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Maharashtra Board Solutions Class 12 Chemistry:
Chapter 4- Chemical Thermodynamics

Maharashtra Board 12th Chemistry Chapter 4, Class 12 Chemistry Chapter 4 solutions
1. Select the most appropriate option.
Question 1.

The correct thermodynamic conditions for the spontaneous reaction at all
temperatures are

(@Q)AH<0and AS>0
(b) AH>0and AS<0
(c)AH<0and AS <0
(d)AH<0and AS=0
Answer:

(@)AH<0and AS>0

Question ii.
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A gas is allowed to expand in a well-insulated container against a constant
external pressure of 2.5 bar from an initial volume of 2.5 L to a final volume of 4.5
L. The change in internal energy, AU of the gas will be

(a)-500J

(b) +500J

(c)-1013 J

(d) +1013 J

Answer:

(a)-500J

Question iii.

In which of the following, entropy of the system decreases ?
(a) Crystallisation of liquid into solid

(b) Temperature of crystalline solid is increased from 0 K to 115 K
(C) Haq) — 2H

(d) 2NaHCO3) — Na,COy) + COyq + HyOy

Answer:

(a) Crystallisation of liquid into solid

Question iv.

The enthalpy of formation for all elements in their standard states is
(a) unity

(b) zero

(c) less than zero
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(d) different elements
Answer:

(b) zero

Question v.

Which of the following reactions is exothermic ?
(@) Hyg — 2Hy

(b) C(s) — Cy

(c) 2Cligy — Clyg,

(d) HOp) — H0,
Answer:

(c) 2Cligy — Clyg,
Question vi.

6.24 g of ethanol are vaporized by supplying 5.89 kJ of heat. Enthalpy of
vaporization of ethanol will be

(a) 43.4 kJ mol”’
(b) 60.2 kJ mol”
(c) 38.9 kJ mol”’
(d) 20.4 kJ mol"
Answer:

(a) 43.4 kJ mol”

Question vii.
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If the standard enthalpy of formation of methanol is -238.9 kJ mol™ then entropy
change of the surroundings will be

(a) -801.7 JK™

(b) 801.7 JK

(c) 0.8017 JK

(d) -0.8017 JK

Answer:

(b) 801.7 JK

Question viii.

Which of the following are not state functions ?
1.Q+W2.Q3.W4. H-TS
(@)1,2and 3

(b)2and 3

(c)1and 4

(d)2,3and 4

Answer:

(b)2and 3

Question ix.

For vaporization of water at 1 bar, AH = 40.63 kJ mol"' and AS =108.8 JK' mol'. At
what temperature, AG = 0?

(a) 273.4 K
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(c)373.4K
(d) 293.4 K
Answer:
(c)373.4K
Question x.

Bond enthalpies of H — H, Cl — Cl and H — Cl bonds are 434 kJ mol™, 242 kJ mol~
and 431 kJ mol™, respectively. Enthalpy of formation of HCl is

(a) 245 kJ mol”’

(b) -93 kJ mol™

(c) -245 kJ mol™

(d) 93 kdJ mol™

Answer:

(b) -93 kJ mol™

2. Answer the following in one or two sentences.
Question i.

Comment on the statement: No work is involved in an expansion of a gas in
vacuum.

Answer:

(1) When a gas expands against an external pressure Pex, changing the volume from
V, to V,, the work obtained is given by

W = 'Pex (VZ - V1)

(2) Hence the work is performed by the system when it experiences the opposing force
or pressure.
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(3) Greater the opposing force, more is the work.

(4) In free expansion, the gas expands in vaccum where it does not experience
opposing force, (P = 0). Since external pressure is zero, no work is obtained.

SoW= 'Pex (V2 - V1)
=-0x(V,-Vy)
=0

(5) Since during expansion in vacuum no energy is expended, it is called free
expansion.

Question ii.
State the first law of thermodynamics.
Answer:

The first law of thermodynamics is based on the principle of conservation of
energy and can be stated in different ways as follows :

1. Energy can neither be created nor destroyed, however, it may be converted from
one form into another.

2. Whenever, a quantity of one kind of energy is consumed or disappears, an
equivalent amount of another kind of energy appears.

3. The total mass and energy of an isolated system remain constant, although there
may be interconservation of energy from one form to another.

