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First Lavv of TherrrtodStnarr,ics
a rt d Ch e n-ti cal Er-r e rg eti c s

SEC'TION I

SOME BASIC CONCEPTS
USED IN TIIERMODYI{ANIICS

The lmportanccof thermodynamics Lies in the
following two facts : -
_ (, ft helps us to predict whether any given

chemical reaction can occur under the given set of
conditions.

(u) It helps in predicting the extent of reac-
tion before the equilibrium is attained.

-, 
.Thc llafir.'therrEodydamics,'cIaE givcn byrn

of h?at into nbchonical wo* lrha no mear6 heai an
briDg about this convE6io, is crllcd an ar&lra

5/r

Some basic concepts-syatems, surrcundings, types of sysfems, types ol processes, inlensiveand extensive ptopertiea, slate lunctions, irre-versi6le process-
Zeroth Law.

Firsl Law of Therr.dynamics-internal energy, e halpy, vyork, heat capacity, specific heatcapacily, molar heat capacity, enthalpy changeJludng pirii* rrun"iri"n".
Er halpy changes in chemicar reactions-srandard entharpy o, tormation, Hess,s raw of consrant
heat. sumrnaiion, bond enthalpy, rneasurement ol enrhalili of re"citon",.n"rgy;t";;;;;ii.;
teactions-
Sources of energy--Sun as the prirnaly aource ol enetgy, Ahernalive goutcas ol energy.
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The llmltatlons of thermodyuamics i.e. where
it fails to give any information are as follows :-

(i) lt helps to predict the letsibility of a

process but does not tell anything about the rate at

which the process takes place.

(r7) It deals onlywith
of a system but does not
mechotism of. the process
tho proccss) .

(iii) It deals with the
ture, pressure etc. of the m
tell anythiog about the
molecules.

f.:.) $or'.'F tri, tri :.:!i,-l a.rll.-eft5 ;i :iil:: :i I a:i: : i: :l::il:l:

Some basic terms and concepts commonly

used in thermodynamics are briefly explained

below :

1. System and Surroundings. The Parl of lhe

univene chosen lor thermodynanic considerution
(i.e. to study the decl oI temPerature, Pressurc etc.)

is called a system .

The remaining pottion of the universe, exlud-
ing the systent is called surroundings.

A system usually consists of a defrnite amount

of one or more substances and is separated ftom
the surroundings by a real or imaginary boundary

through which matter ao.d energy can flow from the

system to the sutrounditgs or vice versa.

2. tlpes of syst€ms (Otr cD' closed and iso'
latcal systeEs)

(c) Open system. I system is said to be a

open system if it cu er.cho.nge both matter and energt

with ie surroundings. For example, if some water is

kept ia a:r open vessel (Fig. 5.1. a) or if some

HEAT
SURROUNOINGS

A PIECE OF
MARBLE + HCI

FIGURE 5.1. Examples of open system :

la) Watcr keDt in oDen vcssel
(h) Rear:tion taking'Pla.e ii-r an open vessel.

reaction is allowed to take placc in an open
vessel (e.g. between a piece of marble and HCI)
(Fig. 5.1. b), exohange ofboth matter and energy

takes place between the system and the surround-
ings.

Animals and plants are open systems fiom the

thermodynamic point of view.

(D) Closed system. .I/ d system can ex-

change only energt with the surroundings but not
mattir; it is called o closed Eystem. For example,

vessel has conducting walls, exchange ofenergy
can take place between the system and the sur-
roundings.

If the reaction is exothermic, heat is given by

the system to the surroundings. If the reaction Ls

endothermic, heat is given by surroundings to the

systern. Further, if the reaction is accompanied by

a decrease in volume, mcchanical work is done by

the surroundings on the system and if the reaction
is accompanied by increase in volume, the
mechanical work is done by the system on the sur-

I work is also a tYPe of
the Piston in or out also
of energY between the

system and the surroundings.

o
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SURROUNDINGS

HEAT

Tea placed in an open cup is an example ofan
open system whereas tea placed in a closed steel
tea-pot is an example of a closed system and tea
placed in thermos flask is an example ofan isolated
syste m. (Fig. 5.4)

o TEA IN STEEL KETTLE

OPEN SYSTEM

SURROUNDINGS

o

TEA IN
THERMOS FLASK

ISOLATED SYSTEM

FIGURE 5.4. E<ample! b tllushate opeh,
chsed and boLbd slrstems,

INSULATION

3. Stat€ ofa systcm and State variables, I}e

system changes. That is wby these properties of a
system are called Jrare variables.

A process is said to occur when the state of
the sptem changes. The first and the last state of a
system are called the initial state a,,ld the final state
respectively.

went by lift or by stairs. Hence work is not a state
function. Instead, it is sometimes called a,path
funaion'.

SURROUNDINGS

CLOSED SYSTEM

SURROUNDINGS
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Atternatively, a Pftysical quontia! is said to be

5. Macroscopic system and Macroscopic
siv€ ProPerti€s).4
of chemical sPecies

is called s macro'

ature, Pres-
oiling point
es or ther-

modynamic properties. These are further classified

into two types as follows :

(ii) InteEsivc properties. These are those

propeties which depend only uPon the nsture of the
'suistance 

and are in(kPendent ol lhe amount of the

substance prcsent in lhe system. The common ex-

It is of interest to note that aD extensive

property may become
speci.ffing unit amount of
Thus mass and volume ar

density and specific volume (i.e. mass per unit
volume and volume per unit mass respectively) are

Further, extensive proPerties are additive but
intensive properties are not.

6. lAes of thermodynamlc proc€sses../4 ,'ler-

as follows :

(, Isothcntral process. lVhen a process is

caried out in such a ma\tter thot the temperature

remains constanl throu?hout the process, it is cqlled
n such a

tem tothe
keep the

temperature of the systom cofftant.
(ii) Adlabatic process.When a process is car'

ied out in such a manner thqt no hedt can tlow from
lhe system to the sunoundings or vice vena i'e' the

system is comPletely insalated from the sttround'
ings, it is called an adiabatic process.

(iii) Isochoric process.It is a Process duing
which the volume ol the system is kePt constant '

(iv) Isobaric process. It is a process duritg
which the pressure ol lhe system is kePl constont'

?. Reversible and Irreversible Processes' The

various types ofprocesses mentioned above maybe

carried out revenibly ot inevenibly. These terms

may be understood as follows :

In order to understand a reversible process,

imagine a gas confrned wi&in a cylinder provided

with a frictionless piston upon which is piled some

very frn€ sand
exerted by the
combined pres
piston, the pile

EXTERML
PRESSURE

INTERNAL
PRESSURE

FIGURE 5.5. Understanding ihe
concept of a reversible Process

PILE OF
SAND

PISTON
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sure. Thus under these conditions, the piston
does not move at all and a state of equilibrium is
said to exist. Now if one particle of sand is
removed, the gas will expand very slightly but the
equilibrium will be restored almost immedialely.
Such a change is called, an infinitestimal change.
If the particle of sand is replaced, the gas will
return to its original volume. By the continued
removal of the particles of sand, the gas can be
allowed to undergo a finite expansion but each
step in this expansion is an infinitesimal one and
can be reversed by an infinitesimal chaoge in the
external conditions. At all times, the equilibrium
is restored immediately.

A process carried out in the above manner is
called a reversible process and may be defined as
follows :

SECTION II

This process is not carried out infinitesimally slol ly
but is carried out rapidly r:e the difference between
the dri\ing force and the oppGing forc€ is quire large.
Equilibrium may exist only afler the completion of thc
PIOCe,ss,

It takes a finite time for mmpletioD.
These process€s actually occur in Dature.

5. Work obtained in this proc€ss is not maximum.

ZI'ROTH LAIY OF THERMODY\ATIICS
5.3. Definition ol Zercth Law ,' , "" - ' --::.'

_ . As mentioDed iu the beginning of this unir,
this lawwas put forward much a_fter thi enunciation

ThLs leads to the following definitions for the
zeroth law of thermodynamics :

o

1. The process is carned out infinitcsimally slowly r'_a

difference between the driviDg forc.e aod the opposrng
force is very very small.

2. Ar any srage during the pro@ss, equilibriunl is Dot
disturbed.

3. Ii takes infinite time for conrpletion.
4. It is oDly imaginary and cannot b€ achieved in actual

practice.

5, Work obtained in this process is maximum.

A reversibh procw is a Fuxs whkh i\ curriul ont
infinitutimally slovly n tha! ull dwryes rcurring
in lhc dirnt pftxms &n be ex ctb m,e^wl anrt the
slslem rcmaiw a[na$ in u iatt of equilihrium B,ilh
the surroutdings sr erery slage of the fot:c*r.

On thc other haruL a procesa which does not meel
the ubors requiramenls ir calletl un irrcversible
pnrcxs- In olher wordq an irrcversible procest i,r
defined u thd lrrocess h'hich i-\ no! cauied out
intinilesimally slowly (instead, it it Lwrricd out
rapidl so llml thc ltuccessive steps of rhe dirucl
process cannot he retfirced and an! chorge in lht
e$enal condilions d.isturbs lhe equilibriunt.

The main points of ffierence betu,een a re-
versible and an irreversible process may be
sumned up as follows :

FIGURE 5.6. (a) Thermalpquilihrium I.(tweLn
bo,lies A anrl c

(b)-Thcrmal equilil'riun between hodi.s B an,l C
(c) lhermal .,quilibrium between hodi.s A and B.

Wlwn two bolies A and. B are separately in tlurtrru I
a lhi l hodJ C, they in turn arcin
um with each other

or
When hoo botlies A and B havc cquality o!

lempcratare $'ith a third bodJ C, the! in lwn have
qunliE ol lcryreroture with each othcr

ReYersible Froccss Iueversibl6 Process
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5-4. Application o, Zerorh Law in

- .The factstated aboveis sosimple and familiar.
that it does not Deed any further experimen ts for its
support.

It rnay be pointed out that as thermometer is

SECTION III
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or

where E1 (or
system in the

which contribute towards internal energy of the
system. But it does not matter, since we are not
interested in knowing the absolute value ofinternal
energy of a substance. Rather, we are i[terested in

energy which accompanies a
e determined. The change in
(or AU), accompaoy'ing a

AE=%-Er
AU=Uz-Ur
U,) is the internal energy of the
initial state and E, (or Ur) is the

application of a force is d.isplaced in the direction ol
the force . If R is the magnitude of the force and d/ i.s

the displacement of the point of applicatiotr in the
direction in which the force acts, then the wotk
done is given by w:Fxdl

Tte above type of work is called mechanical
nork. However, there are many other forns ofwork
but in each of these forms

llork done = IA generalized force ]
x lA generalized displacementJ

Tlvo main types of work used in
themodynamics are briefly described below :

(i) Electrical \ ork The generalised force is
the E.M.F and the generalized displacement is the
quqntity of electrici4.' flowing through the circuit.
Hence

Electical work done
: E-M.E x Ouantity of electiciy.

This type ofwork is involved in case ofreac-
tions involving ions.

(ri) Work of expansion or Prrssure-volume

Consider a gas enclosed in a cylinder fitted
with a frictionless piston (Fig. 5.7).

FIGURE 5.7. Expansion of a gas.

Suppose

Area of cross-section of cylinder = 4 sq. cm
Pressure on the piston = p

. (whichis slightlyless than internal pressure of
the gas so that the gas can expand)

internal energy in the frnal state.

Since E, and E, are state functions, therefore,
A,E is olso a state functiott (i.e- depends only on the
initial state and the fioal state of ihe system).

ln case of a reaction, if E. (or U*) is the
internal energy ofthe reactants ard Eo (or U) that
of the products, tle change in iaternal energ5r
ounng the reacttoD Ls grven by

AE=Ep_En
or AU=Up-Ur
TWo more importart points about the internal

energy are as follows :

(i) The iaternal energy depends upon the
q_uantity of the substance contained in the system.
Hence it is an erten sive propeny .

- (it) The internal energy of ideal gases is a
tunctlon of temperature only. Hence in isothermal
processes, as the temperature remairs constant,
there is oo changc in internal energy r'.e.

AE=0.
Sign of AE. Obviously, if E, > e (or Eo >

E ), the extra enerry possessed by the system in the
initial state_(or the reactants) would be given out
and AE will be negative aciording to t[e above
equations.

.__ _Similarly, 
if Er . E, (or E* < E/, energy

will be absorbed in the process and aE witt be
positive. Hence

AE @t La) is mg ive ilenrg is etolvd
and M (or L(l) is positiw i,fnqy k uhsortd

Unlts of E or U. The units of energr are eryr
(in CGS units) orTbuies (in SI units)

l joule = 107 ergs.
(2) Worlc As learnt ftom lessons in pbpics,

wo* is stid to have been done whe:ttever *e point oy
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Distance through which gas expands : d/ cm

Then as pressure is force per uuit area, force
(f) acting on the piston will be/ : P x a

. . Work done by the gas (i.e. the system)

= Force x Distance=/Xdl=Pxaxdl.
B\t q x dl = dV, a small increase in the

volume of the gas. Hence the small amount ofwork
(dw) done by the gas can be writtcn as

6w: PxdV
If the gas expands from initial volume Vl to

lho final volume y2, then the total work done (w)

will be given by

If the extcrnal prcssure P against which the
gas expands remains almost constant throughoxt
ihc process (so thatitis ineversible apansion), tho
above result may be written as

v2
(

w=P I dV = P (vz - V' ) = P . av
J

vl
whcre AV = (V2 - Vl) is thc total change in

volume of the gas (or the system). This is thq

cxpressioa for work of irreversible expansion.

If the external pressure (P) is slightly morc
than the pressure of thc gas, the gas will contract
i.e., the work will be done by the surroundings on

the syste rn, However, the same formula will apply
for the work done.

It may be mentione rJhere thatP is lhe extemol
prcssure and hence is sometimes written as Prrr so

that r? = P.rr x AV

Sign ofw. Accordinglo the lutest S.I- convetr
lion, w is takerl as negtive i[ work is done by the

.ry.irem whereas it is taken as pasrlive if work ts done

on lhc slstem. Thus [or expansion, we wrilc
w = -P AV

and for contraction, we have

w = PAV

+Work = Forcc x distance = N x t t =Nm= IJ
Force = mass x acceleratron. Hencework = kg x ms-2 x m = kg m: s-2
r+For reveNible expansion, externalpressur€ is not constant but is chanted continuouslyso as to bc infinitesimallysmaller

than the intemal prcssu re of the 8as

v2

,: I Pdv
)

Units ofw. The units of work are the same as

those of energy viz. erys or ioules (1 J : 1 Nm

= 1 kg m2 s-2)*
Work done itr isoth€rmal reversible expan-

sion of an ideal gas.** The small amount of work
done, dw, when the gas expands tbrough a small
volume, dV, against the external pressure, P is given
by 6w= -PdY

.. Total work done when the gas erpands
from iuitial volume Vr to final volume V2, will be

v2

t
w=- I PdY

)
v1

For an ideal gas, PV = nRT i.e.

._rRT

v2

[ ,rRTHence ,=- l'iru
)
v1

For isothermal expansion, T = consta so that
v?

Ir
,y= -nRT I VdV

)
v1

v,
= - nRTln ;;Yl

= - Z.:03 nRT log 3

= - 2.303 nRI log I
Pz

(At const. temp., P,,r, = ,rr, ". f, = | )

The -ve sign indicates work of expansion.

(3) Heat. Just as work is a form of energy
which is exchanged between the systern and the

churyed between the system and the surroundings as



FIRST LAW OF THEBMODYNAMICS AND CHEI\4ICAL ENERGETICS 5/9

a fesult of tlv differcnce oI temPefature between
,lrem. It is usually represented by the lctter 'g'.

It maybe pointed olut ahat both heql and io*
oppear onty at the bound.ary of the system.

Sign of'q'. When heat is given by tJte system
to the surroundiDgs, it is given a negntlvc sign.

When heat is absorbed by the system from the
surroundings, it is given a posttive sign.

Units of 'q'. Heat is usually measured in terms
of 'calories'.1 calorie is d6ned as the ryontity ol
heat required to rsise the tempemturc oI one gram of
water thrcugh ]"C (in the vicinity of I 5Y) .

In the S.I. slEtem, heat is expresscd in terms
ofjoules. The two types of units are related to each
other as under :

I caloie : 4' 184 ioules
which means the same thing as

1 joule = 0.2j90 calories

It may be noted that whereas internal energy
is a state function, work and heat are not state
functions because their values do not dcpend mere-
ly on the initial and final states but depend upon
the path followed.

Dilference between heat and work When heat
Ls supplied to a gas in a system, the molecules start
moving faster with greater randomness in different
directions. However, when work is done on the
system, then initially the molecules start movirg
down in the direction of the piston. Thus phere4t
heat is a random Jorm of energ, wo* is an organised

form of energt

5.6. First Law ol Therrrrcdynamics . . 
: 
r : 

.r:::: :rr. i+ .,:,:r::::.::.:

Delinition. Tbe first law of thermodlnamics
is simply the law of conservation of energr which
states that

Justification for the First Law of Ther-
modynamics. This law is purely a result of ex-
perience. There is no theoretical proof for it.
However, some of the following obseruations sup-
port the validity of this law

(i) Whenever a certain quantity oI some fom
of energt disoppears, an exsctlt equivalent amount

oI some olherform oI met&) nust be produced. Fot
example,

(o) In the operatioo of an electric fan, the
electrical energ5r which is consumed is converted
iato mechanical work which moves the blades.

(D) The electrical energ5r supplied to a heater
is converted hto heat whereas electrical energy
passing through the frlaraent of a bulb is converted
into light.

(c) Water can bc decomposed by an electric
currsnt into gaseous hydrogen and orygen. It is
formd that 286'2 kI of electrical energ5r is used to
decompose 1 mole of water.

H2o(I) + 46. 2 w 
---- 

H, (c) + 
+ 

o, @)
Eectricel

cncra/

This energy must have been stored in
h/drogen aod orygen since same amount of energy
ia the form of heat is released when 1 mole of water
(liquid) is obtained ftom gasoous hydrogen and
orygen.

I
Hz@) + ;o1 G) 

-. 
H2o(t) + 2K' 2 W

Heat cner8y

Thus 286' 2 kJ of electrical energy which was

supplied to the slnten (rub*ance under obseNa-
fibz) has been recovered later as heat energy i.a.

Electrical energr supplied = Heat energy
produced

Thus energy is consewed in one form or the
other though one form of energ;r may change into
the other form.

(ii) It is impossibk to consuuct s peryetual
nolion machine i.e. amachine which would.produce
wo* continuousty withoul consaming enetp
(Helm-holta 18a7).

(iii) There is at eruct equivalence between heat
and mechanical wo* i.e. for every 4. 184 jouks of
wo* done, 1 caloie of heat is produced and ice
vena (Joule 18,l()).

The above three observations are also some-
times taken as alternate statements of the fust law
of thermodyranics.

Mathematical fonnuladon of the llrst lav of
thermodynamics (i .e. Relationship betweei intemal
mergl wo* and heat).

The internal energy of a system caa be in-
creased in two ways (Fig. 5.8) :
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+q

(HEAT
ABSOREEO)

(woRK
DONE ON THE

SYSTEM)

FIGURE 5.8.lncreasing internal energy by
absorption oI heai and by doing work on the system.

(i) By supplying heat to the system

(li) By doing work on the system.

Suppose the initial internal energy of the sys-

tem : Er

If it absorbs heat 4, its internal energy will
become: Er *g

If further work w is done on the system, the

internal enerev will further increase and become =
E1 + q + w. 

-Let 
us call this final internal energy as

E.Then Ez=Er+q+w
or E2-Et=q+w
or "'('
This equation is the mathematical fornula-

tion of the flrst law of thermodynamics.

If the work done is the work ofe)Qansion, then

w = - PAY where AV is the change in volume and

P is the external pressure. Eqn (i) can then be

written as 6g=q_pAV
or ,_g --tl! ' .'.(io

Tlvo interesting results follow from th€ math-

ematical formulation of the hrst law of ther-

EodlDamics, as under : -
(i) Neither 4 nor w is a state function, yet.the

qunatiiy q +w ( = 69; is a state function (be-

causc AE is a state functioa).

(rl) For an ideal gas undergoiag an isothermal

change, AE = 0. Herce q= -w
i.e. the heat absorbcd by the system is equal to

work donc by the slstem.

Itrternal enrcSr 18 I ststc furcdotr - A deduc'
don from the Flrsiiaw of Ttermodynamlcs. Sup-

pose tie internal cnergy of a system utrder some

conditions of temperature, Pressure and volume is

E^ (state A). Now suppose the conditions are

rhanged so that the internal energy is EB (state B)
(Fie. 5.9). Then if internal energy is a state functioo'
ih"-difl"r"nc" AE = Es - EA must be same

is a state function.

VoLUME -+
FIGURE 5 9. Changes in internal
energY in direct andieverse Paths'

Internal energr change ln terms of heat

evolved or absorbed. From hrst law of ther-
modynamics, 4=AE+PAV

Ifthe process is carried out at constant volume

(say in a closed vessel), AV = 0. The above equa-

tion tben reduces to the form

dE = q, @ irdicating constant volume)

UJ
G,f

UJ

E

;oi using thc symbot U in placc of E fot intcmal cncrB/, wc c8n \vrite

INITIAL STATE FINAL
STATE

AU={+$,ond4-AU+PAV
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like internal energy, the work done during a
process does not depend merely on the initial and
the final states of the system but it depends upon
the oath followed. Hence work is not a state
funciion but a patb function. This may be made
clear as follows :

Suppose we wish to change the s1'stem from
A to B. This may be done by following different
paths as shown in Fig. 5.10. Confining ourselves
to the work of expansion oaly, we know that the
work done for a small change ia volume dV is
PdV where P is the external pressure. Thus the
total work done is the sum of PdV terms and this
is equivalent to the area under the curve in the
P- V diagrams.

From Fig. 5.10, it is obvious that areas under
the curve are different and hence the work done is

different when different paths are followed.

V+ V+

v-)
FIGURE 5.10. Dtfferent paths followed br

gotng from state A to stale B.

That heat is not a state fitnction follows direct-
ly from the mathematical formulation of the first
law of thermodynamics viz.

AE= q+n) $ q= LE-w
As AE is a state function but l, is not a state

function, hence q is also not a state function.

AcrordiDg to first law of thermodynamics LE = q + w
q, AE and P are injoules
Heat absorbed by the srstem, q is + ve.

Heat given out by the srstem, q is -ve.
Enerry absorbed by rhe system,

(,.e. intemal eners/ ofthe system inffeases), AE is +vc

Energy given out ry the system,

(ie. intemal ener$/ ofthe s)stem decrcases), AE is -ve
Work done on the systeDr, r, is +ve.

Work doDe by the system, l9 is -ve.

t..\ \\ll'l.tl L Calculate lhe intemsl enetry
change in each oI lhe following cases : -

(i) A xystem absotbs 15 H of heat and does 5
kJ of wo*

. 0i) 5 A of work is done on the system and 15
kJ of heat is given out by the system.

Solution. (i) Here q = +15k1
w: -5kJ

.'. According to first law of thermodlnamics,
LE=q+w:15+(-5):10kJ

Thus the internal energy of the system in-
creases by 10 kJ

(ii) Here w: +5kJ
q= -15k1

.'. 4s.olding to first law of thermodluamics.

LE=q+w=-15+(+S1 = - lgkJ

ie the hternal energr of the system dccreases
by 10 kJ.

EX{NIPLE 2. Calculde the omount of wo*
done in each of hc following cara :-

- (i) One mole of anideal gas containcdh abulb
of 10 lihe capaciE al I aon is allowed to cntet into
an evaaukd bulb oI lN lifrz capaciay.
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(ii ) One mole of a gas is allowed to expand from
a volume of 1 litre to a volwne ol 5 litres against the
constont externol pressure of 1 atm (l lihe otnt :
101.3 J)

Also cala.lole the inlemol enetgt charye (A,U) irt
eoclt case if tlrc ptxess weru conied, out adiabatically.

Solution. (i) w = P.xtx LV
As expansion takes place into the evacuated

bulb, i.e. against vacuum, P.,, = 0.

Hence w = 0.

For adiabatic process, q = 0

.'.AU=S+w=0+0=0
(,r) Av : v2 - Vr : 5-1 = 4litres

P:1atm
.'. w= -PAV

= -1x 4litreatm = -4litre atm

= - 4 x 101.3J = - 4052J
Altematively, tsing the SI units directly

P = latm:101325Pa
AV=4L=4x10-3m3

.. w=-PxAV
= -107325 x 4 x 10-3 J= -405.3 J

The negative sign implies that thework is done
by the system.

For adiabatic process

AU = q + w = 0 _ zl05.3J

= _ 405.3 J
Irt \ ,l.l,_ 3. Cqlculate the maximunr wo*

obtained tylrcn 0.75 mol of an ideal gas expands
isothennally and. rcversibly at 27'C from a volume of
15 L to 25 L. Also calculate the value ofq and h,U
ac c on tp any i n g the proces s.

Solution. For isothermal reversible expan-
sion oTTnIE gas.

v, v,w=-nRTln j = -2.303nRTlog.ivl vl

PRAbLEMS FOR
1. 500 joule of heat was supplied to a system at con-

stantvolume. It resulted in the increaseof tempera-
ture ofthesystem from 20'C to 25'C. What is the
cha[ge in interDal eners/ of the system?

l'rr'" aE = 500 JI
2. What would be the work done on^,y the slstem if

the i[ternaleDerry of the s]stem falls by 100joules

Putting n : 0.75 mol, Vt = 15 L,

Yz = 25L,T =27 + 273 =300K and

R : 8.314 J K-l mol-l,weget

w = -2.303x 0.75 x 8.31a x 3o0togff

: -955 sJ
( -ve sign represents work of expansion)
For isothermal expansion of an ideal gas,

AU=0
.. LU = q l w gives q = - w = + 955.5 J
IaXAi\ll'l,E ,1. Curb on monoxide is allowed to

expand isothermally attd, reversibly from l0 m3 kt
20 m3 qt 300 K and work obtained is 4. 754 H. Cal-
culate the number of moles of carbon monoide.

Solution, w = 2'303 nO ,.* +
4754 = 2.3O3y n x 8.3t4 x .ro0 x togff.

This gives n = 2.75 moles.

A 5-moles cylinder contained. 10
m ot 27oC. Due to sudden leakage
through the lrcle, all the gos escaped into the etmor'-
phere and the cylindcr got empty. If the atmospluic
pressure is 1 0 atmosphere, calculate tlrc wotk done
by the gas.

Solution. Y;,,,r1 = 5L,

T = ZTC : Z7 + 273K :300K

-- zRT
, f^ot - p 1.0

10x0.0821x300 :246.3 L

AV = V1,,,r - Y^*, =v46 3-5=241 1L
w",p: PAV = - lx24l.3Lntm

= - 24L.3 x 101.3 .I

: _2U43.7 J.

even when 2In joules of hcat is supplied to it ?

[415- rk dono by tho sltstcm = 300.1]
3. Calculate thc work done when 1 . 0 mol of water at

373 K!"porizes aSainst an atmcpheric pressure of
1.0 atmosphere. Assume ideal gas behaviour.

[415.31fi1J]
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LI

_ 1x0 08?1 x 373 _ 30.6 L

3. pv=rRrorv=n$ "-,:t":,,ff"jiT;.J;,:,rf :"J"r..,',

5.7. Enthalpy or Heat Conteni

l At constant volurre, Av = 0. Applylng
LB = q + w = I + PAYwegetAE = I = 500 J.

If a process is carried out at con^stant pressure
(as is usually the case, because most of t he reactions
are studied in vessels open to the atmosphere or if
a system consists of a gas confined in a cylinder
frtted with a piston, the external pressure acting on
the piston is the atmospheric pressure), the work of
exparsion is given by

ry= - PAV ...(r)

where AV is the increase in volume aad P i.s the
constant pressure.

