a5 After -'-“-mfﬂnr'nq thic [preand, the student will be abile to!
)

. Define conjugate acid-base pairs.
2. ldentify conjugate acid-base pairs in reactions.

3. Apply the concept of conjugate acid and conjugate base on salt hydrolysis.

4. Define mathematically the terms pH, Ks, pK,, and K, and use them in calculations (K, and the equation
Kue = Ka # K5 will not be tested).

5. Calculate [H*] and pH values for: (a) strong acid (b) strong alkalis (c) weak acids (d) weak alkalis.

6. Distinguish that Lewis aclds accept lone pair, and Lewis bases donate lone pair to make a coordinate
covalent bond. :

7. Calculate the pH of buffer solutions in given appropriate data. N N ~(0) '

8. Demonstrate the ability to comprehend and effecth!ir applyﬂw"“ ncept nfaoluhlﬂe}ﬁrodm (Ksp)-

9. Construct an expression for K. ‘ \ ‘.

10. Calculate Ky from -:mentratims and ;.alee Ve' al \\ U - -

11. Apply the concept of the common fon éffect fo.de ‘ﬂbewhvthemnuyara substance changes when

it is dissolved in a sol 'Cnl'll!il"\l'lnﬂ \a‘common fon,

12. Perform cm Kip values and concentration of a common fon.
13, Use thec hydrnlysis to explain why aqueous solutions of some salts acidic or basic.

14. Calculate the [H30] given the Ka and molar concentration of weak acids.

15. Calculate concentrations of ions of slightly soluble salts.

16. Perform acid-base titrations to calculate molarity and strength of given sample solutions.

17. Select suitable indicators for acid-alkali titrations, appropriate data (pK. values will not be used),

-

-—-‘ —




Acids were first identified as substances with asour taste, ‘b‘inegar tastes sour becal.tse itisa
dilute solution of acetic acid. Citric acid, 1’5 espon ‘,e for the sour taste of lemon. Bases,
sometimes called alkalis, are mmmby thetr bitter taste and slippery feel. Commercial
preparations for unclogﬂing drains are highly basic. Salt is an ionic substance formed by
neutralizing., a0 ag‘ﬂ ‘and’ a base. Acid-base chemistry is important in many everyday
applications.' ﬂe effect of acids on living things has become particularly important in recent
years due to acid rain. Acids are classified as (i) mineral acids and (ii) organic acids. Organic
acids are much weaker than mineral acids. Organic acids are mostly found in vegetables, fruits,

and other things. Some of the common organic acids and their occurrence in different
substances are:

Organic acids Where it is found
Lactic acid Sour Milk
Citric acid Citrus fruits Iike lemﬂns urapges
Formic acid | Insect bites | \ A4
Tartaric acid RV Grape yaice -
Matelc IQF\”J‘ LTI Ju Apples and pears

| N

The presence of water is essential for the formation of H', for example HCl is covalent in nature
and does not form H' ions. However, it forms H,0* ions in the presence of H;0.

HCl + HLO —— H,0 + CI

Bases form a class of chemical substances including metal oxides and hydroxides. A soluble base
is called an alkali and forms OH ions when dissolved in H,0.

Ca0 + HO —> Ca(OH),
Ca (OH), is an alkali and a base.

Alkalis are important in soap and detergent manufacture. Cau;tﬁ_:_;nda {ngmzj; used for this
purpose. e\ '/,1-';‘.,‘ @\

The ionic substance uhtained as a rewtt arf the neutral'ization uf acids and bases are called
salts. \ \\

e.. - m+mun—u+unc:+u,a

NI ]? I’\
NN Acid Base Salt

A salt may be neutral, acidic or basic.



9.1 CONJUGATE ACID ~ BASE PMR‘S

A conjugate acid is a specfes furmad @ atesutt uf the DO YOU KNOW
that remains af: r atng a pratan from an acid. In an acid- | relatively weak conjugate

base reaction, the acid forms a base (conjugate) and the base, | base. Likewise a strong base
produces a relatively weak

having accepted a proton, forms a conjugate acid. The acid- conjugate acld.
base reaction is as shown

A] -+ B. —= B -+ A;

R

Bronsted Bronsted Conjugate Conjugate
acid base basc acid

The conjugate acid-base pairs are species on opposite sides of an equation that differ by a
proton. The weaker acids have stronger conjugate bases and strnnger acidgphave weaker

conjugate bases. A e \\\1 /, \.

~\

Examples

lonization uf FICl lri wa\t

QJ',\\JJ\' '\'\ HCl+ H,0 == HO" +Cl"

¥ &

l:ﬁ conjugate base
base conjugate acid

lonization of NH«OH in water;

HN +HO = NH, +OH"
beage acid
L conjugae

lonization Of HZO- I — oA

conjugale  base
acid

J | NN N
The water is amphuteﬂc in nature i.e. it is acidic as well as basic in nature.




Particular Exampiies. off Conjug nte Aﬂd-BuePain. L ArR (S

HCIO,+ HO = Clo, -
As, By, and By, Ay, are known as con]ugate ar.id hasg pairs

9.2 Lev 'f fs Concept of Acids and Bases:

Certain subs@m@bs'“#e gﬂ; CO:. Ca0, BF: etc. behave as acids or bases although they do not

have ability to donate or accept protons. Nature of such substances cannot be explained by
Arrhenius theory or the Bronsted-Lowry theory.

