
5dropsof universal indicator to each sampleand estimate pH.

Add 5 mL of 0.010 M HCI to each test tube, estimate pH, and record each pH
change. If universal indicator isnot available, add 2 dropsof methyl orangeindicator
to each and record the volume (drops) of 0.10 M HCI to reach itsend-point.

Aganprepareasolutioninstep 1. Test the buffering capacity of eachwith 5 mL of
0.010 M NaOH. If universal indicator isnot available, add 2 drops of aizarin
yellow R and record the volume (drops) of 0.010 M NaOH to reachitsend-point.

Results and discussion:

a What did you observefrom procedure 1?

Wheat did you observefrom procedure 2?

Giveyour conclusion on each step.

a

O S o T

Exercise 2.10

CalculatethepH:

of abuffer solution containing 0.1 M acetic acid and a0.1 M solution of sodium
acetate.

when 1.0mL of 0.10 M HCl isadded to 100 mL of the bufferin (a);
when 1.0 mL of 0.10 M NaOH isadded to 100 mL of the bufferin (a);
of an unbuffered solution containing 1.8 x 10°HCI;

change of the an unbuffered solutionin (d) after adding

1) 1.0mL of 0.1 M NaOH to 100 mL of the solution,

i) 1.0mL of 0.10 M HCI to 100 mL of the solution.

2.4 HYDROLYSIS OF SALTS

At the end of this subunit, you will be able to:

definehydrolysis,
explainwhy asalt of weak acid and strong base givesabasic solution;
explainwhy asat of strong acid and weak base givesan acidic solution; and

explain why salts of weak acids and weak bases give acidic, basic or neutral
solutions.
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What does salt hydrolysis mean?

Theword “hydrolysis' isderived from the Greek words hydro, meaning “water”, and
lyses, meaning “to split gpart”. Solutionsof saltscontain two typesof ions, namely cations
and anions. Theterm sat hydrolysisdescribesthereaction of ananionor acation of asalt,
or both, with water. Depending on the strengths of the parent acids and bases, the cation
of asalt can serveasan acid, base or neutral.

2.4.1 Hydrolysis of Salts of Strong Acids and Strong Bases

Theanionsderived from strong acidsarewesk conjugatebasesand do not undergo hydrolysis.
Thestrong basesaretheionic hydroxidesof Group |A and [| A metas. Thecationsof these
metalsaso do not hydrolyze. For example, sodium chloride, NaCl, isasdt of astrong acid,
HCI, and astrong base, NaOH. Since chlorideions, Cl—, and sodium ions, Na*, do not
hydrolyze, the solution of the salt will be neutral. Canyou givemoreexamples?

2.4.2 Hydrolysis of Salts of Weak Acids and Strong Bases

Solutionsof these sdltsare basi ¢ because the anion of theweak acidisamoderately strong
base and can be hydrolyzed asfollows.

X-+H,0 — HX+OH"

Consider Na,CO, and discuss the following :
a What are the ‘parents’ (acid and base) of this salt?

b Which ions of the salt can be hydrolyzed?

¢ What will be the nature of Na,CO, solution? Will it be acidic, basic or neutral?

2.4.3 Hydrolysis of Salts of Strong Acids and Weak Bases

A cation (the conjugate acid of aweak base) hydrolyzesasan acid. Asinthefirst case,
anionsof astrong acid areweak conjugate bases and do not hydrolyze.

Consider thehydrolysisof NH,Cl. Ammoniumion, NH,,*, isacidic and reactswith water
to produceammoniaand hydroniumions.

NH; + HO = NH, + HO'
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What will be the pH of the solution of this salt? Isit acidic, basic or neutral?

2.4.4 Hydrolysis of Salts of Weak Acids and Weak Bases

The solution of these salts contain both astrong acid (the cation of theweak base) and a
strong base (the anion of theweak acid). Whether thesolution of suchasdtisacidic, basic
or neutral dependson therelative strengths of the acidic cation and the basicanion. If the
acidisstronger than the base, the solutionisacidic andif the baseisstronger thantheacid,
thesolutionisbasic. If they are of equal strengths, the solutionisneutral.

How do you determine the strength of the acid and the base?

In the following table you are given K and K, values of some cations and anions,
respectively.

Anion K, Cation K,

F 1.4 x 107" NH,* 5.6 x 1070
CNS 20 x 107

CH,COO" 5.6 x 107°

Using the above table, determine whether the solutions of NH,F, NH,CNS and CH,COONH,
are acidic, basic or neutral. Discuss your results with your classmates.

2.5 ACID-BASE INDICATORS AND TITRATIONS

At the end of this subunit, you will be able to:
» defineacid-baseindicators;
» writesomeexamplesof acid-baseindicators,
» suggest asuitableindicator for agiven acid-basetitration;
» explaintheequivaentsof acidsand bases,
» cdculatethenormality of agivenacidic or basic solution;
* defineacid-basetitration;
* defineend point;
* defineequivaencepoint;
*  distinguish between end point and equivaent point; and
 discusstitration curves.
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2.5.1 Acid-Base Indicators

How do acid-base indicators change colour?

