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IN-CHAPTER EXERCISES Chemistry

lonic Equilibrium

[ EXERCISE-A ]

0.0315/63 N .
HNO;]=—————=10"M=[H [ o ~1]
[HNOs 1= <550 /1000 ) [H] HNO;
[OH ] = Ky _10 —=10"M

[H*] 10

2 2
K, = _ (0.05)(0.035)° _ oo s
(i) 0.1N HCI = [H']=0.1N=0.1M =

N 1 1
(i) — HCI = [H']=—N=—M =

50 50 50

N 1 1
i —H,SO = H']=— N=— -
(i) 100 27 * H1=100 100

1 1
(iv) [NaOH] = [OH ] :BN EEM = pOH=1 =
) pH=3.69=4-0.31=~log,,[H"]=~log,, 10*~1log,,2 =
20/40 1 _ K
(i) [NaOH] _ 20740 1y =[OH™] =X [H]= —¥
1 2 [OH"]

pH=1

pH=1.7
pH=2.0

pH=13

[H]=2x 10*M

=2x107"M = pH=13.7

(ii) [Ba(OH),] = 0.005 M [Equal vol. are mixed] = [OH1=2x0.005M=0.01M

= pOH=2 = pH=12
K,=1.8x107

[K
(i) a=,—2=18x10*=134x107
C
pH = —log,, (ca) = —log;, (+/1.8 x 107) = 2.87

[K
(i) o= ]—-2=\18x107 =424 x1072
C

pH = —log; ca = —log;y (/1.8 x 107*) = 3.38
Mmoles HCI1=1 x 50=50

2
K,=49x10%c=0.1M = K, =——

l1-a

K _
& =7 x107*; pH=—1log,, (Cor)=—log, (7 x 105)=4.15
C

= o=

20 1
MmolesNaOH=1x30=30 =  Mmoles HCl (left)=20 = [HCI]= 0 1 [H'] = pH=0.6
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K 10714
oy Ka L 107
[H] 7x10"
¢c=0.IN,a=1.3%
[H=ca=1.3x10>M =

K .
(i) o =,/—2 can’t be used as c is low.
c

2

=143 x1070M

8. )
pH=2.89

Solve: K, = <
l-a

pH=—log,,co.=—1log,, (107 x0.13)=3.89

toget =0.13

9, pH=25 = [H']=10>=J10x10">M
+12
K, T 40
c—[H']

10. MmolesNaOH=0.1 x25=2.5
@) Mmoles HC1=0.1 x20=2.0

05 1 -
= NaOH].g =— = —M=[OH
[ Jiest 45 = 90 [OH ]
+ Ky -13
= [H] = =9x107°M = pH=12.04
[OH ]
(ii) Mmoles HC1=0.1x24=24
= [NaOH]q = or_ 1 M =[OH ]
T 49 490
= [H]=4.9x10"12M = pH=1131
11. (i) (C) To get conjugate acid, add proton (H") = Ans: NH,
(i) (A) pH=6 = [H]=10°M = [H'],eo = 10¥ M (100 times dilution)
=  Dissociation of water has to be taken into account. = pH will be close to 7.
(iii) (D) For pHcloseto 1,
= [H*] should remain after neutralisation.

In (D) : Mmoles HCI = % x 75 =15 and Mmoles NaOH = é x25=5

= Mmoles HCl, ;= 10; V. o =100 ml

= [HCl]=[H']=0.1M = pH=1

(iv)(B) [H']=[OH] (Pure water)= 10"° M (given) = K, =[H'][OH]=10"
WM®) K, ~co?[Ifoissmall] = K_a - a1
Kz Ci Cy 4
N [H+]2
T
: K 1071 16
™)(©) KJ[HO0]-K, = K w ~1.8 x10
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(vii) (C)pH=13 = [H']=10"M = 1000 mlsolution contains 10~ moles H"= 10-13 x 6.02 x 10>> H" ions
= 1 mlsolution contains 6.02 x 107 ions of H".

(viii) (D) Since, K, changes with T so, [H"] and [OH] will change with T.
ix)y() K, MasT1N = [H]and[OH]{} =  pHandpOH will decrease.

@(©C) AB, = xAY" + yB*

c — _

c—coa cax cay

1/
CAYTRTP o ey ke VY
a [AxBy] c LXX'yy'CX+y_l)

(xi) (B) HCl + HCl

[pH=1 = [H]=10"'M] [pH=5 = [H]=10"M]

= when two sol". are mixed, H" contribution from the second solution, will be small.

+ [H'] , s -

Thus, [H ]ew = > [Equal volumes are mixed] = pHwillincrease but will be between 1 and 2.

(xii) (A) Higher is K,, higher is o (for same ‘c’) = Higher is ca [ =[H']] = Lower is the pH.
co?

(xiii) (B) K, = " ;K,=1.8x1075;¢=0.1M = [OH ]=ca.
xiv) (C) pH=31t06 = [H]=103Mto 10°M =  [H']reduced by 1000 times.
(xv)(D) HCI, CI" : conjugate acid - base.

CH;COOH, CH4;COOHj : conjugate acid - base.

