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THERMOCHEMISTRY

INTRODUCTION
Thermochemistry deals with the energy changes involved in chemical reaction.
TYPES OF REACTIONS
(i) Exothermic reactions:

These are the chemical reactions involving release of heat.

Examples :- Neutralisation reactions, combustion reactions, slaking of lime, etc.
(i) Endothermic reactions::

These are the chemical reactions involving absorption of heat.

Examples :- Decomposition reactions, elemination reaction, etc.

(i) Thermo neutral reactions :
These are chemical reaction in which heat is neither absorbed nor released.

1 N
e.g. EHz(g)+aQ-%H (ag.) : AH° =0

1
AgCIO,(s) —> Ag(s) + ECIZ(g) +0,(9) ; AH* =0

The reason behind release or absorption of heat in the reaction may be defined as difference in internal
energy, bond energy, enthalpy, etc.

For exothermic reaction :

(I) z UReactant > z UProduct
(") z H Reactant > z H Product
("I) Z(BE)Reactant < Z(BE)Product

REPRESENTATION OF HEAT INVOLVED IN REACTIONS
(i) Old convention :

/>Exo
Reactants —— Products i\g [Q = heat lost]
Endo
(i)  Modern convention :
Endo
Reactants — Products AH=+Q [Q = heat gained]
Exo



JEE-Chemistry

4.

5.1

ALLEN

THERMO CHEMICAL EQUATION

It represents a balanced chemical reaction in which the physical state along with allotropic form
of all the reaction components as well as heat involved in reaction, are given.

C,H.OH(¢) + 30,(g) — 2CO,(9) + 3H,0)(¥) ; AH° = -1367 kJ/mol

The above equation decribes the combustion of liquid ethanol at constant temperature and pressure.
The negative sign of enthalpy change indicates that this is an exothermic reaction.

The coefficients in a balanced thermochemical equation refer to the number of moles (never molecules)
of reactants and products in the reaction. Per mole of A H® defines the mole of reaction. For above
reaction per mole means per mole of C,H.OH(/), per 3 moles of O,(g), per 2 moles of CO,(g)
and per 3 moles of H,O(Y).

ENTHALPY CHANGE OF REACTION OR REACTION ENTHALPY (A H)

Enthalpy of reaction is defined as the quantity of heat evolved or absorbed when molar quantities
of substances react completely in amounts represented by chemical equation, all components being
maintained at same pressure and same temperature conditions.

For example : H,(g) + CL(g) - 2HCI(g) ; AH = -183.92 ki

Thus, when one mole of gaseous hydrogen reacts completely with one mole of gaseous chlorine,
183.92 kJ of heat is evolved.

AH = ZH s = ZHaans = [2 X H (HCL 9)] = [1 x H (H,, 9) + 1 x H (Cl, )]

where H = molar enthalpy

FACTORS AFFECTING HEAT OR ENTHALPY OF REACTION :

The enthalpy change of reaction (AH) depends upon the following factors :

(i) Physical state of the reactants and the products : The AH of a reaction depends upon
the physical states of reactants and products. For example, when hydrogen and oxygen gases
combine to give liquid water, the heat of reaction is different than when they combine to form
gaseous water at the same temperature and pressure.

H,(g) + O, 9 — H,O(); AH =-285.83 kJ
H(g) + O,9) — H,0(9); AH = -241.82 k

(i) Quantitiesof reaction components: The amount of heat evolved or absorbed depends upon
the amount of components involved in the reaction. For example, the heat of combustion of
2 moles of carbon is double than heat of combustion of 1 mole of carbon.

(@iit)  Allotropic forms: The amount of heat evolved or absorbed for different forms of the same
substance are different. For example,

C(diamond) + O,(g) — CO,(g) ; AH = -395.41 kJ
C(graphite) + O,(g) - CO,(g) ; AH = -393.51 kJ

Omeeeeeessees———)
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(iv) Temperature:The heat of reaction depends upon the temperature of reactants and products.
H,O(¢) — H,0(9) AH = x kcal at 298K
H,O(¢) — H,0(9) AH =y kcal at 373K

The dependence of reaction enthalpy on temperature is given by Kirchoff's equation :

T, T,
AH,=AH, = [A (C,)-dT gng AU, =AU, =[A(C,)-dT

T T
However, A H and A U do not change significantly on changing the temperature.
(v) Measurement at constant pressureor volume: The heat of reaction depends upon the conditions
of measurement of heat at constant pressure or volume, as,
AH =AU+ A(PV)
AH may be equal, greater than or less than A U.
For reaction involving gaseous components,
AH=AU+An -RT
(vi) Pressure : Enthalpy of any component may depend on pressure and A H may change on changing
the pressure. As, the enthalpy of an ideal gas is independent from the change in pressure, for the
reactions involving ideal gases, A H is pressure independent.
EXERCISE # |
Consider the reaction : N, + 3H,——> 2NH, carried out at constant temperature and pressure, if AH

and AU are the enthalpy and internal energy changes for the reaction, which of the following expressions

istrue ? [AIEEE-2005]
(A) AH =AU (B)AH=0 (C) AH> AU (D) AH < AU

For which reaction will AH = AU ?

(A) H,(9) + Br,(g) - 2 HBr(g) (B) C(s) +2H,0(g) - 2H,(9) + CO,(9)

(C) PCl(g) — PCL (9) + Cl,(9) (D) 2C0O(g) + O,(g9) > 2CO,(9)

For which of the following change AH = AU ?

(A)H, (9) +1, (99— 2HI(9) (B) HCl (ag)+ NaOH(agq) — NaCl(aq) + H,O(l)
(C) C(s) + O,(g) —> CO,(g) (D) N, (9)+ 3H,(g) —> 2NH(g)

A mixture of 2 moles of carbon monoxide and one mole of oxygen ina closed vessel is ignited to get carbon
dioxide. If A H is the enthalpy change and AU isthe change in internal energy, then :-

(A)JAH>AU (B)AH<AU (C)AH=AU (D) Not definite
For the reaction : N,(g) + 3H.(9) —> 2NH_(9), AH is -
(A) AU +2RT (B)AU-2RT (C)AU+RT (D)AU-RT

When the following reaction was carried out in a bomb calorimeter, AU is found to be
—742.7 kd/mol of NH,CN(s) at 300 K.

NH,CN(s) + 202 (9) —> N,(g) + COL(g) + H,O(l)

Calculate AH, for the reaction. (R = 8 J/mole-K).

Ommemeeeee—————) 3
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For the reaction : 2A (g) +3B (g) —— 4C (g) + D (¥) ; AH = -20 KJ/mole

Find the heat exchanged when 0.4 mole of A reacts with excess of B in a closed rigid container. The
temperature is constant at 300 K. [R=8.3 JJK mole]

MEASUREMENT OF AU AND AH : CALORIMETRY :

We can measure energy changes associated with chemical or physical processes by an experimental
technique called calorimetry. In calorimetry, the process is carried out in a vessel called calorimeter, which
is immersed in a known volume of a liquid. Knowing the heat capacity of the liquid in which calorimeter
is immersed and the heat capacity of calorimeter, it is possible to determine the heat evolved in the process
by measuring temperature changes. Measurements are made under two different conditions:

()  atconstantvolume, g,

(i)  at constant pressure, q,

(@ AU measurements: For chemical reactions, heat absorbed at constant volume, is measured
in a bomb calorimeter (Figure). Here, a steel vessel (the bomb) is immersed in a water bath.
The whole device is called calorimeter. The steel vessel is immersed in water bath to ensure
that no heat is lost to the surroundings. A combustible substance is burnt in pure dioxygen
supplied in the steel bomb. Heat evolved during the reaction is transferred to the water around
the bomb and its temperature is monitored. Since the bomb calorimeter is sealed, its volume
does not change i.e., the energy changes associated with reactions are measured at constant
volume. Under these conditions, no work is

Thermometer
Firing leads

Stirrer — Oxygen

inlet
I \ |
Sample\ Fl |
\ |

Bomp 22
\\ Oxygen

| under
pressure

4’: Water O

Figure: Bomb calorimeter
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done as the reaction is carried out at constant volume in the bomb calorimeter. Even for reactions
involving gases, there is no work done as AV = 0. Temperature change of the calorimeter produced
by the completed reaction is then converted to g, , by using the known heat capacity of the calorimeter
with the help of equation 6.11.

AH measurements: Measurement of heat change at constant pressure (generally under atmospheric
pressure) can be done in a calorimeter shown in figure. We know that
AH =q_ (at constant p) and, therefore, heat absorbed or evolved, q, at constant pressure isalso
called tF\e heat of reaction or enthalpy of reaction, A H.

In an exothermic reaction, heat is evolved, and system loses heat to the surroundings. Therefore,
q, will be negative and A H will also be negative. Similarly in an endothermic reaction, heat
is absorbed, a, is positive and A H will be positive.

~

Thermometer

L~

Foamed polystyrene
@ y cup

Reaction mixture

Figure: Calorimeter for measuring heat changes at constant pressure
(atmospheric pressure)

1g of graphiteis burnt in a bomb calorimeter in excess of oxygen at 298 K and 1 atmospheric

pressure accor ding to the equation
C (graphite) + O, (g) — CO, (g)

During the reaction, temperature rises from 298 K to 299 K. If the heat capacity of the bomb
calorimeter is 20.7kJ/K, what is the enthalpy change for the above reaction at
298 K and 1 atm?

Suppose g isthe quantity of heat from the reaction mixture and C,, is the heat capacity of the
calorimeter, then the quantity of heat absorbed by the calorimeter.

q=C, AT
Quantity of heat from the reaction will have the same magnitude but opposite sign because the

heat lost by the system (reaction mixture) is equal to the heat gained by the calorimeter.
= —C,, x AT = =20.7 kJ/K x (299 — 298)K = —20.7 kJ

(Here, negative sign indicates the exothermic nature of the reaction)
— 5
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Thus, AU for the combustion of the 1g of graphite = —20.7 kJ

For combustion of 1 mol of graphite,

AH = AU = 120g mo'i X(_207k‘]) - —2.48><102 kJ.moIfl, Snce Ang =0
g

10.

7.1

EXERCISE # |1

One gmsample of NH,NO, (s) is decomposed in a bomb calorimeter (constant volume). The temperature
of the calorimeter system falls by 6K. If the heat capacity of systemis 1.25 kJ/K, what is the molar enthalpy
of decomposition of NH,NO,(s) at 300 K. [R = 8.3 JK'1 mol-1].

NH,NO,4(s) — N,0(g) + 2H,0().

0.16 g of methane was subjected to combustion at 27° C ina bomb Calorimeter . The temperature of
Calorimeter system (including water) was found to rise by 0.5° C . Calculate the heat of combustion
of methane at

(i) constant volume (i) constant pressure .

The thermal capacity of Calorimeter systemis 17.7 kJ K . (R = 8.313 molt K1)

If 1.22 gm of benzoic acid gives off 31.723 J of energy when burned in bomb calorimeter in the presence
of excess oxygen at an initial temperature of 24.6°C. Calculate, W and AU for the given amount of
benzoic acid in the calorimeter, assuming ideal gas behaviour.

STANDARD ENTHALPY OF REACTION, AH®

Enthalpy of a reaction depends on the conditions under which a reaction is carried out. It is, therefore,
necessary that we must specify some standard conditions. The standard enthalpy of reaction is
theenthalpy changefor areaction when all the participating substancesarein their standard
dates.

The standard state of a substance at a specified temperature isits pure form at 1 bar. For
example, the standard state of liquid ethanol at 298 K is pure liquid ethanol at 1 bar; standard state of

solid iron at 500 K is pure iron at 1 bar. Usually data are taken at 298 K.