Acid-baseindicatorsareweak organic acidsor weak organic basesthat indicate whether
asolutionisacidic, basicor neutral.

Let us consider aweak organic acid that is denoted by HIn. In order to be effective
indicators, HIn, andits conjugate base, In~, must have different colours. In solution, the
acidionizesasfollows:

Hin(ag) + HO() = H,O0'ag) + In(a0)

If theindicator isin sufficiently acidic medium, theequilibrium, accordingto Le Chatelier’s
principle, shiftsto theleft and the predominant colour of theindicator isthat of nonionized
form (HIn). Ontheother hand, inabas c medium, theequilibrium shiftsto theright andthe
colour of thesolutionwill bethat of theionized form (In").

Sincetheindicator moleculeisaweak acid, theratio of HInand In“isgoverned by the
[H,O"] of thetest solution.

Hinag) + H,O() = H,0%eq) + In(aq)
_[H:0 ][I

Rearranging thisequation gives

[Hin] _[H.0"]

[ln_:' K|n
Toillustrate how anindicator works, consider anindicator that hasayellow colour inacid
form (HIn) and ared colour inbasicform (In7). K| |is 1.0 x 108, Thus, wehave

[Hin] _ [HO']
[1In] ~1.0x10°

The colour we observein asolution of thisindicator dependsontheratio of [HIn] to
[In]. Inasolution of pH = 4.0, [H,0"] is1x107%, s0

[HIn] _1.0x10™ _100

[in"] S 10x10° 1
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Thismeansthat the concentration on HIn is 100 timesthat of |n~, and so the solution
appearsydlow.

A solution havingapH of 5, [H,0] = 1.0x10™

[HIn] _ 1.0x10° _10
[In"] 10x10° 1 .Sl appearsydliow.

[HIn] 1.0x10° _1

At pH of 6.0, [H;0"] is1 x 107, and [In_] “10x10° 1

Equal concentrationsof Hinand In~ givethe solution an orange colour.

| [HIn] _1.0x10" _ 1
AtpH =7.0,[H;0" is1x 107, and [In"] 1.0x10° 10

Herethe concentration of In~is10timesthat of HIn, and so the solution appearsred.

Indicatorsare used in thelaboratory for estimating the pH of asolution and toreveal the
equivalence point of atitration. Equivaence point isthe point at which stoichiometrically
equiva ent quantitiesof an acid and abase have been brought together.

Some common indicatorsand their colorsin acidsand in basesareshownin Table 2.5.

Table 2.5 Some common indicators.

Indicator Acid Colour Base Colour pH range of Colour
change
Methyl violet Yellow Violet 00-1.6
Methyl orange Red Yellow 32-44
Bromcresol green Yellow Blue 38-54
Methyl red Red Yellow 48-6.0
Litmus Red Blue 5.0 -8.0
Bromthymol blue Yellow Blue 6.0-7.6
Thymol blue Yellow Blue 8.0-9.6
Phenolphthalein Colorless Pink 8.2-10.0
Thymolphthalein Colorless Blue 9.4 -0.6
Alizarin yellow R Yellow Red 10.1 - 12.0

Thecolour changeof phenolphthaeininacidic and basc solutionsisshownin Figure2.2.
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a b

Figure 2.2 The colour changes of phenolphthalein in basic (a) and acidic (b) solutions.

2.5.2 Equivalents of Acids and Bases

Disucss the following quesitons in group and write a short report.
1. What is an equivalent of an acid and a base?
2. How does the equivalent mass of an acid and a base obtained?

3. What is the difference between normality and molarity? Discuss this in terms of acid-
base reaction and in terms of oxidation-reduction reactions.

Accordingtothedefinition of normality, thenumber of equivadentsisthenormaity multiplied
by thevolumeof solution, inlitres. If weadd enough acid to neutralize agiven volume of
base, thefollowing equation holds:

N,V, =NV,

WhereN, andV , refer to thenormality, and volume of the acid solution, respectively, and
N, andV, refer to the normality and volume of the base solution, respectively.
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Example 2.7
What volumeof 2.0 N NaOH isrequiredto neutraize25.0mL of 2.70N H,SO,?
Solution:

N,V =NV,
2.70N H,SO,)(25.0mL
Vv, = Mg | 20, )=33.8mL
N, 2.00N NaOH
Example 2.8

What isthe number of equivaentsin4.00 mol H,S0,, assumingthatthe H,SO,
will react with abaseto replace both hydrogen atoms?

