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SOLUTION OF IONIC EQUIVLIBRIUM (ELEMENTARY) 
 

IONIC EQUILIBRIUM-I 
 

vk;fud lkE;-I 
 

EXERCISE # 1 
 

PART – I (Hkkx - I) 
 

A-1. Polyprotic Arrhenius acids produce more than one H+ ion per acid molecule when dissolved in water. 
 On removal of one H+ from an acid, we get its conjugate base. On addition of one H+ to a base, we get 

its conjugate acid. 

gy- cgqizksfVd vkjsfu;l vEy izfr vEy v.kq ,d H+ vk;u dh vis{kk vf/kd vk;u mRiUu djrk gS] tc ty esa bls 

?kksyrs gSaA   

 vEy ls ,d  H+ vk;u dks fudkyus ij gesa la;qXeh {kkj izkIr gksrk gSA {kkj esa ,d H+ vk;u feykus ij gesa la;qXeh 

vEy izkIr gksrk gSA  

 

A-2. Acidic – NH4
, CH3COOH2

 (can donate H+ forming NH3 & CH3COOH, cant accept H+ due to existing 
positive charge). 

 Basic  – H2PO2
–, HPO3

2–  (can accept H+ forming H3PO2 and H2PO3
–, but cannot donate H+ as H is not 

directly attached to O, so non-acidic). 
 Amphiprotic  – H2PO3

–, H2PO4
–, HPO4

2–  (can accept H+ forming H3PO3, H3PO4 and H2PO4
– & can 

donate H+ forming HPO3
2–, HPO4

2– & PO4
3– respectively). 

gy- vEyh; – NH4
, CH3 COOH2

 (H+ vk;u nku djds NH3 rFkk CH3COOH cuk ldrs gS, mRrsftr /kukos'k ds dkj.k 

H+ xzg.k ugha dj ldrs gSaA ) 

 {kkjh; – H2PO2
–, HPO3

2–  (H+ vk;u xzg.k djds H3PO2 rFkk H2PO3
– cuk ldrs gSa, ysfdu  H+ nku ugha dj ldrs 

gSa D;ksafd H ] O ls lh/kk tqM+k gqvk ugha gS] vr% vuvEyh;). 

 mHk;çksfVd – H2PO3
–, H2PO4

–, HPO4
2–  ( H+ vk;u xzg.k djds Øe'k% H3PO3, H3PO4 rFkk H2PO4

– cuk ldrs 

gSa rFkk H+ nku djds Øe'k% HPO3
2–, HPO4

2– rFkk PO4
3– cuk ldrs gSa). 

 
A-3. H2O upon dissociation produces both H+ and OH– ions ; both donates and accepts H+ forming OH– and 

H3O+ respectively ; can donate lone pair but cannot accept lone pair due to non-availability of vacant 
orbitals on it. 

gy- H2O fo;kstu ij H+ rFkk OH– nksuksa vk;u mRiUu djrk gS; nksuksa H+ nku djds rFkk xzg.k djds Øe'k% OH– rFkk 

H3O+ cukrk gS ; ;g ,dkdh ;qXe nku dj ldrk gS ysfdu bl ij fjDr d{kdksa dh vuqiyC/krk ds dkj.k ,dkdh 

;qXe xzg.k ugha dj ldrk gSA  

 
B-1. K = [NH4

+] [NH2
–] = 10–30 

 [NH2
–] = [NH4

+] = 10–15 M  ( 2NH3  NH4
+ + NH2

–) 

 No. of NH2
– ions ¼NH2

– vk;uksa dh la[;k½ = 
15 23

6 3

10 mole 1 L 6 x10 ions

L mole10 mm

    
    

    
= 600 ions / mm3  

 

C-1. w
a

b

K
K

K


14

10

10

4 x 10




 = 2.5 x 10–5   

 pKa= 5 – log 2.5 = 4.6 
 

C-2. (i) HPO4
2–  H+ + PO4

3–; Keq = 
3aK  of H3PO4 = 10–12 

 (ii) Ka(H2PO4
–) × Kb(HPO4

2–) = Kw = 10–14.  So, 10–8 × Kb(HPO4
2–) = 10–14. Therefore, Kb(HPO4

2–) = 10–6.  
 (iii) Ka(H3PO4) × Kb(H2PO4

–) = Kw = 10–14.  So, 10–3 × Kb(H2PO4
–) = 10–14. Therefore, Kb(H2PO4

–) = 10–11.  
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 (iv) Kb of  PO4
3– (

3bK ) =

3

w

a

K

K
, Kb of HPO4

2–(
2bK ) = 

2

w

a

K

K
and Kb of H2PO4

– (
1bK ) =

1

w

a

K

K
. 

 Since order of Ka is 
1aK  > 

2aK  > 
3aK , so order of Kb is 

1bK < 
2bK < 

3bK . 

gy- (i) HPO4
2–  H+ + PO4

3– ; Keq = Ka3 of H3PO4 = 10–12 

 (ii) Ka (H2PO4
–) × Kb(HPO4

2–) = Kw = 10–14. vr%, 10–8 × Kb(HPO4
2–) = 10–14. bl izdkj, Kb(HPO4

2–) = 10–6.  

 (iii) Ka (H3PO4) × Kb(H2PO4
–) = Kw = 10–14. vr%, 10–3 × Kb(H2PO4

–) = 10–14. bl izdkj, Kb(H2PO4
–) = 10–11.  

 (iv) Kb , PO4
3– (

3bK ) =

3

w

a

K

K
; Kb , HPO4

2–(
2bK ) = 

2

w

a

K

K
rFkk Kb , H2PO4

– (
1bK ) =

1

w

a

K

K
. 

 pwafd Ka dk Øe  
1aK  > 

2aK  > 
3aK  gS, vr% Kb dk Øe 

1bK < 
2bK < 

3bK  gSA 

 

D-1. (i) 0.001 M HNO3 : HNO3   H+ + NO3
– 

   t=0 10–3 M  0  0 

  t=eq (lkE;) 0  10–3  10–3 

    pH = – log10–3 = 3. 

 (ii) 0.005 M H2SO4 : H2SO4   SO4
2– + 2H+ 

   t=0 0.005 M        0    0  

  t=eq (lkE;) 0      0.005  10–2 

    pH = – log(10–2) = 2.  

 (iii) 0.01 M KOH : KOH         K+ + OH–.  

   t=0 10–2 M          0    0 

  t=eq (lkE;) 0                  10–2  2 × 10–2. 

     [OH–] = 10–2 M 

     pOH = 2 

     pH = 14 – 2 = 12. 

 (iv) 10–8 M NaOH : NaOH   Na+ + OH– 

   t=0 10–8 M  0  0 

  t=eq (lkE;)  0  10–8  10–8. 

  t=eq (lkE;) H2O     H+    +    OH–   

      x x 
    So, in solution, [OH–] = (10–8 + x) M and [H+] = x 

    vr% foy;u esa , [OH–] = (10–8 + x) M rFkk [H+] = x 

 Kw = 10–14 = [H+] [OH–]   x(10–8 + x) = 10–14  

   x =  9.5 × 10–8 = [H+]   pH = 7.022  

 (v) 0.0008 M Ba(OH)2 : Ba(OH)2    Ba2+ + 2OH– 

   t=0 8 × 10–4 M   0  0 

  t=eq (lkE;) 0    8 × 10–4  2 × 8 × 10–4. 

  [OH–] = 16 × 10–4 M. 

  pOH = 2.8. 

  pH = 11.2. 
 

D-2. (i) [TOH] = 
2.21

221 2
= 5.0 × 10–3 .   (mol. wt. TOH = 221). 

  pOH = log[OH–] = – log 5.0 × 10–3 = 2.3 ; 

  pH = 11.7. 

 (ii) [H+] = 2 × [H2SO4] = 2 × 
0.49 10

98


= 0.1 M 

  pH = 1. 

