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CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

Encrgetics of Chemical Reactions

Energetics of Chemacal
Reactions

Multiple Choice Questions (M.C.Qs)

Choose the correct answer for each from the given options:

This is an intensive property:

fa} Densiny (bt Moss o) Mole (d) Volume
Hess's law may be used to caleuwlate:

fa) AH (b) As fc) AE (d K

The heat content of a systent is called:

{a) internal energy  (h) enthalpy fol entropy id) porential enerpy
In endothermic reaction, the temperature of the surrounding:

fer) pemiaine constan!  (0) decreases ‘o) increases {d} becomes zero
For the reaction: NaOIl + IICI — NaCl + H, 0, the enthalpy change is called:

{a} heat of reaction b} heat of sublimation

fcd heat of reutralizalion e} freat of comibistion

AH represenis:

fet) enthalpy b chenge in enihalpy

(ol grantity of heat absorbed fa) quantity of heat evolved

The equarion g, = AH represems:

fa) enthalpy rb) pressure change

fei heat .-:'Ff{mge.f el CORSIant pressie fd) none L:_uf' them

Hess's lmw deals with:

fa) calewlating hear of reaction rhi the rate of reaction

(ch the eguilibrivn consiaid fdl the effect of pressure vn u gas

First law of thermodynamics is mathematically represented as:

RARA A A A ARARANAR

fa) AE - E,- F, fh) AF = PAV fo) AE=¢-T ic) none of these
1 K. Cal is equal to:

fed 41868 KJ fhl L0035 KJ fo) 3.6 KJ fdl 1.4868 K.J
The relationship of *H' (heat constant) is represented by:

fal H=E+PV fhy H=E-PFPV fc) H=F+ E¥ {d) none of them
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q AH=AH + AH,+ AH,, represents:

fa) the first law of thermodynamics (b) Hess s law

{e) lew of conservation of energy ful) partial pressure of gases
ﬁ Which of the following equation is correct?

(a) AH=AE+W (b)) AE=-AH-W [c) AE=W+AH (d) AH=AH-W
ﬁ Which of the following is exothermic reaction?

fa) CH, 1 20, —» CO,+2H.0 (b) Hy, A+ 1, - 2HI

@) C+25 = CS, fd) Fe+ 8 — Fe§
®@ c+5- cs, AH = +117.5 KJ / mol is an:

{a) exothermic reaction (b} endothermic reaction

{c) decompuosition reaction d) displacement reaction
a The properties of the system that depends upon the amount of material concerned are

called:

{a) intensive properties b) extensive properties

{e) chemical properties (d) physical properiies
ﬁ Examples of intensive praperties of a system are:

(a) surface tension & viscosiny (b pressuve and densiny

(:) melting & boiling point i fl) All of the above
ﬁ Which of the following is not extensive property?

(a) Enropy (b) Internal energy  (¢) Enthalpy fd) Temperature
a The factar E + PV is known as:

(a) heat constant thi change in enthalpy

(c) change in entropy fd) work done
ﬁ Pressure - volume work is represented as:

fa) PAV fh) VAP e} P/AV _ fd) AV/P
a Heut evolved or absorbed at constant volume is shown by:

(a) q,=AH (b) q.= PAV (¢) g, = AE (d g =W
ﬂ The description of the system before it suffers any change is called:

{a) the initial state  (b) the final state fc) equilibrium state  (d) ground state I
q When NH, Cl is dissolved in water, the container becomes cold, This reaction is:

fa) exathermic h) endorhermic (v) thermless fell low thermic
a Anything under ohservation in the lahoratory is called:

fa) system {h) surrounding fc) siate {d) experiment
ﬂ A heterogenous system consists of :

{a) one phase fb) two phases

{c) three phases fd) any nuniber of phases
ﬁ If temperature remains constant during ecach stage of process is called:

fa) isothermal (b} equilibrium fc) physical (d) chemical
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AH = AH, + AH, + AH |, represenis:

{a) the first law of thermodynamics {h) Hess 5§ lonw

fe) law of conservation of energy {el) partial pressure of gases

Which of the following equation ix correct?

fa) AH=AE+W (b)) AE=-AH-W (c) AE=W+AH (d) AH=AH-W

Which of the following is exothermic reaction?

fa) CH, 1 20, —» CO, + 2H,0 fb) H,+ I, - 2H1

fe) C+25 = C§, fd)] Fe+58 = FeS
C+285 — OS5, AH = +117.5 KJ/ mol is an:

{a) exothermic reaction i h) endothermic reaction
{c} decomposition reaction id) displacement reaction

A A AA A

The properties of the system that depends upon the amount of material concerned are

called:

(a) intensive praperiies (b} extensive properties
fe) chemical praperties (d) physical properties
Examples of intensive properties of a system are:

{a) surface fension & viscosiry (b pressurve and densing
{e:} melting & boiling point ; fel) All of the ubove
Which of the following is not extensive property?

