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 (A) :  

(a)   

     NaCl(aq) + AgNO3(aq)  NaNO3(aq) + AgCl–   
(b) 

     HCl(aq) + NaOH(aq)  NaCl(s) + H2O 
(c)  

(a) N2(g) + O2(g)  2NO(g) 
(b) PCl5(g)  PCl3(g) + Cl2(g) 

 

  
1 

 

1 

 

2 

 

2 

 

3  3  

4 {}  4 ( ) ( )
  

5  5  

(a) 
 

(b) 
 
 

(c) 
(d) 

NaCl( ) + AgNO3( )  NaNO3( ) + AgCl

HCl( ) + NaOH( )  NaCl( ) + H2O 

2KClO3 (s)   2KCl(s) + 3O2(g) 

  

CaCO3(s)  CaO(s) + CO2(g) 
NH4HS(s)  NH3(g) + H2S(g) 

(a) 
 
 
 
 
 
 
 
 
 

(b) 

(i)  

H2(g) + I2(g) 2HI(g) 

N2(g) + O2(g) 2NO(g) [  (HNO3)]  

N2(g) + 3H2(g) 2NH3(g) ( ) 

(ii)  

CH3COOH(l) + C2H5OH(l)  CH3COOC2H5(l) + H2O(l) 

CaCO3(s)  CaO(s) + CO2(g) 
NH4HS(s)  NH3(g) + H2S(g) 
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  1 2P P


    

 R1 R2 P1 P2 P1 P2 

R1 R2 

 

  

 (i) (rf) = (rb)  

 (ii) 

  

    
 

 

 

H2O(l)  H2O(g) ;  

NaCl(s)  NaCl(aq) 

 

H2(g) + Cl2(g)  2HCl(g)  

 

 

     
   

  H2(g) + Cl2(g)   2HCl(g)   3Fe(s) + 4H2O(g)  Fe3O4(s) + 4H2(g) 
  SO2(g) + NO2(g)   SO3(g) + NO(g)  2Na2O2(s) + 2H2O()  4NaOH + O2(g) 
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Fe(NO3)3 
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 (A)    (B)    (C)    (D)  

 (D)  
()  

 ( )  

  
   [ ] 

   = /

= 
( )

 

 [  ] [A], [N2]  
 :  

 

 

 aA + bB   

             [A]a [B]b  

                  = k [A]a [B]b, k 
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 (B & C) : KC KP 

(KC)  
 aA + bB  cC + dD , 

rf = kf [A]a  [B]b  

rb = kb [C]c[D]d  

 rf = rb 
    kf [A]aeq [B]beq = kb [C]ceq [D]deq 
  

                                                f

b

k

k  
= KC = 

c d
eq eq

a b
eq eq

[C] [D]

[A] [B]
  

 Kc 

  PCl5 (g)   PCl3 (g) + Cl2(g)   KC = 3 eq 2 eq

5 eq

[PCl ] [Cl ]

[PCl ]
 

  N2(g) + 3H2(g)  2NH3(g)   KC = 
2

3 eq

3
2 2 eq

[NH ]

[N ] [H ]
 

   
1

2
H2(g) + 

1

2
I2(g)   HI(g)   Kc = eq

1/2 1/2
2 eq 2 eq

[H ]'

[H ] [ ]




 

 

 KP  
 

  aA(g) + bB(g)  cC(g) + dD(g) 

  KP =  
c d

C eq D eq

a b
A eq B eq

[P ] [P ]

[P ] [P ]
 

  

 (D) : KP KC   

 Kp KC  

  PV = nRT  ,  P = 
n

V
RT  

  P =CRT C = 
n

V
 = ( ) 

  PC = [C] RT ; PD = [D] RT ; PA  = [A] RT  ; PB = [B] RT   

   KP = 
c c d d

a a b b

[C] (RT) [D] (RT)

[A] (RT) [B] (RT)
 
= 

c d

a b

[C] [D]

[A] [B]
(RT)(c+d) – (a+b) 

  Kp = Kc(RT)ng  

 ng = (c + d) – (a + b), n  

 

 ng =  –  

 ng  
 CaCO3 (s)   CaO (s) + CO2(g)  
 ng = 1, 
  Kp = Kc.(RT)  
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  Kp (atm)ng   
 

