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❑Enthalpies of physical changes
❑Thermochemistry
❑Spontaneous reactions
❑Entropy
❑Second law of thermodynamics
❑Conditions for spontaneous reactions
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Enthalpies of physical transformations

H2O(s)

H2O(l) ∆fusH = +6.01kJ mol-1 at 00C

H2O(g) ∆vapH = +45.07kJ mol-1 at 00C

∆subH = +51.08kJ mol-1 at 00C
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H2O

H2O

H2O

= +6.01 kJ mol-1

= +45.07 kJ mol-1

∆subH = +51.08 kJ mol-1
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Enthalpies of physical transformations
Enthalpy of Phase transition-

A reverse of fusion is freezing of
liquid.
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A reverse of vaporization is condensation of vapour.
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6.24 g of ethanol are vaporized by supplying 5.89 kJ 
heat. Enthalpy of vaporization of ethanol will be?.

Test your self-

Vaporization-
LIQUID GAS
1 mol 

The given quantity of ETHANOL is 1 mol?

Formula of ethanol
C2H5OH

1 mol C2H5OH = M.M. 
= 46 g

6.24 g of ethanol required = 5.89 kJ heat

46 g of ethanol required = X kJ heat

X = 5.89 x 46 / 6.24 
= 43.42 kJ
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Enthalpy of 

ENTHALPY OF IONIZATION

Na(g)                   Na+
(g) +  e-

∆ionH = 494 kJ/mol

ENTHALPY OF ATOMIZATION

Cl2(g)                 Cl(g) + Cl(g) 
∆atomH = 242 kJ/mol                          

OF SOLUTION

ELECTRON GAIN ENTHALPY
Cl(g) +  e- Cl- (g) 

∆egH = -349 kJ/mol

REVERSE
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Enthalpy of Atomic / molecular changes-
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An ionic compound dissolves in 

polar solvent (water) in two steps.

Step I- Ionization e.g. NaCl

NaCl(s) → Na+
(g)  + Cl-

(g)

Crystal lattice enthalpy +ve.
∆LH = +790 kJ/mol

Step II- Hydration of ions

Na+
(g)  + xH2O →[Na(H2O)x]

Cl-
(g)  + xH2O →[Cl(H2O)x]

Enthalpy of hydration –ve.

∆hydH = -786 kJ/mol
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17.2
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Enthalpy change in a chemical reaction. (∆reacnH)

H1 H2
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ΔH = ∑ Hproducts – ∑ Hreactants
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Hproduct < Hreactant

Exothermic  Reaction – heat is given out or released.
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Hproduct > Hreactant

Endothermic reaction – heat is absorbed or gained.
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Standard State of a Substance

It is the state in which a substance exists at 1 bar and 298 K.



HSC RKP 19



HSC RKP 20

i) 2C2H2(g) + 2x5/2 O2 (g) → 2x2 CO2(g) +2H2O(l) ∆rH
0 = 2 x – 1300 kJ 

2C2H2(g) + 5O2 (g) → 4CO2(g) + 2H2O(l) ∆rH
0 = - 2600 kJ

ii)   2CO2(g) + H2O(l) → C2H2(g) + 5/2 O2 (g) ∆rH
0 = + 1300 kJ 
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Standard Enthalpy of Formation ∆fH
0

H2(g)   + 1/2O2(g)         H2O(l)

∆fH
0= -286 kJ
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∆rH0

∆rH0
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Ans. Equation for complete oxidation of 1 mol of H2

Yes, the value -286 kJ is both
Enthalpy of formation∆fH

0

and  
Enthalpy of combustion∆cH

0
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Q18. When 6 g of O2 reacts with ClF as per the reaction 

Soln. 

Mass of O2 involve in reaction = 32g

6 g of O2 ≡ enthalpy change 38.55 kJ

∴ 32 g of O2 ≡ enthalpy change X kJ

X = 38.55 x 32 / 6 = 1233.6/6 = 205.6kJ

Therefore standard enthalpy of reaction is 205.6kJ.            ANS
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BOND ENTHALPY

REACTANTS
PRODUCTS

Formation of 
Bonds
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Average bond enthalpy in polyatomic molecules-
Consider water molecule

Two O─H bonds in H2O are identical but the energies 
required to break individual O─H bonds are different.

H─O─H

Thus the average bond enthalpy of

O─H bond = 927/2 = 463.5 kJ/mol or 

∆H0 (O─H) = 463.5 kJ/ mol
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Enthalpy of reaction from bond enthalpies of 
Reactants and products
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∆H0 = +2648 – 3466 = -818kJ/ mol
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Enthalpy of reaction from bond enthalpies of Reactants and products
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Enthalpy change of a reaction is constant whether reaction takes place one step 
or series of steps. OR

Explanation- The conversion of A to D can take place directly in a single step.
A → D ∆H

The reaction can also take place in 3 steps.     
A → B ∆H1
B → C ∆H2
C → D ∆H3

A → D ∆H = ∆H1 + ∆H2 + ∆H3
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Refer solved examples 4.14 and 4.15 from page 80
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∆rH = {∆H(C≡C) +2∆H(C─H) + 2∆H(H─H) } – {6∆H(C─H)}

∆rH = {∆H(C≡C) + 2∆H(H─H) } – {4∆H(C─H)}

∆rH = {839 + 864} – {1652}

∆rH = {1703} – {1652} = 51kJ/mol
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∆rH = {∆H(C─H) + ∆H(Cl─Cl) } – {∆H(C─Cl) + ∆H(H─Cl) }
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Q19.

