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1. (THERMODYNAMICS) 

(Thermodynamics Ist Law) 
 

 (A) :   

 (Thermodynamics)  

 

 

 
 

 

 

  

 

 

  

 

 

 

 

 
1  A + B  C+ D  K1, eq = 103 

 E + F  G + H  K2, eq = 10–3 
  

  
 K  
 K  
 

  
  (System):  

   
  

 (Surrounding)  

 (Universe) :  + =  
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 (Boundary)  

  

   

 

 diathermic  
 

  

 (Open system) 

 

 (Closed system) : 

. 

 (Isolated system) : 

 

 

   

  .         
                        
 

  

 



 

 

  

 (State functions)  :  

   

  

 . (

(E  U), (H),   

(G), (S)  
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  dx 0     

  (extensive)  (intensive)  

  

  T, V, P, H, G, V   
 

 (Path function) : 

  

 .  ). 



 


  

  

 


 

 . , , , (E) (H) (G) (S), 

 


 (Intensive properties)  

  

  

. , , , , , , 
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 (Mechanical equilibrium) :            

 

(

  
 (Thermal equilibrium) : 

 

 

T = 

 

 (Chemical equilibrium) : (species) 

 

 (B) :  

  

 (Thermodynamic process) : 

  

 1. (Isothermal process) : T =  

       dT = 0 

       T = 0 

 2.  (Isochoric process) :  V =  

       dV = 0 

       V = 0 

 3.  (Isobaric process) : P =  

       dP = 0 

       P = 0 

 4. (Adiabatic process) : q = 

= 0 ( ) 

5.  (Cyclic Process) : 

   

    V = 0 

    H = 0 
 

 

  

 (Reversible process) :  



 

 ( ) 

 

   F  = F  – dF dF  0   
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(pile of sand) 

 

 

 (FBD of piston)  

 

   P  = Patm + Mg/A 

    
    : i – f :  

    f – i : 



  (Irreversible process): 

(

n n 
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 : 

 
P

P

 

 
  Sign : i – f :  

   f – i :  
 

  

 (Heat & work) : (interact) 

(i) (ii)    

 (Heat) :  

 

  ;  ;  

 (Work) : 

  

 

25ºC,  

25ºC 

(S) 

25ºC  2 

 

25 C0

   25 C0

S
e

(25 C)0

 

 – –System ) : ( ). 

 

 

 – –System ) : 

 

 
 

 IUPAC   

=

=  

=  = 

w = –10 J 10 J 
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  w

Q

         w

Q

       
  U = Q + W     U = Q – W 
 =   

 IUPAC  

 1. =  2. =  

 3. =  4. =  
 

 (C) :  
   (w) : 
 

 

 dw = Fdx 

F  

   
 S :  (J). (data)   

  

 P × V = ( ) 

 

 1  = 101.3 = 24.206   

  P, T P 

 
 

  W  = – W  + K  

 

  K  = 0 

  W  = – W  = – P dv  

   

  W  = – W  = – P .dv = – P V 
 

  
(1)  

 (A)  

  (a)  : 

     P  = P0 + 
mg

A
= z P  = P ( ) 

    

   P  = P  ( ) 

    

   P = 
nRT

V
 

   W = 
f

i

V

V

– P dV = –
f

i

V

V

P dV      W =
f

i

V

V

nRT
– dV

V  



Thermodynamics & Thermochemistry  
 

 

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 
ADVTDS - 8 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 

 

    W = –nRT ln f

i

V

V

 
 
 

 

      
 

   Vf > Vi  

     W = –ve 
   = P–V  
 

  (b)  

   (i)  
 

m0

   Pi = P  = Patm + m0 g/A 

  
m0 P  atm 

(state of turbulence)  

V  

   V  (V + dv) 
   dw = – P  . dv   (IUPAC )  

    W = 
f

i

V

V

dw P dv         

   W = – P  (Vf – Vi) 
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   (ii)  
   M0  
   0 1 2M (m m )   

   m1  
   P  1 = (Patm + m2g/A) 

v1  

   P  1.V1 = Pi Vi (isothermal)   

M2  

V1  Vf  

    P  2  = Patm     

V1  Vf  
   W1 = – (Patm +M2g/A) (Vi – Vf) 

V1  Vf   
   W2 = – Patm (Vf – Vi) 

 = W1 + W2   

Patm

V

Vf M0

Vi

M1

   

  m1 m2

 

m0 m1 , m2

m3

(iii) n n  
    n  ;  

    
         PV  
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 (B)  

  (a)  

 
   W = – nRT ln(Vf/Vi)  
   Vf < Vi   

Patm

Vi

Vi

  

(P + M g/A) = Patm 0 f

ViVf

Patm

  

  
(b)   

   (i)   
m0  

    dw = – P . dv = – (Patm + m0g/A) dv 

 

     W = 
f

i

V

ext.
V

dw P dv   ; W = – P  (Vf – Vi)  

M0

Vf

Vi

(T)   

P

Vf Vi  
   

   (ii)  

  m0 (m1 + m2) 

m1

 (Patm + m1g/A)  

   W1 = – (Patm + m1 g/A) (V1 – Vi)   
           W2 = – (Patm + m0 g/A) (Vf – Vi)  

  n n 
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 (out put) : –  
 (in put): –  

  

   





 

A  B = w = Q B  A

= – w = – Q  
B

A

 
  

 
-2. 25ºC 2 15  50  

 

.  W = – 2.303 n RT log 2

1

V

V
= – 2.303 × 2 × 2 × 298 × log 

50

15
= – 1436  

 

-3. 10   300 k 2 10 20 

[ ] 

.  
20

10

w – 2dv –[20 – 10]  =– 20 J. 

 1 = 101.3 J 
 

2. (Isochoric process) : 
  dv = 0 ; ,  w = 0 ( ) 

3. (Isobaric process) : 
 P =  = P  

 ,  w = –P (vf –vi) ( ) 
 

 (D) :  

 E : 

 (E, U ) : 

  

     

  E = E  + E  + E  + E  + .....      

  E = E   E
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T

E

V

 
  

= 0 , 
T

E

P

 
  

 = 0  

 

 E = qv, 

 

    T = 0    E = 0   

   (K.E.)  
 