In 1923, G.N Lewis proposed an acid base theory that focuses on reaction. This concept is more
general than either the Arrhenius theory or the Bronsted - Lowery theory.

A Lewis acid is substance that can accept a pair of electrons to form a coordinate covalent
bond.

A Lewis base is a substance that can donate a pair of electrons to form a coordinate covalent
bond.

In a Lewis acid-base reaction a coordinate covalent bond is fummd hetween the acid and
the base. Consider the following reaction. \

> H +O:/ + r
, \H
* Eleciron pair acceptor Electron pair donor

(i)  Which species is donating an electron pair?
(i) Which species is accepting an electron pair?
(1if)  Which species is a Lewis acid?



(iv)  Which species is a Lewis base? / ('1::;/\‘_"; gf\'i/‘

( )

+

W Mt G > |H—N—oH [ + :CI:

H H

Nitrogen atom in ammonia donates an electron pair to H- atam in HCI. Which species in Lewis
acid?HCl or NH;.

The Lewis structure demands that the central atom or atom of Lewis acid has a deficiency of
an electron pair and can accommodate an unshared electron pair. On the other hand, the

central atom of a Lewis base has complete octet possessing one or more unshared electron
pairs. Hence base has an ability to donate an unshared electron pair.

Example 9.1: ﬂmfyiqnbstmmasLemsmdsorleudsbam
Identify the Lewis acidand Lewis base in the fnllowing rea\gtigns

Problem Solving Strategy

1. Draw electronic structures of both the species.
2. Look for the species that has a lone - pair of electron or negative charge. Such a
species has complete octet, so it does not need any electron. It can however,

donate an electron pair. This species is a Lewis base.
3. Look for the species that can accommodate an electron pair. Such a species has

incomplete octet. So this species can accept an electron pair. This species is a
Lewis acid.
Solution O\ "7‘ / 'I,‘;;"_,‘ /:;\,

1

AR UL - : .
WN "‘\‘-ii:‘_,r"\-llf-’ S H:N:— B : F:
Hi ‘F
2. NHs has a lone pair on N-atom. So it is electron pair donor. NH; is a Lewis base,
3. Boron in BF; has incomplete octet. It has six electrons (3 electron pairs). So it needs



an electron pair to cun'rplete its octet Hence BF; i5< an\ atectron palr accepter or Lewis

acid.
Concept Assessment Emrc*lu 9\1
Identify the Lew ; a-;utli éhd the Lewis base in the following examples.

W ’-..:" [\

1. CI- +”.Aur:1Zl —[AlCL]™

2. H* + OH™ —H,0

9.3 STRENGTH OF ACIDS AND BASES:

Different Bronsted acids donate proton to different extents. An acid which can donate proton
to a higher degree than another acid is said to be relatively strong acid. For example,
hydrochloric acid is a relatively stronger acid than acetic acid. Also, acetic acid is relatively
stronger than water. The ability of an acid to donate proton is called ‘strength of acid’ or the
‘acid strength’. Similarly, the bases also differ in their ability to accept proton:-A base which can
accept proton to higher degree than another base,is a rel,atwely sﬁmgerbase "Thus ammonia is

a relatively stronger base than water beca.lisé ammnma can abcf.*pt a proton to a higher degree
than water. O\ ~— \

9.4 ION %TWN CONSTANT OF WATER AND CALCULATION
W OF pH

Water is a unique compound due to its ability to accept or donate proton under different
environments. It has been mentioned earlier that water acts as a Bronsted acid in presence of
ammonia, and as a Bronsted base in presence of hydrochloric acid. In fact, Water itself
undergoes ionization to a small extent as shown in the following equation:

H,0 + H,0 = H,0" +OH"

This reaction is regarded as auto ionization of water. There is an equilibrium between water
molecules (on the left side of the equation) and the hydronium ions and hydroxide ions on the

right side of the equation). The equilibrium constant (K) for this equilibrlum r.‘.an be expressed
by the following equation. ( ,

[H,0][OH]
[H20]2 __\,(

Since water is weakuéltectmlyte and sulvent the concentration of water, [H;0] is in large
excess, therefore it remains constant. The above equation may be re-written as:

KIHOI" = [H0"][OH]

the term [H,0p is the product of two constants, and is represented by K.

K=



KIHO =K, =[H0' IOH] (- ﬁ,ﬂ//;-_;—\;;;;y\\‘ [ &=

Kw is termed as the lonic product. ::unstant of waizer. SIHCE [Haﬂ] is the concentration of
hydrated protons at Equihbnum the ab&»é equatmn corresponds to:

IK*'*r E\p ptorT
In pure water at 25°C, Ky = [H1[OH]=1.0 x 107

Whenever [H'] = [OH],the aqueous solution is found to be neutral, neither acidic nor basic.
[H']= 1.0 x 107 M

[OH]= 1.0 x 10" M

[H'][OH] =[H'} =1.0 x 10™

H]> [OH] Acidic solution
[OH]>[H'] Basic solution

It is to be noted that, because Kw is an equilibrium constant, it 15 temper@tureﬂi?pendent thus,
at40 "C Ky =3.8x 1ﬂ“ which cﬂrrespands to . < \| /O JOL

[H'] = 1.9x10 Mand[ﬂh‘] L?xw\MaSIIﬂ {@H]

pH \
| ‘i\' ‘

Since the cnﬁh\i}}tﬂa ion of [H'] and [OH] are usually very small numbers and inconvenient to

work with, a more practical measure called pH was proposed and defined as:

pH = -log [H']