Acording to frst law of thermodynamics, we
know that

q=LE-w ..,(ii)
where 4 is the heat absorbed by the sptem, AE is
the increase in internal energ5r of the system and p
is the work done by the system.

Under condition ofconstant pressure. putting
tv = - FAV and representing the heat absorbed by
qP'vte get

qP:AE+PAV
-(r:rr)

Suppose when the system absorbs qrjoules of
heat, its internal energy increases from E, to E, and

the volume increases from V, to Vr. Then we have

Thus if H, is the enthalpy of the system in the

final state and H, is thevalue in the initialstate, then

Hr=Er+PV,
iind Hr = E1 + PVr

Putting these values in equation (vi), we get

qp: Hz- Hl

...(vii)

where AH : Hz - Hr is the enthalpy change of the

AH = AE+PAV

AE=Ez-Er
and AV=Vz-Vr Physical concept of€nthslpy or heat content

In the above discussion, the enthalpy has been
dehned by the mathematical expression,
H=E+PV Let us try to understand what this
quantity really is.

It has been described earlier that every sub-
stance or system has some dehnite energystored in
it, called the internal energy. This energy may be
of many kinds.

-.(iv)
...(v)

Putting thesevalues ia equation (rri) above, we
get

qp=(E,-El)+P(V2-Vl)
o, Qt : (E; + PVr) - (Er + PVr) ...(vi)

Now as E, P and V are the functiors of state,
therefore the quantity E + PV must also be a state
function. Tfte thermodynumic quantity E + PV is
called the heat contc[t or ent}ldpy oI lhe system
andis represented bythe symbol Hi.u. the enthalpy
may be defined mathematically by the equation

system.

...(viii)

Hene tle entlwlpy change acconryarying a proes

that is avaibblc for conyers n into h4at is calte.l
the h.sl con ent or enthalpy o! the subsmncc or the
qdlem.

Hence enthalpy changc of a sysbm is eqsl to the
hcst absorbed or evolvcd b! the qstcm at corlttant
Prslflfe.

It may be remembered that as most of the
reactions are carded out at constant pressure (i.e.
in the openvessels), the measured value of the heat
evolved or absorbed is the enthalpy change.

Further, putting the value of 4, from equation
(vii) in equation (ur), we get

The merg slored within the substance or the systen
that is avaibblc for conyers n into htat is calted
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As H = E + PV and absolute value of E
cannot be determined, therefore, the absolute
value ofthe heat cotrtent or enthalpy ofa substance

or a system cannot be measured. FortuDately, this
is not required also. In the thermodynamic proces-

ses, we are concerned only with the changes in
enthalpy (AH) which can be easily measured ex-

perimentally. Further, it may be mentioned here
that as E and V are extensive properties, therefore
the enthalpy is also an eatensive propefiy.

l. Both intemal enerry and en(halPy are state furlc-
tions.

2. Both are exteDsive ProPerties.
3. The absolute t?lue of nei*lcr inEmal eDerry nor

enthalpy can be determined.

4. IDternal enerry change is tbe heat svolvcd or ab-
sorbed at constantvolume while enthalPy change is

that at constant Pressure ie. AE = qu , AH = 4p.

5. In a cyclic process ie. when the q6tem returns to
origi[al state after a number of changes, AE or
AH=0.

5.8. Relationship Between Heat of
Reaclion at Constanl Presaure
and lhst st Constant Volurne,llrrilEllrii+;i:1r,i:i:ir:l:j::':r:

It has already been discussed that

Qo = LHatdq,: LE

It has also been derived already that at con-
stant prcssure

AH=AE+PAV ...(r0

where AV is the change in volume

Eqn. (ii) can be rewitten as

AH=AE+P(Vz-v1)

= AE + (Pvz - Pvr) ...(rr0

where V, is the initial volume and V2 is the hnal

Yolume of the systom.

But for idealgases, PV = n RT so that we have

AH=AE+AnsRT
whereAnr: nz - nr is the difference between the

riumber of moles ofthe gaseousproducts and those
of the gaseous reactants

Putting the values of AE from eqn. (i), eqn.
(vi) becomes

qp=ql,+ NlrRt

-.(vi)

(,)

(iv)

(v)

-.(rir)

(lp = (l'

PV, = 1,PJ1'

and PV, : rrRT

where n1 is the number of moles of the gaseous

reactants and z, is the number of moles of the

gaseous products.

Substituting these values in eqn. (rid), we get

AH = AE + (t 2RT - nrRT)

=AE+(nz-nr)RT

Conditions under which

or AH=AE
(i) When reaction is cqded out itt s closed

vesJel so that volume remains constant i.e. AV : 0

(ii) When rcaction involves ottly solids or
liquid: or solutions bttt no garieous reactdnt ot'

product. This t-sbecause the volume changes of the

solids alrd liquids during a chemical reaction are

negligible.

(iii) Wen reuctiott itvolves Easeous reactunts

ondpruducls but theirrumber of moles are equol (i.a.

no = nr) e.g. in the reactions

H2G) + CtzG) + z}{Ct G)

C(s) + Or@) .........-...- Co, G)

Thus q, is different liom q" only in those

reactions which involve qaseous reactants aod
products and (n, ) * (^,\

\' / SokoLt \ t Sos.ottt
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NttrMiE"-BjieAiI-F ffi mr-..r.r'ro,**SHrprrl)rr\liDNq,ANDq,.

or aH =AU +d,,rRT
Here L E= (D-\\_ t 8os.ou,
lf qparLd qu (ot LH and AE or AU ) are in calories,

R = I .987: 2 calldegree/mole.

If they are iD kc€ls,

R = 0.002 kca t/degree/mole.

IftheyareiDjoules,R=8.314JK-lmole-l and if they are in kJ,
R = 0.008314 kJ K-lmole-l.TistemperatureinK.

Solution. The reaction is
I

CuHu(t)+71o2@t 

- 
6cork) +3H2c)()

In this reaction, O, is the only gaseous reac-
tant and COz is the only gaseous product.

'" Nts=nP-fi'

, _1:(t- l-= -2
: - 3/2

1, The heat of comhustion of CHa k) ar coDslaDl
volume is measured in a bomb calorimeter at 29g.2
K and found to be 

-885389 
J/mol. Find rhe value

of enthalpy change. 
[ ,rns. _t90347 J mol -l ]

2, The enthalpy change (AH) for rhe reaction
N2G) + 3H2G:)- 2NH3@) is -92 

, 38 kJ a r 298
K. Whar is AU ar 298K ?

(A.LS.B. 1991 S, 2@1, p5.8.95, N.C.E.P-T.)

I Ans . ___r7 . 42 kJ]
3. The internal energy change (aE) for the reaction

cHa6) r 2O2G) ...._ CO:G) f 2H2O (l) is

-885 kJ mol-l ar 298 K what is aHar298
K? 

@.PS.B. 1gg4) [Ans.-SE9.96 lrl mol-11
4. WheD NHaNOz(s) decomposes at 373 K, it forDrs

N2 G) and H2O E). The aH for the reaction ar one

Also, we are given

LE (ot q,) = -3263.9H mol-1

T=25.C=298K
R : 8.314 J K-1 mol-l

= 
8i# 

t-r r-, ..r-,
AH (or qr) : AE + d,r8 I{T

=-3263.e. l-:) l9#) ,rrr\ 2/ ( 1000 /
= - 3263.9 - 3.7
: -3267 6 kJ mol-r.

atmcpheric pressure and 373 K is ---223.6 kJ
mol-l of NH. NOr(s) decomposed. What is the
value of AU for the re€ction under the same condi-
tioDs ? (Civen R = 8.31 JK-l mol-l)

(A.1.5-B- 1998) [ Ans. 
-232 

.9 kI mot -l I
5. When 0.532 g of beDzene (c6H6), boiling point

353 K is bumt with exc€ss of uygcD in a coDstant
volume srstem, 22.3 kI of heat i! given out. Calcu-
late AH for the combustion process (R = 8.31
IK-1 mot-l) (A.I.S.B. 199e)

I Ans. -3274 2 kJ mot-ll

+

6. The heat of contbustion of naphthaleDe
(ctoHt (r)) at constant voluDte was found to be

- 5133 kJ mot-1. Cal te tbe \.alue ofenthalpy
change. s. _ sr2s.oa kJ mot-i]
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H INT$ FoR DrFFr cuLT ?RortElve

6n=10-12=-2

4. NH4NO, (r;...- NzG) + 2HzO (!),

c,,1.s=3-O=3

AE=AH-AnrRT
= -223 6 -3 x(8 314,/1000) x373

= - 232 9 kJ mol-1.
5.0 532 g CuHu = 0.532fi8 mole

.. aE = - 6fifr7-u u,"r-r

= - 3269.8 kJ mol-l
Calculate AH as in solved example above.

6. qoHt (r) + 12 ozg)+ 10 CO2 e) + 4 H2O (l),

AE = - 5133 kJ mol-1

...(,,)

l.
2.

lcal > ljoule> lerg.
WhcD a real gas is allorcd to crpaod adiaba c2lly from a region of high pressure to a region of low pressure
through a fine hole, it is accompanicd by cooling except H2 and He whicb get warmed up. This phercmenon
is knovm as Joule-Thomsotr effcct
During sdiabofc qpansion ofa realgas, enthalry (but trot intemal eners/) remaiDs constant. It is, therefore,
called tscrltrolplc pro.€.s.
The iemperaturc at whici a real gas sho s Do cooling or heating effect on adiabatic expansion is called
Itrvelsior teDpcrrtuE Below this temperature i! shours cooling effect while above this temperaturc., it sho\^6
heating effecl
tI2 and He have very lo$, inr€rsion tempc[atures- That is why they show hcating effect at rmm temperature

ffi4.

during adiabaric expansion.

, 6. During isothermal expansion ofan idealgas AE = 0, AT = o
. . H = E + PV or aH = aE + A (pv) = AE + PnRAT = 0 + 0 = 0. Henc€ enthalpy remains constaDr.

5.0. H.rat capacity, Specitic Heat c3f:ily Thus if dq is small amount of heat absorbed by aand Molar Heat Capacity !ii;i i: ::i: ,. , , 
, 

:t: , ,':.:'.:.,,r'., r system whici iaises the temperature of the system
by a small amount dT (say from T to T + dT), then
the heat capacity of the system will be given by

c=#

5.9.1. Delinitions.

Thc hcat capaciE of a ,\!stem is deJineil as the
amounl oJ heat requircd Ut rdire lhe tempersture oI
the slslem througlt 1"C.

Thus if q is the amount of heat supplied to a
system and as a result, if the temperature of the
system rises from T, and Tr, then the heat capacity
(C) of the system is given by

c = =-s _- = _-s- . (i),"u""ll;:'l:#J,tlf;*,ili':,11ili;"',t:H:n;l- Tz - Tr AT 
Thus

However since the
temperature, therefore
considered over a very n
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Example. To understand the difference be-
twcen icat capacity, specific heat capacity ard
molar heat capacity, let us take the tollowing ex-
ample :

A piece of Al metal weighing 3 g requires
-5 4 J of heat to raise the temperature from 29g K
to 300 K. Then

Heat capacity of the piece of Al
(.4 I

= ,'t =z.ttt1-,
Specific heat capacity of Al

5.4 r
= ffi = o.eJs-rK-r

Molar heat capacity of Al
\.4 .1 _ .rd.3 

J mol-t K-l3x2"-
(. 1mol ofAl = 27 eof At)

Bvidently, the amount ol heat, q required to
raise the temperature from T, toTrof masirn gram
of a sample and having specific heat C, can be
calculated from the expression

q=ruxcx(Tr-Tr)
=mXCXAT

It is useful to remember that the specific heat
capacity. o[ 

_ 
water is 1 cal g-i K-l or

4 18 Jg-t 1-t.
5.92. Tlpes of heat capacities or molar heat

capacities. Since'q' is not a state function and
depends upon I he pat h followed, therefore C is also
not a state fulction. Hence to know the value ofC,
tlre conditions, suchas constqnt volume or constant

pressure have tobe specified which define the path.
Thus there are two types of heat capacities, ;hich
are

(i) Heat capacity at constant volume (repre_
scnted by C,).

(ii) H_car capacity ar constant pressure (repre_
sented by (o).

Now, according to first law
modynamics, wc know that

dq=m+Pav
^ dE+ Pdv

trt
_ Wen lhe volume is kcpt constant, dV = 0 and,

there[ore, equation (iv) becomes

lc,= ...(,)

. orlor aa idcal&z,rr{, this equatiotr maysimply
De wnttcn as

he

emperqlure al cor$lan! volu4w. 
i'h

_ Mlen the pressure k kept constant dnring the
absorption of heat, equation (iv) becomes

',= (H),.'(#). (uii)

Also, we know that the heat content or enthal-
py of a system is given by

H=E+PV
Differentiating w.r.t. T at constant R we get

/au') i oe'\ , -/av\
Irr,], = (.,/, *' l-,/, (viii)

Combining equations (rti) and (vi ), we get

1..= (r)

. or.for ony ideol gas. this equation may simply
be put in the form

G)

,tlffi)

of ther-

...(iii)

...(ir)

...(rr)

The hcal supplittl ta
ture through loC
coNtunt it called vohtmc.
Similarly, thc hea
lemperatwc thro gh
surc constant is callcd heat cspacity at conslsnt
prafsure,

^dHcr=F

ts ls

.Fcranf.c.i.-,r<.it.a0bcsh^wn,hdltheint..,atencr./isindepcndentof\,olumcanddepcndsoilyonthe.Ercraturc
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Alternatlwly, from equation (di), we can

directly say that
(6q)"

"P_ dT
But (6q)p = dH

(according to def. of enthalpy change)

. - - dtl.. "p- df
Note. Heat capacities C, and C, as defined

above are the heat capacities per moleJhese are

therefore, sometimes rePresented by C, and C,

Hence for n noles of the substance, we have

c"=ne" and Cr=nQ
5.93' Relatlonshlp b€twe€n Cp and Cu' If the

the system is to be raised through the same valuc as

at constant volume, then some extra heat is re-

quired for doing the work of expansion Hence

Cr, C,,.

The difference between the heat capacities of
an ideal gas can be obtained by subtracting equa-

tion (r.'i) from equation (x). So we have

dH dE(._C = =::_- ...(xi)'r dt dT

But H:E+PV (bY definition)

and PV = RT (for 1 mole of an ideal gas)

.. H:E+RT.
Ditferentiating this equation w.r.t. I we get

dH dE (rii)
dT dT
dH dEor #'ffi=" ..(r,'i)

Combining equation (xr) and (xil'i), we get

for 1 mole of an ideal gas

Thus C, is greater than Cl bythe gas constant

R, i.e., approximately 2 calories or 8 314joules

USE OF SPECIFIC HEAT

Sotution. (a) EnergY needed (4)

=r?1 xCxAT
=10.0x045x(500-25)J
= 2137 .s J

(b)q=mxcxaT
2137'5=m x 0 13 x (500- 25)

or m :34 69

SECTION TV

ENERGYCHANCES
DURING CHEIVICAL REACTIONS

5.1 o- General lntroductio n i:il:iiri:iiiii::r:

the energy required is greater than the energy

evolved, ifie nei result is the absorptiotr ol cnugt
and the process is called'endothermic' '

Thus all chemicat reactions are usually ac-

ges manifest and the use to which they are Put are

given below :

A chemical reaction involves rearrangement
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(i) Buming of coal ia air produces,hear. That
is why it is used as a fuel

C (s) + O: G).-.* Co2 G) + heat.

(ii) Buming of naturalgcs (a mixture of lower
hydrocarbons) pro d\ces heot and lighr. Therefore,
it is also used as a fuel.

CHo (g) + 2ozq)- Coz @) + z}{2o(t)
Methane + hear + light

2qH6 G) +7 ozk).......,4co2@) + 6Hzo(t)
Ethane +heat + light

(iii) Combustion of petrol (CroHrr) in at
automobile engine produccs /r eat and rvechqnicql
work.It is, thercfore, used as a fuel for automobile
engines.

2 CloHz2 (t) + 31 orG) ....-._ zo CO2 @)

+ 22 HzoG)

.. - (i.v).Slow combustion of carboltydrutes in
biological systems produccs,/rcar which maintains
the body temperature.

CuH,rOu(s) +6 Or(g)......+ f agz@) +6lH2O (l)
+ heat

surroundings is higher, the work is said to be done
o,l the system.

5.1 1. Exolherrnic and Endothermic Reactions. .

Exothermic R€acllo[. Thesg are tl]}[jy. reacrio$
which ue auatrqoudd br the efolutiafl o! hoat.

The quanriry of heat produced is shown
alongwith the products with i.plus,sign. A few
examples of exothermic reactioni are givin below :

C (r) + or(s) .._ Co2 k) + 393.5 U
1

Hz Gr , i Oz k)._..- Hr() (; + 295.s L1

Nr6; + r-Hr1s) .........- 2NH3Q| + gz.4kt
cH4k) + zoz@)...-, Co2G)

+ 2H2()@) + 890.4 k.l

11
C4Hrok) + +OrG)........*

ttor lsl +5H, o G) + 2658 kJ

N2 G) + 02 k) 

- 
2No (s) - 180. 7 kJ

c(r) + H2o(i) -.....- co k) + H2 k) _ 131.4 kJ
C(s) + 2s(r) -......* CS2k) - e2. 0 kr

H2@) + t2@).-, zHr (s) _ sz.skJ
2 Hgo(s) 

-....... 2l.tg (t) + or(s) - 181 .6 kJ

Exothermic and Endothermlc mncfions ln
terms of AH. The enthalpy change (AH) accom-
panyng a reaction is given by

AH = Heat content of proctucts

- Heat cont€nt of reactants
=Hp-Hn

. A reactio_n is exothermici.e., heat is given oul
ur a reaction if tbe total heat content of t-he reuc_
tants is more than that of the products, r..e.,

Hn'Hr
But if it is so, then according [o the above

equation AH witl be negative. Hence

(v) Bumingofcandle rn ari produces heat and
light. It k, therefore, used as i source ot light.
Thking wax as C,rHr2, we have

C,r Hr, (s) + 2j Oz @) -........., t5CO2 @)

+ 16 H2O k)
_(ui) in a golvanic cell

Produces maybi used to run
an electri beli, etc.

Zn (s) + Cu2+ (aq)...-...- Zr?+ (aq) + Cu(s)

*dt
,@-

Modes of
sJAtem and the
mon forms of e
tem and the sur

(r) Heat which is due to the difference of
temperature between the system and the surround-
rngs and flows from higher temperature to lower
temperature.
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MI is wptivefor emthcrmic reactions'

Thus the exothermic reactions given above

may be written in terms of AH as

C (s) + OzG)- Cozk),
AH = -393'5kJmol-1

1

HzG) + iorttl 
-Hzo0),AH : -285'8 kJ mol-l

Nzk) + 3HzG)- 2NHr(s),

LH : -92'4kJ mol-r

cHaG) + 2o2G)- Coz@) + zHzo(t),

AH: - 890'4kJmol-l

c+Hro @ *+oz@)-4coz@) + sH2oG),

LH : -2658 kJ mol-l

A reaction is endothermic i'e' heat is absorbed

in a reaction if the total heat content ofreactants is

less than that of the products, i'e', H* < H,

Then, according to the equation

AH: Hp - Hn,AHwillbePositive'Hence

LH is posilivefor enilothirmic rerc-tiorts'

Thus the endothermic reactions given earlier

may be written in terms of AH as

NrG) +or(g)- 2NoG),

AH : + 180'7 kJ mol-r

c(s) + HroG)- CO (8) + H2k)'

AH : * 1-31-'4 kJ mol-l

C(s) + 2S(s).-..- CS2(/),

AH = +92'0kJmol-r

HrG)+Ir(g) ---zH.r(s),

LH : +52'5 kJ mol-r

2Hgo(s) -' zHe(t) + o'G)'

AH : + 181'6 kJ mol-1

Graphically' the exothermic and endother-

mic ,eaciions may be represented as shown in

Fig. 5.11.

PRODUCTS

FIGURE S.11' (a) Exothermic rection
(b) Endothermic reaciton.

5.1 2. Thermochemical Equation i::: ::::::::::i::::::: ::::i:: 
::::i:i:::: li:::i: i:::::::i:::::i::: i :

1
io;
o-
J

-Fz
uJ

REACTANTS

I

I

A H=Hr-H*
ItttEGATIvEt
t'
I

Whsn a balmceil chernicale4uul';ionnat only indi-

cati the quanlilics of the differet reailants und

proittut^t'bul obto indicates lh'e &tttount of hectl
'evolved 

ar absorbed (os in lhe above teucfiorui), il
is called a lhermochemical equutiow'

However, contraryto the usual practice about

the balanced equations, fractional coel'l'icients may

b" ,,r"d in writing a thermochemical equation' For

example, the formation of water is written as

1

HzG) + irrrtd- Hzo(/)

+ 285' 8 k.l mol-r

1

or HrG) + * ,lr(rl- Hz() (i)'

AH : -28.5'fi kJ nrol-1

Thus 28-5'8 kI of heat is produced rvhen I

mole of hydrogen reacts with 0'5 mole of oxygen'

If the quantities of reactants are doublcd, tl're heat

produced will also be doubled' For examplc' in thc

ibor" cute, we maY write

PROGREES OF REACTION

(L
J
I
Fz
ul

PROGREES OF REACTION

o
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2H2@) + or@) 

- 
zHro(t)

+ -571 .6 kJ mol-l
or 2H2@) + OrG)- zH2O (t),

AH : 571.6 kJ mol-r

Some Con'/entions about
Thermochemical Equatlons

(i) For exothsrmic reactions, AH is negative
whereas for endothermic reactions, AH iiposi
tive.

(il) Unless otherwise mentioned, AH values are
for the standard state of the substatrces (i-e. Z9g
K and 1 bar prcssure).

(rii) Thecoefficients of different substances rep-
resent the number of moles reacted and formed
for the heat change reproseDted in the equation.

(iv) The physical state (s, l, gerc.) ofthe difierent
substances must be mentioned as the heat
cvolved or absorbed dcpcnds upon the ph5ical
sl.ate (as discussed in the neK sectioo).

(u) If the coelficienls of the susbtances are mul-
tiplied or divided by some number, the value of
AH is multiplied or divided by the same number.

(vi) If the reaction is reversed, the sign of AH
changes but the magnitude remains thi same.

The amount oJ heat evolved or ubmrbed in a
chemical reaction whcn the number o! molct ol
Ihe rcactants as rcprevnted by the chemicil
equttion have comptctcb reacted, ir cslbil the
heat of reaclion.

Lct us consider the following two examples :

C (r) + o, (g) ..._ cclz k),

AH = _ 393.5 kJ mol-r
C (s) + HrO k)..- Co G) + Hr(d,

AH : + 131 .rt kJ mot-l

pletely with t mole of steam (i.e. l8g) l3l.4kJ of
heat is absorbed.

It is interesting to note that
Heat of rcaction, AH : Heat contcnt of

products - Heat content of reactallts.
If [he reaction is reversed, the sign of AH

changes e.g.,

1I'or HzG) + ; o, G)-+ HrO (i).

AH = - 285.8 kJ mol-r

For HrO (/) ......._ H, G) r j o, B).

AH = + 285.8 kI mol-r
Factors on which the heat o[ reaction

depentlsi The heat of a reaction depends upon a
number of factors as explained below :

(i) Quantities of the reactants involved. If the
quantities of the reactants are doubled. the heat of
reaction is also doubled. An example of this has
already been given in section 5.12.

(ii) Physical state of the rcactants and
Pr
of
an
or
amlle. when hydrogen and orygen gases combire
to form Iiquid water. the heat o[ reaction is diflerent
than when they combine to form water in thc
gaseous state i.e.,

I
H2 G) + ; O, (6)..._ HrO (/)," 

o" = -285.8 kr mol-r
I

H2 B) + , (-)2 @)- HzO (il.

A H = -248.8 kJ mol-r
Hence it is essential to write the symbols s, /,

I ot oq. to indicate wheIher a particulai substance
is solid. liquid. gaseous or an aqueous solution.

C (diamond) + o, fu) ...._ Co, 1,),
A H = _395.4 kJ mol-l

C (graphite) + O, G) ---......r CO, G),
A H = _393.5 kJ mol-l
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(iy) ConcentratloD of solutions. Heat

change occuts when a soluto is dissolved in a

solve-nt to form a solutiou or wheu a solution is

diluted. Therefore, if the solutions are involved

in a reaction, their concentrations affect the heat

of reaction.
(v)

depends
tants arld
reported at 298 K.

(vi) Conditions o[ constant pressure or con-

stant volume i.€. whether the reaction takes place

at corstant pressure or at constant volume.

Stands(l enthalpy change. A substanc'e in its

most stable form at 25'C or 298 K rutder apressure

of one bar is said to be in its standard state.

The enthalpy change of a reaction when all the

reactatrLs aad the products are in their standard

states i.e. at 25' C oi 298 K and under a pressure of
one bar is known as the standard enthalpy change'

It is usually represented by AH', or AH,2e8.

released when bonds are formed between the

atoms. Now as a chemical reaction involves break-

we have

Entholpy change of a reaction

I Enerw reauireil to ) | Energ rekased u *e I

=lareai*ebonas of l'lfotmation of bonds inl

Ithereactants ) lthe Vodttcts I
If enercv required > energy releasfd, the net

result is theibsoiption of energ5r and thE reaction

is endothetmic.

If energr released > energt rcquired, the net

result is thJebase of energy and the reaction is

erothermic.

The above point of view is further explained

with solved examples in section 5.18'

5.14. Different TyPes ol Heats/Enthalpies
o, Reaction or Phase Changes :i'i::!irr:i'i:::i rr:r'ir"''i:

'Heat of reaction' or 'Enthalpy of reaction' is

tions are as follows :

1. Enthalpy ot combustion.

e.g. CHa @) + 2o2@) -='
co2 G) + zllzo G)'

AH = -890 4 kJ mol-r

This reaction shows that 890.4 kJ of heat is

nroduced when I mole o[ methane is completely
Lurnt. Hence enthalpy of combust ion oI methane is

890.4 kJ mol-1.

two cases are different, viz.,

1

C (r) + * o, B)""""".. Co G),
' 

o, = - 110.5 lJ mol-r

C (s) + o, @) """""* Co2 G)'

AH = - 393 5 kJ mol-l

Complete oxidation means oxidation to CO,

and not to CO. Hence heat of combustion of carbon

is 393.5 kJ mol-l.

The subslonce is

dejin ult! tlrc hedt

avolv is comPletelY

burnt or otidizetl in orygen.

Standsrd hent of combustlon is the amaunf of
lpat evolved whzn one mole of the stbsance wtder

slmdard conititiar.s (298 X, I bar pressure) is

ionplaely bwnt lo form lhe producr also under

standari conttitians, h is representeil by 6If o
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Note carefully rrrd, i, it not lhe combusliofi ths, i!
tuking pltrce at 298 K, whkh, in luct" cunny hop-
pen, It is lhe totul heal chunge that occurs whan the
initiul reockurts u.ttd I&aI produc* ur6 et 2:lg t
irnttpeclive ol tht lrct thrl durin{ c4n b&ion,
temperatuft is higiEr tfun 299 K.

(iuH,roo (r) + 6(), (q) 

-6CO, (q) + 6HrO G) + 284O kJ mol_r

- Th is oxidaiion reaction is usually c alled,cotn_
btrstiort oJ J'o1tal'.

Dillcrc-nt lucls and fo,rds produr.e rlillerent
Jrnounls rrl hcJt ol (omhusli(,n. Thcsc arc usuellv
( \prcssl..d iIl rcrms (,I thcir (.rl,rrilit. v:rlues which ii
tlcfincd as lollos's :

unt
the
thl

2. Errthalpy ol formation.

The 
,r'r,nditions r)l lctnpcrirlure Jnd presslrrc

trstr:rllyr'hoscn urc 2,)s K irnd I h r Drc\srrre Thi<

tion under these conditions is called stamlard
enthalpv of lbrmation.