[ EXERCISE-B J
It
pH=96 = pOH =44=pK;, + 10g10M
[Base]
Here: pK,=4.7, [Base]=0.18 M =  [Salt]=0.09M = Moles=0.09 x0.2=0.018
[Salt]

pOH = pKy, + log;o — ; pK;,=4.7; [Salt] =0.3 M; [Base] =0.25M = pOH=4.78 = pH=9.22

[Base]

When NaOH is added to basic buffer, pOH |} . Thus, pH 1}
03— x NH, + OH~ —> NH,OH
= pOH,.,, = 4.78 — 0.6 = pK;, +log, 2— 0.3 X 0.25
025+ x 03-x - 0.25 + x

Solve to get, x=0.173 moles [V=1L]

15/60 1 205 1
H H]=———=—-M:[CH;,COONa]=—=—M
[CH;COOH] 0 2 ; [CH; ] e 2
[Salt]
H = pK, + logig——— =pK, =4.74
p P&, glO[ACid] P&,
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240/V 24
Mmoles: CH;COONa + H" —— CH;COOH pH,.w = pK, + log 260/ V = ApH= 10g102—6 =-0.035
250 10 250
240 - 260
(i)(D) Insmall intestine, pH=8 (Basic solution) = Shifts the dissociation of aspirin in forward direction.
In stomach, pH =2 —3 (Highly acidic) = Will supress the degree of dissociation of aspirin due to
common ion.
. Salt Salt Salt 1
(ii)(C) pH =pK, + logjg—— [Salt] 5= 6+ log ﬁ = [ a' ] =—
[Acid] [Acid] [Acid] 10

(ii)(C) Clearly, solution of CH;COOH + CH;COO™ Na® is an acidic buffer.
(iv)(A) For maximum buffer capacity, [salt] = [acid]

(W(A)  Adding sodium acetate to acetic acid, will supress the dissociation of aceticacid = [H*]U = pH increases.

[Salt — x]

(vi)(B) Adding HCI will cause the conversion of some of sodium acetate to acetic acid i.e., pH, ., = pK,+ log, CAcid 1 x]
cid + x

= pH will decrease.
(vii) (C) pH of a buffer remains same on dilution.

(viii) (ABCD) Solution containing NH,OH/CH;COOH may also behave as a buffer if unequal Mmoles of either
NH,OH or CH;COOH are used.

[ EXERCISE-C ]

-14 -10
Ky = o 10 5 g0, 2 / h 5“0 =50 x10° =7.07 x 107

K_b 2 %107
[H]=ch=7.07x10°M

1
NH,C1;salt of SA-WB: pH =7 — 3 (pKy, + logpc)

pH=4.5; pK,=4.7 = c=2M = gnuya =(2x0.5) x53.5=53.5gm
K
K, =107° = Ky =—% =108
Ky,
+ K
N,HCI™ : salt of SA- WB: = h=, -2 =410° =316 x 107
C
t pK,, 1
CsHsNHCI™ : SA-WB: pH = — E(pr + logjpc) = pK,=8.82
K ~14
HA) Ky=—-2= 10 -=55%x107"
K, 1.8x10°

(i)(D) Basic solution = salt of WA - SB:
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Vidyamandir
40 IN-CHAPTER EXERCISES I—!’-I Classes g
Gurukul for IT JEE & Medical Preparation

1
(iif)(D) CH,;COONa: Saltof WA-SB: pH =7 + ) (pK, + log[salt])

(ivv(B) NaNO;andNaCl: Saltof SA - SB

H,S0,: Acid (pH<7)

H,S : VERY Weak Acid. (but pH<7)
(VYD) SincepH=11 (Basicsol") =

= pH=7

Salt must be WA - SB.

[ EXERCISE-D ]

1. Solubility of AgCl =/Kgp agc1 = 125x10° M =1.25x 10° x 143.5g/L =1.79 mg/L
o 2.1 3
2. Solubility of Ca(103), = EM =538x107"M =x

Kspca(iog), = 4%° =6.24x 107" M

3. Ca(103),(s) = Ca’" +210;
X
- X 2x

Ca(NO;), —— Ca’** +2NO;
0.IM 02M

Kspca(iog), = [Ca*"1[10]] =(0.1+x) (2xP~0.1 (2x)? = x=125%x103M

4. Kgp=1.5%107

) Solubility in water = \[Kgp = 3.87 x 1075 M =3.87 x 105 x 233. 4 gm/L =9.03 mg/L

(ii) In 0.1 M BaCl, =  [Ba*]=0.1M,[SO} ]=

Ksp _ Kgp

~ =1.5x10°%M
[Ba2+ ]Total [Ba2+ ]Ext.