It means that pH of a solution is given by the negative logarithm of the [H'] concentration (in
mol/dm’). However it must be kept in mind that pH being a logarithmic value, does not have
any units, the pH concept implies that at 25°C, the different types of solutions will show the

following behaviours:

Acidic solution: [H]>1.0 x 10" M, pH<7.00
Basic solution: [H'] <1.0 x 10™M, pH>7.00
Neutral solution: [H]=1.0x 10" M, ¢pH=?ﬁEi

At 25°c K e 1l0xet
W 10“ [H*] [0H]
Taking log of both sides

l0g (1.0 x 10™)  =log [H' ] +log[OH]



'”\1114 | (-IBQ{H ]] (-IGQ[DH ])
NNYT 44 = pH + pOH
Example 9.2

The concentration of [OH] ion in a household ammonia solution is 0.005M. Calculate the
concentration of [H']in it.

Solution:
[OH] =0.005M
K = [H'][OH]
10x 10" = [H] x 0.005

1_0 x 10'“ — v""l\/;j_\,\\ r/."’l:\‘() :!l'\j, I"-_\B U

H] = = 2.0x ﬂ‘“m NN o\ oo

Example 9.3 A O\
Calculate the QH\ﬂQq\.@OfI M aqueuus hydruchlonc acid solution.
Solutinn\] N
Hydrochloric acid ionizes in water completely therefore,
' HCl + H,O — H,O" + CI
0.001 M 0.001 M
[H,0°] is in fact the same as [H']
Therefore [H'] = 0.001 M
pH = -log (0.001)
= - log 107 »
= 3.00 :"]fj;i-'?;;-.a \ (CE
Therefore, the pH of 0. nm M aqueuus hydmchlunc amd is LOU
Example 9.4 AT IS
Calculate tpq,pl-] bf*h 662 M NaOH solution.
Solution: :

NEOH{W} — Na.;q} +* OH_aq:l

0.062M 0.062M  0.062M



POH -log[OH] o |
- -Log [0.062] WG
j\“\ji JF |

Now pH+ p@dl N 244
pH = 14 - pOH

= 14-1.21

=12.79

Concept Assessment Exercise 9.2
What is the pH of a solution containing 1.95g pure H,50, per dm’ of solution?
(Ans: pH = 1.4)

9.5 TITRATION: . o
\l [ /O \ O Q’Q\“
“It is defined as a method to find the wlun@ qf;hé st&anc[ard ,'

solution required to react comip. W \/knmvn
\\ N\ Sherbet sweets contain a

another solution under auatw;" \
mixture of citric acid, baking

Acid-base t Nlpj\a& “conducted using burettes and | c4x and icing sugar. When
volumetric pipettes. Generally acid solution is placed in the | saten the acid dissolves and
burette. A fixed volume of base is placed into a conical flask | reacts with baking soda. The
along with a few drops of the suitable acid-base indicator. Acid | sherbet fizzes on the tongue as
from the burette is added to the base until the indicator | carbon dioxide gas is produced
changes colour. This change of colour indicates the end point | by the neutralisation reaction.
of titration. In the neutralization of a strong acid with a strong
base, phenolphthalein is used as an indicator. It imparts pink colour to the base solution. At
the end point, solution just becomes colourless. The molarity of the acid solution under test is

determined with the help of the following equation:
M Vi/n, =MV, /n,

Valare of ' Y Do You Know?

Where M =Molarityofthebase 'ﬁ CC
Vi, = Youmeo! mm@kmmﬂask )=
Moy, =Muladty0f theacd
\l N '\J g = Volume of acid used from the burette
n1 = No. of moles of base
n, = No.of molesof acid

Knowing the five parameters, the sixth can be calculated.




Concept Assessment Exerclse 9.3

In a titration it is found that 25 cm? o B 12&1 Naﬂl!l is neutrahzed with 30cm® of HCl of
unknown concentration. Catr.ulate cnncen\‘atmn and strength of HCl solution.

N o\
Solution: o [\ WWR N\

HCley + NaOH,, — NaCl,, + H,0
n=1 n,=1

HCl NaOH

MV oMY,

n, n,
M, x 30 _ 0.12 x 25
1 1
M, = 01M

Thus Molarity of Hﬂ[ mluhoms(\w A N
Strengthnfsq} an \\ V' 5 “Molarity x Molar mass
NIN
Stréﬁiih HE! solution = 0.1x 36.5
= 3.65g dm™

- < O
N\ =~T7a AR
A\ (UL

o\ ALV

| 4\ A

]« VO

/ -

( )

9.5.1 Selection of Indicators

To perform an acid-base titration, it is necessary to choose the correct indicator. How can you
do this? For an acid-base titration, choose an indicator whose pH range is within the limits of
the pH change of the reaction. For example,

1.

When titrating a strong acid with a strong base, the pH changes rapidly from 3 to 11.
The indicator phenolphthalein changes colour from pH 8 to 10." Therefore,
phenolphthalein is the best choice for this titration.

