THERMOCHEMIST

It involves a study of interrelation of various kinds of energy accompanying physical or chemical changes.
Initially it meant for studies accompanying heat changes (thermos =heat, dynamics =flow) and interrelate
heat energy with work. Now the term in broader sense involves all kinds of energy changes accompanying
the process.

Terminology of Thermodynamics:

System: A specified part of universe selected for the study of effect of certain properties such as P,T, etc
Surroundings: The adjacent part of universe outside the real or imaginary boundaries of system.

Type of System:

1 Homogeneous system: A system is supposed to homogeneous if it uniform throughout, i.e., all the
substances present in it have only one phase.

2. Heterogeneous system: Not uniform throughout, i.e., it has more than one phase.
Classification of system may also be made as;

1. Open system: A system which can exchange matter as well as energy with surroundings e.g., liquid
kept in a beaker

2. Closed system: A system which can exchange only energy with surroundings e.g., liquid in a sealed
tube.

3. Isolated system: Neither exchange of matter nor exchange of energy is possible surroundings.

State functions: The measurable properties of a system which depend only upon the state of system known
as state variables, e.g., P,V,T, composition; energy etc.

The cyclic rule: For 1 mole of an ideal gas

(apj (avj (aTj

— | x| — | x| —| =-1

ov ). \aT ), (P ),
(apj (aTj (avj

or | —| x| — | x|—|=-1
oT ), \aVv ), \oP

State of system : The state of the system at a time signify for the fact that the variable factors, e.g., P,V,T,
etc.(which completely define the state of system) are known.
Properties of system : The thermodynamics properties of a system are known.

Properties of system : The thermodynamic properties of a system are divided as:

1. Intensive properties: Mass independent properties, e.g., temperature, pressure, viscosity, density,
refractive index, surface tension, chemical potential etc.

2. Extensive properties: Mass dependent properties, e.g., mass, volume, energy, heat enthalpy, entropy.

NOTE: An extensive property becomes intensive by specifying a unit amount of matter, e.g., mass and volume are extensive
but density = M/V is intensive property.
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Thermodynamics process: The operations, by which the changes from one state to other are made, are
known as thermodynamics process. All thermodynamics properties satisfy

AU =q+Ww
H=U+PW
quﬂ

T

1 Reversible process: A reversible or quasistatic process is one in which all changes occurring at any
part of the process are exactly reversed, when it is carried out in opposite direction. A reversible process
involves.

(@) A slow change during investigations.

(b) Driving force is infinitesimally greater than the opposing forces and vice-versa.
(c) The process may take place in either direction.

(d) Maximum work is obtained.

2. lrreversible process: A process whose direction cannot be reversed by small changes in variables is
irreversible process. It involves

(@) A fast change during investigation.

(b) Driving force is much different than opposing force.

(c) The unidirectional process.

(d) Net work somewhat lesser than maximum work, is obtained.
Heat and temperature:

1. Heat is a measure of quantity of energy transferred from one body to other as result of temperature
difference between them.

2. Temperature is a measure of intensity of energy, i.e., how much energetic each individual particle is.
Work: Work is expressed as the product of two factors, i.e., W = intensity factor x capacity factor

Intensity factor is measure of force against which work is done. Capacity factor is the extent for which is
done.

i.e., Mechanical work =force xdisplacement = F xd

Gravitational work =gravitational force xheight =mgxh

Electrical work =pot. difference x quantity of current = ExQ

Work of expansion =pressure xchange in volume =P xAV
A—vesign is given for work done by the system.

A+vesign is given for work done on the system.

The general expression for all types of PV work can be written as

W =—-PAV

For expansion: AV =V, -V, =+ve (v V, >V,)
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W =-ve

For compression: AV =V, -V, =-ve -V, <V,)
W =+ve

Unit of work: W =dyne cm or erg in C.G.S.
=newton m or joule in M.K.S.
=calorie

1cal =4..184x10" erg = 4.184J

Internal energy : It is sum total energy of the system at the constant volume. Each substance is associated
with a definite amount of energy involving the energy depending upon the chemical nature of substance
and the conditions of P,V,T.Itincludes many types of energy such as translational, vibrant ional, rotational,

coulombic, potential energy etc. Therefore, exact magnitude of internal energy cannot be determined.
Furthermore, it is a state function and denoted by U and is independent of path. In thermodynamics we deal
with the change in internal energy of two states,

AU =U, -U,
ENTHALPY: It is sum total energy of the system at the constant pressure (Generally).

