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UNIT -7 - THERMODYNAMICS
Il. WRITE BRIEF ANSWER TO THE FOLLOWING QUESTIONS.
26.State the first law of thermodynamics. [GMQ-18, HY-19, SEP-21, HY-22]
The first law of thermodynamics, known as the law of conservation of energy, states that “the
total energy of an isolated system remains constant though it may change from one form to
another”.  The mathematical statement of the First Law as: AU=q+w
Where g - the amount of heat supplied to the system; w - work done on the system
27.Define Hess’s law of constant heat summation. (or) State Hess’s law. [QY-18,19, SEP-21,
MAR-24]
The enthalpy change of a reaction either at constant volume or constant pressure is the same
whether it takes place in aiilggle or multiple steps provided the initial and final states are same.

T

A > B
\AHl AHJ
AH,
X >Y AH, = AH; + AH, + AH3

28.Explain intensive properties with two examples.

The property that is independent of the mass the size of the system is called an intensive

property.

Examples : Refractive index, Surface tension, density, temperature, Boiling point, Freezing

point, molar volume, etc.,

29.Define the following terms: (a) isothermal process (b) adiabatic process (c) isobaric
process (d) isochoric process

Isothermal process : An isothermal process is defined as one in which the temperature of the

system remains constant, during the change from its initial to final state. The system exchanges

heat with its surrounding and the temperature of the system remains constant.

For an isothermal process dT =0

Adiabatic process: An adiabatic process is defined as one in which there is no exchange of

heat (q) between the system and surrounding during the process.

For an adiabatic process q =0

Isobaric process: An isobaric process is defined as one in which the pressure of the system

remains constant during its change from the initial to final state.

For an isobaric process dP=0

Isochoric process: An isochoric process is defined as the one in which the volume of system

remains constant during its change from initial to final state.

For an isochoric process, dV=0

30.What is the usual definition of entropy? What is the unit of entropy? [AUG-22]

£ Entropy is a measure of the molecular disorderliness (randomness) of a system.

dS=dgrw /T

+ The entropy (S) is equal to heat energy exchanged (q) divided by the temperature (T) at
which the exchange takes place. Therefore, the Sl unit of entropy is JK™,

31.Predict the feasibility of a reaction when (i) both AH and AS positive, (ii) both AH and AS
negative, (iii) AH decreases but AS increases [QY-22]

(i) Non-spontaneous (if) Non-spontaneous (iii) Spontaneous
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32.Define Gibb’s free energy. [CRT-22]
A thermodynamic potential that is used to measure the maximum amount of work done in any
given thermodynamic system when the temperature and pressure of the system are kept
constant. G=H-TS
33.Define enthalpy of combustion.
The heat of combustion of a substance is defined as “The change in enthalpy of a system when
one mole of the substance is completely burnt in excess of air or oxygen”. It is denoted by AHc.
34.Define molar heat capacity. Give its unit. [JUN-19]
Molar heat capacity (Cm). It is defined as “The amount of heat absorbed by one mole of the
substance to raise its temperature by 1 kelvin”. The S| unit of molar heat capacity is JK*mol*
35.Define the calorific value of food. What is the unit of calorific value?
The calorific value is defined as the amount of heat produced in calories (or joules) when one
gram of the substance is completely burnt. The SI unit of calorific value is J kg™*. However, it
is usually expressed in cal g
36.Define enthalpy of neutralization.
The heat of neutralisation is defined as “The change in enthalpy when one gram equivalent of
an acid is completely neutralised by one grag, equivalent of a base or vice versa in dilute
solution”. HC|(aq) + N&OH(aq) — Naq) + H20(|) AH =-57.32 kJ
37.What is lattice energy? [QY-18, CRT-22]
Lattice energy is defined as the amount of energy required to completely remove the constituent
ions from its crystal lattice to an infinite distance from one mole of crystal. It is also referred as
lattice enthalpy.
38.What are state and path functions? Give two examples. [CRT,AUG-22, MAR-23]
State function: A state function is a thermodynamic property of a system, which has a specific
value for a given state and does not depend on the path (or manner) by which the particular
state is reached.
Example: Pressure (P), Volume (V), Temperature(T), Internal energy (U), Enthalpy (H), free
energy (G) etc.
Path functions: A path function is a thermodynamic property of the system whose value
depends on the path by which the system changes from its initial to final states.
Example: Work (w), Heat (q).
39.Give Kelvin statement of second law of thermodynamics. [QY-19]
It is impossible to construct a machine that absorbs heat from a hot source and converts it
completely into work by a cyclic process without transferring a part of heat to a cold sink.
40.The equilibrium constant of a reaction is 10, what will be the sign of AG? Will this reaction

be spontaneous? [QY-22]
AG =-2.303 RT log Kq Keq = 10
-. AG° =— Ve value, so the reaction will be spontaneous.
41.Enthalpy of neutralization is always a constant when a strong acid is neutralized by a

strong base: account for the statement.
Strong acids and strong bases exist in the fully ionised form in aqueous solutions as below:
H30+ +ClI+Na*"+OH — N&Cl(aq) + 2H20(|) AH =-57.32 kJ
The H+ ions produced in water by the acid molecules exist as H3O" ions. Thus, enthalpy change
of neutralisation is essentially due to enthalpy change per mole of water formed from H;O0" and
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OH-ions. Therefore, irrespective of the chemical nature, the enthalpy of neutralization of strong

acid by strong base is a constant value which is equal to — 57.32 KJ.

