4 Ionic Equilibrig

/sSOLUTION PROCESS
Most chemical reacti _

mclple -+ constitutes one t'-l':l:li‘::l:z]:l it:l;-'n::k-::lll |I‘”,Im“m': The Mudy of gueh oo

pil‘fw if the solubility of solutes in \-‘;l:ir:||*, :I!:r:‘r'::f .i -"i. I_J.h.{ Heal chemi ' 1:1 _
polar solutes arc more soluble in polar ‘;t:’l"‘-'*“llnt.ml'”l,f”:rl it i Observed thas e
more _mluhl:: tn nonpolar solvents. This is t!]{:“;u:,rj;j{?m 28 NONPOr solutes aen
like dissolves like. For example, sodium i.'hkll"ldg r:r:r Ip'n]m‘wri o solubi iy, 1.e
insoluble in carbon tetrachloride. The high diclcct;iit:? i Wi s onds
of water, makes it one of the most im[:;nrtant snl'-.rer;tfn;:dn: d” PR Rt
higher dielectric constant weakens the forces of au-racti(; b:::*sr-:ri:- het sy
charged ions of the ionic crystals and its polar character gene‘;éi;: t;hi giefe
interactions in which the positive ion is attracted by the ne;aju‘:" ;.ra
water dipole, whereas the negative ion is attracted by the pﬁsiﬂv;. ;rad of
dipole as shown in Fig. 4.1.1. The consequence of this is that the icms-a:e pm;:,:
out of the crystal lattice and are drifted into the liquid phase. Tons move in the
solution in the hydrated forms. Certain covalent molecules with relatively hich

dipole moment can also dissolve in water to produce an ionic solution becanse

of the stronger ion-dipole interactions (e.g., hydrochloric acid).
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A given substance on dissolution in a

Molecular
either an ionic solution or a molecular solution. In the former, the subtsita;
in the latter, it is present as such. The formatio

splits up into ions, whereas
4 ; , represented as follows:

these two types of solutions can be %
MX(s) + aq — M*(ag) + X'(ag) ((4
MX(s) + aq — MX(aq) s
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Ation of jonic solutions are given hej,
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farm gaseous molecules

of
Forma m:::ﬂanl Wﬁmﬂﬂ
sapl_, MX(g)

pissociation of gaseons molecules into @loms
) e M X(g)

Formation of gaseous jons from these atoms
Mig) _-—'Ei’"_" M'(g)+e
xgte —2— X @

Solvation of these gaseous ions

. Ay H
M*(g)+aq — W M (aq)
i Aol :
X (g)+ag —— X (aq)
The enthalpy change in the formation of an ionic solution ;
' ' 1S equal 54,

sum of the above changes, i.e.
w
AH = AooH + DgicH + Nigri,H + AppH + AyH + A H = 5 R
where AH,; _AmpH"'Ad:ssH"'AmmzH"'.&mH " Hﬁﬂ: .
Al = Ly 60t .
ormation of Steps involved in the f tion o e
shacaine Golisich e formation of molecular solutions are given below : I:l.,:
V. - S . 3 2 . "
aporization of the substance to form gaseous molecules el

Dissolution of MX(g) to give MX(aq)
MX(g) —9%, MX(ag)

tﬂ(t:ah{a;nﬂlalpy change AH = A, H + A,
e ge in the formation of a moiemﬂar saluﬁnn
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Comparison of the alise 2 "
solution indicates that thist:);;:: t:}rf":;lllggn];i :r;} g
s A gCl, than to CaCl,. the subsequent steo ().
namely, the cation formation, is highly unfavourable to Hg, with the result that
ﬂgCiz dofrs not form an ionic solution. Similar comparison of the total an;.ha.‘m;
involved in the case of molecular solution indicates that the formation of sucs
type of solution is very unfavourable for CaCl, and slightly unfavoursble for
HgCl,.
More precisely, the formation of a solution (a spontaneous process) should
be decided by the change in the value of Gibbs free energy AG given as

; formation of the onic
more likely to be formed by CaC,

ﬂGzﬁH"‘TBS

where AH and AS are the respective enthalpy change and entropy change of the
process. The former represents change in the value of heat c'ﬂnnjrknl‘fll uog?ml;;
pressure and the latter represents change in the extent of ch;brg:;mmm
system. Since the formation of o solution i ,f]w“‘): acm:ﬂ{?\::;mu)& dissolution,
in entropy, the factor 7 AS is always positive. For @ Spo

 { is i¢ reaction,
AG should be negative, Both AH and AS favour this :’012:1 E::L?:n;lfweigh o
whereas, for an endothermic reaction, the entropy fac

d does not contnbute
“enthalpy change. However, this term

s usually not large, an  cont
' g, 1t becomes
more than 30 kJ to the overall free energy change. Novertheles
v important for an endothermic 1€

action with a very small value of AH as
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Jitation of The classification of compounds in terms of strong and weak clecmoiyes

ssification based on their behaviour in a particular solvent, namely, water. However &
classification suffers from a great disadvantage in the sense thal a patius
electrolyte, though weak in water, might behave as a strong one when disseb
in some other solvent or vice versa. For example, sodium chloride bebaves =1
strong electrolyte and acetic acid as a weak electrolyte when dissolved in w=
However, when acetic acid and sodium chloride are dissolved in ammori the
conductivity values are comparable, indicating a strong electrolytic b
for acetic acid (Table 4.2.2). =
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] | | |

