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440 Thermodynamics and Thermochemistry

The phenomenon of producing lowering of temperature when
a gas is made to expand adiabatically from a region of high
pressure into a rtegion of low pressure is known as Joule-
Thomson effect.

In isothermal reversible process ideal gas has constant volume

andso AE=0 and AH=AE=0.

The compressor has to run for longer time releasing more heat
to the surroundings.

This is based on Joule-Thomson effect.
Enthalpy is an extensive property.

dV =0 for an isochoric process.

Total energy of an isolated system is constant.

For isochoric process AV =0 so qV = AE .. heat given to

a system under constant volume is used up in increasing AE .
The less energy of a system and more is its stability.

The functions whose value depends only on the state of a
system are known as state functions.

For adiabatic process 0 =0.

The intensive property is mass/volume.

Volume is not an intensive property.

An isolated system neither shows exchange of heat nor matter
with surroundings.

(d) AQ is not a state function.

—
n
~

(©)

For adiabatic process AQ =0.

Work is not a state function as during a process its value
depends on the path followed. The value of enthalpy, internal
energy and entropy depends on the state and not on the path
followed to get that state, hence these are state functions.

Surface tension is an intensive property which do not depend
upon the quantity of matter present in the system.

First law of thermodynamics and Hess law

(d)
(b)

First low of thermodynamics is also known as Law of
conservation of mass and energy.

Formation of CO, from CO is an exothermic reaction; heat
is evolved from the system, ie, energy is lowered. Thus,
exothermic reactions occur spontaneous]y on account of
decrease in enthapy of system. Thus, AE > AH .

AH = AE + PAV .

An_ = 1—§ = —1, As An_ is negative, thus AH < AE .
g 2 2 g

Bomb calorimeter is commonly used to find the heat of

combustion of organic substances which consists of a sealed

combustion chamber, called a bomb. If a process is run in a

sealed container then no expansion or compression is allowed,

so w=0and Al/= q.

A/ <0, w=0
AH = AE + AnNRT
Since An=-2

Than AH =AE -2RT .
If An=-ve than AH <AE.
Hess'’s law is an application of first law of thermodynamics .

At constant Por T
AH =AU + AnRT = An=n, —ng =2-4==-2

. AH < AU .

It is a combustion reaction, AH =—ve .

During isothermal expansion of ideal gas, AT =0
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AH =AE+PAV =AE+nRAT =0+0=0.

W =2.303 nRT Iogﬁ
Vl

=2.303 x1x8.314 x107 x 298 Iog%

=298 x107 x8.314 x2.303 log 2.
The enthalpies of
25°C or 298K are zero.

AE, = Ep —Eq.

AE =Q+w.

all elements in their standard state at

AE = 0 for reversible isothermal process.
Hess law includes initial reactants and final products.

At constant 7 and P internal energy of ideal gas remains
unaffected.

AE increases with temperature.
AH =AE+W or AH = AE + PAV .

Heat of neutralisation of a strong acid and strong base is equal

to —13.7kcal .

~W = +2.303nRT log 21
P,

—W =2.303x1x2x300log % =1381.8cal.

Joule-Thomson expansion is isoenthalpic.

Here An =0 so, AE = AH .

g = AE —W if g =0 for adiabatic process, than AE =W .
For this reaction AN =0 than AE = AH.

As the system is closed and insulated no heat enter or leave the
system, ie. Q=0 ; LAE=Q+W=W.

AH — AE = AnRT ; An=-3

so, AH —AE = -3RT.

According to Hess’s law. The heat of reaction depends upon
initial and final conditions of reactants.

AH — AE = AnRT
also, 2NH 3 N2(g) + 3H2(g)
An=2.

An =0 for this reaction so, AE = AH .
W= 0 is not true.

W =2.303nRT Iog&
Pl
10
=2.303x1x2x 300Iog7 =965.84

at constant temperature, AE =0.

AE=0+W; q=-w=-965.84cal.

q=401J

W =-8J (work done by the system)
AE=q+w=40-8=32J.

We know that AE =Q +W =600 +(-300) =300J

W =300, because the work done by the system.
Given that

P, =10atm, P, =1atm, T =300K, n=1
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R =8.314J/K/mol

Now, by using

W =2.303nRT log,, %
1

= 2.303x1x8.314 x 300 log,, %

W =5744.1Joule

We know that internal energy of a gas depends upon its
pressure and temperature. Thus if a gas expands at constant
temperature and pressure, then its internal energy remains
same.

PCls(g) — PCl;(g) + Cl,(9)

For this reaction ANg=2-1=1

ANng is positive, ie, there is an increase in the number of
gaseous moles then AH > AE

Enthalpy (H) is defined as the sum of internal energy
E+PV, H=E+PV.

(CH;),C = CH,(9) +60,(g) - 4CO,(9) + 4H,0()
Ang =4 —6 =-2 (i.e, negative)

we know that AH = AE + AngRT

= AE —(Ang)RT (*.-Ang = -ve)

. AH < AE

Given number of moles =1

Initial temperature = 27°C =300K

Work done by the system = 3 KJ = 3000K

1t will be (=) because work is done by the system.
Heat capacity at constant volume (Cv)=20J/k

We know that work done

W =-nC, (T, —T;); 3000 =-1x20 (T, —300)
3000 = -20T, + 6000

20T, =3000; T, =%=150K

Internal energy of a system is a state function and extensive
property and is independent of the path by which it is
obtained.