 
 

= 3  

 

= 0

= 2

= 3

' f '

f = 3

  = 5

  = 6
 

  

 
1

2
kT  

 k  

  U/  = f × 
1

2
kT    U/  = 

f

2
RT  (k × NA = R) 

  n  

  U = 
f

2
nRT  U = 

f

2
nRT 

 

  (q) 


 E W q



   (CT)  

 10C

 

 , CT = 
q dq

T dT





J/ºC 

  

 ,     dq = CTdT 

    Tq C dT    
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   (C) 
 1 10C  

, C = 
q dq

n T ndT





J mole–1 K–1 

 ,   dq = nCdT 

   q = nCdT nC T   

 C  

 Cp  

 CV  

 Cp CV  
 

    (s) : 
 1 g 1º

 

  S = 
q

m T




= 
dq

mdT
Jg–1 K–1    

 , dq = msdT 

  q = dq ms dT ms T     

 S  

 SP  

 SV  

 SP  SV  

 sp sv  

  CT = nC = ms    C = Ms 

 m –  

  M –  

  n –  

   C =±     C = Cp  

  C = Cv    C = 0 

 –  

 : 

(1)  

(2)  

  

4 100 J +2 J/ºC 

E 25ºC  

 E = q + W 
 q = 2 × 25 = 50 J & W = –100 J 
 E = 50 – 100 = – 50 J 
 



Thermodynamics & Thermochemistry  
 

 

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 
ADVTDS - 14 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 

 

 (E) :  

 (ZLOT) :               
 

 
 

 (FLOT) :  
  

E E

 

E1 q

w E2

 
  E2 = E1 + q + w      
  E = (E2 – E1) = q + w 
 

 

  U = Q + W    W = –PV 

  U = Q – PV 

 (F) :  
4. dQ = 0

 dU = dQ + dW 

 nCV dT = – PdV   V

nRT
nc dT .dv

V
    

  
2

1

T

v

T

C .dT

T = – 
2

1

V

V

R
. dV

V   Cv ln 2

1

T

T
= – R ln 2

1

V

V
 

 ln 2

1

T

T
= ln 

vR / c

2

1

V

V


 
 
 

 
1

2 1

1 2

T V

T V


   

   
   

  

  T2V2
–1 = T1V1

–1  TVY –1 = PVY =  
 

 PV TV – 1 (quasi)
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(a) 

 

 

 

  
V  T  

  w = – P dv ,    P  = P  = 
K

V   

   w = – 
K

. dv
V  , 

 

  W = – K  1 1
2 1V V / 1      =

1 1
2 2 2 1 1 1P V .V P V .V

1

  
 

 

  = 2 2 1 1P V P V

1


 

     (K = P2V2
 = P1V1

 )   

(b)  

     

  W = –P dv  = – P  (V2 – V1) 

  du dw   

  W = u 

  W = nCv (T2 – T1) = 2 1nR(T T )

1


 

  = 2 2 1 1P V P V )

1


 

 

 : A B 

  

   
  

  w  = u  

u  

  u  = u   w  = w   

  w  = w    

  u   u  U  


 A B  

 A B

 A B  


 (  ) 
  

  

  

  |W |  > |W |  u  > u  

  (T2)  < (T2)  
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  (P2) < (P2)  ( ) 

  (V2) < (V2)  ( ) 

P

P1

P2

V1 V2 V

2'

2

  

P

P1

P2

V1 V2 V

2''
2

 
P

P2

P1

V

2'

2

V1V2    

P

P2

P1

V

2''
2

V1V2  


  ( ). 

 > 

, U  > U  

  Tf < Tf >   
 

  

  A   B 
  P1,V1,T1     P2,V2,T2  
 

  W = 2 1 2 2 1 1nR(T T ) P V P V

1 1

 


   
 = – Pext. (V2 – V1) , 1 1

1

P V

T
 = 2 2

2

P V

T
 

  

 P  = 0 

 , dW = – P  . dV  
        = 0 
 q = 0 

 E = 0  , T = 0. 

 (G) :   
 Cp Cv  

 (a)   
  dU = dq + dw  ; dU = dq – pdV 
  dU = (dq)v 
  =  

  du = (dq)  ;  dU = (nCdT)v 
  dU = nCvdT 



Thermodynamics & Thermochemistry  
 

 

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 
ADVTDS - 17 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 

 

  Cv   

  Cv = 
1 dU

.
n dT

 
1 d (fnRT) / 2

n dT
= 

fR

2
 

 (b)  
  dU = dQ + dW 
  dU = dQ – PdV 
  dQ = dU + PdV ............... (i) 
 

  

  H   

   
   

  H = U + PV 
  dH = dU + d (Pv) 
  P =  
  dH = dU + PdV .............. (ii)  

(i) & (ii)  
  dH = (dq)p   

=
  dH = (nCdT)p  
  dH = nCpdT   
 Cp Cv  

  H = U + PV  dH = dU + d(PV) 
  
  PV = nRT 
  d(PV) = d(nRT) = nRdT 
  nCp dT = nCvdT + nRdT 

 Cp – Cv = R. =

 # 1 

 
 

Cv,m 
fR

2
 
 
 

 Cp,m 
f 2

2

 
 
 

R  = f 2

f

 
 
 

  

1.  3 
3R

2
 

5R

2
 

5

3
 He ; Ne 

2.  5 
5R

2
 7R

2


7

5
 N2 ; O2 ; H2 

3.  5 
5R

2
 

7R

2
 

7

5
 CO2 ; HCl

4.  6 
6R

2
 

8R

2
 

8

6
 H2O ; NH3 ; 

CH4 

 

H, U,  
 I   

    

   dU = nCvdT = 
f

2
nRdT    dH = nCpdT =

f
1

2
  
 

   nRdT 

   W = – extP . dV    dH = dU + d (PV) 

   H = U + nR T   du = dQ + dw 
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5 10   273 K 20  1 

‘q’  

 ,  

  W = – 2.303 nRT log 1

2

P

P
   

  n = = = 
10

2
= 5 . 

 ,   W = – 2.303 × 5 × 2 × 273  × log  = – 8180 calories. 

 

U = 0 

 , q = E – W = 0 – (– 8180 ) = 8180  
 

II   

   dU = nCvdT  
f

2
nRdT     

   dH = nCpdT  
f

1
2

  
 

  nRT  

   W = – P .dV   H = U + (P2V2 – P1V1)  dU = dq + dw 

 
-6. 100 L 10 atm

100 atm 1 L 

(i)   (ii) U    (iii) H 

 = –100 × – 1 = 100 L. atm 

 q = 0  w = U   100 = U 
 H = U + (P1V2 – P1V1) = 100 + (100 × 99 – 100 × 10) = 100 + 100 × 89 = 9000 lit atm. 
 1 L. atm = 101.3 Joule. 
 

   

   aA (s) + bB() + cC(g) a’A’(s) + b’B’ () + c’ C’ (g) 

   W  = – P .dV   

        =  f iP . V V   = – P  [(VA’(s) + (VB’() + (VC’(g)– (VA(s) + (VB() + (VC(g)] 

        
   W = – P  [VC’(g) – VC(g)] 

        = – P  c cn' RT n RT

P P

 
 

  
= – c cP (n' n )RT

P


  

   W = – (n’c – nc)RT 
 

   W = – ng RT 
   dU = dq + dw 
   

   dq = dH     dU = dH – pdV 
   dU = dH – ng RT   dH = dU + ng RT 
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7 25ºC, 1  

 C6H6() + 7½ O2 (g)   6CO2 (g) + 3H2O (); H = –780980 cal. 
  