  Kc (mole/Lit)ng  = ( )ng  
 

:

 
 

 

 
 

   CaCO3(s)  CaO(s) + CO2(g) 

   KC = [ CO2],  KP = 
2COP  

 

 (E) :  

  

 (Q) :  
 

Q   
 

  Q = 
c d

a b

[C] [D]

[A] [B]
  

 

[A], [B], [C], [D] 

    

   

   

    Q > Kc 



   Q < Kc 

   Q = Kc  
 

    2A(g) + B(g)    C(g) + D(g)  

  QC =  

  QC = 
2

[C][D]

[A] [B]
 

  KC = eq eq

2
eq eq

[C] [D]

[A] [B]
  [ ]  
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-2. NOBr(g)  NO(g) +
2

1
Br2(g)  90°C KP = 0.15 atm NOBr, NO 

Br2 0.5 atm, 0.4 atm 0.2 atm Br2 

 

 QP = 2

1/2
Br NO

NOBr

[P ] [P ]

[P ]
 = 

1/2[0.2] [0.4]

[0.50]  
= 0.36 

  KP = 0.15 
  QP > KP  
  Br2  

 
 

  K = eq

eq

[ ]

[ ]
      

 

Case-I : K  (K > 103) ([ ] >>[ ])  

 

Case-II : K (K < 10–3)  

 [ ] << [ ]  

  

  

 

 
-3. KP 10–5 , 20 300  

 Kp 10–5 < 20 < 300 Kp = 300  

 (F) :  
 

 

 K  

  K1 K2 

K = K1 . K2   

        
     A  B  K1 
     B  C  K2 
    A  C  K = K1 . K2 

 K1 

1K

1
 

     A + B  C + D 

 ,   C + D  A + B  K = 
1K

1
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  K1 n 

K = (K1)n n  

     D2  2A   K1 

  







2

1
 

2

1
D2  A  K = (K1)1/2 = 1K  

   

Kp Kc 

 

   

  log 2

1

k

k
 = 

H

2.303 R



1 2

1 1

T T

 
 

 
  ; H =  

 T2 > T1 K2 > K1 ; H = +ve ( )  

    K2 < K1 H = –ve ( )  

 R H/T 

 

 (G) :  

  

  CH3COOH() + C2H5OH()    CH3COOC2H5() + H2O()  

  KC = 3 2 5 2

3 2 5

[CH COOC H ][H O]

[CH COOH][C H OH]
 

 

 
-4. TºC 1 1 1 

54.3% 

 

   CH3COOH() + C2H5OH()  CH3COOC2H5() + H2O() 

           1      1        0     1 

  1 – x    1 – x        x   1 + x 
   1 – 0.543 1 – 0.543     0.543 1 + 0.543  

       (1 54.3% =
1 54.3

100


  = 0.543 ) 

 x = 0.543  

  KC = 
[ ] [ ]

[ ] [ ]
 =

0.543 1.543

0.457 0.457




  = 4.0 


 

  

 Kc  

  Ag+(aq.) + Cl–(aq.)    AgCl(s) Kc = –

1

[Ag ][Cl ]  

 

 (H) :  
 1 

 

  CaCO3 (s)  CaO (s) + CO2 (g) 

  KP = (
2COP )eq, KC = [CO2 (g)]eq 
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  [CaCO3(s)] =  = 3

3

CaCO

CaCO

W

M

V

  =
3

3

CaCO

CaCO

M
 =  

  K = eq 2 eq

3 eq

[CaO(s)] [CO (g)]

[CaCO (s)]
 

  3 eq

eq

K.[CaCO (s)]

[CaO(s)]
 = [CO2(g)]eq 

  KC = [CO2(g)]eq 


  H2O()  H2O(g)eq 

  KP = (
2H O(g)P )eq, KC = [H2O (g)]eq 

 [ = 1 ] 
 

 (I) : ()  
  

 ( ) 