{u) Entropy (b) Internal energy  (c) Enthalpy fdl Temperature
The factor E + PV is known as:

() heat conslant bl change in enthalpy
ic) change in entropy fd) work done

Pressure - volume waork is represented as:

fa) PAV (h) VAP fc) PIAV _ () AV/P
Heat evolved or absorbed at constant volume is shown by:
fa) q.=AH fb) g, = PAV fe) g, = AE fd) g.= W

The description of the system before it suffers any change is called:

fa) the initial state (b} the final state fc) equilibrium state  (d) ground state I
When NH, Cl is dissolved in water, the container becomes cold. This reaction is:

{a) exathermic rh) endothermic fu) thermless ful} low thermic

Anything under ohservation in the lahoraiory is called:

fal system fh) sirrounding fc) state {d) experiment
A heterogenous system consisis of :

fal one phase bl two phases

(c) three phases fd) any nuntber of phases

R ARRAAAR AA A

If temperature remains constant during cach stage of process is called:
fa) isothermal (B} equilibyivm fe) physical (d) chemical

Visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 168 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp

CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

RAA RARARAAARAA R RAAA

Energetics of Chemlcal Reactions Wﬁ
The apparatus generally used for measuring heat changes is called:
fa) valtmeter (b} volita meter fe) calorimeter fdi viscometer

Chemical reactions which are accompanicd by heat changes are called:

fa) thermochemical  (b) photochemical (¢} pseudochemical  (d) protochemical
Internal energy is equal to:

fa) K.E (b} PE fe! heat energy (d} KE + PE
The enthalpy associated with the hydration process is called:

{a) heat of neutralization {h} heat of solution

(c) heat of hvdration fd) heat of combustion

The equation N,+ 0, — 2NQ Al = 180 KJ represents:

(a) exathermic veaction (b} endothermic reaction

fz) trreversible reaction {el) reversible reaction

The bonds broken in a chemical reaction is more than formed, the AH will be:
fa) positive h) negative fc) zero {d) none

The properties of a system which are easily measurable in bulk are called:

(a) microscopic (b) macroscopic fe) hyvdroscopic fd) telescopic

Volume af a gas is:
fa) intensive property (b) extensive property (c) positive property  (d) negative property
This is used to calculate heat of reaction:

fa) Newiton 5 law (h) Hegs s law fe) Boviek law fd) Dalton s faw
Which one of the following is endothermic reaction?

fa) Vaporization b)) Sublimation fe) Melting fd) Al of them
Evaporation of water is:

{a) an endothermic change {h) an exothermic change

fc) a chemical change id) sublimation

Enthalpy is an expression for the:

(u) energy siale b reaction rafe {c) heat content (d) activation energy
Which is true for an exothermic reaction?

fa) AH =0 fhy AH = fc) AH=( fdi AH <
The heat of newtralization of strong acid and strong base is always:

fa) positive rb) negative {c) constant fd) zero

"

—

(@) 7. (c) 13. (@ | 19 fa) 25, (d) 3. () 37, (@)
(a) 8 f(a) 4. @ | 20 (a) 26. (a) 32. (@ 38 (c)
(b) 9. f(a) 15. (b)) | 21 (o) 27. (e) 33. (B) 39, (@)
) | 10.@ | 6% | 2@ | 28 | @B | 40 @
(c) 1. (a) 17. () | 23 b 29. (d) 35. (b)
(h) 12, (b) 18. () | 24 (a) 30, (e 36. (d)
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Short / Detailed Answer Questions

m What is thermodynamics?

Ans.  (Therm = heat. dvnamics = movement). Itis the study of the transformations of energy from one

formto anether form i.e changes based an the principle of conservation of energy.
m What is thermochemistry? Karachi Board: 2015

Ans. 1t is the branch of thermodynamics, which deals with thermal energy changes in chemical
reactions. Thermochemistry deals with measurement and caleelations of heat changes
accompanving chemical reactions.

m Define thermochemical reaction,

Ans,  Those reactions which take place with the change of heat energy (i.e evolution or absorption of
heat energy) along with material changes are known as “thermechemical reactions™.

m What are the types of thermochemical reactions?

Ans, Thermochemical reactions are of two types depending upon changes in heat content,
(1) Fxothermic reactions
(11) Endothermic reactions

m Briefly describe abour heat of reaction,

Ans.  As aresult of chemical change heat is either evolved or absorbed. The breaking of bonds in the
reactants need energy and formarion of new bonds in the products results a relcasc of cnergy.
Different substances have different amounts of energy associated with them. Due to this reason,
the total energy of the products 1s never equal to that of the reactants,

Definition: The enerpy in the form of heat evolved or absorbed during chemical reactions is
called heat of reaction,

m Define endothermic reactions with example. KNarachi Board: 2010 !

Ans.  Endothermic reaction: Endo means “inside™. therm means “heat”, the reactions during which
heat is absorbed or heattravels from surrounding to system are called endothermic reactions.
Example I:

During the formation of glucose from CO, and H.O heat 1s absorbed. Hence it in endothermic
reaction.
6CO, + 6H,0 + Heat —— CH.0, + 60,
Example 2:
The decomposition of water into O, and H, is an endothermic reaction.
2HaO, —+ 2H.,+0, AH = 457116 K1/ mol
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m Define exothermic reaction with example. Karachi Board: 2010, 2004

Ans. Exothermic reaction: Exomeans “outside”, thermmeans “heat”. The reaction during which
heatis evolved, or heat travels from system to surrounding are called exothermic reactions.
Examplel: C, + 0, ——3 B0 AH = -393.7 KJ/mol
The above reaction is exothermic and heat is evolved during the reaction.

Example2:  The formation of NH, inthe Haber's process isalso an exothermic reaction,
N, o + 34, —  ENH.. AH = -92.0KJ/mol

m Hrite down the units of energy. Karachi Board: 2008

Ans.  Lnits of energy: The energy units in which heat changes are usually expressedin 8.1, system are
joule (1) and kilo-joule (K1)
| joule = kgm's’
4184 Joule = I cal.

m Describe about system and surroundings.