For example, in tbe reaction
C (r) + oz G)- coz(O,

AHi = -393.59-o1-t
when I mole of CO, (g) is formed tiom its elements
viz C (s) and 02 G) Gll substanccs being taken in
thc standard stare), 393.-5 kl of beat is produced.
Hence standard enthalpy of tbrmation of gaseou"
CO, is 393.5 kJ mol-1.

Similarly, in the reaction
2H2 @) + oz G) ...._..} 2H2O (t),

AHi = -571.6 kJ mol-1

_ we observe that 577.6 kJ of heat is evolved
when 2 moles of H.t) (/) are formed from the ele_

_ X AHi (Reactants)

*Aclually. A H"react.on =
Sum of enthalpics _ lSum of enlhatpics

I ol r€acranr(
But if enthalpies of the ct"..-ne 

"." 
t"t"o 

"s 
r.,ol lh"n cnihalpy ;;;po]und = its cnrtralpy of fomsrior,
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Thus for a general reaction

aAl bB-- """> cC*dD
A Ho."""ti,,n = [cAH'7 (C) 'r aAff7(D)l

- [a AH'1(A) + b Affl(B)]

REMEMBER

For elementary substances in thc slandard state,

the standard enthalpy of formation (AH/) is taken

as zero, The standard state of an elementary

substance means the mGst stable form of that sub-

I, (s) whereas standard states for carbon and sul-

phur are C furaphite) and S, (rhombic)

--6, 
"*-p1", "uppose 

we want to Predid the

enthalpy of combustion of methane' The reaction

IS

CH4 G) + z)r(s)'C(), Ul) +2HzO o
''' AHo*r.tn'n

= [AH"rlor CO2 + 2 x A H'rforHr0]

- [A Hi Ior CHn + 2 x AHifororl

Putting the values of enthalpies oI formation

in the standard state
AHo."""tion= [- 393 5 + 2 x (- 285 8)]

-[-749+0l
= -965 1+749= -890 2kJ

[ .' A Hi for anY element like O, = 0l

3, EntbalPY of Neutralization'

NaOH + HCI '-""""-) NaCl + H2O,

AH = -57'1kJ mol-l
Hence enthalpy of neutralization of HCI with

NaOH or NaOH with HCI is 57.1 kJ.
The enthalpY of neutralization of any strong

acid (HCl, HN'd3, Ff2So1) with a strotrg base

Na++oH-+H++Cl--
Na+ + cl- + H2o , aH : -57'1 kJ mol-l

or H+ (aq) + oH- (44) ......._ Hzo O,
AH = --57 1 kJ mol-r

Thw ruufrulizalion is imply a rcaaion bawem

tlg H+ iortlt given b! tlu acid with tlu OH- ittns gitm
by ttu ba* ln lorm onc nwle of HrO* '

ionizes completelY ari'*' r,iEfi,iijou + cH3coo-+H+
(ii) NaOH 

-". 
Na+ + OH-

tion is 57.1- 1.9 = 55.ZtJ.

Similarly, in the neutralization of NH.OH

with HCl. 5.6 kJ of heat is used up for the dissocia-

tion of the weak base i.e. NH.OH Hence the

enthalpy of neutralization in this case is only

s7.l - 5.6 = 51.5 kJ.

For example, when one gram equivalent of

HCI is neutralized by NaOH or one gram

eourvalent of NaOH is neutralized hy HCL both

ioiutions being ditute and aqueous' 57'l kJ ot heat

is produced. Thus we maY write

.Thc units arc lJ mol rmation of I molc ofH2O for thc ncutralisatlon of acid with basc'



FIHST LAW OF THEBMODYNAMICS AND CHEIuICAL ENERGETICS 5125

Nnte. Thc heat of neutralisation is takco for I
gram equivalert of the acid and base This is
bccause neutralisation involves combination of 1
mol o[ H] ions with I mol of OH- ioos (as
explained abore) to form one mol of HrO. One
gram equivalent of any acid on complete dis-
sociation gives l mol of H+ ions. But I mol of an
acirl on dissociation may not givc I mul o[ tI+
ions e.& I mol HrSOn givcs 2 moles o[ H + ions
on completc dissociation. Howevcr ons g11m
equivalenl o[ HrSOr ( = 0.5 mol) gives t m-ol of
H+ ions.

4. Enthalpy of Solution.

KCI (r) + uq 
- 

KCI (aq),

AH = + 11i.6 kJ mol-r
CuS( ),, (r ) + :rt1 

-CuS( 
)1 (a4),

AH = _66.5 kJ mol_r
-fhrrs 

thc lirst case is endothermic and enthal_
py olsolLrtion : + 18.6 kJ mol-l

Thc sccond casc is exothermic and enthalpy
ol solution = - 66.5kJmol-l

heat. For example,

C--uSO].5HrO * aq .- CtuSOJ (ar1).

AH = I t1.7k.l

,. Thus it can bc gcneralizod thar thc process oI
dissolution is Lrsually enclothermic [or

_-__. _(r) sults rvhich do not form hydrates ljko n-aCI.
KCll, KNO, crc.

(/r) hydrared salrs like CuSO4.5HzO,

CaCl2 . 6H2O etc.

S. Enth.rlpy ol Hydration.

- For exanrplc. thc heat o[ hydrution of copper
srrlphate is -78.: kl mol-t. Thjs -ay be relre_
sented as

CuSOo (s) + .5HzO .....-...- CuSOo.5HrO (s),

AH = _ 78.2 kl mol-r
IMPORTANT

is bccause i[un erJuation is multiplied by a num_
hur, thc units do not change. For'cxample,

1

H, ({) + ; ()2 fi )-..- HrO 1/),

AH' = - 28.5.8 kJ mol-l
The units oIAH" are kJ mol-1. If we mutiply thls
equatitu bv 2, we get
2 H2 @) + <), (s) 

- 
z Hro (t),

AH. = - -571.6 kI mol-r
The units olAH" are again kJ mol-1.

5.15- Meas rrement o, Enthalpy o, Heoctions ,.,,,,:,,,:,.,
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OXYGEN
INLET

H:E+PV
.. AH= AE+ PAV+VAP
At constant pressure, AP = 0.

Hence
AH:AE+PAV

At constant volums. AV = 0.

Hence AH = AE + VAP.

5.151. Measurement of Heat 0f
neutralisation. The heat of neutralisa-
t rn of an acid with a basc or vicc versa
can bc dctcrmined using a simplc
calorimeter consisting of a polythene
bottle* fitted with a cork having two
holes, one [or the thermomctcr and the
other for the stirrer, as shorvn in Fig.
5.13. Taking the examplc ofneutralisa-
tion o[ HCI with NaOH, the method
consists of the following steps :

(i) A known volume oI HCI oI
known concentration (suy 100 cm3 of
0 5 N) is taken in one bcaker and an

cqual volume o[ NuOH rrl thc samc
concentrltion (i.c. l00 cmr rrl 0 5 N; is

taken in anothcr bcaker.

THERMOMETER

STIRRER

OUTER
INSULATED

VESSEL

FILAMENT

BOIMB
(STEEL VESSEL)

PLATINUM
CUP CONG.

KNOWN WT OF
SUASTANCE

FIGURE 5.12. Bomb calcrimeter.

immersed in the compound. Combustion of the
compouad takes place. The increase in the
temperature of water is noted. From this the heat
capacity of the apparatus (i.e. heat absorbed per
degree rise of temperature) can be calculated.

(ii) Combustion ol known mass of the ex'
peimental compound. The experim€nt is repeated
as in step (i)

In the above case, as the reaction is carried out
in a closed vessel, therefore heat evolved is the heat
of combustion at constant volume and hence is
equal to the internal energy change.

The value of AE can be calculated using the
formula

AE=QxArx14
m

where Q = heat capacity of the calorimeter FIGURE 5.13. Measurement of heat
of neutralisation.

THERMOMETER

STIR RER

A r = rise in temperat re
m = mass ol rnc suos c hcukcrs urc kept in watcr huth till

ancl M = molecular maaa tain the samc Lempcrature'

Note. AH = AE + pAV. solution kept in the first bsaker is

cal0rimeter, aV = 0. Hence * ]i};,i:'[::::"t"j'l:,if;fft'r.,1".|J
AH = AE. However, this is not t 

"n" 
hnt,l". Stirring is done to mix

relation AH = AE + PAV holds I. The highest remieraruro attaincd
stant pressure. This may be seen a

.tn"t.uo ofpolyttr"n" u.i,f., 
" 
f."r"o p"G,yr.*.rp *,if, 

","'"r 
i' 

"f.n 
sonreiimcs used.lt is callcd cofl'ee'lnPcalorlnreter.

,.
r:.1

FIRING
LEADS
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follows -
Suppose the initial temperature of the acid

and the base : tiC
Final tempearature of the solution after

mixing = f'rC
. . Rise in tempemluls : (t, - t,).C
Total mass of the solution : 100 + 100 = 200 g
.'. Heat produced = Mass x Specific h€at

x Rise in temp.
:2O0 x 4.lU x (r2-rr)J =rJ(say).

This is the heat produced by neulralisation of
100 cc of 0.5 N HCl.

. . Heat produced by neutralisation of 1000 cc
N HC'l (containing one gram equivalent of

=fixroooxofJoules
5.153. Measurcment of heat of rractlon at 

.

constant pr€ssuE (4p or AH). For any reaction oc-

tions, AH is negative whereas for endothermic
reactions. AH is positive, as already explained.

Alternatively, for the measurem ett ol qo ot
AH, the reaction may be carried out in a vesselwith

3i""Trtfi,3l

tcmperature may be recorded ,.otT:tl:h1
calculated.

of1
HCD

.F,."r$O"...-E".,,LE.ivl'-$...,,.ON t- rl,t:t, t..r't't ()\ o1 l,rN 
,1'H.{r-r,l,oF so\.1rrrsrt()\

AND ENTHALPY OF NEUTRAI-ISATION

lgluiS". Rise in remperature
: 300 78-294.05K = 6.73K

Heat transferred to the calorimeter = Heat
capacily of the calorimeter x Rise in temp.

= (8. e3 kJ K-r) (6. 73 K) = 60. 1 kt
Molar mass of CrHrt = 8 x 12 + 1g

= 114 g mol-l.. Enthalpy of combustion
60. I

= ,.Zm , I 14 kJ mot-l

: 54E1 .1 U mot-I

ti) .500-rni o10.1 M hydrochloic acid is ruked
wilh 200 cnr ol0.2 M sodiuttt ltydnryide .rohtiott

(ii ) 200- cmr oI 0.2M sulphuric acid is mixed
with 400 cmr ol0.5 M potassium hydroxide solutio,t.

heat of water is
qt absorbedby the
tyhat h,ould be the

ise is temperqdrre in each of the aboye cases ?

Solution. (i) 500 cm3 of 0. 1 M HCI
0. t

= 
1000 

* 500 mole ot HCI

= 0 0-5 mole of HCI
= 0.0-5 mole of H+ iom

200 cm3 ofO 2 M NaOH
o.2: 
1000 I 200 mole of NaOH

= 0.04 mole of NaOH
= 0.M mole of OH- ions

Thus 0.04 mole of H+ ions will combine with
0 04 mole o[ OH- ions to form 0.04 mole o[
HrO and 0 01 mole of H+ ions will remain un_
rcacted. Hcat evolved when l mole of H+ ions
combine with 1 mole of OH- ions = 57.1 kJ.
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.. Heat evolved whcn 0 04 nolo ol H+ ions

combine with 0 04 mole of C)H- ions

= 57.1 x0 04= 22E4N

(ii) 2ffi cm3 ofO 2M H2So4

= !3 " 
200 mole ot HrSO.

1000

= 0 04 mole of HzSOc

= 0 08 mole of H+ ions

,100 cm3 of 0' 5 M KOH

= 0 5 , ,100 mole of KoH
1000

= 0'2 mole of KOH

= 0'2 mole of OH- ions

Thus 0 08 mole of H+ irrns will neutralizc

0'08 mole of OH- ions. (outof 0 2molcolOH-
ions) to form 0 08moleof HrO

Hencc hcat'rvolved :57 1x U 08

= 4'568 kl
In cqse (i). hcat Ptoduced : 2 284 kl

:22UJ
Total mass of tlte solution =-500+200:7(X)g

Spccilic hcat : 4 18 J K-I8 I

O= r?r xsxAJ
(l

20.7 kJ K-1, calculate the standard enthalPy ol

mmbustion of graPhite. J.\ls. -393 4 kl mol-rl

FOROIFF|CULT ?R.ObLE-M.9

,r XJ
)19L_ -*. = 0.78.

700x418
h case (ii),healProduced = 4 568 kJ

: 45(18 J

Total mass of the solution = 200 + ll01)

= 6009

o 45rA

,fl x.! 600 x 4 l l'J

2. 2O.O g ol ammonium ritrate (NH4NO3) is dis-

(N.C.E.R.T) J'\ls -5 28 kJI

Z. d\ hcat capacity of water = hcal caPacily ol
calorinleler, lhc-heat gained by watcr = heat losl

by lhc calorimeter

= 125 x (2s6 5 - 286 4) x 4'184 J

=52a2t=52aZkl.

x t2 8 r,:.ol

= - 393 4 kJ mol-I.

5.16. EnthalPY Changes
Ouring Phase Transiti

1. Heat ofFusion.

lhe
nto

For examplc, the heat of fusion (AH1,,) ol ico

(m.p. :2'13 K) is 6 0 kl mol-r' It may he reprc-

sented as ;

H2O (r) 

- 
H2O o' AH = * 6 0 kJ mol-t

Icc Water

2. Heat otlbPorisation.

It is tlrc heut chtng accnmparqing lhc contersinn

oJ one mola ttf u liquid into its gxeotll sttle q' il:
hoiling ttoinl.

For t]xample, thc heat ol vaporisatioll

(AH,.r,, ) ,rl rva(ir int,r its gascous:'lirte (steanl) ut

rhe htiilirrrr l,oint r'l \tirlcr {373 K) is '10 7 kl' lt mrrv

bc reprcscn'.ed as
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H2() (4 .....-...- H2O G), AH= +,t(),7kJmol-r
Watcr Slcam

3. Heat of Sublimation.
Suh[mation is r process in which a solid on

hcating changcs directly into gaseous s(ate below
its melting point.

Heat of sl
chaiw aq
solid rlireclly
ture bebv its

For cxample, thc heat ofsublimation ofiodine
is 62.39 kJ mol-I.

tz 6)........- 12 G), LH = +62.39kJ mol-l
Most solids that sublime readily are molecular

soli<[s, e.g, iodine, naphtbalene etc.
Itmay be poiated out that sublimation isnoth-

ing but fusion and vaporlsation carried out in one
step, i.e.,

AHsubtimation =AHfrson * AlLpo.i""tion
Otberwise also, this equatiotr is true because

enthalpy is a state property.

G.H. H
gave a law about
of experimental
after his name as

C(;) + or@) .-.* Co2 k), AH= -393.5 kJ mot-l
Ifcarbon burns to [orm carbou monoxide first

which then burns to form carbon dioxide, the heats
evolved in the two steps are as follows : _

t
(i) c (r)+ ; {)2 G) -----+ Co ((),

AH= -110.5 kJ mol-r
I

07) coG)+; (), G) -,cor (q),

AH= -283.0 kJ mol-!

c(s) e-j-rJ
AH=-3s3sk.r

._. _ 
Thus the total heat evolved in the two steps

will be AH = (- 0.5) + ( -283.0) = - 39315
kJ mol -r which is thc same whcn the reactioD takes
place directly in one step.

(2) Sulphur (Rhombic) burns to form SO,
directly in one step as

s (R) + ; C)2 G)-....- so3 (s),

AH = _395.4 kJ mol_r
Sulphur may change to SOt in two steps as

(,) s (R) + oz k)- soz G),
AH = _ 297.5kJ mol_r

the statrdard s(ate conditiotrs, superscript e is
used with H, r'.e. we write,

A,He, A"Ho, ArHeetc. However, more
common way of representation is AH", AH7 etc. or
AH"', AHr'etc.

law ol Constant Heat Sumrmlion
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S(R)

5/30

1

(,0 so2 G)+i 02 G).-* so3 G)'

AH=-97 9 U mol-1

Total heat evolved in lhe two sieps is

LH = -297'5 + (-s7 9) = -395 4kJmol-r

This is the same as for the direct reaction in

one step.

Theoretical Proof of Hess's Law' Considcr

the general reaction A 
-""r 

D

Suppose the heat evolved in this reaction

directly is Q joules.

Now suppose the same reaction takes place in

three stePs as follows : -
A- B --+ c- D

SuPpose the heats evolved-in these three st eps

are 4r , q2 
' 

q3 joules resPectrvely'

rhus rhe toral heat 
""",""1f,11"1,i,,11;

FIGIJBE 5.14. Theoretical Proof of Hess's Law

According to Hess's law, we must have Q = O'

If Hess's law were not correct, then either

e,<Q orQ'>Q

a number of times, a large amount of heat cun be

crcatecl. This is, horvcver, against thc luw of cttnscr-

vation of cnergy. Hcncc Q nrust be equal to Q' i r'

Hcss's law must be correct.

consequence of Hess's law : -
equutiotl4i can be lrcated us

w-hich can be uildcd' sub'
r ilivided.

A few important applications o[ Hess's law

are given below : -
1. Catculation of enthalpy of formation' Ths

cannoI
calou-

follorv-

f l\.\\Il'1,t, l.C(\Iculqte lhe enllrulpy olJbrmu-

tion of nrethane (CHo) frtnt thc followirtg tlotu :

(i) C (i) + o2G) 

- 

Co, G) '

L,H = -393'THntot-l
I

tii) H,lg) + ; O, (sl + H ro (l\ .

" 
* = _2u5.6H rtnt-l

(iii) CH 4 @) +2o 2 @) -' 
CO 2 G)+2H ro (t)'

LH=- l]90'4Hntol-l

Solution. We aim at

zG)- cHa (q) ; AH = ?

Multinlvinc equation (ii) with 2 adding to (i)

and then.ubirrJting equation (iii) from thc sum i c'

operating (i) + 2 x (ii) - (iii)' we gct

LP^= - 393'7 + 2(- 285't')- (- 890 4)

= - 74 9 kJ mol-l

or C (s) + 2H, (q) -- CHo G) ;

AH = -74 9kJmol-l

Hence hcat oI formation oI mcthanc is

Atl/ = - 74 9 kJ mol -1
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laXAl\IPLD 2.Calculote the mthaw of fonna-
tion of carbon monoxide (CO) lron lhe lollowinq
dote :

C(s)+ or(9- CozG);

A,H=-3933klntol-l
I

tii) Co \gt + ror(g\- Cor(gt;

LH = - 282.E kJ mol-1
Solution. Wc aim at

1

C(s)+ 7orfu) ' co(c):AH=?

Subtracting equation (ri) from (i), we get
I

C(t) + rorG)-coG)- 0r

AH=- 393 3-(-2f,2'8) = - 110 5kJmol-'
Ior C(s)+;OrG)........- COE);

as=-riosu.
. . Heat of formation o[ CO is

AH, = 116 5 1t' to'-'
2. Calculation of enthalpy of allotropic trans-

iormation. Elements like carbon and sulphur exist
in different allotropic forms. The change of one
form to the other involves a very sma[ amount of
heat and is a very slow process. Hence the ex-
perirental determination of heat changes for such
transformations is very difficult. These are calcu-
lated by the application of Hess's law as illustrated
by the example given below : -

l' \ ',\ll"l,1... Calculate the enthalry change ac-
companying the transfomation o! C (graphite) to
Co(diamond). Given that the enthalpies of combus-
non of.graphite and.diamond arc 393.5 and 395.4
Rl mol ' respecdvely.

_S-o!gtlo_ll: We are given
(i) C (graphite) + oz@) 

- 
COz@) ;

AH = - 393.5 kJ mol-r
(i) C (diamond) +O, G)-r CO, (g) ;

AH = - 395.4 kJ mol-r
We aim at

C(graphite) .......* C(diamond), AH = ?

Subtracting equation (ii) from (i), we get

C(graphite) - C(diamond) 

- 
9'

AH = -393 -5- (- 395.4)= a19L.I
or C(graphite) 

- 
C(diamond);

aH = + 1.9kJ
3. Calculation of the €nthalpy of hydration.

The experimental determination of the enthalpy of
hydration is almost impossible. However, it can be
easily calculated using Hess's law as illustrated by
the following example :

Colcltlote the enthalpy of hydra-
tion of anhydrous copper sulphate (CuSOr) into
lrydrated copper sulphate (CuSOo. SHrO). Given

tltut the entholpies of sohttions of anhydrous copper
sulphate atrd )tydrated copper sulphate are - 66. 5
and * 11.7 kJ mol-l respectively

Solution. We are given

(i) CUSO, (s) + aq """""'r CuSOn (aq) ;

AH = - 66.5 kJ mol-r
(ii) CuSOo . 5HrO (s) + aq-

CuSOo (aq) ; AH= + 11.7kJmol-1

We aim at

CuSOo (s) + 5HrO (/) .*
CuSOo . 5HrO (s) ; AH = ?

Equation (i) can be written in two steps as

(iil) CuSOn (s) + 5HrO (/) -----------+

CuSOn . 5HrO (s) ; AH = q, kJ mol-t
(iu) CuSOo . 5HrO (s) * 0q 

-CuSO. (aq);AH = 4, kJ mol-1

According to Hess'slaw qiq2= -66.5 kJ mol-l
Further, equations (ii) and (iv) are same.

4z= l ll'7llJ mol-l
Putting this value above, we get

qj+ ll.7 = -66.5
or 4r= - 66'5 - lL'1 YJ

= - 78.2 kJ mol-r
Thus equation (iii) may be written as

CuSoo (s) + 5Hro (i)-----------r

CuSOn . 5HrO (s) ; AH - 78.2kJmol-l
This is what we aimed at. Hence the required

value of the enthalpy of hydration is AH
= - 78 2 kJ mol-r.

tlf may bc notcd thai thc hesl changc for lhc samc rcaction is sometimcs stightly diffcrcnt in difrcrcnt p-ro-uteis-as tncsc
are thevalucs rcportcd try differcnt workcN and dcpcnd upon thc conditions oftcmperetuE ctc.

(i)
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4. Pr€dicting the enthalpy change for any
reaction. Hess's law can be applied to predict the
enthalpy change for any reaction from the enthalpy

changes of certain other reactions. The numerical
problems given below willillustrate the application
of Hess's law.

SOME ADDITIONAL NUMERICAL PROBLEMS ON HESS'S LAW

'fYI'li L OI thc calculatiou of hcats of fbrrtrrtion In order to get this thermochemical equation,
multiply Eq. (iii) by2 and add it to Eq. (ii) and then
subtract Eq. (i) from their sum. Wc get :

c+2H2- cH1 ,

AH= -393 4 +2 (-285 7\-(-890 2) kJ mol-r
= - 74'6 kJ mol-r
Hence the heat of formation of methane is

LHI = - 74 6kJmol-r
I.IXA\II'LIi -1. Calculate tlu heat ol fonnation

of KCI fronr the following dota :

(i) KoH (aq) + HCt (aq) --,
KCI (aq) + HrO (l), LH -- - 57'3Hmol-1

1(ii) H2w) + )Ortel- U.rO (t\,

LH= -286 2klmot-1
tl

iii) 1H, 
(gl + 

,Ct2 G) + q+
HCI (aq), LH = - 164'4Hmol-l

ll
(iv) K(s) + !2o2 (E) * rH rte) * oq 

-KOH(aq), LH = - 487 4 k! mol-l
(v) KCI (s) + oq 

- 
KCI (oq),

LH = t 18'4 kJ mot-l
Soluton. We aim at

I
K(r)+ 

Z 
Cl, (8)"""+KCl (s). AH=?...(t'i)

In order to get this thermochemical equation,
we follow the following two steps :

Srep 1. Adding Eqns. (rii) and (ir') and sub-

tractiug Eq. (v), we have
1l

K(r)+ ;Cl, (s) + H2 G) + i o, Gl.........-

KCI (s)+HCl (aq) + KoH (rq) - KCI (aq)

AH= - 487.4 + (- 164.4) - (18.4)

= - 670 2 kJ mol-r ...(vii)

Step 2. To cancel out the terms ofthis equation
which do not appcar in the required equation (vi),
add Eq. (i) to Eq. (uii) and srrbtract Eq. (ii) from
their sum. This gives

1

K (s) + ; Cl, G).-.......- KCI (r) :

LH= _ 6i o. z 
_+ 

51,1; 
l;T; : j

enthalpies of fomwtion of COrand H2O arc 394 5

qnd 286'6 kJ mol-l respectively, calculate the en-

thqlpy o[ Iomtation of ethyl olcohol.

We are given :

(0 qH5OH + 30, + lQ92 + 3HzO,

AH = - 1380 7kJ mol-l
(rD C + Or-CO, , AH= -394'5 kJ mol-r

I
(i,r) H, + * or.....-- Hro, AH=-2a6 6 kJ mol-r

w" 
"i'- 

ot
1

2C + 3H2 * rO, 
- 

CzHs OH

In order to get this thermochemical equation,
multiply Eq. @) by2 and Eq. (ir'i) by 3 and substract
Eq. (i) from their sum, i.e. operating 2 x Eqn. (ii)
+ 3 x Eqn (r'ii) - Eqn (i), we get

1

2C + 3Hz* iO, --- 
qH5OH I

aH= 2 (-3e4'5)+3 (-286 6)-(-1380.7)

= - 268 1 kJ mol-l
Thus the heat of formation of ethyl alcohol is

AH, = - 266 
',O',tot-'Il\ \)lPl ll-1. Calculate the enthalp of fonna'

tion of methane, given that the enthalPies of combus'
tion of methane, grqphite and hydrogen are 890' 2 kJ'

i9j'4 H and 285'7 H mol-l respectively.

We are given :

(,) CH4 + 2Or-"- COz + 2H2O,

AH = - 890 2kJmol-1
(rt) C + oz 

-' 
COz,

AH= -393'4 kJ mol-r
l(iiil H2+;O2 -'--- H2O 

'
AH=-285 7Umol-t

We aim at :

C + Ztl, "'-------+ CHl ' AH : ?
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l ltthylene on combustion gives carboD dioxide and
water. Its enthalpy ofcombustion is 1410.0 kJ/mol.
If rhe enthalpy of formatioD of COz aod I-I2O are

393.3 kJ and 286.2 kJ re.spectively. Calculaie the
col halpy of formation of ethylene.

[turs. +51.0 kJ Erol-ll

2. Calculate the enthalpy of formation of carbon
disulphide given that the enthalpyofcombusrion of
carbon disulphide is ll0.2 kJ mol-l aDd tbos€ ot
sulphur and carbon are 29.4 kJ aod 394.5 k g
atoD'r rcsp€ctively- [,\ns. - t79.1 kJ mol-11

3. (hlculirtc the cnthalp) of formation o[ acetic acid
lion] the fbllowlng dalr :

(l) (l (r) + c)2 G) ......* CO2 G), AH = -393.7};I

tii) II2 (s) * i o, (Xr .... H2O 1lr.

aH = -2a5.8 kJ

(,iD cH3coolt (/) + 2o2G) 

-zCOz G) + 2H2O (l), 
^H 

= ---873.2 kJ

l\rs.-4t5.8klmol-rl
4. Calculalc thc cnthalpy of ionnatioo of sucrose

(L rzl122 Ot l) tiom the lollowing data :-
(i) (lrz Ilz2 Orr + 12()2 

- 
I2CO? + I lH2O,

All = -5200.7IJ mol-l
(ti) C + 02 -..-.* (loz, AH = -394.5 

kJ mol-l
1{iii)ll, + +o, ....-llr(). atl = -285.8 kJ mot-l

I\Ds.- 2677.1 td Itrot-rl

S. (hlculatc the eothalpy of formation of benzcoe,
glvcn that enthalpies of combustion of benzcoe,
carhoo and hydrogcn are 

-3281.5 kJ, 
-394.9 kJ

lD(l --286 I kJ/mol, respectively.