When titrating a weak acid with a strong base, the pH value changes, sﬁghtly at the end
point. The pH value changes from 6.5 to 10, Which\ ‘is Mr choice, phenolphthalein or
methyl orange? Since the apphcatinn rarvge \of’ phennlphthalein is pH 8.3-10,
phenolphthalein is the hest :hmcm?ﬂethyt orange works below pH 5. For example, oxalic
acid versus sod]um hydrnxlde

When titrating 2 strong acid with a weak base such as HCl vs Na,CO,. At the equivalent
point, the pH value changes from 3.5 to 7.5. Can you use phenolphthalein in this
titration? Methyl orange is the best indicator for this titration. Can you use bromocresol
green also?

When titrating a weak acid and a weak base, since there is no sharp change in the end
point, neither indicator works satisfactorily,



Table 9.1: indicalen: and their Pﬁ !"ET{QQ \ QUMY

B e Kl B B

NNV m“u | -
40 -
[T>T) s

9.6 STRONG AND WEAK ACIDS

The extent of ionization and the acid dissociation constant K, can be used to distinguish
between strong and weak acids.

The strength of an acid is generally expressed in terms of the acid ionization censtent Ka.
Consider the case of ionization of a general acid HX in water. In tluq aquem.ls(sﬁlutien the

('/,'.

established equilibrium may be represented a% follews o \\r | /(, \o (O
/

HX + H Omv—*’s@w A\

The equilibrium canitmwpr\ !:h;s mnizatien process may be written as follows:
J
I o)

[HX] [H,0]
- HO1IX]
K [H,0
or [ | = HX]

Since water is a solvent, it is present in excess and therefore its concentration may be regarded
as constant. Thus, K [H;0] is another constant and is designated as K, thus,

K, = HOIX]
HX]

K, is termed as the acid dissociation constant. It is a measure of the extent to which an acid is
ionized or dissociated at the equilibrium state. It must be kept in mmd that theaﬂd dissociation
constant, K,, is dependent on temperature. 'Fherefere, the/veiue of % should be mentioned
along with the temperature at which K& was determmed, \Dissociation constant, K,, of acetic
acid in water at 25°C is 1.8 x 10*5 temha\esun of K, Values of different acids provides a

method to cernpare thellf :,Fﬁengths

"‘]The greater the value of K., the stronger is the acid”.
The value of K, are usually inconvenient numbers, therefore, for convenience these values are
converted to pK, values. The relationship between Kiand pKa is as follows:

pK,= - logK ,

K [H0] =



. 'r
N /h/‘

Since pKa refers to the negative logarithm of Ji,,, smaller tﬁé hé ﬁmm:rrger shail be the acid
because smaller pK, value currespnnds toy a graat\er Ka value' In table 8.2 are listed the
jonization constants and pl@ valués uf Scmi& comimon acids in water at 25°C. Which acid is
strongest acid? Which amq ‘IS weakﬂst ‘acid?

NAN
N\ |\“ \J'\ Table 9.2: lonisation constants and pK, of Acids

Name of Acid Formula Ka pKa b
Perchloric acid IEE0) T.0% 109 -10.0
Hydroiodic acid H 1.0 x 10 -10.0
Hydrobromic acid HBr 1.0x 10° 9.0
Hydrachloric acid HCl 1.0 x 10° 6.0
Sulphuric acid H,S0, 1.0 = 103 -3.0
Hydrofluoric acid HF 7.2% 104 +3.1
Formic acid HCOOH 1.8 x %‘( G\ V@‘Q
Benzoic acid CHCo0 /;? X\“ E\%@m 4.2
Acetic acid UT\ \ tH\\Qm}F\‘\ \ J{a: 10° +4.7

LT 5
Phen%mww N o= T CHOH 1.3 10 +8.9
Water H,0 1.8« 107 +15.7

Which acid is stronger HCl or HF?
Example 9.5

Calculate concentration of H' ions of a solution that contains
1.0M HF (Ka =7.2 x 107)

Solution:
HFoy == Hiq P
2O\
Initial conc.  1.0M D=

Eq. conc. 1.0- X

(moles dm™) 1 \ AR\
R ] ] \\j'\ INNE _ —
[HF]
7.2x10* = X%




#

Q ’J A\ ?“ ?:5:1:1 0 - ﬁ
N 1
X = 0.268M
[H'] = 0.268M

9.7 STRONG AND WEAK BASES

The strength of a base is the ability to accept a proton from a solvent. Hydroxides of alkali
metals such as sodium hydroxide and potassium hydroxide are strong bases and ionize
completely in aqueous solution. ,

NaOH  —» Na'yg + OH g o eGIHN
e \' /r, \ o= .
KDH':H} K {Hll:' +‘ 0!'[&}/{_ \, ‘-, W\ \ " W L/l

'\y \ \/ o ‘\ - -

The OH ion thus formed is a Hfﬁnﬁled bas.\e Jecause it can accept proton H'.

Jﬁ&*l\h—p H,0
The ability af a base to accept a proton from an acid, usually water, is termed as strength of
the base. For a base B, an equilibrium reaction with water can be represented by the following
equation:

B + H,04q T=BH g + OHy
The equilibrium constant K, is referred to as base ionization constant and can be derived in the
same way as K, for acids. Thus:

_[BH'] [OH]]

[B]
Ko value will be large if degree of ionization of the base B is high i.e. if the base B is strong.
The Value of Ky will be small for a weak base B. Agarn for canvenienc& a;aﬁrarneter pKy has
been devised to express Ky value in conveméut numbers. Thus. nlfh, i defined as the negative

logarithm of Ke.