Ans. System:  Inchemistry, asystem is usually a substance or a mixture undergoing a physical or
chemical change. OF A thing which is under-observation or under-cxamination is called a
system.

Surroundings: Everything in the universe that is not a part of a system is called surroundings.
OR  Theenvironmentof asystemiscalled its surroundings.

Example:  The reaction between Zn and CuS80, can be called a system under-observation.
The flask, the air etc. are surroundings of Zn and CuS0,.

m Describe Macroscopic system.

Ans, The properties of a system in bulk, rather than that of the part of the system, which are easily
measurable are known as the macroscopic properties, such as pressure, lemperalure, volume,
composition ete.

m Describe the properties of a system: Karachi Rogrd: 2005, 2013, 2014

Ans. The properties ofa system may be divided into two main groups.
{a) Intensive properties (b)  Extensiveproperties

fa) Iniensive properties:

These properties of a system which are independent of the quantity or amount of
substance presentin the system.

Example: Density, pressure, lemperature, viscosity, surface tension, melting point, boiling
point and refractive index.

(b)  Extensiveproperties: Karachi Board: 2011
These are those properties ol a system which depends upon the quantity or amount of the
substance present in the system. The change in the extensive property is proportional 1o
the change in the quantity ofthe material in the svstem , If the matter ina given system ata
given condition is divided into two equal parts, the values of the extensive properties will
become halfofthe eriginal values.

Example: Mass, Volume, Emhbalpy, FEntropy, Internalenergy, Gibb's freeenergy eic.
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m Briefly describe state and state function, Karachi Board: 2004

Ans.  The macroscopic properties which we necessary to describe a system at particular moment are
called as “state™. -
State Funetion: A state function 1s a macroscopic properties of a system which has some definite
values for initial and final state and is independent of the path adopted to bring about that change.
Examples of state function:
We use capital letters as symbol for a state function. Pressure (P), temperature (T), volume
(V), internal energy (L), enthalpy (I} are state functions.
Let us suppose V| is the initial volume of a gas and its final value become V,. The change in
volume (AV') of the gasis given by the following equation:

AV = V-V,

MNow this change in volume of the pas can be brought about either by changing temperature or
pressure of the gas. Since V 1sastate functionso AV will be independent of the way the volume
of the gas has been changed. It will only depend upon the initial and final volume of the gas.

State and describe the first law of thermodynamics. Karachi Board: 2006, 2007, 2009,
u Derive the expression: ~ AH = AE + PAV 2012, 2014, 2016, 2018
Ans. Statement:  “Energy can neither be created nor destroyed but can change from one form to
another.”
[tisalso called the law of conservation of energy
Mathematical Derivation;

Ler us consider a system whose energy in the initial state is ‘E’. If ‘q" amount of energy is
supplied to the system from outside then with the absorption of this energy the total energy of the
system willnowbe E,+q andthe work done by the system on the surrounding willbe *W’. Asa
result initial cnergy of the system changes to *E,". Due to this heat and work operations, the
changes in the internal energy is given asunder:

E,=E +q-W
or E,-LE,=q-W
or AE=q-W
This is called equation for the first law of thermodynamics where AE depends upon initial and

final states of the system.

To prove AIf = AE + PAV (orprocess af constant pressurel;

Since most of the chemical reactions in the laboratory are carried out in open vessels, so chemists
arc morc interested in the process that take place at constant pressure,

According to the first law of thermodynamics:

AE=q-W
Atconstant pressure itcan be written as:
AE = g, - PAV (as W=PAV)
or q, = AE + PAV B {1

Weknowthat AE=E,-E, and AV =V, -V,

Therefore equation (i) willbe
q. = (Ez' E|}+F {Vz - VI}
q,= E,-E, + PV, - PV,

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 172 of 298)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
CHEMISTRY NOTES FOR 15T YEAR (FOR SINDH)

r% ]".utl'l_'m'lil' of Chemical Reactions Wl
Re-arranging the above equation, we get:
q=E +PV,)-(E +PV) (i)
As (E+PV) is called *enthalpy’ and 1s shown by *H”;
H=E+ FV
For initial and final states 1t 15 written as;
H . =E + PV, B, = E, + PY,
The equation (i1) becomes:
q, = H, - H, = AH or  (AH = AE + PAV)
g, = AH
The heat evaolved or ahsorbed at constant pressure is egual to change in enthalpy. Now by
substituting the values in equation (i) i.e.
g, = AE + PAV we get:
AH = g, = AE + PAV
or AH = AE + PAV
Q@YK zrieriy describe internal energy. Karachi Board: 2004, 2012
Ans, Definition: Sum of kinetic energy (translation, vibrational, rotational energies), potential energy
and all kinds of possible energies are called internal energy. The kinetic and potential energies of
nuclei and electrons within the molecules also contribute to the encrgy of the system. The total of
all the possible kinds of energies of the system is called its internal energy (E).
m . Describe enthalpy of a system: Karachi Board: 2006, 2011, 2012
Ans. E of asystem: Thetotalheatcontentof asystem is called enthalpy.
Mathematical form:

When the process is carried out at constant pressure, the system gas also cxpands in doing
pressure-volume work, Therefore, the total heat content of the system at constant pressure is
equivalent to the internal energy ‘E’ plusthe PV energy. Thisis called enthalpy of the system
and is denoted by the symbol ‘H".