42.State the third law of thermodynamics. [QY-18,19, MAR-19, CRT-22]

+ The third law of thermodynamics states that the entropy of pure crystalline substance at
absolute zero is zero.

+ |t can be stated as it is impossible to lower the temperature of an object to absolute zero in
a finite number of steps.

+ Mathematically, %i_r)r(l) S =0 for a perfectly ordered crystalline state.

43.Write down the Born-Haber cycle for the formation of CaCl.. [QY-22]
LH;

Ca(s) + ClZ(g) TS CaClz(s)
/°H,
/9H, v
2Cl,., + 2¢ AH, "
@t 2e > 2Cl,
+
0
Ca, 4H, » Ca’'+2e

+ A°H; - enthalpy change for the sublimatiorﬁa(s) to Cag)

+ A°H,- enthalpy change for the dissociation of Clyg) to 2Cl g

+ A°H;- lonisation energy for Cag) to Ca?* (g

+ A°H, - electron affinity for the conversion of 2Cl ) to 2Cl (g

+ U - the lattice enthalpy for the formation of solid CaCl,

+ A°H; - enthalpy change for the formation of solid CaCl, directly form elements

A°Hf = A°H; + A°H, + A°H3 + A°Hs + U

44.1dentify the state and path functions out of the following (a) Enthalpy, (b) Entropy, (c)
Heat, (d) Temperature, (e) Work, (f) Free energy

State function: Enthalpy, Entropy, Temperature, Free energy

Path function: Heat, Work

45.State the various statements of second law of thermodynamics. [MAR-23]

Kelvin-Planck statement: It is impossible to construct a machine that absorbs heat from a hot

source and converts it completely into work by a cyclic process without transferring a part of

heat to a cold sink.

Clausius statement: It is impossible to transfer heat from a cold reservoir to a hot reservoir

without doing some work.

Entropy statement: The entropy of an isolated system increases during a spontaneous process

46.What are spontaneous reactions? What are the conditions for the spontaneity of a
process? [HY-19, SEP-21, MAY-22]

A reaction that occurs under the given set of conditions without any external driving force is

called a spontaneous reaction.

The spontaneity of any process depends on three different factors.

+ If the enthalpy change of a process is negative, then the process is exothermic and may be
spontaneous. (AH is negative)
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+ If the entropy change of a process is positive, then the process may occur spontaneously.
(AS is positive)

+ The gibbs free energy which is the combination of the above two (AH -TAS) should be
negative for a reaction to occur spontaneously, i.e. the necessary condition for a reaction to
be spontaneous is AH -TAS <0

47.List the characteristics of internal energy. [HY-19, CRT,MAY-22, MAR-24]

+ The internal energy of a system is an extensive property.

+ The internal energy of a system is a state function.

+ The change in internal energy of a system is expressed as AU= Us — U;

% In a cyclic process, there is no internal energy change. AU yciicy = 0

+ If the internal energy of the system in the final state (Uy) is less than the internal energy of
the system in its initial state (U;), then AU would be negative. AU=Us - U; = -ve (U; < U))

+ |f the internal energy of the system in the final state (Uy) is greater than the internal energy
of the system in its initial state(U;), then AU would be positive. AU=Us - U; = +ve (U; > U;)

48.Explain how heat absorbed at constant volume is measured using bomb calorimeter with

a neat diagram. > Stirrer
Heat evolved at constant volume, is measured ipa bomb calorimeter. _:lff;;:;:g;fy
Apparatus Setup: The inner vessel (the bo and its cover thermometer
are made of strong steel. The cover is fitted tightly to the vessel eyepiece «<——
by means of metal lid and screws. @
Experiment: A weighed amount of the substance is taken in a é E
platinum cup connected with electrical wires for striking an arc | E
instantly to kindle combustion. The bomb is then tightly closed 'E ]
and pressurized with excess oxygen. The bomb is immersed in 2 <N

water, in the inner volume of the calorimeter. A stirrer is placed
in the space between the wall of the calorimeter and the bomb,
so that water can be stirred, uniformly. The reaction is started
by striking the substance through electrical heating.
Calculation: A known amount of combustible substance is
burnt in oxygen in the bomb. Heat evolved during the reaction
Is absorbed by the calorimeter as well as the water in which the
bomb is immersed. The change in temperature is measured
using a Beckman thermometer. Since the bomb is sealed its
volume does not change and hence the heat measurements is
equal to the heat of combustion at a constant volume (AU.?).
The amount of heat produced in the reaction (AU(?) is equal to
the sum of the heat abosrbed by the calorimeter and water. |
Heat absorbed by the calorimeter, g; = k.AT e herh
where k is a calorimeter constant equal to m¢ C ( m¢ is mass of ||{|.—— ignition coil

i
llljllHIIIlllll”lll]lllll%ll” LT

L crucible

the calorimeter and C. is heat capacity of calorimeter) > heater

Heat absorbed by the water, q, = my, Cy AT > pucket

where my, is molar mass of water C,, is molar heat capacity of |~————— air space
water (75 29 J K1 mol'l) —— insulating jacket

Therefore AU; =1 + 92 =k. AT + my, Cyy AT = (k+my, Cy)AT
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Calorimeter constant can be determined by burning a known mass of standard sample (benzoic

acid) for which the heat of combustion is known (-3227 kJmol™) The enthalpy of combustion

at constant pressure of the substance is calculated from the equation
AHOC(pressure) = AUvOC(VoI) + AngRT

49.Calculate the work involved in expansion and compression process.