  = /  

      = 1 
 

 :  % =  × 100   

PCl5 5 PCl5 2  = 
2

5
 = 0.4 

  
        An(g)           nA(g) 
 t = 0         a   0 

 t = teq         a – x             n.x   = 
x

a
   x = a. 

          a – a  = a(1–) n a   
= a – a  + n a   

      =  [1 + (n – 1)] a 
 

 n   

  n =  

 (i) PCl5  PCl3 + Cl2    (n = 2) 

 (ii) 2NH3(g)  N2(g) + 3H2(g)  (n = 
3

2
 + 

1

2
 = 2) 

 (iii) 2HI(g)   H2(g) + 2(g)   (n = 1) 
 

 
-5. Kp  

  PCl5(g)    PCl3(g)  +  Cl2(g) 
 t = 0  a   0   0 
 t = t  a –x   x   x 

 a x 
a

x
  

  1 ,  =      x = a 
   PCl5(g)   PCl3(g)  +  Cl2(g)
  t = teq.  a – a    a     a
 = a + a = a (1 +  ) 
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5PClP  = 

a(1 ) P

a(1 )

 
 

  , 
3PClP =  

a . P

a 1


 

 , 
2ClP  = 

a

a (1 )


 

 .P 

 KP = 

2
P

1

1
P

1

  
     

  
   

 KP  = 
2

2

. P

1


   

  ( ) 

 

  

  An( )  = nA ( ) 
 = tha.M

a(1 (n 1) )  
  

   M  = thM

[1 (n 1) ]  
 

 

 Mth = (n = )  

  M   = nAM

[1 (n 1) ]  
 , 

nAM  = An  

 

  :  

  D =   = nAM

2
  

  d =   = mixM

2

  
D

d
 = 1 + (n – 1)  

    = 
D d

(n 1) d


   

= T o

0

M M

(n 1)M






  MT =  M0 =   

 :  n = 1  HI  NO  (

) 

 

 
-6. 33°C NO2 N2O4 38.3 NO2 

100  N2O4  

 N2O4(g)  2NO2(g) 
 Mmix = 2 × 38.3 = 76.6  

 Mmix = thM

1 
  = 

92

1 
     = 0.2 

  N2O4   2NO2 
 t = 0    a    0 
 t = t a – a   2a    

 NO2  = 2a =
92

2.01002 
= 0.435 

 

 (J) :  
 , mA + nB  pC + qD, G  

 G = Gº + 2.303 RT log10Q  
  G =  
  Gº =  

  Q =  
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 , , Q = K 

 K Kc  Kp  

  K = 
p q

C D
m n

A B

(a ) (a )

(a ) (a )
 

 ax, x ax 

K 
 

 (i)  

 (ii)  

 (iii) ( ),  

 (iv)  

  ,  G = 0 

   Gº = – 2.303 RT log10K 
 ,  G° = H° – TS° 

   [H° – , S° – ] 

   – 2.303 RT log10K = Hº – TSº 

   log10K = – 
Hº

2.303


 . 

1

RT
 + 

Sº

2.303R

  

 ln k 
1

T
 = –

Hº

R



 

= 
Sº

R



 
 

      
    

  = 
Hº

2.303R


  = tan  y =

Sº

2.303R


   



 T1 K1 T2 K2 ;  

  log10K1 =
Hº

2.303R


 . 

1

1

T  
+ 

Sº

2.303R



 
 ........... (i)  

  log10K2 = 
Hº

2.303R


.

2

1

T
  + 

Sº

2.303R


  ........... (ii)  

 [Hº Sº ] 
 

 (ii) (i)  

  log 1

2

K

K

 
  

=  
Hº

2.303R



2 1

1 1

T T

 
  

 

: Hº  

 Hº/T R  

  (Hº > 0)  

     (Hº < 0)  
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 G < 0 
 ,  G = H – TS 

  H – TS < 0    T > H/S 
 

 * G > 0  

 * G = 0 

 
-7. K 

log K  T–1 log K = log A – 
Hº

2.303 RT



 
 = tan–1 (0.5) OP = 10 

  

(a) H° ( ) T = 300 K, 

(b) A ( ), 

(c) 300 K K 

(d) 900 K H°  

 (a) log10 K = log10 A – 
Hº

2.303 RT


 

  y = c + mx  

  ‘m’ = tan =
R303.2

H
  ;