Standard conditions are denoted by adding the superscript © to the symbol AH, e.g., AH®
SOME DIFFERENT KINDS OF A H® :

STANDARD ENTHALPY OF FORMATION, A H°® :

The standard enthalpy change for the formation of one mole of a compound from its elements in
their most stable states of aggregation (also known as reference states) is called Standard Molar
Enthalpy of Formation. The reference state of an element is its most stable state of aggregation at
25° Cand 1 bar pressure. For example, the reference state of dihydrogen is H,, gas and those of dioxygen,
carbon and sulphur are O, gas, Cgraphite and S respectively. Some reactions with standard molar
enthalpies of formation are given below.

Omeeeeeessees———)
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Hy(9) + O,(9) > H,0(A) AH® = -285.8 kJ mol™
C (graphite, s) + 2H,(g) — CH,(0) ; AH® =-74.81 ki mol?

2C (graphite,s) + 3H,(g) + 0O,(g) > C,H:OH(A) ; AH® =-277.7 kI mol!
It is important to understand that a standard molar enthalpy of formation, A;H® | is just a special case

of A,H®, where one mole of a compound is formed from its constituent elements, as in the above

three equations, where 1 mol of each, water, methane and ethanol is formed. In contrast, the enthalpy
change for an exothermic reaction:
CaO(s) + CO,(g) — CaCO4(s) A H® =-178.3kJ mol?

is not an enthalpy of formation of calcium carbonate, since calcium carbonate has been formed from other
compounds, and not from its constituent elements. Also, for the reaction given below, enthalpy change is

not standard enthalpy of formation, A.H® for HBr(g).

H,(9) + Bry(l) - 2HBr(g) ; AH® =T72.8kImol?
Here two moles, instead of one mole of the product is formed fromthe elements, i.e.,
AH® =2AH°®

Therefore, by dividing all coefficients in the balanced equation by 2, expression for enthalpy of formation of
HBr () is written as

H,() + Br,(A) — HB(g) . AH® = -36.4 kJ mol:

(i)  AH°=0 for all the elements in their reference state.

(i)  Standard enthalpy of reaction from standard enthalpy of formation : The knowledge of
standard enthalpy of formation of various substances can be used to calculate the standard
enthalpy of reactions under standard conditions. The standard enthalpy of any reaction (AH®)
is equal to the difference between the AH° of all the products and the reactants.

AH° = Sum of the standard enthalpy of formation of products - Sum of the standard enthalpy of
formation of reactants.

ie, AH°=ZAH® — ZAH®

(products) (reactants)
For a reaction, aA + bB —> cC +dD
[ 0 (]
ArH - ZAfH (products) - ZAfH (reactants)

= [cAH® (C) + dAH’® (D)] — [aAH’ (A) + bAH’ (B)]

Ex.2.

Sal. :

Standard enthalpies of formation of CO(g), CO,(g), N,O(g) and N,O,(g) are —-110,
—393, —81 and 10 kJ/moe, respectively. Find the A H® for the reaction :
N,O,(g) + 3CO——=> N,0(g) + 3CO,(9)

AHO=SAH o~ SAH

products) (reactants)

= [AH\0(0) + 3% A H 0, ) |=[ A1 H0,0) + 3% A H 0y |
= [81+ 3 x (=3393)] —[10 + 3 x (~110)] = —778 kJ/moal.
Ommemeeeee—————) 7
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7.2 STANDARD ENTHALPY OF COMBUSTION, A_H? :
Standard enthalpy of combustion is defined as the enthalpy change per mole (or per unit amount) of
a substance, when it undergoes combustion and all the r eactantsand productshbeing in their standard
states at the specified temperature.
For example, the standard enthalpy of combustion of methane at 298.15 K is
—890.36 kJ mol™. This implies the following reaction :
CH,(g) + 20,(g) - CO,(g) + 2H,0(¢) ; AH° = — 890.36 kJ mol™
The standard enthalpy of combustion of methane at 298.15 K may be writen as
AH°(CH,, g, 298.15 K) = — 890.36 kJ mol™
7.2.1 Application of enthalpy of combustion : Consider a reaction of decompostion of C.H,, into C,H,
and C,H.. The following diagram show how enthalpy of combustions can be used to estimate enthalpy
of reaction.

ALLEN

AH
CHy, (@ —— CH; + CH,

+[9.50,(q) +[60,(g) +[3.50,(q)

AH CeH.)

combustion(

AH
AH g rision( CaHy) l
v
> 6CO, (g) + 7H,O()

C.Ho)

combustion (

From the inspection of the above diagram, it is clear that
AH = AH (CH,) - AH (C,Hy) — AH

reaction combustion

Hence A H= ZA H(Reactants) — ZA H (Products)

Ex.3. Calculatethe standard enthalpy of formation of carbon disulphide (/). Given that the standard
enthal pies of combustion of carbon (s) sulphur (s) and carbon disulphide (/) are393.3, —293.72 and
—1108.76kJ mol ™ respectively.

Sol:  C(s) + 285 —>CS() ; AHC gy =?
Now, AH®=ZAH (o= 2AH°
= [ACHOC(S) +2xAH °S(S)]—[ACH°CSZ(/)]

[(-393.3) + 2 x (—293.72] —[-1108.76]

—128.02 kJ/mol

combustion combustion (C2H6)

(Products)

EXERCISE # 11
11. Onthe basis of the following thermochemical data :
H,O(¢) - H*(aq) + OH-(aq) ; AH = 57.32 kJ
H,(q) + %Oz(g) S H,0 (¢) : AH = ~286.20 ki
The value of enthalpy of formation of OH-ion at 25°C is :- [AIEEE-2009]
(A) +228.88 kJ (B) —343.52 kJ (C) —22.88 kJ (D) —228.88 kJ

8 Omeeeeeessees———)
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12 Th.e enthalpies of combustion of carbon and carbon monoxide are —393.5 and —283 kJ mol respectively.
The enthalpy of formation of carbon monoxide per mole :- [AIEEE-2004]
(A) 110.5 kJ (B) 676.5 kJ (C) -676.5 kJ (D) -110.5 kJ

13.  For which species AH.mation = 0
(A) H g (B) By (©) Ly (D) Cgrapnie

14. Which of the following equations represents a reaction that provides the enthalpy of formation of CH,CI(g)?
(A) C(s) + HCI(g) + H,(g9) —» CH,CI(9) (B) C(s) + 3/2H,(g) + 1/2 Cl(g9) - CH.CI(g)
(C) C(s) +3H(g) + Cl(g) » CH.CI(9) (D) CH,(g) + Cl(g9) - CH,Cl(g) + HCI(g)

15  Use the given standard enthalpies of formation to determine the enthalpy of reaction of the following
reaction:
TiCl,(9) + 2 H,0(g) »TiO,(g) + 4 HCI(g)
AH’ TiCl,(g) =-763.2 kJ/mole AH®. TiO,(g) =—-944.7 kJ/mole
AH®, H,O(g) =-241.8 kJ/mole AH® HCI(g) =-92.3 ki/mole
(A)-278.1kJ (B) +369.2 kJ (C)+67.1kJ (D)-67.1kJ

16.  Using the following information calculate the enthalpy of formation of CH,.

CH,(9) +20,(9) —» CO,(g) +2H,0(l) ; AH*=—-890.4 kJ
AH®, CO,(9) = -393.5 kd/mole AH®, H,O(l) =—285.9 k)/mole
(A)-98.6 kd/mole (B) —65.5 kd/mole (C)-74.9kJ/mole (D)-43.5kJ/mole

Q.17 The heats of formation of CO,(g) and H,O(l) are -394 kJ/mole and —285.8 kJ/mole respectively Using

the data for the following combustion reaction, calculate the heat of formation of C,H,(g).
2 C,H,(g) +50,(g) >4 CO,(g) + 2 H,0(I) ; AH"=—-2601kJ

(A)-238.6 kJ/mole  (B) 253.2 kJ/mole (C) 238.7 kJ/mole (D) 226.7 ki/mole

Q.18 The heats of formation of CO,(g) and H,O(l) are -394 kJ/mole and —285.8 kJ/mole respectively &

AHC, o [C3H8(g)] =-2221.6 kJ. Then the heat of formation of CSHS(g) is -
(A) 212.2 kd/mole (B) —143.3 kJ/mole (C) 185.4 kJ/mole (D)-103.6 kJ/mole

Q.19 The standard enthalpy of formation of ammonia gas is -

Given : N,H,(g) + H,(g) —> 2NH,(g) ; AH, =-40kJ/mol

AH;[N,H,(g)] =-120kJ/mol
(A) -60 kJ/mol (B) 180 kJ/mol (C) 40 kJ/mol (D) -80 kJ/mol

Q.20 Calculate standard enthalpy of formation of carbon—di—sulphide (1) . Given the standard enthalpy of

combustion of carbon (s) , sulphur (s) & carbon-di-sulphide (I) are : — 393, — 293 and
—1108 kJ mol 1 respectively.

Q.21 The enthalpy change for the reaction C,Hg(g) + H,(g) —> C,H.(g) + CH,(g) at 25° C is

— 55.7 kd/mol. Calculate the enthalpy of combustion of C,H,(g). The enthalpy of combustion of
H,, C;Hg; & CH, are —285.8, — 2220 & —890.0 kJ/mol respectively.

Ommemeeeee—————) 9
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7.3 BOND ENTHALPY, A, H®:

10

Chemical reactions involve the breaking and making of chemical bonds. Energy is required to break a
bond and energy is released when a bond is formed. It is possible to relate heat of reaction to changes
in energy associated with breaking and making of chemical bonds. With reference to the enthalpy changes
associated with chemical bonds, two different terms are used in thermodynamics.

()] Bond dissociation enthalpy

(i) Mean bond enthalpy

Let us discuss these terms with reference to diatomic and polyatomic molecules.

Diatomic Molecules: Consider the following process in which the bonds in one mole of dihydrogen gas
(H,) are broken:

H,(9) > 2H(9) ; A, ,H® =435.0 kJ mol

The enthalpy change involved in this process is the bond dissociation enthalpy of H-H bond. The
bond dissociation enthalpy is the change in enthalpy when one mole of covalent bonds of a gaseous
covalent compound is broken to form products in the gas phase.

Note that it is the same as the enthalpy of atomization of dihydrogen. This is true for all diatomic
molecules. For example:

CLg) > 2CI(g) ; Ay oH® =242 ki mol?

0,(9) = 20(9) ; Ag_oH® =428 ki mol™

In the case of polyatomic molecules, bond dissociation enthalpy is different for different bonds
within the same molecule.

Polyatomic Molecules: Let us now consider a polyatomic molecule like methane, CH,. The overall
thermochemical equation for its atomization reaction is given below:

CH,(9) - C(g) + 4H(g); A,H® = 1665 kJ mol*

In methane, all the four C — H bonds are identical in bond length and energy. However, the energies
required to break the individual C — H bonds in each successive step differ :

CH,(g) > CH,(9) + HI(Q) ; A, H® =+ 427 kI mol
CH,(g) > CH,(9) + H(Q) ; A, H® =+ 439 k] mol
CH,(g) > CH(g) + H(@) ; A, H® = + 452 k] mol?