Ky




Table 9.3: Ky and pi Valyes of Some Cnmmnn fases -~

——. OY'\\;, NN SR
Dlethlyammsl,: \ ‘(tzl-li}I HH 9.6 x 10 3.02
Eppmmihe' ’ C,Hs NH, 5.6 x 10 3.25
Methylamine CH, NH, 4.5 = 10 3.34
Ammonia NH, 1.7 = 10° 4.76
Pyridine CHg N 5.6 x 107 8.25
Aniline C,Hs NH, 43x 10T 9.37

According to these values ammonia is a stronger base than pyridine and aniline but weaker than
methylamine and ethylamine. Also, diethyl amine is a strongest base among all those listed in
the table.

9.8 BUFFER SOLUTIONS AND THEIR APPLICATIONS

A buffer solution is a solution, the pH nf which does et Ythange sigmﬁcantly when a small
amount of acid or base is added tuﬁ it SUCﬁ a snlutinn hasa nrrst,ant pH which does not change

\\ \/ ,‘\__/

on keeping it for a long tlme ~ 1 \ WA

9.8.1 Terg qﬁm.lffer Snlutmns
A buffer utmn can be made in two ways:

1. By mixing a weak acid and a salt of it with a strong base. Such solutions give acidic buffers
with pH less than 7. e.8. CH,COOH + CH,COONa-

2. By mixing a weak base and a salt of it with a strong acid. Such solutions will give basic
buffers with pH more than 7. e.g. NH,OH + NH,CL.

9.8.2 Calculation of pH of Buffer Solution

The concentration of conjugate base in the reaction mixture is predominately supplied by the
salt which is a strong electrolyte. Therefore, assuming the concentration of conjugate base
equal to that of salt and original concentration of acid as equilibrium cnncentratiuns pH of a
buffer can be calculated. N 0

For Acu:”r. @Mfﬁr@

For Basic Buffers




N AN
— 1o\ (CLU)VV T
Example 9.6 A XN [ (0 o™
'.‘\ [ \ ™~ 7

What is the pH of buffer if cqncengraharr Gf GHSC\GOHIISI.'U 1M and CH,COONa is

1.0 M. pK_for CH cc::c:ﬁ 54?57 AR

Solution: Q\.]»'\\J—|\-\\,\J ’\], NNE)
N

Concentration of CH,COOH - 0.1 m

Concentration of Cl'{!COON3= 1.0 M

The formula to determine pH value is

alt](i.e.CH,COONa
pH= pK. + log Saltl(ie.CH,COONa)
[acid](i.e.CH, COOH)
pH = 4.76 +lng( 1.0 1{]]
| since — X
PN Y\
pH= 476 +log 10  (aslog10=1) A\ @)\
\/\\ - M\ "“\\ \ \‘r,( ; \ C@\#/
pH = 4.76 +1.00 oo AanroiN ¢
~) A \\«(’ \ \l C‘ \CR\E RS
PH 5.76 (r_)\‘\ \\ /(??\ \\\ \\ \ \ N\
Concept Assessrqﬂﬁlﬁ"*’ﬁﬁ 9.4

Calculate the ﬁ%} a buffer solution in which 0.11 Molar CH,COONa and 0.09 Molar CH,COOH
solutions are present.

Ka for CH,COOH is 1.8 10" (Ans: 4.83)

Do You Know?
[Biological System ST
“"Human blood 735 t07.45
Tears =2
Stomach 1.65-1.75 |
- 6.7-638 NN /‘; \
Eag whie (protein) ST e

9.9
Consider the follnmng] ggeNhtiuns
1.  Agueous snllrﬁf " r.uf NH4CI turns blue litmus red,

2. Aqueous solution of K;CO; turns red litmus blue.

3. Aqueous solution of NaCl has no action on litmus solutions.

- e _



~ /,7\ \

These observations can be explained on the basisof Emﬁstedhbmy amt!;base theory When a

salt (MX) is dissolved in water, it Splll’S up mtﬂ ﬂ:s h{ zmd X ions. These jons may react with
water and give following rEantiuw A rN

W NN H*imHm‘_ MOH{mx a0)

X (8q) +H-0H{l}g_—HX +OH (aq)

(aq)

Since H" and OH' ions are produced in these reactions, the solution of the salt may be acidic or
basic. In salts anions are derived from acids and cations from bases. The anions of weak acids
are strong conjugate bases. Such anions react with water producing basic solutions.

For example: ch,coo, cN, HCO,.co,> etc.

- —
—_—

CN'(gq) +H = OH;==HCN,, + OH o
“/ \\ l'"—!l Q/// ;‘ \'\".‘ ,\,(;)7‘\.\‘)’/ v o

Co; - }+ 2H- 0”(.11_"‘{:0@3 {aqi CAL

\ I\"- \/ ‘\ / - “'l‘
HCO, +H OHM@&HQ o OH
: . 1 I\j

Anions hkegﬁl N;\ S50 ¢ ,;are so weak conjugate PO YOU KNOW

bases that, they do not react with water. Cations of Hydrolysis is an important process in

i ) plants and animals. In living systems,
weak bases are strong conjugate acids. Such cations | most, biological reactions including

react with water producing acidic solutions. ATP hydrolysis, take place during the
catalysis of enzymes. The catalytic
For example: cu#, AP+, NH;, €tc. action of enzymes allows the hydrolysis

of fats, proteins and carbohydrates.