  0.5 = 
Hº

2.303 8.314


    

 H° =9.574 J mol–1  

 

 (b)  ‘c’ = log10 A = 10   A = 1010  

 (c) log K = 10 – 
9.574

2.303 8.314 298   
 K = 9.96 × 109  

 (d) log 2

1

K

K

 
  

 = 
H

2.303R



1 2

1 1

T T

 
 

 
 

  log 2
9

K

9.96 10
 =  

9.574

2.303 8.314
1 1

298 798
  
   

    K2 = 9.98 × 109 
 Ans. (a) 9.574 J mol–1 ;  (b) A = 1010 ; (c) 9.96 ×109 ; (d) 9.98 × 109  

 (K) :  
  

 

  

  

 

 

  N2(g) + 3H2(g)    2NH3(g) 
  ( )    

  ( )    

   

   

  :  
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   ng > 0  

   ng < 0  

   ng = 0  

 

 (i)  ng > 0,  PCl5(g)    PCl3(g) + Cl2 (g) 

  QC = 
32

5

PClCl

PCl

(n )(n )

V V
(n )

V


     ng > 0 QC  1

V
 [(n) = ]  

  V , QC,  

  ,  QC < KC  

 ,  ,  QC    

       QC   

 (ii) ng < 0,  N2(g) + 3H2(g)   2NH3(g) 

  QC = 

3

2 2

2

NH

3

N H

(n )

V

(n ) (n )

V V

  
 
  

    
  
    

   QC  V2        ng < 0 

  V  QC  –    ; V  QC  –  
 

  

 

 

  P   

 (i)  ng = 0   

 (ii)  ng > 0 , PCl5(g)  PCl3(g) + Cl2(g)  

  Qp = 3 2

5

PCl Cl

PCl

(X P). (X P)

(X . P)
     QP  P   [(X)  = (mole fraction)]  

  P ; QP ;  P ; QP; P =  

 (iii)  ng < 0 ,   N2(g) + 3H2(g)  2NH3(g) 

  QP = 3

2 2

2

NH

3
N H

(X )P)

[( X ).P][(X ) P]

       QP 
 2

1

P
  

  P ; QP  ;  ;  P ; QP ;  


 :  
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 (a)   

 (b) 

 

  (i) ng > 0,  

  (ii) ng < 0,  

  (iii) ng = 0,  

  

 (i) :  

   A(g) + B(g)   C(g) + D(g) +  H = – ve   

   N2(g) + 3H2(g)   2NH3(g) + Q 

   T   K'  

   log 1

2

K

K
 = 

2 1

Hº 1 1

2.303R T T

 
  

  ( ) 

   log 1

2

K

K
 < 0  log K1 – log K2 > 0  log K1 > log K2  K1 > K2 

  Reaction will shift in backward direction. 
   T   K  

  Reaction will shift in forward direction. 
 (ii) :  

   A(g) + B(g)  C(g) + D(g) –    H = + ve 

   T  K     ; T  K    

 

 (L) :  
 

(aqueous tension)  

   H2O ()  H2O (g) ;  KP = 
2H OP  =  

  

  25°C ,  Hg 24 mm 

  = 2

2

H O

H O
 

  

  C ( )                  C ( )  ;   H = +ve 

             
     

     

  
 

  

  H2O (s)         H2O () ;  H = + ve 
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      H2O()          H2O(g)  
             
     

     

  

  
 

   

  N2 (g) + 3 H2 (g)  2NH3 (g)  H = – 22.4 Kcal/mol. 