Table 4.2.2 Molar Conductivity Values
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. THE ARRHENIUS THEORY OF DISSOCIATION

The increase in molar conductivity with decy
dilute solutions of all electrolytes led Arrhenius 10 oo
equilibrium exists between the molecule of undiccnc:
ions that result from dissociation

Ea.rﬁng COfICEn

;3‘_:":'-"17_35. Elass

AB — A" +B

On dilution, more of AB dissociates to give A™ and B~, which accoums
increase in molar conductivity. In dilute solutions, it is knows wdav S

Sfeny gl

above equilibrium is valid only for weak electrolytes. Strong elecolyies =
already present in the form of ions in the solid state. Evidence for fhe =xisience

of equilibrium in weak electrolytes can be seen from the \"u:' of colligative

properties (properties which depend only on the number of specics nd 2ot .

their nature). Such properties are osmotic pressure. relative lowering of vapow

pressure, elevation of boiling point and deprissmn (f‘ Iffe?:::H“E}ﬂ e
For example, if we have 0.01 mol kg 501111.10[151-2_‘1: - T

the depression of freezing point in the latter 15 d-;auble\;ﬂﬁ-:;f ith S

because of the fact that solution of NaCl wau_ld be D".' 1 ;1;1 a[il bt

to Na* and 0.01 mol kg’ with respect [?1 Cl émd that e !

of the species in solution is 0.02 mol kg™ Thus: S e

{ CH,OH = 0018 ¢

Depression of freezing point in 0.01 mel L"_ﬂ_E et
Depression of freezing point in 0.01 mol kg~ N

o v ) 20
Similarly, ALSOWs = 0,003

-1
- e 1 kg
Depression of freezing point i 0.01 mol k&

s iy 0] mol kS
olyvie AB U Lt

. " aak elecir N the B

The depression of freezing point in Casc Dgé ‘;‘; 0037 2 ™ lh};{ foss thn
is in between the values of 0.018 © pan 001 mol kg
concentration of species in the solution is greater L

' : at b
0.02 mol kg™ o gmount O AB

o ijon) 15 i
In general, if & (known as extent of 1eaction) &y ion are 432
srociated, then the amounts of various SPECIE> b

AB ——= A"+B
0.01 mol — & g
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H*"’”“ O i il s as follows: Enlratiop,
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A =AT+H
ol =a) & M_].L.
imilarly, for the clectrolyte A,B (assuming single-step dissociation];
AB == 24" +B¥
c(l - ) c(Qe) cor (434 44 I
oo, AR, TvxATH Ostwz
Expression of A chemical S clxa) c(ya) (9 ol
on o emical equilibrium is a dynamic equilibri :
ilibrium ' equilibrium and can be 3
Eou E an equilibrium constant,* which by definition is characterized by
Product of concentrations of species an ; _
g - Side of equilibrium, each raise 01 ?:';f SISl apparing on the ngit
9 Product — 1e corresponding stoichiometric number
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- to the corresponding stoichiometric number P
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K eq (A 2 B ]_ﬁi— ]

A,B]

A}"F 1 F= 1y
In general, KW{A.:B}.J= _[___i_ 1B

The value of the equilibr
quilibrium constant is 4 « j
- [ 5 a charae '
Fle‘f“fomc and depends only on the t.c:mperal:.lrua:mrt;{t-h?r i
individual concentrations of AR, A Tt

inde
g ¥ = X and_ B.If a Mrong e pendent of the
either A™ or B is added to the solution of 4 weak electrolyte AR
above expression for the equilibrium constant holds zood. . even then te

electrolyte is to suppress the extent of dissociation of the wcafmglec:;;m
the degree of dissociation of the weak electrolyte is 5

decreased.
| EFFECT OF DILUTION ON DEGREE OF DISSOCIATION

wwald Dilution  We write the equilibrium for a weak electrolyte AB a5
it

AB+H,0 —= A"(aq) +B (ag) (44.1)
concentrations of various species in solution
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sociation constant of HCN is 4.9 % 10719 M. Calculate the
() 0.1 M and (i) 0.01 M, > degres

At25 oC, acid dis
if its Lancemmtnons are

gxample 441 A 2 cition of HCN,
Solution {f @ is the degree of dissociation of HCN, then the concentrations of various s
solution are G
HON + H,0 — Hi0" +CN
e(l-a) (v o
pstituting these in the dissociation expression, We have
+ o~
po= H,0°1[CN"] _ (co)(c e ca’ : '
[HCN] R T
L L (4.9%107° M)
0 \J J7 ) i
Natur
_lu -
iy g RN
J 0L =221x107"
4 -
5 DISSOCIATION OF PURE WATER
equati®

2- 2 g 3

Th e .
e equilibrium constant of the reaction is
. {HEO*][DH']