Prove experimentally that W = PAV. OR

Derivation of pressure-volume work.

Karachi Board: 2004, 20112
Ans. Pressure - Volume work: Piston
Consider a cylinder of a gas having an area of cross r

lP
section ‘A’ fitted with a frictionless and weightless [’ 77
piston. If the pressure on the piston is P, then the total ﬂM dl
force ‘F* acting on the piston would be ‘PA’ since L

pressure is the force per unit area (P = F/A), Il the 1 <
piston goes up through a small distance “dl’ then the 3
work-done ‘8 W" isgivenas:
W = F x dl = PAdl = PdV
where Adl = dV \ ™ A Y
Thus, W = PAV Fig#sl  ~~——
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m Explain the first law of thermodynamics at constant volume.  Karachi Board: 2012, 2018

Ans.  Fromthe first law of thermodynamics:

AE=q - W
Inanisolated system the initial and final volume are same;
ie AV =V, -V,
AV = :
as W=PAV

Since change in volume AV = zero
W=0 or PAV=0

AE = q - PAV
AE=gq, -0

q, = heatabsorbed at constant volume
AE = q,

Thus the amount of heat evolved or absorbed at constant volume is equal to the energy change.
m Briefly describe the enthalpy of a reaction (sign of AH ). Karachi Board: 2018

Ans. AH is the change in enthalpy. AH is the charactenstic property of a system and depends on the
initial and fina) states of a system and not on the

means by which the changes are bought. For all Rﬂme. _‘“ rmd“m
exothermic processes, AH would be negative and o .g !rﬂH "y
for all endothermic process, AH ispositive. e.g., u:; :

C+0, — €O, AH = -394KJmol’ | R | R e—

C+285 — (S, AH=+117.6KImol" | Exothermic Reaction Endothermic Reaction

State and explain Hess's law of constant heat summation with example and give
its application, Karachi Board: 2008-2011-2013-2015-2017-2019

Ans.  Thislaw was discovered experimentally in 1840 by German Scientist Herry Hess.
Statement:  According to this law “Heat evolved or absorbed in a given reaction (physical or
chemical), carried out at constant pressure, is the same whether the reaction takes place in single
step orseveral steps”.
Explanation: The change in the enthalpy olany reaction depends only on the nature of reactants
and products and is independent of number of steps in between reactants and the products (i.e

path followed by the system). A &L
Mathematical form of Hess s law; !

Consider a chemical reaction in which reactant *A’ changes to the 2
product ‘I)7 in asingle step with AH as the heat change (enthalpy  AH AH,

change). It may proceed through different steps i.e. “A’ first
changes to “B’ with heat change as AH,, ‘B’ then changes o *C’

with heat changesas AH,. D
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and finally ‘C” changesto ‘D’ with heatchangcas AH,.
According to Hess s law, AH = AH, + AH, + AH,
Exampleof Hess'slaw:
CO, gasreacts with excess of NaOH solution to give Na.CO. with hecat change about
-90K J¢/mol. This reaction may easily be carriedoutvia NaHCO, formationintwo steps. In
the first step the enthalpy change is -49 KJ/mol andinthe second step, the enthalpy change is
-41 KJ/mol.
[tis givenas follows:

0D, 5 GRON — e LB, o ooy 5 B

t
NaOH AH, = -41kj/mol
AH, = -49Kkj/mol

+ NaHCO, + NaOH

Ilenceaccording to Hess’s law
AH = AH, + AH, ic., AH = - 49 - 41 = - 90KJ/mol.

According to Hess's law themodynamical equation canbe added, substracted, multiplied and
divided like ordinary algebric method, therefore Hess's law cnables us to calculate the heat of
formation, heat ofreaction, ete insuch cases where directmeasurement arenot possible.

m Describe heat of formation or enthalpy of a reaction, Karachi Board: 2006-2011-2019

Ans. Itis defined as “Enthalpy change for a reaction in which one mole of compound is formed |
fromitselement.”
Itisdenoted by AH,
Example: C+0Q, — CQ, AH, = -394 K.J/mol

m Define standard heat of formation ( AH,® ) Karachi Board: 2010

Ans. It is defined as “The enthalpy change for the rcaction in which one mole of compound is
formed from its element at their standard states (i.e when pressure is one atmosphere and
temperature is 25°C.

Itisdenoted by AH.®
Example: C+2H, — CH, AH:® = -75KJ]/mol
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Differences

What is the difference between the following:
(i)
(i)

Intensive Properties and Extensive Properties
Endothermic reaction and Endaothermic reaction

Karachi Board: 2005, 2013, 2014

5. No. Intensive Properties Extensive property
|
: 1. | These properties are independent of These properties depend on quantity of
| | quantity of matter. matter.
| 4 ¥
2. 1 These are non-additive properties. These are additive propertics.

3. | The intensive property does pot change if
we divide the system,
¢.£., The boiling point of water will
unchange e 100°C at [.atn.

| The exiensive properties becomes half |
| when we divide the system into two equal
parts.

For example: 1f we divide 4 kg rice into two
cqual parts we get two packets of 2 kg rice.