I Ahs +S3.t kJ mot-rl

6. ()rlculale the standard enthalpy of formarion of
SO3 ar 298 K using the following reactions and

cDthalpiqs-

s8 (r) + 8o2 G) - 
8so2 G),

2SO2 G) + o2@) * 2SO3 G),

AII " = -198 kJ nrol-l

[ "ns - '145'9 kl mol-r]
7. Calculatc the enthalpy oI formation of anhydrous

Aj2Cl6 from lhe follo\rying data :

(i) 2Al (r) + 6lrct (aq) ......-

AlrCl5 @q) + 3l1x@) + r 004.2 kJ. kJ nlol-r

(,,) H2 G)+cL (S) .+2HClE)+184.t kJmol-r

01i) IICI G) + aq l }ICl (oq) + 73.2 kJ mol-l
(iv) FJ2CI66) + aq 

-
Aj2 Cl6 (d4)+643. r kJ mol-r

I,\trs - 1352.6 kJ mol-ll
E From the tollowiDg I hermochemical cquations, c{l-

culate the standard erthalpy oI formatioD of IICI (s).

(A) H, (B) 

- 
2H (s),

all = +436.0 kl mol-l
(B) clz (9)- 2cl(s), 

^tl = +242.i kJ $ot-l
(c) HCI (s) ._ Il (s)+cr G),

AII = +431.8 kl nrot-l

I \ns 
-92.45 kJ mol-lI

9. C-alculatc the eDthalpy of formalion of r-hutanc
from the Ibllolring data :

(i)zqHn@) + r3o2 G) ._

8CO2 G) + I oH2O (r), aH = - 5757.2 kJ nrot-l

0i)c(.') + o2@) 

- 
coq @),

AH = - 405.4 kJ mol-l
(iii) 2H2(8) + or(g) 

- 
?llr0 (1,

AII = - 572.4 kJ mol-l
On lvhat law areyour c{lculations based ?

I,\ns.-174 kf mol-ll
10, Calculate the eDthalpy of tbrmation ofac€tic acrd if

the enthalpy of crrmbustion ro CO2 G) and

H2O (D is --€67.0 H mol-l aDd enthalpie$ of for-
ma(ion of CO2 G) aDd H2O (l) are respectively

-393.5 
and 

-285.9 
kJ mol-1.

dIl" =-2775 mol-l
[.\rs -491.t kJ mot-ll
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l. Given

(,) eH+ G) + | o, Gy - z coz e) + z rt.o (I),

AH=-l4100kJmol-l
(,0 c (r) + 02 @) ... co2 G),

AH=-3933kJmol-l

(iii)Hz@) *lo.-o -... Hro (i),

AH=-2862kJmol-l
Ainr:2c(r) +ZUrg) 

- 
c2He(9 aH = ?

2 xE4n. (ii) + 2 x Eqn. (iii) -Eqn. 
(i) gives the

required result.

2. Aim: C (,r) + 2 s (r)+ CS2 O, aH = ?

civeD :

(i) 6z (D + 1 o2g) + CO|G:) + 2 so2 E),

AH=-I102kJnol-I
(it) s (r) + oz G) .- soz G),

AH=-2974kJmol-l
(iii) C (r) + or(g)- COz@\,

AH=-3945kJmol-l
Eq. (iii) + 2 x Eqo. (ii)-Eqn. (i) Sives the required
result.

3. Ainr:2C(,r) +2HzG)+ 02G)- CH3COotl,

AH=?
2 x Eqn. (D + 2 x Eqn. (ii) -Eqn. (iii) Sives the

required result.

4. Aim : 12C(r) + 1r H2 (;) + +02(s).-
CrzHrzOrr (r), AH ='r

5. Aim: 6 C (.r) + 3 Hz G) * C6H6 (D, 
^H 

-?
r<

Given: 1i) C5H5 rD +;02(B)-
6 CO2 G) + 3 H2O,

AH=-3281 5 kJ mol-l

0i) c (r) + o2G)- Co2G),

AH--3949kJmol-1

(iii) H2@) + t or@1- uro 1t),

AH =-286 1kJmol-l
6 x Eqn. 0i) + 3 x Eqn. (lii)

-Eqn. 
(i) Sives lhe required result

6. Aim : + 58 (.r) + ] o, 6) ...- So, 1g), 611 = "

7. Aim:2Al (r) + 3 cl2 G).* Al2Cl6 (r, AH - '1

EqD. (i) + 3 x Eqn. (io-Eqn. (iv) + 6 x Eqn. (iii)
gives fie required result.

1r
E. Aim: i H2 (a) +;cr2 G,).- HCI G)

9. Aim: 4 C (.r) + s H2 G) * C4H1o E), AH=?
<1

4 x Eqn. (ii + i x Eqn. tiii) i x Eqn. (i) givcs

the required rcsult.

10. Similar lo problem 3.

IYPE Il. On the calculaliort
oIenthalnles of combustiolr

1..XAi\ il't.tl. Calcurate the enthalpy of combus-
tion ol ethylene (gas) to form CO, (gas) and HrO
(gas) at 298 K and 1 atmospheic pressure. The

enthqlpies ol formation of CO, ,H2O and CfIo are

- 393.7, -241.8 * 52.j kJ per mole respectively.

Solution. We are given :

(,) c (s) + 02 G) --.........l coz G),

AH = -393 7Umol-r
1

(i,) H, G) + i o, G) -._....' Hzo (8),

AH = - 241'8 kJ mol-r

(irl) 2C (s) + 2H2@)'-, CrHo k),
AH = + 52'3 kJ mol-1

We aim at :

QHo G) + 302(0 --....--..,

2CO2 @) + 2H2O G), AH : ?

2 x Equation (i) +2 x Equation (ii)

2c (s) + 2ozG)
- Equation (iri) gives

_.f zCO2 @)

+ oz?) + 2IJ2 G) + 2H2O G)

-2c (s) - zHz@) - CzHq(c)

3o2@)-2coz@) + ZHzO (9 - CzHq(B)

or QHo @) + 3o2 @) 

-zcoz 
@) +2H.2o G)
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LH = 2(- 393'7) + 2 (- A1.8) - (s2.3\

= - 1323.3 kJ mol-r
Alternative Method :

We aim at :

CzH4 G)+3O, (d....-zcoz @)+2}{2O G)
We are given : AH,r(co, = -393 .7 kJ mol-l

AH/(Hro)= - 241.8 kJ mol-t

AHf fqs, = +52 3 kI mol-l

1. Calculate the enthalpy of combustioo of beozene
fronr the followiDg data :-
(i) 6C (, + 3H2 G)-C6H6 (0,

AH =49.0 kJ mol-l

(r:HrGl* I or@;*Hzo (0,

AH = -28i.8 kJ mol-l

0,t) c (r)+o2 G) -- Co2 G),

alt =-389.3 kJ mol-l

[ \,]: -3242.2 
kJ mol-rl

2. The enlhalpies of formatiol of metbane, carbon
dioxide and water (liquid) are 

-74.8, -393.5 
and

-246.2 
yJ respectivefy. Calculate the eDthatpy of

combustion ofmetbane at ordinary temperature.

[ \ns -Egl.l kJ mot-l]

AHR"""tion = (Sum of AH1'values of Products)

- (Sum of AHr" values oI Reactants)

-I*4"rra*"A'ftor)l
= Izx(-3e3. 7)+2x(-241.8)l-[(52. 3)+01

C. AHf for elementary substance=O)

= I-787 .4-4f6.61-52.3 = -1323.3 kI mol-r

3. Calculate the enthalpy ofreaction for

CO(a)+Z02e)......* cO2G)

GivenC(r) + o2G) 

-COzg}AH = -393 
5 kJ mol-1

c 1r; * ] o, rg; ._ Co G:) 
^H 

=-110.5 kJ mol-r

I r r,. 
-2113 

kJ mot-rl
4. Find lhe enthalpy of combustion of carbon

(graphite) to produce carboD monoflde G) on the
basis of data given belo\ :-
C(graphite) + oz G) 

- COz (8) + 393.4 kJ mol-l

co()*lor@) 
- 

coz@) + 283 okJmol-l

[ \rr. dH = - 110.4 kJ mol-11

H lNT5 FoRDtFFlcuLT 
"Rortr:vo

r. Ainr : c6H6 (4 + + 02 G)

- 
6 CO2@) + 3 H2O (/), arr = ?

6xEqn.(i)+3xEqn.(ii)

-Eqn. (i) 
givcs the required resutr.

2. Aim I CHl e) + 2 o7@)- CO, (g) + 2 HzO (l)

AH nerction = [^Hi(Co2) + z aHi(HzO)l

_ - l^Hi(CH4) + 2 
^Hi(02)l

4. Aim : C (.r) * | o, €1- CO (s.). 6H = ,

Eqn. (r)-Eqn. 0r) gives the required resutr.

rYPE III. On thc calculatior
of enthalpies of tiaositions

f , \..\\ ll,Lla. Given rlr e followingthermochemi_
cal cquations

(i) S (rhombic) + O, (g) 
--.+ 

SO, (g),

AH : _ 297. 5 kl ntot-r

(ii) S(ntonoclinic) + O2----, SO, (E),

LH : - 300.0 kJ mot-\
Cqlculqte LH for the

gtqm om o[ rhombic sulph
phur
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Solution. We aim at :

S(rhombic)--' S(monoclinic), AH :?
Equation (i) -Equation (ii) gives

S(rhombic) - S(monoclinic) -.-- 0,

LH = 297'5 - (- 300'0) : 2'5 kI mol-l
!lil

',?'', OttB:.E ,iM..,S',F--.@..RiiF iH

or S(rhombic) -.--.------ S(monoclinic),

AH : +2.5 kJ mol-r
Thus for the transformation of one graul atom

of rhombic sulphur into monoclinic sulphtrr, 2'-5 k.l

mol- I of heat is absorbed.

l. The enthalpies of combustion of graphite and

diamond are 393.5 kJ an<l 395.4 kJ respectively.

Calculate the enthalPy change accompanlng the

transformation of 1 mole of graphite into diamond-

[.,tns. 1.9 kJ mol-l]
2. There are two crystalline forms of PbO ; one is

(ii)c(di')+ 02 (8)* #r;; 
3e3'5 kJ nror-r

AH = - 395'4 kJ nrol-l

Aim: C (gr)- C(dia), AH = ?

Eqn. (i)-Eqn. (ii) gives the required result.

yellor and the other is red. The standard enthal-

!:ies of formation of these two forms ate 
-217.3

and 
-219.0 

kI per mole respectively. Calculate the

enthalpy change for the solid-solid phase transition.

PbO (Yeltow) 

- 
PbO(red)

lAns. -1.7 kI mol-r]

H li{Tg FoRotFFtcuLT ?r.orlEMe
l' Given (Ycllow)'

AH = - 217'3 kJ mol-1
I

(ii) Pb (s) * iorG)- Pbo (Red),

AFI : - 219.1) k.t nrot-l

Eqn. Q))-Rqn. (i) gives the required rcsult.

TYPE rVn the calculation
of enthalpies of hydration

l.\ \\ll'l.l'. Enthalpy of solution (LH) for
BuClr.2HrO and BaCl, are 8'8 snd - 20'6 kl
ntol- | respectively. Caladate the heat of hydration of
BaClrto BaClr.2H2O.

_q[!g"r We arc given

(i) BaCl, .zHzO (s)+ aq 

- 

BaClz(aq),

AH : 8'8 kl mol-1
(ii) BaCl, (s) + aq -----_ BaClz@q),

AH : -20'6kJ mol-l
We aim at
BaCl! (s) * 2H2O+ BaClr.2HrO ('s),

aH : ? ...(rrr)

Equation (ii) may be written in two steps as

BaCl (.r) * ZHrO- BaClr.2HrO (s),

AH: AHr (say) ...(iy)

BaCl, .2HrO (s) * uq 

- 

BaClr(aq) ,

AH = AHz (say) ...(v)

Then according to Hess's law

AHr+AHr=-20'6kJ
But AH, = 8'8 kJ mol-l

['.'Equation (i) : Equation (v) |

.'.AHr = -20'6-8'8= -29'4kJmol-l
But Equation (iii) : Equation (lu)

Hence the heat of hydration of BaC)I,

= - 29'4kJ mol-l

sulphate (CuSOo) and hyclrated coPper sulphate

respectively. Calculate the enthalpy of hydration ot

1 -78.2 
kI mol-r]

? 
"R'O 

;b: lLlE,.N/ ."9.. F'O .'R
'l'hc enthalpy of solution of anhydrous copper

(CuSOo.5H2O) are --{6'5 and +11'7 icJ mol-1

anhyrJrous copper sulphate to pentahydrate'
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H lNT$ FoRDtFFtcuvr ??ooLEuo
(iivcn : (i) CuSOa (, + aq + CuSO4l1,q), AH = - 66.s kJ mol-]

(li) CUSO4.5 H2O (t) + oq. + CnSOa@q), AH = + rl zrlmot-r
Aim: CUSOa (,r) + 5 H2O (/)- CuSOl .5 HzO (r), AH = ?

See solutron oD page 5/31

TYPE V On thc calculation
ofcrtthalpy charge for any rcaction

py oI combustion of ethylene, hydrogen and
athqne ore - 1410.0, -286.2 und - 1560-6 H
mol-1 respectively at 298 K. (N.C.E.R.T,)

Solution. We are given
(i) 9Ha@) + 3o2@)-

2CO2 (d + 2H2O (r),

AH= - 1410 kJ mol-r
I(,,) H2B)*iOr(rl ------...... Hzo(0,

AH = -286.2 kJ mol-r
I

@i) qH6e)-r 31o (s) -........+

zco2 @) + 3Hzo (t),

AH = -1560.6 kJ mol-l
We aim at CrHo + H. (g)-.-,qH6 G), AH = ?

Equation (i) + Equation (ii) -Equation (rr) gives

9Hl9 + HzG)- QH6G),

AH = - 1410.0 + (-286.2) - (1560.6)

: - 135.6 kJ mol-l

f ,_XAi\lPI_f ,l 2. The thermite redction used Iot
welding of ntetais inyolves the reactiol

2Al (s) + Fe ,D, (s) 

- 

Al rO, (s) + 2Fe (s)

What is LHo aa 25'C lor this reaction ? Given
that the standard heats of Iomation of AlrO, and

Solution. We are given
2(r) 2 Al (s) * lortgl 

.._ Alzo3(r).

AH = - 1675.7 kJ mol-l
1(i0 2Fe (s) + ;O2G) 

-' 
FerO, (s),

AH: -828.4kJmol-r
We aim at

2Al (s)+FerO, (r) -----+ Al2O3 (s)+2Fc (s),

AH: ?

Equation (i) -Equation (r'i) gives
2Al (s)+ Fero. G) ...........+ Ato: (.r)+2Fe (s),

AH= - 1675.7 - ( -828.4)= -847 3 kJ mot-r.
Altemqtive Method
We aim at
2Al (s) +FerO, (.r) ........- AtO: (s) +2Fe (s),

AH: ?

AHReaction = Sum of AHi of products

- Sum of AH'/ of reactants

= [AH'r (Al2 03) + 2 x AH"r (Fe)l

- [z x AHi (a]) + AH., (Fero.)l

=.1- 167s.7 + 0l - [0 + (-828 4)l
= - 847.3 kI mol-l

l. The enthalpies of formatioo of carbon moooxide

and steam are 
-110.5 aod ---243.0 kJ mol-l

respectively. Calculate the enrhalpy ofthe reaction
when steam is passed over coke t.e, for the reaction

C+HrO ....._ CO+H,

L\I< +132.5 kl mol-l]
2. Chloroform is prepared ftom metbane according

to the reaction



.,..,"i j Nert Course Chemistrglfiffi)
s/38

cH4 g) + 3cr2 cr) ...* ana,rl,) t ,r., n,
Calculate AH for the reaction Siven that enthalpies

of tbrorarion of HCI (g), CH4 G) and cHCl3 (D are

-92.0, -7 4.9 a1d 
-134.3 

kJ Per Dlole rcspectiYc-
ly I -335.4 

kJ mol-rl
Calculate the enthalpy ofreaction (aH') when am-

monia is oddized :

4NH3 G) + so2 G) 
- 

6Hzo (A) + 4No G)

Vl: L a i.ll l-l

StaDdard enthalpies of formatioo (AH/) at 25' C

for NH3 G), H2O G) and NO G) arc ---46.2,

-241.8 
and +90.4 kl/mole respeclively.

["'' -904 
4 kJ mot-11

4. The standard enthalpy of formation ofFe203 (r) ls

- 824 2 kJ mol-l. Calculate the enthalpy chauge
for the reaction

4 Fe (r) + 3 o2G)- 2 Fe2O3 (r)

[\''rs - 164t 4 kJl

MISCELI"ANEOUS PROBLEMS ON THERMOCHEMISTRY

=[(-134 3)+3(-e2 0)l -I(-74 e)+0]

= - 335 4 kJ mol-l
4. allt" = 12 x aH7' (FezO:l

- I^H/. (Fe) + 3 H/. (O2)l

= 12 (- 824'2)l - [0 + 0] = - 164E 4 k-I

Hence O, used in the production of 44-5 15 kl

of heat = 22'4 litrts at STP
i \{\tf'l-f ). Thc heat evolveditt the combus-

tion of glucose is shown in the followingcquation : -
CdI,rOo(s) + 5Or(d ---,

6CO2 G) + 6H2O (O'

L,H: -2840Hmot-r
Whot is lhe energt requiremenl Ior prodttction

of 0 36 g of glucose by the reverse reaclion ?

Splgtlgq. The given equation is

Cd Hr2 06 + 6rJ2 @) """""'.

6CO2 G) + 6HrO @) ;

AH : - 28,10 kJ mol-r
Writing thc reverse reaction, we have

6CO2 G) + 6HrO @) .........-

CuH,rO5 (s) + 6(), (g) ;

AH : + 2840 kJ mol-l
Thus for production of 1 mole of C6H,rO6

(:72+12+96 = 180 g) heat required (absorhed)
:?A4O W.

FOR OIFFICUUT ?R.OELEM.S

l. aH Roactioo = [AHi(Co) + aHi(Hil
- J^Hi(c) + 

^Hi(Hzo)l
= J- 110.5 + 0l - J0 + (- 243 0)l

- + 132 5 kJ mol-l
2. aHRcaction = [^Hi(CHC|3) + 3 

^Hi(HCl)]

| \ \.rlf t,l i. The heat evolvedin the combus_

tion oI methane i; given by thc followitrg equotio,t :

CH1@) + 2oz@) 

- 

Cor(s) + 2H2o (t),

LH = - 890 ' 3 kt mol- 1

(a) How many grams of methane would be

requied to produce 445' 15ld ol heat of combustion ?

(b) How many grams of carbon dioide would
be fonned when 445' 15 kJ of heat is evolved ?

t (c) Wat volume of ory4en at STP woukl be

used in the combustion process (a) or (b) ?

Sol-r1!iq9. (c) From the given equation,

890 3 kJ of heat is produced from 1 mole of
C}lIo i.e.,.L2+4 = 16gof CHr

. . ,145.15 kJ of heat is produced from 8 g of CHo

(b) From the given equation,
When 890.3 kJ of heat is evolved, CO, formed

= lmole =,149
. . Whcn .145' 15 kJ of heat is evolved, COt

formed : 22 g

(c) From the equation, O, used in the produc-

tion of 890 3 kJ of heat = 2 moles = 2 x 22 4

litres at STP : ,14'8 litres at STP

r
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.'. For pr^odlction of 0.36 g of glucose, heat
absorbed=#r0.36 = s.68 U

I:\,\\ll'1,L 3. Frum &e &ennochetnicol equotion

cFa(D + ,lorUl 
-3H,o 

O+6cor(O,
Nt : _ 3264 . 64 kt mol_l

cqlculste the energ evolved when 39 g of C6H6 are
bumt in qn open container

Solution. From the given equatioo,
When I mole of CuHo (78 g of CrH.) is burat,

heat evolved = 3264.64kf
. . When 39 g of Cu Hu is burnt, heat evolved

3264.64
= _ 

?8 x39= 1632.32 t<l

. The thetmochemical equationforso rocket firc| ore givenbelow:_

2At (s) + , ) o, ,rl 

- 
At, o, (s) ;

LH: _ 1667.8H mot_1

nr@ + lo,@) 
- 

Hzo (t);

A,H = _ 285.9 k! mot_r

(b) Wriring the reverse ofthe firsrreaction, we
have Alror(s) ......._ 2Al (s) + t +or@) i

H = + 1667.8 kJ mol_l
_ .Thus for the reaction given in part (D) of the

probtem, AH = + I667.El(.Jmot-i

Cqlculate the enthalpy of fusion of naphthalene-

,^ 9glglion. Molecular mass of naphthalene
(C,6 Hr) = 126

.^... -*i,:n ,, 
g 

_of 
liquid naphrhale ne solidifie d,

near evolved = 149 joules.

--,,,.Yb.: I mote ie. t2B g ot napbrhatene
sordrtres, heat evolved = 149 x l2gjoiles: 19072 Joules

.- ,Since,fusion is_reverse of solidification, there_

:::: n."t 
"?:.9r_b^".d 

for tusion of one mote of naph_
matene = 19072joules

i.e. Enthalpy of fusion (AH7)

: * 19fi72 joules/mole

hint
ene,g/ in all fotms to a lo
is the change in intemal en
lost wqs stored. as sucrose
many dqys should it take
water loss.

Solution. Loss of energy per day
12000 _ 9500 : 2500 kJ

AE = _ 2500 U.

^ ,fo. o loss of 1632 kJ of energy, sucrose(Cr2H2zO1) Iost = l00 g (given)

For a loss of 2500 kJ of energy, sucrose Iost
100= i632 r 2500 9 = 153.2*

153.2 g of loss ot weight takes place inI day

. . 1 kg (1000g) ofloss ofweight will take place
1= 

f $. * 1000 days = 6.5days

-- ^ ..11 !,1 ",r:,!,.^^.te 
s of a lu minium and. hydrogen

orc ulted, which is q better rocket fuel ?
(b) Determine NI for the rcqction

At, o, (s) 

- 
2At (s) + t I o, @)

!g!Cqg.. (a) From the lust given equation

..- -. 
2 -g1." nf Al (i.e. 2 x 27 g = 54 g) on com_

Dusrron grve heat = 1667.g kJ
. . 1 g ofAl on combustion gives heat

1667 .R
-'54-= 30 9kJ

From the second given equation
1 mole ofH, ( = 2 g) on combustion gives heat

= 285.9 kJ

.. 1g ofH, on combustion gives heat

285 . I= 
'z 

= l42 95ld

Thus, H, is a better rocket fuel.



PradeeP's
5/40

' Standatd vaPoisation enthalPY

arhn ilig point is'30'8 H mol-t' For

i:^:.: tdti W electic hcqtet have to
')iiro," i, ordrr,o ropoize a 100 gsample ofbenzene

it irs boiling tempera*e ?** 
1poni, : )n"'gt/time' lw = lts-l)

(N.C.E.RT.)

Solution. 1 mole of benzene' C6H6 (78 g)

requi for vaPorization = 30 8 kJ

100 g beozene will require energY

- 30 8 x 1oo kJ = 39 51J
'78

100 W heater gives energy of 100 J per second'

.'. Time required for getting 39 5 kJ ofenergy

,i, rritrl uirrrpptv ofthe burner is insufficient (i s'

ll^1.'i".," 
" ""ri,ff il"tead of a blue flame), a Portion

. --r-.^,i^^ A..rrmi6o
hout combustion Assuming

wasted due to tbis inefficien-

e cYlinder last ?

Ys aPPror' 17 daYs aPProrl

6. Reaclion between red phosphorus and liquid
"' ir'Jti* it 

"n.*olhermic 
reaclion reptesented as

follows :

2P (s) r 3 Br2() ... 2PBr3GI)'

AH" = - 243 kJ nol-1'

Wha

Phos
Thke

2900 kJ mol-1

is ,1() 79 kJ mol-l

[ fuls.620.7 g]

[turs. 1ltl 3 kJI

1, Grven tnat

(,) C(Eraphite) +O2G) ...CO2 G);

aH =- 393 7 kJ mol-l

(ii) C(diaDood) -- C(graPhite) ;

AH = -2-1 
kJ mol-l

(a) Catculate AH for burning ofdiamond to Co2

(b) Calculate th hite that rnust be

burnt to evolve
s kJ G) rs2'4 cI

2. Crmpare the quantity of heat p-roduced by lhe

'' ;;''ilil;;f l.o g g'tucose (c6Hr2o6) with thar

alr for the sucrose = _9.6 kJ g- ll

kJ mol-1
[,\ns. AH = + 2s40 LJ' '1g = + 2t4 kJl

39500 J
= 395 s

100 J

: 6 miE. 35 sec.
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l. (a) Eqn.p))-Eqn. 1j; gives ttre re[uireO resutt.
(b) 393.7 kJ of heat is produced froDr graphite

fh: 
l_ 9" "orr,urpy "r,rnfiGiffiuoion of ,Eotc (lt(] g) of gtucce. Hence for 18 I gtucce,

= 12&
. . 500,0 kJ of hcar will b€ produced fiom graphite

72- 3!3? x s000 6 = 1s2.4 a
2. C5H,rOa + 6 Or+ 6 CO2 + 6H2O

& Rcacron = [6 AHi (CO, + 6 AHi (fLO,
_ [^Hi(c6Hr2o5) + 6 Mifqli

= [6 (- 393.5) + 6 (- 28s .s)] _ (_ 1260) + 6 (0)
= - 2816.4 tJ mot- I

.. Heat produced from I g gucose
2t16.4

= -116-= ts ou
CtzHzzOtt +602-*6CO2 + 1l HzO
aHn."cr;,,n = [6 (_ 393.5) + t I (_ 2s5.9)]

- I- 2221 + Ol

= - 3284.9 tJ mol-l
.. fleat produc€d ftom I g suclse

32A4.9
= 1;;- u = e.6 kI

3. Given: C6Hl206 (r) + 6 Oze)+
6 COz@) + 6 HzO (0,

AH : _ 2t4O kJ mol_1
Aint : Reversb Reaction for which

4 (a) I Mole ClHto = 58g,
... Hear p.oduc€d from l12c{ g

265A=-5E- x r1200 = 513 8.9kJ.
No. ofda)s for which it will tast

= 513268.9D.n,@O = 25. j dara _ 26 days
(D) After wastage, heat avaitabte

67
= ;05- x 513268.9 = 343890 kJ

No. of da)5 for which it will tast

= 34389020000 = 1? dals
5. Mot mass ofglucose (C6H12O6) = 180.

Glucse required per day

= (lE0 ,/ 2900) x 10.000l!.
6. RequLed AH =ff"z.utt J,o , *r.
7. For evaporarioo of I mol ot HzO ia 18 g. heal

requ[ed = 40.79 kJ
.. For cyapomtion of 80 g of H2O, heat required

40.79
= _lE_ x E0 = t8t.3 ["I.

t. AHvap for CO = 6.04 kJ mol-l
Le.6.O4kJ tor 28 g

. . Enthalpy change for vaporisation of 2.38 g

aH = + 2840 kJ rnoJ-t = 181 ,r'ar*r=0.5134kr=(r1.2 r

AH=+2t4td

For oolvatomic 'rl^lF^rla. rL- L^-r -
We know th"r .--,6, :- ^,,^r,.- r , .. . We know tha[ energy is evolved wheo a bond

rs rormed, and-energy is required for the dissocia_
rroo ol a bond. Hence bond energy is defined aslbllows : -

For diatomic molecules like H, , O, , N, ,

:,r.. T, , HF erc., rhe bond energies are equal to
their dissociation energies.