4. The total energy of the universe remains constant.

Question iii.
What is enthalpy of fusion?
Answer:

Enthalpy of fusion (AqsH) : The enthalpy change that accompanies the fusion of one
mole of a solid into a liquid at constant temperature and pressure is called enthalpy of
fusion.
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For example,

1 atm, 273 K
H,O

H,0, A =6.01 kImol™!

(5) fus

This equation describes that when one mole of ice melts (fuses) at 0 °C (273 K) and 1
atmosphere, 6.1 kJ of heat will be absorbed.

Question iv.
What is standard state of a substance?
Answer:

The thermodynamic standard state of a substance (compound) is the most stable
physical state of it at 298 K and 1 atmosphere (or 1 bar). The enthalpy of the substance
in the standard state is represented as AH°.

Question v.

State whether AS is positive, negative or zero for the reaction 2H g — Hy,.
Explain.

Answer:
(i) The given reaction, 2H 4 — H,, is the formation of H,, from free atoms.

(ii) Since two H atoms form one H, molecule, An = 1 — 2= -1 and disorder is decreased.
Hence entropy change AS < 0 (or negative).

Question vi.
State second law of thermodynamics in terms of entropy.
Answer:

The second law of thermodynamics states that the total entropy of the system and its
surroundings (universe) increases in a spontaneous process.

OR
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Since all the natural processes are spontaneous, the entropy of the universe increases.
It is expressed mathematically as

A Stotal = A Sgystem + ASgyr > 0

A Suniverse = A Sgystem + A Sgur > 0

Question vii.

If the enthalpy change of a reaction is AH how will you calculate entropy of
surroundings?

Answer:

(i) For endothermic reaction, AH > 0. This shows the system absorbs heat from
surroundings.

S Agr H<O.
"." Entropy change = Ay, S = —Asurr HT
There is decrease in entropy of surroundings.
(ii) For exothermic reaction, AH < 0, hence for surroundings, Ay, H >0
" Agur > 0.
Question viii.
Comment on spontaneity of reactions for which AH is positive and AS is negative.
Answer:

Since AH is +ve and AS is -ve, AG will be +ve at all temperatures. Hence reactions will
be non-spontaneous at all temperatures.

3. Answer in brief.

Question i.
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Obtain the relationship between AG® of a reaction and the equilibrium constant.
Answer:
Consider following reversible reaction, aA + bB = cC + dD
The reaction quotient Q is,
Q = [C]cx[D]d[ Alax[B]b
The free energy change AG for the reaction is AG = AG° + RT in Q
Where AG® is the standard free energy change.
At equilibrium
Q = [C]cex[D]de[ Alaex[Blbe=K
" AG=AG°+RTInK
"." at equilibrium AG =0
“0=AG°+RTInK
. AG°=-RTInK
. AG°=-2.303 RT log;oK.
Question ii.
What is entropy? Give its units.
Answer:

(i) Entropy : Being a state function and thermodynamic function it is defined as entropy
change (AS) of a system in a process which is equal to the amount of heat transferred
in a reversible manner (Q,,) divided by the absolute temperature (T), at which the heat
is absorbed. Thus,
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Heat transferred reversibly

Entropy change =
Absolute temperature of heat transfer

- AS = e
T

(i) Units of entropy are JK™' in Sl unit and cal K" in c.g.s. units. It is also expressed in
terms of entropy unit (e.u.). Hence 1 e.u. = 1 JK™.

(iii) Entropy is a measure of disorder in the system. Higher the disorder, more is entropy
of the system.

Question iii.
How will you calculate reaction enthalpy from data on bond enthalpies?
Answer:

(i) In chemical reactions, bonds are broken in the reactant molecules and bonds are
formed in the product molecules.

(i) Energy is always required to break a chemical bond while energy is always released
in the formation of the bond.

(ii) The enthalpy change of a gaseous reactions (AH°) involving substances with
covalent bonds can be calculated with the help of bond enthalpies of reactants and
products. (In case of solids we need lattice energy or heat of sublimation while in case
of liquids we need heat of evaporation.)
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AH®(reaction) =
Sum of bond enthalpies Sum of bond
of bonds broken — | enthalpies of bonds
of reactants formed of products
=ZAH° bonds broken — 2 A yonds formed

For example for a following reaction,

H,, + Cly — 2HCl,

2{g) 2(g)

OR H-H, +CI-Cl, — 2H-Cl,
AH"

reaction ["&HE—I-I + ﬁI-IE".I—{?I] - 2|'[‘ﬁ'HI-UI-I—'L".'I:I

If the energy required to break the bonds of reacting molecules is more than the energy
released in the bond formation of the products, then the reaction will be endothermic
and AH? reaction will be positive. On the other hand if the energy released in the bond
formation of the products is more than the energy required to break the bonds of
reacting molecules then the reaction will be exothermic and AH° reaction will be
negative.