+ For understanding pressure volume work, let us consider a cylinder which contains 'n' moles
of an ideal gas fitted with a frictionless piston of cross sectional area A. The total volume of
the gas inside is V; and pressure of the gas inside is Pip.

+ If the external pressure Pey is greater than Piy, the piston moves inward till the pressure
inside becomes equal to Pey:. Let this change be achieved in a single step and the final volume
be Vs.

+ In this case, the work is done on the system (+w). It can be
calculated as follows
w=-F.Ax e (1)

+ where dx is the distance moved by the piston during the ’ |

-«

compression and F is the force acting on the gas.

F=Pex A e (2|,)__| A i

Substituting (2) in (1) -
= —Pext A

A.Ax = change in volume = V¢ — V; i

W =— Pext-(vf — V|) =— Pext.(—AV) = Pext.AV GAS

+ Since work is done on the system, it is a positive quantity.
+ If the pressure is not constant, but changes during the process such that it is always
infinitesimally greater than the pressure of the gas, then, at each stage of compression, the
volume decreases by an infinitesimal amount, dV. In such a case we can calculate the work
done on the gas by the relation. P

ext

=J'P dv

+ In a compression process, Pey the external pressure is always
greater than the pressure of the system.  i.e Peyxt = (Pint + dP).

+ In an expansion process, the external pressure is always less
than the pressure of the system. I.e. Pext = (Pint — dP). Vi Volume (V) V;

4+ When pressure is not constant and changes in infinitesimally small steps (reversible
conditions) during compression from V; to Vs, the P-V plot looks like in image Work done
on the gas is represented by the shaded area.

+ In general case we can write, Pe = (Pint £ dP). Such processes are called reversible
processes. For a compression process work can be related to internal pressure of the system
under reversible conditions by writing equation

e j'P av

int

For a given system with an ideal gas, Pt V = R
‘nRT T av
_ DRT = f— dV = —nRT J.(?) =—-nRTIn (£)= ~2.303 nRT log [E]
int V v, v, \fl \fl
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+ If Vs>V, (expansion), the sign of work done by the process is negative.
+ If Vs <V; (compression) the sign of work done on the process is positive.
50.Derive the relation between AH and AU for an ideal gas. Explain each term involved in
the equation. [HY-18, SEP-20, QY-22]
When the system at constant pressure undergoes changes from an initial state with Hy, U;, V3
and P parameters to a final state with Hy, U,, V; and P parameters, the change in enthalpy AH,
Is given by AH =U + PV
In the initial state H; =U; +PV;  —memmmemeee- (1)
In the final state H, = U, + PV,  ——emmmemeeme (2)
change in enthalpy is (2) - (1)
(Hz — Hl) = (Uz — Ul) + P(Vz — V1)
AH=AU+PAV e (3)
As per first law of thermodynamics, AU=q+w
Equation (3) becomes

AH =q+w + PAV [-w=—PAV]
AH = qp - PAV + PAV
AH=¢ e 4)

gp- IS the heat absorbed at constant pressure as considered as heat content.

Consider a closed system of gases which are ¢hemically reacting to form gaseous products at
constant temperature and pressure with Vi and VT as the total volumes of the reactant and
product gases respectively, and ni and nf as the number of moles of gaseous reactants and
products, then,

For reactants (initial state) : PVi =n RT =~ --=m--eoemm- (5)
For products (final state) : PVi=n¢RT =~ ==--mmmmmmmm- (6)
Equation (6) — (5) P (Vt-Vi) = (0 - ni) RT

P AV= An(g) RT e (7)
Substituting in (7) in (3)

AH=AU+Ang RT s (8)

51.Suggest and explain an indirect method to calculate lattice enthalpy of sodium chloride
crystal.

Let us use the Born - Haber cycle for determining the lattice enthalpy of NaCl as follows:

Since the reaction is carried out with reactants in elemental forms and products in their standard

states, at 1 bar, the overall enthalpy change of the reaction is also the enthalpy of formation for

NaCl. Also, the formation of NaCl can be considered in 5 steps. The sum of the enthalpy

changes of these steps is equal to the enthalpy change for the overall reaction from which the

lattice enthalpy of NaCl is calculated.

Let us calculate the lattice energy of sodium chloride using Born-Haber cycle

/M,

Na(s) + 1/2C12(g) NaCl(s)
NH U
AOHl : 0
Cl, + le L -
@™" ¢ > C_|l_ 6]
0
Na(g) AH3 LS. Na+ + 1e”

A°Hs = heat of formation of sodium chloride = — 411.3 kJ mol*
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A°H; = heat of sublimation of Na( = 108.7 kJ mol
A°H; = ionisation energy of Nag) = 495.0 kJ mol™
A°Hs = dissociation energy of Clygq) = 244 kJ mol™
A°H, = Electron affinity of Clg = —349.0 kJ mol™
U = Lattice energy of NaCl
A°H: = A°H; + A°H; + Y2A°Hs + A°Hs + U
U = A°Hs — (A°H: + A°H; + %2A°H3 + A°Ha)
U =(-411.3) - (108.7 + 495.0 + 122 — 349) = (-411.3) — (376.7) = — 788 kJ mol™
This negative sign in lattice energy indicates that the energy is released when sodium is formed
from its constituent gaseous ions Na* and CI
52.List the characteristics of Gibb’s free energy. [HY-19, SEP-21, HY ,AUG-22, CRT-23]
Free energy is defined as G = H — TS. ‘G’ is a state function.