= Solubility=1.5x 108x233.4¢/L=3.5x10°g/L

_ KgpAgCl 2.8x107"7

5. [CI Jmin = - M=122x10"M

To start [Ag"] 23%x107°
PPt

6. Ag,C,0, = 2Ag" + C,05”
2x X

In0.1 M Na,C,0, =[C,057]=0.1M

Kep=4x=4(1.1 x10%3=532x 1072 [ 2x = 2.2 x 10_4]

= 2y)* (y+0.1)=Kgp [y = New solubility]
= y=3.64x10°°M

7. Kgp=4x107
PbBr, —— Pb>" + 2Br~ Kgp=[Pb?*] [Br *=(x) (2x)? = x=00IM
X _ _
- X 2x
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8. [Ca?]=2.5 x 104 M [After equal volumes, mixing] = LPp = (2.5%107)(107?
[F1=10"*M =2.5x102<Kg, [No PPt.]
H* 2 rQ2—
9. Use:  KK,= (LN S K, =107 ;[H]=1M;[H,S]=0.1M
[H,S]
= [S2]=1022M At saturation
LP, = [Zn>][S*]=0.02 x 10°2=2 x 1024
LPqy=[Cu*][S*]=0.02 x 102 =2 x 102> K¢, Cus = CuS will get precipitated.

2+
10. - [SCS ]] = 88511\1/{4—]—» [Ca”]=0.005 M; [H,SO,] = 0.0005 M (After mixing)
— U, 2+ ..
[stoj]l —0.00 M l—> [Ca ]=0.005M; [H,80O,] = 0.01 M (After mixing)

Before mixing; IP.cys0,1 = (3 x 107)(5x 1074 =25 x107° < Kgp
and LP.cas0,2 = (5% 10_3)(10_2) =5x107 < Kgp = No precipitation.
1. OO AX; =24 +3X" Ky=2y? Gy’ =108y’
2y 3y
(ii))(B) Check the LP. of CaF,=[Ca?"][F]? after halving the concentrations of Ca?* and F~ (Equal volumes mixed)

(iii) B) In water : Solubility = \Kgp =S,

K K
In0.01 MCaCl,: S = —%; In0.01MNaCl: S, = —F%
0.02 0.01
K
In 0.05 MAgNO,: Sy = —>
0.05
(iv)(C) pH=10.5 = [OH =103 M=2x =  2x=+10x10*M
Mg(OH), = Mg*" + 20H" Kgp=4x3=1.57x 10!
X 2x

KgpStF,  [7.9x 10717

_ KgpSICO;  7x107"°
[Sr?*] 583 %107

= =583%x107M and [F]=

=3.68x107°M
[CO3™]  12x107

™m© [Sr*']

H PS> K, -[H,S] 10% xo0.1 _
i) (A) Ka:[ 17[S7] N (s> 1= Xa [22]: j 1020 M
[H,S] [H"] 0.1
= 1L contains 1072 moles = 6.02 x 1023 x 102 jons of S*

(vii) (B) I from Nal will exert common ion effect on Agl.

(viii) (B) For any polyprotic acid, Kal >> K‘,ﬁ12 >> K‘,ﬁ13 e
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K<pMg(OH 10712
spMe(OH), _ ~10°M = pOH=5 = pH=9

(ix)(B) [OH ]y, =

Mg>] Vool
(x)(A) Look for a salt requiring min. value of [M*].
(0)(A) ABy ==pAT +qB"  Kgp=(pP (@i=p’rqi e
X _ _
- px qx

(xii) (A) FindL.P of AgClusing I.P.=[Ag"] [C]"] with halved concentrations as equal volumes were mixed.

[ EXERCISE-E ]

@) Mmoles NaOH=0.1 x 50=5

1
Mmoles CH;COOH=0.1x50=5 =  Complete neutralisation = pH=7+ E(pKa + logjgc) =8.72
U
Hydrolysis

Here, ¢ = conc.of salt = S
100

(i) Mmoles NaOH=0.1 x 50=5
Mmoles CH;COOH=0.05x50=2.5 = Formation of basic solution.
2.5
pOH = _IOglo(Fj =16 = pH=124
(iii) Mmoles NaOH =0.05 x 50=2.5
Mmoles CH;COOH=0.1 x50=5 =  Formation of an acidic buffer

2.5
[Salt] = [CH;COOH] = =~ —  pH=pK,-4.74
@iv) Mmoles NH,OH=0.1 x50=5
Mmoles HCI=0.05 x 50 =2.5 = Buffer (Basic) Formation
pOH=pK, [ [Salt] =[Base]]

=474 = pH=9.26
) Mmoles NH,OH=0.05 x 50=2.5

. 2.
MmolesHCI=0.1x50=5 = Acidic Sol": pH = —log;, (ﬁj =1.6
(vi) Mmoles NH,OH=0.05 x 50=2.5
Mmoles CH;COOH=0.05 x 50=2.5 = WA -WBSalt: pH =7 + %(pKa -pKy) =7

Theoretically, Indicator changes its color when [In"]=[HIn] = pH=pK,=5
Indicator will change its color at pH =pK,=3.4

It will be useful where pH at equivalence point is close topK, = =  Acidic solution at equivalence point.

@H@A) NHOH+HCI = NH,C1 =  pH<7atequivalence point.
(i) (C) pH indicator are weak acids/bases.

(iii) (B) pH > 8 at equivalence point =  Saltof WA - SB.

(iv)(C) Learnas aresult.

V(D) Weak Acid - Strong Base titration =  pHatequivalence point>7.

= Choose indicator having pK, close to pH at equivalence point.
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