Question iv.
What is the standard enthalpy of combustion ? Give an example.
Answer:

Standard enthalpy of combustion or standard heat of combustion : it is defined as the
enthalpy change when one mole of a substance in the standard state undergoes
complete combustion in a sufficient amount of oxygen at constant temperature (298 K)
and pressure (1 atmosphere or 1 bar). It is denoted by A H°.

E.g. CH30H,, + 32 Oy = COy) + 2H,0

AH’= -726 kJ mol’
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(A.HC is always negative.)

[Note : Calorific value : It is the enthalpy change or amount of heat liberated when one
gram of a substance undergoes combustion.

A H°

.. Calorific value = ——————
Molar mass

Question v.
What is the enthalpy of atomization? Give an example.
Answer:

Enthalpy of atomisation (A,.nH) : it is the enthalpy change accompanying the
dissociation of one mole of gaseous substance into its atoms at constant temperature
and pressure.

For example : CH,y — Cg) + 4H ) AsiomH = 1660 kJ mol™
Question vi.

Obtain the expression for work done in chemical reaction.
Answer:

Consider n; moles of gaseous reactants A of volume V, change to n, moles of gaseous
products B of volume V, at temperature T and pressure P.

n, T n,
A —— B
1%

V1 (e} {g)

In the initial state, PV, = n,RT
In the final state, PV, = n,RT

PV, - PV, = n,RT - n,RT = (n, — n;)RT = AnRT
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where An is the change in number of moles of gaseous products and gaseous
reactants.

Due to net changes in gaseous moles, there arises change in volume against constant
pressure resulting in mechanical work, -PAV.

S W =-PAV =-P(V,-V,) == AnRT
(i) fn; —n,, An =0, W= 0. No work is performed.
(i) If n, > ny, An > 0, there is a work of expansion by the system and W is negative.

(iii) If n, < ny, An < 0, there is a work of compression, hence work is done on the system
and W is positive.

Question vii.
Derive the expression for PV work.
Answer:

Consider a certain amount of an ideal gas enclosed in an ideal cylinder fitted with
massless, frictionless rigid movable piston at pressure P, occupying volume V, at
temperature T.

% -

T e o i el
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As the gas expands, it pushes the piston upward through a distance d against external
force F, pushing the surroundings.

The work done by the gas is,

W = opposing force x distance = -F x d

-ve sign indicates the lowering of energy of the system during expansion.

If a is the cross section area of the cylinder or piston, then,

W=-Faxdxa

Now the pressure is P, = Fa

while volume change is, AV =d x a

S W =Py x AV

If during the expansion, the volume changes from V; and V, then, AV =V, -V,
S W= P (V, - V)

During compression, the work W is +ve, since the energy of the system is increased,
W = +P (V, - V,)

Question viii.

What are intensive properties? Explain why density is intensive property.
Answer:

(A) Intensive property : It is defined as a property of a system whose magnitude is
independent of the amount of matter present in the system.

Explanation :

1. Intensive property is characteristic of the system, e.g., refractive index, density,
viscosity, temperature, pressure, boiling point, melting point, freezing point of a
pure liquid, surface tension, etc.

g ‘11 1 il i


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-chemistry-chapter-4-chemical-thermodynamics/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-12-chemistry-chapter-4-chemical-thermodynamics/

@II 1 WGl GG

2. The intensive properties are not additive.

(B) Density is a ratio of two extensive properties namely, mass and volume. Since the
ratio of two extensive properties represents an intensive property, density is an intensive
property. It does not depend on the amount of a substance.

Question ix.

How much heat is evolved when 12 g of CO reacts with NO, ? The reaction is :
4 COg *+ 2 NOyg — 4CO;y4) + Ny, AH® =-1200 kJ

4. Answer the following questions.

Question i.

Derive the expression for the maximum work.

Answer:

‘ (P—dP)

_______ 8
dvi V+dV

Consider n moles of an ideal gas enclosed in an ideal cylinder fitted with a massless
and frictionless movable rigid piston. Let V be the volume of the gas at a pressure P and
a temperature T.