Thus average C-H bond energy
_ 42,7 + 439 + 452 + 347 _ 7665

4-4
= 416 kt mol-l
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Dilfercnce between bond cner5. and bond

The corresponding bond energy (AU') for

this reaction is 430 8 kJ mol-r. Thus, there is very

small difference and the two are used interchan-
geably.

An imPortant u sthat
it hclps to calculate on of
aloms. For example.

Enthalpy of formation of H-atom = ?
= 217'5 kJ mol-1

Calculation of bond €nthalPy. For

enthalpies of sublimation, enthalpies of dis-

sociation etc.). Similarly, the bond enthalpies of
heteronuclear diatomic molecules like HCl, HF
etc. can be obtained directly from experiments

or may be calculated from the bond enthalpies
o[ homonuclear diatomic molecules These

calculations are illustrated in the examples

given on page 5143 and 5144.

(i) A H..r"tion = : AH/ (Products) - t aH/ (ReactaDts)

(ri) a H."u"11on = 2 Bond Encrsiesor ED33lfffi:"::?,ntharpies 
of products

=: B.E. (Reactants) - t B E (Products)

(iii) Hess's law treats thermochemical equations as alSebraic equations'

.Thc6c arE o(.ct vslucG bccausr ihcy itrvolvc dissocigtion of diatomic molcculc6' which contain only one bond'

.,These arc 6r,cragc valucs bccuasc thcy aIc obtaincd frcm molccules which contain mor€ than one bond'

TABLE 5.1. Bond energies ofsome common bonds

BOND
BOND EN'TTIALI'Y'

(kJ mol-l)
ITOND

ROND ENTIIAI,PY'*
(kJ mol-11

H-H
H-F
H-CI
H-Br
H-I
F- F

CI- CI

Br-Br
I-I
O=O
N=N

436

565

431

364

291

155

u2
1q)
149

494

941

C-H
o-H
N-H
C-C
C=C
C=C
C-CI
c-o
C=O
C-N
C=N
C=N

414

463

389

347

619

412
326

335
'to7

293

616

879
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lolytron. First Method. By using the rclation
MReaction = 2 LI/., (producs)

_ E LIf , (Reactonts)

Here we are given
H, G) .-...} ZH(g),AH = +430Umol-r

ct, (g) '-+ zcl (g), AH : + 242 kJ -;;gl

we aim at "'(")

Hcl G) ---.H G) + cl (s), AH = ? ...(nr)
Evidently, for reaction (rrr)

AH:>AH/' (products) - XAH/. (Reacrants)

= [AH/'(H) + AH/" (ct)l - taH/. (HCl)l

From equation^s (i) and (,), 
-'(iv)

AH/' (H) = j{*+:ou) = 215kJ mol-l
1

A H/'(Cl)= ){+ztzuy= + t2r kJmot-r

Also we are given AH/ (HCl) = - 91 kJ mol-t
Putting these values in eqn. (iv), we get

AH = [+ z7s + 7Z7l _ t_ 91]
: 427 kl mol-r

Second meihod. By using Hess's law
We are given

(,) HrG) .+ zH(O, aP,: + 430 kJ mol-r
(rl) ClrG)- 2ClG), AH= +Z42kJ mot-1

Oi) ;H,@) * irr,t t.--* HC1G),

AH = _ 91kl mol_l
We aim at
HCIG) --... HG) + cl G), aH = ?

ll
1x (i')+; x (,1) - 0t, cives the required result.

Third Method. By apptying the retation
A HReaction = X Bond Enthalpies of Reactants

_ X Bond Enthalpies of products

For the formation of HCI

l r, r, * ) ru ro......- r.r,rl, A H = A Hr
.'. AH = I B.E. (Reactants)

I B.E. (products)

= j a.e. 6,y + I n.E. 1cry - B.E. (HCr)

- ", = + 
, +to * lx 2a2 - B.E. (HCt)

. 8.E. (HCl) = 21.5 + 72t + 9t
= 427 kJ mol-r

,i
of

dissociqtion of H2arc -74.8, +7j9.6and435.4kJ
mol-1 respectively.

Solution. Here we are given
c(r) + 2H2 k).-......- CH1 k),

AH : - 74.8 kJ ...(,
cG)----------+ cG), AH = + 71s.6H ...(ii)

H.(s)- 2H k), au : + 435.4H

... (ni')
We aim at CH4 k) --.......r C (S) + 4H(S)

.-(iv)
Eqn. Q;) + 2 xBqt (iii) _ Eqn (r) gives
c(., + 2Hrk).........-- cG) + 4Hk)

-C (s) -2H, @) - CHo k)
0 = cG) + 4H(s) _cH4@),

LH = 719.6 + 2(a3s. q _ G 74.8)
or cHrG)..----.-ck) + 4Hk),

AH = + 1665.2 kJ

. This_gives the enthalpy of dissociation offour
mole s ot C- H bonds

Hence bond energy for C_H bond
76f.5.2

= 416.3 kJ mol-r

)
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l,t\.\]ill,l,l: l. Calculate the enthallry chonge

Ior the rcqctiotl
H2 G) + Br2 G) 

- 
zHBt (g)

Given thot the bond enthalPies 'f H-!1\
Br- Br and H - Br are 435, 192 and 364 kJ mol-'
re spectivelY.

Soluiion. Energy absorbed for dissociation

of r -oGIiE-H bonds = 435 kJ

Energy absorbed for dissociation of I mole of

Br-Br bonds = 192 kJ

Total energy absorb ed = 435 + 192 : 627 kJ

Energy rcleased in the formation of 1 mole of

H.-Br bonds = 364 kl 
of 2moles

ofH 
rbed
I errergY.

Energy released:728 kJ -627 kJ = 101 kl

i.c. for the given reaction' AH = -101 kJ

Allernatively, the problem may be solved.by

applying Hess's law or by applyitrg the tollowng

relation directlY

A HR"r.uon = E B E' (Reactants)

- XBE (Products)

l. Find the enlhalpy of formation of Hydrogen

nuoride on the basis ot followinB data :

Bond eners/ of H-H bood = 434 kJ mol-l

Bond eners/ of F-F bond = 158 kJ mol- I

Bond energy of H-F bond = 565 kJ mol-1

I t'u' -269 
kJ mol-ll

2. Calculate the enthalpy change for the reac on

HzG) + rz3) 

- 
zH.t G)

Given that the bond energies of H-H' I-I arld

H-] arc433,151 and 299 kJ mol-l pectively'

[ \ -r4 kJl

3. C-alculate the enlhalpry offormation ofwater' tNen- il;i;b.;;;;;si;orH-H,o = oando-H

sono are +f: u nior-1, 492 kJ mol-1 arui 464 kJ

nlol-l respectivety [.rns. -249 
kJ mol-ll

4. From the following data at 25" C' calculatc the bond

eDergY of o-H bord :

(;) il, rsl 
- 

2H (a), 
^Hl 

= 1M 2 kcal

= tB.E.GIr) - B'E. (Brr)l - 2B'E (HBr)

=45+L92- Zx 4 =-101 J
, lix t I I,LI,I ?. PrcPane has tlrc stntcture

arc-'it -6n, )olcuiate rc change l enthalpy

for the following reaction :' irnrtsl+5oz@)
i Co2 @) + 4 H.O (g)

Given that avet bond enthalpies t re :

C-C C-H C=O O=O O-H
"i; "ati' 711 1e8 46t H not-7

( r.c.E.R.T.)

Solution. AH,..",an--l-usn
lrll

F. lH-c c-c-H
L\ ,I l

.e.'to = =o)+ o-H)l
= t2 B.E. (c - c) + 8 B.E. (c-H)

+sBE'({)=o)l
- [6 x B.E.(C = o) + 8B'E (o-H)l
= l2 (347) + 8 (414) + 5 (4e8)l

[6 (741) + 8 ('164)lkJ mol-l

=1694 +331 + 249n] - 14446 l7tzl

= - 1662 kJ mol-r

bLEViS FOR
(ii) oz@)- ?-o (8), Allz = I13'l kcrl

(i,D H2 g) + pze) 
- 

uzo tsl

AH3=-578kcal

l'\rs l10'6 kcall

5. Calculate the enthalpy of hydrogQnation of

C2H2 @) to QHr G)

lciven bond energies: C-H = 4'14 0 kJ nol-l'
t = c = s2'7 0 kJ mol-r C = C = 606 o kJ

mol-I, H-H = 430.5 kJ mol-l;

(A.I.S.B. 1gg7) [rl' -175 
9 kJ mol-ll

6. aH for the reaction ri
H-C = N (g.) + 2 H2 g)- H -c- N -H G)

,!

is -150 
kJ. Calculate the bood eoergy of C = N

bond.
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lcven bond energies of C-H = 414 kJ mol-l ;H-H = 435 kJ nrol-l ; C-N = 293 kJ mot-I,
N-H = 396 kJ mot- t1 

1o.s.a. rcoas

[.rns E39 kJ mol-r]
7. Calculale rhe enthalpy change for lhe follour'ing

reaclion H2 G') + Ct2 (3) ......-- 2l ICI G)
GiveD that rhe bond dissociation energies ofII-H, Ct..-Ct and H_Ct arc 43.7 kJ:2 4 kJ arld

(ii) C(graphile) 

- 
CGt aH = 716.7 kJ

(utl H2@) 

- 
2H E), 

^H 
=435.9u

A.ssu me the C-H bond enerry as 4 I 6 kJ

lAns. 329.77 kJI
9. Calculate AH. for the reaction

CH, = 6q, +302 -+ ZCO2 + ZH|O
Given thar rhe average boDd energies ot rhe dit-
terent bonds are

Bond C-H O=O C=O O_H C=CBond 414 4gg 724 460 619
enert5/

1U mol-l; 
[,\Ds. -964 kl mot-r]

433 kI mol-, respectivety. . -lrs kJI
t. 

3.lc'rl3l:lh: C-C bond ener!5/ rrom rhe fo owing
data : (i) 2 c (Srapbite) + 3H2 G) -...* qH6 G):

AH = __{4.67 kJ

aH = >8.8. (Reacraotr) -E B.E. (products) =[BE (c=c) +2x B.E. (c-H)
= t n.e. 6rr; * |n.e. 611- B.E. (HF) + B'E (H-H)i - [B E (c = c)

= ! r ue *! * ,,a- s5s = - 26e kr mor-r. = IBzi.6 + z x ttt o + tzi.!1 
'E (c-H)

oru-u+ jo= o +H-o-HraH = ? 
6'aH""ai"n =rBE (Reactants)

$3+!xne2 2x464 -rso=rBE (c_;li.liE:'$l

"-ffi Etr*t-- -tr,"." (.-;)'z.BrE;(:"--?]
. . r\er energy released = q2g _ 679

= 249kt mot-l E. Let us catcutare a, ,o. ,n" ,"r*",1o1 "E 
(N-H)J

Le. AH = - 249 kJ mol-l H H
Arternativety, aH = B.E. (H2) + + B.E. (o, qH6@) i.e.r_*_i_" O, .... 2c(s) + 6 H G)

_ 2 B.E. (o_H) A H

. :ot, *+x4s2 -2 x464 = - 24ekJmol-r. 2x Eqn. (r) +3 x Eqn. (rrD-Eqn. (i) gives
4. For reaction (iO AHReacfion =?A25.,7j kl

AH = B.E. (H, * |zs.1or1- 2 B.E. (o -H) If, is the bond eners' of c--c bond, rben

-s1.a -",4.2 t!,rrr.o-2 xB.E (o_H)'t'"!lZnil.,==ffir]l,
or 2 x. B.E. (O-11) = 221.2kcal ^ or x = 329.7j kJ

,. oio',,|u, * jrr.-s46g =, ucrs)

B.E. (o-Hi = r 10.6 tcai e' AH,."ction = [8.8. (C = C) + 4 B.E. (c-H)
H H +3B.8.(o = o)l _lzx2 xB.E,(c=o)

s' H-c =.-n * H-H...* I =.1 +2 x 2 x B.E. (o-tt)l
[619 + 4 (414)+3 (49C11-10 1tzo1*o ltoo11XS

=_964kJ
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AD.D TO Y U.R

H1.

#2.

rhe mmPounds whi:n nL" *qlllY-",:t5,1:[il:iilHnl"'":[rTJd,exothermic comPounds wh e those

with posiiNe enthalpies of formatron are ca :::-..^,,^..
VariationofheatofreactionwithtgmPeratureisEivenbyKirchoff,sequatiollviz.

l.!f;rl =o.o * {-fl=o.o\ ,,, /T

I, (M)) 
= n.- u, 

o1' - *t' = o, ;,
\ ar /v u L2-'1

where AH I aDd AHz are enthalpy chan8gs at tenlperatures Tl and T2 and aE I

changes at tenperatures Tt aDd T2 respectively'

AC/ = r cP of Products-> cP of reactaDts

ac, = : c, or Prooucts-' cu of readants

C" and C', rePresent tleat caPacities at mnstant Pressure ald at coDstant volume respectively-

, t'"""*'", t",-ation of H+ ion in dilute aqueous solution is taken as zero (Le 1 / 2H2@) + oq 
-

H+ 1o41 + e- , tn'= 0) Using this value' the enthalPy of formation of any other ion ffi b*dt;l"t"d:

*;i"'-
e.& Hcl13) :11 H* ('q) * cf sq) 

^H 
= - 7s il1 kJ

,.r. au7{u+ (a{) + 
^Hi(cl- 

(d4) - 
^Hi(HCl 

G)) = - 7s 14 kr

But alri(HCl(8)) = -92 30 kJ' Putting the values'we get

0 + AH'/(CI- @q))- (-s2'30) =-7s 14k'I

or AH i (cl - (44)) = -167 
44 YJ

ia, J EnthalPy of formadon of an aiom is nearly halfof th atomicmolecule

e.g.H2@)'z]H(s)' AII'= 435 kJ mol-l

halPy of solution
quation (relating

tioD is

+-+l'l
where Cl and q are solubilities at temPeratures i' and T' respectively'

mation is takenaszero for the allotro-pic form

ill;;;::x 1:';xili'x;,il'i"i"',fl 
lil'il'

',lll"'JTillll;,"", the Phvsical state or the solid does oot change [es cusoa (r) + s Hzo ...
-rtOo.t 

UrO 1r;1. However durirg dissolution' rt charges'

The enthalpy change wheo one mole of the solute is dissolved in a definitc oumber of moles of the solveni is

called lntegral heat of solution'

aod AE2 are internal eDerry
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,, Enrhalpy of ionization of a weak acid can be calculated by subtracting enthalpy of neutralisation of that acid
with a sirong base from 57 .7 kJ e.g. heatof ionization of CH3COOH:57.1 *55 2=I 9kJ
Likewise enthalpy of ioDization of a weak base can be calculated.

rr Enrhalpy of neutralisatiofl of HF is about 68 kJ i. e. n]ore than that of a stronS acid with a strong base viz 57. 1

kJ. This is due to very hiSh hydration eners/ of fluoride ions.

: AHm.uustion is always negative- Hou,ever, there are some reactions which involve combiDation with oxygen

leading to partial coDrbustion but AH is positive e.S Nz + Oz + 2 NO, AH = +ve

Further wheo F2 combines with 02 to form OF2, F2 is reduced and not o(idized and AH for the reaction is

positive

i.e. r, * lo, .... oFr. aH = +ve.

i { The neutralisation reaction ofa strong acid with a strong base is

tl+ (oq) + oH - (aq) -- H2O (D, AH = - 5?.1 kJ mol-l

SECTION-V etc.) provide the best source for means oftraaspor-
tation (i.e. scorters, cars, buses, trucks etc). Con-
densed Natural Gas (CNG) has been another
substitute for petroleum products. Similarly, the
heat energy produccd by burning of coal may be
used 'directly wherever required or may be used for
the production of steam which may then run the
turbine and produce electricity. This is the prin-
ciple of a thermal plant.

The sudden sharp rise in prices of crude
petroleum by oil producing countries in the mid
2000 and tbreat from global warming. rising sea
levels and climatic changes due to green house gas

emissions from fossil fuels forced the countries
across the world to think of alternatlve sourcts of
energy i,e. non- conventional all.d renewable. Afew
of these are given below.

2. Dung and wooil. This is another very cheap
and easily available source of energy. Gobar gas
plants are becoming more and more popular in the
rural areas which make use of cow-duag and
decayed plants.

3. Water. Falling water has high kinetic energ5r
which can be used to run the turbine and produce
electricity. This is the principle of hyilro-electric
powet stations set up at Nangal and
Shivasamudram.

SOURCES OF ENtrRGY

5.19. Dilfereni Sources of Energy i.iji:i:i+:i,:ll:i."ii:i..r:ai.:i:::1ii:.:i:i::i:l

We need energy almost in every sphere of
life e.g. for lighting, cooking, Eansportation, com-
munication etc. Further every industry is depend-
ent upon energy. In fact, tbe progress of a country
is determined on the basis of the electrical energ5r

it consumes as it is an indication of the industrial
progress andthe progress ofliving standards ofthat '

country.

In this respect, India is still backward as the
electrical energy consumption per person is quite
low as compared to the developed countries. Afew
sources of energy are briefly explained below : -

1. Fossil fuels. Coal and petroleum which are
believed to have been formed from animals and
plants that remained buried uader the surface of
the earth for millions of years where they were
subjected to high temperature a.nd pressure are
called fossil fuels. These are the most commonfuels
at the disposal of man and hence are call ed conven-
tional fuels. In India, nearly 907o of the total energy
requirement is met by these fuels. The various frac-
tions obtained by fractional distillation of crude
petroleum (e.g gasoline, diesel oil, kerosene oil

sl47
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4. Radioactive elements. A small amount of a

radioactive element such as uranium when under-
goes nuclear fission produces a tremendous
amount of energy which is equivalent to the energy
produced by the burning of thousands of quintals
of coal. Hence every country of the world has been
trying to harness energy from this source. The
plants which work on this principle are called
Nuclear power stations.In India, we have nuclear
power stations at Thrapur (Maharashtra), Kota
(Raiasthan) and Kalpakkam (Tamil Nadu).

5. Wind. This is a gift of nature. The use of
wind mills has been quite common but this source
has not been exploited fully yet.

6. Geothermal sources. The interior of the
earth is very hot. Hence, at a number of places, we
find hot gases and hot steam rushing out of the

INDIA
COAL (55'20/6)

earth's interior in the form of hot springs. The heat
of these springs can be utilized as a source of
eniergy. There are some places where people cook
their dishes in thehot water springs.

7. fidal waves and ocean currents which pos-
sess high kinetic energy can also be e4ploited as a

source of energy.

In India, coal has been the main source of
energy. It is only during the last few years that Oil
and Natural Gas Commi"ssion has made a break-
through in the field of petroleum. After inde-
pendence, considerable development has also

taken place in the field of hydroelectric power as a

source of energy.

The ffierent sources of energy consumption
in India and in the world, as they existed in 1,998,

are shown in Fig. 5.15 below :

WORLD

orL (3s%) RENEWABLES
(2./")

HYDRO-
ELECTRIC

(2o/o)

NUCLEAR

5.20. The Sun as the Primary or
Ultimate Source of Energy :iti;r.;iil, :ii:ii::::i:

The various sources of energy such as fossil
fuels, wood, hydroelectric power, wind power,
nuclear power etc. are ultimately dependent upon
the sun, e.g.

(i) Plants grow by synthesising their food in
the presence of sunlight (photosynthesis).

(ii) The plants (forests) are then fossilized to
form coal or they are food for the animals which in
turn are a source of gobar gas or are fossilized to
form petroleum.

ENERGY (7%)

(23o/o) BIOMASS
(100,6)

NATURAL GAS
(21o/o)

(iii) The heat of the sun causes rain and hence
we have water-falls acting as a source of
hydroelectric power.

(fu) The heat of the sun causes winds, tides
and ocean waves.

(v) It is believed that all elements including
radioactive elements like uranium are synthesised
from hydrogen by the process of nuclear fusion
taking place in sun or other stars.

Efforts have also been made to explore the
solar energy for generating electriciry. However,
these efforts have not met with any appreciable
success so far.

orL (31.s%)

NUCLEAR
ENERGY (1%)

RENEWABLES
(3o/6) COAL

NATURAL GAS
(7.s%)

HYDROELECTRIC
(3o,6)

FIGURE 5.15. Sources of energy consumption in Indh and World (1998).
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The various processes are shown diagrammatically in Fig. 5.16.

SOLAR ENERGY

(AN EFFORT IN
PROGRESS)

fog

FIGURE 5.16. The Sun as the ultirnale souce of energy.

5.21. Pollution
with con

For the product.ion of electricity by the ther-
mal power plants and to meet the ever increasing
needs of trarsport in the cities and towns, the con-
sumption of fossil fuels (i.e. coal a.ud petroleum
products) is on the increase. The combustion of
these fuels produces carbon dioxide, carbon
monoxide, oxides of nitrogen and sulphur (by
oxidation of compounds of sulphur and nitrogen or
elcmental sulphur present as impurity in the fossil
fuels) and somo unburnt hydrocarbons. All of these
are the pollutants of the atmosphere as explained
below :

(i) Carbon dioxide. This is the main product
of combustion of the fossil fuels. If its percentage
in the atmosphere increases beyond a particu.lar
level, the climate of that place may ch aage e.g. ttLe
average temperature may increase+.

(ii) Carbon monoxide. It combines with the
haemoglobin of the blood forming carboryhaemo-

MARINE ANIMALS

globin thereby making it incapable of transporting
oxygen to the different parts of the body.

(ili) Oxidcs ofnltrogen and sulphur. They are
corrosive and poisonous. They dissolve in the rain
water thereby making it acidic. This is called 'acid
rain'.It damages the stone buildings andforqsts and
also the metals.

(iv) Unburnt bydrmarbons. Some of these
hydrocarbons are a great health hazard and may
even cauie cancer.

Besides fossil fuels, another very important
sourc.e of energy is the 'nuclear fuel' being used in
the nuclear power stations, This sometimes causes
even greater problems. A.lthough the release of
radioactivity into the atmosphere is strictly control-
led, yet disasters do occur sometimes. For example
in 1986, such a disaster took place in Russia (in
Chernobyl). A very large number of people are
affected when such a disaster occurs, The storage
of radioactive waste (produced by the nuclear

Associated
su mption ol Fuels 1i:l{jiif.}€i*?.in:.riftrirriii,irii

PRODUCTION
OF

ELECTRICIry

WNDS, TIDES
OCEAN WAVES

GROWTH OF PLANTS
BY PHOTOSYNTHESIS

tThis cffc.t i6 csllcd '8rctnhoosc cftcct, (iis-cusscd in Unit 1E).

NULCLEAR

FOSSILIZED TO
PETROLEUM
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power stations) which has still a very high radioac-
tive level poses a very serious problem.

Scientists all over the world are working to
control the pollution. Many advanced coutrtries
have already achieved a significant success. In
India, efforts are on to rninimize the pollution.

5.22. Why Energy Crisis-Alternativc Sources of

__!1"lgy- -I : " 1!l e 9I:9 !i"3!:"
The various 

o"rr"rgy so*""s, as discussed
above; may be divided into two categories :

(1) Renewable (Non-depletable)

(2) Non-renewable (Depletable)

Renewable sources include wood (plants),
wind, falling water, geothermal Power, oc€an
waves, tidal waves, solar energy etc. These sources
are produccd coatinuously in aatue and are aLnost
inexhaustible, at least so long as the life exists on
this earth.

Crude oil (petroleum), natural gas, coal,
uranium etc, are non- renewable energy sourc€s as

these have accumulated over ages and are not
quickly replaceable ufien they are exhausted.

The rate at which the non-renewable sources

of energy are beiag consumed, it is expected that
their stocks are likely to exhaust by the middle of
the 21st century. Hence there is a likelihood of
energy crisis.

It may be pointed out that the law of conser-
vation of energ5r does not fail here. The only prob-
lem is that the combustion of fuels is a one way
process i.e. either tho products of combustion are
not converted back into the original substances at
all or they are converted back at a rate much slower
than the rate of their consumption. For example,
coal burns to form CO2 but CO2 is converted back

into carbon by nature tlrough photosynthesis at a
much slower rate.

Foreseeing the problem of energl crisis,
scientists all over the world are trying to find ways

and means ofgetting all types of enerry &om altcr-
1 native squmu'i.e. renewable and non-convention-

al sources. A few of these are given below :

(1) Solar cE€r1EI e.8 in the form of solar' Lbokers, solar water pumps, solar photovoltaic
ce.lls, solar water heaaGgisystems etc.

(2) Blomass. It is thB waste material obtained
from animals and plants e.& cattle dung and dead

parts of plants and animals. When allowed torotten
in the absence of air, it decomposes to produca
biogas which like natural gas can be used as a
domestic fuel or to produce electricity. The residue
left contains a high percentage ofdtrogen and can
be used as a fertilizer.

(3) Coal. Coal as such has the problem of
transportation an The im-
purities of sulphu it is con-
verted into a gase c natural
gas which can be easily transported in pipe lines.
The product contains a mixture of CO, [I, and

CHn all of which can be used as fuels.

(4) Hydrogen. It has high heat of combustion
and does not create any pollution problem. Its use
as a rocket fuel is well known. It can be obtained in
large amounts from water. It can be used as a good
fuel for production of electricity.

(5) Nuclear enerp. As already metrtioned,
radioactive elements such as uranium and
plutonium are a potential source of energy which
are being used to produce electricity.

(Q Other sources, These irclude geothermal,
wind and tidal waves and ocean currents.

However, we should also try to conserve ener-
gy as far as possible. A few practical suggestions
ior the consenation of energr are listed below :

(1) Use the fuel that is renewable.

(2) Use high gffiglsncy oil or gas stoves which
burn the fuelwith a blue flame and not with a yellow
flame (which is an incomplet€ combustion produc-
ing less heat).

(3) Keep ready the next item to be heated,
otherwise, put off the stove.

(4) Usethe vessels with flat bottom for heating
and not the vessels with round bottoms.

(5) Use energy-saving devices for cooking like
Pressrue cookers etc.

(6) Switch off the lights, fatrs etc. when not
required.

(7) In winter, better sit in the sun to warm
yourself in-stead of using heaters inside the rooms.

(8) Use casseroles for keeping the eatables
hot instead of heating them again.

(9) Thke bath with fresh running water instead
of using geysers.

(10) Plant trees ifyou have surplus land.

.To tap altcmati!'c sourtts,India has set uP Min
.all sou{tcs likc solar, xrind, biomass, hydro Projects etc

for Non-Crnvcntional Encrry Sources (MNES).It has tapped ncarly
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, ) Classify the following into open, closed or isolated systems :
(i) Animals ond plants (ti) A refcrigerator or fl fridge (jii) A solar cooker:

Ans. (i) Open systenr (ii) Isolared systeD (xi) Closed slstcm.
il -l To what type ofsJrstem the following belong ?

(i) Tree (ii) Tea placed io a kettle.
Ans. (i) Open system (ii) closed s)stem.

r () -1. Which ofthc following are open, closed or nearly isolated systerns ?
(i) Human beings (ii) the earth (iii) ctrh oftohato soup (iv) lce-cube trny lilled with wrrer (y) A satellite ir
Irn orlrit (yi) Colfee in a therEros llask and (vii) llelium lilled balloon. (N.C.E-R.T.)

Ans. Open : Human beings, Earth, Ice cube tray

Close : Can oftomato soup, A satellite in an orbit
Isolated : Coffee in rhermos flask, Hetium filled balloon.