CH(g) — C(g) + H(Q) ; A, H® =+ 347 ki mol!
Therefore,

CH,(9) > C(g) + 4H(9) ; A,H® = 1665 kJ mol*

In such cases we use mean bond enthalpy of C —H bond.
For example in CH,, A. ,H® is calculated as:

Ag HO = % (AHO) = % (1665 kJ mol-Y) = 416 kJ mol-:

We find that mean C—H bond enthalpy in methane is 416 kJ/mol. It has been found that mean C-H
bond enthalpies differ slightly from compound to compound, as in CH,CH,CI, CH,NO.,, etc, but
it does not differ in a great deal. Using Hess's law, bond enthalpies can be calculated.

Omeeeeeessees———)
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Mean bond enthalpy may be used to calculate A H of gaseous reaction :
Reactants (R, g) —— Products (P, g), as

R(g) — gaseous atoms A(Q) ; D AgysHg =Hx —Hg
P(g) - A(g) ; ZABonde = HA _HP

ArH = HP _HR = zAbondHR _zAbondHP

Ar H= Z Abond H Reactants Z Abond H Poroducts

If physical state of any component is different than gaseous, then it should be converted into gaseous
atom.

AH calculated from bond enthalpy give A H,. . because mean enthalphies are used in place of
bond dissociation enthalpies. Normally it remain very close to experimental A H but if any reaction
component is more or less stable by any effect like resonance, hyperconjugation, strain, etc, the
value differs largely. The difference is called energy or enthalpy of the kind responsible for the
difference like resonance energy, strain energy, etc. It is given by

AH, —AH,_ =AH

rexp r 'theo effect

Ex.4.

Sal. :

If E. _
formation of propane. The enthalpies of atomization of carbon(s) and hydrogen (g) are
716 kJ mole™ and 433 kJ mole™ respectively.

is 344 kJ mol™ and E__, is 415 kJ mol™, calculate the enthalpy of

C H

The enthal py of formation is the sum of the atomization and bond energies. For propane, the
enthal pies of atomization are

3C(s) —> 3C(g) ; AH = 3 x 716 = 2148 kJ
4H,(g) —> 8H(g) ; AH = 4 x 433 = 1732 kJ
The bond enthalpies are

2E. .= 2% —344 = — 688 Kk

C

8E = 8x —415=-3320 kJ

C-H
Adding
3C + 4H, —> CH, ; AH, = 2148 + 1732 — 688 — 3320 = —128 kJ mole™

3 8"

21.

EXERISE # IV

The enthalpy change for the following reaction is 513 kJ. Calculate the average Cl - F bond energy.

CIF,(g9) - Cl(g) + 3 F(9)

(A) 1542 kJ/mole (B) 88 kd/mole
(C) 171 kJ/mole (D) 514 kd/mole
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Using bond enthalpy data, calculate enthalpy of formation of gaseous isoprene .

5C(s) +4H,(g)—>H,C=C —C =CH,9)
CH; H

Given: C—H =98.8 kcal/mol ; H—H =104 kcal/mol ;
C—C=83kcal/mol ; C=C=147kcal/mol & C(s) — C(g) =171 kcal/mol.
For the reaction : N,H,(g) — N,H, (9) + H,(g) ; A H° =109 kJ /mol
Calculate the bond enthalpy of N = N.
Given: B.E. (N-N) =163 kJ/mol, B.E. (N-H) = 391 kJ/mol, B.E. (H-H) = 436 kJ/mol
Using the bond enthalpy data given below, calculate the enthalpy change for the reaction.
C,H,(9) + Hy(9) » C,Hq (9)

Bond Cc-C c=C C-H H-H

Bond Enthalpy 336 kJ/mol 606 kJ/mol 410 kJ/mol 431 kJ/mol
If at 298 K the bond energies of C-H, C-C, C=C and H-H bonds are respectively 414, 347, 615
and435 kJ mol, the value of enthalpy change for the reaction : [AIEEE-2003]
H,C=CH,(g) + H,(9) — H,C-CH,(g) at 298 K
will be :-
(A) +125 kJ (B) =125 kJ (C) +250kJ (D)-250kJ

The standard enthalphy of formation of NH, is —46.0 kJ mol-L. If the enthalpy of formation of H, from
its atoms is —436 kJ mol-1 and that of N, is —712kJ mol-1, the average bond enthalpy of

N-H bond in NH; is :- [AIEEE-2010]

(A) -1102 kJ mol1  (B) —964 kJ mol-1 (C) + 352 kJ mol-1(D) +1056 kJ mol-?

If the bond dissociation energies of XY, X, and Y, (all gaseous diatomic molecules) are in the ratio of

1:1:0.5and AH for the formation of XY is =200 kJ mol. The bond dissociation energy of X, will be
[AIEEE-2005]

(A) 200 kJ mol™ (B) 100 kJmol™ (C)800kimol* (D) 300kJmol?

The enthalpy of atomization of PH,(g) is 954 kJ mol- and that of P,H,(g) is 1485 kJ mol-t. What is the

bond enthalpy of the P—P bond?

The enthalpy changes for the following processes are listed below : [AIEEE-2006]
Cl(g) = 2Cl(q), 242.3 kJ mol?

1,(9) = 21(9) 151.0 kJ mol?

ICI(g) = I(g) + Cl(g), 211.3 kJ mol*

1(s) = 1.(9), 62.76 kJ mol?

Given that the standard states for iodine and chlorine are 1,(s) and CL(g), the standard enthalpy of
formation for ICI(g) is :-

(A) -16.8 kJ mol* (B) +16.8 kJ mol* (C) +244.8 kJ mol* (D) —14.6 kJ mol

The standard enthlapy of formation (AH°) at 298K for methane, CH,(g), is—74.8 kJ mol™. The additional
information required to determine the average energy for C-H bond formation would be:-

(A) Latent heat of vapourization of methane [AIEEE-2006]
(B) The first four ionization energies of carbon and electron gain enthalpy of hydrogen

(C) The dissociation energy of hydrogen molecule H,

(D) The dissociation energy of H, and enthalpy of sublimation of carbon

Omeeeeeessees———)
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31  XeF,(g) + H,(9) > 2HF(g) + Xe(g) ; AH® = —-430 kJ
using the following bond energies: H-H = 435 kJ/mol, H-F =565 kJ/mol

32

1.4

Calculate the average bond energy of Xe-F in XeF,.
Using the given data calculate enthalpy of formation of acetone (g) . [All values in kJ mol-1]

Bond enthalpy of :
C—H=415; C—C=350 ; (C=0)=730
(0=0)=495.0 ; H—H=435 ; A HofC= 720

ENTHALPY OF NEUTRALISATION, A_ H° :

neut

The reaction in which an acid and a base react to give a salt and water is called neutralization reaction.
Neutralization reactions are exothermic in nature. The enthalpy change when one gram equivalent
of an acid and one gram equivalent of a base neutralise each other completely in dilute aqueous
solution, is called enthalpy of neutralization.
For examples :
()  Neutralization of HCI with NaOH

HCl(ag) + NaOH(aq) — NaCl(aq) + H,0(¢) ; A, H =-57.1 kJ
(i)  Neutralization of CH,COOH with NaOH

CH,COOH(aq) + NaOH(ag) — CH,COONa + H,0(¢) ; A H =-559 kJ
It is important to note that the term gram equivalent is used in the definition of heat of neutralization.
This is because neutralization involves 1 mole of H™ ions and 1 mole of OH™ ions to form 1mole
of water and 57.1 kJ of heat is liberated.

H'(ag) + OH"— H,0(¢) ; A, H =-57.1kJ
Now, one gram equivalent of various acids on complete dissociation liberates one mole of H ions.
But one mole of the acid may produce more than one mole of H ions in solution depending upon
its basicity; for example 1mol of H,SO, gives 2 mol of H" ions and 1mol of H_,PO, gives 3 mol of
H" ions on complete dissociation. But 1gram equivalent of both (H_SO, or H,PO,) produces only
1 mol of H" ions. Thus, it is more appropriate to use the term gram equivalent in the definition of enthalpy
of neutralization.
The average enthalpy of neutralization of any strong acid by a strong base is found to be
-57.1 kJ/eq. This is because strong acids and strong bases are completely ionized in aqueous solutions.
The aqueous solution of one gram equivalent of all strong acids contain the same number of H™ ions.
Similarly, aqueous solution of one gram equivalent of all strong bases also contain same number of
OH". The neutralization reactions between strong acids and strong bases in aqueous solutions involve
simply the combination of H* ions (from an acid) and OH™ ions (from a base) to form unionized water
molecules. For example, the reaction between hydrochloric acid and sodium hydroxide. The
neutralization can be represented as :
H*(aq) + CI'(aq) + Na'(aq) + OH(agq) — Na'(aq) CI(aq) + H,0(¢) ; AH = -57.1 kJ
Cancelling common ions :
H'(agq) + OH (aq) — H,O(¢) ; AH = -57.1 kJ
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() A,,H forany strong acid by any strong base is almost constant.
A AHTOHT) = -57.1 ki/mole™ = -13.7 kcal mol™
It is due to the only enthalpy change occuring in such process which is
H'(ag.) + OH (aq) — H,O(l) ; AH® = -13.7 kcalleq.

(i) If any of the acid or base is weak, the numerical value of A  H decreases from 13.7 kcal by
enthalpy of ionization for the weak component. Theweak component isassumed completely
unionised in solution.

Ex5.  The acids HA, HB & HC are neutralised seperately by NaOH. If A H are -12.1, -3.9
& —7.2 kcal/eg. Arrange the acids in the increasing order of their acidic strength.

Sol: A>C>B

Ex.6. 4 H of H,CO, by NaOH is -8.7 kcal/mol, A H of oxalic acid is

Sol: 274+ H_=-87

A H = +18.7 kcal/mol

7.4.1 Theenthalpy of neutralization of weak acid and weak base: Consider the neutralisation of weak

acid HA with weak base BOH.
Where, AH. (HA) = Enthalpy of ionization of acid HA = Enthalpy to ionize 1 mole of weak

ionisation

acid inag. soln.
AH. . (BOH) = Enthalpy of ionization of base BOH

AH (H'/OH) = Enthalpy change for the reaction of H" and OH™ to form water.

neutralisation

HA(ag) + BOH(aq) —— Afaq) + B'(aq) + HO  AH i (HA/BOH)

| A A A

AI_Ilonisaﬁon (acid) AI_Ilonisation (base)

AH=0 AH=0

H+(aq)+Ai(aq) B*I(aq)+OH’<aq)

AH H/OH)

neutralization (

Thus for weak acid :
AH_ (BOH/HA) =AH_ (HA)+AH_ (BOH) + AH_ __(H'/OH)
EXERCISE # V
33. Calculate the enthalpy of ionisation of weak acid HZA(HZA—>2H++A2‘) in Kcal/ mol, if enthalpies of
neutralisation of HCI and H,A by a strong base are —14 Kcal/eq and —11 Kcal/eq respectively.
34.  Enthalpy of neutralization of H,PO,acid is -106.68 kJ/mol using NaOH. If enthalpy of neutralization of
HCI by NaOH is —55.84 kJ/mol. Calculate AH;;,ii0n Of HsPO5 into its ions
(A) 50.84 kJ/mol (B) 5 kd/mol (C) 2.5 kJ/mol (D) 60.84 kJ/mol
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7.5

7.6

Thermochemistry

ENTHALPY OF SOLUTION, A_H®° :

sol

Whena solute is dissolved ina solvent, a solution is formed. During dissolution of a solute inany solvent,
a certain amount of heat is either absorbed or evolved. The change in enthalpy when one mole of a
solute is dissolved in a specified quantity of a solvent at a given temperature is called enthalpy of solution.
To avoid the amount of solvent, enthalpy of solution is usually defined for an infinite dilute solution. Thus,
enthalpy of solution at infinite dilution is the enthalpy change when one mole of a substance is dissolved
in such a large quantity of solvent so that further dilution does not give any further enthalpy change.
KCI(s) + ag. —> KCl(aq) ; A_H = +18.6kJ mol™
CaCl,(s) + ag. —> KCl(aq) ; A_H = -75.3kJ mol™
When an ionic compound dissolves in a solvent, the ions leave their ordered positions on the crystal
lattice. These are now more free in solution. But solvation of these ions (hydration in case solvent is
water) also occurs at the same time. This is shown diagrammatically, for an ionic compound, AB (s)

AB(s) — 2™ A'ag) + B (aq)

ApicsH® Ay H®

lattice

A'(9) +B(9)
The enthalpy of solution of AB(s), A_,H®, in water is, therefore, determined by the selective values

sol

of the lattice enthalpy, A, H® and enthalpy of hydration of ions, A,,,H® as

AsoIH@ = AlatticeH@ + Ahyd H®

For most of the ionic compounds, A, HO is positive and the dissociation process is endothermic.
Therefore the solubility of most salts in water increases with rise of temperature.