 (i) 

 

 (ii)  
 

 SO3  

  2SO2(g) + O2(g)   2SO3(g) + 45.2 kcal 

 (1.5 to 1.7 atm), (500°C), SO2 O2   SO3 

 
 

 NO  

  N2(g) + O2(g)   2 NO(g) – 43.2 kcal 

   

    (1200 °C to 2000 °C), N2 O2   NO  

 
-8. 25°C  CuSO4.5H2O (s)   CuSO4.3H2O(s) + 2H2O(g) 

1.084 × 10–4 atm2 CuSO4.5H2O 

( 25°C Hg  24 mm ) 

 KP =  2

2

H OP  2H OP   = 410084.1   = 1.041 × 10–2 atm  8 mm of Hg  

 
2H OP Hg 8 mm CuSO4.3H2O 

CuSO4.5H2O H2O 8 mm 

 

  < 8 mm (Hg) CuSO4.5H2O  

 i.e. < 
8

24
 < 33.33%  

 CuSO4.5H2O  

 (M) :  
 

 

  A(s)  X(g)   +  Y(g) 

 t = 0   a       0       0 
 t = teq  a – t         t    t  + u  
  B(s)   Z(g)   +  Y(g) 
    b       0       0  
   b – u         u    u  + t  
  

1CK  = t (u + t) 

  
2CK  = (u + t) u 
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-9.  57ºC 2 NH4HS 102 

 

  NH4HS (s)  NH3 (g) + H2S (g) ; NH3 (g)  
1

2
N2 (g) + 

3

2
H2 (g) 

 H2 0.75 

KC  

 NH4HS = 
102

51
 = 2 

 NH4HS (s)  NH3 (g) + H2S (g)  
1CK   

    2   0    0 
    1  1 – x    1   

 NH3 (g) 
1

2
N2 (g) + 

3

2
H2 (g)  2CK    

 1 – x       
x

2
   

3x

2
 

 H2 = 
3x

2  
= 0.75  x = 

1

2
 

  
1CK  =

1 (1 x) 1

2 2 8


     [  V = 2 L]  

  
2CK  =

3/2 ½
3x x
4 4

1 x
2

   
      

 
  

 = 

3/2 ½
3 1
8 8

1
4

   
      

   =
3/2

3/2 1 4 (3)
(3)

64 1 16
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________________________________  

 

 

   a A(g) + b B(g)   c C(g) + d D(g)  

  

    KC = 
c d
eq eq

a b
eq eq

[C] [D]

[A] [B]
  

 Kc 

(mol/L )  Kc 

Kp Kc 

Kp  Kc Kp = Kc (RT)ng 

ng = (c + d) – (a + b)  

 

 

 

Kc Kc 

Qc Kc 

Qc Qc < Kc 

Qc = Kc  

 

(stress),  

 Kc 

Kc Kc  

 

 Kc = kf / kb.
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MISCELLANEOUS SOLVED PROBLEMS (MSPs) 
 

1.  
 (A) Pb(NO3)2(aq) + 2NaI(aq)   PbI2(s)  + 2NaNO3(aq) 
 (B) AgNO3(aq) + HCl(aq)   AgCl(s) + HNO3(aq) 

 (C) 2Na(s) + H2O()  2NaOH (aq) + H2(g) 
 (D) KNO3(aq) + NaCl(aq)  KCl(aq) + NaNO3(aq) 
Ans. (D) 
Sol. 

 
 

2. A + B  3C 'A'  'B'  'a' /

 

 (A) [A]  [B] = 0  (B) 3 [B] + [C] = 3 a (C) 3 [A] + [C] = 3 a (D*) [A]  +  [B] = 3 [C] 
Ans. (D) 
Sol.  : 
  [A] = [B] 

  [A] + 
1

3
[C]  = a 

 

3. H2O(g)  H2(g) + 
1

2
O2(g) ( = H2O(g) 

 ; p = ) 

 (A) K = 
2 1/2

1/2

p

(1 )(2 )


   

    (B) K = 
3/2 1/2

1/2

p

(1 )(2 )


      

 (C) K = 
3 1/2p

2


     (D) K = 

3 3/2

1/2

p

(1 )(2 )


  

 

Ans. (B) 

Sol :  H2O(g)  H2(g) + 
1

2
O2(g) 

 1      0     0 
 1–           /2 
 = 1–  +  + /2 = 1 + /2 

 = p 

 ,  
2H Op  = 

1
p

1 / 2

 


   
 2Hp

 = p
1 / 2




      2Op
 = 

/ 2
p

1 / 2




   

  Kp = 2 2

2

1/2
O H

H O

(p ) (p )

(p )
 

 

