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Set- 1V
Derive Kirchhoff's equation. Give its applications. 05
Consider a general reaction, 04
aA + bB=cC +dD
The change in enthalpy is given by,
AH(reaction) = EH(pmdUL‘l} S EH(Reaclams]
= (cHe +dHp) — (aHa +bHg)
Where,
H, and Hp = molar enthalpies of the reactants A and B and
Hc and Hp = molar enthalpies of the products C and D.
Differentiating the above equation with respect to temperature at constant
pressure, we get,
(AH OH ‘ Jg ' '
(0(5T )> ) l} (a‘f) d (agf) J [" (0{?) +b(o.;g) ]
P i P 0 P v
By definition of heat capacity at constant pressure,
C = oH
P aT
P
W AH i
Ll =[cCp +dCpp)=[aCpy+bCpg]
ol /,
Oo(AH)
( 5T ) :Zcp(producr)- E‘Cp(reacwnr] = Acp
P
d(AH) = ACp dT
integrating the above equation,
Ty Ty T2
d(AH)= fAcpdl = AC, T
i n Ty
The heat capacity is taken to be independent of temperature for small range of
temperature.
AH2 —AHj = ACp (']2 = T]) ........... L.
AC, = Difference in heat capacities of product and reactants at constant
pressure
This is equation is known as Kirchhoff’s equation.
Applications: 01
1) Kirchhoff’s equation is used to calculate the heat of reaction at
different temperature.
It can also be used to calculate the change in molar heat capacity at constant of
Pressure.




Explain the term enthalpy of combustion and give its applications.

Enthalpy of combustion is defined as enthalpy change accompanying
the complete combustion of one mole of substance in standard state.
e.g. The combustion of ethane under standard conditions to form carbon
dioxide and water is,
CQH{,(E]‘F?!‘Q 0O, g 2C03‘g) + 3H,0(1), ﬂHoggs =-1560.1 klJ
Enthalpy of combustion of most of the reaction is negative: this indicates that
the reaction is exothermic except for some substances like N» and F,.
Applications:
i) Calculations of enthalpy of formation:
It is difficult to determine the enthalpy of formation of organic compound
but easy to determine heat of combustion. Hence, heat of combustion is
used to calculate the heat of formation in such cases.
ii) Heat of formation of allotropic forms:
Allotrope of carbon i.e. diamond and graphite has different values of heat
of combustion. By knowing these values, the respective values of heat of
formation can be calculated.
iii) The calorific values of fuels:
The efficiencies of fuel can be compared by determining their standard
heats of combustion.
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One mole of an ideal gas at 2 atmospheres and 28 °C is compressed
isothermally to one half its volume by an external pressure of 3 atmosphere.
Calculate the work done.

(R = 0.082 atm dm® K 'mol”, 1 atm dm’ = 101.32 J)

05

Solution, N =), P= Zatm. T= 281273 =301K

pe:ﬁ-, = Bai-m_ W = ?
otk done, W = — Pexy (Vom V) -~~~ @
FonA = DRT _ 1 x6-082 X 201
E g y = P = 5
V) = 12:36) dn?
Ny = M 1234
L= T E Ty

Vo = 61705 dm
W = —3x(61705-123¢1)
= -3 x (—€'175)
W = |2,/5115 atm, drs

W = |&:511S X101:32 = 1875-58 J.
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i)  Explain Zeroth law of thermodynamics
ii) Define the thermodynamic terms system and surrounding.

i) Zeroth law of thermodynamics:
Consider a two closed systems A and B in which temperature of
A (Ta) is greater than temperature of B (Tg). When these two systems are
brought closer to one another an exchange of energy takes place between A
and B until T, = Tg. At this point, the two systems are said to be in thermal
equilibrium. The transfer of energy from one system to another due to
temperature difference is called heat. Further, if a third system C with
temperature Tc is in thermal equilibrium with system A, then Tc = T, and
system C must be in thermal equilibrium with system B also. This idea is
summed up by a statement called Zeroth law of thermodynamics.
Th ezmal equilibrigm >
g —Thewmd] S IR VI

*

C

Therma) equiﬁbﬁmﬁ

-

A

Statement:
Of the three systems A, B, C, if A and B are separately in thermal equilibrium
with C, then A and B are also in thermal equilibrium with one another.

ii) System:
A part of the universe which is under thermodynamics study is known as
system.
E.g. water in beaker, gas in a cylinder, etc.

Surrounding:
Everything in the universe which is not the part of system is called
surrounding.
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Q2 E:
Parts per million : It is the number of parts of one component in 1 million

parts of a solution.
wt of solute

ppm = x 10° 1 Mark

T wt of solvent X wt.of solute

Parts per billion : It is the number of parts of one component in 10° parts
of a solution.
wt of solute

ppm = x 10° 1 Mark

T wt of solvent X wt.of solute

Milli moles : It is defined as one thousandth of a mole.
No.of mmol = V (mL) x Molarity 1 Mark

Milli Equivalents : It is defined as one thousandth of a equivalent.

mass of solute inmg X 109 1 Mark

meq = Eq.wt of solvent (n%_)

Acidity = It is defined as no.of replaceable hydroxyl groups present

in one molecule or ion of base. 1 Mark
Q2.F.
_ wtof soluteing » 1000
M= Mol.wt , vol. 2 Marks
: 0.25 x 40 x 700
Wt of solute ing = % 2 Marks
=7.0g 1 Mark
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State first law of thermodynamics in any three forms. Give any two
limitations of it?
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Statements of first law of thermodynamics:

D)

2)
3)

4)
5)

Energy can neither be created nor destroyed but can be converted from one
form to another.

The energy of isolated system remains constant.

Whenever one kind of energy is produced, an exactly equivalent amount of
another kind of energy must disappear.

Energy of the universe is constant.

It is impossible to construct a perpetual motion machine which could
produce work without consuming energy.

Limitations:

1)
2)

3)
4)

3)
6)

7)

8)

The law fails to tell us the source of heat and direction of flow of heat.

It does not define the ease or extent of convertibility of one form of energy
into another.

It fails to explain why natural processes are unidirectional.

This law cannot explain why all naturally occurring processes always tend
to change spontaneously in the direction which leads to equilibrium.

It does not say whether heat change is endothermic or exothermic.

Work can be completely transformed into heat, but heat cannot be
completely converted into work without causing permanent change in the
system or surrounding. This observation could not be explained by this
law.

According to this law, it is not possible to have 100% efficiency for heat
engine. However, experience tells that, such engines are not possible in
practice.

From the point of view of this law, difference between spontaneous and
non-spontaneous process is of no significance.
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Definition 1 Mark

It is defined as number of moles of solute associated with 1 Kg or 1000 g of the solvent.

weight of solute X 1000

Molality = Molwt X weight of solvent in gm
" weight of solute X 1000 2M
_ arks
Molality Mol.wtof solute X weight of solvent in gm
18 X 1000
_ Mark
180 X 500 &
=0.2m 1 Mark
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