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From definition: AH=X (H

)-X(H,_. )=a (H) ~Sb.(H)

products reactants m, products m, reactants

[H_ is the molar enthalpy of the compound and a, &b, the stoichiomeric coefficients of products and reactants respectively]

=

=

=

ArHe = A; H® = HeHC1 —(% HGH2 + %Hea2 ) [see definition of A, H® in Section - 2]

A¢ H® = H®4c1 -0 [Enthalpy of elements in standard state = 0]

e o
Hicn = ArHeen

Hence the enthalpy of a compound is the standard heat of formation of the compound OR enthalpy of a compound is often

taken as standard enthalpy of formation of that compound.

Enthalpy of a compound A at standard conditions = A HOof A

Note : By convention, AfHe (H* (aq)) =0

|IVEEV R B How much heat is evolved by the preparation of 100 gm of iron by the following reaction ?
2Al(s) + Fe,0,(s) —— 2 Fe(s) + ALO, (s) ; A H = -202.6 kcal/mol

SOLUTION :

From thermochemical reaction, it is clear that 202.6 kcal of heat is involved when two moles of Fe (iron) is formed.

= 2 moles of Fe =202.6 kcal = 1 mole of Fe=101.3 kcal
= 100/56 mole of Fe=101.3 x 100/56 = 180.9 kcal
Heat of Reaction Section - 2

The heat of a reaction can be assigned special names in the following manner :

(a)

Standard Heat of Formation (A .H®):
The heat evolved or absorbed when one mol of any compound is formed from its elements in their standard states.

It is usually denoted by AfHe . AfHe can be given —ve or +ve sign, depending upon whether formation is

exothermic or endothermic.

C(s, graphite) +2H,(g) ——> CH,(g) AH® =—743kJ/mol
%Hz () + %12 (s) ——> HI(g) ; A:H® =25.92kJ/mol
Note : To write chemical equations for formation, balance the reaction for one mole of compound whose formation is to be
studied.
(b) Standard Heat of Combustion (ACHG ):

The heat evolved (or enthalpy change) when one mole of any substance is completely burnt in excess of oxygen.
ACH(9 will always bear —ve sign for it being enthalpy change of an exothermic reaction.

CH,(g)+20,(g) —— CO,(g)+2H,0((); ACH(9 =-212kcal/mol

C(s, graphite) +0,(g) ——> CO, () ; ACHG =-94 kcal/mol

Note : To write chemical equations for combustion, balance the reaction for one mole of compound whose combustion is to be
studied.
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| lllustration - 24 15
Calculate ArHe for the reaction : CH,(0) + > 0,(g) —— 6CO,(9) +3H,0()

Given the standard heat of formations (A H G)) of H,0 (1), CO, (g) and C,H, ({) are =57.80 kcal/mol, -94.05 kcallmol
and 19.8 kcallmol respectively.

SOLUTION :
Whenever, standard heat of formation (AfHO) of a compound is given it means that enthalpy of that particular
compound at standard state is given. Also, note that in the question, molar enthalpy changes are given.

Using the definition of enthalpy change as: A H= EH(pro auets) ~ 2H (eactants)
For the given reaction: A H® = Z(Hg)mducts) ~Y(HE, i)

or ArHe = Z(AfHeproducts) -2 (AfHereactants)
15
CeHy (D) + —-0,(g) —— 6CO,(g) + 3IH,0()
A¢H® 1938 0 (-94.05)  (-57.8)
= AH® = [6X(~94.05) + 3 x (=57.8)] - [19.8] = — 757.50 kcal/mol.

(c) Heat of Dissociation( A, H®):

It is the amount of energy required to break one mole of bonds in a molecule (in gas phase) into gasesous atoms.

H-H(g) —> 2H(g); A, H® =103 keal/mol C-C(g) —> 2C(8); ApyqH® =80kcal/mol

Note: (i) A, dHe is always positive i.e. energy is always required to break the bond between two atoms.

(ii) Whenever a bond is formed between two atoms in gasesous state, energy is always released.

(d) Heat of Phase change :
It is the amount of energy required to change the phase of a substance under the particular conditions for the

phase change.

H,0(s) — H,0(0) ; A, H® =6KkI/mol at273 K and 1 atm
H,0() —> H,0(g) : AypH® =40.8KJ/mol  at373 Kand I atm
CO,(s) —— CO,(g) : Ay, H® =108kcal/mol  at 195K and 1 atm

Note : (i) AﬁlsH@ : Amount of heat required to melt one mole of a substance at a constant temperature and 1 atm pressure.

(ii) AvapHe : Amount of heat required to vaporize one mole of a substance at a constant temperature and 1 atm pressure.

(iii) A wbHe : Amount of heat required to sublime one mole of a substance at a constant temperature and 1 atm pressure.

(e) Heat of Atomization(A H®):
It is the amount of energy required to break the bonds in a molecule (in gas phase) into gasesous atoms.
Na(s) ——> Na(g) ; A,H® =108 kJ/mol H-H(g) —> 2H(g); A,H® =435kJ/mol

CH,(9) —— C(g)+4H(g) ; A,H® =1665kJ/mol

Note : (i) For a monoatomic molecule (i.e. atom) in solid phase, A aHe is also called as AsubHe .