If in an infinitesimal change pressure changes from P to P — dP and volume increases
from V to V + dV. Then the work obtained is, dW = -(P-dP) dV
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= -PdV + dPdV
Since dP.dV is negligibly small relative to PdV
dW= -PdV

Let the state of the system change from A(P4, L) to B (P,, V,) isothermally and
reversibly, at temperature T involving number of infinitesimal steps.

Then the total work or maximum work in the process is obtained by integrating above
equation.

B
Woax = | dW
A
B
= —PdVv ' PV=nRT
'dll
nkT
. P=——
V
v dV
WI'I'I31= - RT ——
)Ty
i dV
= —nRT | 72

V)

= —nRT (InV, — InV,)

4

RT 1 v
= —nRT log, —=
Vi

V,
" Wam = — 2.303 nRT 10gm —=

._..
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At constant temperature,

S P XV, =P, xV,

. P
. H"I?rlmr. = — 2.303 nRT 10@11} ;ﬂl

-

where n, P, V and T represent number of moles, pressure, volume and temperature
respectively. For the process,

AU =0, AH =0.

The heat absorbed in reversible manner

Q... is completely converted into work.

Qrev = -Winax.

Hence work obtained is maximum.

Question ii.

Obtain the relatioship between AH and AU for gas phase reactions.
Answer:

Consider a reaction in which n, moles of gaseous reactant in initial state change to n,
moles of gaseous product in the final state.

Let H,, Uy, P4, V, and H,, U,, P,, V, represent enthalpies, internal energies, pressures
and volumes in the initial and final states respectively then,

T
iy A{E]' : o —* N, B[g]

Hl.‘ Ul? Pl? vl HZ" UZ’ Pl’ VI

The heat of reaction is given by enthalpy change AH as,
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AH =H, — H,
By definition, H = U + PV
S.Hy=U; + PV, and H, = U,+ P,V,
S AH = (U2 + P,V,) - (Uy + PVy)
= (U2 = U,) + (P,V, — P,V,)
Now, AU = U, — U,
Since PV = nRT,
For initial state, P,V,= n,RT
For final state, P,V, = n,RT
S PV, - PV, = n,RT — nyRT
=(n,—ny) RT
= AnRT

where An

_[ Number of moles } [Number of moles of ]

of gaseous products gaseous reactants

. AH =AU + AnRT

If Qr and Qy are the heats involved in the reaction at constant pressure and constant
volume respectively, then since Qr = AH and Q, = AU.

. Qp = Q, =AnRT
Question iii.

State Hess’s law of constant heat summation. lllustrate with an example. State its
applications.

hemical-thermodynamics/
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Answer:

Statement of law of constant heat summation : It states that, the heat of a reaction or
the enthalpy change in a chemical reaction depends upon initial state of reactants and
final state of products and independent of the path by which the reaction is brought
about (i.e. in single step or in series of steps).

OR
Heat of reaction is same whether it is carried out in one step or in several steps.
Explanation :

Consider the formation of CO,q.

In one step : Ci + Oy = COy AH= —394 k]
In two steps : Ciy + 30,0 —COg AH, = — 83 kJ
COw + 30,0 —COye AH, = —311 KJ

o AH=AH, + AH,

—394 kI = —83 kI +(—311)kJ

Hess’s law treats thermochemical equations mathematically i.e., they can be added,
subtracted or multiplied by numerical factors like algebraic equations.

Applications : Hess’s law is used for :

1. To calculate heat of formation, combustion, neutralisation, ionization, etc.

2. To calculate the heat of reactions which may not take place normally or directly.
3. To calculate heats of extremely slow or fast reactions.

4. To calculate enthalpies of reactants and products.

Question iv.

Although AS for the formation of two moles of water from H, and O, is -327 JK, it
is spontaneous. Explain. (Given AH for the reaction is -572 kJ).

Answer:
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Given : AS=-327 JK'; AH = -572 kJ
AG = AH - TAS, and AH << AS
.. AG < 0, and hence the formation of H,0O,, is spontaneous.
Question v.

Obtain the relation between AG and AS,. Comment on spontaneity of the
reaction.

Answer:

(i) Gibbs free energy, G is defined as,

G=H-TS

where H is the enthalpy, S is the entropy of the system at absolute temperature T.

Since H, T and S are state functions, G is a state function and a thermodynamic
function.