Heat enthalpy or heat content: Enthalpy 'H "is also a state function and independent of path. It is expressed
as

H=U+PV

Link U, in thermodynamics we deal with change in heat enthalpy AH;
AH =H,-H,

Relation in between AH and AU : The two are related by

AH =AU + PAV

at constant volume AH = AU (-AV =0)

First law of thermodynamics: According to this law, mass and energy of an isolated system remains
constant. The law is expressed mathematically as

dg =(dU)+(~dw) (D)
(For an infinitesimal change)
where, dU =Change in internal energy

dg =Heat supplied to system

—dW =Work done by the system

Also q=AU +(-W) ... (2)

or AU =q+W (For finite change)

Some useful formulae based upon I law.
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Isothermal process: A process in which temperature of the system remains constant through the
studies

AT =0 AU =0
~.By Eq. (2) q=-W

I.e., heat given to a system is used in work done by the system.

Adiabatic process: A process during which no exchange of heat takes place in between system and
surroundings.

q=0
~.By Eq. (2) +AU =W
or ~AU =-W

i.e., work is done by the system on the cost of its internal energy.

Cyclic process: A process in which initial state of system is regained after a series of operations.
AU =0

-.By Eq. (2) q=-W

Isochoric process: A process in which volume of the system remains constant throughout the
investigations

AV =0
~.By Eq. (2) q, =AU
I.e., heat given to a system under constant volume is used up in increasing internal energy.

Isobaric process: A process in which pressure of the system remains constant throughout the
investigations.

AP =0

Consider a system showing increase in volume from V, to V, at a constant pressure P, during absorption
of heat g.The expansion work or work done by the system is W =—pAV

Thus by Eq. (2) g, =AU —(—PAV)
=U,-U,-[P(V,-V,)]
=(U2+PV2)—(U1+PV1)
=H,-H, (“H=U+PV)
q, =AH

i.e., heat given to a system under constant P is used up in increasing heat enthalpy of system. Work
done in isobaric process =dU —dq

=nC,dT —nC_.dT

Copyright © 2022 speedlabs.in All Rights Reserved



http://speedlabs.in/

=—RdT
=—nR(T

_Tinitial )

final

6. Work done in irreversible isothermal process: Suppose an ideal gas expands against external

pressure P and its volume changes by an amount dV then work done W can be given by
W =—-PdV

(a) Free expansion: W =0, Since P=0

(b) Expansion or compression against external pressure P

For a finite change V,to V,,

Total work done on the system W is derived by

w=—P(V,-V,) ... 3)
or W, =—P(V,-V,) (3
Also AU =AH =0

If V, >V, then W, is —ve, i.e., expansion work done by the system.

Work done in isothermal reversible process: Consider a system under isothermal condition, showing
reversible expansion of an ideal gas by a volume dV, then.

AU =0
dgq=—dW =+PdV (-.dW =—pdw)
The total work done during expansion of gas from V, to V,

The total work during expansion of gas from V, to V,

jdw =_|.—PdV = j—ﬂ.dv
Vi Vi v
W, =—-nRT log, Ve =-2.303nRT log,, V . (5
\A \
( P ocl/V)
R
Also W, =-2.303 nRT log,, - ... (6)

2

Work done in adiabatic reversible process: Consider a system under adiabatic conditions, showing
reversible expansion of an ideal gas by a volume dV ., then from I law of thermodynamics,

("~ dg=0)
+dU =dwW
du =nC, dT
or +C,.nxdT =dW
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This equation reveals on further treatment within temperature limits of T, and T,, reveals

dW =+C, xnxdT

C,-C, =R
C
_P_&zi’ y—le,Cv :L
v Cv Cv Cv (7/_1)
R
Therefore dW =+ xnxdT
(r-1)
aw =™ gt
y—1
nR
on integration de :—IdT
7_1-|—1
nk
W,., =7/__1[T2 —Tl] )

If T, >T,then W, =+ve, i.e., work done on the system

If T, <T, then w,, =—Vve,i.e., work done by the system

C
Where y is Poisson’s ratio = C—p ... (8)
Also AH =nC (T,-T,) ... (9)