N,0,(9) > 2NO,(9)
For this reaction ANg=2-1=1

ANng is positive ie, there is an increase in the number of
gaseous moles then AH > AE
2C+0, > 2C0O; AH =-220KJ

This reaction does not represent complete combustion of
carbon, hence heat of combustion of carbon will not be equal

to 110kJ . The negative sign of AH indicates that this

reaction is exothermic. Also, despite being spontaneous
reaction, it requires initiation.

W=-PAV =-1x10°@1x1072% -1x107%)
=-1x10°x9x107° =-900J

The exact value of internal energy is not known as it includes
all type of energies of molecules constituting the given mass of
matter such as translational, vibrational, rotational. The kinetic
& potential energy of the nuclei & electron with in the
individual molecules and the manner in which the molecule are
linked together etc.

E= Etranslatimal + Erolational + Evibralional

56.

57.

58.

G

UNIVERSAL
Thermodynamics and Thermochemistry 441
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Thus, we can say that internal energy is partly potential and
partly kinetic.

N,(9)+0O,(g) » 2NO(g); Any =2-2=0

AH = AE+ANRT ; AH =AE+0; AH =AE

W =-pAV; W=-3x(6-4)

W =-6x101.32 (-1Latm=101.32J)

W =-608J

A(s)+3B(g) — 4C(s)+ D(I)

Ang=0-3=-3; AH =AE+AngRT [.- AE = AU]
. AH =AU +(=3)(RT)

AH =AU -3(RT); AH =AU-3RT

[I"M & 111 Law of thermodynamics and Entropy

N
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When AS =+Ve the change is spontaneous.
Heat is always flow from the higher to lower temperature.

Mixing of non-reacting gases increases randomness and so
increase entropy .

Entropy of the system increases as the process occur
irreversibly and isothermally in an isolated system.

AS° =2Sp —(Sﬂz +Sglz)
=2x186.7 —(130.6 + 223.0) =19.8 JK 'mol*

For adiabatic expansion =0 than according to following

relation AS = %,AS =0.
It is the third law of thermodynamics.
Entropy of gases is highest.
AG =AH —-TAS
for spontaneous process AG should be negative in option (3)
AH =—ve and AS =+ve than

AG =(-ve)-T(+ve) =-ve
For reverse reaction sign will be change.

Solid ——> Gas, AS is maximum.
+Vve AH and — ve AS both oppose the reaction.

- _ -1 -1
Asvap =186.5/373=0.5 JK"mol .

When AH = —ve AS = +ve and AG = —ve than reaction is
spontaneous .

For endothermic process AS increases.

Calculation of change in entropy is done at constant
temperature and pressure both.

When the value of entropy is greater, then ability of work is
maximum.

At equilibrium, AG =0

Hence 0= AH —TAS or AH =TAS.

AHyap  37.3KJmol ™

AS,, =
vap T 373 K

=0.1kImol* K =100 Jmolt K™,

Solid — Liquid, AS increases .

AS =+Ve than process is spontaneous.

AS =+ve than the system is more disordered.
Because solid —> solid, AS is same and AH is —ve.
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AH
vap _ 386

AS, = =222 212K .
vap T 298

Processes (a) and (c) take place with the increase of no. of
moles of gaseous species and hence the disorder or entropy

increases. (b) on increasing pressure, disorder or randomness
decreases and so also the entropy (d) is endothermic process

and AS is positive.
This is the statement of third law of thermodynamics.

For isothermal expansion of ideal gas, AE =0 .
~(900x18)
-~ 373
Entropy of the mixture increases due to increase in impurity.
If AH =+veand AS =-ve than the reaction is non-

spontaneous Ze. can not occur.

T, =150 + 273 = 423K
T, =25+ 273 = 298K

AS =43.4 JK 1mol™.

vap

Q=500K

W_To=Ti w500 2282298 14773

Q T 2
According to 111 law of thermodynamics.
When AH =+4ve and AS =-ve reaction is non-
spontaneous.

= Stson 92 _ 4950

ASton  0.008

Here: Change in

Volume (V)=500-300 =200cc =0.2litre

Pressure (P)=0.6atmand heat liberated (q) = 10/

Work done (W) = PAV =(0.2x0.6) =0.12litre—atm

But llitre—atm=101.3J.

hence W =0.12x101.3=12.156J. We also know that

heat is liberated, therefore it would be negative. Thus change in

AE=0+W=-10+12.16 =2.16J.
Formation of COjy is,

Cs) T O2(g) > COxyq)

AS° =213.5-5.690 — 205 = 2.81 JK .
H20) = H,0y)

we know AG = AH —TAS

at equilibrium AG =0

Therefore AH =TAS .

We know that work done, W =C,(T; —T,)

3x1000=20(300—-T,); ..3000=6000—-20T,

W1, =200 450k
20

It does not violates the first law of thermodynamics but violates
the 11 law of thermodynamics.

C, = % RT; Cp = % RT for monoatomic gas

C, = %RT; Cp = % RT for diatomic gas
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—RT+—RT
Thus for mixture of 1 mole each, C, = % and
E RT + 1 RT
Cp _2 5 2
Therefore, Cp /Cv = Sﬂ =1.5
2RT

AS = q_rrev . unit of Sis JK mol L.

AHvap
H20(|) = HZO(g), AS = T
AHvap. =2.257KJ/g
or AHvap =2.257x18kJ /mol.=40.7 KJ /mol

40.7

hence, AS = —— =0.109kJ/mol/K.
373

Liquid —> Vapour, entropy increases.

NaNOj is a solid, which is converted to liquid ions.