G-Extensive property; AG-intensive property when mass remains constant between initial and
final state of systems.

‘G’ has a single value for the thermodynamic state of the system.

G and AG values correspond to the system only.

Process Spontaneous Equilibrium Non-Spontaneous

AG -Ve — Zero +Ve

Gibbes free energy and the net work done by the system,
For any system at constant pressure and temperature,
AH = AU + PAV

.. AG = AU + PAV — TAS

From first law of thermodynamics

AU=q+w

From second law of thermodynamics

AS=% AG=q-w+PAV-T()

AG=w + PAV

—A=—-wW—-PAV

But — PAV represents the work done due to expansion against a constant external pressure.

53.Calculate the work done when 2 moles of an ideal gas expands reversibly and
isothermally from a volume of 500 ml to a volume of 2 L at 25°C and normal pressure.

n =2 mole; V; = 500ml = 0.5lit; V¢ = 2Lit; T = 25°C = 298K
w = -2.303 nRTlog(g) = -2.303 x 2 x 8.314 x 298 x log (4)

w=-2.303x2x8.314 x298 x 0.6021 = - 6871 J =-6.871 KJ

54.In a constant volume calorimeter, 3.5 g of a gas with molecular weight 28 was burnt in
excess oxygen at 298 K. The temperature of the calorimeter was found to increase from
298 K to 298.45 K due to the combustion process. Given that the calorimeter constant is
2.5 kJ K. Calculate the enthalpy of combustion of the gas in kJ mol™.

Ti = 298K; Tf = 298.45K; k = 2.5KJ K!; m = 3.5g; M, = 28

PAGE.7

Kindly Send Me Your Key Answer to Our email id - Padasalai.net@gmail.com



https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net www.Trb Tnpsc.Com

LUNIT - VIl - THERMODYNAMICS

| Mr. S.JOHNSON., M.Sc., M.Sc., B.Ed.,

Heat evolved = KAT = k(Ts — T;) = 2.5KJ K*(298.85 — 298)K = 1.125KJ

AHC—£XZ8KJmoI1—9KJmoI1

55.Calculate the entropy change in the system, and surroundings, and the total entropy
change in the universe during a process in which 245 J of heat flow out of the system at
77°C to the surrounding at 33°C.

Tsys = 77°C = (77 + 273) = 350K; Tsur = 33°C = (33 + 273) = 306K; q = 245J;

ASsys———z;‘rs—-07\]|<l ASsurr:L=ﬂ:+O_8JK'1

Tsys 350 Tsurr 306
ASuniv = ASsys + ASgurr = - 0.7 JK* + 0.8 JK? = 0.1JK™
56.1 mole of an ideal gas, maintained at 4.1 atm and at a certain temperature, absorbs heat
3710J and expands to 2 litres. Calculate the entropy change in expansion process.
n=1mole; P=4.1atm; V =2lit; T =?; g = 3710J;

nR 1 % 0.082 lit atm K~1 x3710 i
AS=2=_0_-TR_ , L =37.10 K
(nR) PV 4.1 atm x2lit

57.30.4 kJ is required to melt one mole of sodium chloride. The entropy change during
melting is 28.4 JK'* mol™. Calculate the mélting point of sodium chloride.
AH¢(NaCl) = 30.4KJ = 30400 J mol*; AS¢(NaC|) = 28.4KJ* mol*; Ts=?;

AS: = _ AHp | T = AHy _ 30400]mol‘ — 10704 K
F= Tr ' f ASf 284K lm

58.Calculate the standard heat of formatlon of propane, if its heat of combustion is -2220.2
k) mol™. The heats of formation of CO and H.O are -393.5 and -285.8 kJ mol*
respectively.

CaHs + 50; — 3CO; + 4H;0; AHc=-2220.2 KImol?  -eeeeeee- (1)
C+ 0z — COz; AH%=-3935KJmol* - (2)
H, +-0, — H0; AHC = -2858 KImolt  —eeeeee 3)
3C + 4H; — C3Hs; AHC%¢ = ?

(2) x 3 = 3C + 30, — 3COy; AH% =-1180.5 KImol* - (4)
(3) X 4 = 4H, + 20, — 4H,0; AH® = -11432 KImol? <o 5)

(4) + (5) - (1) = 3C + 30, + 4H, +2Q; + 3€Q; + 4H0 — 3€0; + 4H,0 + CsHg + 502
AH% =-1180.5 — 1143.2 — (-2220.2) KJ mol* = -103.5 KJ mol™*
3C + 4H; — C3Hg; AH° = -103.5 KJ mol*
Standard heat of formation of propane is AH°¢ (C3Hg) = -103.5 KJ mol*
59.You are given normal boiling points and standard enthalpies of vapourisation. Calculate
the entropy of vapourisation of liquids listed below.