(ii) At constant temperature and pressure, change in free energy AG for the system is
represented as, AG = AH — TAS

Free energy = Total enthalpy — Temperature x Entropy
change change change

This is called Gibbs free energy equation for AG. In this AS is total entropy change, i.e.,
ASTotaI-

(i) The Sl units of AG are J or kJ (or Jmol™” or kdmol™).

The c.g.s. units of AG are cal or kcal (or cal mol™ or kcal mol™.)
The second law explains the conditions of spontaneity as below :
(i) ASioi > 0 and AG < 0, the process is spontaneous.

(ii) ASia < 0 and AG > 0, the process is nonspontaneous.
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(iii) ASots = 0 and AG = 0, the process is at equilibrium.
Question vi.

One mole of an ideal gas is compressed from 500 cm® against a constant external
pressure of 1.2 x 10° Pa. The work involved in the process is 36.0 J. Calculate the
final volume.

Answer:

Given : V, =500 cm® = 0.5 dm?;

P, = 1.2 x 10° Pa = 1.2 bar; W= 36 J;
1dm3bar=100J; V, ="
W =-P,, (V,-V,)
36 J=—1.2 (V,— 0.5) dm? bar
=-1.2x100(V,-0.5)J

. V,-0.5=-361.2x100=-0.3

. V,=0.5-0.3=0.2dm* =200 cm?
Ans. Final volume = 200 cm?.
Question vii.

Calculate the maximum work when 24g of O, are expanded isothermally and
reversibly from the pressure of 1.6 bar to 1 bar at 298 K.

Answer:
Given : Wy, =24 g, P, =1.6 bar, P, = 1 bar

T=208K W, =?
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W
==—lm3xﬂﬂx&ﬂdx&m4xﬂg

a2

1.

=

::(_ ]'Gglﬂ'

|

= —2.303 xi—: % 8.314 x8.314 x 298 x 0.2041

-

=—8734]
Ans. W = —8734]

Question viii.

Calculate the work done in the decomposition of 132 g of NH,NO; at 100 °C.
NH,NO;,, — N,O( + 2 H,0(,

State whether work is done on the system or by the system.

Answer:

NH4,NO;) — N,O + 2 H,O

Myranos = 132 g; Mypanos = 80 g mol™

T=273+100=373K; An=7

For the reaction,

AN = 33 gaseous products — 211 gaseous reactants

=3-0=3 mol

Since there is an increase in number of gaseous moles, the work is done by the system.
Nnanos = MNH4ANO3MNH4NO3

= 13280

hemical-thermodynamics/
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=1.65 mol

For 1 mol NH;NOy,, An = 3 mol

.. For 1.65 mol NH,;NO;, An = 3 x 1.65 = 4.95 mol
W = -AnRT = -4.95 x 8.314 x 373
=-15350J

=-15.35kJ

Ans. Work is done by the system.

Work done = —15.35 kJ

Question ix.

Calculate standard enthalpy of reaction,
Fe,0,5 *+ 3CO — 2 Fe) + 3CO,),

from the following data.

AH’(Fe,03) = -824 kJ/mol,

AH®(CO) = -110 kJ/mol,

AH®(CO,) = -393 kJ/mol

Answer:

Given : AH°Fe, 0, = -824 kJ/mol™;
AH(CO) = - 110 kJ mol™

AH(CO,) = — 393 kd/mol™; AH? =?
Required equation,

Fezoe,(s) + 3CO(g) — 2Fe(s) + 3C02(g)

hemical-thermodynamics/
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AH, =2 = (1)

Given equations :

3
2Fe ., +- 0

73 2 ~ Fe, 05, — (D)

1

Cot3 029> COf —(IMx3
Cy+ 0y > COyy  —(V) X3
oo -

— 2Fe, — —Fe 05, —3C0O,, +3CO,,

"+ Fey03+3C0) = 2Fe) + 3C0, 4~ (D

eq. (I)= —eq. (I) — 3 eq. (I11) + 3 eq. (IV)
. AH] = — AH) — 3AH) + 3AH]

= -(-824) -3 (-110) + 3(-393)

=824 + 330 - 1179

AHO = -25 kJ

Ans. AH° = -25 kJ

Question x.

For a certain reaction AH° =219 kJ and AS° = -21 J/K. Determine whether the
reaction is spontaneous or nonspontaneous.

Answer:
Given : AH® =219 kJ; AS® =-21 J/IK, AG* = ?