75
Heat capacity of water per gram = T =4.17J

Q=mst ; 1000 =100x4.17 xt

_ 1000, k.
100x4.17
As the work is done on system, it will be positive

ie W =+462 joule E =-128 joule
From the 1 law of thermodynamics
AE =q+w =(-128)+(+462) = +334 Joules.
Gases show highest entropy.

H +(aq)+ OH “(aq) &> H ZO(I)
$°(298 K)K “mol % -10.7 +70

AS°(298K) = ASp — AS, =70 —(~10.7 +0)

(heat is evolving)

80.7 JK 1 mol?

heat ofvaporisation
temperatur e
Here, heat of vaporisation =540cal/gm

=540x18calmol™

Temperature of water =100 + 273 = 373K
540x18
373

Given that, T; =500K, T, = 300K
By using, 7] = T-T, _ 500 -300 :@:04
T, 500 500

It is molar heat capacity.

Entropy is the measure of randommness in the molecules.
Randomness is maximum in case of gases. Hence, entropy is
maximum for water vapours.

The entropy change =

= 26.06 calmol 'K

". entropy change =

Standard entropy of formation of CO,(g)= standard entropy
of CO,(Qg)—[Standard entropy of C(S)— standard entropy of

0,(9)]
=213.5-[5.740+205] =2.76 J /K.



() Third law of thermodynamics help in calculating entropy of
different temperatures.

(@) In case of gas randomness is maximum therefore entropy is
maximum in case of steam.

(6)  ASggem T ASgmoundings > O (for spontaneity)

Because of AS =R In%

1
Here the volume of gas increase from V, to V, at constant

temperature T.
The total increase in entropy of the system and its surrounding
during the spontaneous process of expansion considered above

V.

is, thus RIn| =% | since V, >V, it is obvious that the
Vl

spontaneous (irreversible) isothermal expansion of a gas is

accompanied by an increase in the entropy of the system and

its surrounding considered together.

ASygem +AS >0.
(b) AG=AH -TAS

at constant temperature and pressure AG =0

0=AT -TAS so AH =TAS
_ 30x10°
5

surroundin gs

(b) ds:@; T ; T =400K

Heat of reaction
(b) C+0, - CO,+942 Kcal. .. (i)

H, +%o2 ~>H,0 +68.3 Kcal. (i)

On multiplication of eg: (i) by 2 and than adding in eg. ()
C+2H, +20, —»CO, +2H,0+230.8 Kcal (i)
On subtracting eg. (iii) by following eq.

CH, +20, - CO, +2H,0 +210.8 Kcal. we get,
C+2H, > CH, AH =20 Kcal.

(b) AS =16JmoleK™

AH vapour 6 x1000
Too = =

N = 375K
AS 16

vapour

(d) Heat of neutralisation between strong acid and a strong base is

about —13.7 Kcal.

(b) Effect of temperature in heat of reaction is given by Kirchoff's
equation.

(c) Heat of neutralisation between strong acid and a strong base is

about —13.7 Kcal.
(a) For exothermic reactions H, <Hg.

For endothermic reactions H p > Hg.

(b) 78g of benzene on combustion produces

heat = — 3264.6 kJ

399 will produce :LZG‘L6 __1632.3KJ .

(@) eq. (i) + eq. (ii ) gives the required result.
(bed) (b,c,d) are endothermic reactions because they proceeds by
the absorption of heat.

(@) Change of liquid to vapour takes energy in the form of heat so
it is endothermic reaction.

(d) In exothermic reactions heat is evolute.

G
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AH = —ve for exothermic reaction.

AH = +ve for endothermic reaction

Enthalpy of fusion is + ve.

Heat of neutralisation will be less than
—57.33 kJ /mole because some amount of this energy will

be required for the dissociation of weak base (MgO)
H, +0, >H,0, AH] =-188kJ/mole (i)

H, Jr%O2 — H,0 AH{ =-286kJ /mole (1)
eq. (i) — eq. (ii) x 2 gives the required result.
Graphite ——> diamond AHt =(x—-y)kJ mol .

Heats of combustions are always exothermic except oxidation of
N as,

N, +%O2 — N,0 AH =+ve

N, +O,—>2NO AH =+ve
For exothermic reactions H, < Hpg.
For endothermic reactions H, > Hg.
Aim: 2C +H —>CoH, .

"" 29) 7 727(g)
eq. (ii) + eq. (iii) = eq. (iv) — eq. (i)
find the required result.

Enthalpy of formation of HCI.
Heat of neutralisation between strong acid and a strong base is

about —13.7 Kcal.

For endothermic reaction, AH = +ve .

Heat of neutralisation is less than 56.1 Kca/ when a strong base
and a weak acid reacts.

Aim: CO Jr%o2 - CO,

AH = AH? (COZ)—[AH?(COH%AH?(OZ)}

=-94.0 —(-26.4) = —67.6 keal.

H, +%o2 — H,0, AH = —241kJ

CeHypo +%O2 — 6CO, +5H,0,AH =-3800kJ

CgHy, +90, - 6CO, +6H,0, AH =-3920kJ
CeHyp +Hy, = CeHy,

Eq. (i) + Eq. (ii) — Eq. (iii)

AH = -241—3800 —(-3920)
=-4041+3920=-121kJ

NH,OH is a weak base. Heat of neutralisation < 13.7 kcal.

CH, is the best fuel because its calorific value

2128

=-13.3kcal/g is higher among the other gases.

Find AH for CH, +20, - CO, + ZHZO(g)-

In neutralisation of a strong acid and base only H™ and OH~
ions react.
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When both acid and base are strong than heat of neutralisation

is 57.1kJ mol L.

C,H, +%Oz — 2C0O, +3H,0 substitute the values.