If final temperature is not known:

P R/C,
w=-nCT, {1(31] } ... (10)

Some important results of adiabatic expansions

1. PV’ =constant ... (11)
2. T"P*” =constant .. (12)
3. V7T =constant ... (13)
Overview

Thermo chemistry deals with the transfer of heat between a chemical system and its surroundings
when a change of phase or a chemical reaction takes place within the system. In general, a chemical
reaction can be either exothermic or endothermic. In the former case, heat is released to the surroundings
when the reactants at a given temperature and pressure are converted to the products at the same temperature
and pressure, and in the latter heat is absorbed by the system, from the surroundings.
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Sign conventions:

If the heat is absorbed by the system (q > 0) then the reaction is said to be endothermic and

AE or AH value is given a positive sign. If the heat is evolved (q < O) the reaction is said exothermic, and
AE or AH values are given negative sign.

Standard States:

In the computation of heat of reactions it is a convention to assume that the heat of formation of elements
in their standard states is zero. The standard state is taken as 1 atm pressure and a constant temperature.

Standard states for various forms of matter are summarized below :

STATE STANDARD STATE
Gas Ideal gas at 1 atm and the given temperature
Liquid Pure liquid at 1 atm and the given temperature

Stable crystalline from at 1 atm and given T (e.g. graphite form of carbon,

Solid rhombic form of sulphur)

A standard state the heat of reactions is denoted by AE® or AH® at given temperature.

Various Types of Enthalpies of Reactions

(i) Enthalpy of formation: Enthalpy change when one mole of a given compound is formed from its
elements.

H, (9)+1/20,(g) — 2H,0 (1), AH =—890.36 kJ / mol

(i) Enthalpy of combustion: Enthalpy change when one mole of a substance is burnt in oxygen
CH,+20,(g) —CO, +2H,0(l), AH =-890.36 kJ /mol

(i) Enthalpy of neutralization: Enthalpy change when one equivalent of an acid is neutralized by a
base in dilute solution. This is constant and its values are -13.7 kcal for neutralization of any strong
acid by a base since in dilute solutions they complete dissociate into ions.

H"(aq)+OH (ag)—— H,O0 (1) AH =-13.7 kcal

For weak acids and bases, heat of neutralization is different because they are not dissociated
completely and during dissociation some heat is absorbed. So total heat evolved during neutralization
will be less.

e.g. HCN + NaOH ——» NaCN + H,0  AH =-2.9 kcal
Heat of ionization in this reaction is equal to (—2.9+13.7) kcal =10.8 kcal

(iv) Enthalpy of hydration: Enthalpy of hydration of a given anhydrous or partially hydrated salt is the
enthalpy change when it combines with the requisite no. of mole of water to form a specific hydrate.
For example, the hydration of anhydrous copper sulphates is represented by
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CuSO, (s) + 5H,0 (I) ——>CuSO,5H,0,  AH° =—18.69 kcal

(v) Enthalpy of transition: Enthalpy change when one mole of a substance is transformed from one
allotropic for to another allotropic form,

C (graphite) —— C (diamond), AH° =1.9kJ /mol

Laws of Thermo chemistry

For some reactions it is not convenient to measure the heat change in the laboratory. So conventional
procedure based on the principle of conservation of energy has been suggested which can be stated as
follow:

1.  The heat of formation of any compound is equal in magnitude and of opposite sign to the heat of
dissociation of that compound at the given temperature and pressure. For example, enthalpy of
formation of liquid water from its elements hydrogen and oxygen is -285.830kJ mol™ and the
enthalpy of dissociation is 285.830 kJ mol™, thus the process can be represented by

H,(9)+1/20, () —> H,O (1), AH (298 K) = — 285.830 kJ
H,O (I) — H,(g) + %0, (9), AH (298 K) = + 285.830kJ

2.  The total enthalpy change of a reaction is the same, regardless of whether the reaction is completed
in one step of conservation of energy. It is of particular utility in calculation of the heats of or in
several steps. (Hess’s Law of constant heat summation.) It has been experimentally verified and is
also a consequence of the law reactions which are difficult for practical calorimetric measurements.