4. N2(g) + 3H2(g)  2NH3(g)  Q =
2

3
3

2 2

[NH ]

[N ][H ]
  

 
 (A) Q = Kc  (B) Q < Kc  (C*) Q > Kc  (D) Q = 0 
Ans. (C) 
Sol.  Q > K,  Q < K  
 

5. 2HI(g)  H2 (g) + I2(g) HI 0.96  

N/10 15.7 ml HI  
Ans. 20.9% 
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Sol. I2  = 2I
w

127
 × 1000 = 1.57 

  
2I

w  =
 
127 1.57

1000


  

2I
n = 

1.57

2000
 

  2HI(g)  H2 (g) + I2(g) 

  a – a  a

2

       a

2


    

0.96

256
 ×  = 

1.57

2000
 

   = 0.209 Ans. 
 

6. M2CO3  120ºC  1% CO2 

  

  M2CO3(s)  M2O(s) + CO2(g) 
 120ºC  Kp = 0.0095 atm  120oC  CO2 

  

Ans. 

Sol.  M2CO3(g) (s)  M2O (s) + CO2 (g)  

   CO2  1% ;  

 
2COP  = 

1

100
 × Pair  = 

1

100
 × 1 atm. = 0.01 atm. 

 KP = 
2COP  = 0.0095 atm. 

  ,   
2COP = 0.01 atm. 

 0.01 atm 
2COP KP = 0.0095 atm 

M2CO3 1% CO2 

 

 
2COP 0.0095 atm 

2COP 0.0095 atm 

 

  
  M2CO3 (s)  M2O (s) + CO2 (g) 

       
1

P
100
   

    

  KP = 
2COP  CO2 1/100 atm M2CO3  

P CO2  

  KP = 
1

100
  + P   0.0095 = P + 001  P = – 0.0005. 

 M2CO3 0.01 atm. CO2 

 
   
7. CaCO3(s)  CaO(s) + CO2(g), Hfº 

 (A) 

1/T

lo
g

 P
e

co
2

      (B) 

1/T

lo
g

 P
e

co
2
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 (C) 

log T

lo
g

 P e
co

2

      (D) 

logT

lo
g

 P e
co

2

   

Ans. (A) 
Sol. CaCO3(s)   CaO(s) + CO2(g) 
  

2p COK P   

  log Kp = log A – 
0
rH

2.303RT


 

  log 
2COP = log A –

º
rH

2.303

 1

RT
 ......... (i) 

  (a)  (i) 
 

8. N2 H2 9:13

 
   N2 (g) + 3H2 (g)   2NH3 (g) 
   N2 (g) + 2H2 (g)   N2H4 (g) 
 3.5 atm NH3 (g) H2(g) 0.5 atm and 1 atm 

 

Sol. N2 H2 9P 13 P  
  N2 (g)         +    3H2 (g)           2NH3 (g) 
  9P – y – x         13P – 3x – 2y       2x 
 

  N2 (g)         +    2H2 (g)             N2H4 (g) 
  9P – y – x         13P – 3x – 2y        y 
   = 

2NP  + 
2HP  + 

3NHP  + 2 4N HP  = 3.5 atm 

   = (9P – x – y) + (13 P – 3x – 2y) + 2x + y = 3.5 atm ...(1) 
   

3NHP  = 2x = 0.5 atm   ...(2) 

  
2HP  = (13P – 3x – 2y) = 1 atm  ...(3) 

 (1)    (9P – x – y)  + 1 atm + 0.5 + y = 3.5   (9P – x) = 2 atm 

  9P = 2.25  
  P = 0.25 atm 
 (3)   2y = 1.5 
   y = 0.75 atm 
   

2NP = 9P – x – y = 1.25 atm 

  
2HP  = 1 atm 

   
3NHP = 0.5 atm 

  
2 4N HP  = 0.75 atm , 

1PK  = 3

2 2

2
NH

3
H N

P

P . P
  = 

0.5 0.5

1 1 1 1.25


  

 = 0.2 atm–2  

  
2PK  = 2 4

2 2

N H

2
N H

P

P .P
 = 

0.75

1 1 1.25   
= 0.6 atm–2 


