Exothermic and endothermic reactions

The chemical reactions which proceed with the evolution of heat energy are called exothermic
reactions. A few examples ofexothermicreactionsare

C(s)+0(g) ——> CO,(8)  AH = -3935k]

| . e
Hg) + E.OZ(g) —_— HZO.(I)_ AH = 285.8kJ

The éhemjcal reactions which proceed with absorption of heat energy are called endothermic
reactiohs‘. A few examples are ‘
— NO(g) A H = 180.5kJ
N(g) + Og) —> 2NO®)

- Os) + 28(s) —> cs(h) AH= 875k
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Heat capacity
Heat capaczry of a substance or system is defi ned as the amount of heat required to raise lts

temperature through 1°C. It is denoted by C.
Heat capacity is an extensive property because its value depends onthe quantity of the material
present. If the quantity of material is 1 gram, the heat required i is called specific heat capac1ty or

specific heat.
. ;Thus ’h; specific heat capacity or specific heat of a substance is defined as the amo.um‘ of
eat required to raise the temperatu
denoted by e P e of 1 gram of the substance through 1°C. It is usually
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g =me(T,-T) = mcAT

- Interms of heat capacity C, expression is g = C AT

In chemi
is called m lls?’ we generally take the amount of a substance as 1 mole. Then the heat mv01ved
olar heat capacity. For gases, there are two types of molar heat capacities. |

(i) Mola
r heat capacity at constant pressure (C,) : It is defined as the amount of heat required
to rai
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Relaﬁoﬁ between C, and C, for an ideal gas

If C, is the molar heat capacity of a gas at constant volume, then the heat qy mvolved in the
temperature change A Tis givenby ¢, = C, A i |

Butg, = AU o AU = c,,AT'

IfC, is the molar heat capacity at constant pressure; theng, = C,AT

Butg, = AH . AH = CP'A_Y." |

H=U+PV

For 1 mole of an ideal gas PV = RT -

# AH=AU+RAT e

Putting the valuews of A H and A U, we get CoAT = C, AT+ RAT :

e, C,=C,+R o  C-C,=R

Thermochemical equations

A chemical equation which indicates the enthalpy change occuring during the reaction is

called the thermochemical equation. i.e., wﬁting AH = —ve for exothermic reactions and

M = +ve for endothermic réactiong. For example,
C(s) + Og) —> CO,®) AH = -393.5kJ
N + Ofg) —> 2NO@) AH=+1805k
Some important conventions about thermochemical equations -
(i) For exothermic reactions, A Hf is negative and for endothermic reactidns‘, A H is positive.
(ii) Inthermochemical equations, physical states of the reactants and products should be specified.

(iii) When the coefficients in the chemical equation are multiplied or divided by some number, the
AH value must also be multiplied or divided by the same humber, For example in th
e
equation

Hyg) + ioz(g)' —> HO@  AH=-20p
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Enthalpy of a reaction or reaction enthalpy

The enthalpy of a reaction is the eﬂthaéoy_ chdnge accompanying the reaction w},;,, the
number of moles of reactants react completely to give fhe products. 1t is represented by AH
AH

It is the difference between the enthalpies of products and reactants

If coefficient

jon is reverse
sitive for the forward

A_H = Sum of enthalpies of products — Sum of enthalpies of reactants.

' Standard enthalpy of reactions

Reaction enthalpies depend on the conditions under which a reaction is carried out. It is,
therefore, necessary to specify- some standard condition for the comparison of enthalpies of
reactions. According to thermodynamic convention, a substance is said to. be. in standard state
when it is present in the pure form at a pressure of I bar. The enthalpy change for a reaction when
all the participating substances are in their standard states is called stahdard énfhalpy of the
reaction. It is denoted as AH® or A 7 © | o

: y

Different types of enthalpy of reactions

The term ° ton’ is 4 ' ' .
rm “enthalpy of reaction’ is a general term used for the heat change accompanying any

reaction, Depending y - : :
0 - .
reactions. g upon thé nature gf the reaction, there can be different types of enthalpies of

n their standard states at the specified lemperature, It is denoted as ACH 8

Forexam e ‘
ple, the complete combusti ' : h
th ete ustion of one mole of volves 89 eat. Thus,
¢ enthalpy of Si0n o metane e P l_iméthanee olves 890.3 kJ of heat. Thu