  , H = E + ng RT 

   ng = 6 – 7.5 = – 1.5. 

 , E = H + ng RT = – 780980 – (–1.5 ) × 2 × 298 = – 780090  
 

 (H) :   
IV  

  T = 0 

H E  

E E  0 (PV) 

 0

H  0 

 q = H 

 W dW = –P  dV E

 

 
8 CaCO3 100 (aragonite) q, W, E H

2 g/cc 2.5 g/cc  

  CaCO3           CaCO3  

 H = 2 kJ/mole

    

W << q     E   q = H  

 

   

q = H   E W

 W q U H  

1.  0  v,m f inC T T  qv  p,m f inC T T  Cv,m 

2.   ext 2 1P V V 
 

 p,m f inC T T  q + w  p,m f inC T T  Cp,m 

3.   
f

rev
i

V
W nRTln

V

 
   

   
 irrev ext f iW P V V  

 

–w 0 0 ± 

4.   f f i iP V PV

1


   

0 w 0 0 

5.  f f i iP V PV

(n 1)


  

U – w nCv,m (T2–T1) nCp,m(T2 – T1) Cv,m+
R

1 
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(Thermodynamics IInd & IIIrd Law) 
 

 (A) :  
 IInd  

 st  

 > 0° 

 < 0° 

  > 100° C 

  
 

 

 
 

 

 

 1.       

  *  

  *  

  

 * (0°C ) H > 0 , E > 0  

 * (100°C )  H > 0 , E > 0 

 * H = 0 , E = 0 

 *  

 * H > 0 , E > 0 

 2.  
 

   

  S = S + S   

 (s) =  

  ds =
dq

T
  S = 

dq

T  

 
dq

T
  

 dS   dq  , dS 
1

T
 

 T  

 (B) :  
  S   

  

A B S

 S
 

  ‘S’ ‘S’  

  S  = S   

  S = 
B

A

dq

T  
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  A 
S

   B  
  P1, V1, T1         P2, V2, T2  
  ‘S’ S  

  S   = S ,  =  
B

A

dq

T  

   
   du = dQ + dw  
   dQ = du – dw  
    

   dq = dq  

   dq  = du + P  dV {P  = P  } 

   S ,  = 
B

A

du P dV

T


  

   

   
P nR

T V
  du = ncV dT 

    S  = 
2 2

1 1

T V

v

T V

nc dT nRdV

T V
   

   S  = ncv n 2

1

T

T
+ nR n 2

1

V

V
 

 

 S  

 

  S  = 
dq

T  

 T  

  S  = 
1

T
dq = 

q

T
 

 

  

  q  = – q  

   S  = 
q

T


  

 

  

 (a)   

  A   B 
  P1,V1,T        P2,V2,T 

  S  = nCVn 2

1

T

T
 + nRn 2

1

V

V
 

  T1 = T2 

  S  = nRn 2

1

V

V
 

  S  = 
q

T
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  du = dq + dw (  T1 = T2. , du = 0) 

   dq = – dw 

  q = –w   w = – nRTn 2

1

V

V
 

  q = nRTn 2

1

V

V
 

   S  = 

2

1

V
nRT n

V

T

 

 –nRn 2

1

V

V
 

  S  = S  + S  

   = nRn 2

1

V

V
–nRn 2

1

V

V
= 0 

 (b)    

  A   B 
  P1,V1,T   P2,V2,T 

  S  = nRn 2

1

V

V
 

  S  = 
q

T


 

  q  (FLOT)  

  q  = P (V2– V1) 

  S  = 2 1p (V V )

T

 
 

  S   = nRn 2

1

V

V
– 2 1p (V V )

T

 
 

   = 
1

T
2

2 1
1

V
(nRT n ) P (V V )

V

 
  

 
  

   = 
1

T
[W  – W  ] > 0 

 
 

 ( ) 
 (a)   

  A     B 
  P1,V1, T1     P2,V2, T2    

  S  = nCV n 2

1

T

T
 + nR n 2

1

V

V
 

  TV–1 =  

  2

1

T

T
= 

1

1

2

V

V


 
 
 

 

  (S)  = nCVn  
1

1

2

V

V


 
 
 

+ nRn 2

1

V

V
= 0   

   S  = –
q

T
 = 0 (q  = 0)  S  = 0 + 0 = 0  
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 (b)    

  A   B 
  P1,V1,T1   P2,V2,T2  

B 

 

  S  = nCV n 2

1

T

T
+ nR n 2

1

V

V
> 0  [(T2)irrev > (T2)rev] 

  S  = –
q

T
= 0   q = 0 

 

 
 

  

 (a)   

  A   B 
  P, V1, T1     P, V2, T2    

  S  =
dq

T = pnC dT

T = nCpn 2

1

T

T
 

   S  =
dq

T =
2

1

T

T

–dq

T = – nCpn 2

1

T

T
 

  S  = S  + S  = 0 

 (b)   

  S  = 
dq

T  = 
2

1

T
p

T

nC dT

T = nCpn 2

1

T

T
 

  S  = 
 p 2 1

2

–nC T – T

T
 

  S  = S  + S  > 0 
 

  

 (a)   

  A   B 
  P1,V, T1     P2,V, T2    

  S  = revdq

T  = 
2

1

T

v

T

nC dT

T = nCvn 2

1

T

T
 

   S  = revdq

T  =
2

1

T
sys

T

–dq

T  = – nCvn 2

1

T

T
 

  S  = S  + S  = 0 
 

 (b)   

  S  = revdq

T = 
2

1

T

v

T

nC dT

T = nCpn 2

1

T

T
 

  S  = 
 v 2 1

2

–nC T – T

T
 ; S  = S  + S  > 0 
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  S = 
dq 1 Q

dq
T T T

    

  S  = 
H

T


 

   S  = 
U

T


; S  = 

dq 1 Q
dq

T T T
     

, S  = 
H

T


   

, S  = 
U

T


 

  

(a) ‘Cu’ 

 
   S   = 

2

1

T

T

msdT

T = mn  2

1

T

T
 

 S  = 
dq

T 
2

q

T
 

/////////////////////////////////////

Cu (M)

T1 T2

T > T1 2

 
  q  = – q  = – ms (T2 – T1) = ms (T1 – T2) 

  S  = S  + S  

  S  = ms n 2

1

T

T
+ 1 2

2

ms (T T )

T

  > 0  

(b) 

      

 S  = 0 ( ) 

 S  = SA + SB    

 (Tf )  

 T1 > Tf > T2 

 S  = 
f

1

T

A

T

dq

T + 
f

2

T

B

T

dq

T  

Cu (M)

T1 T2

/////////////////////////////////////

/////////////////////////////////////

///
//

///
///

///
///

//
///

///
///

//
///

///
///

///
//

 

             = 
f

1

T

T

msdT

T +
f

2

T

T

msdT

T = ms f f

1 2

T T
n n

T T

 
 

 
   

  S  = msn
2
f

1 2

T

T T
  

    Tf = 1 2T T

2


    S  = msn

 21 2

1 2

T T

4T T


 


9 (a) 25ºC 10 20 

 

 (i) ;  (ii) ; (iii) q( ) ? 