+ — , '
Cu*  + 2H- OH T=>CulOH) g+ 2Hyg

. 5 .
NH, oy + H - OH, S=—NH,OH,;, + H_,

Cations like Na*, K*, Ca®*, Mg™, etc. are so weak conjugate acids that they do not react with
water.,

~~
\ ~\

These reactions are called hydrolysis reactions, “The Chﬂmmai réactimﬁf catinna and anions
of salts with water is called hydrulysis "C N [ =

‘‘‘‘‘

Hydrolysis is different frofp, hydratmf } Irkhydmlysfs H- OH bund is broken whereas in hydration
water molecule ad?s IHH u a suhstance without bond breakage.

There are fBUTJ f)*ﬁes -::If salts on the basis of their reactivity with water:
1. Salts of strong acids and strong bases do not hydrolyse (pH = 7).
Examples:NaCl, Na,SO,, KNO, etc.

2. Salts of weak acids and strong bases hydrolyse producing basic solutions (pH>7).




Examples: CH,COONa, NaCN, NaES etc: | \ 0,
3. Salts of strong acids and weal-‘. bases hyd@lyse procﬁlclng acﬁ:llc solutions (pH < 7).

Examples: CuSO,, NH‘(I.’{ NH NO ete

4, Salts of weak Jacfﬂs and weak bases hydrolyse, but the resulting solution is either neutral,
acidic or basic. This depends upon the relative values of K, and K, of cations and anions of

the salt.
The important aspects of the salt hydrolysis, discussed above, are summarised in Table 9.5.
Table 9.5
Salt Type lons which '
E::::T: impart Solution pH (Nature)
Acid | Base P | Hydrolysis
Strong | Strong | MaCl, K Br | None = 7.0 (Neutral)
; NH,NO,, : e e fF
Strong | Weak NH.CL Cations c 7. 0 {Aciq‘ul:l N ', /(» c©
Weak | Strong bk O Anions "fa- ? EstE-xsfc}
NN May be equal
-~ \\J \\\]'\U \_J . ’ y F
Weak \\i'\—-' - | Weak NH,CN, | Anions & smaller or greater
NH,NO, | Cations
LA than 7.0

9.10 SOLUBILITY PRODUCT AND PRECIPITATION
REACTIONS

Now we will discuss some of the important equilibria which have some analytical importance.

9.10.1 Solubility Product

When an excess of a sparingly soluble ionic compound is mixed with water, Some of it dissolves
and the rest of the compound settles to the bottom. A dynamic equilibrium-is; reached between
an insoluble solid compound and its ions in a saturated salutian Fb'r examp[e “when it is mixed

with water. The following equilibnum nccu, 77\

CaFy '-_ Caldq} U\ EFtuqi'

K, for this ethbnurn can be written as

e =

( [Ca"IF T
[CaF,)

DO YOU KNOW
Precipitates are insoluble ionic
solid product of a reaction in
which certain cations and anions

combine in an aqueous solution,




Since CaF, is slightly soluble salt its concentratm ;lmos]: remainé c&nstant

Therefore,

J; ]? J’
'K, [C ”] [F'T
Where K_| is a constant known as the solubility product constant. It is defined as the

product of the equilibrium concentrations of ions, each raised to a power which is the
coefficient of the ion in the balance chemical equation.

In general, I(sp expression of any slightly soluble ionic compound A_B_can be written as
+n —m
ArBrs) = MA )+ NB )
- +n™ -m="
Kee= [AT] [B]

This means that the solubility product constant is equal_ tn the pmdt@ of the equilibrium

concentration of ions each raised to a powf.-r equal ti:u the ngtmﬁéMﬁmh jons in the formula
unit of the compound. '

9.10.2 Prec1p1ta$mn Reactions
\WN

In the pre\tmuh\ Qét':tu‘:n we have considered solids dissolving in solutions. Now we will
consider the reverse process i.e. the formation of a solid from solution. An aqueous
reaction that takes place when two or more solution are mixed together, yielding a solid
insoluble substance is called precipitation reaction. In this section we will show how to
predict whether a precipitate will form when two solutions are mixed. We will use the term
ion product ( @’ ). It is obtained by substituting initial concentrations instead of equilibrium

concentrations in the expression for Ks,. For example, ion product expression for solid caF,
is given by

= [Initial conc. of Ca™] [Initial conc. of FT

If we add a solution containing Ca®* ions to a solution containing Fions, prec.ipitate may or may
not form. To predict whether a prec1p1tatmn wﬂl occur we mmpare Q* \and Ksp. There are
two possibilities. o A \

a) If Q@ >Ks, preaip;tatiﬂn cuwandml[ cnntlnue untll the concentration satisfy Ksp.
I clg ﬁs@,iﬂnecmitatiun dues not occur.

-

Example 9 7
The solubility of AgBr is 7.1x107M at 25°C. Calculate its Ks.