Solution:
1mol H,SO, — Z2equiv
4.00 mol HSO, — 7

4.00 mol H,SO, x 2equiv
1.00 mol H,SO,

=8.00 equiv

Exercise 2.11

1. What volume of 0.1 N HNO; is required to neutralize 50.0 mL of a0.15 N
solution of Ba(OH),?

2. A solutionof H,SO, ismade by dissolving 196 g of the acid in enough water to
produce a500.0 mL solution. Determinethenormality of the solution.

2.5.3 Acid-Base Titrations

Experiment 2.2 'i“i"iu;*ﬁs

Acid-base Titration

Objective: Tofindthenormality of agiven hydrochloric acid solution by titrating
against 0.1 N standard sodium hydroxide solution.

Apparatus: 10 mL pipette, burette, 150 mL Erlenmeyer flask, beaker, funnel,
burette clamp and metal stand.
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Procedure:

1.

Cleantheburettewith ditilled water and rinseit with the 0.1 N sodium hydroxide
solution; and fix the burette on the buretteclamp in vertical position (Figure2.3).

Using afunnel, introduce 0.1 N sodium hydroxide solutioninto the burette. Allow
someof thesolution to flow out and make surethat thereareno air bubblesinthe
solution (why?). Record level of the solution, corresponding to the bottom of the
meniscus, to the nearest 0.1 mL. Measure exactly 10 mL of hydrochloric acid
solution (given) with the help of al0 mL pipette and add it into aclean 150 mL
Erlenmeyer flask and add two or three drops of phenol phthaleinindicator.

Caution: When you suck hydrochloric acid or any reagent solution, into apipette,

have the maximum caution not to suck it into your mouth.

Titration: First hold the neck of the Erlenmeyer flask with one hand and the stop-

cock with the other. Asyou add the sodium hydroxide solution from the burette,
swirl the content of theflask gently and continuously. Add sodium hydroxide
solution until thefirst faint pink colour comeswhich disappearsonswirling. Add
moresodium hydroxide drop wise until the pink colour persstsfor afew seconds.
Find thedifference betweentheinitia level and theend point level of theburette.

Observations and analysis:

A WD PRF

Colour change at theend pointisfrom to
What isthe volume of sodium hydroxide added at the end point?
What isthe normality of hydrochloric acid at theend point?

What isthe similarity and difference between equivalence point and end point
level after reaching theend point.

Burette

Clamp
Stand

Stop cock

Erlenmeyer flask

Figure 2.3 Titration Setup.
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A titrationisatechniqueinwhichasolution of known concentrationisused to determinethe
concentration of an unknown solution. Typically, thetitrant (theknown solution) isadded
fromaburetteto aknown quantity of theandyte (the unknown solution) until theneutraization
reaction is complete. The point a which the acid has completely reacted with or been
neutralized by thebase, or viceversa, iscalled the equiva ence point of thetitration.

Knowing thevolumeof titrant added allowsthe determination of the concentration of the
unknown. Often, anindicator isused to signal theend of thereaction, theend point. The
end point of titrationisthe pH at which theindicator changescolour. A graph of pH asa
function of theadded titrant iscalled atitration curve. Figure 2.4 showsthe technique of
titration.

a b C

Figure 2.4 The Techinques of Titration.

a A precisaly measured volume HCI (ag) isdischarged from apipetteinto aquantity
of water insmall flask. Then afew dropsof phenol phthaleinindicator solution are
added. Thesolutioniscolourless. What doesthisindicate?

b NaOH(aqg) isslowly added from aburetteinto theflask. Until all of the HCI has
been neutralized, the HCl isin excessand the NaOH isthelimiting reactant. The
solutionremainscolourless, indicating that it isstill acidic.

c At the point when the acid has just been completely neutralized, which isthe
equivalence point, HCl and NaOH arein stoichiometric proportions. An additiona
drop of NaOH(aq) beyond this point makesthe solution slightly basic, and the
indicator turnsto alight pink colour. Thetitration is stopped, and the volume of
solution delivered from the buretteisrecorded.

To perform asuccessful titration, we must use an indicator that changes color at the
equivaencepoint.
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Strong Acid-Strong Base Titrations

What isthe pH of a solution of strong acid-strong basetitration at the equivalence
point? What are the indicators used in this type of titration?

Take 20 mL of 0.5M HCI (astrong acid), inasmall flask and dowly add 0.5 M NaOH (a
strong base) toit. To establish datafor atitration curve, we can calcul ate the pH of the
accumulated solution at different pointsin thetitration. Then we can plot these pH vaues
ver susthe volume of NaOH (aq) added. From thetitration curve, we can establish the pH
at the equivalence point and identify appropriateindicatorsfor thetitration. ThepH at
different pointsinthetitration of 20 mL of 0.5M HC| with 0.5M NaOH can becalculated
asfollows:

a Beforethe addition of any NaOH

BecauseHCl isastrong acid, it ionizescompletely. Therefore, theinitia solution has
[H;01=05M

pH=-og[H,0'] =-0g(0.5)=0.3
b After the addition of 5 mL of 0.5 M NaOH
Thetotal number of molesof H,O" to betitratedis:

0.02 ' x0.5mol/K =0.0l mol
The number of molesof OH-in5mL of 0.5M NaOH is;

0.005 ¥ x0.5mol/K =0.0025 mol

Since 0.0025 moles of NaOH neutralizes 0.0025 moles of HCI, the number of
molesof H30+ ionunneutralized is0.01 mol —0.0025 mol = 0.0075 moal.