. {.1 -l Separate out the following inio extensive and intensive:
Volume, Ibrhpemtuie, Pr€ssure, Boilihg point, Fre€ enerEsr

Ans. Volume aDd free energy are fitensive, others are intensive.
(J i What is the most important condition for a process to bc rcversible in Thermodynamics ?

Ans. The Process should be carned out infinitesimally slswly or the driving force should be infinitesimally greater' or smaller ihan tbe oppGiog force.

Q 6 Which ofthe follo*ing sre state functiotrs ?

(i) Heightofa hill (ii) Distance trsyelled in climbing the hill (iii) Eneryy change iD cliEbing the hitl.
(N.C.E.RT)

Ans. (i) and (iii).
, Q. ?. Why'Kelvin scale of temPeraturd is called rAbsoluae scale of temperature' ? What are the reference poitrts

on this cqle.

Ans. On ihe Kelvin scale of temperaturc, zero point is tbe loweit p6sible temperature whereas on the celsius scale,
zero point is only with referenc€ to lce point. Hence the former is called absolute scale. The reference poilts
are absolute zero of temperature and the triple poiDt ofwater (0.01.C or 273. 16 K).

q) $ Ca[ the absolute volue of internfll energy be determined ? Why or why not ?
Ans. No, because it is the sum of different typ€s of energies some of wbich cannot be dctermlned.
(.) e One mole ofCO2 at 300 K aud I Atm pressure is heated iD a closcd vessel so thot temp. is 500 K aDd prcssure

is S atm. Then it is cooled so that tcmp, is joo K ond pr:essure is I ath. Whotis the change in internnl encrgjr
ofthe gns ?

Ans. No chaoge because internalenerry is a state function.
(J Irr \lhter derDmPces by absorbing 256 2 kl ofelectri.fll etre45/ tEr Elole. When H2 and 02 conbi1e to form one

mole otHrO, 2E6 2 (l of he{t is produced. Which law is proved ? Whst statemeht o[ the lnw follot s from it ?
, Ars' Law of conservation of ener$/ or l st law of thermodynamics. Def, Energy can nelther bc created or destroyecl,

although it may be converted from orle form to another.
i., I L N.itherq nor'l, is:r state function. yet{ + l/ isa state function. Explsitr why.
ADs. .1 + r, = AE and aE is a state functioo.
{l ll Why heai is not a st{rte function ?

Ahs. According to first law of thermodynamics, AE =q +w otq = AE -,r.AsAE is a state fuoction but l, is not
a state function, therefore q is also not a state function.

r., I 1 Why absolrte vahre of enthalpy c[nnot be determined ?
Ans. As H = E + PV and absolute value of internal eDergy, E €nnot be determined, therefore absolute value of

H caDnot be determined.
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t.t I J Whot is thc relation between AH atrd AU ? Undet what condition, the two ate equal ?

Ans. aII = aU + PAV = AU + A rr Kf For conditioDs see page 5/14.

-) I5 Explain why heat caPacity is not o st tc function'

Ans. Heat capacity (C) = #. As'4'is not a state fuoction, thcrefore C is also oot a state function

(l Ic Derive thflt for an ideal gag C, =dE/t ^ndCp=dH/ 
df,

AIls. Seo page 5/17.
(l ll Specific he{t ofl-i (s), Na (s), K (r), Rb (r)andCs (r) rt 39E K arc 3 57, 123,0 756,0 363 and0 242

J g-r 6-t r-espectivella Compute the holar heat capacities of these elehents oud identify any Periodic
i.ina. It tt 

""" 
i" 

" 
t.en<I, use it to predict the molar hest copacity of Ft' (N'C'E'tr.T)

Ans. Molar heat caPacity = sPccific heal x Molar mass

Heoc€ for U, Na, K Rb aDd Cs, their values (JK- 1 mol-1) will be rqspectively

3'57 x'l =25 0, 12ix23=2A 3, 0'756x39=29 5, 0 363 x85 =30 86,

0242x133=:z 2 JK-l mol-l.

Plotting and extrapotatiofl gives 33 5 JK-I mol-I for Fr2B.
(.1. ll{ ts {p atways greatcr than qr;? Explain why or why noL

Ans. qp is not greater thaD 4u always. It depends upon whether &rg is +ve or -ve Le nr>n,ot no<n,

(qp=qu+ N\RT)
(l I l). In what form the enerE/ is Produced vher Petrol is burnt in the engine of a csr or a scooter ?

Ans. Partly as mechanicalwork and partly as heat.
(J. l(1. What is the mo6a important rcoction thot tskes place in our body that mairtains body tampemture ?

A.trs. Slolv oddation of carbohydrates.
t J I i Why some reactions are exothermic while some others are erdothermic ?

Ans. lfthe total internal energ)i of the reactanls (ER) is greater than that ofthe producLs (Ep), the eners/ is released

and the reaction is exothermic. However if ER < Ep, then energy is absorbed and the reaction isendothermic.

(.). f: The resction
N2 G) + ()2 G) * 2 NO k) -r80 7 Kl is...".'.. thermic ond AII = """"kJ

Atls. Endothermicand AH = + 180.7 kJ

1.). l-l will the heat €volved he same in the followitrg two csse-s ?

(a) Hz@) ++o2@)- Hzo G) otH2Gt + !o, G;..._ Irro 14

If not' ir !ryhich cas€ itwill be 8re&ter snd why ?

Atrs. No. It will b€ greater in case (D) because when H2O (8) condenses to folm Hzo (D' heat is released-

{). 2.1. Which of the followitrg ls/are exotherDic and thich igare endothcrmic ?

(i) ca @) 
...- c"2+ g1 + z "- (ii) o G) + e- 

- 
o- (S)

(iii) N2- G) + ,- .....- Pr- g1

Ans (i) Endothermic (ionizition energy is required)

(ii) Exothermic (first electron affinity is energy released)

(i ) Endothermic (higher electron affinities are energies required)
(.! l5 The prorlucts ofcombustion of6 g cabron contaitred 50% COrollrd SMo CO' The heat evolved'was 126 kJ'

calculate the enthalpy ofcombustion ofcarbon. Given that the enthalPy offormation of co is -110 
5kJ

mol -1.

Ars. Heat evolved from the combustion ol one mole of C to form 50% CO, and 50% CO = 2 x l25 = 252kJ

Suppose heat evolved from conrbustion of 1 mole of C to COz = .r kI
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I x.-. Heal ofevolved from Z mole = A kI

Heat evolved from combustion of 1 mole of C to CO = 110 5 kJ

I llo 5.. Ileal evolved from Z mole = -i = 55 25

;+ 55 25 =252 or r=393.5kJrnol-t.

Q. 26. The enthalpy ofcombustion of glucose (CfHl2Od is 2E40 kl mol-l.lYhat is i(s cslorific valuc ?

Ars. Molar mass of glucose (C6Ht206) = 180gnol-l

.. Calorificvalue - 2840 kJ mol .l = 15 78 kJ r,-l
l80g mol-l

Q.27.HeotofdissociationofaceticacidisI9kJmol-r.Ilowmuchhc:rtwillheevolveCwhenonenroleofncetic
acid is neutralized by NaOII solution ?

Ans.57 1-1 9=55 2kJ

Q 28. Fill in the blanks.
(i) The dissolution of CuSO. is ,,,.,,. thermic while dissolution of CUSO4 . 5H2O is ........thermic.

(t'i) AH"*1*,1oo = AHr,,<oo + .....-......

(iii) The enthalpy of solutior of BoCl2 (r) and BnCl, . 2IIrO (s) a.e r and y kJ mol-l respectively. Then

enthslpy of hydration ofBaCl, will be.........

Ars' (i) exothermic, endotherD]ic (ii) AH,"porir"rion (iD) (r - r) kJ m ol - 1.

Q. 29. t hy boDd enerly is t{ken as an avcragc value ? ExplaiE with a suitable example.

ADs. The bond eners/ of the same boDd iII different polyatonric moleculcs is not sanle e.g. bond energy of C-Cl
boDd in CH3C|, CH3CHzCI etc. is nol same, Even in the same polyatonic molecule like CH4, the boDd

ener$/ of all the four C-Il bonds is not san]e. Hence an aYerage value is taken.

Q. 3(,. Give appropriate reasons for the following :

(i) lt is preferable to deterhine a chaDge in enthalpy than change in iDternal eoergy
(ii) It is nec€ssary to delitre th€'Staldsrd statd.
(iii) It is necessflry to speciS the phases ofthe resctarlts aDd products iE a thermochernicnl equation.

(NC.E.R.T)
Ans. (i) Change in enthalpy is the heat evolved or absorbed at constant pressurc. As most ofthe reactions are carried

out in open vessels ,.e. at clnstaDt pressure of olre atmosphere, henc€ change in enthalpy ts preferred.
(ir) This is because the eDthalpy ofa reaction depeods upon the conditions under which the reaction is carried out.
(iti) The e[thalpy change of a reaction depeods upoo the physical state of the reactaDts aDd products e.&
standard e[thalpy offormatioD ofwater is nct saDte for H2O (g) and H2O (4.

Q -rl The enthalpy ofneutralisatior ofacetic acid by KOH is -55 tklmol-l while thst of hydrochloric ,rcid by
KOH is 

-57.3 
kJ mol -', Why are tley ditfereDt ard what does the dilTerence represent ? (N.C.D.R,T)

Als. Heat of neutralisation of acetic acid $ less than that of HCI because acetic acid is a weak acid aod does not
ioDize completely. Some heat is used up for the ionization ofacetic acid. The difference represcnts the enthalpy
of ionlzation of acetic acid.

Q. -11 What is the basic difference between enthalpy of forEation ond enthalpy of reaction ? Ilhrstrflte with
suitnble examples. (N.C.E.R.T.)

Ans. (l) EnlhalPy of formation is enthalpy change for the formation of I ltrole ofthe srbstrnce from its elemeltts.
For exaDrple, let us colNtder the following two thermochemjcal equatjoDs :

1
H2 G) + , 02 B) ...- llzO (/1. AH. = - 285 8 kJ mol-l

and 2l+(9 + oz@) +zHzO (4, AH" = - 571.6 kJ mol-l
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In the first case, AH" is enthalpy of tbrmation of HrO (/), while in the second case, it is enthalpy of reactioll.

(ii) Enthalpy of forrnation is for the formatioD of 1 mole of the substance from its elements only. For example,

we have

CaO (r) + Coz (8) .--_ CaCO3 (t), AH" : - 1?8,'3 kJ mol-l

As 1 nrole of CaCO, (,r) has bcen tbrmed from CaO (i) and COzG) and not fronr iLs elements, aH'is not

enthalpy of fornration. It is simply cr.;rhalpy of reaction.

Why in a reaction enthalpy chlnge is alwnys rvritten per mole even if two or more moles of a reactant or
prodrrct are present in the balanced equation ?

Ans. This is because if the units are multiplied by a number, the unils do not change.

One kg of graphite is burnt in a closed vessel. The same amount o[the same sample is brunt in an open
vessel. Will the heat evolved in the two cases be same ? If not in which case it would be greater ?

Ans. Same in both cases because Ms= 0.

Why standard heat of formation of diamond is not zero thorrgh it is an element ? (H.S.B. 1997)

Ans. The standard state chosen for carbon is graphite and not diamond because graphite is more common and
stabler form of carbon in the standard state.

' r. Is the bond energy of all the four C-H bonds in CHo molecule equal ? If not then why ? How is the C-H
bond energt then reported ' 

-1

Ans. No because after breaking of C-H bonds one by one, the electronic environments change. The reported value
is the average value of the bond dissociation energies of the four C-H bonds.

The enthalpy change for the reaction N2 G) + 3 Hz(9 .--- 2 NH, (g) is - 92.2kJ. What is the enthalpy of
formation of ammonia ?

Ans. Aim,l*, rrl **rrg)--_ NH: (s), 
^H/ 

= ?

Given : Nz G) + 3 H2@)+ 2 NH3 G), AHro = - 92.2W
o.r.')

.: AH,i(NHs) = - 
= 

= -.16'l IrJ.

: '.. What is the basis of Ilessts Law ?

Ans. Hess's law is based upon the fact that enthalpy is a state function r.e. enthalpy change depends only upon the
initialstate (r.e. enthalpyofthe reactants) and thefinal state (re. enthalpyoftheproducts) and does notdepend
upon the path followed.

', Write the standard state for each of the following in which AII/ is taken as zero : Carhon, Sulphur and

Bromine.

Ans. C (graphite), S, (Rhombic) and Br, (/).

r .r, Given that:

O G) + e- + O- G),AH = - t42kJ nrol-l andO ft') * 2 e- + o'2- G),AH = + 712kJ mol-l
Whatwill be AH for O- (8) + ,- 

- 
o.2- (g)?

Ans. The second reaction takes place in two steps as :

O (g) + e- * O- (g), AH = AH1, O-- (C) + e- 
- 

02- (g), AH = AH2

Hence AHI + AHr= a 112 (/

But AHI -- - l42kJ nrol-l (Given)

.'. - l4Z + AHz = + 712 ot AH, : 354 kJ mol-l
/hernatively, subtract Ist eqn. from 2nd eqn.

: : Calculate the enthalpy of vaporisation of water at 25'C and 1 atm pressure. Given that the standard

enthalpies of formation of HrO (I) and HrO @) are - 2E5.E and - 24t.8 kJ mol-l respectively.
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Ans. Aim : H2O O ..- H2O 1g;, aH" = r

AlI" = AH/ (H2O (s)) * 
^ri/ 

(HrO (l)) = - 241 I - (- 28s.8) kJ nlot-l = 44 kJ mol-I.
Q.l: AIIr.' for freo[, CHCIF, is - 4t0.o kJ mol-r. Represcnt it hy thermochernicrl equatiotr.

Ans. C (r) **"r@> * lClrg + Fz G)-.. cHCtFz, 
^H/": - 

480 0 U mot-r.

Q. J-t Why is AU = 0 for isotherEal cxpansion of an ideal gas ?

ADs' For an ideal gas, the interoal energ/ is a functron of temp€rature only. Duriog isothermal expansion, as
temperature remains constant, there is no chaDge in ioternal enertS/ t:e. AU = O.

e. ,14. lvhy standard enthalpy of lormation o[elementory suhstances is token as zcro ?
Atrs- Enthalpy of formatioD is the heat chango iDvolved in thc formation of one mole of tbe substancE from its

elements. An element formed from itself means Do heat cbange ...e. AH./p = 0.

Q J5 ThesPecilic heot ofa gas is fouDd to bc 0 075 colorie at constant volume oDd its formuls rreight is 40. Whot
is the atomicity ofthe gas ?

Ans. Molar heat capacity. Cu = 0.075 x .10 calorie = 3 cal nrot-l

Co = C, + R = 3 + 2 cal nrol-l - 5 calmol-l
y = Cr/ C,, = 5,/ 3 = 1.66. Hence the gas is monoatomic.

Q, 1. Under whot conditioh, the heat evolved or f,hsorlred is cqual to the internal energr chnnge ?
Ans. When the volunte remaiDs coDlaDt

Q. 2. Under what conditioh, ah exteDsive property cltn become intensivc ?

Ans' An extensive property bccomes intensNe when unit an]ount of the substance is taken e.g. mass aDd volumc
are extcnsive but densily (nlass Per uDit volume) and specificvolunte (volume per unit nrlass) are intensive.

Q. 3. Why we rrsllally study enthalpy change and not internal energy change ?
Ans. Bccause Dtost of the processes (reactions) are carrjed out iD open vessels r:e. at constant pressure ( = 1 irtnt)
Q. 4. Wlrat xre the.onditions for expressing stand.trd cnthalpy changc ?
tus. 25'C( 298 K) and one atmospheflc prcs.sure.
(:. 5. What is the sign of AH foi etrdothemic reactions and why ?
Ans. AH is positive because AH = H, - Hp and H^ < Hp

Q' 6. what is the relationship between standard enthalpy offormfltion and the entharpy ofa compound ?
Ahs. They are equal.

Q. 7, What is the vnlue of enthalDy of neutralizatio[ of { strong acid by a strong base ?
,,as. 

-57.1kJ
Q. 8. lvhy erthalpy of neutralisfltio' is less ifeither the ocid or the base or both are weak ?
Ans' A part of the hcat is uscd up for the dissociation ofthe weak acid or the weak base or for bo(h rf rhcy are weak.
Q. 9. Why enthalpy of neutra lisntior ofHF is greater thar 57.l L.l mol-t t
Ans. This is due to high hydration energy of fluorjde i(n.rs.

Q. 10. Whflt are specilic he{rt capacity ubd molar hert cnpacity [or rrxter ?

Ans. Specific hcat capacily for HzO =4. 18 JK lmol-l

Mdilr hear capacrl),for H2o = 4. t8 x ls = 75.24 JK-t mot-1.

Q' 11' u4tat is the law c,rlled rYhich states that the totfll cDthalp) change in n cheorical re{ction is always same 
^tthe sulrre tempemture ?

Ans, IIcss s liw ol constilnt heal sunlmalioD

Q. 12. What are renervable sourccs ofenerlo.?

v
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Ans. Those which are produced continuously in oature and aro inexhaustible e.g' wood, solar enersl etc.

Q. 13. What is SI delinition ofone KolYin ?

Ans. Ooe Kelvin is 1 lZ73 16of the tiPle WiDt temPerature of watet (vizn3 16K).

thqr-t-#,nerY*?1.Rf; e,?P.i.o-ne,.,cARRvrNG2oi3n'ARKs
Sti il l. What do you undersEnd by open, clced and isolated slstens ? Illustrate with suitable oGmples.
1,, 5l

2. What are exteDsive aod i[tensive proPerties ? Give two examPles of each.

3. Classiry, giving reasor, the following into intensive and exteosive proPerties:

(i) Enropy (ii) Vsclsity (ir'i) Heat caPacity (rv) Surfac€ tension (v) VaPour Pressure

(vi) RefractNe i[dcx
4. How willyou distinguish between the two

(i) open and closed srstem

(r'i) extensive and intensive properties ?

r.,r i-r S. Define Zeroth Law of Thermodynamics. How hasit been useful in the measurement of temPera-
l, < .1 ture ?

\r( 5 5 6, Fxplain, giving reasons, which of the quantities out of internal energy, heat and work are state

r,' S 6 functions and which are not.

7. Derive an expression for tbe work ofexpaDsion ofa gas (le = - P A n.
t. (a) Sbow that the Pressure volume work, W = -PAV

(D) List thc imPortaot sign conventions for beat and work.

9. What do you mean ry hw of conservation of eners/ ? Write a mathematical rolationshiP between

heat, intemal eDergy aDd work do[e by the s]stem.

10. State the law of cooservation of eners/ and give a mathematical expression for it. MeDtion also two
examples to supPort the law.

11. How can you justify that though q and 
', 

are not state i'unctions, yet (q + w) is a state function ?

12. Discuss the significaoce of the mathematical expressioo in which the heat absorbed by a system is

related to interal energy and work done by the s)stem

13. Describe the 1st law of Thermodlnamics.

14. State tbe first law of thermodynamics aDd dcrive a mathematical expressio[ for it.
\, ( a: 15. What doyou undeIstand by'Etrthalpf and 'ErthalPy change' ?

16. Starring with the thermodynamic rclationships AB:4 - PAV and H = E+PY derive relationship
LH - qp

.r.i:\. 17. StaniniwiththethermodynamicrelationsipH=E+PV,derivethefollowingrelationshiP:
AH = AE + (Aa) RT

lE. Derive the relationship b€tween heat of reaction at coDstant pressure, qp and heat of reaction at

constant volume, 4u. or Derive the follo iog equation AH = AE + (4,l) RT.

\(( i 9 19. What is meant by Cp and Cu ? Derive the reaction Cp - C1, = R.

srf. a l0 20. What is the origin ofenthalpy change io a cicmical reaction ?

21. Give some examples ro show that different t)?es of energies are evolved or absorbed in differelt
reactions.

. (. < I I 22. What are exothermic and endothermic reactions ? Explain with suitable examples'

23. Why enrhalpy change is negative for exothermic reactioos while it is Positive for endothermic

reactions?
:,..5.11 24. What doyou uDderstand by a thermochemicalequation ? Cao we use fractional coefficients in such

an equation ?

\,( . i-. 25. Define ,Enthalpy of reaction'. On what factors does it depend ? What hapPens to thevalueofthe
heat ofreaction if the reactio[ is reversed 'l
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s!(. i.l.l. 26. Deline thc folowing:
(i) Enthalpy of combustion, (ri) Enthatpy of formatioD, (st) Enthatpy of neurralization,
(iy) Enthalpy of t?porisatioo.

27. Fill in the blanks:-
(D Hz E) + ck@) 

- 
2HCl (8) + 185 kJ

This reaction is ..... thermic (ero or endo), AH = ..... kJ

(,r) H2 E) * | or@ ......- Hzo (0 , aH = -2a6 
kJ

2H2@) + o2g) 

- 
2H2O (r) .... kJ (t ?)

(iii) CH1 (g)+2o 
2 (B) -- CO, (8.) +2H2O (B), AH= __{09 kJ

The calorificwlue of 1 kg of CHa (8) is .... kJ/kg.

(rv) C(r) ..._ C (8), 
^H =,t16.1kJ, AH is the hear of .... ofgraphire

(v) H2O (g) .+ ILO (0, AH = __40.7 kJ, aH is rbe hcat of.... ofsream.

(,,) Enthalpy ofneutralization ofH2so4 witb NaoH is the amouot ofheat cvolved wheo 1 more of
NaOH is neukatized by .... mole of tI2SOa.

EJplain why !h€ eDthalpy of neutralizatiol of a stroEg acid with a strong base is atyays same while it
is less if eitber thc acid is wEat or the base is weaL
Ho$, is enthalpy of su blimation relared to entbalpy of fusioo alld enthalpy of ydporisation ?
Statc and erplah Hess's Law of constaot heat sum tioo"
D€fne 'bood eners/. Wbar b tbe origin ofcntba.lpy cbange h a cbcmical reactioD ?
Briefv explaio thc various sources of eDerry,

What are fNil tucls ?

Justify the stalemc that 'Sutr b the ultimate source of ener&r.
Wbat arc reneerabl€ and non-rcDec.able sources of enerryi Why is there a likelihood of cnerry
cdsis ?

Ust some practical suggesdoDs for ihe coffcnration of ener$/.

5ls7

Scc.5.l6.
Scc. -5.17.
Sr:c.5.1E.
Sec.5.l9.

b s.2t.

Scc.5.22.

29,
30.
31.
3L

33.

34.
35.

Scc.5.l.
Scc.5.2.

Scc 5.-1

to 5.4.

to 5.6

to 5.E.

Scc.5.9.

Lq,*.q., _p,R I. GARRYTNG s or;o'r uARr(s
1 Define 'thermodynamics,. Briefly describe tho imponance aDd limitistions of therrDodynamics.2. Define the follo*,ing terms :

(i)s,,ste ropenies (v) Isothermal
Process

3. State ao cs.

4. Priefly explaio rhe terms btcmar cnerry, work a,,d hcat. How are they iDterrelated ? Justiry that
internal ener$/ is a state funclioo but work and heat are Dot.

5. State aDd explai[ the ,First law of rhcrmodynamics,.
6. Briefly explain the tcnns Enthalpy and Enthalpy change. Ho$, is it related to the internal energy

chaDge ? Derive the relationship.
7' Derilr the reratio$hip between heat of reaction at constant pressure aDd that at constaDt vorume.

Undcr what conditioos are the two equal to each other ?& 
Pefine the terms 'specific heat' aDd 'molar heat capacity. Name the tu/o types of morar heat capacities.
Derive the relationship betweeD tbem.

sc! 510 9. Define 'Energetics'. Frplain with_suitable examples. wbat are the different modes of transference ofenerry beMeeD the q/$em and tbe surroundings ?\rc 5 I r ' 10. what are horhermic aDd Endothcrmic reacti6ns ? Give three exampres of each type. Explain thesign of AH for these readioDs.



s/s8 l'ralcap's

Scc. 5.1 3.

Sec. 5.14.

Scc 5.15.

Scc.5.l6.

Sce.5.l7.

Scc. -5.ltl.
Scc.S.l9.
to 5 21.

Scc. 5.22.

11.

12.

13.

16.
11.

1E.

Explain the term 'Enthalpy of Reaction.' What are the factors on which the heat of reaction

depends ?

Define and exPlain the following terms:

(i) Enthalpy of combustion (ii) Enthalpy of formation (iii) Bnthalpy of neutralisation

(rv) Enthalpy of solution (v) Enthalpy of hydration
ilriely expiain ho*, the follou,ing heats of reaction are measured elperitlentally :

(a) Heat of reaction at constant volume (or internat energy change) (b) Heat of neutralisation.

Explain the following terms:

(i) Enthalpy of tusion (ri) Enthalpy of vaPorisation (iii) Enthalpy of sublimation.

S[at"'geiSs hw of constant heat summation'. Ho does it help in the calculation of

(i) heat of allotropic transformation ? (rr) heat of hydration-?

iXno" ,Bond energ5r'. FIow does it help in the calculation of enthalpy of reaction ?

List the various sources of energy. Briefly explain each one of them. Brplain that suD is the ultitDate

source of enerry.How pollution is caused by the consumption of fuels ?

*ty tt 
"t" 

is eierry 
"tisit 

if 
"o".51 

is conserved in nature ? Give some Practical suggestions for the

conservation of enerry.I

I

I



1. Entropy (S) snd cibbs I}ee EnerEr (c). Entop! 6) is a meuwe ofrandon nels of a syitem Tie change
in entroPy during a Process is equal to the heat absorbed isothermally aDd reversibly during a process divided 5y
the absolute temperature ar which heat is absorbed r'.e. N = qi!o. /.v. / T.hs units are JK-l mol-1.

Gibbs free energy (G) is another lhermod]mamlc quantity related to the enthalpy and entropy ofthe system
according to r.he equation G = H-Ts. The change in irs value during an isothermal process is givin by
AG=AH-TAS.

2. SPontaneous process' A Process which can take place by itselfor by initiation indep€Ddent ofrate is called
a sponta[eous proc€ss or a feasible proc€ss. For a process to be spontaoeous, ac is _ve.

3. Applicotion of First lat/ of ThermodJ.namic-s to dilfercDt tJ4res of processes
(i) For an isocfutic proce.rr. As volume is kept coDstaDt, AV = 0. HeDce AE = q _ p LV becomes AE = 4r,
(ii) For an ohaic proce.rr. As pressure is kept constant, AE =4p-pAV i e. 17r=66 a p1y =6].I
(iii) For an ircthermalProcer,t. AI constaDt tempEratu re, for ideal gas, aE = 0. As alrcady derived iD tbe text

under thrs condition. wctp = -2 3OJ n RT bt +: = -2 . 30J n nr rog !-t t2

(iv) Fot an adiabatic Wcerr. .ds dq = 0,
. dE = 6q + dw gives dE = dp-

But ;i= Cu or dE=cudT.

Hence dw = C, dT for 1 mole or dl, = rcd dT fo r moles.