Decomposition is an endothermic process.

AH for this reaction is Heat of reaction.

One mole of H,0 is formed from its initial components.

One mole of a substance is completely oxidized in air.

S (thombic) +O, — SO, , AH =70960 cal. (i)
S (monoclinic) +O, — SO, AH =71030cal (i)
Aim: S (thombic) — S (monoclinic)

eq. (i) — eq. (ii) gives the required result.

When HZO(|) is convert to form HZO(g), heat is absorbed

hence AH; > AH,.

Out of given substances, kerosene oil has maximum calorific
value.

Ce) + Oz(g) - COZ(g), Ang =1-1=0
.. AE = AH = -94 kcal

AE = Ego, —(Ec +Eo,) = Eco, —(0+0)
or Eco, =AE=-94 kcal.

0.2 mole will neutralize 0.2 mole of HNO;, heat evolved
=57%x0.2=11.4KkJ.

Suppose heat evolved in I case is Q; and that in the 1l case it

is Q,.Then Q, = %Ql
But Q; =1000T, and Q, =500T,

..500 T, :%xlOOO T, ieT,=T,.

Enthalpy of a compound = Heat of reaction of that compound.
It is the definition of heat of neutralization.

AH = —Ve for exothermic compound.
If acid or base or both are strong, heat of neutralization

=13.7 kcal.
Both NH,OH and CH;COOH are weak.

57.1 x0.25=14.3 kJmol™.

Heat of formation is for 1 mole.
Hence AHY (H1)=-12.40/2 = -6.20kcal.

Chemical dissociations are reversible and endothermic.
Given,

(i) CH, +20, —CO, +2H,0, AH =+20 kca/
(i) C+0, »>CO, , AH =—-40 kcal.

(i) H, +%O2 — H,0, AH =-10 kcal.

Aim: C+2H, - CH,

(i) + 2 x (iii) — (i) gives.

AH = -40 + 2(-10) — (+20) = —-80 kcal.

For exothermic reaction heat is evolved.
electrolysis 1

Ha0p) Mg+ 5 O0xtg)

All other are combustion phenomena.

AH

combusion = ~Ye s° exothermic process.
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(b)

. 1 1
Aim: K(s) + 2 Oa(g) + H gy = KOHg)

eq. (i) + eq. (i) — eq. (iii) gives

AH =48 +(—68.39)—(-14) =—68.39-48 +14.
By definition of heat of formation.

Cp > Cg,AH =-453.5 cal.

i.e. energy of Cg is less and thus more stable.
AHcombustion
AH ezction = AH? (N,0,) = 2AH{ (NO,)
=2-2(8)=-14 kcal.
AH —AE = AnRT =3x8.314 x298
=-7432 J =-7.43KJ.
Aim: C

is always negative .

(arephite) — C(diamond) ; eq. (i) — (ii) gives the result.

In the formation of a compound, more the heat absorbed, less
stable is the compound.

Craraphite) + 2H(g) = CH ()

Heat of formation is the formation of one mole of the
substance from its elements.

AH reactiony = 2AHT (MgO) = —AHY (SiO,)
=2(-34.7)—(—48.4)=-21kJ.

eq. (i) + eq. (ii) + eq. (iii) gives

X =131-282-242=-393kJ .

It is the definition of heat of transition.

Cgraphitey —> Cidiamona)» AH =1.9kJ

Clgraphitey + O2 = COy, AH = —AH;

Cidiamond) + 02 = CO,, AH =-AH,

(—AH;)—(-AH;)=1.9kJ or AH, =AH; +1.9

For combustion of 69, AH, >AH, by 1.9/2=0.95kJ.

H

product X H cactant for exothermic reaction.

Due to high electron affinity of C/the highest energy is
evolved.

CH, +20, - CO, +2H,0
Molecular weight of CH, =12+4 =16

.. On the combustion of 2.0gm of methane = 25.0 kcal

25x16
2

.". On the combustion of 16.0gm = = 200kcal.

CH, +20, — CO, + 2H,0.
C,H, +30, — 2CO, +2H,0
AH reuction = [2 X AHZ(CO,) + 2 x AH? (H,0)]
—[AH? (C,H,)+3 x AH? (0,)]
=[2(~394) + 2(~ 286)] - [52 + 0] = ~1412k]J .

C+0, »>CO, +394kJ .

2C+20, —»2CO, +788kJ (i)
2CO +0, —»2C0O, +569kJ (i)
2C0, »2CO0+0,-569ky .. (i)
eq. (i) + eq. (iii) = —109.5 &/ mol.

AH; :%kcal =22 kcal .
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CaO(S) * HZO(I) — Ca(OH), is exothermic.

AH = —ve in exothermic reaction.

According to the definition of heat of formation.

Multiplying eq. (i) by (iii) and eq. (iii) by (vi), and then add
6C+3H, +%o2 5 6CO, +6H,0; AH = 3218.7
Subtract eg. (i) from the above equation and find the required
result.

HFis more stable than HCI.

AH (HP - HR):qp'

AH = +ve for endothermic reaction.

 13.95x44
2.2016

eq. (i) + eq. (ii) gives the required result.

AH =278.7 kcal .

Standard molar heat enthalpy (H°) of a compound is equal to
its standard heat of formation from most stable states of initial
components.

In the complete combustion of butanol AH > AE .

X — Yand find the required result.

S+0, » SO0, AH =-298.2 kJ (i)
SO, +%02 —>S0; AH =-98.2 kJ ...(ii)
eq. (i) — (ii) and find the required result.

C+25 >CS, AH="?