 (iii) [OH–] = 2 × [Sr(OH)2] = 2 × 
1/1000

4
= 5 × 10–4 M 

  pOH = 4 – log5 = 3.3 

  pH = 14 – 3.3 = 10.7. 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Ionic Equilibrium (Elementary) 
 

 

 

Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVIEQ(M) - 3 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

 (iv) [HCl] formed (fufeZr [HCl]) =
1 12

1000


= 12 × 10–3 M. (M1V1 = M2V2) 

  [H+] = 12 × 10–3 M ; pH =  1.92. 
 

D-3. Millimoles of H+ (H+ ds feyheksy) = 10 × 0.2 + 40 × 0.1 × 2 = 10. 

 So, [H+] = 
10

50
M. 

     pH = 0.7. 
 

D-4. (a) Millimoles of OH– = 20 × 0.2 × 2 = 8. 
  Millimoles of H+ = 30 × 0.1 × 1 = 3 

  Millimoles of OH– left = 8 – 3 = 5 

  [OH–] = 
5 1

50 10
 M.  

  pOH = log 10 = 1.   pH = 13. 
 (b) Millimoles of H+ = 2 × 0.1 = 0.2. 

  Millimoles of OH– = 10 × 0.01 × 2 = 0.2. 
  Solution is neutral and pH = 7. 
 (c) Millimoles of H+ = 10 × 0.1 × 2 = 2. 
  Millimoles of OH–  = 10 × 0.1 × 1 = 1  

  Millimoles of H+ left = 1 

  [H+] = 1/20 = 5 × 10–2 M. 

  pH = 1.3. 

gy- (a) OH–  ds feyheksy = 20 × 0.2 × 2 = 8. 

  H+ ds feyheksy = 30 × 0.1 × 1 = 3 

  'ks"k cps OH– ds feyheksy = 8 – 3 = 5 

  [OH–] = 
5 1

50 10
 M. 

  pOH = log 10 = 1.   pH = 13. 

 (b) H+ ds feyheksy = 2 × 0.1 = 0.2. 

 & OH– ds feyheksy = 10 × 0.01 × 2 = 0.2. 

  vr%] foy;u mnklhu gksrk gS rFkk pH = 7 gksrh gS 

 (c) H+
 ds feyheksy = 10 × 0.1 × 2 = 2. 

  OH–  ds feyheksy = 10 × 0.1 × 1 = 1  

  'ks"k cps H+ ds feyheksy = 1 

  [H+] = 1/20 = 5 × 10–2 M. 

  pH = 1.3. 
 

E-1. Ka =
2C

1



 
 &  =

1.3

100
= 0.013  

 C = 0.1 M 

  < 0.1 therefore (vr%) Ka = c2 

 = 0.1  (0.013)2  = 1.69  10–5  
 

E-2. HA    H+    +   A–  

 c(1 – )  c  c 

 [H+] = Ka ×  
–

[HA]

[A ]
 

  pH = pKa + log 
[A ]

[HA]



= pKa + log 
c

c (1 )



 
 

  pH = pKa + log 
1

 
 

  
= pKa – log

1  
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   log
1  
 

 
= pKa – pH. 

    
1  
 

 
= a(pK pH)

10
  

    = 
a(pK pH)

1

1 10



 

 

E-3.  BOH   B+   +   OH–  
 t=0 1 M      0       0 

 t=eq [1–]                 

   
2

1–




= Kb  Expecting  < < 1  2  = 2.5   × 10–5   = 5 × 10–3  

 [OH–] = 5 × 10–3 M   pOH = 3 – log 5   pOH = 2.3  pH = 11.7 
 Note :  
 (i) Volume of solution given in question has no significance. 

 (ii) After getting  value as negligible, direct relation : pOH =
1

2
(pKb – logC) could also be used. 

gy-   BOH   B+   +   OH–  

 t=0  1 M      0       0 

 t = lkE;  [1–]                 

   
2

1–




= Kb  Expecting (vkisf{kd :i ls)  < < 1  2 = 2.5 × 10–5   = 5 × 10–3  

 [OH–] = 5 × 10–3 M   pOH = 3 – log 5   pOH = 2.3  pH = 11.7 

 fVIi.kh :  

 (i) iz'u esa fn;s x;s foy;u dk vk;ru lkFkZd ugha gSA  

 (ii) dk eku ux.; ekuus ds i'pkr~ lh/kk lEcU/k : pOH = 
1

2
(pKb – logC) Hkh iz;qDr gks ldrk gSA  

 

E-4. Because HCl is strong acid. (D;ksafd HCl izcy vEy gSA)  
 

F-1. (a) C2H5O– + H2O  C2H5OH + OH–. (Basic solution {kkjh; foy;u) 

  (b) Cu+2  + 2H2O  Cu(OH)2 + 2H+. (Acidic solution vEyh; foy;u) 

 (c) SO3
2–  + H2O  HSO3

–
 + OH–. (Basic solution {kkjh; foy;u) 

 (d) F– + H2O  HF + OH–. (Basic solution {kkjh; foy;u)    

 (e) NH4
+ + H2O  NH3.H2O + H+. (Acidic solution vEyh; foy;u) 

 (f) CH3COONa + H2O  CH3COOH + Na+ + OH–. (Basic solution {kkjh; foy;u) 

 (g) KNO3 + H2O  K+ + NO3
– + H2O. (Neutral solution mnklhu foy;u) 

 (h) NaOCl + H2O  HOCl + Na+ + OH–. (Basic solution {kkjh; foy;u) 

 (i) Na2CO3 + H2O  HCO3
– + 2Na+ + OH–. (Basic solution {kkjh; foy;u) 

 (j) ZnCl2 + 2H2O  Zn(OH)2 + 2Cl– + 2H+. (Acidic solution vEyh; foy;u)  
 

F-2. Salt of WASB, Expecting h < < 1, h = hK

C
= 

14 510 /2 10

0.2

 
= 5 × 10–5 (negligible) 

  Using direct formula, pH = 
1

2
(pKw + pKa + logC) = 9. 

 WASB dk yo.k] vkisf{kd :i ls h < < 1, h = hK

C
= 

14 510 /2 10

0.2

 
= 5 × 10–5 (ux.;) 

  lh/kk lw=k iz;qDr djus ij, pH = 
1

2
(pKw + pKa + logC) = 9.  
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F-3. C5H5NH+CI–   It is salt of SAWB 
 Pyridinium ion on hydrolysis will produce H3O+. 

  [H3O+] = antilog (–2.75) = Ch = 0.25 h 
 h comes negligible (< 0.1) 

  pH = 7 – 
1

2
pKb  – 

1

2
logC   pH = 7 – 

1

2
pKb – 

1

2
log 0.25  

    pKb = 9.1 

 Kb = Antilog (– 9.1) = 8 × 10–10  

gy C5H5NH+ CI–   ;g SAWB dk yo.k gSA 

 fijhfMuh;e vk;u] tyvi?kVu ij H3O+ cuk,xkA 

  [H3O+] = çfry?kqxq.kd(–2.75) = Ch = 0.25 h 

  h ux.; vk tkrk gS (< 0.1) 

  pH = 7 – 
1

2
pKb  – 

1

2
logC   pH = 7 – 

1

2
 pKb – 

1

2
log 0.25  

   pKb = 9.1 

  Kb = çfry?kqxq.kd (– 9.1) = 8 × 10–10  

 

F-4. pH = 7 + 
1

2
pKa – 

1

2
pKb   

 Ka = 1.6 × 10–5 and Kb = 1.6 × 10–5  

  pH = 7 + 
1

2
pKa – 

1

2
pKb = 7 

 Now degree of hydrolysis = h = w

a b

K

K K
= 6.25 × 10–3 (expecting h < < 1 & it comes the same) 

 % hydrolysis = 0.625% 

gy. pH = 7 + 
1

2
pKa  – 

1

2
pKb   

 Ka = 1.6 × 10–5 rFkk Kb = 1.6 × 10–5  

  pH = 7 + 
1

2
pKa – 

1

2
pKb = 7 

 ty vi?kVu dh ek=kk = h = w

a b

K

K K
= 6.25 × 10–3  (h < < 1 ekurs gq, vkSj çkIr Hkh ;gh gksrk gS) 

 % ty vi?kVu = 0.625% 

 

PART – II (Hkkx - II)  
 

A-1. The molecule shows three H atoms are replaceable, i.e., basicity of acid. 

gy. v.kq n'kkZrk gSa fd rhu H ijek.kq izfrLFkkfir gksrs gSa vFkkZr~ vEy dh {kkjdrk dgykrh gSA 
 

A-2. NH3.H2O is a weak monoacidic base.  