Soln.

Required equation Cgraphite +  2H2(g) + 1/2 O2(g) → CH3OH(l) ∆ f H
0 =?

Now to get required equation from given data, 

I- Multiply eq.(iii) by 2

2 H2(g) + 2x1/2 O2(g) → 2H2O(l)                 ∆ f H
0 = -2x 286 kJmol-1

II. Add  eq.(2) in the above equation-

Cgraphite + O2(g) → CO2(g) ∆C H
0 = - 393 kJmol-1

+ 2 H2(g) +  O2(g) → 2H2O(l)                 ∆f H
0 = -572 kJmol-1

iv. Cgraphite + 2 H2(g) + 2O2(g) → CO2(g) + 2H2O(l)            ∆ H0 = -965 kJmol-1
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III. Subtract eq.(i) from eq.(iv)

Cgraphite + 2 H2(g) + 2O2(g) → CO2(g) + 2H2O(l)          ∆ H0 = -965kJmol-1

CH3OH(l) + 3/2 O2(g)        → CO2(g) + 2H2O(l)          ∆ H0 = -726kJmol-1

- - - - -

- CH3OH(l) + Cgraphite +  2H2(g) + 1/2 O2(g) → 0 ∆ f H
0 =  -239kJmol-1

Cgraphite +  2H2(g) + 1/2 O2(g) →  CH3OH(l) ∆ f H
0 =  -239kJmol-1

ANS.
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But some endothermic reactions are also spontaneous reactions, For ex.
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A campfire is an example of entropy. 

The solid wood burns and becomes ash, smoke and gases, all of 

which spread energy outwards more easily than the solid fuel. 

Ice melting, salt or sugar dissolving, making popcorn and boiling 

water for tea are processes with increasing entropy in your kitchen.
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i) ∆S is negative bcz randomness decreases i.e. gas converted into liquid. 

ii) ∆S is positive bcz randomness increases i.e. solid converted into solid and gas. 
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TEST YOURSELF

Q1. Given the following information-

i) A + B → C +D ∆H = -10.0 kcal

ii) C+ D → E ∆H = 15.0 kcal

Then,  ∆H for A+ B→ E will be?.     

ANSWER- +5 kcal

Q2. If     C + O2 → CO2   ∆H = X 

CO + ½ O2 → CO2 ∆H = Y

Then, heat of formation of CO is ?.

Answer- X-Y

Q3. The enthalpy of formation of ammonia is -46.0 kJ/mol. The enthalpy for

the reaction          2N2 + 6H2 → 4NH3    will be ?.

Answer- -184kJ
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How to use entropy change to explain 
spontaneity of a reaction.?

From above examples, it is clear that entropy change may be 

or for spontaneous reaction. 

Thus ∆S of the system is not sufficient to explain spontaneity of reaction. 

This discrepancy is explained by .
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Thus, second law of thermodynamics summarized as-

Therefore, to know spontaneity of a process, it is necessary to determine two 
entropy changes ,                                      
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According to second law of thermodynamics, for a spontaneous reaction-

Consider a reaction, A → B ∆rH = ∆H at temperature T K. Now ∆H is the 
enthalpy  change for the system, therefore for surrounding ∆H = - ∆H i.e. heat 
transferred from surrounding to the system. 
Let us calculate ∆S for surrounding,

∴



HSC RKP 60

Since, ∆Stotal and T can not be negative for spontaneous process, 
therefore,  ∆G must be negative i.e. ∆G <0

, the process is spontaneous.

,the process is non spontaneous.

,the process is at equilibrium.

-
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∆H ∆S ∆G Condition for spontaneity

-

exothermic

- - or + Reaction will be spontaneous if ∆H is 

more than T∆S. It is possible at low temp. 

+

endothermic

+ - or + Reaction will be spontaneous if ∆H is 

less than T∆S. It is possible at high temp.

-

endothermic

+ - Reaction will be spontaneous regardless 

of temperature i.e. at all T.

+

endothermic

- + Reaction will be non spontaneous at all 

temperature.

Factors affecting sign of ∆G and spontaneity are summarized as-
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∆G = 0

0 = ∆H - T ∆S
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Relationship between Gibbs energy and Equilibrium constant-

Gibbs energy change for a chemical reaction is given by  

When reaction reaches equilibrium 
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Write solved problems 4.16 to 4.20 from page no 85,86