ENTHALPY OF HYDRATION, TAWAN o B

This is defined as the enthalpy change (evolved or absorbed) when one mole of the anhydrous salt
combines with the required number of moles of water to form the specific hydrated salt.
CuSO,(s) + 5H,0(¢) —> CuSO,5H,0(s) ; AH, .0, = —78:21 kI mol™
Hydration is generally exothermic change.
If enthalpy of solution of the hydrated and anhydrous salt is known, then heat of hydration can
be calculated.
For example :
(@ CuSO,(s) + ag. — CuSO, (aq.) ; A_H= -66.50 kJ
(b) CuSO,.5H,0(s) + ag. — CuSO, (aq.) ; A H= 11.71 kJ
Thus, (a — b) gives
CuSO,(s) + 5H,0(¢) — CuSO,.5H,0(s) ; AH = -78.21 kJ

Hydration -
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Calculate the enthalpy change when infinitely dilute solutions of CaCl, and Na,CO,
mixed. AH? for Ca™*(ag.), CO? (ag.) and CaCO,(s) are —129.80, —161.65,-288.5 kcal mole™
respectively.

On mixing CaCl,(aqg.) and Na,CO,

CaCl, + Na,CO, —» CaCO,¥ + 2NaCl

Solutions are very dilute and thus 100% dissociation occurs.

Ca’*(ag.) + 2Cl(ag.) + 2Na’(ag.) + CO? (ag.) — CaCO,¥ + 2Na’(ag.) + 2Cl(aq.)
or Ca’’(ag.) + CO?Z (ag.) — CaCO,(9)

AH = Z HgmdUCtS - Z H(r)eactants
or AH :HSCaco3_[HO o +HY ]

fCa fco?

AH° of a compound = AH° formation = —288.5 — (-129.8 — 161.65) = 2.95 kcal

1.7

7.7.1

16

LATTICE ENTHALPY (A H) :

The lattice enthalpy of an ionic compound is the enthalpy change which occurs when one mole of an ionic

compound dissociates into its ions in gaseous state under conditions of constant temperature and pressure.
Na*Cl (s)—— Na*(g) + CI'(9) ; A,y H =+ 788 kImol?

Determination of latticener gy (Born-Haber cycle) : Since, it is impossible to find the lattice enthalpies

by direct experiment, it is generally calculated by indirect method known as Born-Haber cycle.

lattice

M(s) + 1/2X,(g) ———— MX(s)
l Step 1 lStep 2 1
M(9) X(9)
l Step 3 lStep 4

M™(g) + X(9) «e——

Born-Haber cycle
The change inenthalpy that occurs when 1 mole of a solid crystalline substance is formed from its gaseous
ions.
Step1: Conversion of metal to gaseous atoms.
M(s) —> M(g), AH, = sublimation energy
Step2:  Dissociation of X, moleculesto X atoms
X,(9)—> 2X(9), AH, = Dissociation energy
Step 3: Conversion of gaseous metal atom to metal ions by losing electron
M(g) —> M*(g) + e~, AH, = lonization enthalpy
Step4: X(g) atoms gain an electron to form M- ions
X(g) + e-——> X(g) , AH, = Electron gain enthalpy
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Step 5: M* (g) and X~(g) get together and form the crystal lattice
M*(g) + X~(9) —> MX(s) , AH, = Lattice enthalpy

Applying Hess's law we get
1

AH, +EAH2 +AH, + AH, + AH, = AH, (MX)

Thermochemistry

On putting the various known values, we can calculate the lattice energy.

Ex.8.  Calculate the proton affinity of NH.(g) from the following data (in kJ/mole)

AHgissociation : Hz(g) = 218
AH?ormation : NHB(g) = _46
Lattice energy of NH,Cl = -683
lonisation energy of H = 1310
Electron affinity of Cl = 348
Bond dissociation energy Cl(g) = 124
AHS . NH,CI(s) = 314
Sol: We have to calculate AH for the following equation

NH,(g) + H'(g) —> NH;(9)
Given : H.(g) — 2H(g)

N@)+SH,(0) —> NH(g)

NH,CI(s) ——>NH,(g) + CI(g)
H(@ — H'(9)

Cl(g) — CI¥(9)

Cl(g) — 2Cl(g)

ZN,(9)+2H,(9)+Cl,(g) - NH,CI(9)

1

(ast\Chem\Sheei\Thermochemisiry \Eng\O1_Theory.p65

= — 768 kJ/mole

AH = —E(AHl)—AHZ +AH, —AH, — AH, —%(AH6)+AH7

:—%x218+46+683—1310+348—%x124—314

218 kJ/mole

—46 kJ/mole

+683 kJ/mole

1310 kJ/mole
—-348 kJ/mole
124 kJ/mole

—314 kJ/mole

node06\BOAHBO\Kota\JEE(Advanced) \Enthusi
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IONISATION ENTHALPY, AH :

Enthalpy change when one mole of gaseous atom is converted into gaseous ion by removing one mole
electron fromground state is called ionisation enthalpy.

Example :
Na(g) —> Na’(g) +e; AH__ . (Na(g))

H(Q)— H (@) +e ; AH, 0 (H(9))
5
AH=1E + RT
ELECTRON GAIN ENTHALPY, AegH :
Enthalpy change when 1 mole electrons are added to valence shell of gaseous atoms is called electron gain
enthalpy.

Example:
Cl(g) +e—— CI (g9) A H

A H-= —Ea—ERT
o 2

ENTHALPY OF ATOMISATION, A H :

It is the enthalpy change (always positive) when one mole of a substance is completely dissociated into
atoms in the gaseous state, under constant pressure and temperature condition.

For example
H,(9)—> 2H(g) ; A,H =435.0 kI mol
CH,(g) — C(g) + 4H(g) ; A,H = 1665 kJ mol!
ENTHALPY OF TRANSITION (Enthalpy of allotropic form) , A

It is the enthalpy change when one mole of one allotropic form changes to another under conditions of
constant temperature and pressure. For example

C(graphite) — C(diamond) A, H =1.90 kJ mol-!
EXERCISE # VI
Oxidising power of chlorine in aqueous solution can be determined by the parameters indicated below:

trs

CI ,(9) _ge Cl(g) —="" CIH(g) —=*" CI(aq) [AIEEE-2008]

The energy involved in the conversion of 1 Clz(g) to Cl(aq)

(using the data A, H2, = 240 kJ mol™, A, HG=-349 kI molt™, A, Ho =-381kJ mol?) will be:-
(A) —610 kJ mol (B) -850 kJ mol™
(C) +120 kJ mol (D) +152 kJ mol*

The lattice enthalpy of solid NaClis 772 kJmol-* and enthalpy of solution is 2 kJmol. If the hydration
enthalpy of Na* & CI-ions are in the ratio of 3:2.5, what is the enthalpy of hydration of chloride ion?

(A)-140 kdmol* (B) —350 kJmol (C)-351.81 kJmol*  (D)-420 kJ/mol

Omeeeeeessees———)
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37.  Theenthalpy of solution of anhydrous CuSO,, is— 16 kcal and that of CuSO,.5H,0 is 3 kcal. Calculate
the enthalpy of hydration of CuSO,.

38. Calculate the electron gain enthalpy of fluorine atom using the following data. (All the values are inkJ
mol? at 25° C). AH . (F,) = 160, AH (NaF(s)) = - 571, L.E. [Na(g)] = 494, AH_, [Na(s)]
=101, Lattice enthalpy of NaF(s) = 894.

39.  The Born—Haber cycle for formation of rubidium chloride (RbClI) is given below

(the enthalpies are in k Cal mol)

Rb(s) +%C12(g) =105, RpCI(s)
+20.5 28.75 ‘ - 159.5

Cl(g) —— CI ()b, (g)
Rb(g) 96.0

Find the value of X.
40. By using the following data, calculate the enthalpy change of hydration of (i) the chloride ion ; (ii) the
iodide ion.
enthalpy change of solution of NaCl(s) = —2 kJ/mol.
enthalpy change of solution of Nal(s) = + 2 kJ/mol.
enthalpy change of hydration of Na*(g) = -390 kJ/mol.
lattice enthalpy of NaCl = —772 kJ/mol.

lattice enthalpy of Nal = —699 kJ/mol.
7.12 ENTHALPY CHANGES DURING PHASE TRANSFORMATIONS :

(i)  Enthalpy of Fusion, A; (H : It isthe enthalpy change that accompanies melting of one mole ofa
solid substance at constant temperature (melting point of solid) and pressure.

For example,
H,0(s) — H,0(l) ; A, ;H =+ 6.00 ki mol
(i) Enthalpy of Vaporisation, AN o

fus

It isthe enthalpy change to vapourise one mole of a liquid substance at constant temperature (boiling
point of liquid) and pressure for example :
H,O() —> H,0(g) ; A, ,H =+40.79 k] mol
(iii) Enthalpy of Sublimation, A, H:
It is the amount of enthalpy change to sublime one mole of a solid substance at constant temperature
(sublimation temperature of solid) and pressure. For example
CO,(s)—> CO,(9) ; Ay,p,H =+25.2 kI mol
8. LAWSOF THERMOCHEMISTRY

(i) Lavoisier and Laplacelaw : Heat absorbed or evolved in a process is equal to the heat evolved
or absorbed when the process is reversed.

H.,(9) — 2H(g) AH =+104 kcal, 2H(g) — H,(g) AH =-104 kcal
It follows fromthis law that thermochemical equation may be reversed.
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(ii)
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Hess slaw of constant heat summation :

Heat change of a process is the same whether the process takes place in one step or several steps.
It follows from this law that the thermochemical equation may be treated like alzebric equations.
Hess's law is helpful in calculating those heat changes which cannot be determined experimentally. It
has been experimentally verified and is also a consequence of the law of conservation of energy.

For example : Carbon can be converted into CO, is 1 step
C(s) + O,(g) —> CO,(g), AH =-94 kcal

Or intwo steps

AH
1 = kcal /\‘
C(s) + 5 0,(9) —> CO(g), AH, =-26.4 kea C(s) CO,(9)

AHl\\)
1 AH
CO(9) + -, 0,(g) —> CO,(g), AH, = -67.6 kcal Cco 2

According to Hess's law : AH=AH_ + AH,=-26.4 - 67.6 =-94 kcal.

Ex.9.

Sal. :

20

Calculate the heat of reaction for the hydrogenation of acetylene to ethylene at constant volume
at 25°C from the following data.