.. Tbtalwork done, - Tr)

T2

t
w = 

| 
n CudT = ncuGz

,t1

Furlher Cp - C, = R. Dividing by C, * - , = +
,,R (T2 _ T1)

Subsliluting this value. wc gel !, = --r-

or y-t=* -Ror U,, = 

-r
- /- |

Thus if T, > T1, w = +ve ia work is done on the system

If T2< T1, w = ---+e Le. work is donc by the q/stem.

s/s9
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ADDITIONAL UgEFUL INFORMATION cantr.l

z,Tha ratio Cp / Cl,tepresenEd ry / is as follows:

Nanre of the gas . Monalomic
(He, Ar etc.)

v=co/C, | 16
4. Relationshlps betweeD B V otril T for adiabatic expansion of an ideal gas

PV/ = constant

or PrVI = P2VI

-7 p(-t)tt = clostant

ot 'l1P\t -Y)/Y = TzPtt-r)/r

TV/-l = constant

or Tr\-1 = Trvl-',
5. Grrphlcal rcprclctrt5don ollou boslc ticl[odrrrEic Proccsscs. voLUME+
6. Ilvolsler rnd L.ophc! hr. This is anotber law of thermocbemistry s,hich was put fosrard before Hess's

law. It states as follosrs :

The enthalpy ol decompsitia of a cdnqwd irto is elcrwru is equal ,o itr e halqy of fomation bu with

opposite sign e.g-,

C(r) + O2G) 
- 

cozG),aH =- jel skJ a
I

CO2G) .- C(r) + o2G), AII = + 393 5 'tJ ,!,
d
f
(r,
o
E
o,

the following four staSes :

I. Isothermal expansion

IL Adiabatic expaDsion

III. Isothermal oompression

Mdiabatic compression.

ie. A(Pl, \/t, Tr)* B (P2, V2, T1)- C (Pr, Vr, Tr)._ D (Pa, Va, T)* A(Pt, Vl, Tl)

It may be noted that the iDternal eners/ change or eDthalpy chan8e or entroPy chanSe in a cyclic proc€ss is

zefo.

t. CoDversion ofhest into !f,ork-C{rtrot heat engiue. The fraction of the heat absorbed by a machine that

is converted into work is called the efticiency of the machiDe. It is Siven by

w Qr- Qr Tz-Tr
1= or=--er-=--r;

where Q, = heat absorbed ftom thc Jource at temP. T2

Ql = heat rejected to the rft,k at temp. Tl

Datomic Tiiotomic

(H2, 02, Co etc.) (CO2, H2S etc.)

1 .40 1 .30

I
uJ
El

ultII
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c.B.s.E.-P.nn.T. (AnilNS) St ECIAL
/r. s u BJECT ItE QU I.:STIOIi,S

e I. Horv crn you justlly that the tdork done in the
reverEible expensio! of A gas is the maxiEum
work obtalled ftom the system ?

Ars. Work done in the rcversiblc €xpaDsion of a gas is
gven ry

W=-P..,AV
For the expansion of the gas, the sxtemal pres-
sure (Pcrr) has to bc less than the intemal pres-

sure of thc gas. Hou,ever, for reversible
expaBion, Pcrr should be iDnDitesimally smaller

than the intemal pressure. In other words, for
rcversible e,rpansion, Pcrr is the maimum value

of external pressurc. HeDce for a $ven chaDge of
volume (Av), Pcn AV is the maximum value-

Thus,

W.o = W*"'
Q l. A s!6t I is chaDBGd ftom state I to ststr II by

t-o dillcrent paths. IE the llrst path AE = 9.
CoEEent on the value of AE and q by the second
path. Clve rc{sorc for yolr onser.

Ans. AH by sccond path will be same as iD thefrstpath
because AH is a state fuoction. However, 4 will
not bc same by second path bec€use it is not a
stete function.

Q.3. Whst is tte dltrcrlnc. b.hrcetr hord cD.rBr atrd
bond enttolpy ? Explatn takhg exaiDple of
E2(9.

AIts. Refer to paSe 5/42.

Q. J. Vghat is diller€nce between hcst and work ? For
what tJ4,c of proccss€s the two bccome equal ?

Ars DlficrEncr betv.€[ hcst 8nd rorlc Refer to page
st9.

Condition urder which 4 = r. p1sm 6^, ,.* at
thermodyDamics LE=q+w. Thus q=ry in
magnitude when AE = o. Tbis happeos during
the isothermal expanrion of aD idcal gas-

Q. 5. Why teDperature falls during ediabatic expan.
sion of a reol gas but remairs coDsteDt during
odiabatic cxlrarslo[ of oD ldcal g&s ?

Ans. In the adiabatic expansion of a real gas, some
work is doDe in overcoming tbe intermolecular
forc€s of attraction. This work is done at the
cxp€nse of internal enerry whici therefore falls.
As interoal eDer$r of a gas is a function of
temperaturc, hcoce the tempraturc falls.In case
ofideal ga6es, the forc€s ofattraction betweeo the

Doleqlles are neSligible. HeEcc no work is done
to oi,ercome the iotermolec'ular forces of attrac
tiofr. As a result, intemal ener$/ remains constant
and so is thc tcmprature.

Q.6. Shoq' thst Ir the isothermrl .xpauslon of the
ldeal gas' 6E = 0 and AH = 0.

Atrs. (i) For one mole ofan idealgas, C, = ffi
ot dE=q,fr
For a finile change, AE = Cu AT

For isothermal process, T = constant so that
AT = 0. HcDce dE = 0.

(rr) H-E+PV .'. aH =AE + a(pv)
= AE + A(RT) -AE+RAT. But AE-o
(provcd aborrc) and AT = o (for isothermal -
process). .. aII =o.

Q.7. Itr what ri,8y ina.mal eDerg5/ ls dltrGrrtrt from
cnthalpy ? Erplain both the tentts slth suit8blc
examPles, (N.C.E.R.T.)

ADs. Intemal eDer$/ (U) is the eDer$r stored in a
subctaDc€ tbe chauge iD wh6e yalue during a
proc€ss is equal to the h€t flokcd or absorbed
if tbe process is carried out at coDstaDt volume or
is not accompanied by any change in volume ie.
6L1 = 4,,. Enihalpy (H) is the enerry storcd in a
subtanca iE the form of heat. That is why it is also
called he3t content of the suhtance or sy6tem.
The changc in its tralue duriDg a proccss ir equal
to the bcat evolvcd or absorbed if the process is
carricd out at or$tant pressure i€. AH = 9r.
The two are related as H = U + PV or
AH = AU + Ars RT.

Thus if a z, = 0, 6g = 61-1.

ffAnris +ve ([a np > r,)rntco|E AH > AU.

It L n s = -ye (Lc. np < nrLG.o@  H < AU .

For rEmple, for the reaction
N2G)+()2G)-2NOG),

Az, = O, thercfore, AH = AU. For the rcaction

CH4 ($ + 2 02 @) + CO2 @) + 2 HzO (l)

Az, = 1 - 3 = - 2.:e. therefore, AH < AU.
For tbc reaction,

CaCo3 (r) * cao (r) + co2 G)
Az, = 1 - 0 - I ie. itis +ve. Henc€AH > AU.

Q. t. Why should thcE he cn.rEr crislE rhcn hr of
conseraatlotr of erelEr hol& 3ood ?
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Ans. No dou bt, the law ofconservaaion of eDerg/ holds
good but theoDly problcm is that the combustion
of fuels is a one way process ie. either the
products of combustion are not mnverted back

into the oriSinal sub6tanc€s at all or they are
converted back at a rate much slower thaD the
rate of their consumPtion. For example, coal
burns to from CO2 but CO2 is converted back

into carbon by nature through Photosynthesis at
a much sloryer rate.

fi. I'lt()BLDMt

l\,'l'1, ! How lotgwill s 2 kW heater take to lroil
2 L of water taken at 25'C ? Given thet the average
specilic heat of woter in the range 25'C - 100'C is

41E4JK-lg-1.
2 L of water =2000cm3=2000g

(dH2o = lScm ')
'. Heat required Vy 2 L of water to raise its

temperature from 25'C to '100'C

=rnXCxAT
= (2000 8) x (4.184 JK-l g-1) x (100 - 25) K

= 62't60o I
Heat supplied by 2 kW heater = 2000 Js- 1

(, lW=1Js-l)
.. 'Iime required to supply the required heat

621(,00 J
= --'---'-'"1 : 5lq s

2000 Js '
= 5 Erln l4 r.
l'n'blen 2. Gfie,l.that thc enthalPy offormntion of

H2O (r) is - 6s kcar mol-t' Calculate the enthnlpy of

formation of OH- (d4) ions.

SglqqgE For neutralization reaction, we know
that

H+ + OH-+ H2O,AH = - 13 Tkcar

Thus . AH Rcaction = [AH/ (HrO)]

- l^H/' (H+) + 
^H/' 

(OH -)l

But AH/'(H+) = 0 (by c.onventioo)

... - 13 .7 kcal = [- 68 kcal] - I0 + 
^H/ 

(OH-)l

or AH/" (OH-) = - 68 + 13 7 kcal

= - 5{ 3 kcol mol-l
l'rohlct .l Cnlcttrlat thestandard internnl energy

chaoge for the reoction OF2 (3) + H2O (8) -.
()2 G) + 2 HF G) at 29t K' Slven that the cnthnlpies of

lormotlon ofOf2 @)' II2O G) and EF G)sre + 20,-250

and - 270 kJ mol-l resPectively'

qglqtjg! St p I. CaLulation of rlondatd entholry
of rcaction

M/" = !AH/'(Products) - rAH/o (Reactants)

= I^H/. (o2) + 2 aH/ (HDJ

IAH/." (oF' + 
^H/" 

(HrO)l

= t0 + 2 (- 270)l - l+ 20 + (- 2s0)l kJ m ol-r

= - 310 kJ mol-l.
Step ll. Calculaion of tandord inlemal enetg/

change

For the given reaction,

b,nr= (l +2) - (1 + 1) = 1

AH"=AE'+All8RT

or AE' = AH" - An, RT

= (- 310 kJ mol-l) - (l)

(8 .314 x 1o -3 kJ K-l mol- 1) (298 K)

= - 312 d8 kJ mol-|.

l'tuhl?t,t 4. C.alclulatqtheworkdorewhetr 1l.2Bof
iron dissolves iD hydrochlortc acld ill (i) s closed vesscl
(ii) on oper beaket st 25"C (Atomlc mass ofFe = 56 /).

Iron reacts with HCI acid to Produee
H2 gas as

Fe (,r) + 2 Hcr (aq) 
- 

Fecl2(4q) + Hz(8)

Thus I mole of Fe ie. 569 Fe produce H2 gas = 1

molg

. . t 1 .29 Fe will produce H2 8as

1-s;x II 2 -- 0.2 mole.

(i) If the reaction is carried out in a closed vessel,

.. rY= -PcxrAV=0

(ii) If the reaction is carried out in open beaker
(external pressure being 1 atm)

Inhial volume = 0 (because no 8as is present)

Finalvolume occupied by 0 2 mole of H2 at 25'C

and 1 atm pressure can be calculated as follows :

PV=zRr .. v=+
o 2 mol x 0 0821 L atm K-l mol-l x 298 K

-

=4 89L
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. . AV = VfinEt - \n;,;4 = 4.E9 L

w = - P.rtaV= - l atm x 4 89Latm

= -4 89Latm

=-4 89 x 101 3J=-49S.4J

mole of a llloiroAtolnlc ldeal gas is heated ot constont
pressure of I atm from 25'C to 50"C.

Solution. For monoatomic ideatgas, C, = ] R

^ 
^FILp = ,rT

, . aH = cp aT mol-l (or n cp AT for n moles)

s=i,l.se1 x25 =t24.2c"|

Work done,

ry=-PAV=-P(V2-Vt)

= - (pvz - PVI) = - (n RT2 -n RTr)

=_"R(r2_Tr)
= - 1x1.987 (321 - 29A)cat

=-497.al
dE=q+w

= 1U 2 - 49 .7 cal = 74.5 cal.

I'toh hn (,. lO froles ofon idcal gas expardisother-
mally and reversibly from a prc6cure of5 atE to I atm
at 300 K. Whst ls the largest mass that caD be llftcd
through a height of I metre by this expauslon ?

w.',=-Z3O3aRTtogI

= -2.3O3 (10 mol) x

(E 314 JK - | mor- I (3m K) log +

=-40 15 x 103J

If M is the mass that can be lifred by this worlq
through a height of t metre, then

work done = I{gfi

40 15xldJ=Mx9.81 ms-2x 1m

or, = 
+o=rl:< t{!rg42s-2 

e = rg mz s-\918ms-rxtrn
_ 4o9Z.i6 kA.

I)roblen 7. T\c cnthdpy chaDgc lor thc r.{cdoE

Zn (s) + 2 H+ (aq) 1 ZIll+ (oq) + Hz @)

iB - 134.{f \t ool-r. Ttrc forErdotr of 2 I of
hydrogen eryonrls ihc syEt m by 22.4 tltr6 ot I atD

Dking thc initial volume as oegligible,
change in volume during expansion (AV) - 22.1L.tu.
tcmal Pr6sure (Pcx, = 1 atEl

AH=AE+PAv
or AE =AII -PAV

PAV - 1 aim xn.4L-n.ALatra
- 22.4 x 1o1.3 ! = 2307 I = 2-31lfJ

.. AE - - 154.4 -2.31 - - 156.71 LJ.

I'rublen 8. T\. hcal ol formrdo[ ol
(0 CO, 6) liom lts clqucnts ls +94.4 l(srl
(i0 CUO (r) fton lts elcnctrts Is 151.t kcal, snd
(n:r) Ttc hcst ol rcactloE hGtr..E CuO (r) otrd

cO2($la +4Z.25kcrl. Colculatr thc hcst offormotlon
of CuCO3 (s). (I.S.M Dhanbad 1987)

Solutio& We are given

(i) C (r) + 02 6) * CO2 (8) , AH = -94.4 kcal

t
0r) cu (r) + i 02 G).- CUO (r),

AH =-151 8 kcal
(r,f) CUO(j) + COz @) .+ CuCO3 (r)

Nl = -42.25 kcal

I o, 6 
- 

crrco, 1r1,

Eqn. (, + Eqn. (rr) + F4n. (nD gives ,n" rilr;;
result. (all = -2EE 

.aS kcal)
I'nblt'n 9. ThG Eolar hGot ol formatlotr of

NE NOs ir --K1.54 E snd those of NrOG) and
H2O(D src EI.46 \f and -2t5.7t U r.rp€cflvcly ot
2fC ard I atE prBsurc. Cslculstr AII for thc rcaction

NII.NO3(') * N:O(t) + 2H2O(l)

<Dihzt C.E.E. 1997)
e'rcaaion - : AH'/(Producfs)

- AH? (Re€ctanb)

/,rr,611,1 5 ColcuLEte 6U ard AH ttr caloriBllonc m:rr*t 
b thc lEtcrtrsl GDGrE chauSe of the

Wb aim at

Cu(r)+c(r)+

Solution.
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- {aHi(N2o) + 2 x aHiGIro' - aHi(NH1No,

= a7'46 + Z x (- 2Es 78) - (- 367's4)

= - 122.56lJ hol-t
I'robbn 10. Colcdrt€ thc hcat ol combustior of

mctis[e at 29c. IhG E€otr bond Gncrgic6 for thc C-8,
OEO, C = O ard o-E are reaFc'tlv€ly 415,49t, t03

and 463 kJ mol-1. (C.E.E. Bihar l99E)

Solution. We aim at

CIlaG,)+2 ozG)- CO2 @)+z IlrO (l), AH=?

H
I

or H-C--H e)+2o=o(s)._
I

H

o = c = oG) + 2H-O-H(f,.rH = ?

aHa..*1on = : B E. (Reactants) - t B.E- (Products)

= [4 xB.B.(C-H)+2 x B.E (o=O,

- [2 x B.E.(C = O) + 4 x B.E. (o-H)
- (4 x415 + 2 x 49a) - (2 x 803 + 4 x 463)

= 2n56-3458 = --a02 kI
|'rriL * It A chemist while studyiDg the Proper'

tles of gaseous CCI2F2, I chlomfluorocarboh

rclllScrant coolcd a I 25 g sample at constant atmos-
pberlc pr.cssure of 1 0 otm from 320 K to 293 K. During
cooli[gr the sample YoluEe decrcased from 274 to 24E

mL Calculate AH 8nd AU for the chlorofluorocarbon
lor this proceas. For CCI2F2, C, = E0 7 J/(mol K).

(N.C.E.R.T)

AH = qp and Cp is heat evolved or ab-

sorbed per mole for 1" fall or rise in temPrature llere,
fall in temperature = 320-293 = 21 K

Molar mass of ccl2F2 =12+2x15 5 +2x 19

= 121 8mol I

. . Heat wolved from 1 25 g of the samPlc on

being cooled from 320 K to 293 K at constant Pressure

=8ffrt.zs t27 r = zz.st I
Rrrther AH = AU + PAv = ---22 51J

pav = t arm, @ffi11)L = --o 026 Larnr

= - 0.026 x 101 325J=--:263I

.'. -22'51 =LU-263 I
or AU=-22'51 +263J =-19 EtJ

l'nthlqt 1) Whcr 10 g of onhydmus Caclz is

dissolved in 200 g of water, the temPerature of the
solution rises by 7 7"C. Calculate the heat of hydration
of CaCl2 to CaCt2 , 6 II20. Given that the he6t of dis-

solution of CaCl2.6 H2O is 19 0E kJ mol-1. Assume

specilic heat ofthe solution to be same as that ofwater

i.e.4.lt4Jg-r K-r.
Stepl. Calculation of heat of dissolttlion

of anhydrclw CaCl,

Molar mass of CaCl2

=40+2x35 5 = 1118 mo|-l

Heat evolved io dissolutioo of 108 CaCl2 in 200 g

water=mxcxA,
= 20o x4 184 \7 7 J

. Heat ofdissolution per mole

_20ox4.1a4 Ill ,tlrJ10 --

= 71. 52 kl

ie. AHdislo. (CaCl2) = - ?1 52 kJ mol-l
Step ll. Cakulntion of heat of hydrorion

Aim: Caclz (r) + 6 HzO (0-ChCl2.6 H2O (,t)

We have :

aH6;..o. (cacl2) = - 71 52 kJ mol-1

(Calculated above)

Alldi.,o. (CaCI2.6 HzO) = t9 08 u mot-l
(Given)

ie. (i) CaClr(r) + oq 
- 

caA2@q),

AHI = - 71 52 kJ mol-t
(r0 CaCl2 . 6 H2O (,t) + aq 4 Caclz@4),

AHz = 19 08 kJ mol-l

Reaction : (i) can be writteo in two steps as

cacl2 (r) + 6 H2o (r) * cacl2 . 6 H2o (r)'

AH = AH3

Caclz . 6 H2O (,r) + aq 
- 

C'aCl2 (aq),

All = AHa

'' AH3 + AHt = AI-l | = - 71 52 kJ mol-l

But aH4 = aHz = 19 08 kJ mol-r

. aH3 + 19 08 = - 71 52kJ mol-l

or AH, = - 90 5 kJ mol-r '

a
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,', l.T. utA tNS ) SpECtA L
ohtained by bacterial fermentation of ahimal refus€.
The main combrstible gas prcsent iE the gobar gos is
found to be methane (toqo by weight) whme heat of
combustior is t09 kJ mol-1. How much gobar gas
would have to produced p€r day for a villsgc of 100
fnmilies ifthe average consuEptionole family ls 20,000
kJ pcr dry to meet all ils enerEo/ r.quiremenls.

Solution. Tbtal eDer$/ requiremeot for l0O
fanrilies per day = 20,000 x 100 kJ = 2 x l06 kJ

Methane (CH4) uDdergoes combustion as follo$/s :

CLt4 e) + 2 02 g)- Coz @) + 2 HzO (l),

AH = - 809 kJ mol-l
For 809 kJ of enerry, CHa required = 16g

(Molar mass of CHl = 168 mol-l)

For 2 x l(F kJ of energy, CH1 required

=ffirz >< 1o6g=3e.55*,

As gobar gas coDtains 80% by wcight ofmethane,

thcrcfbre gobar gas required -'- # x 39.56 kg

= 49.45 kc.

tl dtlt.m 2.It an oven, due to iDsumcietrt supply
of orygen, 6OVo ol lhe carbon is converbd to carbon-
dioxide whereas the renrainiDg 4ll is coDyeded into
cdrbon monoxide. If the heot of combustiotr of c{rbon
to C0, is 394 lql mol-l while that ofits oxidatior to CO

is I l1 k f mol-r, calculate the total he.t produed in the
oven Dy burning 10 kg ofcoal containiug l()%.arbon by
weighL AIso calculat! tlle efliciency of the oven.

Solution The reactions raking placa in the wen
are

C (0 + 02 G) .- CO, (g) + 394 kJ mol-l

C (r) + ; 02 G)- CO G) + 111 kJ mor-l

Carbon prese[t iD 10 kg coal

80=i6b'x10k8=8k8

Carboo conlrrted io COz

60
= 100 x80kg=4,8kt

Carbon convened ro CO = ffi x a ks = j.2 tE

12 g Le. O.O12 kg of carbon on coDbustion !o
CO2 produce he3r = 394 kI

.. 4 8 kg of carboo oo combusrion to CO2 will

produce heat = a.-0!2*. 
x 4.8

= 157600 kJ

0 012 kg of carbon on oxidation to CO produce
hear = ll1kJ

. . 3.2 kg ofcarbofl onoxidation to CO willproduce

t"at=ffirr'zr.r
= 29600 kJ

.. Ttral hcat produccd = 157600 + 296OO =
r,v,20o l(J

If wen were 10O7o efncient, all carbon would have
been co[yerted to CO2.

Heat produced ftom 8 kg carbon would have been

=ffi-xa = 2,67 kl

.'..k emaew = ffi x 1oo = n.r%.
: , ,, ,,,, r. Calculate the work of exporslon when

100 g ofwat€r is clectrollEed st o constatrt pressurc of
1 atm and teEp€rsture ol25PC.

Solutlon. Ele4trolysis of water takes place as

zHzO (t) 
- 

2H2@) + o2@)

Thus 2 moles of H2Oie.2 x 18 = 36gof H2O on
electrolysis produe 2 mol€6 of H2 gas and one mole of
02 gas ie, total 3 moles of the gas€s

.. lmgof water will produce gases

3
= ae x 100 = 8.33 motes

Volume occupied by 8.33 moles of gases at 25oC
aod I atm pressure is given by

-. ,,RTv = --P-

_ (8 .33 mote) (O.O82l L atm K-l mol- l) (298 K)
I atm

= 203 8L
thking the voluEre of liquid warer as negligible

(being l0O rnl = 0. I L), AV = 203 .8 L
.. W= - P",t AV

= -1alm x203.EL= - 203.t L atm

- - 203.a x 101.3 J = - 20.6 u
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Workdolte in the exponsion ofan ideal

gas from 4 dm3 to 6 dm3 against a constant ext mal
pressrrre of2 5 atmrtas used io heat up 1mole ofvater
xt 20'C. What rryill be the filtnt temPemture of wflter'
Given thnt the specillc heat of *ster

= 4.1s4 J8- | K-1,
Solrtion. As work is betng done against coostant

exterDal pressure, the proccss is irreversible. Heoce

w=-p",tAV

=-25atnrx(6-4)dm3
=-5 0Latm (ldm3=1L;
=-5.0x101 3J(1 Latm = 101 3J)

=-5065J
For rsothermal expansion of ideal gas. AE = 0 so

lhat11 =-11,=5065J.
This heat is used uP to heat I mole of water.

Applying thc relation
q=mxcxLT

5065=18x41tl4xAT
or N =6125
'. FinaltemPerature

=zO"C+6725=26'125'C
An intimate mixture of ferric oxide,

lerO3, and aluminium, Al,ls used in solid fuel rockets'

Crlculate the fuel vrltre Per Bram End fuel value per cc.

ofthe mixture. Heats offormatioE and densities ar€ as

follows :-
aIrT(Alz Or) = 399 kcaVmol

aIIl(FcrO:) = 199 kcal/Eol

Density of Fe2O3 = 5'2 Elcc

Density ofAl =2 7 glcc' (LI.T I98E)

-S-olutiq!. We aiD at

Fe2o3 + 2Al 

- 
zFe + Al2O3, AH = ?

AH rcaction = 12 x AHr (Fe) + AHf (Al2 Orl

- lHl(Fezo:) + 2 x aHy(Al)J

= (0 + 399) - (199 + 0) = 200 kcll

Thrs is the heat change that takes place when

I mole of Fe2O3 and 2 moles ofAl combine

i.e.(2xs6 + 3 x16) +2 xng =214Eof the
mixture. Hcnce heat cbange per Eram

200= :- = 0.9346 kcal

Further 16ogFe2o3 = 112 = :rcncc
{r'.and S4gN=ilu=zocr

'Ibtalvolume ofthe mixture = 50 77 cc

. Heat clange per u; = ffi
= 3 939 kcal

, r,,/'r. /,r i AD athlete is give[ 100 g of glucose
(c5Hl206) of enerB' equiYalert to 1560 kI. He utilizes

50 percent of this gained energr in the event. In order
to avoid stotage of energy iD thc body, c^lculote the
weightofrvater hewould need to perspire. The enthfllPy
ofevspotation ofwater is 44 kJ/mol. (I.I.T 1989)

solution. Energy left unuliliTed = fU
= 780 kJ

For loslng 44 kJ ofenergy, water to bc evaPorated

=1mole=l8g
. . For losing 780 kJ of eDerry, water to bo evaporated

t8 ,
= iix780E=3les

, ' ,- The shndord enthrlpy ofcomhustion
at 25'C ot hydrogen, cyclohexene (C6llr0) and

cyclohexone (c6Hr2) ore -241, -31100 
snd 

-3920
kl/mol respectively C$lculate the heat of hldrogenn-
tion oIcyclohexere.

(I.LT. 1989,I.S.M. Dhonbod 1992 ; Bihot C.E.E. 2003)

.Solution. We are Siven
t

(i)Hz+ iO2 .- H2O,aH =-241 kJ

!_7
(ii) c6H to + ; 02 -* 6co2 + 5H2o .

AH = -3800 
kJ

(ii0 C6H12 + 90, 
- 

6CO2 + 6H2O ,

AH = -3920 
kJ

we aim at C5Hlo + Hz ......- CoHrz AH = ?

Eqn. (i) + Eqn. (,r) 
-Eqn. 

(iii) gives the required
result. [Ans. -12 kJ]

) ,,,1,1, ,/ ,\ Calculate the stnndflrd he.t offormation
of csrbon disulphide (r). Given thot the standord ha{ts of
comhustion of carbon (s), slllphnr (x) and cnrlron disul-
phide (I) ore 

-393 
3, --:293 72 and-110E 76 kJ

mol -l rrspectively
(Roorkee 1989)

Solu.tion We are Siven
(D C (i) + 02 G) 

- 
col?)'

AH = -393 3kJ

(i0 S (,r) + 02 G)) '- So2 G)

611 = -293 
72 k)

(,i0 CS2 (D + 3o2 G) ....... Co2 G)+2sozG)'

AH = - 1108 76 kJ

we aim at C (r) +2s (s) + CSz (I), AH = e
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Eqn. (,) + 2 x Eqr. (ii) -Eqn. (iit) gives the
requircd result [Ars. 124.02 kJ]

l'ttiilu 9.AE s fiir<ture of 3 6T litres ofethylene
and methane on complete combustiob flt 25oC produces
6 . I I Iitres of COr. Firld out the amount ofheat evolved
on huming one litre ofthe rnixture. The hcats ofcom-
httstion ofethylenc snd methane are 

-1423 
and -$91

k, mol-r at 25'C.

(r.r.T. tegt)
Solutior. Crmbustion reaction of ethyle[e and

methane are

C2H4 + 3O2 

- 
ZCOz + 2HrO , LH= 

-1423 
kJ

CHa + 2Oz ...- COz + 2H2O , AH = -891 kJ

Suppose volume of qfl4 in rhe mixture =r litres.
ThcD volune of CH1 in the mifture = (3 .67 - r) litres

Fronr the above reactions :-
I litre of qH4 Bives COz = 2litres

. -t litres of qHa gives CO2 = 2r litres

I litre of CHa Sives COz = I litre
.. (3 6? - r) lirres of CHa gives CO2

= (3.67 _r) litres
Total CO2 producad = r+ (3.67 -x)

_ (3.62 +r) litres
' 3.6'1 +r = 6.tl
ot x=244
.'. 1 litre of the ntixture willcontain qH4

244= i;7 = u 0o nrre

aDd CHl= l-066= 0 34 litrc

22 4 litres of qH4 Sive hear = 
'1423 U

. . 0 66 litre of qHa wi give heat

l .il r l=;frx0 66 kJ = 4r'e3 u
22 4 trtre ol CHa give heat = 891 kJ

. 0 34litre of CHa will give hear

89 t
= ,2.4 x o.lt kJ = IJ 52 U

. Tbtal heat produc€d = 41.93 + 13.52

= 55.45 kJ
l't tl)ldn I t) Determine the enthalpy ofthe reaction

C3Hs (s)+II2 G) *C2H6 G)+cH. G) at 25"C

using the given heat of combustiotr values under
stI|ndard coDditions.