 NH3.H2O nqcZy ,dy vEyh; {kkj gSA  

 

A-3. HC2O4
– (aq)   +   PO4

3–(aq)  HPO4
2–(aq)  +   C2O4

2–(aq)  
 Acid-1  base-2   base-1       acid-2 

gy- HC2O4
– (aq)   +   PO4

3–(aq)  HPO4
2–(aq)  +   C2O4

2–(aq)  

 vEy-1  {kkj-2   {kkj-1        vEy-2 

 
A-4. Conjugate acid base pair are differ by an proton (H+).  

 la;qXeh vEy&{kkj ;qXe ,d izksVksu (H+) }kjk foHksfnr gksrs gSA  

    H2F+  –H

  HF  

    (acid)    (base)  
   ¼vEy½    ¼{kkj½  
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A-5. H3BO3 is weak, Lewis monobasic acid and shows the given equilibrium. 

 H3BO3 + H2O  B(OH)4
– + H+  

gy. H3BO3 nqcZy yqbZl ,d{kkjh; vEy gS rFkk fn;s x;s lkE; dks n'kkZrk gSA 

 H3BO3 + H2O  B(OH)4
– + H+  

 

B-1. Fact based ¼rF;kRed½A 
 

B-2. [OH–] = wK in pure water. 

 So as temperature increases Kw increases  [OH–] increases  pOH decreases  

gy- 'kq) ty esa] [OH–] = wK   

 vr% rki c<+kus ij Kw c<sxk   [OH–] c<sxk  pOH de gksxhA  
 

B-3. pKw = – logKw = – log 1 × 10–12 = 12. 
  Kw = [H+][OH–] = 10–12 . 
  [H+] = [OH–] 

  [H+]2 = 10–12 ; [H+] = 10–6 ; pH = – log[H+] = – log 10–6 = 6. 
  H2O is neutral because [H+] = [OH–] at 373 K even when pH = 6. 
  (D) is not correct at 373 K. Water cannot become acidic.  

gy- pKw = – logKw = – log 1 × 10–12 = 12. 

  Kw = [H+][OH–] = 10–12 . 
  [H+] = [OH–] 

  [H+]2 = 10–12 ; [H+] = 10–6 ; pH = – log[H+] = – log 10–6 = 6. 

  H2O mnklhu gS D;ksfd 373 K ij [H+] = [OH–] tcfd pH = 6. gSA 

  (D) 373 K ij lgh ugha gSA ty vEyh; ugaha gks ldrk gSA  

 
B-4. K = [HCOOH2

+] [HCOO–] = 10–3 × 10–3 = 10–6  
 
C-1. Ka = Ka of HF  & Kb = Kb of F–. 
 Ka . Kb = Kw (since HF and F– are conjugate acid-base pair) 

 Ka . Kb = Kw (pwafd HF rFkk F– la;qXeh vEy&{kkj ;qXe gS)  

 
C-2. Ka . Kb = Kw (Valid only for conjugate acid-base pair, not for any weak acid and weak base).  

gy- Ka . Kb = Kw (dsoy la;qXeh vEy&{kkj ;qXe ds fy;s ekU;] fdlh Hkh nqcZy vEy rFkk nqcZy {kkj ds fy;s ekU; ugha).  

 
D-1. [H+] = 0.016 M  

 [H+] [OH–]  = 10–14   [OH–] = 
16

3

100 10

16 10








= 6.25 × 10–13 M 

 

D-2. Initial      Final 
 pH = 12     pH = 11 
 [H+] = 10–12 M    [H+] = 10–11 M 
 [OH–]  = 10–2 M    [OH–] = 10–3 M 
 Initial No. of mole of OH– = 10–2    Final No. of mole of OH– = 10–3 
 So number of mole of OH– removed = [.01 – 0.001] = 0.009    

gy izkjEHk       vfUre 

 pH = 12      pH = 11 
 [H+] = 10–12 M     [H+] = 10–11 M 
 [OH–]  = 10–2 M     [OH–] = 10–3 M 

 OH– vk;u ds izkjfEHkd eksyks dh la[;k = 10–2   OH– vk;u ds vfUre eksyks dh la[;k = 10–3  

 blfy, OH– fu"dkflr eksyks dh la[;k = [.01 – 0.001] = 0.009 

 

D-3. Factual. (rF;kRed)  
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D-4. [H+] = 
–2 –410 10

2


= 

0.01010

2
= 0.00505 M  

  pH = 3 – log 5.05  2.3 (Taking (yhft,) log 5.05  log 5  0.7) 

 

D-5. Initial (izkjEHk esa)  [OH–] = 
2

200
 = 10–2 M  pH = 12  

 Final vUr esa [OH–] = 10–2 + 
0.04

40 0.1
= 2 × 10–2  pH = 12.3  

 So, change (vr% ifjorZu)= 12.3 – 12 = +0.3  

 
D-6. pH may have any value, depending upon the concentration of the acid and base. Nothing can be said 

definitely. 

gy- pH dk dksbZ Hkh eku gks ldrk gS] ;g vEy rFkk {kkj dh lkUnzrk ij fuHkZj djrk gSA fuf'pr :i ls dqN ugha dg 

ldrs gSaA  

 
D-7. (a)   HCI    NaOH 

  No. of mili eq. =
1

10
× 100 = 10   

1

10
 × 100 = 10  

  So solution is Neutral  

 (b)  
1

10
× 55 = 5.5     

1

10
× 45 = 4.5 

  [H+] = 
1

100
= 10–2 M, pH = 2 

 (c)  
1

10
× 10 = 1    

1

10
× 90 = 9 Basic 

 (d)  
1

5
× 75 = 15    

1

5
× 25 = 5 

   [H+] = 0.1 M, pH = 1     

gy (a)   HCI    NaOH 

 feyh rqY;kad dh la[;k = 
1

10
× 100 = 10  

1

10
× 100 = 10  

  blfy, foy;u mnklhu gSA 

 (b)  
1

10
× 55 = 5.5     

1

10
× 45 = 4.5 

  [H+] =
1

100
= 10–2 M, pH = 2 

 (c)  
1

10
× 10 = 1    

1

10
× 90 = 9 {kkjh; 

 (d)  
1

5
× 75 = 15    

1

5
× 25 = 5 

   [H+] = 0.1 M, pH = 1 
 

E-1. As concentration of solution decreases, degree of dissociation of weak electrolyte increases. 

gy- foy;u dh lkUnzrk ?kVus ij nqcZy fo|qr vi?kV~; ds fo;kstu dh ek=kk c<+rh gSA  
 

E-2. Relative strengths of weak acids = 1

2

a

a

K

K

 
 
 
 

 

 Assume C1 and C2 are same (Although not given). 
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  Relative strength = 1

2

a

a

K

K

 
 
 
 

 = 
–4

–5

1.8 10

1.8 10

 
   

 

 Relative strength for HCOOH to CH3COOH = 10  : 1 

gy- nqcZy vEy dk vkisf{kd lkeF;Z = 1

2

a

a

K

K

 
 
 
 

 

 ekuk fd C1 o C2 leku gS (;|fi fn;k x;k ugha gSA) 

  vkisf{kd lkeF;Z = 1

2

a

a

K

K

 
 