Thetotal volumeis20mL +5mL =25mL =0.025L.
Concentration of H3O+ unneutralizedis:

0.0075moal
0.025L

pH=-0g0.3=0.52
c pH after the addition of 10.0 mL NaOH
Themolesof H,O" to betitratedisagain 0.02L x 0.5M =0.01 mol.
Themolesof OH~addedis0.01L x 0.5M =0.005 mol

Since 0.005 mol OH~ neutralizes 0.005 mol H,O", then the amount of H,O" that
remainsunneutralized is0.01 mol —0.005 mol = 0.005 moal.

=0.3mol/L




ACID-BASE EQUILIBRIA (UNIT 2) ’

Thetota volumeof thesolutionis20mL +10mL =30 mL =0.03 L.
The concentration of unneutralized H30+ is

0.005mol
0.030L

=017M

pH =-log [H,O0"] =-0g 0.17=0.77
pH after the addition of 15.0 mL NaOH
Thenumber of moleof H,O" hereisalso 0.01 mal.
Themolesof OH-ionaddedis0.5M x 0.015L =7.5x 10°moal.
7.5% 10 molesOH-ionsneutralizes 7.5 x 10~ mol H,O*ions.
Then, theamount of H,O" ionsthat remain unneutraizedis:

0.01 mol —7.5 x 103 mol = 2.5 x 103 mol
Total volumeis20mL + 15mL =35mL =0.035L
Theconcentration of H,O" unneutralizedis:

2.5x10~ mol
0.035L

=0.07M

pH=-o0g[H,0'] =-0g 0.07=1.15
pH after the addition of 20 mL NaOH

Thisisasmpleca culation, becauseit involvesacomplete-neutralization reaction,
and the salt (NaCl) does not undergo hydrolysis. What do you call thispoint?

Atthispoint, [H,0"] =[OH7] =1.0x 10”7
pH =—og [H,0"] =—-og (1.0x 107) =7
pH after the addition of 25 mL NaOH
Doany molesof H,O" remain unneutralized here?

Themolesof OH~ionsaddedis0.5M x 0.025L =0.0125 mol. Sincedll the H3O+
ionsareneutralized, thereisonly 0.0125 mol OH".

Thetota volumehereis20mL+25mL =45mL =0.045L.
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Concentrationof OH-is;

0.0125mol
0.045L
pOH =—og[OH"] =-0g 0.28 = 0.55
pH =14-0.55=13.45
Canyou now calculatethe pH after the addition of 30 mL of 0.5 M NaOH?

=0.28M

Now you havethedatafor atitration curve.

Volume of 0.5 M NaOH 0.00 5.00 10.00 15.00 20.00 25.00 30
added (mL)

pH 0.30 0.52 0.77 1.15 7.00 13.45 ?

Figure 2.5 showsthetitration curve of 20.00 mL of 0.5M HCl by 0.5M NaOH.

14.0
12.0 —
Colour change
Alizarin yellow R
10.0
Colour change
phenolphthalgin
8.0
H Equivalence Colour change
p point bromthymol blue
6.0
4.0 Colour change
’ bromophenol hlue
2.0
Colour chgnge /
methyl viplet
0.0
5.0 10.0 15.0 20.0 25.0 30.0

Volume of 0.5 M NaOH, mL

Figure 2.5 Titration curve of 20 mL of 0.5 M HCl by 0.5 M NaOH.
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Featuresof thetitration curvefor thetitration of astrong acid with astrong base.
*  ThepH islow at the beginning of thetitration.
*  ThepH changedowly until just beforethe equivaence point.
* Just beforethe equivalence point, the pH risessharply.
*  Attheequivaencepoint, thepH is7.00.
* Just past the equivaence point, the pH continuesitssharprise.

*  Further beyond the equivalence point, the pH continuesto increase, but much less
dowly.

*  Any indicator whose colour changesin the pH range from about 4 to 10 can be
usedinthetitration of astrong acid with astrong base. Methyl violet changes colour
too soon, and dizarinyellow Rtoo late. So, bromthymol blue and phenolphthalein
arepreferred for thistitration.