() Enthalpy of formation of water = —285.8 kJ mol™
(i) Enthalpy of combustion of acetylene = —1299.6 kJ mol™
(iii) Enthalpy of combustion of ethylene = —1410.8 kJ mol™

i) Hyg) + %Oz(g) — H,0(/), AH = —285.8 kJ mol™

—1299.6 kJ mol™

(i) CHJg) + gOz(g) — 2C0O,(9) + H,0(4), A4H

(i) CH,(g) + 30,(g) — 2CO,(g) + 2H,0(4), AH = -1410.8 kJ mol™

Equation (ii) + equation (i) — equation (iii), we get

C,H,(9) + H,(9) > C,H,(9)

AH = —1299.6 — 285.8 + 1410.8 = —174.6 kJ mol™

AE = —174.6 —«(-1)(8.314 x 107%)(298) = — 172.12 kJ mol™
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Ex.10.

Sol.

Ex.11.

Sol.

Thermochemistry

Calculate AH°® for the reaction
FeO(s) + 2H"(ag) — H,0(9) + Fe" (aq.)

3
Giventhat 2Fe(s) + EOZ(g) — Fe,0,(9), AH°® = —822.2 kJ mol™
1
2FeO(s) + EOZ(g) — Fe,0,(9), AH°® = —284.2 kJ mol™
1
H9) + 5 0,0 — H,0(9) , AH° = —286.0 kJ mol™
Fe(9 + 2H'(ag) — Fe(aq.) + H(g), AH° = -284.1 kJ mol™
Eq.(iii) + Eq.(iv) — % x Eq. (i) + % x Eq.(ii).
AH e = (-286.0) + (-284.1) - % (-822.2) + %(—284.2) = -301.1 kd/mol.
From the following data, determine AH?(B,H,) at 298 K;
(@ B,H(g) + 30,9) —B,0,(s) + 3H,0(9), AH = —1941 kJ mol™
3
() 2B(s) + 5 O,(9) —B,O(9) , AH = —2368 kJ mol™
1 1
(© H(g) + EOZ(g) — H,O(9), AH = -241.8 kJ mol

Sol. B,H.(g) —> 2B(s) + 3H,(g) ; AH = — 36

2B(s) + 202 — B,0,(5) ; AH = - 1273

3H,0(l) — 3H,0(g) ; AH =3 x 44

3H, + 202 (@) —> 3H,0(1) ; AH = 286 x 3

BZ

He(9) +30,(9) —> B,0,(s) + 3H,0(g) ; AH = - 2035 kJ/mol.

For eq.(a),
(-1941) = [(-2368) + 3 (-241.8)] - [AH} () +3%0]

© [AHS 4 = -1152.4 kJ/mol.]



JEE-Chemistry

ALLEN
ANSWER-KEY
EXERCI SE-I
1 Ans.(D) 2. Ans.(A) 3. Ans. (D) 4, Ans.(B)
5. Ans.(B) 6. Ans. —741.5 kJ/mole
7. Ans. —3.502 kJ
EXERCI SE-II
8. Ans. 602.49 kJ 0. (i) -885kJ/moal (ii) -889.99 kJ/mol
10 W =0, AU =-31.723J
EXERCISE-I11
11. Ans.(D) 12. Ans.(D) 13. Ans.(B) 14. Ans. (B)
15. Ans. (D) 16. Ans.(C) 17. Ans.(D) 18. Ans(D)
19. Ans(D) 20. 129 kJ 21. —1560.1 kJ mol—t
EXERISE-1V
21. Ans.(C) 22. Ans.(+20.6 kcal/mal.)
23. Ans. (400kJ/mole)  24. Ans. —119 kJ/mol
25. Ans.(B) 26. Ans.(C) 27. Ans.(C)
28. 213 kJ / mal 29. Ans.(B) 30. Ans.(D)
31. Ans1325kJ/mol 32 —207.5 kJ mol-
EXERCISE-V
33. Ans.(6) 34. Ans.(B)
EXERCISE-VI
35. Ans.(A) 36. Ans.(B) 37. — 19 kcal / mole
38. —352kJ mol 39. -90.75 kcal mol?t
40. for Cl--384 kJ mol?, for |- -307 kJ mol*
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Thermochemistry

MISCELLANEOUS PREVIOUS YEARS QUESTION

Q.1 Which ofthe following is not an endothermic reaction?

Ans.

Sal.
Q.2

Ans.

Sol.

Q.3

Ans.

Sol.

(A) Combustion of methane [JEE 1999]
(B) Decomposition of water

(C) Dehydrogenation of ethene to acetylene

(D) Conversion of graphite to diamond

(A)

Combustion reaction is always an exothermic reaction

Estimate the average S—F bond enthalpy in SF,. The AH.® values of SF, (g), S(g), and F (9)
are— 1100, 275 and 80 kJ/mol respectively. [JEE 99, 5]

309.16 kJ/mol
SFg(9) — S(g) + 6F(9)

AHY,, = AH{[5(a)] + BAHR[F(g)] - AHL[SF;(9)]

AH® = 275 + (6 x 80) + 1100
AH? = 1855
0
(S—F)= % =% —309.166 ky/mol.

Diborane is a potential rocket fuel which undergoes combustion according to the reaction,
B,H¢(9) + 30,(9) — B,04(s) + 3H,0(9)
From the following data, calculate the enthalpy change for the combustion of diborane :[JEE 2000]

2B(5)+ > 0,(0)—> B,04(9); AH = 1273 K]
1
Hz(g) + Eoz(g) > H20(|); AH =-286 kJ
H,O(l) —> H,0(9); AH =44 k]
2B(s) + 3H,(g) — B,H,(9); AH =36 kJ
—2035kJ mol*

B,H(9) —> 2B(s) + 3H,(9) ; AH=-36 kJ

2B(s) + goz(g)—> B,O4(s) ; AH = -1273 kJ

3H,(g) + goz(g) — 3H,(I) ; AH-8.58 kJ

3H,0(I) — 3H,0,(9) ; AH 132 kJ
B,H4(9) +30,(g) — B,0, (s) + 3H,0(g) ; AH =-2035
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Q.4

Ans.
Sol.

Ans.

ALLEN

AHOf for CO,(g), CO(g) and H,0(g) are —393.5, —110.5 and —241.8 kJ mol-* respectively. The standard
enthalpy change (in kJ) for the reaction

CO,(9) + H,(9)—> CO(9) +H,0(9) is
(A)524.1 (B) 41.2 (C)-262.5 (D)-41.2 [JEE 2000]
(B)
CO,(9) +H,(g) —— CO(9) + H,0(9)

AHY,, = (AH?[CO(g)]+ AH?[H,0(g)]) - (AH?[CO,(g)]+AH?[H,0(g)))

rxn

AH® = (-110.5 — 241.8) — (~393.5 + 0)

=+41.2 kJ/mol
Q.5 Which of the following reactions defines AHOf ?
(A) Cgiamondy + O2(9) —> CO,(0) (B) /2 H,y(g) + 1/2 F,(9) — HF(g)
(C) N,(9) + 3H,(g) —> 2NH, (D) CO(g) + 1/20,(g)—> CO,(9) [JEE 2003]
(B)

Sol.

Q.6

Ans.
Sol.

24

Inthe formation reaction, 1 mole proudcts should be formed from its elements and elements must be in
their most abundance state this condition is fulfilled by options (B)

Ina constant volume calorimeter, 3.5 g of a gas with molecular weight 28 was burnt in excess oxygen at
298.0 K. The temperature of the calorimeter was found to increase from 298.0 K to 298.45 K due to
the combustion process. Given that the heat capacity of the calorimeter is
2.5 kJ K1, the numerical value for the enthalpy of combustion of the gas in kI mol-tis [JEE 2009]

©)
q=(2.5) (0.45) = 1.125

28

—j =-9kJ/mol
3.5

AUcombination = (1125) (
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EXERCISE # (S-)
Relationship between AH & AU
Q.1  The enthalpy change for the reaction of 50 ml of ethylene with 50.0 ml of H, at 1.5 bar pressure is
AH = - 0.31 KJ. What is the AU ?
Q.2  Ethylchloride (C,HsCI), is prepared by reaction of ethylene with hydrogen chloride:
C,H,(9) + HCI (9) - C,H:Cl(g) AH =-72.3kJ
What is the value of AE (in kJ), if 98 g of ethylene and 109.5 g of HCI are allowed to react
at 300 K.
Q.3 Determine the amount of heat (in kcal) given off at constant volume when 0.5 mol of N, & 1.5 mol of
H, reacted according to equation at 300 K.
N,(9) + 3H,(9) = 2NH,(g) ; AH;,, = — 380 kcal/mol
(Given : R = 2 cal / mol-K)
Q.4 Ethyl chloride (C,H.CI), is prepared by reaction of ethylene with hydrogen chloride :
C,H,(9) + HCI(g) — C,H.CI(9) AH = - 72.3 kJ/mol
What is the value of AU (in kJ), if 70 g of ethylene and 73 g of HCI are allowed to react at 300 K.
Q.5  Determine AH for the following reaction at 500K and constant pressure :
CO(g) + H,0 (g) > CO, () + H, (9)
use the following data :
Substance Cp(J/moI K) AH(300K) (kJ/mol)
CO(9) 29 -110
H,O (9) 33 —241
CO,(9) 37 -393
H, (9) 29 0
Enthalpy of formation and combustion
Q.6 When 2moles of C,H,(g) are completely burnt, 3120 kJ of heat is liberated . Calculate the enthalpy of
formation, of C,H(g) . Given AH for CO,(g) & H,O(l) are — 395 & — 286 kJ respectively.
Q.7  Fromthe following data at 25°C, Calculate the standard enthalpy of formation of FeO(s) and of Fe,O,(s).

Q.8

Reaction AH® (kJ/mole)
(1) Fe,0O4(s) + 3C(graphite) — 2Fe (s) + 3CO(g) 492
(2) FeO (s) +C(graphite) — Fe(s) + CO(g) 155
(3) C(graphite) + O,(g) — CO,(9) -393
(4) CO(g) +1/120,(g) = COL(9) —282

At 300 K, the standard enthalpies of formation of C,H.COOH(s), CO, (g) & H,O(l) are
— 408, —393 & —286 ki mol~! respectively. Calculate the heat of combustion of benzoic acid at
: (1) constant pressure (ii) constant volume.
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

26

ALLEN
Acylinder of gas is assumed to contains 11.6 kg of butane. Ifa normal family needs 26,500 kJ of energy
per day for cooking, how long will the cylinder last if the enthalpy of combustion,
AH =-2650 kJ/mole for butane.

0.821 | sample of a mixture of CH,(g) & O,(g) measured at 27°C & 760 torr was allowed to react at
constant pressure in a calorimeter which together with its contents had a heat capacity of 1200 Cal/K. The
complete combustion of methane to CO,, & H,O caused atemperature rise, inthe calorimeter, of 0.25 K.
What was the mole percent of CH, in the original mixture?

AH°_ . (CH,) = —200 kcal mol~ .
Bond Enthalpy

Compute the enthalpy of formation of liquid methyl alcohol in ki mol, using the following data. Enthalpy
of vaporisation of liquid CH,OH =38 kJ/mol .

Enthalpy of formation of gaseous atoms from the elements in their standard states are
H— 218 kJ/mol ; C—»715kJ/mol ; O — 249 kJ/mol.

Bond Enthalpies
C-H—>415kJ/mol; C-O0—> 35 kJ/mol ; O-H—463kJ/mol
Find the enthalpy of S-S bond from the following data.
() C,Hs—S-C,H; (9) A¢H™ =—150 kJ/mol
(i) C,H;—S-S-C,H;(q) A¢H" =-200 kd/mol
(i) S(g) A¢H™ = 225 kd/mol

The polymerisation of ethylene to linear polyethylene is represented by the reaction
n CH, = CH,(9) > (-CH,—CH,), (9)

wheren hasa large integral value . Given that the average enthalpies of bond dissociation for C=C &

C-C at 298K are +590 & +331 kJ mol! respectively. Calculate the enthalpy of polymerisation

per mole of ethylene at 298 K.