C+0, »CO, AH =-393.3 kJ (i)
$+0, »SO, AH=-293.72kd .. (ii)

CS, +30, »CO, +250, AH =-1108.76kJ ..(ii)

eq. (ii) x 2 + eq. (i) — (iv) eq. (iii) — eq. (iv) and find required
result .

Fermentation is exothermic reaction.

CH, +20, - CO, +2H,0.

Use AH = AE + AnRT

AH =19 +2x2x107° x300 = 20.2kcal; An=2.
—20.6-8.8 KImol™ =-29.4 kJ .

Subtract equation (i) from (i).

CH, +20, - CO, + 2H,0,AH =-890.4 kJ ()
C+0, »CO,, AH=-3955k] .. (i)
C+0, »CO,, AH=-3955kJ .. (if)
H, +%O2 —->H,0, AH=-2858k] .. (iii)

from (i), (ii), (iii).

AH - (CH,)
=AH;(CO,)+2AH(H,0)-AH;(CH,)—-2AH;(O,)
=-890.4 =-395.5+2(-285.5)-AH(CH,)-2x0

AH((CH,)=-76.7kImol ™.

As methanoic acid is weak acid, heat of neutralization < x.

Neutralization of a strong acid by a strong base is always same.

S+0, >S0,, AH,=-4.6kJ

** 0.5 gm. of sulphur on burning produce 1gm of SO,
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.. 32 gm of sulphur on burning produce 64 gm. of SO,
L AH =(—4.6kJ) x64 =—-294.4kJ .

30, = 20, - energy is given out.

AH per1.6g = 72x1.6 =0.64 kcal .

C+0, »>CO,, AH=-394k] .. (i)
2H, +0, — 2H,0, AH =-568kJ (i)
CH, +20, -»CO, +2H,0, AH =-892kJ ... (i)

(i) + (i) — (iii) and find the required result.
No doubt heat evolved during neutralisation of 250 cm? of
each acid and base is five time the heat evolved during

neutralisation of 50cm®of each acid and base but the

quantity if solution taking heat is also five time thus same
temperature rise is noticed.

H, +%o2 — H,0; AH =-285.8KJ
H,0q — H,0); AH =44 KJ
“H, +%o2 —H,04); AH® =-241.8KJ

Given: Weight of iron burnt=4(; Heat liberated
=29.28 KJ and atomic weight of iron (Fe&)=56. We know
that in (Fe,03), 2 moles of

2x56 =112gramof iron are burnt. We also know that

ferric  oxide iron or
when 4gramsof iron are burnt, then heat liberated =
29.28 kj, therefore when 112 gramsof the iron are burnt,

then heat liberated = w

=-819.8kJ (Minus sign
due to liberation of heat).

H* +OH™ = H,0, AH o atizaion =13.7keal .

3.77x56

AH /mole of FeS = =100.5.

Heat of formation = % =97kJ .

AH :AHiOHiZ +AHH€U = —506 ZAHioniz +(—559)

AH =+5.3kJ /mol.

ioniz
Strong acid (HNO3)and strong base (LIOH).
AH = AE+ AnRT or AE = AH — AnRT

L AE=+7.3 —%XO.OOZX 298 =7.3-0.298 = 7 kcal.

Heat evolved during burning of 399

781.0x39

CeHg = =390.5kcalmol

125. (b)By (i) + (i) ; Na +%CI2 — NaCl, AH =-196kcal.

126.

(b)

C+0, - COyy, AH? =-393.5kJ mol™ (0)

C +%o2 —COy,, AH? =-110.5kJ mol™ i)
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127.

128.

129.

130.

131

132.

133.

134.

135.

136.

138.

l —
H, +§Oz —H,04, AH{ =-241.8kJmol™ (i)
By (ii) + (iii) — (i)
COxq) +Hag) = CO(g +H 0, AH =+41.2.

More +veis AH; more is heat of solution.

CS, is formed from its initial components carbon and sulphur
so, AH is heat of formation of CS,.

AH =18500 = AE + ANRT

or 18500 = AE +(-1)x 2x 298 =19096 cal .

Heat evolved during combustion of 0.39g

CoH, = 2220%0:39 _ 16 o5y,

By (i) — (i) : C+%02 —CO; AH =-229.2.

Strong acid (HCI) and strong base (NaOH) shows
AH neutralizgion = —57-3 /‘/-
By (i) — (ii) and find required result.

1 1 1
CO(Q) +502(g) —> CO(g),An :1—1+E = —E
AH = AE + AnRT
AH =-283.3 —lx 8314 x 290 =-284.5kJ .

2 1000

H2+%O2 —>H,0 AH =-188kJ/mole ... (i)
H, +0, > H,0,; AH =-286kJ/mole ... (ii)
By 2 x (i) and (ii)
2H, +0, - 2H,0; AH =-376kJ/mole ... (iii)
2H, +20, » 2H,0, AH =-572kJ/mole ... (iv)
By (iii) — (iv)
2H,0, »2H,0+0, AH =+196kJ.
AH for C,Hy =-341.1Kcal

-341.1

its calorific value = =-11.37kcal/qg.
30

AH for C,H, =-310.0kcal

its Calorific value = _3;20 =-11.92,

hence C,H, is a better fuel.

For the decomposition of 9gm of water heat required

=142.5kJ
we know H,0=2+16 =18

Therefore heat required for decomposition of 18gm water

- %x142.5 — 285KJ

Than, enthalpy of formation of water is reverse of heat
required = — 285 /.

15
139.  (d) CgHg, +?Oz(g) — 6COyq +3H,0,

140.

141.

142.
143.

144.

146.

147.