Exercise 2.12

Cal culatethe pH when the following quantities of 0.1 M NaOH solution have been
added to 50 mL of 0.1 M HCI solution.

a 49.00mL b 49.90mL c 50.00mL d 50.10mL

Weak Acid-Strong Base Titrations
Can you predict the pH range at the equivalence point?

Thetitration of aweak acid by astrong baseisdightly more complicated than thetitration
of agtrong acid by astrong base. The conjugate base of awesk acidwill undergo hydrolyss,
whichwill affect the pH of the solution. Thus, we need to consider the stoichiometric
reaction between the acid and the base and the equilibrium reaction of the speciesthat
remain.

In contrast to thetitration of astrong acid with astrong base, thetitration of aweak acid
with astrong base, hasthesefeatures:

*  Theinitia pH ishigher becausethewesk acidisonly partialy ionized.

*  Atthehaf-neutraization, pH = pK_. Thesolution at thispoint isabuffer solutionin
which the concentration of theweak acid and its conjugate base areequal.

*  ThepH isgreater than 7 at the equiva ence point because the anion of thewesk acid
hydrolyzes.
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Thestegp portionsof thetitration curvejust prior to and just beyond the equivaence
point isconfined to asmaller pH range.

Thechoiceof indicator for thetitrationismorelimited. Thecolor change must occur
inabasic solution. Generally, the midpoint of the pH rangeinwhich theindicator
changes colour must bewell abovepH 7.

Asanexample, let usconsider thetitration of 20 mL of 0.5M acetic acid, CH,COOH,
with0.5M NaOH. To establish datafor thetitration curve, wecdculatethe pH at different
pointsinthetitration, asfollows:.

a pH before addition of any NaOH

Herewehaveonly 0.5M acetic acid, and we cal cul ate the equilibrium concentration
of H,O" ionsto calculate the pH.

CH,COOH(ag) + H,O(l) = H,0*(aq) + CH,COO(aq)

Initid, M 0.5 0 0
Change, M —X +X +X
Equilibrium, M (0.5-x%) X X

_[H0 [cH,coo]

; [CH,COOH] 0.5-X

=1.8x107

We can makethe actual assumption, that isx << 0.5.
K, =X

0.5-x

x? =05x1.8x 107

x> =9.0x 107

X =9.0x10° =3.0x10"° =[H,0" |
pH =—og [H,0*] =—log (3.0 x 103) = 2.57
pH after the addition of 5.00 mL NaOH
Theoriginal number of molesof CH,COOH is0.5M x 0.020 L =0.01 mal.
Themolesof OH~added is0.5M x 0.005 L =0.0025 mol.

All the OH~ions have reacted, converting 0.0025 mol CH,COOH to CH,COO™.
So, at this point we have 0.0025 mol CH,COO~ and (0.01 — 0.0025) mol
CH,COOH or 0.0075 mol CH,COOH.

=1.8x10"°
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Thetota volumeof thesolutionis20mL +5mL =25ml =0.025 L.

The concentration of CH,COO~ and CH,COOH in 0.025 L solution can be
caculated as

0.0075mol
=—=03M
[CH,COOH] 0.025L
0.0025mol
= ——=01M
[CH,CO0T] 0.025L
CH,COOH(ag) + H,O(l) & CH,COO(ag) + H;0*(ag)
Initid, M 0.3 0.1 0
Change, M —X +X +X
Equilibrium,M 0.3—x 0.1+ x X
— M =1.8x107°

a~  0.3-x

Assuming that x isvery small when comparedto0.1and 0.3, then 0.1 +x=0.1,
and 0.3—x=0.3, respectively. Thus,

1.8x10°= 0K
0.3

_ 0.3x1.8x10°°
01
pH =—og [H,0"] =—og (5.4 x 107°) = 4.26
pH after the addition of 10 mL of 0.5M NaOH
Number of moles of the original CH,COOH =0.01 mal.
Number of molesof OH~ionsadded 0.5M x 0.01 L =0.005 mol.

0.005 mol OH~ions convert 0.005 mol of CH,COOH to CH,COO™. So, at this
point, we have 0.005 mol CH,COO~ and (0.01 — 0.005) mol CH,COOH or
0.005 mol CH,COOH.

Thetota volumeof thesolutionis20mL +10mL =30 mL =0.03 L.
Concentration of CH,COOH and CH,COO~in 0.03 L solutionis

=5.4x10° =[H,0']

107
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0.005mol
=——=017M
[CH,COOH] 0.03L
0.005mol
1= ——=017M
[CH,COOT] 0.03L
CH,COOH(aq) + H,O(I) & CH,COO(aq) + H,O"(ag)
Initid, M 0.17 0.17 0
Change, M —X +X +X
Equilibrium, M (0.17-x) (0.17+x) X
= (0.17 + x)x —18x10°
0.17-x

By assumingthat x isvery small
0.17+x=0.17,0.17 —x = 0.17
(97
o7
x=18x10%=[H,0"]
pH =—-o0g 1.8 x 105 =4.47
pH, after addition of 20 mL of 0.5 M NaOH

18x10°=

Thisistheequivaencepoint. Do you think that the pH at thispoint equals 7?
Number of molesof OH~ ionsadded
0.5M x0.020L =0.01 mal

Since 0.01 mol OH~ converts 0.01 mol of CH,COOH to CH,COQO", no more
CH,COOH remainsat this point. But now we have 0.01 M CH,COO".