S. No Liquid Boiling points (°C) AH ( k) mol?)
1 Ethanol 78.4 +42.4
2 Toluene 110.6 +35.2

For ethanol: T, = 78.4°C = (78.4 + 273) = 351.4 K; AH,(ethanol) = +42.4 KJ mol*;

AH +42.4KJmol™1 442400 J mol™1
AS, = v = / = / = +120.66 JK™! mol-!
Ty 351.4 K 3514 K
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For toluene: T, = 110.6°C = (110.6 +273) = 383.6 K; AH,(toluene) = +35.2 KJ mol*;

AH +352KJmol™! 435200 ] mol™1
AS, = A / = / = +91.76 JK'* mol !
Tp 383.6 K 383.6 K

60.For the reaction Agz0(s) > 2Ag(s) + ;02 : AH = 30.56 kJ mol™ and AS=6.66JK'mol™(at 1

atm). Calculate the temperature at which AG is equal to zero. Also predict the direction
of the reaction (i) at this temperature and (ii) below this temperature.
AH = 30.56KJ mol™* = 30560 J mol?; AS = 6.66 x 102 KIK* mol?; T = ? at which AG = 0;

-1
AG=AH-TAS;=0=AH-TAS;= AH=TAS ;> T="o=__30%K ML ___ 589K

AS 6.66 x1073 KJK~1mol~
#+ At 4589K; AG = 0 the reaction is in equilibrium.
#+ At temperature below 4598K, AH > TAS
AG = AH — TAS > 0, the reaction in the forward direction, is non-spontaneous. In other words
the reaction occurs in the backward direction.
61.What is the equilibrium constant K¢q for the following reaction at 400K. 2NOCl) = 2NO

+ Clyg), given that AH° = 77.2kJ) mol™? ; and AS0=122JK'mol ™.
T =400K; AH® = 77.2 KJ mol™* = 77200 J mjj;‘l; AS° =122 JK* mol?;

AG® =-2.303 RT log Keg; = log Keq = — 2_3?)3;&#‘ = (A;;()_;IA;‘O)
_ (77200 400 x 122 _ _ (28400) _
10g Keq = (2.303 x8.314 ><400) B ( 7659 ) 3.708Q

Keq = antilog (- 3.7080) = 1.95 x 10
62.Cyanamide (NH2CN) is completely burnt in excess oxygen in a bomb calorimeter, AU was
found to be -742.4 k) mol?, calculate the enthalpy change of the reaction at 298K.
NH2CN(s) + >O2(¢) > Na(g) + CO2g) + H2Oq); AH=?
T =298K; AU =-742.4 KImol-1; AH=?;

AH =AU + Ang RT = AU + (n, — n) RT = -742.4 + [(2 - 2) x 8.314 X 10° x 298]

AH = -742.4 + [(0.5) X 8.314 x 10 x 298] = -742.4 + 1.24 = -741.16 KJ mol*

63.Calculate the enthalpy of hydrogenation of ethylene from the following data. Bond
energies of C-H,C-C,C=CandH - H are 414, 347, 618 and 435 kJ mol™.
Ecn = 414 KI mol™?; Ecc = 347 KJ mol™?; Ec—c = 618 KJ mol™?; Ej.y = 435 KJ mol;

H H H | H
e
N - N
(|:| + | —_— (I:
1 Du H a” I|{ g
Ethylene Ethane

AH; = Y.(Bond energy), — Y.(Bond energy), = (Ec=c + 4Ec+ + En.n) — (Ecc + 6Ec.)
AH, = (618 + (4x414) + 435) — (347 + (6x414) = 2709 — 2831 = —122 KJ mol*:
64.Calculate the lattice energy of CaCl, from the given data

Cas)+Clzg) > CaClys); A°Hs = - 795 k) mol?;

Sublimation : Cais) = Ca A°Hy = + 121 k) mol?;

lonisation : Caig) > Ca?(g) + 2e” A°Hz = + 2422 k) mol;
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Dissociation : Clyg) = 2Clg) A°Hs = + 242.8 kJ mol?;
Electron affinity : Clg + € = Cl'g A°Ha = -355 kJ mol*

/M,

Ca(s) + ClZ(g) ' CaCIZ(S)
X'H,
/9H, v
2C 2 AH, -
lig) +2e > 2CI,
+
0
Ca(g) AH3 - C32++2e-

A°Hs = A°H; + A°H, + A°Hz + A°Hs + U
U = A°Hs — (A°H1 + A°H> + A°H3z + 2A°Ha4)
U=-795-[121 + 2422 + 242.8 + (2 x (-355))] =795 — [2785.8 — 710] = 795 — 2075.8
= -2870.8 KJ mol*
65.Calculate the enthalpy change for the reaction Fe;0: + 3CO - 2Fe + 3CO; from the
following data. 2Fe + ;02 - Fe;03; AH=-741kJ; C+ %02 - CO; AH=-137kJ; C+ 02 > COy;
AH =-394.5 k)
AH¢(Fe,03) = —741 KJ mol; AH{CO) = —13H<J mol?; AH{CO,) = -394.5 KJ mol*?;
Fe,03 +3CO — 2Fe + 3CO,; AH, =7

AHF = Z(AHf)products - Z(AHf)reactents

AH; = [2AHg(Fe) + 3AH{CO,)] — [AH#(Fe,0O3) + 3AH{CO)]

AH; = [0+3(-394.5)] — [-741+3(-137)] = [-1183.5] — [-1152]= -1185.5+1152 = -31.5 KJ mol*

66.When 1-pentyne (A) is treated with 4N alcoholic KOH at 175°C, it is converted slowly into
an equilibrium mixture of 1.3% 1-pentyne(A) , 95.2% 2-pentyne(B) and 3.5% of 1,2
pentadiene (C) the equilibrium was maintained at 175°C, calculate AG® for the following
equilibria. B=2A G,°=? B=2CGyY=?