148.

149.
150.

151.

153.
154.

155.

157.

158.

159.

160.

162.

163.

o
N = N

—_ s~ S
oo ol

(d)

(©)

(d)
(©)

(©)

An=6+3—1—£=+£.
2 2
By 2 x (i) + (ii) — (iii)
AH of methane = 20.0kcal .
Heat of neutralization of strong acid and weak base is less than

13.7kcalmol .

AE =0 for a cyclic process.
22.0x2 =44kcal .

0.3 mole OH ™, neutralize 0.3 mole of HNO,
Evolved heat, =57.1x0.3 =17.13kJ

Compounds with high heat of formation are less stable because
energy rich state leads to instability.

CH , required = 445.15x16 =8gm.

890.3
Co+2Hyy »CHyyy @)
Ci) + Ogq) = COyq AH =-94kcalmol™ . (i)

Hag +%02(g) —H,0y AH =-68kcalmol ..
CH, +3/,0, —CO, +2H,0

AH = -213kcalmol™
to obtain equation (i) operate-(ii) + 2 x (iii) — (iv).
AH = +ve for endothermic reactions.

It pertains to neutralization of strong acid weak base.
Strong base (KOH) and strong acid (HC))

This reaction absorbed heat, so it is endothermic reaction.

C+0, >CO,, AH=-943

This is also heat of formation of CO,
1
C +EOZ — CO, AH =-26.0.

X:EY.
2

Molecular weight of NH,NO; =80

Heat evolved =1.23x6.12
.. Molar heat capacity =1.23x6.12xC .

Both X, and F, are gaseous elements at 25°C and in their
standard states and form XEF4(Q) hence AHE}) =AH et -

According to Hess low, enthalpy change for a reaction does not
depend on the nature of inter mediate reaction steps.

By (if) — (), Cgr —> Cyjas AH =+1.9.

Heat of neutralization of strong acid and strong base is equal

to the —57.32KJ mol™
C+0, - CO, AH =-393.5KJ /mol
© 44gm of CO, form by which heat released
=-393.5kJ



164.

165.

166.

167.

168.

169.

170.

(©)

. 1gm of CO, form by which heat released = 3935

44
*. 35.2gm (given) of CO, form by which heat released

_ 3935 x35.2 =-315kJ
44

C(graphite) +2H 2 (g) —CH 4 (g)

Heat of formation of a substance is the heat exchanged when
one mole of that substance is formed by its constituent
elements.

Heat evolved when 1 mole (44Q)CO, is formed
=393kJ
Heat evolved when 0.156 Kg(156g) is formed
~ 393x156
44

. AH for the process =1572kJ =—-1572.0kJ

It is heat of neutralisation (13.7 Kcal) for strong acid and

strong base.

C(s)+0,(9) > CO,(9)

AH=-3935KJmol™* . (i)
CO(g)+1/20,(g) > CO,(9)

AH=-283KJmol* . (i)
On substracting equation (ii) from equation (i)

We get

C(s)+0,(g) - CO(g); AH =-110.5KJImol™*

The enthalpy of formation of carbon monooxide per mole

=-110.5KJImol™*

1 mole (ie,) 16gM of methane on combustion liberate

890kJ

890x3.2
16

. 3.2gm will liberate = =178 KJ

C+0, »CO,; AH=q

C+1/20, »CO; AH=-12 .. (i)
CO +1/20, -»CO,; AH =-10 ...(ii)

adding equation (i) and (i) we can get

AH =-12+(-10) =22

C+0, »CO,; AHy =-490KJ /mol O
H, +1/20, — H,0; AH =—240KJ /mol - ()
8C+18H —» CgHyg; AHE =+160KJ /mol - (1)
applying

(Myx8+ () x9+(m)

CaHys + 5o —>8C0, +9H,0
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AH® =-3920-2160-160 = 6240 KJ /mol

AH® = for 6 moles of octane =6240x6
=37440KJ /mol =-37.4KJ
3 .
2Fe+502 — Fe,05;AH =-193.4kJ .. (i)
1 .
Mg +EOZ — MgO; AH =-140.2kJ .. (ii)

On multiplying eq. (ii) by 3
3Mg+%02 — 3MgO; AH =-420.6kJ .. (iiii)

Resulting equation can be obtained by subtracting eq. (i) from

(iii)

3Mg + %oz ~ 3MgO; AH = —420.6kJ

2Fe+%02 —> Fe,0,; AH = -193.4KkJ

Subtraction :

3Mg + Fe,0; — 2Fe + 3MgO; AH = -227.2kJ
HCl and KOH both are strong

Bond energy

XY —— X + Y AH =+a kJ /mole
X, ——2X; AH =+a kJ /mole

Y,——2Y; AH =+0.5a kJ /mole

%x i)+ % x (ifi)- (i), gives

mole  of

49H, =2 moles.  Bond
H, =208/2 =104 kcal.

energy for 1

By definition of Hess’s law.
Aim: le +£C|2 — HCI
2 2

AH =X B.E. )—ZB.E.

(Products (Reactants)

= B.E(HCI)- { B.E(H,)+~ S BE(C; )}

1 1
=-103- [E(— 104)+ 2 (- 58)}

=-103—(-52 - 29) = —22 keal .
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First ionization potential of Li =5.4eV
Electron affinity of Cl = 3.61eV
We have AH = .P. - E.A

=5.4-3.61=1.80eV =1.80x1.6 x10 %?kJ

AH =2.86x10722kJ,

for 1mol Avogadro’s number = 6.02x10%

AH =2.86x1072 x6.02x10% =170kJ /mole.