4. Example: Density, pressure, viscosity . Example: Mass, volume, mole, enthalpy.,
sutface tension, refractive index, melting entropy, internal energy, Gibbs free
point, boiling point etc. Cnergy etc,
Karachi Board: 2010
I_S. No. Endothermic Reaction Endeothermic Reaction
|
| 1. | Reactions during which heat in absorbed. Reactions during which heat is evolved. !
PR SR amm o
2. | The heat energy absorbed is represented by | The heat energy evolved is represented by
| positive sign, negative sign.
3. | During this reaction, temperature of the During this reaction, temperature of the
system rises to room temperature and heat system falls to room temperature and heat
| is absorbed from surrounding is evolved to surroundings. =
g o - X N o , ; : 4
4. The decomposition of water into oxvgen The formation of water from O, and H, is

and hydrogen is an endothermic reaction,
Bltpll wem=—w FH,... =0} AH = ‘hve

an exothermic recaction

|10, + % 0,, — HO, AH = -ve |

W
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Heat of Formation

The heat of formation of CH, (C + 2H,) is -74.9 KJ /mol. It can be calculared
from the following data;

{i) Cat 2l —s CH,, AH, . ="

{ii) Gy + 0y — o, MH L= =390 KJ /mol

(i) H, +4h0,, —s HO, AH .. = -286 KJ / mol

fiv) O H wt20, —— CO0,+2H0, A .. = -890.34 KJ /ol
Solution:

In order to obtain the heat of formation of methane, multiply (1i1) equation by 2 and add in

equation {ii}:

C.,+ 0. —  COg, AH,. = -394 K1/ mol
H...+0,. —r IHLO Al = -572 KJ/ mol
(+) C,+2H,,+20,, —> CO,, +2HO, AH,. = 966KJ/mol____ (v)

Finally subtracting cquation (1v) from cquaimn {v), weobtain;
C +2]-I.3(/30: F"le AH..
« DHL A0, 0442 AH...

(-) C+2H, = CH, AH,,, = -75.66 KI/mol

This ts the heat of formation of CH, which we can not measuredirectly.

9660 K1/ maol
-B90 K1/ maol

Solved Problems From Past Papers

(Calculation of the heat of formation)

Problem 1: Calenlate the heat of formation from the folfowing data: Karachi Board: 2014

{i) 2Na,+% 0,, —+ Na0, AH =?

{ii) Na ,+HO, — NaOH_+IiH,, AH = - 43.2 K cal / mol
fiif) Na, O, ,+HO, — INaOH,, AH = -63.2 K cal / mol
il H, +4%0, e A P AH = -68.0 K cal /mol
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Solution :

Multiply equation (ii) by ‘2" then add in equation (iv)

2Na + 2H,0 — 2NaOH + H, AH = - 86.4 Kcal/mol
H.+% 0, =—+ HO AH = -68.0 Kcal/mol
{+) 2Ma + HO + ¥ O, — 2NaOH AH = -154.4 Kcal / mol (v)

Now subtracting eq (iii) from equation(v):

2Na + \ﬁ)( + %0, — m%:l AH = -154.4 Kcal/mol
Na.O + HYO — 2Na AH = -63.2 Kcal/mol

(-] 2Ma + 12 O, — Na.0) AH = -91.2 Kcal/mol
Ans. Ileat of formation of Na.0) is AH = -91.2 Kcal/mol
Calculate AH for the reaction: Karachi Board: 2012
Mg + N, — MgV, H =17
Given: (i) Mg + 2NH, ——» MpN, + 3H, AH = - 371 KJ/ mol
fif) “N, + 32H, —* NH, AH = -d6 KJ/ mol
Soluripn:
Multiply equation (2) by 2 and then add in cquation (1):
2(+N, | 41, — NH, AH = -46 KJ)
M., <+ AH. — 2NH, AH = -92 Kl
M, + -3H, — 2NH, AH = -92 KJ
IMg + 2NH, — MgN, + 3H, AH = -371 KJ
Mg + N, — Mg\,
. AH =-463 K] Ans,

WU H Calculare the standard heat of formation of the methyl alcohol from its

elements from the following data: Karachi Board: 2010
) . C,+2H,+ -+ 0,, —* CH,0H, AH, = ? :
(i) C€,+0,, — CO,, AH, = -394 KJ/mol '
(iHi) H,+ 5 0, — HO, AH, = -286 KJ/mol
y CHON,+ 5 0, — C0,,+2H0,  AH, = -726 KJ/mol
Solution:
Multiply equation (iii ) by 2 and invert equation (4):
2H. + 0. —— 2H.0 AH,= -572K )J/mol.....c...... {v)
CO, + 2H,0 —» CHOH + = O, AH,= =726 K J/mol ... (vi)
Now add eq (i), eq. (v)andeq(vi); .
A2 L5 8
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C+0, — CO, AH = -394 K J/mol
2H, + O, — JH.O AH = -572 KJ/mol
CO, + 2H0 — CH,0H + 4 0, Al = +726 KJ/mol
C+2H,+20, — CHOH I 4 0, Al = +240KJ/mol
C+2H,+ 4+ 0, — CH,0H AH, = -240 KJ/mol

Calculate the heat of formation of propane (C, H,) from the given reaction:

3C, + 4H,, — CH,, AH, = ?
@  C,+0,, — (O, AH = -394 KJ/mol
G H,+ 4+ 0, — HO, AH = -286 KJ/mol
(i) CH,,+50, —  3C0,+4H,0 AH = -2200 KJ/ mol
Solution:
Multiply eq. (i) by 3, eg. (ii) by 4 and reverse eqg. (iii) and thenadd all the three equations:
3C + 30, — 3CO, AH = -1182 KJ/mol
4H, +20, — 4HO AH = -1144 KJ/mol
3CO, + 4H,0 — CH,+50, AH = +2200KJ/mol
3iC + 4H, -—+ (H, AH, = -126 KJ/mol