 
 

= 
–4

–5

1.8 10

1.8 10

 
   

 

 HCOOH rFkk CH3COOH ds fy, vkisf{kd lkeF;Z = 10  : 1  
 

E-3. pH =
1

2
(pKa – log C)  9 = pKa + 1  pKa = 8  Ka = 10–8 

 

F-1. NH4Cl + H2O  NH3.H2O + Cl– + H+ (Acidic solution due to hydrolysis of 4NH ion). 

gy- NH4Cl + H2O  NH3.H2O + Cl– + H+ ( 4NH  vk;u ds ty vi?kVu ds dkj.k vEyh; foy;u) 

 

F-2. h = .03    C = 0.1 M 
 Kh = Ch2 = 9 × 10–5 

 Kh = 
w

a

K

K
= 9 × 10–5     Ka = 

14

–5

10

9 10




= 1.11 × 10–10 1 × 10–10 

 

F-3. Solution of HCl & NH4Cl will be acidic, solution of NaCl neutral whereas solution of NaCN will be basic. 

gy. HCl o NH4Cl dk foy;u vEyh; gksxk] NaCl dk foy;u mnklhu tcfd NaCN dk foy;u {kkjh; gksxkA 
 

F-4. The degree of hydrolysis of a salt of weak acid and weak base is independent of concentration of salt 
solution. 

gy- ,d nqcZy vEy o nqcZy {kkj ds yo.k ds ty vi?kV~u dh ek=kk yo.k foy;u dh lkUnzrk ij fuHkZj ugha djrh gSA 

 

EXERCISE # 2 
 

PART – I (Hkkx - I) 
 

1. Given density of formic acid = 1.15 g/cm3     

   Weight of formic acid in 1 litre solution = 1.15 × 103 g 

 Thus, [HCOOH] =
31.15 10

46


= 25 M    

 Since in case of auto ionisation  

 [ 2HCOOH ] = [HCOO–]   and  [HCOO–] [ 2HCOOH ] = 10–6    [HCOO–] = 10–3  

 Now % dissociation of HCOOH = 
[HCOO ] 100

[HCOOH]

 
= 

310

25



× 100 = 0.004%. 

gy- QkWfeZd vEy dk ?kuRo = 1.15 g/cm3     

   1 yhVj foy;u esa QkWfeZd vEy dk Hkkj = 1.15 × 103 g 

 bl izdkj, [HCOOH] = 
31.15 10

46


= 25 M    

 pwafd Lovk;uu dh ifjfLFkfr esa 

 [ 2HCOOH ] = [HCOO–]  vFkok  [HCOO–] [ 2HCOOH ] = 10–6    [HCOO–] = 10–3  

 vc HCOOH dk % fo;kstu = 
[HCOO ] 100

[HCOOH]

 
= 

310

25



× 100 = 0.004%. 
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2. Ka = 10–6 for HA + H2O  H3O+ + A–  Thus K for reverse reaction is 
6

1

10
= 106  

gy- HA + H2O  H3O+ + A– ds fy,  Ka = 10–6  bl izdkj foijhr vfHkfØ;k ds fy, K, 
6

1

10
= 106 gksxkA 

 

3. New concentration of HCI = 
610

100



 = 10–8 M 

 [H+] = 10–7 + 10–8 (approximately) 
 (Little less than 10–7 from water). 

gy- HCl dh u;h lkUnzrk = 
610

100



= 10–8 M 

 H+ = 10–7 + 10–8 ¼yxHkx½  

 (ty ls 10–7 ls FkksMk de½A 

 

4. (A) At 25ºC, [H+] in a solution of 10–8 M HCl > 10–7 M. (25ºC ij, 10–8 M HCl ds foy;u esa [H+] > 10–7 M) 

 (B) [H+] = 10–8 M. 

 (C) [OH–] = 4 × 10–6 M   [H+] = 2.5 × 10–9 M. 
 (D) [H+] = 10–9 M. 
 

5. [H+] after mixing = 
2 410 10 10 990

1000

   
= 

0.1 0.0990

1000


= 

0.1990

1000
= 1.99 × 10–4. 

  pH = 4 – 0.3 = 3.7 

gy- feJ.k ds i'pkr~ [H+] = 
2 410 10 10 990

1000

   
=

0.1 0.0990

1000


= 

0.1990

1000
= 1.99 × 10–4. 

  pH = 4 – 0.3 = 3.7 
 

6. 2 × 10–3  = 
2 22.4 10

1–

 


  122 +  – 1 = 0    = 0.25  

 

7.  BOH       B+    +    OH– 
 t=0 10–4          0            0 

 t=eq      10–4(1–)     10–4     10–4 

 Kb = 
–[B ][OH ]

[BOH]



= 
–4 –4

4

10 .10

10 (1– )

 


  .....(1) 

 Expecting < < 1,  10–4 = 10–4 2   = 1 (not negligible) 
 So, solve quadratic (1) : 

 10–4 = 
–4 –4

4

10 .10

10 (1– )

 


  2 +  –1 = 0     

 = 
–1 1 4

2

 
   = 

5 – 1

2
0.62. 

  [OH–] = C = 10–4 × 0.62  = 6.2 × 10–5 M 

  pOH = 4.21   pH = 9.79. 

gy-  BOH       B+    +    OH– 

 t=0 10–4          0            0 

 t= lkE;     10–4(1–)     10–4     10–4 

 Kb = 
–[B ][OH ]

[BOH]



 = 
–4 –4

4

10 .10

10 (1– )

 


 .....(1) 

 vis{kkd`r :i ls < < 1,  10–4 = 10–4 2   = 1 (ux.; ugha)  
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 vr%, f}?kkr lehdj.k (1) dks gy djus ij :  

 10–4 = 
–4 –4

4

10 .10

10 (1– )

 


  2 +  –1 = 0  

 = 
–1 1 4

2

 
   = 

5 –1

2
0.62.  

  [OH–] = C = 10–4 × 0.62  = 6.2 × 10–5 M  

  pOH = 4.21   pH = 9.79.  
 
8. Lesser the pH of solution of sodium salts, less is the hydrolysis of anion, stronger is the acid.  

gy- lksfM;e yo.kksa ds foy;u dh pH de gksus ij _.kk;u dk ty vi?kVu de gksrk gS] vr% vEy izcy gksrk gSA  

 

PART – II (Hkkx - II) 
 

1. HA (aq) + B– (aq)    HB(aq) + A– (aq)    Keq. = 10–4  
 Keq. is very small,  So reaction shift in backward direction. 
 (1) HB is more stronger acid than HA. 
 (2) A– is more stronger base than B–. 
 (3) B– and HB are conjugate acid-base pair.  

gy HA (tyh;) + B– (tyh;)    HB(tyh;) + A– (tyh;)  KlkE; = 10–4  

 KlkE; cgqr NksVk gS] blfy, vfHkfØ;k i'p fn'kk esa foLFkkfir gksxhA 

 (1) HA dh rqyuk esa HB vf/kd izcy vEy gSA 

 (2) B– dh rqyuk esa A– vf/kd izcy {kkj gSA 

 (3) B– vkSj HB la;qXeh vEy&{kkj ;qXe gSA  
 

2. [OH–] = 
12

2

2 10

10






 = 2 × 10–10 M 

 pOH = 10 – log 2 = 9.7.  
 