% — —41.5kJ /mole .

%Hz +%CI2 > HCI, AH =—90KJ

1 1
.. AH :EEHfH +EEC|7C|

or 790:%x430+%x2407EHC|

o Ep_g =425k mol .

CH, > C+4H, AH =320
Ec_y =90cal

C,Hs —2C+6H, AH =360
5360 =E. ¢ +6E; 4

. Ec_¢ =360-320 =40 cal.
H-H+Br-Br—2H-Br

433+192 2x364
625 728
Energy absorbed = Energy released

Net energy released =728 —625 =103kJ
ie, =AH =-103KJ

Free energy and Work function

AG at equilibrium = 0.
For spontaneous change AG =—Vve .

When AG = —Ve than the reaction is spontaneous in nature.

acd)When AH =+ve and AS =-Ve than the reaction is non-

spontaneous.

Because the reaction is spontaneous .

AG = —ve

AG+ :nRTIn&.
Pl

AG =0 for equilibrium.

At equilibrium AG =0.

AG® =-2.303RT logK

—4.606 = —-2.303%x0.002x500logK
logK =2, K =100 .

20.

21.

22.

23.

24.
25.

26.

27.

28.

(d)
(b)

(d)

(d)

(b)

Spontaneous change shows AG =—ve .
AG =AH -TAS, T =25+273=298K

=-11.7x10% — 298 x(-105) =19590J =19.59kJ
If AG =-Ve reaction is spontaneous.
(dS)y e >0,(dG)rp <0.
Only high pressure favours the conversion.
By 2x (ii) — (i) — (iii)
Hyeg) +2C() = CoHyg), AG® =209KkJ .
AG =-2.303RTlogK’, Here R=2cal, T =300K
_10x15
3x5

=-2.303x2x300x1=-1381.8cal
AG = AH —TAS (Gibb's free energy equation)
AG = AH —TAS
AG =-382.64 —(-145.6)x107° x 298
=-339.3KJmol™*
AG =AH—TAS ; AG =AE +PAV —TAS
For spontaneity (AG =-Vve)

AG =-ve, AE =+ve
AG = AH —TAS =31400-1273x 32
= 31400 - 40736 = -9336cal
AG = AH —TAS
0 =+30.558 — T x0.066

30558
0.066

1If ([dG)rp =0 sign "= mean. If is reversible process

Kv

=10; AG =-2.303x2x300xl0gy, 10

=463K

or

Critical Thinking Questions

Due to randomness of particles is reduced since entropy
decreases.

AH =nCp AT
The process is isothermal therefore

AG=0; ..AH=0

13.7 kcal =57kJ =5.7 x10*J.

When strong acid and strong base neutralize each other than the
value of heat generated is about 13.7 kcal

Due to fall in temperature.

=AH.

p
V2 P . VZ

w = 2.303RT log—=. As it involves the ratioc —=, volume
Vl V].

can be used in any units. (R should be in joules).

_9Q __dQ e _dw+dQ; —dw —dO-dE

dw dQ-dE
nc, dT Cp

" nc,dT -nc,dT ~ (c, -¢,)



20.

21.

22,

23.

24.

25.

7R 7R

= E {for diatomic of gas Cp = 7 1

C,H,(9)+H,(9) —>C,H,(9)
Ang=1-2=-1; AH=-0.31KJmol™*
P=1.5atm, AV =-50mL =-0.050L

AH = AE + PAV

-0.31=AE-0.0076; AE=-0.3024KJ

Since process is exothermic then heat is evolved due to this
temperature of water increases.

Because randomness is decreases.

Conversion of graphite into diamond is an endothermic
reaction. So, heat of diamond is higher than that of graphite.

But AS would be negative for the conversion of graphite into
diamond.

AH
AH =+ve for endothermic reaction.

and AS both are +ve for spontaneous change, and

AG = AH —TAS is negative for spontaneity.

Entropy (a measure of disorder) of universe is increasing
toward maximum. This is 11 law of thermodynamics.

Tpand Ty

temperature. Hence A is a correct choice.

For a pure substance represent the same

For endothermic reaction enthalpy of products (Hp)>

enthalpy of reactant (Hpy)
Hence, change in enthalpy,
AH =H —Hpy =Positive

Suppose the no. of gm, 1gm for each case so the max. no of

mole expected for SO,(Q) which has to expected maximum

entropy.
I\ +%o2 > ALOs, AH=-1596kJ .. )
2Cr +%o2 5 Cr,0,, AH=-1134kJ .. (i)

By (i) - (i)
2Al+Cr,0; — 2Cr + Al,O5, AH =-462kJ .
Bomb calorimeter is used to measure heat of reaction.

Larger the number of Cand H atoms, greater is the heat of
combustion.

The bomb calorimeter is used to measure AE .

—

Enthalpy

Energy ——>
AH \eytratizaion = —57.1kJ =—-13.7 kcal .

Backmann thermometer is used to measure low temperature.
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Heat required to rise the temperature of a body by 1K called
thermal capacity of the body.
Mechanical work is important only in gases as they undergo

appreciable change in volume.

It is Lavoisier and Laplace law. This is another law of
thermochemistry which was put forward before Hess's law.

It is also known as "constant heat summation” law. It state that
the total amount of heat evolved or absorbed in a reaction is
same whether the reaction takes place in one step or in a
number of steps.

In this reaction AN=2—-4 =-2 so AH # AE.

 18.94x0.632x0.998 x 122
- 1.89

Q = 771.1 Kcal

AH = E, for forward reaction —E, for backward reaction
=19-9=10kJ.