 (iv) ; (v)  

 (b) 10 

 

 (a) (i) S = 2.303 nR log 2

1

V

V
 = 2.303 ×1 × 8.314 × log

20

10
= 5.76 J/K. 
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      (ii) W  = –2.303nRT log 2

1

V

V
= –2.303 × 1 × 8.314 × 298 × log

20

10
= –1781 J. 

      (iii)  U = 0  

  q  = U – W = 0 –(–1718) = 1718 J. 

  q  = 1718 J. ( ) 

      (iv) S  = –
1718

298
= – 5.76 J/K. 

 5.76 J 5.76J, 

 

 (v) S  + S  = 0.....  

 (b) (i) S = 5.76 J/K, S  

 (ii) W = 0  (p  = 0) 

 (iii)  

 (iv) S  = 0. 

 (v) 5.76 J/K, 





  

 

 

298 K, 1 atm Sº 

S = ST(K)– S0(K) = 
T

0

nCdT

T  

 

   
 aA + bB  cC + dD 
 S0  = ( ni

0
mS )  – ( ni

0
mS )  

  0
mS =  

  S  =
Q

T


=

H

T


   

  * 0 K, = 0 
 

  

  S = 
dp 1 Q

dp
T T T

    

  S  = 
H

T


 

   S . = 
U

T


 

  S  = 
dQ 1 Q

dQ
T T T

    

  , S  = 
H

T


 

  , S  = 
U

T
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 (C) :  
  (G) :   
 

 

  
  G = H – TS 
  dG = dH – TdS – SdT 
  H = E + PV 

  dH = dE + PdV + VdP  dG = dE + PdV + VdP –TdS –SdT 
  
  dq = dE + PdV 
   , dq = TdS  
  dG = dq + VdP  – TdS – SdT  
  dG = – SdT + VdP 
 , 
  dG =  VdP  

 , V = 
nRT

P
 

  dGm = VmdP = 
RT

P
dp 

  
2

m

1

dG  = RT
2

1

P

P

dP

P  

  
2 1m mG – G = RTln 2

1

P

P
 

  Gm  

 
1mG

2mG   

  Gm – G°m = RTln
P

1
    &  G – G° = nRTln

P

1
 

  ,   aA(g) + bB(g)  C(g) + dD(g) 

  (G)  =  (G)  – (G)  

  (G)  = GC + GD – GA – GB 

  GC – G°C = cRTln CP

1
      GC = G°C + cRTln PC 

 ,  GD= G°D + dRTln PD    
   GA= G°A + aRTln PA, GB= G°B + bRTln PB   
  (G) = (G°C + cRTln PC) + (G°D + dRTln PD  ) – (G°A + aRTln PA ) – (G°B + bRTln PB) 

   = (G)°   + RTln
c d

C D

a b
A B

P .P

P .P
 

  G  = G°  + RTlnQ 
 

  
  dG = VdP – SdT 
  

  dG =  – SdT 
P

dG

dT
 
 
 

 = – S  
P

G

T

 
  

= – S 

  G = H – TS   
G – H

T
= – S 
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G – H

T
= 

P

G

T

 
  

 

  G = H + T
P

G

T

 
  

 

  G = H + T
P

G

T

 
  

 

  G = H –T S  
  S  = S  + S  

  S  = 
Q

T


= 

H

T


 

  TS  = TS  – H  

  G = ( ) 

  G  = H  – TS  

  G  = H  – TS 
  G  = H  – TS      .................. (ii) 

  (i) (ii)  

  G  = – TS  
 

  : 

  (i) G   = ( ) < 0     

  (ii) G  = > 0      

  (iii) G  = 0      

  G  0 

  H    S     G  = H  – TS  

       +  

      – 

         

     

 Gº =   

 Gº 

1 1  

  

  G° = H° – TS° 
         =  

  AB C + D 
  G° = ( ) – ( ) 

  G° =  0
m,CG + 0

m,DG  – 0
m,AG  – 0

m,BG ,  0
mG  0

mH   

  

  G° = 0
f,CG + 0

f,DG – 0
f,AG  – 0

f,BG  

  0
fG  :  

  0
fG  ( ) = 0  

  G° = 0
f, G – 0

f, G  

   

  G = Gº + RT n Q  
  Q , G > 0 , G < 0  

  G = 0   Q = K  Gº = – RT n K ( ) 
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10 25ºC  CH3COOH Ka 1.754 × 10–5    50ºC  Ka 1.633 × 10–5  CH3COOH 

H° S° ? 

 (Gº)298 = – 2.303RT log K = – 2.303 × 8.314 × 298 ×log (1.754 ×10–5) = 27194 J. 

 (Gº)323 = 2.303 × 8.314 × 323 × log (1.633 × 10–5) = 29605 J. 
 Gº = Hº – TSº 
 27194 = Hº – 298 Sº 
 29605 = Hº – 323 Sº 
 Hº = – 1.55 kJ/mol 
 Sº = – 96.44J/mol.K 

 

2. (THERMOCHEMISTRY) 
(A) : U, H & W  

  (ENTHALPY OF A SUBSTANCE) :   



 



 

 Hm( ). 398 K 

Hm (H2O, g, 398 K, 1 atm) 

 

 

 

   
    
  –  
  – 

(1M ),  


 398 K H°(H2O, g , 398 K) 

398 K Hm° (H2O, l, 398 K)  


 

 

  

        
 0

m , 1H  0
m , 2H   

 H° = 0
m , 2H – 0

m , 1H  

 25°C 50°C . 

    = CPT = (18 cal/mole °C) (25°C) = 450 cal 
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11 ? 

 

 

  H  > H  

 

   H  < H   
 

 

 :  H  = H  – H   

     H°   = H°  – H°  

       =  –   

       =   –  
 

 

 (B) :  
  

 

 

 

 

 rH 

rH 

  
 

 

rH  

  C( ) + 
1

2
O2 (g)  CO(g) 

 rH  

  C( ) + O2(g)CO2(g)  rH1  

  CO(g) + 
1

2
O2(g)  CO2(g)  rH2  

  

  C( ) + 
1

2
O2(g)  CO(g) 

  , rH = rH1 – rH2  
 

 
12  

  F2O(g) + H2O(g)  O2 (g) + 2HF(g) 
 F2O(g), H2O(g) HF(g) 5.5 kcal, –57 kcal 64 kcal  
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 (i) F2(g) + 
1

2
O2(g)  F2O (g); H = 5.5 kcal 

  (ii) H2(g) + 
1

2
O2(g)  H2O (g); H = – 57 kcal 

  (iii) 
1

2
H2(g) + 

1

2
F2(g) HF (g); H = – 64 kcal 

 F2O H2O (i) (ii) HF (iii) 

[ –  (i) –  (ii)  + 2 ×  (iii) ] 

 

  –F2 (g) – 
1

2
O2(g) – H2 (g) – 

1

2
O2(g)  + H2 + F2 (g)  –F2O (g) – H2O(g)  + 2HF(g); 

  H = – 5.5 – (– 57) + 2 × (– 64) 
     F2O(g)  + H2O(g)  O2(g) + 2HF(g);  H = – 76.5 kcal. 
 