3.     H2O        H+     +     OH– 
 t = 0      C 

 teq C (1 – )   C        C 

 So, [H+] = [OH–] = C = 
1000

18
× 3.6 × 10–9 

  pH = 7 – log 2 = 6.7 and Kw = [H+] [OH–] = 4 × 1014 

gy.     H2O        H+     +     OH– 

 t = 0      C 

 teq C (1 – )   C        C 

 blfy,, [H+] = [OH–] = C = 
1000

18
× 3.6 × 10–9 

  pH = 7 – log 2 = 6.7 rFkk Kw = [H+] [OH–] = 4 × 1014 

 

4. As V , effect of water dominates, so pH become 7. 

gy- V  ij] ty viuk izHkko n'kkZrk gS] vr% pH 7 gksxhA 
 

5. For H2O, pKa = pKb & H2O is the conjugate base of H3O+. So for the conjugate acid base pair, pKa + pKb 
= 14. (at 25ºC) 

gy- H2O ds fy,, pKa = pKb o H2O, H3O+ dk la;qXeh {kkj gSA blfy, la;qXeh vEy {kkj ;qXe ds fy, pKa + pKb = 14.  

(25ºC ij)  
 

6. 1

2




= 2

1

C

C
  

1

3
= 

0.1

0.1(1 V)
  

1

9
 = 

1

1 V
  V = 8 L  
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7. 50%

10%

pH

pH
= 

1
– log

2

1
– log

10

 
 
 

 
 
 

= 
log2

log10
= 0.3  

 

8. HA + NaOH  NaA + H2O;  or HA + OH–  A– + H2O 

 Keq. = 109 = 
h

1

K
 ( Hydrolysis is reverse of neutralization) 

¼ ty vi?kVu] mnklhuhdj.k dk foijhr gksrk gS½ 

  A– + H2O  HA + OH   

 [OH–] = Ch = C hK

C
 = hC K  = –90.1    10 = 10–5 M 

  [H+]= 10–9 M  pH = 9 
 

9. [CH3COOH] = Ch = 10–2

14

5 2

10

(1.8 10 )




=

2 7

5

10 10

1.8 10

 






=

410

1.8



  

 So, answer vr% mÙkj = 
5 49 10 10

1.8

 
= 50.  

 

PART – III (Hkkx - III) 
 

1. Bronsted bases are proton acceptor and each Lewis base contain one or more electron pair and thus 
accept proton. On the other hand Bronsted acids are proton donor and may or may not be capable of 
accepting lone pair of electron, e.g., H2SO4 is Bronsted acid but not Lewis acid BF3 is Lewis acid but 
not Bronsted acid. Most cations are acids and most anions are bases.  

gy- czkWULVsM {kkj izksVksu xzkgh gksrs gSa rFkk izR;sd yqbZl {kkj ,d vFkok ,d ls vf/kd bysDVªkWu ;qXe j[krk gS rFkk bl 

izdkj izksVksu xzg.k djrk gSA nwljh vksj czkWULVsM vEy izksVksu nkrk gksrs gSa rFkk bysDVªkWuksa ds ,dkdh ;qXe dks j[kus 

dk lkeF;Z j[k Hkh ldrs gSa vkSj ugha HkhA mnkgj.k ds fy, H2SO4 czkWULVsM vEy gSa ysfdu yqbZl vEy ugha gSA BF3 

yqbZl vEy gSa ysfdu czkWULVsM vEy ugha gSA lkFk gh vf/kdka'k /kuk;u vEy o vf/kdka'k _.kk;u {kkj gksrk gSA 
 

2. (A) It is weak acid. ;g nqcZy vEy gSA  

 (C) It is a strong base. ;g izcy {kkj gSA  
 

3. On heating pure water the value of ionic product of water increases i.e., Kw = 10–14 at 25oC and at 
100oC  
Kw = 10–12. Thus pH and pOH both becomes 6 at 100oC (pH and pOH = 7 at 25oC). 

gy- 'kq) ty dks xeZ djus ij ty ds vk;fud xq.kkad dk eku  c<rk gS vFkkZr~ 25ºC ij Kw = 10–14 rFkk 100oC ij  

Kw = 10–12 gks tkrk gSSA bl izdkj 100ºC ij pH o pOH nksuks  6 gks tkrs gSA (25ºC ij pH o pOH = 7). 
 

4. In this solution, source of OH– is water 

  C = [OH–] 

   = 
910

1000 /18



= 1.8 × 10–11 M 

  % ionisation = 1.8 × 10–9 % 

gy- bl foy;u esa] OH– dk L=kksr ty gSA 

  C = [OH–] 

   = 
910

1000 /18



= 1.8 × 10–11 M 

  izfr'kr vk;uu = 1.8 × 10–9 % 
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5.   Sr(OH)2 + 2HCl   SrCl2 + 2H2O 
 initial m mol 0.2 V  0.2 V  0 
 final m mol 0.1 V  0  0.1 V 

 [Sr(OH)2] = 
0.1 V

2 V
= 0.05 

 [SrCl2] = 
0.1 V

2 V
= 0.5 

 Sr(OH)2    Sr2+ + 2OH– ; SrCl2  Sr2+ + 2Cl– 
   0.05     0.1        0.05     0.1 
 [Sr2+]total = 0.1 M 
 [Cl–] = 0.1 M 
 [OH–] = 0.1 M, pH = 13.  

gy-   Sr(OH)2 + 2HCl   SrCl2 + 2H2O 

 izkjfEHkd m mol 0.2 V  0.2 V  0 

 vfUre m mol 0.1 V  0  0.1 V 

 [Sr(OH)2] =
0.1 V

2 V
= 0.05 

 [SrCl2] = 
0.1 V

2 V
= 0.5 

 Sr(OH)2   Sr2+ + 2OH– ; SrCl2  Sr2+ + 2Cl– 
   0.05     0.1        0.05     0.1 
 [Sr2+]dqy = 0.1 M 

 [Cl–] = 0.1 M 
 [OH–] = 0.1 M, pH = 13. 
 
6. On the basis of ostwald dilution law, number of H+ ions will increase but increase in volume will be 

more. Therefore, [H+] decreases, pH increases. 

gy- vkWLVokWYM ruqrk fu;e ds vk/kkj ij] H+ vk;uksa dh la[;k esa o`f) gksxh ijUrq vk;ru esa vf/kd of̀) gksxhA blfy, 

[H+] esa deh rFkk pH esa o`f) gksxhA 

 

7. Let BA be this salt  BA  B+ + A– 
 A– does not undergo hydrolysis because HA is strong acid. B+ undergoes hydroysis 

  h = hK

c
 h = degree of hydrolysis where Kh = Hydrolysis constant = w

b

K

K
. 

  h  hK   greater the hydrolysis constant greater the h(degree of hydrolysis). 

  h  

b

1

K
   greater the Kb lesser the h.  

  Hydrolysis is endothermic, Kh increases with temperature and h also increase with temperature. 

  h  V   V = volume of salt solution hence h increases with dilution. Kh = w

b

K

K
 

 Both Kw and Kb change with temperature, hence Kh changes with temperature. 
 Hence, statement(B) is correct. h increases if Kb decreases, statement(C) correct. 
 It is found that as temperature increase, Kw and Kb increase but increase in Kw is greater than increase 

in Kb. 
 Hence, h increases with increase in temperature. or h decrease in temperature., hence statement. 
 (D) is correct. 
 (D) is not correct from explanation of (B). 

gy- ekuk BA  yo.k gS  BA  B+ + A+ 

 A–  dk ty vi?kVu ugha gksrk gS D;ksfda HA  izcy gksrk gS B+ dk ty vi?kVu gksrk gSA 

  h = hK

c
 h = ty vi?kVu dh ek=kk tgk¡ Kh = ty vi?kVu fu;rkad  = w

b

K

K
. 
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  h  hK  ftruk vf/kd ty vi?kVu fu;rkad gksxk mruk h vf/kd gksxk ( ty vi?kVu dh ek=kk) 

  h  

b

1

K
  Kb ftruk vf/kd h mruk gh de gksxk  

 tyvi?kVu Å"ek'kks"kh gksrk gS rki c<+us ds lkFk Kh c<+rk gS rFkk lkFk gh rki c<+us ds lkFk h esa Hkh of̀) gksrh gSA  

  h  V    V = yo.k foy;u dk vk;ru vr% ruqrk ds lkFk h  esa o`f) gksxh. Kh = w

b

K

K
 

 Kw  o Kb  rkieku ds lkFk ifjofrZr gksrs gS] vr% Kh  rkieku ds lkFk ifjofrZr gks tkrk gS. 