For example: Carbon is converted into CO, in 1 step

AH
C (s)+0,(9) —> CO,(9) AH =-94 keal
Or in two steps (S) CO,(g)
C(s)+1/20,(g)——>CO(g)  AH, =-26.4kcal Q)Hl AH,
CO(g) +1/2 O, (g) —— CO, (g) AH, =—67.6 kcal Co(g)

According to Hess’s law: AH =AH,+AH, -94=-26.4-67.6

Lattice Energy of an lonic Crystal
(Born-Haber Cycle)

1
M(S)JFEXz(g) —> MX (5)

.\
Step 1 Step 2

A 4 \ 4
M(g) X(g) Step 5

Step 3 Step 4

v v
M(g) + X (@

The change in enthalpy that a occurs when 1 mole of a solid crystalline substance is formed from its gaseous
ions.

Step 1: Conversion of metal to gaseous atoms.

M (s)— M(Q9), AH, =Sublimation
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Step 2: Dissociation of X, molecules to X atoms

X, (g) —2X (9), AH, = Dissociation energy
Step 3: Conversion of gaseous metal atom to metal ions by losing electron

M(g)—— M7 (g)+e, AH, = (lonization energy)
Step 4: X (g) atoms gain an electron to form M~ ions

X (g)+e ——>X(9), AH, = Electron affinity
Step 5: M™* (g) and X~ (g)get together ands form the crystal lattice

M™(g)+ X~ (g) ——> MX (s) AH, = lattice energy
Applying Hess’s law we get
AH, +1/2 AH, +AH, +AH, + AH, = AH, (MX)

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

AH =+26.10kcal ... (3)

BOND ENERGIES

Whenever a chemical bond is formed energy is released. Conversely, energy is required to rupture a
chemical bond. The energy required to break a particular bond in a gaseous molecule is referred to as bond-
dissociation energy.

H-O-H(g)——H(@)+0(g) AH =498kJ

O-H(g)——H (9) +0O(9) AH =430kJ

In such case, bond energy is expressed as the average of the bond dissociation energies of various similar
bonds.

AH,_,, = (498+430)/2 =464 kJ mol™

Hence, bond energy may be defined as the average amount of energy required to break one mole bonds of
that type in gaseous molecules.

Thus, the values given in bond energy data can help us in:

(i) Calculating standard enthalpy of reactions

(i)  Calculation of bond energies of some specific bond in the molecule
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Variation of Heat of Reaction with Temperature

The heat of reaction depends on the temperature, The relation between the two is known as Kirchoff’s
equation.

(i) M:Acp
T2_T1

... AE,—AE

i) —2—L A

(i) =G,

AC, = Molar heat capacity of products —molar heat capacity of reactants (at constant pressure) AC = molar
heat capacity of products- molar heat capacity of reactants (at constant volume)

Bomb Calorimeter

The calorimeter used for determining enthalpies of combustion known as the bomb calorimeter is shown
as Figs.

IGNITION
WIRES
+ <0,
| INSULATING
CONTAINER
— WATER
STEEL BOMB
SAMPLE

Bomb Calorimeter

This apparatus was devised by Berthelot (1881) to measure the heat of combustion of organic compounds.
A modified form of the apparatus shown in Figure shown consists of a sealed combustion chamber, called
a bomb, containing a weighed quantity of the substance in a dish along with oxygen under about 20 atm
pressure. The bomb is lowered contained in an insulated copper vessel. This vessel is provided with a stirrer
and a thermometer reading up to 1/1000-" of a degree. It is also surrounded by an outer jacket to ensured
complete insulation from the atmosphere. The temperature of water is noted before the substance is ignited
by electric current. After combustion, the rise in temperature of the system is noted on the thermometer and
heat of combustion can calculate from the heat gained by water and the calorimeter. By knowing the heat
capacity of calorimeter and also the rise in temperature, the heat of combustion can be calculated by using
the expression

Heat exchange =Z xAT
Z-Heat capacity of calorimeter system AT — rise in temperature

Heat changes at constant volumes are expressed in AE and Heat changes at constant pressure are expressed
in AH Also, AH = AE + AnRT An = gaseous product moles- gaseous reactant moles.

Entropy

Entropy (S) is a state function and is a measure of degree of disorder or randomness of system. More is the
disorder in system, higher is its entropy. It is normally expressed in terms of change in entropy.