[H,0F

K

lonizati
on
of Water Constant e ionization of
{ water may be writte
> writlen as

HZO — H+ +OH™

for whi ioni
hich the ionization constant is given by
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+ _ ;
K — M 10K

1

[H,0)
: (4.5.4)
I; It is obvious that K, = Ko IH,0],
0 . L (455
Since water is found (o b )
f € poorly jo
Produﬁl 0 at 25 °C). -:!Dncﬂntraliqn 5 Wdtcryremnz:ﬁgdi:liﬂ_ﬂﬁgﬁf ;l];wmatmn is 1.8 x 1077
::;. (18 g mol™) = 55.56 M), 15 concentration cap hi z ' ‘;]qame {1 000 g dmy
constant K, to give a new constant, known as (he e ¥ith the ionization
en Eq' (4'5*4}‘ we gel [ﬂ"ll’ p”’dw, f]f Water, k’ F!’ﬂm
1er
es, K, = K; [H,0] = [0 [OH] (4.5.6)
ng The concentration of OH in pure water will be the a5 that of H*:
therefore
of Kw 'z[H+]2 _ 45.7)
% The value of [H*] in water at 25 °C is found to be 1.0 » 107 M. The

value of ionic ptﬁﬂﬁcf*at*ﬂs ’“f}“fﬁ thus equal to
K, = (. n x 10-‘? M)‘::(l 0 x 107 M)

it ':$'| } -

wure of Solution
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e
(11 UM = 108§
[ M) Wi

pH = log

| to the Iug.un'ill'lnl ol the I'Iru_-|p}r;[,;.| ol ”ftlr’i‘ﬂ .
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Thus, it is equd
water at 25 °Cs pH 1s given by
f"” = - ]'-‘!-IH.GK 1) -'J}: = '}') =T
T (45
to the acidic and alkaline solutions at 25
» I 1§ 5

The pH corresponding

greater than seven, respectively.

we can define a pOH scale as the negative |

of numerical value of the hydroxyl-ion concentration. H(:chgg Y€ TOgarity

alkalinity of a solution is often expressed in terms of pH of T, the acidity o
a solution. By

pH and pOH are related to each other through the expression

pe less than and
In a similar manner,

r o 1= - f'l_ﬁ 3
where pK,. like pH and pOH, is equal to —log 1KWKM2} Its value at 2 r'-
= % ;j -:I.. !

equal to 14.
Example 4.6.1 : iont
The values of jonic product of water at various temperature 1
- s are given below.
: 0

K, x 10"/M? 5 . M

i I
/ ¢ 5474

What are
Solution Since [H",}ﬂ1 : Ij-]_valucs of the pure water at these temperatures?
= _[K ., therefore -
w

pH = — log ([H' M} = — 1
] ] Elug{xwmz}

Temperature
0 °C pH F
10 % ~Llog (0.114x10™%) =747
25 °C - Llog (0.292 % 1074)=7.267
40 20 - L log (1008 x 10714 = 7.002
50 40 - 1 log 2.919x 10 = 6.707
- L1og (5474 x 107" = 0631
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Solution

Lrtmpe 4.6.4

lutigy

-

K
Al j_i_‘_—_'__'__'_“————-—____‘__ fong, oA e
 the degree ol HOnTzati = il tbrig 241
Il1llt’.|l|u|| constan nd ] LI | Willey Was f,
[ e 10n¢ |"1Jd[||- ¥ .,|||”! iy b n
CLof watae e n
If o ie 1l i aler m thiy |.,|“| 11} Cal, s
s e degree of digs y i by Sk (hy
BCIRhon o walter, then We hive
H,0O | 2 HY v on :
H™ ] =[OH" 1 = pay
It mass of 1 dm® water s taken as 1000 thiar
L M __ { HJI_III}.J,.', 18 & mol ;
\ V ’Illhl ¥, 36 A
Thus K = [H*][OH" i (ca)? ot |
- 0] =gy % (assuming g o
=(33.56 M) (1.8 10°*)% = [ 85 1016 p
¢ ” + 2 =
and Ky =[H"][OH ] = (car)* = 1(55.56 M)(1.8 %10 9
=1.0x107"% Mm?
What is the pH at 25 °C, if a solution which is twice as alkaline (i.e whic 1
twice as many hydroxide ions) as pure water?
For a solution to have twice alkalinity, we have
[OH]=20x 107 M
Thus POH =~ log ([OH/M] =-1log 20 x 107) =7 - 030 = 67
and hence pH = 14 — pOH = 7.30
The ionic product of water at 100 °C is 55 times than that at 25 °C. (1) Calculate
value of pH of water at 100 °C. (ii) A given solution at 100 °C has a pH value
Indicate whether the solution is acidic or alkaline or neutral.
(i) Given that
T =14 nf2
K, (100°C) =55% K,,(25°C) = 55X (1.0 107" M")
1 . ¥ I o (33 gl ¥ I':
Thus  pH(100°C) = — ~log {K/M’] = ~ S log (53 x1077) =8

sonding pH of pure
“” Since for a }__IV(,H \{}]Lllll][l PH U.luul to 5.0 18 less thun the cOrrespend

water at 100 °C, the solution is acidie,