CH, ' '
4®) + 20,(g) —> COe)+2H,0()  AHO = —8903 &F

Combust; i :
:>l0n reactions are alwaysg : ; ) :
Combustion is always negatjve, ¥S accompanied by the evc_)lutlpn of l_leat. Hence enthalpy .Of




Example 6.5. A cylinder of cooking gas contains 14.0 kg of butane. If a family needs 20,000kJ of

energy per day for cooking, how long will the cylinder last ? The enthalpy of combustion of
butane is —2658 kJ mol-1. i

Solution:. Molecular mass of butane (C 4Hw) = 58

1 mole of butang = 58 g
58 g of butane on combustion gives 2658 kJ of heat

. Heat evolved by the combustion of 14.0 kg of butane = ELEs ;g 2 1000 kJ

Energy requirement per day = 20000 kJ

Number of days for which the cylinder would last

_ 2658 x 14.0 x 1000
58 x 20,000

= 32 days
2. Enthalpy of formation

The standard enthalpy of formation of a compound. is defined as the enthalpy change
accompanying the formation of one mole of the compound from its constituent elements, in their

most stable state (known as standard reference state) . It is denoted by A /He For example, the

enthalpy of formation of H,0 () and CH,(g) are -285.8KkJ mol and —74.8 kJ mol™!
respectively. They may be represented as

Hig) + %0, —> H00 AHP® = ~285.8 kI mol"
C(graphite) + 2H,(g) —> CH,/(g) AH® = ~74.8 kJ mol”
It may be noted that the reference state of carbon is graphite

The standard enthalpy of formation of HBr (g) is half of A _H?* of the following reaction
because two moles of HBr are formed in the equation.

H,(g)+Br,()—> 2HBr(g) AH®=-T28k

y oy —_2_=—2—-=—36.4kjmol"



By convention, the standard enthalpy of formation of all elements in their standarg States g,
assumed to be zero. |
« (o]
Standard state or reference state of an element is its most stable state at 25°Cand 1 bar Pressy,

For example, the reference state of carbon and sulphur are C’gmphiteand Srhombicrespectw‘e]y_

Importance of standard enthalpies of formation

The knowledge of standard enthalpies of various substances is useful for calculating the
standard enthalpies of a reaction. It is given by the relation

Standard - enthalpy Standard enthalpies Standard

change of a =  of formationof - enthalpies

reaction products _ of f:orrnation of
reactants.

i.e., A’_He = Aﬂe(pmducts) — A/HB(reactsnt)

Example 6.6. Calculate the standard enthalpy change for the reaction
CH(g) + 20,(8) — CO,(g) + 2H,0()

Given that the standard enthalpies of formation of CH,(2), CO(g), and H. 0/()) are
. LA 2 El 2 /

—74.8 kI mol™, -393.5 kI mol™ and -285.8 kJ mol-! respectively.

' [ e 5 . L ‘ .
Solution: A H° for the reaction Isgivenas AH® = A ﬂ»ew‘_m A /Hem,,,,,

e, AH® = [AH®(CO.) + 2A 1 ° = 0
' [AH?(CO,) + 24H® H 0()) [AH°(cH)) + 20H® (0,)]
A/HB(OZ) =0 (By convention) |
Substituting all the given values of heat of formatiop we get

AH® =[-3935 + 2(-285.8)] - [-74.8 + 2 « 0]= 965, +74.8 = _890.3 kJ mol”
1 R o= 3 1T mo
3. Entahlpy of Solution
The enthalpy of solution of a substance in a particy]ar SO

lvent
when 1 mole of the substance is dissolved in a specified ap " efinedas the enthalpy chang®

: : ount of the
that the dissolution of certain solutes ~ in water ig endothermjg WhiTOIV;m. It has been found
'© that of some others i

exothermic. For example, dissolution of ammonium Nitrate, ammonj,
involve absorption of heat (endothermic) m chloride etc. jn water

NHNO, +aqg —> NHNO;(aq)  AH = +26py