1. For areaction entropy change (AS) is given by
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AS = Z:SProducts - ZSReactants e (1)
W nRT log, Ve y
2. AS =T Brew _ L —nRlog, 2
T T T \
V2
=2.303nRlog,, = (2
Vl
R
=2.303nRlog,, = . (3)
P2
where, q,,, is the heat supplied to a system at temperature T (K) under reversible conditions.
3. Atconstant P, 0, =AH,,
AH
AS =—" ... (4
= “4)
I.e., entropy change if fusion:
AH
AS; = T ... (5

where T is freezing point
and entropy change of vaporization:

AH
AS, =— ... (6
_ (6)
4.  Entropy of one mole of a substance in pure state at one atmosphere and 25°C is termed as standard
entropy, S°
For a reaction in standard state, A——B
AS°=S; -S; )]
5.  Entropy, S, is related to thermodynamic probability, W by the relation:
S=k log, W
or S =2.303k log,,W (8

where k is Boltzmann’s constant.
6.  Atabsolute zero temperature, a solid is supposed t o have highly ordered state, i.e., W =1 and hence
S=0,i.e., lmg S =0; This is zeroth law of thermodynamics

Free energy F or G : Free energy (F or G) is also a state function and is measure of maximum work done.
It is expressed as

G=H-TS ...9)
or AG—-AH —-T AS atconstant T ....(10)
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Standard free energy change (AG°) :

1.  AG°=-2.303RT log,, K e (10)
2. Atequilibrium AG =0.

3. The decrease in free energy (—AG) is given as:

~AG =W, =2.303 nRT |ogm\$ ... (12)

1

4. AG] for free elements state = 0.

5. AG? = Ggroducts - Glgeactants ceen (1 3)

Conditions for spontaneity of reaction: For a spontaneous change AG = —ve. Thus, following results can
also be evaluated for spontaneous process.

AH AS AH —TAS Nature
—-ve +ve S AG=-ve Spontaneous
+ve -ve S AG=+ve None spontaneous
+ve +ve If AH<TAS; AG=-ve Spontaneous
—-ve —-ve AG =-ve Spontaneous
If AH>T AS
i.e., Tislow
AG = +ve None Spontaneous
If AH<TAS
i.e., T is high
Gibb’s Helmholtz equations: It interrelates AG and AH at constant pressure:
o(AG
AG =AH +T{M} .. (14)
oT P
— o(AG
AG-AH _ (AG) (15)
T AT
P
5(AG)T
or -AS=|——= ....(16)
dT
AS =nF [ﬁ} (" AG =-nEF) e (17)
oT o
Thus, temperature coefficient of the emf of a cell is
OBw | _AS ... (18)
dT | nF

Temperature dependence of vapour state or the Clapeyron — Clausius equation.
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Variation of the vapour pressure for the liquid £ ] gas equilibrium is given by Clapeyron — Clausius
equation.

AH, (1
logP=———| = |+K ... (19
J 2.303R[TJ (19)

Eqg. (36) is, represent the equation of a straight line. Hence the plot of log P vs% yields a straight line with

slope = - ZéggR and intercepts = K. This enables the evaluation of AH,, the latent heat of vaporization.
If vapour pressure P, and P, at temperature T, and T, are known then by Eq. (19).
Iogi __AA, T ... (20)

R 2303R| TT,
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SOLVED EXAMPLE

Problem 1  From the following data of AH of the following reaction,

C(s)+%02 (g) - Co(g); AH = ~110kJ

and C(s)+H,0(g) > CO(g)+H,(g); AH=132 kJ,

Calculate the mole composition of the mixture of steam and oxygen on being passed
over cock at 1373 K, keeping the reaction temperature constant.
Solution From the question we see that the first reaction is exothermic and the second one is

endothermic. Thus, if a mixture of oxygen and steam (HZO) is passed over cock and at the

same time, the temperature does not change, the composition should be such that AH of
both the reactions are numerically equal.

In the first reaction, consumption of 1/2 mole of O, evolves 110 kJ of energy, while in the
second reaction, for 1 mole of steam (H,0), 132 kJ of energy is absorbed .

.mole of O,needed to evolve 132 k] = 101;(5)><132 =0.6

.. mole ratio of O, and steam (H,0)=0.6:1.