For standard state, T =298 K

hemical-thermodynamics/
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AGP® = AH?— TAS®
=219-298 x (-21) x 10°®
=219 + 6.258
=225.3 kJ
Since AS < 0 and AG® > 0, the reaction is non-spontaneous.
Question xi.

Determine whether the following reaction is spontaneous under standard state
conditions.

2 H,0, + Oy — 2H,0,,

if AH? =196 kJ, AS® = -126 J/K
Does it have a cross-over temperature?
Answer:

Given : 2H,0, + Oy — 2H,0,,
AH® = +196 kJ

AS® =-126 JK-1 =0.126 kj K-1
T=298 K

AG° =7

Cross over temperature =T = ?
AG® = AH® — TAS?

=196 — 298 (-0.126)

=196 + 37.55
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=+ 233.55 kJ

"." AG° > 0, the reaction is non-spontaneous.

AH? >0, AS° <0,

Since at all temperatures, AG® > 0, there is no cross over temperature.
Ans. The reaction is non-spontaneous.

There is no cross-over temperature for the reaction.
Question xii.

Calculate AU at 298 K for the reaction,

C,H, + HClg — C,HsCl g, AH = -72.3 kJ

How much PV work is done?

Answer:

Given : C,H,q + HCl g — C,HCl,

T=298 K; AH =-72.3 kJ; PV = ?;

AU =7

AN = ZNsgaseous products — ZM1gaseous reactants
=1-(1+1)=-1mol

For PV work :

W = -AnRT

=—(-1)x8.314 x 298

=2478 J=2478 kd

AH = AU + AnRT
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.. AU = AH - AnRT
=—72.3—(-2.478)
=—-69.82 kJ
Ans. PV work = 2.478 kJ
AU =-69.82 kJ
Question xiii.

Calculate the work done during synthesis of NH; in which volume changes from
8.0 dm3 to 4.0 dm? at a constant external pressure of 43 bar. In what direction the
work energy flows?

Answer:

Given : V,=8.0dm? V, =4.0 dm? P, = 43 bar
W = ? What direction work energy flows ?

W =-P.(V,-V,)

=-43 (4 - 8)

=172 dm?® bar

=172 x 100 J

=17200 J

=17.2kJ

In this compression process, the work is done on the system and work energy flows into
the system.

Question xiv.

Calculate the amount of work done in the
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(a) oxidation of 1 mole HCl, at 200 °C according to reaction.
4HCl g, + Oy — 2 Clyg) + 2 H,0(,

(b) decomposition of one mole of NO at 300 °C for the reaction
2NO — Nyg + O,

Answer:

Given :

(@) 4HClg) + Oyq) — 2Clyg + 2H,0,

Nue = 1 mol; T=273 +200 =473 K, W=7

Forda molHClAn=(2+2)-(4+1)=-1mol

.". For 1 mol HCI An =-14 = -0.25 mol

W = -AnRT = — (-0.25) x 8.314 x 473 = 983.11

(b)) An=(1+1)-2=0mol

W =-AnRT =-(0) x 8.314 x 473 =0

Ans. (a) W=983.1J

(b)yW=0.0J

Question xv.

When 6.0 g of O, reacts with CIF as per

2CIF g + Oy — Cl,0 + OF

The enthalpy change is 38.55 kJ. What is standard enthalpy of the reaction ?
Answer:

Given : The given reaction is for 1 mol O, or 32 g O,.
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" For6.0g0,
A H°=38.55kJ
. For32g0,
A H® = 32x38.556
=205.6 kJ
Ans. AH° = 205.6 kJ
Question xvi.
Calculate the standard enthalpy of formation of CH;O0H, from the following data:
i. CH30H, + 32 Oyq — COy + 2H,0, AH® = -726 kJ mol”
ii. C (Graphite) + Oyq — COyq), AH® =-393 kJ mol”
jii. Hyg) + 12 Oy — Hy0y), AH® = -286 kJ mol”

Answer:

hemical-thermodynamics/
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Given : A.Hgy oy = — 726 kJ mol ™ ;
Al = —393 kI mol ™

Ady o= — 286 kJ mol ™ ;

ﬂrﬂgﬂ,ﬂﬂ =7

Required thermochemical equation :

1
Cot 2Hy + 2 Oz — CH;0H, ... (D AH| =7

i

Given equations :

_ -3 _ '
CH;0H,, +3 Oy — 2C04 + 2H,0,, ... (I) AH,
Cgrapnite T Q20 =~ €O ... (I AHY