CH,COO(ag) + H,O(I) & CH;COOH(ag) + OH(aq)

Initid, M 0 0 0
Change, M —X +X +X
Equilibrium, M (0.01-x) X X

_ [CH,COOH][ OH" |
~ [cHcoo]

b
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X2

0.01-x

5.6x107° =

Assumingthat xisvery small, 0.01—x=0.01

X2

56x100 ="
0.01

x>=0.01x 5.6 x 1019=5,6 x 1071

x=56x102 =237 x 10° = [OH]

pOH =-og 2.37 x 106 =5.63

pH =14 -5.63 =8.37

pH after the addition of 25 mL of 0.5M NaOH

number of mole of OH~added 0.5M x 0.025 L = 0.0125 mol

Now the equivalence point is passed, and thereisno more CH,COOH to react
with theexcess OH~ion that are added.

Thenumber of molesof OH~inexcessis(0.0125—-0.01) mol or 0.0025 mol.
Total volumeof thesolutionis20mL +25mL =45mL =0.045L

Theconcentration of theexcessOH~-ionsis

0.0025 mol
0.045 L

= 0.055=[OH]
pOH =—-og [OH"] =—log 0.055 = 1.26
pH=14-1.26=12.74
Canyou calculatethe pH after the addition of 30 mL of 0.5M NaOH?

From the volume of NaOH added and the pH values cal culated, you can tabul ate
asfollows.

Volume of NaOH 0.00 5.00 10.00 20.00 25.00 30.00
added (mL)
pH 2.57 4.26 4.47 8.37 12.74 ?
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Figure 2.6 shows the titration curve for 20.00 mL of 0.5 M CH,COOH by 0.5 M
NaOH.

14.0
12.0 (/
10.0
Equivalence Colour change
point phenolphthalgin
8.0
pH
6.0 //
4.0
Colqur change
methyl violet
2.0
0.0
5.0 10.0 15.0 20.0 25.0 30.0

Volume of 0.5 M NaOH, mL

Figure 2.6 Titration curve of 20.00 mL of 0.5 M CH,COOH by 0.5 M NaOH.

Exercise 2.13

Cd culatethe pH whenthefollowing quantitiesof 0.1 M NaOH solution have been
added to 25.0mL of 0.1 M acetic acid:

a 10.00 mL b 25.00mL ¢ 35.00mL
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Weak Base-Strong Acid Titrations

How does the titration curve of a weak base with a strong acid differ from the
titration curves you have seen so far? What is the pH at equivalence point?

Consider thetitration of anmonia, NH,, withastrong acid, HCI.
HCl (ag) + NH;(aq) — NH,CI (aq)

orsmply
H"(ag) + NHj(ag) — NH7(ag)

The pH at the equivalence point is less than 7. Why?

A 25.0 mL sample of 0.1 M NH, is titrated with 0.1 M HCI.

a Calculate the pH values of the solution after the following volumes of 0.1 M HCl are
added. 0.00 mL, 5.00 mL, 10.00 mL, 15.00 mL, 20.00 mL, 22.00 mL, 24.00 mL, 25.00
mL and 26.00 mL.

b Draw a table and put the pH values corresponding to each volume in the table.
Draw the titration curve.

d Name the appropriate indicator for this titration.

» Theclassical (Arrhenius) definition of acids and bases has many limitations
but still we cannot ignore it.

* The Brgnsted-Lowry definition is more general, and considers an acid as a
proton donor and a base as a proton acceptor. In this definition, every acid
has a conjugate base and every base has a conjugate acid. The stronger the
acid, theweaker itsconjugate base. Smilarly, the stronger a base, the weaker
its conjugate acid.

» According to Lewis, a base is any species that donates an el ectron pair, and
an acid is any speciesthat accepts an electron pair.

* Water spontaneously ionizes to a slight extent (self-ionization or
autoionization), forming H,O" (ag) and OH~(ag). The extent of ionization is
expressed by the ion-product constant for water, K ..
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The strength of acids and basesin aqueous solution depends on several factors
such as the percent of dissociation, the dissociation constant, the
concentration of hydrogen ions and hydroxide ions, pH and pOH.

The extent to which a weak acid ionizes can be expressed by using the
equilibrium constant for the ionization reaction.

Generally, we can calculate the hydrogen-ion concentration or pH of an
acid solution at equilibrium, given the initial concentration of the acid and
its K, value.