T =175°C =175 + 273 = 448K; Concentration of 1-pentyne [A] = 1.3%; Concentration of 2-

pentyne [B] = 95.2%; Concentration of 1,2-pentadiene [C] = 3.5%;

At equilibrium, B (95.2%) = A (1.3%) = K1 = = = 0.0136

At equilibrium, B (95.2%) = C (3.5%) = K, = —— = 0.0367

2

AG®; = -2.303 RT log K = -2.303 x 8.314 x 448 x log (0.0136) = +16010 J = +16 KJ
AG®, = -2.303 RT log K = -2.303 x 8.314 x 448 x log (0.0367) = +12312 J = +12.312 KJ

67.At 33K, N.Os is fifty percent dissociated. Calculate the standard free energy change at
this temperature and at one atmosphere.

T = 33K; N,O4 = 2NO; N204 = 2NO;
Initial no. of moles 100 0
Number of moles dissolved 50 -
No. of moles remaining 50 100
Total no. of moles 150 moles
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_ ny,o P?

PN204 = iy 0 j—:’lNO .P KP — PNOZ

2Y4 2 NZO
PN204 = 155007:100[[ datm= 0333 atm K, = (0.66;)261th =1.336 atm

P— = o .. — i

n 0.333 atm

Pyo, = No9s  p AGP = -2.303RT log Kp
TN 04 l+ o, AG® = -2.303 x 8.314 x 33 x log(1.336)

Pno, = 1o -1 atm =0.667 atm AG® = -79.49 mol*

68.The standard enthalpies of formation of SO, and SOs are -297 kJ mol* and -396 kJ mol™*
respectively. Calculate the standard enthalpy of reaction for the reaction: [HY-22]
SO, + %Oz - SO3

AH{(SO;) = -297 KJ mol; AH{(SO3) = -396 KJ mol™; SO, + -0, — SO3; AH, = 7

AH; = Z(AHf)compound - Z(AHf)elements
= [AH{(SO3)] — [AH{SO) + lAHf(oz)]
AH; = [-396 KJ molY] — [-297 KJ mol] = -396+297 = -99 KJ mol-

69.For the reaction at 298 K : 2A +B - C; AHF400 KJ mol™?; AS = 0.2 KJ mol! Determine the
temperature at which the reaction wouI spontaneous.

T =298K; AH = 400 KJ mol*; AS=0.2 KJ mol™; AG = AH — TAS; if T = 2000K;

AG=400-(0.2x2000)=0

AH =400 KJ mol? if T > 2000K [--AG will be negative]

The reaction would be spontaneous only beyond 2000K.

70.Find out the value of equilibrium constant for the following reaction at 298K, 2NH3z() +
COz = NH2CONHzaq + H20() Standard Gibbs energy change, AG®° at the given
temperature is —13.6 kJ mol™.

T =298K; AG® = -13.6 KJ mol* =-13600 J mol*;

AG® (-13.6 KJ mol™?

AG® = -2.303 RT log Keq = 10g Keq = T2303RT (-2.303 x 8.314 x10~3 JK-1mol~1 x298 K
Keq = antilog (2.38) = 239.88

71.A gas mixture of 3.67 lit of ethylene and methane on complete combustion at 25°C and
at 1 atm pressure produce 6.11 lit of carbondioxide. Find out the amount of heat evolved
in kJ, during this combustion. (AHc(CH4)= - 890 kJ mol™? and (AHc(C2H4)= -1423 kJ mol™.

AHc(CHg)= - 890 kJ mol™; AHc(CoH4)=-1423 kJ mol?;

Let the mixture contain x lit of CH, and (3.67 — x) lit of ethylene.

CH; + 20, — CO, + 2H,0

x lit x lit

Co,Hs + 30, — 2CO, + 2H,0

(3.67 —x) lit 2(3.67 - X) lit

Volume of carbondioxide formed = x + 2(3.67 — x) = 6.11 lit.
X+734-2x=6.11;>734-x=6.11;>x=7.34-6.11; > x =123 lit
Given mixture contains 1.23 lit of methane and 2.44 lit of ethylene, hence,

— [AHc (CH4) AH¢ (CyHy) 3 _
AHC_[ 224 lit (x)llt] [ vzaur < (367 x)llt]

=2.38
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f— -1 -_ -1
AHe = [M x 1.23 lit] +[ MK Mol » (3.67 — 1.23) lit]
22.4 lit 22.4 lit

AHc = [-48.87 KJ molY] + [-155 KJ mol-!] = -203.87 KJ mol-!

EVALUATE YOURSELF
1. Calculate AH®s for the reaction COzg+ Hzg — CO() + H20( given that AH®s for
CO2(), CO(g and H2O(g) are —393.5, — 111.31 and — 242 kJ mol~! respectively. [GMQ18]
AH{(CO,) = -393.5 KJ mol; AH{CO) =-111.31 KJ mol?; AH{(H,0) = -242 KJ mol*;
CO, + H, —» CO + H,O; AH, =7?;
AH; = Z(AHf)products - Z(AHf)reactents
AH; = [AH«CO) + AH#H20)] — [AH«CO,) + AH«(H,)]
AH; = [(-111.31)+(-242)] - [(-393.5)+(0)] = -353.31 + 393.5 = + 40.19 KJ mol*
2. Calculate the amount of heat necessary to raise 180 g of water from 25°C to 100°C.
Molar heat capacity of water is 75.3 J mol* K1,
Number of moles of water, n = Lﬂ_l =10 mol; AH=7?;
18 g mol
Molar heat capacity of water, Cp = 75.3JK™! nfiol*%; T, = 100°C = 373K; T, = 25°C = 298K
AH =nCp (T, — T1) = 10 mol x 75.3JK™* mol7 X (373 — 298)K = 56475] = 56.475 KJ