1
Hyy +5 Oz = Ha0y, ...(IV) AHj x 2
+

Eq. (I) = —eq. (IT) +eq. (III) + 2 eq. (IV)
. AH?
= -AH02 + AHO03 + 2AAH04
=— (- 726) + (- 393) + 2(- 286)
=726 — 393 - 572
= — 239 kJ mol
Ans. Standard enthalpy of formation = AH%= -239 kJ mol™
Question xvii.
Calculate AHO for the following reaction at 298 K

H2B4o7(s) + H20(|) — 4HBOz(aq)

emical-thermodynamics/
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i. 2H3BO3(,q) — B2O3() + 3H,0), AH® = 14.4 kJ mol
ii. H3BO3(aq) — HBOyaq) + H,O(y, AH® = -0.02 kJ mol™
iii. HyB4O7) — 2B,03) + H,0(, AH® = 17.3 kJ mol™
Answer:
Given equations :
i. 2H3BO54,q) — B2O3) + 3H,0y, .......... (i)
AHC = 14.4 kJ mol™
ii. H3BOj3paq) = HBOy(ag + HO ... (i)
AH® =-0.02 kJ mol’
iii. H,B4O7(5) = 2B,055) + HO, .......... (iii)
AHC = 17.3 kJ mol
Required equation :
(iv) HyB4O7) + HOpy — 4HBOy 4y - ... .. (iv)
AHO04="
To obtain eq. (iv) add 4 times equation (ii) and eq.
(iii) and subtract 2 times equation (i).
. eq. (iv) =4 eq. (i) + eq. (iii) — 2eq. (i)
.". AH04=4AH02+AH03-2AH01
=4(-0.02) + 17.3 —2(14.4)
=-0.08 +17.3 - 28.8

=-11.58 kJ

hemical-thermodynamics/
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.". Enthalpy change for the reaction

= AH®=-11.58 kJ

Ans. A H° for the given reaction = -11.58 kJ
Question xuviii.

Calculate the total heat required (a) to melt 180 g of ice at 0 °C, (b) heat it to 100
°C and then (c) vapourise it at that temperature. Given A¢Hice) = 6.01 kJ mol™ at 0
°C, AvapH20) = 40.7 kJ mol™ at 100 °C specific heat of water is 4.18 J g K.

Answer:

Given : Mass ofice =m =180 g
T,=273+0°C=273K

T,=273+100°C =373 K

AsusHice) = ArusHz0ys) = 6.01 kd mol”

AvapHhzoq) = 40.7 kd mol”

Specific heat of water=C =4.18 J g K™

For converting 180 g ice into vapour, A Hyyy = ?
Number of moles of H,O = 18018 = 10 mol

The total process can be represented as,

AH, AH, AH,
HZG{S} Wmel ™~ Hlom ’ HEOHJ'
0°C 0°C 100°C
HEOEE}
100°C
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=60.1 kJ

(i) When the temperature of water is raised from 0 °C to 100 °C (i.e., 273 K to 373 K),
then

AH,=mx C x AT

=mxCx(T2-T1)

=180 g x 4.18 Jg'K" x (373 —273) x 10° kJ = 75.24 kJ
A Hz = A,,H =10 mol x 40.7 kJ mol” = 407 kJ
Hence total enthalpy change,

A Hygw = AH; + AH, + AH4

=60.1 + 75.24 + 407

= 542.34 kJ

Ans. Total heat required = 542.34 kJ
Question xix.

The enthalpy change for the reaction,
CoHyg) + Hyq) — CoHeg)

is -620 J when 100 ml of ethylene and 100 mL of H, react at 1 bar pressure.
Calculate the pressure volume type of work and AU for the reaction.

Answer:

Given :

C2H4( g)+H2( g)—C2H6( g)100 mL100mI100ml
AH = —620 J; Ve = 100 mL; Vi, = 100 mL

P.= 1 bar; W=?; AU =7
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AV =100 — (100 + 100) = -100 mL = -0.1 dm?
W = -Pe(V, = Vy)
=P, x AV
=-1x (-0.1)
= 0.1 dm? bar
=0.1x100J
=+10J
AH = AU + PAV
.. AU = AH - PAV = -620 - (+10) =-610 J
Ans. W=+10J; AU =-610J
Question xx.

Calculate the work done and comment on whether work is done on or by the
system for the decomposition of 2 moles of NH,NO; at 100 °C

NH,NO;,, — N,O + 2H,0

Answer:

Given : NH;NO;) — N,O + 2H,0 4
Nnpanos = 2 Mol; T =273 + 100 = 373 K
W = ? Comment on work = ?