 


  (RELATION BETWEEN ENERGY AND ENTHALPY OF A REACTION)  
  rH = rU + (vg)RT 
 vg = 

vg 

 

 H0

E

 P + Q  R + S 

 T H10   

  H1° = H°m (R, T1) + H°m (S, T1) – H°m (P, T1) – H°m (Q, T1) 
 T2   

  H2° = H°m (R, T2) + H°m (S, T2) – H°m (P, T2) – H°m (Q, T2) 
  

 H° = H2° – H1° =  {Hm°} (R, T2) – Hm° (R, T1)} +  {Hm°} (, T2) – Hm° (, T1)} 
    –  {Hm°} (P, T2) – Hm° (P, T1)} –  {Hm°} (Q, T2) – Hm° (Q, T1)} 
 Hm° (R, T2) – Hm° (R,T1) = CP, R (T2 – T1) = 1 T1 T2

 
  Hm° (S, T2) – Hm° (S, T1) = CP,S (T2 – T1) 
  Hm° (P, T2) – Hm° (P, T1) = CP,P (T2 – T1)     Hm° (Q,T2) – Hm° (Q,T1) = CP,Q (T2 – T1) 

 H° = H2° – H1° =  CP,R (T2 – T1) + CP,S(T2 – T1) –  CP,P (T2 – T1) + CP,Q(T2 – T1) 

            = [ CP,R + CP,S –  CP,P – CP,Q] (T2 – T1) 
         = CP (T2 – T1) 
  CP = CP, R + CP,S – CP,P – CP,Q  
         =  

  H2° = H1° + PC .dT  

  

  N2 (g) + 3H2 (g)  2NH3 (g) 
  H2° = H1° + CP (T2 – T1)   CP = 

3 2 2P, N P, N P, H2C C 3C   

 * 0 0
2 1 VE E C .dT     
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 (C) :  
    (ENTHALPY OF FORMATION) :  

 

 

 

25 °C  

     Hf° (O2 , g) = 0 

  Hf° (C, ) = 0  Hf° (C, )  0 

  Hf° (Br2 , ) = 0 

  Hf° (S, ) = 0  Hf° (S, )  0 

  Hf° (P, ) = 0  Hf° (P, )  0 

       

 

  HBr(g)  :   
1

2
H2 (g) +  

1

2
Br2 (l)  HBr(g) 

 Hf°(HBr, g) =  B  0
mH  (B) =  0

mH  (HBr, g) – 
1

2
0
mH (H2, g)  –

1

2
0
mH  (Br2, 1) ...(1) 

 

  SO2 (g) :  S ( ) + O2 (g)  SO2 (g) 

 Hf° (SO2, g) = 0
mH   (SO2, g) – 0

mH  (S, ) – 0
mH  (O2, g)  ...(2) 

 

 
 

       

  

          
 Hr° =  B Hf°  –  B Hf°


B  

( ). 
 

 

13  ZnO(s) + CO(g)   Zn(s) + CO2 (g).

 Hf° (ZnO, s) = – 350 KJ / mole  

   Hf° (CO2, g) = – 390 KJ / mole 

   Hf° (CO, g) = – 110 KJ / mole 
 H° = {Hf°(CO2, g) –Hf° (ZnO, s) +Hf° (CO, g))} 

 H° ={– 390 + 350 + 110} 
 H° = 70 KJ/mole.   
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 (ENTHALPY OF COMBUSTION)  

 

 

 298K – 890 kJ –1  

   CH4 (g) + 2O2(g)  CO2(g) + 2H2O () H° = – 890 kJ mol–1  
 298 K  

   Hc° (CH4, g, 298 K) = – 890 kJ mol–1  
  

 

CH4 (g)

   C( ) + 2H2(g)  CH4(g) 

C 

  CH4(g) + 2O2(g)  CO2(g) + 2H2O() 
  HC°(CH4, g) = Hf°(CO2, g) + 2Hf°(H2O , ) – Hf° (CH4, g) 

 Hf°(CH4, g) = Hf°(CO2, g) + 2Hf°(H2O , ) – HC° (CH4, g) 

 CO2 H2O 

HC°(CH4, g) CH4 

  Hf°(CH4, g) = Hf°(CO2, g) + 2 Hf°(H2O , ) – HC° (CH4, g) 
         = [– 393 + 2 (–285) – (–890)] kJ mol–1 = – 73 kJ mol–1  

 

 C( ) + O2 (g)  CO2 (g)   CH° = – 393 kJ mol–1  

 2 [H2(g) + 
1

2
O2 (g)  H2O()]   rH° = 2(– 285) kJ mol–1  

 – [CH4(g) + 2O2 (g)  CO2 (g) + 2H2O()] rH° = –(– 890) kJ mol–1  
 ––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––– 
 C( ) + 2H2(g)  CH4 (g)   fH° = – 73 kJ mol–1 
 

 (MEASUREMENT OF ENTHALPY OF COMBUSTION) :  

 

30 

=C, =T 

= q = CT m   
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1 = 
M

q
m

 
  

 = EC° c HC° 

HC° = EC° + ng RT  ng 

 

 
14 4 25ºC 6 CO2 

25ºC – 

1464 –976 kJ mol-1    

       +     O2         CO2      +     H2O 

      x    (4 – x)               6  
   ( ) 

   x       (4 – x)     6   

 C POAC  

  2 × x + 1 × ( 4 – x ) = 1 × 6; x = 2  

 C2H4 = 2  lit.  CH2 = 2  

   1 C2H4  = 
2

4
= 0.5  

  1 CH4 = 1 – 0.5 = 0.5  

 C2H4 CH4  

  C2H4 + 3O2 2CO2 + 2H2O ; H = – 1464 kJ 
  CH4 + 2O2  CO2 + 2H2O; H = – 976 kJ 
 25ºC H 25ºC 1 

1 atm  

 25ºC = 
298

273
× 22.4 = 24.4  

 0.5 C2H4 = – 
1464

24.4
× 0.5 = – 30 kJ 

 0.5 CH4  = 
976

24.4
 × 0.5 = –20kJ  

  1 = –30 + (–20) = – 50 kJ. 