3. From the following data at constant volume for combustion of benzene, calculate the
heat of this reaction at constant pressure condition.
CeHeqy + 7%2 O2g) — 6CO2q) + 3 H20() [AU at 25°C = -3268.12 kJ]

T =25°C =298K; AU =-3268.12 KJ mol*; AH =72 ;

AH =AU + Ang RT = AU + (np - n;) RT

AH = -3268.12 + (6 - 1?5) X 8.314 x 10 x 298 = -3268.12 — (1.5 x 8.314 x 103 x 298)

AH =-3268.12 — 3.72 = -3271.84 KJ mol™

4. When a mole of magnesium bromide is prepared from 1 mole of magnesium and 1
mole of liquid bromine, 524 kJ of energy is released. The heat of sublimation of Mg
metal is 148kJmol-. The heat of dissociation of bromine gas into atoms is 193kJmol—.
The heat of vapourisation of liquid bromine is 31 kJ mol=. The first and second
ionisation energies of magnesium are 1E:=737.5 kJ mol-* and 1E,=1450.5 kJ mol~ and
the electron affinity of bromine is — 324.5 kJ mol=. Calculate the lattice energy of
magnesium bromide.

/9H

¢A°H3
Brag v
LH, ¢A"H4
) LXHj; X
v 2Br(g) + 2e > ZEr @
NH 2 -
Mg, : » Mg?* +2e

A°Hs= A°H; + A°H, + A°Hz + A°Hs + A°Hs + U
U = A°Hf — (A°H1 + A°H> + A°H3 + A°H4 + 2A°Hi)
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U=-524 - [148 + 2188 + 31 + 193 + (2 x (-324.5))] = -524 — 1911 = -2870.8 KJ mol*
5. An engine operating between 127°C and 47°C takes some specified amount of heat
from a high temperature reservoir. Assuming that there are no frictional losses,

calculate the percentage efficiency of an engine.
Th=127°C =127 + 273 = 400K; Tc =47°C =47 + 273 = 320K; % efficiency n =7 ;

n= [%] x 100 = [400 _ 32"] x 100 = [%] x 100 = 20%

400

6. Urea on hydrolysis produces ammonia and carbon dioxide. The standard entropies of
urea, H.O, CO, NH3 are 173.8, 70, 213.5 and 192.5J mol*K™ respectively. Calculate
the entropy change for this reaction.

S°(urea) = 173.8 J mol! K*; S°(H,0) = 70 J mol* K%; S°(CO;) = 213.5 J mol™* K;

S°(NHs) = 192.5 J mol? K'; H,N-CO-NH; + H,O — 2NH3 + CO,; AS®, = ?;

A or = Z(So)products - Z(So)reactents

AS°, = [2S°(NH3) + S°(CO,)] — [S°(urea) + S°(H.0)]

AS° =[(2 x 192.5)+213.5] — [173.8+70] = 598.5 — 243.8 = + 354.7 J mol*K™

7. Calculate the entropy change when 1 mole of ethanol is evaporated at 351 K. The molar
heat of vaporisation of ethanol is 39.84 k{J mol™.

Ty = 351K; AHyqp = 39840 J mol™; AS, =2 ;

AS, = 2vap _ 39840 _ 4135 3 K1 molL
Voo 351 '

8. For a chemical reaction the values of AH and AS at 300K are - 10 kJ mol* and -20 J
deg™ mol™? respectively. What is the value of AG of the reaction? Calculate the AG of a
reaction at 600 K assuming AH and AS values are constant. Predict the nature of the
reaction.

AH =-10 KJ mol* =-10000 J mol*; AS =-20J K* mol*; T =300K; AG=?;

AG = AH — TAS = -10 KJ mol* — (300 x -20 J K** mol) = (-10 x 6) KJ mol* = -4 KJ mol*

At 600K, AG =-10 KJ mol™* — (600 x -20 J K mol?) = (-10 + 12) KJ mol* = +2 KJ mol*

GOVERNMENT QUESTIONS AND ANSWERS
1. Give the relation between enthalpy (H) and internal energy (U). [GMQ-18, HY-22, CRT-23]
H=U+PV
Considering the initial and final states of H, U and V as Hj, U; and V; and Ha, U, and V5.

Change in enthalpy is (H2 — Hi) = (U, — Uy) + P(V2 — V1) AH =AU + PAV
2. Write the relationship between AH and AU. [QY-18]
H=U+PV AH = AU + PAV AH =AU + Ang RT

3. State zeroth law of thermodynamics. [QY-18, SEP-20, CRT-23]
The law states that "If two systems are separately in thermal equilibrium with a third one, then

they tend to be in thermal equilibrium with themselves'.

4. Explain sign convention of heat. [MAY-22]
The symbol of heat is g.

+ If heat flows into the system from the surrounding, energy of a system increases. Hence it
Is taken to be positive (+q).
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4+ If heat flows out of the system into the surrounding, energy of the system decreases. Hence,
it is taken to be negative (—q).