~( \\U
Solution A araX \ , \ (&2

|,

7.1x107"M of dlssulved Ag Er produces equal rp&les nf ﬁg and Br ions.
NS

AgBr,, ‘T “ amf":- + B,
j \

7.1x mW MM 710 7.1x107M

<., = [Ag')[Br]

K, ~ (7.1x107) (7.1x107")

K, = 5.041x10"

Concept Assessment Exercise 9.5
i. Write __ expressions for

a) Iron (ll)Hydroxide

b) Calcium Sulphate A (\ \\( ,«;O \e Q\Mm s
ii. Lead(ll)Sulphate is used as W whtt\e pigrr(eﬁt What\ s th&/énlubmty of PbsO,?
Q \\ A
s “, \\ ( \ ‘-,\ l\ \ .\ \\ P
K= 1 95){1\0 ?t 25 e\ (Ans:1.4x 10 M)

iii. Phnw\ej\h natural water often precipitates as insoluble ca, ((PO,),- In Indus river
concentration of Ca** and po;? ions is 1.0x10°M each. Will calcium phosphate

precipitate? K, = 1.2x10 “at 25°C (Ans: No)

9.11 COMMON ION EFFECT

An interesting situation arises when a weak electrolyte and a salt containing a common ion are
present simultaneously in an aqueous solution. For example, in a solution of weak acid,
hydrofluoric acid Ka = 7.2 x 10™, its salt sodium fluoride produces the common ion.

_HHC’J-..
HF g =— naq}+F{nq:

NEF{E} %

Na raq1+Faqj ) '-*"1 L\ 'J [

A strong electrolyte breakﬁﬂp cnmnletEl?hta 1t§ ions. HF is a weak electrolyte, it dissociates

slightly. NaF being ﬁtgqng ele:.:tmiyte “completely dissociates in its ions. The common ion F
\

produced by\ NﬁF ﬂi r‘:s this balance. This increases the concentration of F* ions. According

to Le Chatelier’s principle, the equilibridm shifts to the left to use up some of the F" ions. This

reduces HF dissociation. Thus, the dissociation of HF is reduced in the presence of dissolved

MaF. This means that the HF concentration increases as a result of the equilibrium change.
Similarly, when a highly soluble salt is added to a saturated solution of a less soluble salt
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containing a common ion, The degree'nrf (dissociation~ "'nf the less soluble salt decreases.
Therefore, it reduces Itﬁﬂluﬁlﬁy ThekfﬁrmtﬂTHmﬂn ion effect is used to describe the behavior
of a solution in whu;h two, different compuunds produce the same ion. The phenomenon in
which the deg pB Hﬂnlzatinn or solubility of an electrolyte is reduced by the addition of
a highly saiuhle electrolyte containing a common ion is called the common ion effect.
Examples 9.8

Potassium per chlorate kclo, is moderately soluble in water. When highly soluble KCI is
added to the saturated solution of KCIO,. It causes increase in the concentration of K*

ion.
KCIO,,, == K,y + ClOy

(aq}

{aq}l (aq)
According to the Le Chatelier’s principle K'ions will react wi l/‘l Cl1O- 'i%tgﬁﬁﬂfrn KCIQq4. This
will suppress, the ionization of KClO4. Thus lLi‘ﬂ';l grgmg 1{ . :/f \o S

When HCI gas is passed thrnuéﬁ the sétmated snlutmn of NaCl (Brine), it increases the
concentrati ﬁpﬂ Fk\f hm‘ 3

NaCIhn—_ Na;,,* Cl,

(ag)

t i-
HCly) —>Haq(@a)+ Clg,

According to Le Chatelier’s principle CI ions will combine with Na* ions to form precipitate
of pure NaCl.

Concept Assessment Exercise 9.6

i.  Ammonium Chloride, NH,Cl is a water soluble salt. What will happen if this salt is added
to a solution containing ammonium hydroxide.

NH,OH == NH, + Oy

- ,‘ n\

ii. Carbonic acid is a weak acld It lamzes m water as fqum
H,COyy = zh\,q, * CO"M\

What will happhml ﬁf' strong electrulyte such as Na,COs is added to a solution containing
carbonic Acid:




W -.\ \A
s e N\ ~>(C \ U
Key Points = Da AN (edoT

» A conjugate acid is a“sbec[effﬂnnedasa\fesnﬁ of the acceptance of a proton by a base.

* Aconjugate b\astgjiq'thespemeﬁ that remains after donating a proton from an acid.

e A Le'.«ns“}d:m:h ‘substance that can accept a pair of electrons to form a coordinate
covalent bond.

¢ A Lewis base is a substance that can donate a pair of electrons to form a coordinate
covalent bond.

* NH; has a lone pair on N-atom. So it is electron pair donor. NH; is a Lewis base.

* An acid which can donate proton to a higher degree than another acid is said to be
relatively strong acid.

» It is defined as a method to find the volume of the standard solution required to react
completely with known volume of another solution under analysis.

+ A buffer solution is a solution, the pH of which does not change significantly when a
small amount of acid or base is added to it.

» The chemical reaction of cations and anions of salts with water is Wﬁ@ﬁmlyﬁls

1<

 The solubility product constant is defined as.the\product ‘of “the equilibrium

concentrations of ions, each raised to'd pawer Which s the coefficient of the ion in the
balance chemical equation. | A\ \\ oo

*  Anaqueous reactjop that takes place when two or more solutions are mixed together,
yieldinglfqm[}*@% ible substance is called precipitation reaction.

e The ph¥ﬁ\oménnn in which the degree of ionization or solubility of an electrolyte is
reduced by the addition of a highly soluble electrolyte containing a common ion is

called the common ion effect.

References for Further Information

-»  Michell J. Sienko and Robert A. Plane, Chemistry.

e John W. Hill & Synthia S. Hill, R. D., Chemistry for changing times.

« James N. Lowe, Chemistry, Industry and Environment.