 

 (D) :  
 (BOND ENTHALPIES) :  

 

O–H 

H  

 H2O(g)  H(g) + OH(g) Hrº = 501.87 kJ mol–1 

O–H  

     OH(g)  O(g) + H(g)  Hrº = 423.38 kJ mol–1 
 HOH  

  HOH = 
1 1501.87mol 423.38kJmol

2

 
= 462.625 kJ mol–1 
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 H2 

 

     H2(g)  2H(g)  HH – H = Hr0 = 435.93 kJ mol–1 
 

 

  

 

 
  

 H = 
   

   
   

 

  = [4HC–H + HC=C + HH–Cl]R + [–5HC–H – HC–C – HC–Cl]P 
  = (HC=C + HH–Cl) – (HC–H + HC–C + HC–Cl) 
 

 (ENTHALPY OF TRANSITION)  
  

   C( )  C( )  Htrsº = 1.90 kJ mol–1 

    C( ) + O2(g)  CO2(g) HCº = – 393.51 kJ mol-1 

    C( ) + O2(g)  CO2(g) HCº = – 395.41 kJ mol–1 

 C( )  C( )  Htrsº = 1.90 kJ mol–1 

 

15  

  C2H4(g) + H2(g)  C2H6(g) 
    

   C – C   336 kJ mol–1 
   C = C   606 kJ mol–1 
   C – H   410 kJ mol–1 
   H – H   431 kJ mol–1 

  

 
 Hr = (4HC–H +HC=C + HH–H) – (6HC–H +HC–C) = (4 × 410 + 606 + 431) – ( 6× 410 + 336) 
  = 2677 – 2796 = – 119 kJ/mol. 
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16  

  
2 2

3

CH C CH CH
|
CH

  

 

 C–H = 413.38 kJ mol–1 
  C–C  = 347.69 kJ mol–1 
  C=C = 615.05 kJ mol–1 
 = 718.39 kJ mol–1 
 H2(g) = 435.97 kJ mol–1 
 

  

  2C – C 2C = C 8C – H  

-1 :   
  [2(–347.69) + (–615.05) + 8(–413.38)] kJ mol–1 = 5232.52 kJ mol–1 
 H = + 5232.52 kJ mol–1 

   

  5C(g) + 8H(g)  C5H8(g)   fH1 = – 5232.52 kJ mol–1  
 fH  

  5C( ) + 4H2(g)  C5H8(g)     fH = ? 

  

  5C(g) + 8H(g) C5H8(g)      rH2 = – 5232.52 kJ mol–1  
  5C( )  5C(g)     rH3 = 5 × 718.39 kJ mol–1  

  4H2(g)  8H(g)     rH4 = 4 × 435.97 kJ mol–1  
  

  5C( ) + 4H2(g)  C5H8(g)  fH = 103.31 kJ mol–1   
 

-2 :  

 
  

 fH  = 5H3 + 4H4 – 2HC = C – 2HC – C– 8HC – H 
  = (5 × 718.39 + 4 × 435.97 – 2 × 615.05 – 2 × 347.69 – 8 × 413.38) kJ mol–1 = 103.31 kJ mol–1 
 

17 S – S  

  C2H5 – S – C2H5(g)     fH° = – 147 kJ mol–1 
  C2H5 – S – S – C2H5(g)     fH° = –201 kJ mol–1 
   S(g)      fH° = 222 kJ mol–1 

  

 -1 : (i) 4C(s) + 5H2(g) + S(s)  C2H5 – S – C2H5(g) fH° = –147 kJ mol–1 

 (ii) 4C(s) + 5H2(g) + 2(s)  C2H5 – S – S – C2H5(g)  fH° = –201 kJ mol–1 
  (ii)  (i)  

 C2H5 – S – C2H5(g) + S(s)  C2H5 – S – S – C2H5(g)   fH° = –54 kJ mol–1 
  

  S(g)  S(s)      fH° = –222 kJ mol–1 
  

 C2H5–S–C2H5(g) + S(g)  C2H5 – S – S – C2H5(g)   fH° = –276 kJ mol–1 
 S–S 276 KJ  

 S–S 276 KJ mol–1  
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 -2 :  

  
  

 rH0  = –  

  = [2HC – C + 10HC–H + 2HC–S +   H(S)] + [–2HC–C – 10HC–H – 2HC–S – HS–S] 

  =  H°(S) – HS–S 

  HS–S  =  H°(S) – H° 

   =  H°(S) – [fH°(C2H5 – S – S – C2H5] – fH°(C2H5 – S – C2H5)] 
   = [222 – {–201 – (–174)}] kJ mol–1 
   = 276 kJ mol–1 

(Resonance energy) :  

 

 

 H°  = H°f,  –  H°f,  

      = H° , –  H° ,  
 

 
18 

 C – C = 83 kcal C C   = 140 kcal ; C – H = 99 kcal 

 C = 170 .9 kcal,  H = 52.1 kcal 

 H 

  6C(s) + 3H2(g) C6H6(g)    
  

6 C = 6 ×170.9 kcal 

6 H = 6 × 52.1 kcal  
  6 C – H = – 6 × 99 

 3 C–C = – 3 × 83 

 3 C C  = –3 × 140  

 C6H6,  

 fH = 6 ×170.9 + 6 × 52.1– 6 × 99 – 3 × 83 – 3 × 140 = –75.0 kcal 
  

 (E) :  
 (Integral of solution)  

 1  
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1  

  HCl(g) + 10H2O()  HCl (10H2O)  H1 = –69.5 kJ mol–1 
1 HCl 10 69.5 KJ

 

 (i) HCl(g) + 25 H2O()  HCl (25H2O)  H2 = –72.3 kJ mol–1 
 (ii)  HCl(g) + 40 H2O()  HCl (40H2O)  H3 = –73.0 kJ mol–1 
 (iii) HCl(g) + 200 H2O()  HCl (200H2O)  H4 = –74.2 kJ mol–1 

 (iv) HCl(g) + aq  HCl (aq)   H5 = –75.0 kJ mol–1 

(iv)  


 (Enthalpy of hydration)  

  

 

 

  CuSO4 (s) + 5H2O()  CuSO4.5 H2O(s) 
 i.e. H 

 CuSO4(s) + 800 H2O()  CuSO4 (800 H2O)  Hr° = – 68.743 kJ mol–1  
 CuSO4.5H2O (s) + 795 H2O ()  CuSO4 (800 H2O)  Hr° = + 10.125 kJ mol–1  
   

 CuSO4(s) + 5H2O()  CuSO4.5 H2O(s)   Hr° = – 78.868 kJ mol–1  
 

  

 1 

 

 H+ ( )  

 Cl–  

   Cl¯(g) +   Cl¯( )  H = – 167 KJmol–1  
 

 (F) :   






 1 H+ 1 OH– 

 

  H+(aq) + OH¯( )  H2O()  H= –57.1 kJ/mole = –13.7 kcal/mol 
 

 

  (SA) +  (SB) –13.7 kcal/mol –57.1 kJ/mol 

 