The common-ion effect tends to suppress the ionization of a weak acid or a
weak base. This action can be explained by Le Chatelier’s principle.

A buffer solution is a combination of either a weak acid and its conjugate
base or a weak base and its conjugate acid. The solution reacts in such a
way that the pH of the solution remains nearly constant. Buffer systems play
avital role in maintaining the pH of body fluids.

Acid-base indicators are weak organic acids or bases. They change colour
near the equivalence point in an acid-base neutralization reaction.

The pH at the equivalence point of an acid-base titration depends on
hydrolysis of the salt formed in the neutralization reaction. For strong acid-
strong base titrations, the pH at the equivalence point is 7. For weak acid
strong base titrations, the pH at equivalence point is greater than 7. For
weak base-strong acid titrations, the pH at the equivalence point is less

than 7.
| Check List
Key terms of the unit
» Acid-basetitration » Conjugate acid
» Acids » Conjugate base
» Amphiprotic species » Equivalents of acids and bases
* Arrheniusacid-base concept * Hydrolysisof salts
 Autoionization » Lewisconcept of acids and bases
* Bases * percentionization
» Brgnsted-Lowry concept of acid « pHscale
and bases

e Solvation

» Buffer solution e Titration curve

e Common ion effect
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REVIEW EXERCISE FOR UNIT 2

Part I: Multiple-Choice Questions

1

A Bransted-L owry baseis defined asasubstance that:
a actsasaproton donor

b increases[H*] when placed in water

¢ decreases[H*] when placed inwater

d actsasaproton acceptor

Giventhereaction

HC,O;(ag) +H,O () — H,O*(aq) + C,07 (a)
which of thefollowing isaconjugate acid-basepair?

a HC,0; and H,0 ¢ H,Oand C,0Z

b HC,0O; and H,O* d HC,O; and C,0Z"
Inthereaction

AICl,+ClI- — AICI,,AlCl;actsasa

a St c Lewisacid

b Lewisbase d Bregnsted base
Which of thefollowing isthe conjugate base of HCO; ?

a OH- c CO3-

b H,CO, d HCOZ

What isthe pH of an agqueous solution at 25°C inwhich [OH™] is0.00250 M?
a 2.60 c 114

b 3.60 d 124

A substancethat is capable of acting asboth an acid and abaseis.
a amphiprotic c diprotic

b conjugated d binary acid-base

Themagnitudeof K, indicatesthat:

a water autoionizesvery dowly

b water autoionizesvery quickly

c water autoionizesonly toavery small extent
d water autoionizescompletely
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15.
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When sodium acetateisadded to an aqueous solution of acetic acid itspH:
a increases C remansconstant
b decreases d may increaseor decrease

pK, valuesof threeacidsA, B and C, are4.5, 3.5 and 6.5, respectively. Which of
thefollowing representsthe correct order of acid strength?

a A>B>C c C>A>B

b B>A>C d C>B>A

An acid buffer can be prepared by mixing solutionsof :

a sodium chlorideand hydrochloricacid

b sodium borate and boric acid

¢ sodiumsulfateand sulfuricacid

d sodiumhydroxideand hydrochloricacid

Which of thefollowingisnot true about strong acid-strong basetitration?
a thepHislow at the beginning of thetitration

b at theequivalencepoint, thepH is7.00

¢ any indicator whose color changesinthe pH rangefrom about 4 to 10 can beused
d noneof theabove

Which of thefollowing saltswill yield abasi ¢ solution on dissolutioninwater?
a asalt of weak acid and weak base

b asalt of strong acid and strong base

c asaltof weak acid and strong base

d asaltof strong acid and weak base

A more generalized acid-base concept isthat of:

a Brensted and Lowry c Lewis

b Arrhenius d noneof these

Which of thefollowing anionsistheweakest base?

a NO; c CH,COO~

b NO3 d POF

Which of thefollowing buffer solutionshasapH greater than 7?

a CH,COOH/CH,COONa

b HCOOH/HCOOK



ACID-BASE EQUILIBRIA (UNIT 2) ’

¢ CH,COOH/CH,COONH,
d NH,OH/NH,CI

Part ll: Short Answer Questions

16.

17.

18.

19.

20.

21.

22.

23.

