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THERMODYNAMICS

Short Answer Questions:

1. Define heat capacity .What are g and G,? Show that Gy —-Cy=R?

Ans. The heat required raising the temperature of ysem by £C or 10 Kelvin is called its
heat capacity (C). For a small change in tempezdtlir), if the heat required is (dq)
dc=99
dT

There are two types of heat capacities, at constanme () and at constant pressureyfC

The heat capacity at constant volume gives thegehaninternal energy of the system at constant

temperature,c :(G_Ej
Y oT ),

If a system absorbs heat at constant pressurehtadrcapacity is given as,

oH dE dVv
C =|=—1| orCc =|=—=1| +PpP| - (- H=E+PV)
P (6ij P (OT)" (dep

Relationship between (ﬁ and C!

In case of ideal gases, H=E + PV

Differentiating with respect to temperaturg,"' _ dE + d(PV)
daT daT dT

Ideal gas equation for one mole of gas is, PV s\Wfiere R is molar gas constant.

~dH _dE d(RT)Or dH _ dE_ R( de

dT dT dT dT dT dT,
d_H_d_E:R -'-Cp—C\/:R
dT dT

2. What are intensive and extensive properties? Ga&vexamples?

Ans. The property of the system that depends on thédataunt of the material present in the
system is called an extensive property.

E.g.: Mass, volume, heat capacity, internal energy,apth entropy, Gibbs energy etc.

The property of the system that does not depenith@notal amount of the material present
in the system is called an intensive property.
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E g: Density, viscosity, surface tension, specificthbailing point, freezing point, pressure,
temperature,

3. What is standard enthalpy of formation? Explainit with examples?

Ans. Enthalpy of formation

At constant temperature, the amount of heat lileérat absorbed when one mole of a compound is
formed from its elements is calledthalpy of formation. If all the reactants and the products are
in the standard states, then the enthalpy of @acticalled standard enthalpy of formation. It is

denoted by H?.

Enthalpy of formation in general may be positivenegative.

E.g.: 1) Formation of Ammonia, 3 N, +3 Hyg) = NHgy, A H{ = -46.35KJ

2) Formation of NO (g), 1N, +%Oz(g) - ng),A HY =+90.4KJ

(9)

4. State and explain Hess law of constant heat sunation?

Ans. Hess law of constant heat summation is statedlae total enthalpy change during the
complete course of a reaction is same whetherethetion is made in one step or in several steps”.

Method 1, direct formation of the product in a single step.A- P;AH=Q

Method 2, Product is formed indirectly by proceeding in el steps.

"

A-B;AH=q A M
N - A

B-C;AH=g
C-P;AH=q

According to Hess law, Q =g ip + 03

E.g.: CO, gis obtained from Cyapniey@nd Q (gin two different ways

) C (grapnite) T Oz = COyy,AH=-393.52KJ
0) C (grapnite) * 3 O2(g) = COqy A H =-110.5kJ
CO) + 30,4 — CO,yy,A H=-283.02KJ

Total AH =-110.5%J + (-283.02) = -393.52.
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The total enthalpy change in one step reactioansesas in two step process. Hence Hess law is

proved.
5. What is entropy? Explain with examples?

Ans. The thermo dynamical quantity which measures desoof molecules or randomness of the
system is called Entropy. It is denoted by ‘S’.eTntropy changen6 ) between any two states of

the same substance at equilibrium is given as,

AS=q,, /T . Here geyis the heat absorbed by the system isothermatlyewersibly at the

equilibrium temperature (T) during the transforroatiThe units ofrs are J motl K—1 Entropy is

a state function and is an extensive property.

Ex: Ice= Water= Vapour .The order of entropy $q) > §(|) > )

Entropy increases in all spontaneous processes
6. State second law of Thermodynamics. What do yainderstand by it?

Ans. Second law of thermodynamics states that

Heat cannot flow form colder body to hotter boghyits own.

(Or)

Heat cannot be converted into work completely withmausing some permanent changes in the
system or in the surroundings.
* |t is impossible to take heat from a hot resenarid convert it completely into work by a cyclic
process, without transferring a part of it to ado@servoir.
* A machine which transforms heat from low temperatregion to high temperature region without
the intervention of external agency is called peralemotion machine of the second kind. Second
law of thermodynamics rules out the existence ofnree of the second kind.
A volatile liquid in an open vessel vapourises ay aemperature without intervention of any
external agency. Therefore vapourisation of a tiqus spontaneous as per second law of

thermodynamics. All natural processes are spontenand are thermodynamically irreversible.
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7.What are the criteria for the spontaneity of chernrcal reaction?