White phosphorus is a tetra-atomic solid P, (s) at room temperature.

/ P‘ \
P\ P
P/
Find average (P —P) bond enthalpy in kJ/mol.

Given: AH of P, (s) = 59 kJ/mol
AH of P, (s) = 1265 kJ/mol

sublimation

atomisation
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Q.15 Calculate enthalpy of combustion of propane [C;Hg ()] in kJ/mol at 298 K.
Given: B.E. (O =0) =498 ki/mole ; B.E. (C =0) =804 kJ/mole
B.E. (C-H) = 410 nkJ/mole ; B.E. (O-H) =464 kJ/mole
B.E. (C-C) = 345 kJ/mole ; Resonance energy of CO, (g) = — 143 kJ/mole
AH porization (H20, 1) = 41 ki/mole

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Use the following data to answer the questions below :

O % O ; AH = -28.6 Kcal mol;
~ cxcess Hz Oi:@ : AH =-116.2 Kcal mol™
Calculate the resonance energy of anthracene, @@@

Calculate the magnitude of resonance enthalpy of CO,(g) from following data

AHZombustion [C(graphite)] == 390 kJ/mOI
AHthomisation [C(graphite)] = 715 kJ/mOI
AHg £ [0 =0] =500 kJ/mol

AHg:[C=0] =800 kd/mol

Other types of Enthalpy of reaction
H* + OH" ——H,0; AH® = =57 kJ/mol

AHioonis,ation[HCN] = 45 k‘]/mOI

1200 ml, 1/10 M Ba(OH), solution is mixed with 500 ml, 1/10M HCN, then evolved heat will be.

The enthalpies of neutralization of NaOH & NH,OH by HCl are — 13680 Cal/Eq and
—12270 Cal/Eq. respectively . What would be the enthalpy change if one gram equivalent of NaOH is
added to one gram equivalent of NH,Cl in solution ? Assume that NH,OH and NaCl are quantitatively
obtained.

Two solutions initially at 25°C were mixed in an adiabatic constant pressure calorimeter. One contains
400 ml of 0.2 M weak monoprotic acid solution. The other contain 100 ml of 0.80 M NaOH. After
mixing temperature increased to 26.2 °C. How much heat is evolved in the neutralization of 1 mole of
acid? Assume density of solution 1.0 g/cm?3, and specific heat of solution 4.2 J/g-K. Neglect heat capacity
of the calorimeter.

If the enthalpy of formation of HCI (g) and CI- (aq) are —90 kJ/mole and — 170 kJ/mol, find the enthalpy
of solution of hydrogen chloride gas.
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Q.22 Fromthe following data of AH of the following reactions
C(s) + 1/20,(9) —> CO(g) ; AH=-110kJ
and C(s) + H,0(g) —— CO(g) + H,(9) ; AH=130kJ

Calculate the mole ratio of steam and oxygen on being passed over coke at 1273 K, keeping the reaction
temperature constant.

ALLEN

Miscellaneous

Q.23  Lime is made commercially by decomposition of limestone, CaCO,. What is the change in internal
energy when 1.00 mole of solid CaCO,(V =34 ml) absorbs 180 kJ of heat and decomposes at certain
temperature against a pressure of 1.0 bar to give solid CaO.(Volume =16 ml) and CO,(g)(V =20L).

Q.24. One mole of solid Zn is placed in excess of dilute H,SO, at 27°C in a cylinder fitted with a piston.
Find the value of AU, q and w for the process if the area of piston is 500 cm” and it moves out by
50 cm against a pressure of 1 atm during the reaction. The heat given to surrounding is
36.5 kJ.

Zn(s) + 2H"(ag) = Zn*"(aq) + H,(g)
Q.25 Forthe reaction:
3A(g) +2B(g) ——4C(9)
at 300K if 5 moles of A are mixed with 4 moles of B, work in the process will be.

PTT  cde06\80A 80\KokoEE Advanced Erhusiosi\Chem\Sheei\Thermocherisiy\Eng\02_Bx 5
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EXERCISE # (S-1)

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

The enthalpy of formation of C,H.OH(l) is — 66 k Cal/mol . The enthalpy of combustion of
CH,-0-CH, is —348 k Cal/mol . Given that the enthalpies of formation of CO,(g) and H,O(l) are
—94 k Cal/mol & — 68 kcal/mol respectively, calculate AH for the isomerisation of ethanol to
methoxymethane. All data are at 25°C.

Calculate the mass of mercury which can be liberated from HgO at 27° C by the treatment of excess
HgO with 9 kJ of heat at (a) constant pressure , (b) constant volume

Given: AH? (HgO,s)=-90kJmol? &  Molar mass of (Hg) = 200 g mol*.

Astoichiometric mixture of ferric oxide & Al is used as solid rocket fuel. Calculate the fuel value
per gm & fuel value per CC of the mix. Enthalpy of formation & densities are :

AHP (Al,O,;) =-399 k Cal/mole ; AH? (Fe,O;) =—199 kcal / mole,
density of Fe,O,=>5.2 g/cc ; density of Al =2.7 g/cc.
Calculate the enthalpy change for the reaction : XeF,—— Xe*+F +F, +F.

The average Xe—F bond enthalpy is 34 kcal/mol, first I.E. of Xe is 279 kcal/mol, electron affinity of F is
85 kcal/mol & bond dissociation enthalpy of F,, is 38 kcal/mol.

Calculate the bond enthalpy of the O—H bond in water at 298K using the data/information given
below :-

(A) A H[H(g)] =218 ki/mol

(B) AH[O(g)] =249.2 kd/mol

(C) A H[H,0(g)] =-241.8 k/mol

The bond enthalpy of the O—H bond in water is defined as one-half of the enthalpy change for the
reaction H,0(g) — 2H(g) + O(g).

Also, determine the AU ofthe O—H bond in water at 298K. Assume ideal gas behaviour.
Given: (8.314 x 0.298 = 2.5)

(i) Fromthe following data :

Enthalpy of formation of C,H, =—83 kd/mol

Enthalpy of sublimation of graphite =719 kJ/mol

Enthalpy of bond dissociation of H,, = 435 kJ/mol

C-H bond enthalpy = 414 kJ/mol

Calculate the bond enthalpy of C—C

(if) By using data of above question calculate bond enthalpy of C=N if enthalpy of formation of
CH,CN =87 kJ/mol and enthalpy of bond dissociation of nitrogen = 945 kJ/mol

Calculate the enthalpy change when infinitely dilute solution of CaCl, and Na,CO, are mixed AH° for
Ca?*(aq), CO,2 (aq) and CaCO, (s) are — 129, — 161, — 288 kcal mol-! respectively.
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Q.9

Q.10

30

ALLEN

The enthalpy of formation of ethane(g), ethylene(g) and benzene(g) from the gaseous atoms are —2840,
—2275 and -5530 kJmol! respectively. Calculate the magnitude of resonance energy of benzene. The
bond enthalpy of C—H bond is given as equal to + 410 kJ/mol.

Calculate the enthalpy of combustion of methyl alcohol (1) at 298 K from the following data
Bond C-H Cc-0 O-H 0=0 CcC=0
Bond Enthalpy(kdmol) 414 351.5 464.5 494 711
Resonance energy of CO, =-143kJ mol-1

Latent heat of vaporisation of methyl alcohol = 35.5 kJ mol.

Latent heat of vaporisation of water =40.6 kJ mol .

The bond enthalpies of C-C, C=C & C=C bonds are 348, 610 & 835 kJ/mol respectively at 298K &
1 bar. What is of the enthalpy change of polymerisation at 298K & 1 bar per mole of 2-butyne?

nCH,-C = C-CH,(9) - (-CH,-CH=CH-CH_-)_(9)
[‘'n" isalargeintegral value]

PTT  cde06\80A 80\KokoEE Advanced Erhusiosi\Chem\Sheei\Thermocherisiy\Eng\02_Bx 5
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EXERCISE # (O-)
Relationship of AH & AU
Q.1 For areaction, 2X(s) + 2Y(s) —» 2C(¢) + D(g)
The q at 27°C is - 28 Kcal mol™, the g is ----------- Kcal mol™
(A)-27.4 (B) +27.4 (C)-28.6 (D) 28.6
Q.2 Consider the reaction at 300 K
H,(9) + ClL(g) — 2HCI(g) AH = -185kJ/mol
Calculate AU if 3 mole of H, completely react with 3 mole of Cl, to form HCI.
(A0 (B) —185 kJ (C) 555 kJ (D) — 555 kJ
Enthalpy of formation and combustion
Q.3 Study the following thermochemical equations :
A—>B ; AH =+ 100 kcal
B—>C ; AH =-80 kcal
The correct order of enthalpies of formation of A, Band C is -
(A)A<B<C (B)A<C<B (C)C<A<B (D)B<C<A
Q.4  N,(g) + 20,(9) — 2NO, AH =+ x kJ
2NO (g) + O, (9) —» 2NO, (9) AH = +y kJ
The enthalpy of formation of NO is
1 1
(A) (2x = 2y) kiJ/mol (B) (x —y) kd/mol ©) E(y— x) kd/mol (D) E(X -y) kJ/mol
Q.5 2NO,(g) - N,0,(9) ; AU% [N,O,(9)] = 2kcal/ mole and AU° _ .~ =-16 kcal /mol then calculate
AR .. of NO, at 727°C
(A) 9 kcal /mol (B) 4.5 kcal /mol (C) 8 kcal /mol (D) 10 kcal /mol
Q.6 Find A U° for the reaction 4HCI (g) + O, (g) — 2Cl,(g) + 2H,0 (g) at 300 K. Assume all gases
are ideal.
Given:H,(g) + Cl(g) —> 2HCI (g) A H3y, = - 184.5 ki/mole
2H,(g) + O0,(9) — 2H,0 (9) Angoo =-483 kJ/mole (Use R = 8.3 J/mole)
(A) 111.5kJ/mole  (B)-109.01 kJ/mole  (C)-111.5 kJ/mole (D) -114 kd/mole
Q.7 What amount of heat energy (kJ) is released in the combustion of 12.0 g of C_H, at 1atm constant
pressure.
C,H,(9) +40,(g) > 3 CO,9) + 2 H,O(I) ; AH* = -1939 kJ
(A) 696.3 (B) 1939 (C) 6463.3 (D) 581.7
Q.8  NH,(g) + 3ClL(g) — NCl,(g) + 3HCI (g); AH,
N,(9) + 3H,(9) = 2NH;(9); AH,
H,(g) + Cl,(g) — 2HCI (g) ; AH,
The enthalpy of formation of NCI, (g) in the terms of AH,, AH, and AH, is
AH, 3 AH, 3
(A) AH; = - AH, + —=—— AH, (B) AH;= AH, + —=——AH,
2 2 2 2
AH, 3
(C) AH, = AH, - 5 AH, (D) AH,= AH, + AH, — AH,
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Bond enthalpy

The bond dissociation energy of gaseous H,, Cl, and HCI are 104, 58 and 103 kcal mol™

respectively. The enthalpy of formation for HCI gas will be :-

(A) —44.0 kcal/mol  (B) —22.0 kcal/mol (C) 22.0 kcal/mol (D) 44.0 kcal/mol

The reaction CH,(g) + Cl,(g) — CH,CI(g) + HCI(g) has AH = -25 kcal.