 vr% dFku (B)  lgh gSA h esa of̀) gksrh gS ;fn Kb  de gksrk gS vr% dFku (C) lgh gS 

 ;g Kkr gksrk gS fd rkieku o`f) ds lkFk Kw  o Kb esa o`f) gksrh gS Kw  esa o`f) Kb. esa o`f) ls vf/kd gksrh gS 

 vr% h esa o`f) ds lkFk rkieku esa o`f) gksrh gSA  

 vr% dFku (D) lgh gSA 

 (D), (B) dh lgh O;k[;k ugh djrk gSA 
 

8. (A) [H+] = 10–2 and [OH–] = 10–2 

  H+ + OH–   H2O 

  This leads complete neutralisation (blds dkj.k iw.kZr% mnklhuhdj.k gksrk gSA) 

 so (vr%), pH = 7 = 
2 12

2


 

 (D) [H+] = 10–5 and [OH–] = 10–5 

  [H+] + [OH–]   H2O 

  This leads complete neutralisation (blds dkj.k iw.kZr% mnklhuhdj.k gksrk gSA) 

 so (vr%), pH = 7 = 
5 9

2


 

 

PART – IV (Hkkx - IV) 
 

1. Initial pH = 4  
  [H+] = 10–4  

  N1V1 = N2V2     10–4 = N2 × 
7

1
3

 
 

 
 

  10–4 = N2 × 
10

3
   N2 = 3 × 10–5  > 10–6  

 So [H+] of water is not consider  
  [H+] = 3 × 10–5   So  pH = 5 – log3   = 5 – 0.48  = 4.52  

gy- izkjEHk pH  = 4  

  [H+] = 10–4  

  N1V1 = N2V2     10–4  = N2 × 
7

1
3

 
 

 
 

  10–4 = N2 × 
10

3
   N2 = 3 × 10–5  > 10–6  

 blfy, ty ds [H+] ugh ekus tk;sxhA  

  [H+] = 3 × 10–5   blfy,  pH = 5 – log3   = 5 – 0.48  = 4.52  

 
2.  pH = 6   
  [H+] = 10–6  
  N1V1 =     N1V2  

  10–6 × 1 = N2 
7

1
3

 
 

 
     10–6 = N2 × 

10

3
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  N2 = 
3

10
 × 10–6     N2 = 3 × 10–7  

  [H+] < 10–6   
  So [H+] of water is also added. As common ion effect on H2O is neglected so  

  (blfy, ty dh [H+] Hkh tksMh tk;sxh D;ksfd ty dk levk;u izHkko ux.; gSA blfy,) 

  [H+] = 3 × 10–7 + 10–7 = 4 × 10–7 M 

  pH = 7 – log 4 = 7 – 0.60 = 6.4 
 

3. Facutal (rF;kRed) 

 
4. Since Ka of CH3COOH & Kb of NH3.H2O are same so degree of hydrolysis of CH3COO– & NH4

+ are 
exactly same. 

gy- pwafd CH3COOH dk Ka rFkk NH3.H2O dk Kb leku gS blfy, ty vi?kVu ds fo;kstu dh ek=kk CH3COO– rFkk 

NH4
+ ds fy, fcYdqy leku gSA 

 

EXERCISE # 3 
 

PART – I (Hkkx - I) 
 

JEE(MAIN) OFFLINE PROBLEMS 
 
1. Congugate base is formed by the removal of one H+ from acid : 

  H2PO4
–   HPO4

2– + H+ 

gy- vEy ls ,d H+ vk;u gVkus ij] la;qXeh {kkj dk fuekZ.k gksrk gS % 

  H2PO4
–  HPO4

2– + H+ 
 
2. Conjugate base of OH–     OH–  O2– + H+ 

gy- OH– dk la;qXeh {kkj      OH–  O2– + H+ 

 
3. pH = – log[H+]   [H+] = antilog  (–pH) = antilog (–5. 4) = 3.98 × 10–6 

gy- pH = – log[H+]   [H+] = izfry?kqxq.kd  (–pH) = izfry?kqxq.kd (–5. 4) = 3.98 × 10–6 

 

4. H2A  H+ + HA– ;    K1 = 
2

[H ] [HA ]

[H A]

 

= 1 × 10–5 

 HA–  H+ + A2– ;   K2 = 5 × 10–10 = 
2[H ] [A ]

[HA ]

 


   

 K = 
2 2

2

[H ] [A ]

[H A]

 

= K1 × K2 = 1 × 10–5 × 5 × 10–15 

 

5.  pH = 7 + 
1

2
pKa – 

1

2
pKb = 7 + 

4.8

2
 – 

4.78

2
= 7.01 

 
6. In IInd equation H2PO4

– gives one H+ ion to H2O therefore in the IInd equation it act as an acid.  

gy- IInd lehdj.k esa H2PO4
–, H2O dks H+ vk;u nsrk gS] blfy, IInd lehdj.k esa ;g vEy ds leku dk;Z djrk gSA  

 

7. HQ          H+     +     Q– 
 0.1     
 0.1 – x       x   x 
 pH = 3, [H+] = 10–3, x = 10–3 

 Ka = 
(x) (x)

(0.1 x)




= 

3 2

3

(10 )

0.1 10




  

610

0.1



= 10–5 
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8. pH = 1  [H+] = 10–1 = 0.1 M 

 pH = 2  [H+] = 10–2 = 0.01 M 

 for dilution of HCl, (HCl dh ruqrk ds fy,)  M1V1 = M2V2  

       0.1 × 1 = 0.01 × V2  
       V2 = 10 L 
   Volume of water added = 10 – 1 = 9 litre  

   (feyk;s x;s ty dk vk;ru = 10 – 1 = 9 yhVj) 
 

9. Salt of weak acid and weak base  

 nqcZy vEy rFkk nqcZy {kkj dk yo.k 

 )pKpKpk(
2

1
pH baw  )4.32.314(

2

1
   = 6.9 

 

10. Most basic salt in aq. solution is CH3COOK it is salt of WASB  

 and have pH = 7 + a(pK logc)

2


   i.e. pH > 7 

gy- tyh; foy;u esa lokZf/kd {kkjh; yo.k (CH3COOK) gS] ;g WASB yo.k gSA   

 rFkk bl izdkj pH =  7 + a(pK logc)

2


    i.e. pH > 7 

 

JEE(MAIN) ONLINE PROBLEMS 
 

3. Let volume of 1st solution = Vml 

  Volume of 2nd solution = (800–V) mL 

  Amount of acid in 1st solution + Amount of acid in 2nd solution = Amount of acid in obtained 
solution. 