 –13.7 kcal/mol –57.1 kJ/mol 
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    (Enthalpy of Ionization of weak electrolyte):  

 57.1 kJ/mol 

 

 

  HCN + Na+OH–  Na+ + CN– + H2O    rH° = – 12 kJ mol–1  
  CH3COOH + Na+OH–  Na+ + CH3COO– + H2O rH° = – 49 kJ mol–1  

 HCN 

 

  HCN  H+ + CN¯  H°1 = x 

   H+ + OH¯  H2O  H°2 = – 57.1 kJ/mole 

 

  HCN + OH¯  H2O + CN¯   H° = – 12 kJ/mole 
  

  H° = H°1 + H°2 

  H°1 = H°H°2 = [–12 – (–57.1)] = 45.1 kJ/mole 
  


19 HCl NaOH – 57.1 KJ/mol NH4OH – 51.1 KJ/mol  NH4OH 

 

  H+(aq) + NH4OH( )  NH4+( ) + H2O() H = –51.1 kJ/mole 

  

 (i)   NH4OH( )  NH4+(aq) + OH¯( ) H1 = ? 

 (ii)  H+( ) + OH¯( )  H2O()  H2 = – 57.1 kJ/mole 

  H = H1 + H2 

   H1 = H – H2 = – 51.1 kJ/mol + 57.1 kJ mol–1 = 6.0 kJ/mol  

 

(ENTHALPY OF PRECIPITATION)  
 1  

  BaCl2( ) + Na2SO4( )  BaSO4(s) + 2NaCl( ) rH0=–24.27 kJ mol–1 


 
20 250C H0  

  Ag+(aq) + Cl¯( )  AgCl(s) 

 fH° (Ag+, ) = 105 kJ mol–1, fH° (Cl°, ) = –167 kJ mol–1 fH°(AgCl,s) = – 127 

kJ mol–1  

 Ag+( ) + Cl¯( )  AgCl(s) 

 H° = fH° (AgCl, s) – fH°(Ag+, ) – fH°(Cl¯, ) 
         = [–127 – 105 – (–167)] kJ mol–1 = –65 kJ mol–1 

 


   (ENTHALPY OF FORMATION OF IONS) :  

 1  

  ½ Cl2 (g) +   Cl– ( )  Hr° = Hf° (Cl–, ) 
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 H+( )  

  H+ ( ) + OH–( )  H2O(l)  rH0 = – 57.1 kJ mol–1 

  Hr0 = Hf0 (H2O,l) – {Hf0 (H+ , ) + Hf0 (OH–, )} 

 250C,  
    Hf0 (H+, ) + Hf0 (OH–, ) = Hf0 (H2O, l) – Hr0 

 Hf0 (OH–, ) = {– 286.1 – (– 57.1)} kJ mol–1  = – 229.00 kJ mol–1 

 H+ OH¯ 

Na+ NaOH 

 

 NaOH(s)  

  NaOH(s) + nH2O()  Na+( ) + OH¯( )  H°(NaOH, s) = –44.50 kJ mol–1 

  

   H°(NaOH, s)  = fH°(Na+, ) + fH°(OH¯, ) – fH°(NaOH, s) 

  fH° (Na+, ) =  H° (NaOH, s) – fH°(OH°, ) + fH°(NaOH, s) 
    = [–44.50 – (–229.99) + (–425.61)] kJ mol–1 
    = –240.12 kJ mol–1 
 NaCl( ) HCl( ) Cl¯( ) 

II 

 

 
21 H2O(l) –285 kJ mol–1 –

55 kJ mol–1 OH¯ ? 

  H+( ) + OH¯( )    H2O() 

     fH  0  –285 kJ mol–1 
   H = fH(H2O, ) – fH(OH¯, ) 

  fH (OH¯, aq) = fH(H2O, ) –  H 
    = [–285 – (–55)] kJ mol–1 
    = –230 kJ mol–1 

 

22 25°C HCl 

 

  HCl(g) +   H+( ) + Cl¯( ) 

 : fH¯(HCl, g) = – 92 kJ mol–1  fH° (Cl¯, aq) = – 167 kJ mol–1 

 HCl(g) +   H+( ) + Cl¯(aq)  

 H° = H°(Cl¯, ) – fH°(HCl, g) 

   H° = [–167 – (–92 )] kJ mol–1  = – 75 kJ mol–1 
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MISCELLANEOUS SOLVED EXAMPLES 
 

1. "a"  3 K  5 K 

CP = aT3  

 q = pnC · dT  = 3naT · dT  

     = na 
54

3

T

4

 
 
 

= 
na

4
 [(5)4 – (3)4] = 

 na 625 – 81

4
 

 q = 136 na.  
 

2.  0ºC  100    0°C 

 0°C  = 2.10 × 106 

J/kg   = 3.36 × 105 J/kg  

 = M = 100   

 0°C  
 = L1 = 21.0 × 105 J/Kg  
 = = L2 = 3.36 × 105 J/Kg  

 = m  

 = M – m 

 = mL2 

  mL2 = (M – m) L1  m = 86.2   [  86.2 ] 
 

3.  2.1 4 6 

 293 K 1 4.2 J g–1 K–1 

 ? 

 w = – 2.1 [6 – 4] = – 2.1 × 2 
     = 4.2 atm × lit.  = 4.2 × 101. 325 J 
  

 H2O = 4.2 
J

gram · K.
 

 1 = 4.2 × 18 = 75.6 J 
 4.2 × 101.325 = 75.6 [T – 293] 
 5.63 = T – 293 
 T = 298.63 K 298.63 K 
 

4. 0°C  4.6 mm Hg  1 

80 cal/g 0ºC 596 cal/gram 

 H  E   

 = 1  
 T = 273 K. 
 Pv = nRT. 

 
4.6

760
 v = 1 × 0.082 × 273 

 v = 3699 lit [3700 lit] 
 = 80 cal/gram = 596 cal/gram  

 H = 80 × 18 + 596 × 18 = [80 + 596] × 18 
 H = 12168 cal 
 H = E – P [V2 – V1] 
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 12168 = E + 
4.6

760
[3700 – 1] 

  E = 12168 – 
4.6

760
× 3699 × 24.24 

       = 12168 – 542.72 = 11625.28 cal.    12168 cal, 11627.28 cal 
 

5. Ag  PC (JK–1 mol–1)  24 + 0.006 T 1 3

27°C 927°C  H  

 H  = 
2

1

T

P

T

C dT = 
2

1

T

T

(24 0.006T)dT  

 H = 24 (T2 – T1) + 
1

2
0.006 ( 2

2T – 2
1T ) Jmol-1 

 For 3 mol, H = 76950 Ans. 76950 
 
6.  100 ml 

  

 (i) 18  590 KJ   

 (ii) 1 H2 O2 15889 KJ    

 (iii) 50 kJ/mol   

 (iv)  C6H6()  = 0.87 gm/m   

 (i)  C(s) + O2(g)  CO2(g) ; º
fH = – 393.33 KJ/mol  

 (ii)  H2(g) + 
1

2
O2(g)  H2O () ;  º

fH = – 286 KJ/mol    

 (iii)  C6H6() + 
15

2
O2(g)  6CO2 (g) + 3H2O ()  

   Hº = [6(–393.33) + 3 (–286)] – 50 = –3268 KJ 
 87  = 3645 KJ    3645 KJ 
 

 
7.  