Bond
Bond| Enthalpy

kCal
Ec_q 84
Eh_ci 103
€cn X
Ecici y

X:y=9:5

From the given data, what is the bond enthalpy of CI—CI bond
(A) 70 kcal/mol (B) 80 kcal/mol (C) 67.75 kcal/mol (D) 57.86 kcal/mol
If X, X, and x, are enthalpies of H-H, O=0 and O-H bonds respectively, and x, is the enthalpy of
vaporisation of water, estimate the standard enthalpy of combustion of hydrogen
X X
If bond enthalpy of C—C and C = C are 348 kJ /mole and 615 kJ/mole respectively then calculate enthalpy
change (in kJ/mole) which occurs during the isomerisation of cyclopropane (g) into propene(g)
(A) -267 (B) 81 (C)-81 (D) 267
If enthalpy change for hydrogenation of ethylene is —132 kJ/mole and enthalpy of formation 1,3-butadiene
(9) and butane (g) are 115 kJ and —140 kJ/mole respectively then calculate resonance energy of
1,3-budadiene (inkJ).
(A9 (B) 18 C) 4 (D) 10
Given the correct order of initials T (true) or F (false) for following statements.
(i) For the reaction CaCO; (Calcite) - CaCO, (aragonite) ; AH=—1127.75 kJ/mol,
then Calcite form is more stable at standard conditions.
(i) For the reaction,
(a) C(diamond) + 2H, (g) —» CH,(9) , AH;
(b) C(g) + 4H(g) - CH,(g) | AH,
then more heat is evolved in reaction (b)
(i) AH° (1,,9) = Ay, H [I,, s] at 25°C
(iv) For the exothermic reaction 2Ag(s) + 1/2 O,(g) — 2Ag,0(s) at 298 K. AH < AU
(A)FTTT (B) TTFT (C) TFTF D)TTTT

X X
(A) X+ 72 -2X4tX,  (B)x;+ 2X5—X, (C)x+ 72 —X3+X, (D) 2X4-x,—
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Q.15 A H ofwhich of the following reactions is zero ?
(A) Hy(g) —» 2H* (g) + 2e~ (B) 2H (9) + aq — 2H*(aq) + 2e-
(C) 2H(g) —» 2H"(g) + 2e~ (D) Hy(9) + ag — 2H*(aq) + 2e-

Q.16

Q.17

Q.18

Q.19

AH? of water is — 285.8 k] molL. If enthalpy of neutralisation of monoacid strong base and mono basic

strong acid is—57.3 kJ mol, AH? of OH~ ion will be

(A)-228.5 kJmol? (B)228.5kJmol? (C)114.25kIJmol? (D) -114.25kJ mol
Ethanol can undergoes decomposition to form two sets of products

;C2H4(g)+H2O () ; AH°=45Kk]
C,H.OH (g) —>

L2 .CH;CHO(g) + H, (g) i AH® =63 kJ

if the molar ratio of C,H, to CH,CHO is 8 : 1 ina set of product gases, then the enthalpy involved in the
decomposition of 1 mole of ethanol is

(A) 423 kJ (B) 47 kJ (C)61kJ (D) 549 kJ

The enthalpy changes of the following reactions at 27°C are

1
Na(s) + 5 Cl, (g9)—> NaCl (s) AH=-411kJ/mol
H,(g) +S (s) + 20, (g) —> H,SO, (I) AH=-811kJ/mol
2Na(s) + S(s) + 20, (g) —> Na,SO, (s) AH=-1382 kJ/mol
1 1 _ .
5 H,(g) + 5 Cl,(g)—> HCI (9) AH=-92kJ/mol;

from these data, the heat change of reaction at constant volume ( in kJ/mol) at 27°C for the process
2NaCl (s) + H,SO, (I) — Na,SO, (s) + 2HCI (g) is (R = 8.3 J/K-mol)

(A) 67 (B) 62.02 (C)71.98 (D) 64.51

Reactions involving gold have been of particular interest to a chemist . Consider the following reactions,
Au(OH), +4 HCl— HAuCI, +3H,0, AH = —28 kcal

Au(OH), + 4 HBr——HAuBr, + 3H,0, AH =-36.8 kcal

In an experiment there was an absorption of 0.44 kcal when one mole of HAUBr, was mixed with
4 moles of HCI . What is the percentage conversion of HAuBr, into HAuCI, ?

(A)0.5% (B) 0.6 % (C)5% (D) 50 %
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EXERCISE # (O-11)

SingleCorrect :
Q.1 Whatisthe ratio of the enthalpy yield on combustion of hydrogen atoms to steam to the yield on combustion

Q.2

Q.3

Q4

Q.5

34

of anequal mass of hydrogen molecules to steam?

1
Given: H,(g) + 5 0,(9) > H,0(g) ; AH=-242kJ

B.E.(H-H) =436 kJ

(A)0.80:1 (B)1:0.80 (C)1.80:1 (D)2.80:1
For the allotropic change represented by the equation C (graphite) —— C (diamond), AH = 1.9 kJ.
If 6 g of diamond and 6 g of graphite are separately burnt to yield CO,, the enthalpy liberated in first
case Is
(A) less than in the second case by 1.9 kJ (B) more than in the second case by 11.4 kJ
(C) more than in the second case by 0.95 kJ (D) less than in the second case by 11.4 kJ

(i) Cis—2 — butene — trans — 2 — butene, AH,

(i) Cis — 2— butene — 1 —butene, AH,

(i) Enthalpy of combustion of 1-butene, AH = —-649.8 kcal/mol

(iv)9AH, + 5AH,=0

(v) Enthalpy of combustion of trans 2 — butene, AH = —647.0 kcal/mol.

The value of AH, & AH, inKcal/mole are

(A)-1.0,1.8 (B) 1.8,-1.0 (©)-5,9 (D)-2,3.6

Hydrazine, a component of rocket fuel, undergoes combustion to yield N,, and H,O.
N,H, () + O, (9) —> N, (9) + 2H,0 (1)

What is the enthalpy change of combustion of N,H, (kJ/mole)

Given Reaction AH/kJ
2NH, (9) + 3N,0 (g9)— 4N, (g) + 3H,0 (1) ~1011 kJ
N,O (g) + 3H, (9)—> N,H, () + H,O (I) ~317kJ
4NH3 (9)+ Oz 9)—> 2N2H4 (1 + ZHZO () — 286 kJ
1
H, (9) + 5 0, (9)—>H,0 () - 285kJ
(A) - 620.5 (B)-622.75 (C) 1167.5 (D) +622.75

The enthalpy change for the reaction,
CH,CHO (g) - CH,4(g) + CO(g) at 300 K is — 17.0 kJ/mol
Calculate the temperature at which A H for the reaction will be zero.
[Given : Com (CH,,0) =38 JKmol; Com (CO, g) =31 JKmol & Com (CH,CHO,g) =52 JJK mol ]
(A) 1300°C (B) 1027°C (C) 700°C (D) 754°C
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Morethan one may correct

Q.6

Q.7

Q.8

Q.9

Select the correct option -

(A) AH{H(9)) is equal to AH,; - ic.ion O H,(9)

(B) AHg(H-H) is equal to AH.of H(g)

(C) AHg(H-H) isequalto AH,; c.ion OFH,(9)

(D)AH [H,(9)] is equal to AH, [H,O(I)] at 300K
Which of the following statement is (are) correct ?

(A) for any reaction ArH°=ZAfH°p - XAH

combustion

roduct reactant

(B) AH; of CO,(9) issame asthe AH® _ of carbon graphite

(C) All exothermic gaseous reactions , Y (B.E.) > Y (B.E.)

reactants prod ucts

(D) for a reaction Nz(g) + Oz(g) — 2NO(g), the heat at constant pressure and the heat at constant

volume at a given temperature are same
Which of the following do(es) not represent AH® formation of the product.

(A)  Hy(9) +1,(s) — 2HI(g) (B) éog(g) — 0,(9)
(C)  NH,(g) + CI(g) —> NH,CI(s) (D) P,(black) + 50, (g) — P,0,,(9)
(E)  Reactionrepresenting AH_ . ion OF C (graphite).
From the following data at 25°C
Reaction AH® kJ/mol
H@) + 5 0,(0)—> OH (@) 2
H,(9) + %Oz(g) — H,0(9) —242
H,(9) —> 2H(9) 436
0,(9) — 20(g) 495

Which of the following statement(s) is/are correct:

(A) A H° for the reaction H,O (g) — 2H(g) + O(g) is 925.5 kJ/mol
(B) AH?® for the reaction OH(g) —> H(g) + O(g) is 502 kJ/mol

(C) Enthalpy of formation of H(g) is—218 kJ/mol

(D) Enthalpy of formation of OH(g) is 42 kJ/mol

Match thecolumn :

Q.10

Column-I Column-l1
(A)  C(graphite) + O,(g) = CO,(q) P AH
(B)  C(graphite) - C(gas) Q) AH L ion
(C) CH,COOH(aq) + OH- (aq) — CH,COO-(aq) + H,0(¢) R) AH
(D) CH,(9) —» C(g) +4H(9) ) AH, izaion
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Matchlig :
Q.11 Match the enthalpy change (AH) mentioned in list-11 for 16 gm O, with the various reaction in
list-1.
List-I List-11 (AH inkJ)
(P)  2C,H,+50,(g) —> 4CO,(g) + 2H,0(l), AH- 2601 k] (A) -285.8
Q)  H,(9)+1/20,(g) —> H,0(g), AH=-285.8 kJ (B) -196.75
(R)  3FeO(s) + 1/20,(g) —> Fe,O,(s), AH =-302.4 kJ (C) -260.1
() Cyapnie T 04(9) —> CO,(9), AH =-393.5 k] (D) -302.4
Code
P Q R S
(A) 4 1 3 2
B) 3 1 4 2
< 3 4 1 2
(D) 2 3 1 4

Passage (Q. 12t0 Q.13)

Bond dissociation enthalpy of the first H-S bond in hydrogen sulphide is 376 kJ/mole. The enthalpies of
formation of H,S(g) and S(g) are —20.0 and 277.0 kJ/mole respectively. The enthalpy of formation of gaseous
hydrogen atomis 218 kJ/mole. Using above information, answer following questions :

Q.12 The enthalpy of formation of free radical HS is

(A) 138 kJ/mole (B) =138 kJ/mole (C) -10 kd/mole (D) 357 kd/mole
Q.13 The bond dissociation enthalpy of the free radical HS is
(A) 138 kd/mole (B) 276 kJ/mole (C) 357 kd/mole (D) 376 kd/mole

Paragraph for Q.14 to Q.15

Amount of heat evolved during complete combustion of liquid benzene can be calculated from the following
data.

(1) 18 gm of graphite on complete combustion evolve 591 kJ heat

(ii) AH{(H,0,/) = _ 286 kd/mol

(iii) The heat of formation of liquid benzene is 50 kJ /mole
Q.14 Heat of formation of CO,(g) from following data is-

(A)-286 kJ/mole (B) =590 kJ/mole (C) -394 kJ/mole (D) —3268 kd/mole
Q.15 Find heat evolved from combustion of 78 gm benzene

(A) 3272 kJ (B) 6345 kJ (C) 4536 kJ (D) 5364 kJ
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Table Type Question :
Column-I Column-II
(Reactions) (Characteristics)
@  C(s) + O,(g) = COLg) (1) AH = +ve
1
D) SO,(g) — SO.(g) + 5 0,(g) (ii) An, = +ve
dII) 2CO(g) + O,(g) —» 2CO(g) (iii) An, = -ve
1
Iv) C(s) + EOZ(g) — CO(g) (iv) AH = —ve

Q.16 Which of the following is only correct match ?
AI,i,P B II,i,Q (C)IIT , 11, S

Q.17 Which of the following is only incorrect match ?
AIL,i,P (B)III,iv,R O©)1V,ii, S

Q.18 Which of the following is only correct match ?
AI,ii,Q B)II,1ii, Q (O)III,iv, S

Thermochemistry

Column-II1

(Characteristics)
(P) AH > AE

Q) | AH | > |AE]

(R) AH < AE

(S) |AH | < | AE |

M) IV,iv,R

D)1, ii, Q

D)1V ,ii, P

37
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Consider the reaction : [AIEEE-2011]
4NO,(g) + 0,(9) - 2N,04(9), AH = -111kJ.