Calculate the heat of formation of N,0, from the following data:

fi) 2NO, -— N.O, AH; = 2
fii) -£- N,+0, —» NGO, " AH, = + 33.95 KJ/mol
fiii) N,+20, — N0, AH, = + 9.3 KJ/ mol
Selution; Karachi Board: 2008
Multiply eq (ii) by 2 and inverseit: 2ZNO, — 20,+N, AH, = -67.90KJ/mol....(iv)
Add eq (iii) and eq (iv): INO, —— 20,+N, AH, = -67.90KJ/mol

N,+20, — N,0, AH, = +9.3KJ/mol

IJNO, — N,0, AH, = -58.6 KJ/mol

M Calculate the heat of formation of ethane (C,H,) at 25°C from the following data:
Karachi Board: 2007, 2018

i 2C + 3H, — CH, AH, = ?
{ii) C+ 0, — (0, AH = 393 KT/ mol
gy H,+ + 0, — HO AH, = -286 KJ/mol
(v CH,+ 5 0, — 200, + 3H,0 AH, = -1560 KJ / mol
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Multiply equation (ii) by 2:

2C + 20, — 2C0, AH = -788 KI/mal.......... (v)
Multiply equation (i) by 3:
34, + 4+ 0, — 3H,0 AH = -858 KJ/mol.......... (vi)

Adding equation (v) and (vi) we get:
2C 1 3H, + |+ 0, — 2CO, + 3H,0 AH = -1646KJ/mol.......... (vii) .
MNowreserve the equation no. (iv):
2C0, + 3H,0 — CH, + =+ O, AH = +1560KJ/mol
By adding equation (vii) and (vin) we get:
2C + 3H, + 4 O, — 2CO, + 3H0 AH = -1646KJ/mol

2€0, + 3H,0 — CH, + -+ 0, AH = 1560.60KJ/mol
2C+3H, — CH, AH, = -B536KJ]/mol
Result: Heat of formation of ethane is AH, = -85.36 KJ/mol

Calculate the heat of formation of (C.H,0H) from the following reaction:

(i) CHOH+ 30, — 200, + 3H,0 AH = -1367 KJ mol-'

(i) C+0, — CO, = -393.7 KJ mol-'

Gi) H,+ -+ 0, — HO = -285.80 KJ mol-'
To calculate AH for the following equation:

Rk

2C +3H. + 4+ 0, — CH,0H AH = ?
Solution: Karachi Board: 2008
Multiply equation (ii) by 2 and equation (iii) by 3 and then add both of them:
2C #4420, =—» 2C0, AH = -787.4KJ/mol
3H, + -i- 0, ——= 3H.O AH = -857.4KJ/mol

(4)  2C+3H,+ 4 0,— 2CO, + 3HO AH

MNow subtract equation (i) from equation (iv):
2C + 3H, + - 0, — 2C0,+3H,0 AH
C,H,OH+30, — 2C0,+3H,0 AH

-1644.8KJ/mal......... (iv)

-1644. 8 KJ /mol
-1367.0 K]/ mol

2C + 3H, + 4+ 0, — CH,0H AH = -277.8 KJ/mol

Result: AH, = -277.8 Kl/mol

m Calculate the Heat of formation of Fe,0, at 25 C: Karachi Board: 2019
i) 2Fe+ 2_* 0, —» Fe0, ' AH, =?
{ii) H, + % 0, —» HO =_286KT/ mole
(iii) Fe 0, +3H0 — 2Fe(0H), AH = +289KJ / mole
(ivy Fe+3H,0 —» Fe(OH), + _.; H, AH =+161KJ 7 mole
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Solution: I
(i H,+ EN Ly == HH AH = -286kj/mole
(i) Fe.0,+3H,0 ——» 2Fe(OH), AH = +289kj/mole
@) Fe +3HO  — > Fe(OH), + 5~ H, AH = +161kj/mole
Muliplyig equation (i) by 3 and equation (iii) by 2, we get:
(iv) 3H, + % 0, —= 3HO AH = -8358kj/mole
(v) 2Fe + 6H,0 —— 2Fe(OH), + 3H, AH = +323kj/mole
Re-arranging equation (ii):
(vi) 2Fe(OH}, ——— Fe,0. +3H,0 AH = -289kj/mole
Now, adding equation (iv), (v) and (vi), we pet:
IH, + % 0, —» 3HO AH = =858 kj/mole
ZFe+6HO —— ZFFetOth, +3H, AH = +323 kj/mole
_ 2FefoH), —» FeO,+3HO AH = 289 kj/mole
. 3 :
(vii) 2Fc + 3 0, » FeO, AH = —824kj/mole
m Calculate the heat of formation from the following data: Karachi Board: 2014
44X, + 5Y, —+ gAY + 6XY AH, = 2
L a+3x — ax AH = -11.0 KJ / mole
X, ++ Y, — XJ¥ AH = 57.8 KJ/mole
J4,+%y, — v AH = 21.6 KJ/mole
4AX, - 5Y, ——  4AY + 6X.Y All, = 7 |
A+ 3X, —  AX AH = -11.0KJ/mole ... (i)
X, + 5 Y, — XY AH = 57.8KJ /mole ... (i)
1 e
R Rk a — AY AH = 216 K]l /mole ... (1)
Multiply equation (i) by 4, we get: '
2A, + 6X, — 4AX, AH = -44.0KJI/mole ... (iv)
Multiply equation (ii) by 6, we get:
6X, + 3Y, —  6XY AH = -346.8 KJ /mole ..... (v)
Multiply equation (iii) by 4, we get:
A, + 2Y, e 4AY AH = +864 K]/ mole ... (vi)
Adding equation (v) and (vi):
6X, + 3Y, — " 6X.Y AH = -346.8 KJ / mole
2A, + 2Y, — 4AY AH = +86.4 K]/ mole
6X, + 2A, + 5Y, —  6X.Y = 4AY AH = -260.4 KI /mole ..... (vii)
Subtract equation (vi) from equation (vii):
X, + 2A, + 5Y, ——» 6X.Y + 4AY AH = -260.4 KJ / mole
+ 24 £ 6K, — + 4AX, All = + 44.0KJ/ mole
3Y, + 4AX, el 6X,Y + 4AY AH — -216.4 KJ / mole Ans,
D SEEESSEE W T S —— - . L2
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WIS UB U Calenlate the heat of formation of CH, OH from folfowing data:

C+2H,+4% 0, — CHOH AH, = .2
c+ 50 —> €O AH, = -111 KJ / mole
H, + -0, — HO AIl, = 286 KJ / mole
CHOH + 0O, —  CO + 2HO .I"'LH!. = 56l KT/ mole

Solution: Karachi Board: 2015
C+2H,+—= 0. — CHOH AH, = ?
G+ l 0. ' — (O AH, = -111 K}/ mole ... (i)
H, + 40, —s 1O AH, = -286 KJ/mole ... (ii)
CH_,DH“-" 0, ==+ [0 + ZH.O AH, = -561 KI/mole ... (1)
Multiply equation (i) by 2, we get:
2H, + 0, | —p  HLO All, = <572 K]/ molc ... (iv)
Adding equation (iv) dnd (1):
2H, + 0. —  H.O AH, = -572 K]/ mole
C+ = 0, — O AH, — -111 KI/mole ... (i)
M, +C-—=+0, — CO+2HO AH, = 683 KI/mole ... (V)

Reverse equation (i) and adding equation (v):

CO + 2H.O —+ CHOH + 0, AH, = -561 KJ/mole

2Lk 4 G+ -';'— 0y —rn GUS- 2H.0) AH, = -683 K]/ mole

C+24,+—+ 0, — CHOH AH, = -122KJ/mole  Ans.
Calculate the heat of formation of M.A ar 25°C, Karachi Board: 2016

Il — M.A AH, = ?

M+ YA —  MAY + £ ¥, AH, = -43.2 KJ/mole

¥, + 5 A — YA AH, = -68.5 KJ/mole

MA+ V. A — 2MAY AH, = -63.2 KJ/mole

M + Y.A — MAY + 5 Y, AH, - 432 KJ/mole ... () |

Y, - 4 A, —  Y.A AH, = -68.5 KJ/mole ... (ii)

M,A + YA —  2MAY All, = -632KJ/molc ..... (iif)

Multiplving equation (i) by 2. we get,

M+ 2Y,A — 2MAY + Y. AH, = -864 KJ/mole snsin A1E]

Reverse equation (iii):

2MAY — MA+ YA AH, = -63.2Kl/mole ... (v)

Adding equation (iv). (v} and [ii}:
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IM + 2¥A — 2MAY + X, AH, = -86.4 KJ/mole
MY —_— MA + YA AH, = -63.2KJ/mole
¥, + ]T‘”E — YA AH, — -6B.5KJ/mole
M+ oA,  — M,A AH, = -991.7KJ/mole  Ans.

SO EORPE  Calculate the heat of formation of benzene at 25°C ;

() 6C, + 3H,, — CH,, AH, = ?
i ¢, +o0, — CO,, AH = -394 KJ
(i) H,, + 5 0,, — HQO, AH = -286KJ
vy CH,+ L 0, — 6C0, +3HO0, AH = -3267KJ
Solution: Karachi Board: 2017
6C 1 31, — CH, AH, = 7
() C+0 —+ CO, AH = -394 KJ /mole |
() H,+ 4+ 0 — HO AH = -286 KJ /mole
(i) CH, + = 0, — 6CO, + 300 AH = -3267 KJ/mole

Multiply equation No. (i) by 6. equation No. (ii) by 3 and reverse equation No.
(1) and add all of these,

6C + 60 — €0, AH = -2364 KJ/mole
3H, + 0, — 3O AH = -858 KJ/mole
6C0, + IO — CH, + 2T, AH = 3267 KJ / mole
6C h3H, — CH, AH, = 45KJ /mole

Calculation of Change in Energy

G IEN KRS When 5400 joules of heat is added to a system of gas at constant pressure,
its internal energy increases by 1000 joules. Caleulate the change in the

volume of the system. Karachi Board: 2013
Solurion:
Data:
q = 5400 joules (ai constant pressurc)
AE = 1000joules
AY =7
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We know that
q = AE + PAY
5400 - 1000 + (1)AV
AV = 5400 - 1000
AV = 4400 Ans.

A system absorbs 2000 of heat from the surrounding and does 1200 J of !

work on the surrounding by expansion. Find the infernal energy change

{ AE ) of the system. Karachi Board: 2012
Solution:
Data:
q = 2000
W = 1200]
AE = 1
Calcaolation:
q = AE + AW
AE = q-W
AL = 2000 - 1200
AE = 800 Ans,

A system absorbs 200J of heat from the surroundings and dees 120 J of work
on the surronnding by expansion. Find the internal energy of the system.