ANeacion = (1 +2)—0=3 mol

." For 1 mol of NH,NO; An,cacion = 3 Mol

.. For 2 mol of NH,;NO; An.,cion = 6 Mol
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Due to 6 moles of gaseous products from 2 mol NH,NO, there is work of expansion,
hence work is done by the system.

W = -AnRT

=—-6%8.314 x 373 =-18606 J
=-18.606 kJ

Ans. Work is done by the system.
W= -18.606 kJ

(Textbook page No. 73)

Question 1.

Under what conditions AH = AU ?
Answer:

(@) AH = AU + PAV

when AV =0, AH = AU

(b) AH = AU + AnRT

when An =0, AH = AU

Try this... (Textbook page No. 71)
Question 1.

25 kJ of work is done on the system and it releases 10 kJ of heat. What is AU?
Answer:

W =25kJ; Q=-10 kJ

AU=Q+W=-10+25
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AU =+ 15 kJ
Try this... (Textbook page No. 75)
Question 1.

For KCI, A H = 699 kJ/mol™* and A, ,4H = -681.8 kJ/mol™. What will be its enthalpy of
solution?

Answer:

Enthalpy of solution :

AsoH = A H + Ay 4H

=699 + (-681.8)

AsgnH = +17.2 kJ mol”’

Try this... (Textbook page No. 76)

Question 1.

Given the thermochemical equation,

C,Hyq) + 52 O, — 2COyq+ H,0), AH® =-1300 kJ
Write thermochemical equations when

i. Coefficients of substances are multiplied by 2.
ii. equation is reversed.

Answer:

(i) 2C,Hyg) + 50,4 — 4C0O,q) + 2H,0,

AH® = -2 x 1300 kJ

= —2600 kJ
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(i) 2C0yq) + HyOy — C,Hyg) + 520,
AH® = +1300 KJ
Try this... (Textbook page No. 78)
Question 1.

(i) Write thermochemical equation for complete oxidation of one mole of H,,.
Standard enthalpy change of the reaction is -286 kJ.

(ii) Is the value -286 kJ, enthalpy of formation or enthalpy of combustion or both?
Explain.

Answer:
(I) H2(g) + 1202(9) — H20(|) ACHO = -286 KJ mol™

(if) The value -286 kJ is the standard enthalpy of formation of H,O, or standard enthalpy
of combustion of Hy,.

Question 2.

Write equation for bond enthalpy of CI-Cl bond in Cl, molecule AH?° for
dissociation of Cl, molecule is 242.7 kJ.

Answer:

Equation for bond enthalpy :

Clyg — 2Cligy AH® = 242.7 kJ mol

.". Bond enthalpy of Cl, = 242.7 kJ mol”

Try this... (Textbook page No. 82)

Question 1.

State whether AS is positive, negative or zero for the following reactions.

i. 2H2(g) + OZ(g) — 2H20(|)

h Jiwww.in reer.com
hemical-thermodynamics/
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ii. CaCOj, — Ca0y, + COy,
Answer:
(i) 2Hag) + Oz — 2H,0

Since the system is converted from gaseous state to a liquid state, the disorder is
decreased, hence AS < O (negative).

(||) CaCO3(S) — CaO(S) + COZ(g)

Since molecules of solid CaCO; break giving gaseous CO,, disorder is increased hence
AS > O (positive).

_x_
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Maharashtra Board Solutions
Class 12 Chemistry

e Chapter 1- Solid State

e Chapter 2- Solutions

e Chapter 3- Ionic Equilibria

e Chapter 4- Chemical Thermodynamics

e Chapter 5- Electrochemistry

e Chapter 6- Chemical Kinetics

e Chapter 7- Elements of Groups 16, 17 and 18

e Chapter 8- Transition and Inner Transition Elements
e Chapter 9- Coordination Compounds

e Chapter 10- Halogen Derivatives

e Chapter 11- Alcohols, Phenols and Ethers

e Chapter 12- Aldehydes, Ketones and Carboxylic Acids
e Chapter 13- Amines

e Chapter 14- Biomolecules

e Chapter 15- Introduction to Polymer Chemist

e Chapter 16- Green Chemistry and Nanochemist
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: AgRISE I ATEI (A 10T 3Ta
ATET A RANET0T ASSD), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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