If N,O5(s) is formed instead of N,O5(g) in the above reaction, the A H value will be :-

(given, AH of sublimation for N,Os is 54 kJ mol-1)

(1) -165 kJ (2) +54 kJ (3) +219 kJ (4) —219 kJ

The value of enthalpy change (AH) for the reaction

C,HsOH ) + 30, — 2C0Oy4 + 3H,0(

at 27°C is—1366.5 kJ mol-L. The value of internal energy change for the above reactionat this temperature
will be :- [AIEEE-2011]
(1) -1371.5 kJ (2) -1369.0 kJ (3) -1364.0 kJ (4) -1361.5 kJ

The enthalpy of neutralisation of NH,OH with HCI is -51.46 kJ mol-! and the enthalpy of neutralisation
of NaOH with HCl is =55.90 kJ mol-L. The enthalpy of ionisation of NH,OH is:

[JEE-MAINS (online) 2012]
(1) +107.36 ki mol-1  (2) —4.44 kJ mol-1 (3) —107.36 kJmol-1 (4) +4.44 kJ mol-1

Given [JEE-MAINS (online) 2013]
Reaction Energy Change (in kJ)

Li(s) — Li(g) 161

Li(g) —> Li*(g) 520

1

> Fa(@) — F(9) 71

F(g) +e — F(0) (Electron gain enthalpy)

Li*(g) + F(g) —> LiF(s) -1047

Li(s) + %Fz(g) —— Li F(s) —617

Based on data provided, the value of electron gain enthalpy of fluorine would be :
(1) =300 kJ mol™ (2) 328 kJ mol™ (3) =350 kJ mol™ (4) —228 kJ mol™
Given : [JEE-MAINS (online) 2013]

(1) H, (@) + 720, (@) - HO (I); AHe,,, = ~285.9 kJ molt

(2) H,(9) + %02 (9) > H,0 (9) ; AH,,, = —241.8 k] mol*

The molar enthalpy of vapourisation of water will be :-

(1) 241. 8 kJ mol* (2) 527.7 kJ mol™ (3) 44.1 kI mol*  (4) 22.0 kJ mol™

The standard enthalpy of formation (AH°,o.) for methane, CH,, is—74.9 kJmo I"%. Inorder to calculate
the average energy given out in the formation of a C—H bond from this it is necessary to know which one
of the following? [JEE-M AINS(online) 2014]
(1) the dissociation energy of the hydrogen molecule, H.,.

(2) the dissociation energy of H, and enthalpy of sublimation of carbon (graphite).

(3) the first four ionisation energies of carbon and electron affinity of hydrogen.

(4) the first four ionisation energies of carbon.

Omeeeeeessees———)
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7.

10.

11.

12.

Thermochemistry

For complete combustion of ethanol, C,H;OH(?) + 30,(g) — 2C0O,(g) + 3H,0(¢), the amount of heat
produced as measured in bomb calorimeter, is 1364.47 kJ mol-1 at 25°C. Assuming ideality the Enthalpy
of combustion, A_H, for the raction will be :- [JEE-M AINS(offline)2014]
(R =8.314 J mol?)

(1) —-1460.50 kJ mol-1 (2) — 1350.50 kJ mol-1 (3) — 1366.95 kJ mol-1 (4) — 1361.95 kJ mol-1
The heats of combustion of carbon and carbon monoxide are — 393.5 and — 285.5 kJ mol-1, respectively.
The heat of formation (in kJ) of carbon monoxide per mole is :- [JEE-M AINS(offline)2016]

(1) - 1105 (2) 110.5 (3) 676.5 (4) - 676.5

The enthalpy change on freezing of 1 mol of water at 5°C to ice at -5°C is :

(Given Aq,H = 6 ki molt at 0°C, Cp(H,0, I) = 75.3 J mol-t K1, C;(H,0, s) = 36.8 J mol-t K1)
[JEE-M AINS(online)2017]

(1) 6.56 kJ mol-t (2) 5.81 kJ mol-t (3) 6.00 kJ mol-t (4) 5.44 kJ mol-t
Given [JEE-M AINS(offline)2017]

C(grahite) +0,(9) > CO,(9); AH®=-393.5kJ mol™?

1
H,(@)+50.(9) > H,0(); A H° =-285.8 ki mol™

CO,(9) + 2H,0(l) - CH,(g) + 20,(9) ; AH*=+890.3 kJ mol?

Based on the above thermochemical equations, the value of A H® at 298 K for the reaction

C(grahne) +2H,(g) — CH,(g) will be :-

(1) +74.8kImol*  (2) +144.0kImol*  (3)-74.8kImol?  (4) -144.0 kJ mol™!

The combustion of benzene (1) gives CO,(g) and H,O(l). Given that heat of combustion

of benzene at constant volume is —3263.9 k mol™ at 25° C ; heat of combustion (in kJ mol™) of benzene

at constant pressure will be - [JEE-M AINS(offline)2018]
(R =8.314 JK™! mol™?)

(1) -452.46 (2) 3260 (3) —3267.6 (4) 4152.6

Given [JEE-M AINS(online)2018]
(i) 2Fe,05(s) — 4Fe(s) + 30,(9) ;  AG® = +1487.0 ki mol-1

(i) 2CO(Q) + O,(g) — 2CO,(9) ; AG° = -514.4 ki mol-!

Free energy change, A,G° for the reaction

2Fe,054(s) + 6CO(g) — 4Fe(s) + 6CO,(g)

will be :-

(1) -112.4 kI molt  (2) -56.2 kJ mol-1 (3) 168.2 kI mol-1  (4) 208.0 kJ mol-1
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Q.1

Q.2.

Q.3

Q.4

40

Using the data provided, calculate the multiple bond energy (kJ mol™) of a C = C bond in C,H,. That

energy is (take the bond energy of a C—H bond as 350 kJ mol™.) [JEE 2012]
2 C(s) + H,(g) — C,H,(9) AH = 225 kJ mol™

2 C(s) — 2C(g) AH = 1410 kJ mol™

H,(g) — 2H(g) AH = 330 kJ mol™
(A) 1165 (B) 837 (C) 865 (D) 815

The standard enthalpies of formation of CO,(g), H,O(l) and glucose(s) at 25°C are 400 kJ/mol,
—300 kJ/mol & —1300 kJ/mol, respectively. The standard enthalpy of combustion per gramof glucose at
25°Cis - [JEE 2013]
(A) + 2900 kJ (B) — 2900 kJ (C) -16.11 kJ (D) + 16.11 kJ
Paragraph For Questions3 and 4

When 100 mL of 1.0 M HCl was mixed with 100 mL of 1.0 M NaOH in an insulated beaker at constant
pressure, a temperature increase of 5.7 °C was measured for the beaker and its contents.
(Expt-1). Because the enthalpy of neutralisation of a strong acid with a strong base is a constant
(-57.0 kdmol™), this experiment could be used to measure the calorimeter constant. Ina second experiment
(Expt-2), 100 mL of 2.0 M acetic acid (K, = 2.0 x 10™°) was mixed with 100 mL of
1.0M NaOH (under identical conditions to (Expt-1)) where a temperature rise of 5.6 °C was measured.

(Consider heat capacity of all solutions as 4.2 Jg~'K™ and density of all solutions as

1.0g mL™) [JEE 2015]
Enthalpy of dissociation (in kJ mol™) of acetic acid obtained from the Expt-2 is

(A) 1.0 (B) 10.0 (C) 24.5 (D) 51.4

The pH of the solution after Expt-2

(A) 2.8 (B) 4.7 (C) 5.0 (D) 7.0
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ANSWER KEY
EXERCISE (SH)
Q.1 -0.3025kJ Q.2 —209.41
Q.3 189.4kcal Q.4 -139.6
Q5 AH=-412kJ Q.6 —88kJ/moal
Q.7 266 kJ/mol and —825 kJ/mol
Q.8 (i) —3201kJ/moal (ii) —3199.75kJI/mal Q.9 20days
Q.10 4.5% Q.11 —266 kJ mol-
Q.12 275kJ/mal Q.13 —72 kJ mol
Q.14 201 Q.15 (—2669)
Q.16 (-84 kcal / mal) Q.17 (5kJ/mal)
Q.18 (480J) Q.19 —1410 Cal
Q.20 -31.5kJ/mole Q.21 —80 kJ/moale
Q.22 22:13 Q.23 178 kJ
Q.24 AU =-39.03kJ; q=-36.5kJ; w=-253 kJ
Q.25 -1000 Cal
EXERCISE (S-1)
Q.1 22 kcal molt Q.2 (a)20g (b) 20.28¢
Q.3 0.935kcal g1, 3.94 kcal cm™3 Q.4 292kcal/mol
Q.5 E(O-H)=4635kJ/mol AU =461kJ/mol Q.6 (i) 342kJ/moal; (ii) 892kJI/mol
Q.7 2kcal Q.8 25kJ/mol
Q9 -669.7kJmol?
Q.10 Ans.—-123kJ/mol
AH =835 - 610 = 348
=-123
EXERCISE (O-)
Q.1 Ans(C) Q.2 Ans(D) Q.3 Ans(B) Q.4 Ans(D)
Q5 Ans (C) Q.6 Ans(C) Q.7 Ans(D) Q.8 Ans(B)
Q9 Ans(B) Q.10 Ans.(D) Q.11 Ans.(B) Q.12 Ans. (B)
Q.13 Ans. (A) Q.14 Ans. (A) Q.14 Ans. (D) Q.16 Ans.(A)
Q.17 Ans(B) Q.18 Ans.(B) Q.19 Ans.(C)
C—— 41
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EXERCISE (O-11)

Q.1 Ans(D) Q.2 Ans(C) Q.3 Ans(A) Q.4 Ans.(A)
Q5 Ans(B) Q.6 Ans(C,D) Q.7 Ans(A,B,D) Q.8 Ans.(A,B,C,D)
Q9 Ans(AD)
Q.10 Ans.(A)P,Q;(B)P,R;(C)S,D-(R) Q.11 Ans(B)
Q.12 Ans. (A) Q.13 Ans,(C) Q.14 Ans,(C) Q.15.Ans.(A)
Q.16 Ans.(B) Q.17 Ans.(C) Q.18 Ans.(D)

EXERCISE # (J-MAIN)
Q.1. Ans.(4) Q.2. Ans(C) Q.3. Ans.(4) Q.4. Ans.(2)
Q.5. Ans.(3) Q.6. Ans.(2) Q.7. Ans.(3) Q.8. Ans.(1)
Q.9. Ans.(1) Q.10.Ans.(3) Q.11.Ans.(3) Q.12.Ans.(2)

EXERCISE # (J-ADVANCE)

Q.1 Ans(D) Q.2 Ans(C) Q.3 Ans. (A) Q.4 Ans. (B)
42 C——
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