Solution; Karachi Board: 2011
Data:
q = 200 joulcs
W = 120joules
AE = 7
q = AE + PAV
AE = gq-W
AE = 200 - 120
AE = 80]J Ans.

AU UG 600 J of heat was given to a gas at 1.01%10" N/m' pressure. The internal energy !

was increased by 300 J. Find the increase in volume. Karachi Board: 2011
Solution:
Data:
Pressure = P = 1.01=10°N/m’
AE = 300]
Heat absorbed = q = 600]
AV =17
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Calculation:
AE = g - PAV (The first law of thermodynamics)
PAV = q-AE
_ 9-AE

AV = P

600]-3001
AV = Sesell

1.01 = 10° N/m’
AV = 297=10°m’ Ans.

808 J work is done on a system which gives 500 J of heat. What is the value

of AE for the process. Karachi Board: 2011
Data:
q = 5007
W = R001J
AE = 2
Calculation:
As work is done on the system with the evolution of heat, hence q has negative sign.
Then the equation will be:
AE = q-W {The first law of thermodynamics)
Here:
AE = %q - (W) !
AE = -q+W
AE = -500 + 800
AE . ="300) Ans,

If 1500 calories of heat are added to a system, while system does the work
equivalent to 2500 calories by expanding against the surrounding.

Find the value of AE for the sysiem. Karachi Eoard: 2005
Data:
q = 1500 joules
W = 2500 cals
AE = 7

Calculatian:
According to first law of thermodynamics

AE = ¢q-W
AE = q - (W)
AE = 1300-2500 = - 1000 cals
; Result: Thevalueof AE = - 1000cals. Ans.
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In a certain process 848 J of heat is absorbed by a system, while 394 J of work is

done on the system. What is the change in the internal energy of the process?
Karachi Board: 2004

Sofvition: Formula used:
Data: )
Q = H4¥ joules AE = q-(-W)
W = -394) AE = q+ W
AE = 1% AE = B4E+ 394
AE = 1242
Result:  Thechangeinthe internalenergy = 12421] Ans,

(MG IR When 4000 J of heat is added to a gaseous system at a constant pressure of
101300 N/nd', its internal energy increases by 500 J. Calcunlate the change

in the volume of the system. Karachi Board: 2015
Sofution:

Data:

g = 4000 1

P = 1.013x 10" N'm’

AE = 500)

AV = 2 "
We know that:

AE = . {PAY

500 = 4000 - (1.013x10°) AV

500 - 4000 = -(L013x10") AV

-3500 = -(1.013%10") AV

. 3500
AT e
AV = 3455 10°m’ Ans.
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Solution of Textbook Progress Test - 5

) —
What do you understand by the terms system, surroundings and states?
Hlustrate with one example.

Ans. Sec Q 9 onpage 175 and Q 12 on page [76.

ﬁ fa) Whar are intensive and extensive properties of a system?

Amns. See Q) 11 on page 175

fb) Catagorize the following properties of a system info extensive and intensive
properties, Free energy, vapour pressure, temperature, surface tension,
mass, internal energy, melting point.

Ans. See () 11 (examples) on page 175,

State the first law of thermodynamics and also give its mathematical statement,
AE =g - W.

Ans. See Q 13 on page 176,

m fa) State and explain Hess's law of constant heat summation. Give its application,

Ans. See Q 19 onpage 178

‘ fb)  Calculate the heat of formation of acetic acid from the following data;

2C+2H,+0, —=  CH,COOH AH, = ?
c+0, — (O, AH = -394 KJ/mol
H,+% 0, —  HO AH = -286KJ/mn!
CH,COOH +20, —— 2C0,+2H,0 AH = -870.8 KJ/mol

Ams. See Problem & onpage 184,

{a) Define and explain the terms:
fi} Exothermic process (i) Endothermic process (i) Heat of formation.

Ans. See Q 6 onpage 174 and Q 7 onpage 175 and Q 21 onpage [79.
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‘ (b) Calculate the heat of formation of Ethane at 25°C from the following data:

(i  2C+3H, —— C,H, AH,=?

fii) C+ 0, — (0, AH = -393 KJ/ mol
fiii) H,+—£,— 0, — HO AH, = -286 KJ / mol
(v CH+%50, — 200,+3H0 AH,= -1560.6 KJ / mol

Ans. see problem 6 on page 183,
M (a) Show that the product of pressure and volume, PV has the dimension of energy.
Ans. See ) 13 on page 176.

()  In acertain process 848 J of heat is absorbed by a system, while 394 J of work
done on the system. What is the change in the internal energy for the process?

Ans.  See problem 19 on page 190.

(a) If 1800 cals of heat is added to a system while system dves work
equivalent to 2800 cals by expanding against the surrounding.
What is the value of AE for the system?

Ans, Data; q 1800 cals
W= 2800 cals
AE= 17
Formula: According to the first law of thermodynamics:
AE= q -W
AE= 1800 - 2800
AE= -1000 cals Ans,

(b)  In a certain process, 500J aof work is done on a system which gives off
200 J of heat, What is the value of AE for the process?

Anx  Daia: q - 200 ]
W - 3001
AE = s
Formula: According to the first law of thermodynamics:
AE q-W

As work is done on the system with the evolution of heat, g and W have negative sign. Then the above
equation will be:

AE = (-q)-(-W) .
AE = -q+W !
AE = 2200 + 500

AE = 300) Ans.
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