Problem 3 Predict whether the entropy change of the system in each of the following processes is
positive or negative.
(a) CaCO,(s) —CaO(s)+CO,(9)

(b) N, (g)+3H2 (g) —2NH, (g)

(¢) N,(9)+0,(9) >2NO(g)

(d) HCI(g)+NH,(g) > NH,CI(s)

(e) 2SO, (g)+O2 (g)—>2803 (g)

(f) Cooling of e N, (g) from 20°C to ~50°C

Solution Gaseous substances generally posses more entropy than solids So whenever the products
contain more moles of a gas than reactants, the entropy change is probably positive. And
hence, AS is

(a) positive
(b) negative
(c) small, the sign of AS is impossible to predict
(d) negative
(e) negative
(F) negative
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Problem 4

Solution

Problem 5

Solution

Problem 8

Solution

[Note: For a given substance at a given temperature, Sy, >S; 4 > Sq]

K, for CH,COOH at 25°Cis 1.74x10°. At 50°C, K, is1.633x10°. What are
AH® and AS° for the ionisation of CH,COOH?

(AG°) ~=-2303RTlog K

298

=—2.303x8.314x 298 log (1.754x10°° )

(AG®) ~=-2.303x8.31x323x323xlog(1.633x10°°)

32

AG°’ = AH’ - TAS’

27194 = AH® — 298 AS°

29606 = AH° —323-323AS°
AH® =—-1.55kJ/mol

AS° =96.44J/ mol.K

A certain reaction is nonspontaneous at 298 K. The entropy. Change during the
reaction is 121J/K. Is the reaction endothermic or exothermic? What is the minimum
value of AH for the reaction?

Given that AG = +ve for nonspontaneous process.

As AG=A-TAS and AS=+121J/K

AH has to be positive, that is, the reaction is endothermic.
To calculate the minimum value of AH,AG =0.

S AH=TAS

or AH =298x121)

AH =36.06 kJ.

Determine whether or not, it is possible for sodium to reduce aluminium oxide to aluminium
oxide to aluminium at 298 K. Also calculate equilibrium constant. Given that G? of AlO,

at 298K =-1582 kJ mol*; G} of Na,0(s) at 298K =-377kJ mol™
The given reaction is
ALO; (s)+6Na(s)—>3Na,0(s)+2Al(s)
Hence, AG°=3xG{ (Na,0)-G{ (AlO,)
(G°for Naand Al =0)

= 3x(-377)—(~1582)
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= +451kJ mol ™
The reaction cannot occur since AG® is positive, AG®=-2.303RT log,, K
451=-2.303x8.314x10° x 298log,, K
logK =-79.04
K =9.1x10%

Problem 9  For the given heat of reaction
(i) C(s)+0,(9)=CO,(g)+97kcal
(i) CO,(g)+C(s)=2CO(g)—39kcal
the heat of combustion of CO (g) is:

(a) 68 kcal (b) —68 kcal (c) +48kcal (d) None
Solution Subtracting equation (ii) from equation (i), we get

C(s)+0,(9)=CO0,(g)+97kcal

CO,(g)+C(s)=2CO(g)—39kcal

or, -CO,(g9)+0,(g)=CO0,(g)—2CO(g)+136kcal

or, 2CO(g)+0, = 2C0, (g)+136 kcal

or, CO(g)+1/20,(g)=CO,(g)+68kcal

Required value =68 kcal

~.(a)

Problem 10 The heat of combustion of sucrose, C,H,,0;,(S) at constant volume is —1348.9 kcal

mol™ at 25°C, then the heat of reaction at constant pressure, when steam is produced,
is
(a) —1342.344 kcal (b) +1342.344 kcal (c) +1250Kkcal (d) None

Solution The combustion equation of sucrose is
C,H,,0,, (s)+120,(g) -»12CO, (g)+11H,0(9)
Here
An =sum of gaseous product moles — sum of gaseous reactant moles
An=12+11-12 =11
As we Known
AH =AU+ An RT, Where AH = heat of reaction at constant pressure

AE = heat of reaction at constant volume
Here, AE =-1348.9 kcal

R=2.0cal, T=25+273=298K
S AH = (—1348.9><1000) +11x2x298
=-1348900 + 6556 cal =-1342.344 kcal
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EXERCISE