* George M. Bodner and Harry L. Pardue, Chemistry an Experimental Science.

1. Choose the correct answer \' »
(i) Water cannot act as;, W\ A2\ LU \ )
[/) ‘ \\\ A )
(a) Lewis aci_dl_ | VLT (b) Lewis base
RN oW

(c): Cohjgate acid (d) Conjugate base
(iii) pH of 0.01M HCl solution is:

(a) 102 (b} 107

(c) 2.0 (d) 1.0



(a) Basic - {b} Acrdllc
(c) Neutralt

AR\B\SAS (d) Amphoteric
(v) iﬁm élqua':us sulutiun of which compound is basic?
(a) Ammonium nitrate (b) Calcium chloride
(c) Ammonium acetate (d) Potassium carbonate
(vi) Which statement about acids is NOT correct? An acid;
(a) Contains hydrogen ions in solution.
(b) Always contains oxygen.
(c) Has a pH of less than 7.
(d) Gives off carbon dioxide from a carbonate.
(vii) If a liquid has a pH of 7; o ~ET00
(a) It must be cnluurless o)y {h] tfha&diﬁﬁg p&rnt af 100 C.
(c) It must b&a snluﬂﬁpl \ \\ 0 de It must be neutral.

(viii) When air.| puhbled through pure water, the pH is lowered from 7.0 to 5.6, which
g?% ﬁdl Q\Ir is responsible for this change?

(a) Argon (b) Carbon dioxide
(c) Nitrogen (d) Oxygen.

(ix) If 25cm® of 1 mol.dm™ nitric acid is added to 50cm’ of 0.5 potassium hydroxide
solution, what would be the pH of the resulting solution?

(a) 5 (b) 7
(c) 9 (d) 14
(x) If dry citric acid crystals are placed on dry litmus paper it will; +
(a) turn yellow (b) turn green
(c) turn red {d} r;main;s unchanged

(xi) Abaseisa suhstance whi::h\ vwilt neul:ralize nn acid which of these substances is not
a base? O\\rA N}

{a} qugam ammnnia (b) Copper oxide
&}Potasslum chloride (d) Sodium carbonate




o

(xii) A strong acid; ~ X
(a) Is always |:b,arl:lall:pr inm:ed when in mlutiun
(b) Is always fully iunized when\in sulutiun
(n) rb.lwdys ﬂgcnmposes carbonates.
{d} Always contains oxygen
(xiiiy Which one of the following nxides dissolves in water to form acidic solution?
(a) MgO ' (b) Na,0
() SO, . (d) Sio,

(xiv) When crystals of copper sulphate are heated, the colour changes from blue to white.
This is caused by;

(a) Loss of water only | (b) Loss of water and 50;.
(c) Reaction with CO, in the air. N
(d) Loss of water, sulphur dfaxide an-d nxygen./ SN\ _;;;\"f.i‘.;;-\?;;,f. Otk
(i) What are cnnjugate amd basel phrs?”Explain with examples.
(ii) Tﬂel&“ﬁg acid and Lems bases Give one example in each case.

(iif) Write briefly about the iﬂnisatmn of water.

~(iv) Define pH what are the values of pH for acidic, basic and neutral solutions.

(v) What are K, and pKa?
(vi) What are Ky and pKp?

. (vii) What is the relationship between K, apd Ky?

(viii) Give two examples of a buffer solution.
(ix) How does temperature impact solubility.

Elaborate the ionization equation of water. How dues it lead tu the ion-product
constant of water? "2
What are buffer solutions?* Elaborate w1th suitable examples, thelr significance
in acid-base reactions, Wnte thnee common applications of buffer solutions.
Write detailed n tes unveach of. the followings:
(a) Can;ugaté ‘adid base pairs (b) pKa (c) pKb
What is’ hydmlysm? Discuss in detail, the behaviour of each of the following salts
in their aqueous solutions.

(@) KLO, " () NH,CL (c) NaNo,

&




Calculate the pH of formic acid- sodiurn furmal;e puffer mlutinn 'cnntaining 1.0
mole of each component. W\

(Ans: 3.7447) | 7 QIS L
When solid Pbﬂz 5! added to ﬁlre water at 25°C, the salt dissolves until the

8.
cmntrmm of Pb% Teaches 1.6 x 102M. After this concentration is reached,
id remains undissolved. What is K, for this salt.
(Ans: 1.6384x10%)
9. (a) Calculate the H* ion concentration of an aqueous solution having pH 10.6.
(Ans: 2.5 x 10" moles/dm’)
(b) An aqueous solution contain 1.0 x 10 moles/dm? of hydronium ions.
Calculate the pOH of this solution
(Ans: 5.0)
10. What is hydrolysis? Write the equations of hydrolysis equilibrium for each of the
followings:
(K (1) NH; (ﬂu e.ﬂ' = ,\: \
11.  Compare and contrast the. cmptsuf mg aéiil,'s ard weak acids.
12. Analvse hnw hydrolysis contribute to the pH of a solution. Provide examples.
13. frpnifir.‘ance of the dissociation constant (Ka) in predicting the
be{wmqﬂb lweak acids.
14, How does the choice of indicators impact the accuracy of titration results.
15. Evaluate the role of water in acid-base chemistry.
Prcject':_ 3

&

. Explure how neutralization reactions are used in daily life. Identify example such as ant acid
tablets, baking soda in cooking, or toothpaste. Present your findings in he form of a report.