   
   20 800 V 29.875 80045V

100 100 100


   

   V= 316 

gy- ekukfd izFke foy;u dk vk;ru = Vml 

  f}rh; foy;u dk vk;ru = (800–V) mL 

  izFke foy;u esa vEy dh ek=kk + f}rh; foy;u esa vEy dh ek=kk = izkIr gksus okys foy;u esa vEy dh 

ek=kk 

   
   20 800 V 29.875 80045V

100 100 100


   

   V= 316 
 

4. [H+]final vfUre = A A B B

A B

N V –N V

V V
 

 Final ¼vfUre½ [H+] = 

1 1
75 – 25

15 – 5 105 5

75 25 100 100

 

 


  

 [H+]f = 0.1 M  
 [PH]f = 1 
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IONIC EQUILIBRIUM-II 
 

vk;fud lkE;-II 
 

EXERCISE # 1 
 

PART – I (Hkkx - I) 
 

B-1. (a) pH = – logKa + log 3

3

[CH COO ]

[CH COOH]



 

  pH = – log 1.8 × 10–5 + log
4.1 60

82 4




= 4.74 + log

3

4
= 4.62 

 (b) pOH = – logKb + log
[B ]

[BOH]



 

  pOH = – log 1.8 × 10–5 + log
2.5

0.5
= 4.74 + log 5 = 5.44 

  pH = 14 – pOH = 8.56 

gy- (a) ge j[krs gS pH = – logKa + log 3

3

[CH COO ]

[CH COOH]



 

  pH = – log 1.8 × 10–5 + log
4.1 60

82 4




= 4.74 + log

3

4
= 4.62 

 (b) pOH = – logKb + log
[B ]

[BOH]



 

  pOH = – log 1.8 × 10–5 + log
2.5

0.5
= 4.74 + log 5 = 5.44 

  pH = 14 – pOH = 8.56 
 

B-2. pH = pKa+ log 
50 C

50 0.2

 
  

    4 = 5 + log
50 C

50 0.2




    

   log
C

0.2
=  – 1     

C

0.2
 = 0.1   C = 0.02 M  

 

B-3.  pOH = 4.74 + log
0.1

0.1
= 4.74 

  pH = 9.26  
 

 (a)  NH4
+  +  OH–    NH3  +  H2O 

 t = 0 0.1mole  0.05 mole 0.1 mole  
  0.05 mole –  0.15 mole 

 pOH = 4.74 + log 
0.05

0.15
= 4.26 

  pH = 9.74  

 (b) NH3  +  H+    NH4
+  

 t = 0 0.1 mole 0.05 mole 0.1 mole  
  0.05 mole –  0.15 mole 

 pOH = 4.74 + log
0.15

0.05
 = 5.22 

  pH = 8.78  
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gy-  pOH = 4.74 + log 
0.1

0.1
= 4.74 

  pH = 9.26  

 (a)  NH4
+  +  OH–    NH3  +  H2O 

 t = 0 0.1 eksy  0.05 eksy 0.1 eksy  

  0.05 eksy –  0.15 eksy 

 pOH = 4.74 + log 
0.05

0.15
= 4.26 

  pH = 9.74  

 (b) NH3  +  H+    NH4
+  

 t = 0 0.1 eksy  0.05 eksy 0.1 eksy  

  0.05 eksy –  0.15 eksy 

 pOH = 4.74 + log 
0.15

0.05
= 5.22 

  pH = 8.78 
 

PART – II (Hkkx - II) 
 

A-1. Factual (rF;kRed) 

 

A-2. HC2H3O2 + NaOH  C2H3O2Na + H2O 
 ni      1          0.5 0 0 
 nf      0.5 0 0.5 0.5 
 This solution contains weak acid & its salt with strong base.  
 and thus acts as buffer. 

gy- HC2H3O2 + NaOH  C2H3O2Na + H2O 

       1          0.5 0 0 
       0.5  0 0.5 0.5 

 ;g foy;u] nqcZy vEy o izcy {kkj ds lkFk bldk yo.k j[krk gS] vr% cQj dh rjg dk;Z djrk gSA 
 

A-3. Weak base should be in excess. nqcZy {kkj vkf/kD; esa gksuk pkfg,A 
 

B-1. CO2 (aq) + H2O (aq)  HCO3
– (aq) + H+ (aq). 

 

B-2. pOH = pKb + log
[Salt]

[Base]
= 4 + log 

0.2

0.1
   pOH = 4 + log 2 and pH = 10 – log 2 

gy- pOH = pKb + log 
[ ]

[ ]

yo.k

{kkj
= 4 + log

0.2

0.1
    pOH = 4 + log 2 rFkk pH = 10 – log 2 

 

B-3.  Ka = 5 × 10–10  pKa = 10 log 5 = 9.3 

 pH = pKb  + log
CN

HCN

 
 
 

  

 9 = 9.3 + log ml5 V

10 2

 
  

     – 0.3 = log mlV

4

 
 
 

  

 0.3 = log
ml

4

V

 
 
 

      
ml

4

V
= 2     Vml  = 2 ml   

 

B-4. pOH = – log Kb + log
[Salt]

[Base]
 

 Let a mol litre–1 be concentration of salt, then concentration of base = (0.29 – a) mol/L 
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  4.4 = – log 1.8 × 10–5 + log
a

(0.29 – a)
. 

  a = 0.09. 
  [Salt] = 0.09 M 
 & [Base] = 0.29 – 0.09 = 0.20 M. 

gy- pOH = – log Ka + log
[ ]

[ ]

yo.k

{kkj
 

 ekuk a eksy yhVj–1 yo.k dh lkUnzrk gSa rks {kkj dh lkUnzrk = (0.29 – a) eksy@yhVjA 

  4.4 = – log 1.8 × 10–5 + log
a

(0.29 – a)
. 

  a = 0.09. 

  [yo.k] = 0.09 M 

  [{kkj] = 0.29 – 0.09 = 0.20 M. 

 

EXERCISE # 2 
 

PART – I (Hkkx - I) 
 

1. For the buffer solution of NH3 & NH4
+  

  pH = pKa + log 3

4

[NH ]

[NH ]


    8.26 = 9.26 + log
4

(500 0.01)

m. moles of NH



  

  m. moles of NH4
+ = 50   moles of (NH4)2 SO4  required = 0.025. 

gy. NH3 o NH4
+ ds cQj foy;u ds fy, 

  pH = pKa + log 3

4

[NH ]

[NH ]


   8.26 = 9.26 + log

4

(500 0.01)

NH




d s feyheksy
  

  NH4
+ ds feyh eksy = 50   (NH4)2 SO4 ds vko';d eksy = 0.025. 

 

2. m. moles of HA taken (HA ds fy, x;s feyh eksy) = 27 × 0.1 = 2.7 

  HA  + OH–     A–     + H2O 
 t=0 2.7  1.2 
 teq 1.5  –     1.2 

 pH = pKa + log
[A ]

[HA]



   5 = pKa + log
1.2

1.5

 
 
 

  = pKa + log
4

5
  

  pKa = 5.1   Ka = 8 × 10–6. 
 

PART – II (Hkkx - II) 
 

1. (i) to ls (v) are correct lgh gSA 
 

2. pH = pKa + log 6 5

6 5

[C H COO ]

[C H COOH]



   4.5 = 4.2 + log 2

1

V

V

 
 
 

    2

1

V

V
= 2 

   volume of C6H5COONa required = V2 = 62 mL 
  volume of C6H5COOH required = V1 = 31 mL. 

gy. pH = pKa + log 6 5

6 5

[C H COO ]

[C H COOH]



    4.5 = 4.2 + log 2

1

V

V

 
 
 

    2

1

V

V
 = 2 

   C6H5COONa dk vko';d vk;ru = V2 = 62 mL 

  C6H5COOH dk vko';d vk;ru = V1 = 31 mL. 
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PART – III (Hkkx - III) 
 

1. Sodium acetate and acetic acid solution and ammonia and ammonium chloride solution are the 
examples of acidic buffer. 

gy. vEyh; cQj ds mnkgj.k lksfM;e ,lhVsV o ,flfVd vEy foy;u rFkk veksfu;k o veksfu;e DyksjkbM foy;u gSA 

 
 

EXERCISE # 3 
 

PART – I (Hkkx - I) 
 

JEE(MAIN) OFFLINE PROBLEMS 
 

1. For acidic buffer, pH = pKa + 
 

A

HA

 
 

 

 When the acid is 50% ionised, [A–] = [HA]  or pH = pKa + log 1  or pH = pKa 

 given, pKa = 4.5    pH = 4.5  pOH = 14 – 4.5 = 9.5. 

gy- vEyh; cQj ds fy,, pH = pKa + 
 

A

HA

 
 

 

 tc vEy 50% rd vk;fur gksrk gS, [A–] = [HA]  ;k pH = pKa + log 1  or pH = pKa 

 fn;k gS] pKa = 4.5   pH = 4.5  pOH = 14 – 4.5 = 9.5. 
 