1.  The difference between heats of reaction at constant pressure and constant volume of the following
reaction, would be 2C,H; (1)+150,(g) — 12CO, (g)+6H,0(1) at 25°C in kmol™ is

(a) —7.43 (b) +3.72 (c) -3.72 (d) +7.43
2. One mole of ice is converted into water at 273 K. The entropies of H,0(s) and H,O(1)are 38.20
and 60.01 J mol™ K™ respectively. The enthalpy change for the conversion is:
(a) 59.54 J mol™ (b) 5954 J mol™ () 595.4Jmol™  (d) 320.6Jmol™*
3. For the combustion reaction at 298 K
2Ag9(s)+%0,(9)—>2Ag,0(s)
Which of the following relation will be true?
(@ AH=AU
(b) AH> AU
(c) AH<AU
(d) AH and AU bear no relation with each other
4.  For which of the following equations, will AH be equal to AU?
(@ H,(9)+%0,(9)—>H,0(l) (b) H,(g)+1,(g)—>2HI(g)
(c) 2NO, (9)——>N,0,(9) (d) 4NO,(g9)+0,(9)—>2N,0;(9)

5. The bond enthalpies of H—H, CI-Cl and H—-CI are 435, 243 and 431 kJmol™, respectively. The
enthalpy of formation of HCI(g) will be

(@) 92 kImol™ (b) —92kJmol™ (c) 247 kImol™ (d) 770 kJmol™

6.  The molar enthalpies of combustion of C,H,(g), C (graphite) and H,(g) are —1300, —394 and
—286kJmol™, respectively. The standard enthalpy for formation of C,H, (g) would be

(@) —226kJmol™ (b) —626kJmol™ (€) 226kImol™  (d) 626kJmol™

7. The AH; for CO,(g), CO(g) and H,0(g) are —393.5, —110.5 and —241.8kJmol™ respectively.
The standard enthalpy change (in kJmol™) for the reaction CO, (g)+H,(9)——>CO(g)+H,0(9)
would be
(a) 524.1 (b) 41.2 () -262.5 (d) —41.2

8.  Equal volumes of 1 M HCl and 1 M H,SO, are neutralised completely by dil NaOH solution and

xkcal and ykcal heat are liberated respectively. Which of the following relationship between x and
y will be true?

@ x=y (b) x=2 () x=2y (d) wo L
2 2y
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9.  Heat capacity of H, at constant P and T is
(@) 3 calmol™ K™ (b) 5 calmol™* K™ () 7calmol*K™ (d)

10. The heats of neutralisation of four acids A, B,C,D are -13.7,-9.4, -11.2 and -12.4kcal
respectively when they are neutralized by a common base. The acidic character obeys the order
@ A>B>C>D () A>D>C>B (co b>C>B>A (d D>B>C>A

11. The dissociation energy of CH, and C,H, are respectively 360 and 620 kcal/mol. The bond energy
of C—-C bond would be
(a) 260 kcal/mol (b) 180 kcal/mol (c) 130 kcal/mol (d) 80 kcal/mol

12.  Asystem is provided 50 J of heat and work done on the system is 10 J. The change in internal energy
during the process is

(@) 401 (b) 601J (c) 80J (d) 507
13. The AG in the process of melting of ice at —15°C would be
(@ AG is —ve (b) AG is +ve (c) AG=0 (d) All of these
14. Temperature of 1 mole of a gas is increased by 1° at constant pressure. The work done is
@R (b) 2R (c) R/2 (d) 3R

15. Heat of neutralisation of NaOH and HCI is -57.46 kJ/equivalent. The heat of ionization of water
(kJ/mol) will be

(a) —57.46 (b) +57.46 ) -114.92 (d) +114.92

16. On standard conditions AH and AS for a particular reaction are -1.17 x10° J/mole and
—105J/mol K respectively. This reaction will be

(a) Exothermic and spontaneous (b) exothermic and non-spontaneous

(c) Spontaneous and reversible (d) spontaneous and non-reversible
17. At 0°CA, H° =6 kJ mole™, change of entropy for freezing 1mole ice will be

(@) o« (b) O (c) 21.98J mole™K (d) 13.6J

18. ACH;ZHS and ACHEZH2 are —341.1 kcalmole™ and —310.0 kcalmole™ respectively then
(a) ethane is better welding gas having more magnitude of A_H°.
(b) ethyne is better welding gas having more value of A.H°.
(c) ethyne is better welding gas having more magnitude of A.H°/unit weight.