Q =18.94 x0.632 x 0.998 x 1000

—57.4+x=-12.13

X =45.2

Thermodynamics is a reversible process in which surroundings
are always equilibrium with system.

lcal=4.18] = 4.18 x10"erg = 18 10y .
1.602

Order of bond energy : Cl, > Br, > F, > |,.

Heat energy is also involved when one allotropic form of an
the stabler
transformation  of

element is converted in to another. graphite is
allotrope heat  of

because  the
Cdiamond ) = Cgraphite) -
@) C(dia) + Oz(g) = COZ(Q)AH =-94.5kcal

(i) Cigraphitey + O2(g) = COz(qyAH =—94.0k cal
AHtransfon‘rka\'(ion =-94.5-(-94.0)

=-0.5k cal.

The compound Y possess less energy than the X and thus Vs
more stable than X,

Both AH and Ap are positive.

For equilibrium AG° =0.

Equilibrium constant is decreases with temperature and AH
is also decreases so it is —ve.

The fusion temperature of napthalene is minimum, because it

is mnon-polar covalent compound and has less fusion

temperature.
The bond energy of C —H bond is y kcal mol .

H
|
N=N+3H-H —— 2N-H

945 +3 x 436

H
Energy absorbed 2x(3x391)=2346 ,
Energy released

Net. energy released = 2346 — 2253 = 93 k/
ie AH=-93 k.



(=

)
45. (d)
46. (d)
47. (d)
48. (b)
49. (d)
50. (d)
51. (b)
52. ()

1 (b)
2. (b)
3. (b)
4. (c)

5 (3

6. (b)
7. (b)

UNIVERSAL

Py 450 Thermodynamics and Thermochemistry

If E =+ve than the cell reaction will be spontaneous.

All are the correct statements.

CH, = CH g + Hyg = H3C —CH g

414 x4 =1656 414 x6 = 2484

615x1 =615 347 x1 = 347

435x1 =435 2831
2706

AH = 2706 — 2831 =-125kJ

It means that the heat absorbed when one gram molecule of

HCI is formed from its elements at 298K is
=22.060k cal.
eq. (i) + eq. (i) find the required result and divide by 2.

For complete neutralization of strong acid and strong base

energy released is 57.32KJ /mol

0.2x50

No. of mole of H,SO, = 1000 =107

No. of mole of KOH = 1 x50 =5x1072
1000

So =57.32x107% =0.5732KJ =573.2 Joule.

For Combustion reaction, AH is

An=(16+18)—(25+2)=+7, so AS is +Ve, reaction is

negative,

spontaneous, hence AG is —ve.

AG=AH-TAS ,T=27+273=300K

AG = (~285.8) — (300)(~0.163) = —236.9 kJ mol *

Assertion & Reason

Assertion and reason show, reaction at equilibrium state in

which AG=0, AS=0, AH =0.

It is correct that on touching the ice we feel cold because ice
absorb heat from our hand.

Entropy of ice is less than water because water molecules in
solid state lose kinetic enmergy and hence their tendency of
movement minimise. Hence entropy decrease in solid state. The
reason that ice have cage like structure is also correct but
reason is not or correct explanation for assertion.

During isothermal expansion of an ideal gas against vacuum is
zero because expansion is isothermal. The reason, that volume
occupied by the molecules of an ideal gas is zero, is false.

it is fact that absolute values of internal energy of substances
can not be determined. It is also true that to determine exact
values of constituent energies of the substance is impossible.

Mass and volume are extensive properties. mass/volume is also an
extensive parameter. Here, both assertion and reason are true.

The molar entropy of vaporization of water it differ from
ethanol due to hydrogen bonding according to VSEPR theory
water molecule having two lone pair of electron by which it

angular and show some polarity which is higher than that of
ethanol so both assertion and reason are correct but reason is
not exp]aination assertion.

The assertion that the increase in internal energy for the
vaporisation of one mole of water at 1 atm and 373 K'is zero is
true and this is because that for all isothermal process internal

energy is zero.

N,(9)+0,(9) = 2NO(g)
We know that AH = AE + AnNRT
AN=2-2=0 hence, ANRT =0
Therefore, AH = AE

The enthalpies of neutralisation of strong acids and strong
bases are same they are 13.7 Kcal. The reason is that it is heat

of formation from H" and OH™
H*+OH — H,0,AH =13.7 Kcal. Thus, both assertion

and reason are true.

of water ions.

Zeroth (law of temperature) can also be summarized as two
objects at different temperature in thermal contact with each
other tend to move towards the same temperature.

Photo chemical reactions have +ve AG.

Heat absorbed in a reaction at constant temperature and

constant volume (QV)=E.

Values of state functions depend only on the state of the
system and not on how it is reached.

The properties whose magnitude depends upon the quantity of
matter present in the system are called extensive properties.

Combustion reactions are always accompanied by the evolution

of heat therefore, for such reactions the value of AH is always
negative.
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18. (b) 1In an isothermal process change in internal energy (AE) is

zero (as it is a fucntion of temperature). .. According to first
law of thermodynamics

g +W=AE, hence Q=-W (if AE =0)

If a system undergoes a change in which internal energy of the

system remains constant (ie, AE=0), then “W =Q .

This means that work done by the system equals the heat
absorbed by the system.

20. (e) 1f a refrigerator’s door is kept open room gets heated as heat
energy is released to the surroundings.

21 (c) Enthalpy is zero but entropy is not zero. Vibrational motion
exists even at absolute zero.

22. (¢) 1t may involve increase or decrease in temperature of the
system. Systems in which such process occur, are thermally
insulated from the surroundings.