 

JEE(MAIN) ONLINE PROBLEMS 
 

2. For acidic buffer (vEyh; cQj ds fy,) 

 pH = pKa + log  
Salt

Acid

  

  
 

 6 = 5 + log 
Salt

Acid

  

  
 or  

Salt

Acid

  

  
= 10

1
 

 

3.   NH3  + HCl   NH4Cl 

Millimolesfefyeksy  10  5  0 

finally  vUrr%  5  0  5 

 Resulting solution will be buffer  

 ifj.kkeh foy;u cQj gksxk  

  pOH = pKa + log10 
4

3

NH Cl

NH

  

  
= 4.75 + log10 

5

5
= 4.75   pH = 14–4.75 = 9.25  

 

4. H2SO4 + 2NH4OH (NH4)2 SO4 + 2H2O  

 2m.m  6m.m.   
 – 2mm  2mm   

 pOH = 4.7 + log 
2

4
= 5  

 pH = 14 – 5 = 9 
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IONIC EQUILIBRIUM-III 
 

vk;fud lkE;-III 
 

EXERCISE # 1 
 

PART – I (Hkkx - I) 
 

A-1. Assume a salt MX is x mol/L. 
MX   M+ + X– 

 Ksp = x2 = 3 × 10–10  x = 1.73 × 10–5 mol/L 
 
A-2. MgF2   Mg2+ + 2F– 
           s        2s 
 Ksp = 4s3 = 4 × (2 × 10–3)3 = 3.2 × 10–8 
 

A-4. Hg2SO4  
2

2Hg  + SO4
2– 

 

B-1. NaI  Na+ + I– 
 PbI2    Pb2+ + 2I– 
         x     2x + 0.1 
 Ksp = x(0.1 + 2x)2 = 8 × 10–9 M3 

  x × 0.01 = 8 × 10–9 

  x = 8 × 10–7 M 
 

B-2. Pb(NO3)2  Pb2+ + –

3NO  

 PbI2     Pb2+   +   2I– 
     x + 0.1         2x 
 Ksp = (x + 0.1)(2x)2 = 8 × 10–9 

  4x2 = 8 × 10–8 

  x = 1.4 × 10–4 M  
 

B-3. Because of hydrolysis of 2–

3CO . 
 

PART – II (Hkkx - II) 
 

A-1. Ksp = 4 × 10–12 = [M+] [OH–]x = [10–4] [x.10–4]x  = xx. (10–4)1+x  

  x = 2  

gy- Ksp = 4 × 10–12 = [M+] [OH–]x = [10–4] [x.10–4]x  = xx. (10–4)1+x  

  x = 2 
 

A-2. (a) Li3Na3[AlF6]2   3Li+ + 3Na+ + 2[AlF6]3–  

    3s 3s 2s  
 Ksp = (3s)3 (3s)3 (2s)2  = 2916 s8. 
 

A-3. Find solubility for each separately by s2 = Ksp for MnS and ZnS, 108s5 = Ksp for Bi2S3 and 4s3 = Ksp for 
Ag2S. 

gy- MnS rFkk ZnS ds fy, s2 = Ksp ,  Bi2S3 ds fy,  108s5 = Ksp rFkk Ag2S ds fy, 4s3 = Ksp }kjk izR;sd ds fy, 

i`Fkd~ foys;rk Kkr dhft,A 
 

A-4. For different salts such as AB, AB2, AB3, ..........etc. Ksp = s2, 4s3, 27s4............ respectively. If Ksp is 
same for different salts, then s is more for the salt in which produces more number of ions. 
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gy- AB, AB2 , AB3, ..........bR;kfn tSls fofHkUu yo.kksa ds fy, Ksp = s2, 4s3, 27s4............ gksrs gSaA ;fn fHkUu yo.kksa ds 

fy, Ksp leku gksrk gS] rc s ml yo.k ds fy, vf/kd gksxk] ftlds fy, vk;uksa dh la[;k vf/kd gksA 

 

A-5. Ag2CO3   2Ag+ + CO3
2– 

    2s   s 

 Here (;gk¡) [Ag+] = 2 s = 2 × 10–4  M  s = 1 × 10–4 M  

  Ksp = 4s3 = 4(3 × 10–2)3 = 1.35 × 10–5  
 

A-6. Solubility of BaSO4 = spK = 1010 = 1 × 10–5 M 

  wt. of BaSO4 = 1 × 10–5 × 233 = 233 × 10–5 g/litre. 

  Volume of water needed to dissolve 1 g BaSO4 is equal to 
5

1

233 10
 430 litres 

gy- BaSO4 dh foys;rk = spK  = 
1010

= 1 × 10–5 M 

  BaSO4 dk nzO;eku = 1 × 10–5 × 233 = 233 × 10–5  xzke/yhVj  

  1 xzke BaSO4 dks ?kksyus ds fy, vko';d ty dk vk;ru = 
5

1

233 10
 430 yhVj 

 
B-1. Ksp (BaCrO4) = 2.4 × 10–10 M2  
 [CrO4

–2] = 6 × 10–4 M & Ksp (BaCrO4) = [Ba+2] [CrO4
–2] = 2.4 × 10–10   

  [Ba+] × 6 × 10–4 = 2.4 × 10–10   
 [Ba+2] = 4 × 10–7 M  Ans. 
 

EXERCISE # 3 
 

PART – I (Hkkx - I) 
 

JEE(MAIN) OFFLINE PROBLEMS 
 

9. Ba+2 +SO4
2–  BaSO4(s)   

    ppt  

   

 final conc. of [SO4
2–] = M1.0

500

501

VV

MV

21

1 





 

 Final conc. of [Ba+2] when BaSO4 start precipitating  
 KSP =QSP = [Ba+2] [SO4

2–] 
 10–10 = [Ba+2] (0.1M)  
 [Ba+2] = 10–9M 

 initial conc. ]Ba[ 2
  ; initial volume was = 500 –50 =450ml  

 M1V1 = M2V2  

 M1 = 
450

50010

V

VM 9–

1

22 
  

 M1 = 1.1×10–9 M  

Sol. Ba+2 +SO4
2–  BaSO4(s) 

                   vo{ksi  

 [SO4
2–] dh vfUre lkaUnzrk = M1.0

500

501

VV

MV

21

1 





 

 [Ba+2] dh vfUre lkaUnzrk] tc BaSO4 vo{ksfir gksuk izkjEHk gksrk gSA   
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 KSP =QSP = [Ba+2] [SO4
2–] 

 10–10 = [Ba+2] (0.1M)  
 [Ba+2] = 10–9M 

 [Ba+2] dh izkjfEHkd lkaUnzrk  ; izkjfEHkd vk;ru = 500 –50 =450ml  

 M1V1 = M2V2  

 M1 = 
450

50010

V

VM 9–

1

22 
  

 M1 = 1.1×10–9 M  
 

JEE(MAIN) ONLINE PROBLEMS 
 

2. 
2sp PbCl(K )  = 32 × 10–9 

 PbCl2         Pb2+   +   2Cl– 
   s 2s 
 Ksp = [Pb2+][Cl–]2 
 Ksp = 4s3 = 32 × 10–9 
 s3 = 8 × 10–9  
 s = 2 × 10–3 M 

 
w

M.w.
 ×  

L

1

V
 = 2 × 10–3 

 
0.1

278
 ×  

L

1

V
 = 2 × 10–3 

 VL = 
0.1 1000

278 2




 = 0.18 L 

 

3. Ca(OH)2  +  Na2SO4    CaSO4   +  2 OH– 

 100 mmol  
2000

142
  

    = 13.986  14 milimol 14 mmol  28 mmol 

 mass of CaSO4= 
14 136

1000


= 1.9 g 

 CaSO4 dk nzzO;eku = 
14 136

1000


= 1.9 g 

 [OH–] = 
28

100
= 0.28 M  

 

4.  8 × 10–12 = (2S' + 0.1)2S'  
 Or S' = 8 × 10–10 M 
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