Define acid and base according to:
a Arrheniusconcept

b Brensted-Lowry concept

c Lewisconcept

Giventhefollowing species, identify the acidsand bases according to the Brensted-
Lowry concept.

a HNO, b OCI- c NH3

d NH} e CH,NHY

Writethe conjugate acids of thefollowing bases.

a OH- b CI- c OCl- d CN-
e HCO3 f HPO3 g HS

What arethe conjugate bases of thefollowing acids?

a H,S b HCOOH c HSOg d HSO;
e HS f HNO, g HCN

Writethe equation for the reaction of sulphuric acid and water, and identify the
acid, the base, the conjugate acid and the conjugate base.

| dentify the conjugate acid-base pairsin thefollowing reactionsusing notation such
asacid (1) and base (1)

a H,S(aq) + NHy(ag) = HST(ag) +  NH(ag)
b CN-(ag) +  HO(l) = HCN(ag) + OH(ag)
¢ H,C,O () + H,O() = HCOyag) + H,0%(ag)
d HCO;(ag) + OH<(ag) = CO%(aq) + H,O()

a What ismeant by amphi protic substance?

b Writean equation for the autoi onization of water that demonstratesthat water is
amphipraotic.

Which of thefollowing areamphiprotic?
a OH- b NH, c H,0 d H,S
e NOJ f HCOS g CH,COO~ h HNO,
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30.

31

32.
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Rank the basein each of thefollowing groupsin order of increasing base strength,
and explainthereason for theorder you assign.
a H,0,0H", H-, CI-
b CIQ,, CIO, CIO;, CIO,
¢ NH3Z, HS., HTe, PH3,
d BrOy, ClO;, 10,

Which of thefollowing acids are classified as L ewis acids but not as Brgnsted-
Lowry acids?

a HBrO, b SbCl,

c HSO, d AlF,
Cdlculate[ OH] for each of thefollowing solutions:

a [H*] =0.005M

b [H*] =1.3x10°M

¢ A solutioninwhich[OH] is100timesgreater than [H*].
Caculatethe pH of each of thefollowing:

a [H*]=3.6x103M b [H*] =0.047 M

c pOH=5.33 d [OH]=6.7x 102?M
What isthe pOH of each of thefollowing solutions?

a 1.0x 102M NaOH b 0.00520 M Ba(OH),
c 0.0068M LiOH d 351x10%* M HCI

Hydrogen cyanide, HCN, isaweak acid with adissociation constant of 4.8 x 10719,
Calculate the percent dissociation, the pH, and the OH™~ concentration of a0.15M
solution of HCN inwater.

Calculatethe[OH] ina 1.0 x 103 M solution of the weak base methylamine
(CH,NH,), whoseK, = 4.4 x 10~*. What percentage of the base has dissociated?

A 0.01 M butanoic acid solution is 3.9% dissociated at 298 K. Calculatethe K
vauefor butanoic acid.

a What ismeant by thecommon-ion effect?
b Giveanexampleof asat that can decreasetheionization of HCl in solution.

c Explainwhy theionization of aweak acid issuppressed by the presence of its
conjugate base.
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40.
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Describethe effect on pH (increase, decrease or no change) that resultsfrom each
of thefollowing additions.

a Sodium formate, NaCOOH, to asolution of formic acid, HCOOH.

b Ammonium perchlorate, NH,ClO,, to asolution of anmonia, NH,.

¢ Potassiumbromide, KBr, to asolution of potassum nitrite, KNO,,.

d Hydrochloricacid, HCI, to asolution of sodium acetate, NaCOOCH,,.

Explain why amixture of HCl and KCI does not function asabuffer, whereasa
mixture of HC,H,0, and NaC,H,0O, does.

Calculatethe pH of the buffer system made up of 0.15M NH,/0.35M NH,CI.
ThepH of asodium acetate/acetic acid buffer is4.5. Calculate theratio of
[CH,COOH]/[CH,COO].

A buffer isprepared by adding 20.0 g of acetic acid, CH,COOH, and 20.0 g of
sodium acetate; CH,COONa, to enough water toform 2.00 L of solution.

a DeterminethepH of the buffer.

b Writethe completeionic equation for thereaction that occurswhen afew drops
of hydrochloric acid are added to the buffer.

¢ Writethecompleteionic equation for the reaction that occurswhen afew drops
of potassium hydroxide solution are added to the buffer.

A buffer isprepared by adding 1.00 g of acetic acid, CH,COOH, and 1.50 g of
sodium acetate, CH,COONa, to enough water toforma0.10 L solution.

a WhatisthepH of thisbuffer?
b What isthepH after theaddition of 1.00 mL of a1.00 M HCI solution?
¢ WhatisthepH after theaddition of 1.00 mL of 1.00 M KOH solution?

How doesthetitration of astrong acid with astrong base differ from thetitration of
aweak acid with astrong base, with respect to thefollowing points?

a Quantity of baserequired to reach the equivaencepoint.
b pH at thebeginning of thetitration.

c pH at theequivalencepoint.

d pH after addition of adight excessof base.

e Choiceof indicator for determining the equivalence point.

A 20.0 mL sampleof 0.2 M HBr solutionistitrated with 0.2 M NaOH solution.
Cdculatethe pH of the solution after thefollowing volumes of the base have been
added; draw thetitration curve.

a 15.0mL b 19.9mL c 20.0mL
d 20.1mL e 35.0mL.
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