  C( )+ 2H2(g) CH4(g)   H1 

  C(g) + 4H(g) CH4(g)   H2 
  

 (A) H1 = H2     (B) H1 > H2   
 (C) H1 < H2     (D) H1 = H2 + vapH(C) + dissH(H2) 

 (B) 

 

8. 25ºC ()  ()  –156 + 49 KJ mol–1 

25ºC –119 kJ mol–1  

 

  3-  

  = HF ( ) –  Hf ( )  = –156 – (+ 49) kJ = –205 kJ. 

  

   + H2    ; H = 119 kJ 

  3  =3 × (–119) kJ = – 357 kJ. 

   = – 357 – (–205) kJ = –152 kJ mole–1 
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9. 
  

(A) – 9104 J 
 

(B) – 202.6 J    
 

(C) – 506 J 
 

(D) – 101.3 J 

1

2 4

5

V(ltr)

P(atm)

 

        Ans. (B) 

 W = – P  (V2 – V1) = – 1 × 2 × 101.325 J = – 202.6 J 
 

10. 2 kg ( ) ABC 

2 kg  ADC A 

 B ( R = 8.3 / K) :  
(A) TA = 120.5 K, TB = 120.5 K 
(B) TA = 241 K, TB = 241 K 
(C) TA = 120.5 K, TB = 241 K 
(D) TA = 241 K, TB = 482 K 

CB

DA

10 20V(m )3

P
(1

0
N

/m
)

4
2

10

5

 

 
5

5

0.5 10

1.01 10




 × 10 × 103 = 
2 1000

2


× 0.082 TA  

 
1

1.01
= 0.082 TA 

 TA = 120.5 

 A B

A B

P P

T T
  ; TB = B A

A

P .T 10

P 5
  × 120.5 = 241 K.   (C) 

 

11. ( IUPAC w ( ) ) 

 [ ] 

 (A) wrev > wirrev   (B) wirrev > wrev   (C) qrev < qirrev           (D)   

 (B)  

 
12. 1 

abc a c 

  
(A) 3 P0V0     (B) 6 RT0   
(C) 4.5 RT0     (D) 10.5 RT0 

c

ba

V0

T0

4V0

2P0

P0

 

Sol. C Pv = nRT       
2P0 × 4v0 = 1 × RTC 

TC = 0 08P V

R
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 a         
P0V0 = 1 × RT0 

T0 = 0 0P V

R
; TC = 8 T0 

= [nCVdT] 

a b = 1 × 
3

2
R × [3T0] =  

9

2
RT0  

b c  = 1 ×
3

2
R × [4T0] = 6T0 R 

=  
9

2
RT0 + 6RT0 = 021 RT

2
 = 10.5 RT0. 

 

  

 U = 10.5 RT0           (D) 
 

13. 1 atm (1L, 10 atm)  (4L, 5 atm) 

300 K 50 J/°C 

(1L atm ~ 100 J) 

 (A) H = 15 kJ  (B) H = 15.7 kJ (C) H = 14.4 kJ (D) H = 14.7 kJ 
 H = E + (PV) & E = q + W = (50 × 300 – 3 ×100) J [as Tf = 2 × 300 K = 600 K] = 14.7 kJ  

 H = 14700 + 10 × 100 = 15700 J = 15.7 kJ.     (B) 
 

14. 1 atm 

1L 

300 K  
 [R = 0.082 L atm mol–1 K–1 = 8.3 J mol–1K–1]. 
 (A) 0   (B) Rn (24.6)  (C) R n (2490)  (D)  Rn (24.6) 

 S = nR n f

i

V

V

 
 
 

 = Rn i

f

P

P

 
 
 

 = R n 
300R

1L 1 atm

 
   

= Rn (24.6)   (B) 

 

15. Cp.m. = aT3, a 10K Cp.m. 0.42 J/K–mol 

10K  

 (A) 0.42 J/K-mol (B) 0.14 J/K-mol  (C) 4.2 J/K-mol   (D)  

 0.42 = a(10)3    a = 0.42 × 10–3  

 Sm = 
10

p.m.

0

C

T dT = 
10

2 3

0

a 0.42
aT [10 0] 0.14 J/K mol

3 3
        (B) 

 

16.  

 H° (kJ/mol) S°(J/mol K) G° (kJ/mol) 
FeO(s) – 266.3 57.49 – 245.12 

C ( ) 0 5.74 0 
Fe(s) 0 27.28 0 
CO(g) – 110.5 197.6 – 137.15 

  

  FeO(s) + C ( )  Fe(s) + CO(g)  
 (A) 298 K  (B) 668 K  (C) 966  K   
 (D) G°  

  FeO (s) + C ( )  Fe (s) + CO (g) 

 (1) H = 0 + [– 110.5] – (– 266.3) 
       = 110.5 + 266.3 = + 155.8 kJ/mole 
 (2) S = 27.28 + 197.6 – 57.49 – 5.74 = 161.65 J/mole 
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 (3) G = H – TS = 0 
  T × 161.65 × 10–3 = 155.8   T = 963.8 K     (C) 
 

17.  Ag+( ), NO3¯( ), Cl¯( )  AgCl(s)  Hfº 105.579, –207.36, 

–167.159  –127.068  

  AgNO3( ) + HCl( )   AgCl(s) + HNO3 ( )    

 (A) 21.471 KJ/mol  (B) 145.688 KJ/mol  (C) 65.488 KJ/mol (D)  

 Hº  = [Hf (AgCl) + Hf (H+) + Hf(NO3¯)] – [Hºf (Ag+)] + Hºf (NO3¯) + Hºf (Cl¯) + Hºf (H+)] 

   = – 127.068 – [105.579 –167.159] = 65.488 KJ / mol.      (C) 
 

18.  25  1  373 K 

 9.72 kcal/mole    
 (A) 1294.0 cals, 11247 cals    (B) 921.4 cals, 11074 cals 
 (C) 1024.8 cals, 12470.6 cals    (D) 1129.3 cals, 10207 cals 

 H2O = 1.39 
 Pv = nRT 
 1 × v = 1.39 × 0.082 × 373 
 v = 42.80. 
 w =  Pext. dv =  1 × [42.80] atm × lit. 

     = – 42.80 × 101.325 J = –
42.80 101.325

4.2


  cal   = 1024.8 cal. 

 H = E + [Pv]. = 12470.6 cal/s.        (C) 