5. If an automobile engine burns petrol at a temperature of 1089K (816°C) and if the surrounding
temperature is 294K (21°C), calculate its maximum possible efficiency. [AUG-22, CRT-23]

To = 1089K; T, =294K; % Efficiency = (“o—) x 100 = 73%

1089
6. Derive the relationship between Cp and C, for an ideal gas. [QY-19, CRT-23]
From the definition of enthalpy

H=U+PV = —ooeemeeee- 1)
for 1 mole of an ideal gas

PV=nRT = - (2)
By substituting (2) in (1) H=U+nRT = - (3)

Differentiating the above equation with respectto T,

C,=C,+nR (1)

§ (a_H e
“lorfpl P
b
C,-C=nR.  -woeoeoeoeoees (4) and (aT w7 Y
At constant pressure processes, a system has to do work against the surroundings. Hence, the
system would require more heat to effect a given temperature rise than at constant volume, so
C, is always greater than C,
7. A gas contained in a cylinder fitted with a frictionless piston expands against a constant
external pressure of 1 atm from a volume of 5 litres to a volume of 10 litres. In doing so it

absorbs 400 J of thermal energy from its surroundings. Determine the change in internal

energy of system. [QY-19]
Given data q =400] V,=5L V, = 10L

400 ] -5atm L

Au = q-w (heat is giVEIl to [«'-].L atm = 101.33 ]]
the system (+q); work is done by the
system(-w) = 400]-5x%x101.33]
Au = q-PdVv = 4007 - 506.65 ]
= 400 ] - 1 atm (10-5)L = -106.65 ]

8. Calculate the mole fraction of methanol and water when 0.5 mole of methanol is mixed with 1.5
mole of water. [SEP-20]
0.5 mole of methanol is mixed with 1.5 mole of water.

. . . . No. l th th l
The mole fraction of methanol in the above solution is = 0.0f moles of the methano

Total no.of moles of methanol and water

0.5 0.5
= =—=0.25
1.54+0.5 2
. . . . No.of moles of the water
The mole fraction of water in the above solution is = ! J the w
Total no.of moles of methanol and water
1.5 1.5
= =—=0.75
1.54+0.5 2
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9. Distinguish between extensive and intensive

roperties. [SEP-20]

EXTENSIVE PROPERTIES

INTENSIVE PROPERTIES

The property that depends on the mass or the
size of the system is called an extensive

property

The property that is independent of the mass
or the size of the system is called an intensive

property.

Examples: Volume, Number of moles,
Mass, Internal energy, etc.,

Examples Refractive index, Surface
tension, density, temperature, Boiling point,

Freezing point, molar volume, etc.,

10.Calculate the entropy change during the melting of one mole of ice into water at 0° C and 1 atm

pressure. Enthalpy of fusion of ice is 6008 J mol'. [MAR-19, SEP-20, CRT-22, MAR-23]
AH, . =6008 Jmol™

T,=0°C=273K

273K
H,0(S) —— H,0 () 6008
AHﬁlsion fusion 273
AS, .= -1 |
sion T, AS; ... =22.007 JK™ mole

11.Calculate the lattice energy of formation of | from the following data: [QY-19]
Nags) * 2Clzg — NaCl A°Hs=-411 . mol-1;
Heat of sublimation of Na(g) = 108.7 kJ mol-*;
lonisation energy of Na(g) = 495.0 kJ mol-;
Dissociation energy of Clyg) = 244 kJ mol-*;
Electron affinity of Cl-g) = - 349.0 kJ mol-1

/9H;

Na(s) + 1/2C12(g) NaCl(s)
NXH TU
AOHl : 0
Cl, + 1e 2H, -
@™ '€ > C_|l_ (®
0
Na(g) AH; > Na' + 1e”

A°Hs = heat of formation of sodium chloride = — 411.3 kJ mol ™
A°H; = heat of sublimation of Nag = 108.7 kJ mol
A°H; = ionisation energy of Nag, = 495.0 kJ mol
A°Hs = dissociation energy of Clyg) = 244 kJ mol
A°H, = Electron affinity of Cl g = — 349.0 kJ mol™*
U = Lattice energy of NaCl
A°Hs = A°H; + A°H> + %2A°Hz + A°Hs + U
U = A°H; — (A°H; + A°H? + ¥A°H3 + A°Hy)
U =(-411.3) - (108.7 + 495.0 + 122 — 349) = (-411.3) — (376.7) = — 788 kJ mol™
12.Calculate the standard entropy change for the following reaction( AS°s ), given the standard
entropies of COy(g), C(s), O2(g) as 213.6 , 5.740 and 205 JK-' respectively. [MAR-19]
Clg) + 0,(g) —> CO,(g) AS® = 213.6—[5.74+205)]

AS? = z S‘:)roducts - Z SU

reac tan ts

AS? =213.6—[210.74]

AS? = 1{8¢0, 1 —18¢ +8¢,} AS® =286 JK™
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13.Explain the measurement of heat change at constant pressure with a neat diagram. [JUN-19]
Heat change at constant pressure (at atmospheric pressure) can

be measured using a coffee cup calorimeter. A schematic -
representation of a coffee cup calorimeter is given in Figure.  Stirer — Thermometer
Instead of bomb, a styrofoam cup is used in this calorimeter. It

acts as good adiabatic wall and doesn't allow transfer of heat
produced during the reaction to its surrounding. This entire heat
energy is absorbed by the water inside the cup. This method can
be used for the reactions where there is no appreciable change in
volume. The change in the temperature of water is measured and  Reaction
used to calculate the amount of heat that has been absorbed or "
evolved in the reaction using the following expression.

g=myCwAT
where my, is the molar mass of water and C,, is the molar heat capacity of water (75.29 J K
mol?)
14.Explain intensive properties with two exam oH. [HY-22]
The property that is independent of the masslor the size of the system is called an intensive
property.
Examples: Refractive index, Surface tension, density, temperature, Boiling point, Freezing
point, molar volume, etc.,

. Insulated
stopper

Nested
insulated
cups
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