Ans. Spontaneity: 1An exothermic reaction is believed to occur readihgl spontaneously.

Therefore, negative enthalpy change is one of titeria for the spontaneity of the reaction.
But there are reactions which are endothermic &@ne, but still they are spontaneous.

Hence, negative enthalpy change is a required tondor the spontaneity of the reaction, but it is

not necessary and sufficient condition.

2. The reactions with positive entropy change falkee spontaneously. Therefore positive entropy

change is one of the criteria for the spontaneiits ceaction. But there are reactions with negative

entropy change, but still they are spontaneous.

3. In order to explain the spontaneous natureprbaess, Gibb introduced a new thermodynamic

parameter called Gibbs energy (or) Gibbs funct®pthat accounts for both exothermicity and

entropy.

G=H-TS.

G is state function and extensive property.

FOr & processs gy =AH 4, ~TAS o AG = ~TASyy,

If AG = —ve, the process is spontaneous.

AG = +ve, the process is non spontaneous

AG = 0, the system is in equilibrium state

AH AS AG Nature of reation
—ve +ve —Vve at all spontaneous at
temperature all temperatures
+ve —Vve +ve at all Non spontaneous at
temperature all temperatures
—ve —Vve —Vve at low spontaneous at
temperature low temperature,
+ve at high Nnon spontaneous at
+ve +ve +ve at low Nnon spontaneous at
temperature low temperature,
—wve at h|gh spontaneous at
temperature high temperature.
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8. State and explain the third law of thermodynamis?

Ans. Third law of thermodynamics
At the absolute zero temperature, the entropymira and perfectly crystalline substance is
zero.
This is known as third law of thermodynamics and hat much significance, except that

imposes a limitation on the absolute value of gntro

Sr.0=0 (on §=[—2dT
0

Very Short Answer Questions

1. What is a thermo chemical equation? Give examp?e

Ans. The balanced chemical equation accompanied waletithalpy changes of the process and the

physical states of the reactants and the produisigalled thermo chemical equation.
Example:  C(graphite)* O2 (g) CO2(g); AH=—393.5 kJ

2. State the first law of thermodynamics?
Ans. First law of thermodynamics is also known as laweafiservation of energy. It states that

The energy in a process maytensformed from one form into the other form, ibig neither
created nor destroyed. (OR)In any process the $wanargies of the system and surroundings is
constant. The total energy is conserved in a gpreness.

(OR) A machine which operates in cycles and preduark without any expenditure of energy on
it is called perpetual machine of the first kirféirst law of thermodynamics rules out the existence

of motion machine of the first kind.

3). How areAU and AH are related for a gaseous equilibrium reaction?

Ans. AH =AU +AnRT ,Where A U Heat of reaction at constant volumeé] Heat of reaction at
constant pressure and=n, - n,

np = no. of moles of Gaseous Productg,=no. of moles of Gaseous Reactants.
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4. What is heat of a reaction?
Ans. The amount of heat evolved or absorbed when thental reaction takes place between the
reactants as indicated in the stoichiometric equas called the heat of reaction

The heat of a reactiokH may be +ve or —Ve

5. What is heat of combustion? How is it determinedsing bomb calorimeter?

Ans. The change in enthalpy when one mole of the snbstés completely burnt (oxidised) in
oxygen is called the heat of combustion or the apthof combustion.

Eg. i) H2(gyt1l/2 Oy(g) — H20()), AH =—286KJ

Here,AH represents enthalpy of combustion gf H

6. Define heat of formation. Write suitable exampls?

Ans. The change in heat content when one mole of a cangpin the standard state is formed from
its constituent elements in their standard statalied the Standard heat of formation.

Eg i) H2 (g)+t1/2 O2(g)-»H20()), AH =—286KJ Here,AH represents Standard heat of

formation of I—EO-

i) C (graphite)tO2 (g)-»CO2(g) AH =— 393 KJ HereAH represents Standard heat of

formation of Ggraphite)

7. Define heat of neutralization. Write the basic guation?

Ans. The change in enthalpy when one gram equivaleighwef an acid is completely neutralised
by one gram-equivalent weight of a base in dilgkiteon is called the heat of neutralisation or
enthalpy of neutralization The heat of neutrdissaof any strong acid by any strong base is equal
to -13.7K cal or -57.3K.J.

Net reaction is given by * o) +OH™ g -~ HQ;AH=-13.7K Cal

aq)
8. Define Heat of solution. Give an example?

Ans. The change in enthalpy when 1 mole of the sokitkssolved in a large quantity (infinite

guantity) of the solvent is known as heat of soluiti

E.g. MgSQ($0 HAPEFEL MgSQ agA H =-84.42KJ/ mol
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