(ii) For a diatomic molecule, A aHe isalsocalledas A, | dHe .
(iii) For a polyatomic molecule, it is the enery required to break all the bonds to form gasesous atoms.
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(f) Average Heat of Dissociation (Ame,‘m’bOHdHe) :

Itis the average amount of energy required to break one mole of bonds in a polyatomic molecule (in gas phase) into

gasesous atoms.

CH,(g) — C(g)+4H(g) ; A,H® =1665 kJ/mol
Note: (i) Ingeneral,in a polyatomic molecule, the energy required to break a bond changes in the successive bond dissociations.
For example :
CH,(g) —— CH,(g)+H(Q) ; AponqHP CH,(g) — CH,(9)+H(g) ; ApyqHS
CH,(g) — CH()+H(®) ; AypyqHY CH(g) —> C(@)+H(® ; AppeHS
. o ) o o 1
Here: ApondHi” # ApondH2 # ApondH3 # AponaHg and Amean,bondHO = ZAaHe
(g) Heat of Lattice( A, .H®) and Heat of Hydration( AhdeO ) :

A CeH@ : It is the energy required to break one mole of an ionic compound into ions in their gaseous atoms.
NaCl(s) —> Na*(g)+Cl (g) 5 ApgieeHO =787 kJ/mol
Ahdee : It is the energy released when atoms (gaseous) in one mole of an ionic compound gets hydated.

Na*(g) +CI (g) (=NaCl) —— Na'*(aq.)+Cl (aq.) ; Ahdee =—783kJ/mol

Note : AlatticeHe is always positive and Ahdee is always negative.

(h) Heat of Solution (A H®):

It is the change in enthalpy when one mole of a substance (solute) is completely dissolved in excess of water.

NaCl(s) +aq ——> Na'(aq) +Cl(aq) ; A H® =5kJ HCl(g) +aq ——> HCl(ag) ; A H® =—xkJ

Note : (i) AsolHe = AlamceHe + Ahdee (can be positive or negative)

(il) Generally, when gases are dissolved, heat is evolved. In case of salts (solids), heat is absorbed except when anhydrous

salts are dissolved.

H®):

It is the amount of heat absorbed when one mole of a compound completely dissociates into ions in a solution.

(i) Heat of lonisation ( A.

ionisation

HCN(ag) —— H*(aq) + CN(aq) ; AionisationHe =+p
- . o _
NH,OH(ag) —— NH,"(ag) + OH (aq) ; AjonisationH- =+4d
(i) Heat of Neutralisation ( A,y aiisaion HC ) ¢

Itis the amount of heat liberated when one gm-equivalent of acid completely neutralises by one gm-equivalent of
base. In water, all strong acids (HCI, stO » HNO3) and strong bases [NaOH, Ca(OH)z, etc] ionise completely.

A HO is constant for strong acid and base neutralization and is equal to —13.7 kcal/mol =—57.27 kJ/mol.

neutralisation

Neutralisation can be treated as : H*(aq) + OH (ag) —— H,O(() ; AneumﬂisaﬁonHe =—13.7 kcal/mol
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Note: (i) A, .utralisation H® for weak acids (HCN, CH,COOH, benzoic acid) and weak bases (NH,OH, amines) is lower than that

for strong acids and bases. The reason is that heat is absorbed in complete ionisation of weak acids and bases (unlike
in case of strong acids and bases where no heat is required for ionisation).

(ii) Aneutra]jsationHe for the reaction between HCl and NaOH in aprotic solvents (solvents which doesn’t ionizes) e.g.

benzene etc. is less than —13.7 kcal/mol because HCl is a polar covalent substance and doesnt get ionizes in aprotic

solvent so requires non-zero A HO for neutralization.

ionisation
(iii) A cutralisation H® for the reaction between HF and NaOH is —16.27 kcal/mol which is greater than the expected value of

—13.7 kcal/mol (obviously to be compared in terms of magnitude). The difference is due to a very high heat of
hydration of flouride ion due to its small size.

Hess’'s Law of Constant Heat Summation Section - 3

It states that change in enthalpy for any chemical reaction is constant, whether the reaction occurs in one step (directly)
or in several steps (indirectly).

OR
The enthalpy change in a reaction depends upon initial and final states and is independent of the route followed to

complete the reaction.

It is the direct consequence of law of conservation of energy. A H of overall reaction will be obtained by “appropriate
summation” of the changes in enthalpies of various intermediate steps.

Illlustrating the concept :

Find the enthalpy change for formation of NO(g).

%Nz(g) +0,(8) —— NOJg) ; AfH=7?
Using given thermochemical equations, and applying Hess’s Law :
() %NZ (9)+ %ogg) — NO(); AH = (AH)y,
(ii) NO (g) + %Oz(g) —— NO,(g) ; AH,= (ACH)NO # (AtH)no,
Adding two equations, we get : %Nz () +0,(g) —— NO,(g) = AH=AH + AH,

Illustrating the concept

Find A H of reaction : H, (g) + %OZ(g) — H,0 (g)

(i) H,(g) + %02 (&) —— H,0 () ; A H,=-68.3 kcal/mol = (AfH)HZO = (ACH)H2
(i)  H,0() — HO (g ;  AH,=10.52kcal/mol = (AvapH)H20

From Hess’s Law : AH=AH, +AH,=(-68.3)+(10.52) =—57.78 kcal/mol

mmalpy of neutralisation of acetic acid by NaOH is 50.6 kJ/mol. Calculate AH for ionisation of
CH,COOH. Given, the heat of neutralisation of a strong acid with a strong base is =57.3 kJ/mol.
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