(d) ethane is better welding gas as here oxidation state of C is —3.

o

19. For H,(g)+Cl,(g) —> 2HCI(g) + 44keal; A H® and AH,,, are
(@) —44kcalmole™; —22kcalmole™ (b) —44kcalmole™; —44kcalmole™
(c) —22kcalmole™; —22kcalmole™ (d) —22kcalmole™; +22kcal mole™

20.  Heats of combustion of CH,(g), C,H,(g) and C,H,(g) are —890, —1411 and —1560kJ/mole;

most favourable fuel gas combination will be as
(@ 1:3:6 (b) 3:1:6 (c) 6:3:1 d) 8:1:1
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21. Onadding 0.5 L each of NaOH and HClI rise in temperature has found as 4°C, on adding 1 L of each
rise in temperature must be

(@) 1°C (b) 2°C (c) 3°C (d) 4°C

22. All spontaneous changes in the universe result into
(@) increase in entropy of the system (b) decrease in entropy of the system
(c) increase in entropy of the surroundings (d) increase in entropy of universe

23. Universal gas constant ‘R’ can be defined as; at constant pressure
(a) mechanical work associated with 1 mole gas in order to increases temperature by 1°C.
(b) mechanical work associated with 1 mole gas when expends by 1 L at 278 K.
(c) mechanical work associated with 1 L gas at STP when at expends by 1 L.
(d) mechanical work done by 1 mole gas when it expands by 22.4 L at STP.

24.  C(s)+%0,(g)—>CO(g); AH°=-110kJ
C(s)+H,0(g)——>CO(g)+H,(g); AH>=132kJ.

Composition of steam and Oz when it passed over coke keeping temperature 1273 K will be
@1:2 (b) 5:3 (c) 4:5 d 1:1

25. For the reaction CO(g)+%OZ(g)—>COZ(g); AH° =-67650cal at 25°C. Calculate AH® at

100°C, given that the required molar heat capacities are as follows
C,(CO, g)=6.97cal°C*, C,(CO,, g)=897cal°C™, C, (O,, g)=7.00cal°C™

(@) —54.6 cal (b) —67650.4cal
(c) —67684.4 cal (d) —67762.5 cal
26. The enthalpy of vaporization of water at 100°C is 40.63 kJ mol™. The value AU® for this process
would be
(a) 37.53 kJ mol™ (b) 39.08 kJ mol™ (c) 42.19 kI mol™ (d) 43.73 kJ mol™

27. The S—S bond energy is if AH; (E,—S—E,)=-147 ki/mol; AH;(E,—S-S—E,)=-202 k] mol
and AH;S(g)=+223 ki/mol :
(@) 168 kJ (b) 126 kJ () 278 K] (d) 572 kJ

28. The enthalpy of combustion of H, (g) at 298 K to give H,O(g) is —249kJ mol™ and bond enthalpies

of H-—H and O =0 are 433 kJ mol™ and 492kJmol™, respectively. The bond enthalpy of O —H
would be

(a) 464 kJ mol™ (b) —464 kJ mol™ () 232kImol™  (d) —232 kJ mol™
29. For a monatomic gas, the value of the ratioof C, = and C,  is

(a) 5/3 (b) 7/5

(c) 9/7 (d) 9/11
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30.

In a flask colourless N,O, is in equilibrium with brown coloured NO,. At equilibrium when the

flask is heated at 100°C, the brown colour deepens and on cooling it becomes less coloured. The
change in enthalpy, AH for this system will be

(a) Negative (b) Positive (c) Zero (d) Undefined
ANSWER KEY
1. (a) 2. (b) 3. (¢) 4. (b) 5. (b)
6. (c) 7. (b) 8. (b) 9. (d) 10. (b)
11.(d) 12. (b) 13. (b) 14. (@) 15. (b)
16. (b) 17. (c) 18. (c) 19. (a) 20. (d)
21. (d) 22. (d) 23. (a) 24. (b) 25. (d)
26. (a) 27. (c) 28. (a) 29. (a) 30. (b)
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