Compound tt2f) cl\ G) C2lt6 G) C

(graphite)

A " -2t5.t -E90 
0 _1560.0 _393.5

(U/mol;
The st.lrndard heat of formatior of Ca IIs G) is

-103.t kl/rnol. (.1.T. 19921

Solution. We are giveo
,l(r) H2G). t02g)-- HzO(0.

AII--2858kI
(ii) CIl4 @) +2o 2 G) + CO2 G) +2lr2o (D ,

^H = --890 kJ

(,iD qH6 G) * lor,r> 
-2CO2 @) + 3H2O (l) . AH = -1560 k.l

(,v) c (r) + o2@) 

- 
co, (s) .

dH = -393.5 
kJ

(v) 3C (r) + 4Hz g) + qH8 G).

^H = -103.tt 
kJ

We aint at

qH8 G) + HzG) 

- 
qH6 G) + cH4 G),

AU=?
5 x Eqn. (i) - Eqn. (v) - Eqn. (,i) - Eqn. (,,,)

+ 3 x Eqo. (rv) gives the required result.

[Ans. -55.7 kJ mot-l]
In order to get maximum cfllorillc

output, a burner should hsve an optimum fitel volue to
oxygen ratio which corrcsponds to 3 timcs as mrrch
orygen as is required theoreticaly for completc combus.
tior ol the fuel. A burner which has been adjusted for
mcthane os tuet (with r litre,/hour of CIla cnd 6r
litre/hour of O, is to be readjusted for butane, CaIIro.
In order to get the snme colorilic output, what sho[ld
lre the rate of supply of butane ond orygen ? Assume
that thc losses due to incomplete combustion etcarethe
same for both the fuels and that the gascs behrve ideal.
ly, Ileats ofcombustion :

CH. = t09 kl/mol,
CaHro = 2t7t kl/mol.

Solution. Combustion reaction

(l.r.T 1993)

of CH4 aDd

CoH,o are

CHa + 2o2 .......- CO2 + 2H2O + 809 kJ

cruro + for- 4co2 + 5H2o + 2878 kJ
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Calorific v-dlue of CH, = # = s0 s6 kJ g-l

Calorific value of Cr Hro =2-91! = a9 '6, y1t-t

C1Hl0 required to get the same czlorific value as

forr litres of CH4 = ffi"r= 10189.rlitres

Tbeoretically oxygen required - f >< r'olsl*

= 6 623 i litres'

Actual oxygeo required = 6'627xx3
= 19 869 r litres

Henc€ CaHl0 aod 02should besupPlied atthe rate

of 1.0189, litre,ihour of c4Hlo and 19 869r litre/hour

of 02.

t', ,i,1,:r l-t The enthslpy chsnge involved itr the

oxidstion of Slucose is -28t0 
u mol-r' lUertyfive

oercent ofthii energi is avsilable for muscular work If
ioo lJ of musculor work is needed to walk oDe

kilometer, what is th€ maximum distsrce that a Person
witl be able to wolk aner eating 1208 of glucos€ ?

(I.I.T 199n

,Sq!-uqo!!" Energ/ available for muscular work

)\ -l= fib. x 28t0 kJ mol

= 720 kJ mol-l

Molar mass of gluclse = 180 g mol-l
. . Ener$/ available for muscular work from 120I

glucose

=ffi*tzou=aeou
ln 10O kJ of muscular work, distance walked = 1

km
.. ID ,l80 kJ of muscular work, distanc! wa'lked

I
= .i6o x 480

-4 Elm
From the foltorvitrg data, cllculate the

eDthalpy chstrge for the combustioh of cycloPropanc at

29t K. The entholpy of formetion of CO2 G) ' 
HzO (l)

and propene (A) arc -393'5, -2t5 t 8nd 20 42 kJ

mol-l respectively The enthalPy of isorDeilsation of

cycloproPane to Propeuc i6 - 33 0 u mot-l'
(IJ.t. 19eE)

We are given :

(i) c (r) + 02 G) 

- 
co2 G),

AH=-3935kJmol-l

@1*t, (9 * ! o, G) 

- 
Hzo (D,

: - 285 8 kJ mol-l

qH6e),

= + 20 42 kJ mol-l

AH

(d) 3C(r)+3H2G:).-

AH

......-QHe G)

AH=-330kJflrol-l
We aim at

H-C-CH.'\/ '*lo,s)-
tH, 3 Co2 rj) + 3 rr2o (/)

Oprating (iv) - (iii) + 3 x (r) + 3 x (ti),weget
the required equation and

AII = -33 -20 42 + 3 (--393'5) + 3(-245'8)

= - 2091 32 kJ hol-l
I'rot'lu lJ EstiDatethe average S-F bond cner-

S/ tn SFa. The standsrd heat of formatiotr Yal cs of

SF6 k), S G) and F @) are :- 1100, 275 rnd E0 kJ

t.)Hzcr 
r--crL

cHz

mol - I rcspcctively.

Solutiop. We are Siven

{D } s3 {r) + : n2 rr) - sF6 (a),

(r.I.T. teee)

(,,)*ss(O --. sG),

@D+Fzer ---. F (s),

I
we aimar f,lSFc18)-- sG)+6FG)l

Eqn. (ti) + 6 (n:i)--(i) gives

sF6G)-sG)+6FG),
AH -275 +6 x80 -(- 1100) = 1855kl

.'. Average S-F bond ener$/

1855
6

= 309 16 kl mol-l

dH=-1100kJ

Nl = 275 kl

AH =E0kJ

Pradeep's
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ANULT'PLE CHOICE uEsTtoMs

Thc boDd energies of H-H atrd Cl-{l are 430 kJ
mol-l and Z2kJ mol-1 respectively. Nlrfor HCI

i6 91 kJ mol-|. The bond enerEr ofHcl wilt be

Hzo (D ;

6H = -285.'17 kJlmole

Hzo E) ;

(b) 33,67

lelso, so.
t l.l.-t l99i ; Harya,-t ('.l .E.T 20t)(t)

AH = - 241 .84 kJ/mole is

!.1+43.93kJlmot (6) - 43.93 k]lmot
(.) + 527 61 kJlmol (d) - s21.61kJtmot.

( l.l. l: 1991 )

t/tl! tlrau rhe same condirions how many mt of 1 M
KOH and 0.5M H2SO1 soturions, respecrivefy,
when mixed to form a total volume of l0O ml.
produces the highest risc in temperature ?

or

(a) qp < q"

(c) qp = q,

(a) 4n kl
(c) s tJ

(4) 
-13.09 

kcal
(c) + 13 .09 kcat

2.b

Intemal energy ofa substaDce,hystem is

(a) State tunction
(6) Path function

(c) Neither state functiori nor path fuDction
(d) Both srate function as well as path function
The relarionship between enrhalpy aod internal
enersr ciange is

(a)AE=^H+P Av (b)AH = 
^E 

+ p 
^v(c) d,H=-aE-P 

^v 
(d)PAV= dE+ 

^I{When a reaction is carried out in a clGed vessel

Competitive

(b) qo , q"

(d) q" = o.

(b) us Lt
(d)'165tJ.

(D) - 1t.6e kcat
(d) + 1r .d9 kcal.

of the following equations cofiectly repre-
sents the staDdard hear of formarion (AHf) of
methane ?

(o\ (l l(liamond) + 2Hr(g)- CHIG)
:. agraphire) + zurgl-''''''- cHa (t)

(()C(graphirc) + 2Il2@)- CH1@)

(d) C (graphite) + 4H+ CHa (g) tt.r..t: Ies2t

9.'fhe enthalpi of vaporizrtion of liquid water using
the data

ari6;l * lorgl 
-

tt, ts1 * lorg) 
-

The relationship between free eners/ change
(AG) and entropy change(AS) at constani rempera-
ture (T) is

(a)AG = AH + T^s
(6)AH = Ac + TAS
(c) TAS = aG+ aH
(d)Ac=-^H-TAs
If hcat of dissolution of anhydrous CuSOa and

CuSOa.5H2O are 
-15.89 

kcal aod + 2.80 kcal
respectivety, then the heat of hydratioD of CuSO4

io form CUSOa . 5H2O is

4re beatof neutralization of aqueous bydrociloric
acid by NaOH is.r kcal/mol of HO. Calculate tbe
h€at of Deutralisation per rDol of aqueous acetic

(a) 67,33
(c) 

'2lo, 
60

7. The differeocg b€tween heats of reaction at coD_
sta[t pressure and at constani volume for the reac-
tion

2 C6H6 (D+1s oz@)- "tZ COz@)+6 H2o (l)
at 25'C in kJ is

lq--1 .43 (b) + 3.'12
(c) -3 72 (d)+7.43. tr.t1: tse|

(a) 0.5 r kcal

(c)bk(z,l
(6) r kcal

(d) cannot be calculated from the given data.
tl.\: ll l)lut"h d lettJ

'IIe enthalpy chaDge for a given reaction at 29g K
is -.r callmol. Ifthe reaction occurs spontaneousbr
at 293 K, lhe enlropy change at rhat iemperature
(a) can be negative but numerically larger than

xt2gScalK-l

/3S
7.o &c 9.o l0.dl.a

ll, .t



,. j-.r. ,.r,,r,'i Neut Course Chcmistrglfift[fi

call be negalive, but numerically smaller than

x / 2gB c2lK-r
(c) cannot be negative

(d) cannot be positive. (1.'i,tl t)1 ,' ! i

13. 
^H'r 

of CO2 G), CO G), N2O E) and No2 GI) in

coe)+ro2@)-coz@)?
(d) aH = 

^E(a) AH < AE

(c) AH > AE

(d) AH is independent of the Physical state of the

(a) 13.7 kcal

(c)57xldJ
(b) s't kJ

(/, All of the abc,ve.

t.ll.l! (.ll.E. l')')q l

20. The following is (are) endothcrmic reaction (s)

(4) Combustion of methane

{r) DecomPositioo of water

(clDehydrogenatio[of ethane to ethylene

(d) Conversion ofgraPhite to diamond.

21. lf aE is tbe heat of reaction for
qHjOHO + 7 oz@)+ 2 COz G) + 3 H2o ()

at constant volume, the AH (heat of reaction at

coostant pressure) at coostant temPerature ls

.lrfaH = an - nr (b) 
^H 

= 
^E 

- 2 RT

(c)AH = 
^E 

+2RT (d) aH = Ae +RT.
1( li..\ 1.. 1,.1t I )i)t) t

22. Internal e[ergy does /,ol include

(4) nuclear eners/ (b) vibratiooal eoergy

(c) rotational eDergy

-\dfeDerg of $a.Jitational pull. tr)l.rt\ )t)ttt)

23. Which of the following reactions is endothermic ?

JdtrI2 + o, ..-znc)

(b)Hz + Clz- zHCl

(c) HrSOo + 2 NaOH - 
Na2SO 4 + 2 HxO

(d) None of these.

2NO2 €) + 3co G) 
- 

N2O (8) + 3co2G) base is coostant and equals to

14. GivcD that C+02-* CO2, 611"=-r'tJ

zCO + 02 ' 2 COz, ag' = -Y'tJ

The e[thalpy of formation of carbon monoxide
will be

.,.2x-v
\b ) --T'

(d)Zx-y

Q.l.T 1997

t( R.\.1 Ir tl.l: Iae-\

15. Standard molar enthalpy of formatioD of CO2 is

equalto
(a) zero

(b) the standard molar enthalPy ofcombustion

(c) the sum of standard molar enthalpies of for-

matioin of CO and 02

\-Ny'lvlolat heat (z,rtrrcity of water in equ ilibriu m wit h ice
- at constant pressure $

(a) zerc
(b) innnity

(c) 40 45 kJ K- I mol-l

(d) 75 48 JK-r mol-l.

17' ln thc reaction: s + 3202' so3 + 2x kcal

and soz + 1 / 2or- so' + / kcal' the heat of

formation of S02 is

6.EM.C. 2000)

24. Amount of heat required to change 1 g ic€ at 0"C

to 1 I steam at 100'C is

(a) 836

\{--asa

(o)y - 2x

kL#

(D) 1450

(d) 
-1460.(I.5.rl Dlunbld, te9J)

(D) (r - r)
@{1zr - v1.

(a) 616 cal

(c) 7 71 cal

(D) 12 kcal

(d) noDe of these.

i(ll\l l'tl I it'')

lt. At constant T and R which one of the following

statements is correct for the reactiol

IHl4aM'"IlET 2000)

25. The Arr/' for co2 (,:), co G) and H2O G) are

-393 5, - IlO 5 and - 241 't kJ mol-l rcsPec-

tivetv. The sulndard enthalpy change (in kJ) for the

reaition cor lg; + H2 G) - 
co G) + H2o (g) is

RS
18. 

' 
19. d13. c

23. a
r2. b
2r. d

14. c 15' d 16. b 71. d
24. c

2O. b,cd 21. a
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26. ID thermodynaDrics, a process is called reversible
when

(a)surrouDdings and sysrenr chango into each
othcr

(b) there is no boundary bcrween system aDd sur-
roundiDgs

(r41iie surrouniJings are atwa,s in equitibrium with
the systenr

(d) the system changes into th() surrouDdirigs spon-(aneously l.l.l. )tilt I

'.r0lWhich one of the tbllowing sraremcnts is false ?

J?lfork is a srate funcrion
(6) lbDrperature is a state function
(c) Chalge in the slate is completely defined when

the initial xnd final statcs are sp€cified
(d) Work appears at lhe boundary of rhe system.

ii: ) t)t: I

2t. Change in eDthalpy for the reacuon

2H2O2(l)- 2H2O (l) + 02 G)
if hear of lbrmariotr of H2O2 (4 and

-188 kJ mol-l and 
-286 kJ mol-l

ls
_/

)r1-196 ot- | (b) + t 96 kJ nlot-l
(c) + 948 kJ mol-1 (d) - 948 kJ mor-l

( It s 1.. I'v. t y)t)1 
:

29. Enthalpy of CH n * !or-..- CH3OH is Degative .

Ifcnthalpy ofcontbusrion of CH4 and CH3OH are
r aDdy respectively, theo which relatio[ is conecr ?

(a) + 172.5

(c) 
-1070

(e) + I10.5
A',:ruh L L la 2t)01 :.i I li.ti ti 200.t)

32, Crmpounds wirh high heat of formatioo are less
stabic because

(a) it is difficult to synrhesize rhem
(l)/enerry rich srare leads ro insrabiliry
(c) high temperature is requrred tosynthesize them
(d) molecules ofsuch compounds are distorted

The heat required to raise the EDp€rature of a
body by t K is calted

(4) specific hear lbfihem,at CziBcity
(c) water equivalent (d) molar heat capacity

\1.1.L.8.ti.2002)

Io a reaction irrvoMng or y solids and liqu ids, whictl
ofthe follotPiDg is true ?

(a) 5u 1

(c) - 262.s

(a)x > y
(c)x = y

(a) +285 H
(c) + 142.6 kJ

qdu.z
(.1)- 41.2. tl.I.T 2t)t)0t

lbt'-lto.s
(d) --476.s

lpftu - tn(4) dH < AE

(c) aH > AE

ft)x.v
(d)x z y

tc.B.s.E. Mt.'I 2001\
If order to decompce 9 I water, 142.5 kI heat is
requirerl. Herce the enthalpy offorrDation ofwater is

(r/).\rr = At. r r{f .^

35. C (diamord) ...* C (graphire), AH = _vc. This
shows that

J3}craphire is more stable than diamoDd
(b) Dianond is more stable than graphire
(c) Both are equally srable
(d) Slabiliry caDnot be predicted.

(6)AE=w=q*0
(c)AE=0,W=4*0
(d)W=0,AE={ *o it'.8\.L. t!]t 1.204))

37. An adiabatic expaDsion of an ideal gas alwals has
(ayecrease in lemperature

16)q =o (c) w = 0
(d)^H =o

The arDount of eners/ released when 20 ml of
0 5 M NaOH are mixed with 100 mlof 0.1M HCI
is.r kJ. The hear of neu traliza on(iDkJmol-r)is

H2O (/) arc

respectively,

30.

31.

Itbl"--2gs kJ

(d) 
-142.s w

t A'.('.t.'t: 20t) 1)
'l'he hears of combustion of graphire and carbon
monoxide respecrively are 

-393.5 kJ mol-l and \y.
-283 kJ mol-1. Therelorc lhe heat ot formario[
ofcarbon monoxide in kJ nrol-l is

32. b 33. 
' 

34. b

./7 fo', s
t.a 29.b



t llonial Pll'7: 2(tt)) t

J9. EnlhalDv of neutrilizalion of HCIwith NaOH is r'
Tne hiat evotveo when 500 ml of 2 N HCI are

mixed wilh 250 n of 4 N NaOII will be

(1) the physical state of the reactants and Products
t.\ i I l' l' )t1tt t 

'

45. AIII of graPhite is 0 23 kJ/nrole and AH/ for

diamond is 1 896 kJ/mole . aH rnnsirion fron]

graphite to diamond is

.7a>f1.66 kJ lrnole (b) 2 |YJ/fnole

(c) 2 33 kJlmole (d) 1 5 kJ/mole
t 1l.l1 t ) t)1

46. The bond encrgies of C-C, C = C, H-H and

C-H linkage$ are 350, 600, 400 aDd 410 kJ per

mole respeclively. The hcat of hydrogenation of
ethylene is

N e.4

the [ature ofintermediate reaction steps

(c) the differe[ces in the initial and final temPera-

rures of lhe invofued substances

(r) - 260 kJ mol-l

(d) - 4s0 kJ mol-l
(^.r.8.|i.|i.2003\

47, One gram otsamPle of NH4NO3 $ deconlposed iD

a bomb calorimcter- The teDlperature of the

calorimeter increases by 6 12 K The hcat caPacity

of the systenr is | 23 kJlgdeg. What is the molar

heat ofdecomPosition lbr NHaN03 ?

(a) -? 53 kJ/mol (b) -398 
1 kj/mol

(c) -16 1 kJ/mol -.\dl -sozxsl*ot
tlll:ll'\ )/tttl

4ll. How rDuch gner$r' is released wheD 6 moles of
octane is burnt in air ? Given AII/" fbr CO2 G),

Hzo (8) and C8Hts (l) respectively are - 490, - z0

and + l60 kJ rDol-l

(a) -100r
(c) + l00r

(r) -s0,
(d) + 50.r

71,{-zw
(d) - Rr

( (:.R.5.L. n M.'.l 200.i )

Pf" (d) 10x (A 8M t" 2002)

underSoes a changeof

) - 
(4.0 arm, 5.0 L,

rnal cn€rgy, au = 30 0

PY (AI{ ) of the Proc€ss

(a) 500r (6) 100r

io L atm is

(a) a0 0
(c) aa 0

(b) 42 3

(d) not defiDed because pressure is llot constant

/,/' 
n)\

f *li"t ot,l" follovinB reaction define

(a) C16;amo,a) + ()2 (q) .... Co2 G)

Pfiurts* |nr 6;--- Hrg;

(c)N2G)+3Hz€)-2NHrG)

(d) Co qq) +;oz\8)-CozG) ,1.1.1.;0,,t

42. For the reaction

C3HB G) + s 02 @)-.. 3 Co2 G) + 4 H2O (l)

at coDstant temperature, AH - AE ls

,,,
1') - t?o kl nlol '

(c) - 400 kJ mol-1

9l\ -zt.tw
(d) - 20.0 kJ

t'l'1 1' ll \- )ttr)Jt

49. lf thc bond energies of H-H, Br-Br aDd H-Br
{e 433, 192 and 364 kJ mol-l resPectivcly, the

aH'for rhe reaction H2 G)+B12 G)-2HBr (8) is

(a) + RT
(c) + 3RT

',ilro, which one of the followio8 equations s
- - 4H".",",,on 

"qual 
to aHifor the Product ?

(a) N2 G) + o3 G)...- NzO: (8)

(D) CH4 G) + 2 clzg)-
cH2cL (D + 2 HCI G)

.',
6xe G) * z F2 G)..* xeFa G)

(d)z co (s) + o2G)- zco2@)

t( B \'l': 11|'d )(t0fi

44, The enthalPy chaoge for a rcaction does llot

dep€nd uPon

(a) use of different reactants for the sAme Products

(a) -6.2kJ
(c) - 3s.5 kJ

(a) - 261 kJ

(c) + 2;1 kJ

-1.1. . 44. l) '15. .r

t( .11.\ l' l:ll l )t)ttt

50. Thc work done during thc expanslon ol a gas fronl

a volume of 4 dm3 to 6 dm3 a8aiost a constant

external pressure o[ 3 atm is ( 1 L atnr = l01 32kJ)

(b) + 103 kJ

(d) - 103 kJ

39. c
49- d

3lt. a
4A. b

40. c 41, b 42. b 46. a 41. d
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(c.B.s.E. Pti.T 2004)

51, Tivo moles of an ideal gas is cxpalded isotherrDally
nnd reversibly from I litre to 10 litre at 300 K. The
eothalpy change (in kJ) for (he process is

The eDlhulpv of rhe rcasrion HzO (q) ++01G)
....- II2O (C) is aHt and rhar of H2 @) *lorrf>
...- II2O (l) is AH2. TtreD

(4)aHl<AU2
(D) AHr + aH2 - 0

(c) AHr > AI.I2

(d) AI{ I = AHz Uhrnatalqt L.t.:. l: )/ )t:
The enthalpy olcornbustion of methane at 25"C is
89O kl. The heat liberated when 3 2g ofmethane
is burDt io air is

(a) u5 kJ

(b)278N
(c) - 8m kJ

(d) 178UJ (Korn akn (.tr,.l:2001)

59, If for (i) C + 02 
- 

COz (il) C + 1/2 Ox'''- CO
(iii) CO + 1/2Oz * CO2 the heats of reaction
are Q, - 12 aod - 10 respectively. Then e =
(a) -2
(b)2
(c) - 22

(d) - t6

otl,w'

Gllnr
r")]nr

laylnr
g1|-"2

\lhnmtaka C.lj.T 2()01t

62. CH2 = CH2G).r H2 (q) -.- CH3 - CH3 G)..fhe
heat oireaction is Ibond energyotC-C = g0 kcal,
C = C = 145 kc.rl. C-H = 98 kcal, H_g = tOj
kcal

(d) - 14 kcal

lh) - ?3 kcal
(c) - 42 kcul
(d) - 56 kcat

(a) -.P J

,pf-eott
(c) + 304l
(d) - 304 J

(ll)11.4U
(h) - tt.4 kJ

(c) 0 kJ

(d) 4.8 yJ (I.LT 2004)

AD ideal gas expaDds iD volume ftom
1 x 10-3 m3 to I x 10-2 r# ar 30O K againsr a

constant pressure of I x ldNm-2- The work
done is

(a)-$oJ
(b) - em kJ

(c) z'to kJ

(/) 900 kJ A.l.E.F.-E. 200J)

During isothermal expaosion ofideal gas, its
(a) IDternal energy increases

(r) Enthalpy increases

(c) Enthalpy reduces to zero
(d) Enthalpy remains unchanged

t t,. L(.. P. I t..t. )a0J \

Internal energy is

(a) parrly potential and partly kineric
(D) totally kineric
(c) totally potenrial
(d) Done of these (A.t M.C. 2004)

55. Anrong te following intensive property is
(4) nrass

(b) volun're

(c) surfac.€ tension

G/) enthalpy ttt hV.( 2t)q{t

56. when 50 cm3 of 0.2 N H2SO4 is mixed with

50 cm3 of 1 N KO[I, the heat Iiberatod is

(a) 11.46 kr
(6).57.3 kJ

(c) 573 kJ

(d)5'13J Uhnutdk1 C.E. [, 2004\ ,

,t). ! sr. . 52. a '..1 
* 

ro1 
n' 

,
60. h 61. e 62. b

60. 1 nrolc of H"SO4 is ntixed with 2 otoles of NaOH.
The hear evolved will be

(a)57 3kr @)2x57 3kJ
(c) 57 312 (d) caonot be predictc(l

rIILK(.1,.1. llqlt
61,'Ihc enrhalpy of a monoaromic gas at T kelvin is

(Oissa J.E.E. 20041

(Bihar C.E.C.E. 200a)

56, d 57, a 5t. d 59. c
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HIN

4.

at ffc
100 cal

i00"c.

6.

AG=AH -TAS or AH =AG+ATS

Sec solved exanrPlc on Page 5/31

(,) CuSOa (r) + dq. -* CUSO{ (./4),

AII - - 15 89 kcal

(li) Cu506 .51'1rO + aq.- Cusoa (a{),

AH=+280kcal
F4n (r)-Eq. (ri) direclly gives the rcquired rcsult

Eqn. (ii)-Eqn. (i) gNes the required resolt.

10. In the first three cases, an]ount neutralized is less

1 ^- -t7 -1{=-',1'. -.c -- 2tl. allR.ac(ion = 12 L}l't(ll"o + AHi(or]
aH - aE =An8R1' -z Atri(Hzoz)

=-3 x8 31.1 x29El --1 41kl
9, Aim : HzO (r) * H2O @), AH - ? 29. (0 CII{ +2O2'''-COr+2HrO, AI-I - r

= 12 (- 286) + 0l - 2 (- 188) : - 1e6 k.I

lillcHrOH + ]or-. co2 + 2H2o, aLr -)

13.

11.

tha[ 50 nll and hence heat evolved is less. 0)--(li) gives rhe requirccl eqn. ie for the Siven

It will be less than -t because ac€ttc ilcid ls a $eak reaction, AII = r- - -v

acid but cxact vrlue cannol be Preclictecl. ,\s AII = - !e,l < ,l'

aG .aH -TAs- - r - 296 x As For ac Lt)be

-ve, 
as can be negatiu. rrrt as ,norroi"-r"t','ir,ii J0' for deconrposilion of I mol H'zo (13 g) heat re-

x/298 quired =2 x 142 5kJ =285 kl

auReacrion = I^Hi(Nzo + 3 aH"y(co:)l ie H?o (l) -'-- II2G) * jo,G)'

- 12 AHi(NO2) + 3 aH";(CO)l ,\rl = + 285 kr

=[E) +3(-393)) -2(34)+3(-I10)] Hence forthe reverse rcaction' AH = 285 kJ

= - 836 kJ Jl. Given : (i) C (gr) + oz (g) * Ct)2 G),

14. Aim:C+i]o, -.- co,au =r AH=-3935k1

Eqn. (i)+ Eqn. (,,) gives tbe required rcsult (ij) Co (s) + ! orlsy- co, (sy,

6H=-2E3kJ
15. Aln:c{37)+ o2G)_.co2€) AH"= ! 1

This N sanre as nrolar enthalpy of combustion of Ainr: cQ9) +io2Lc)-- ( () ('()' all = l

graphite. F-qn. (i)-Eqn. (ri) giYes the rcquircd result

fi. Ce=# At equilibrium, as Nr = 0, 34. AH = aE + PAv. For solids and liquids,

Cp=- AV =0'

rl r 'l

el = l+.430+i zl12
L-

or B.E (l ICI) = (215 + '-21191

= 245 kJ

2s, AH'Rcacrion = [^l]i(co) + 
^Hi(l]2o)l
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37.

36.

Graphrte will have lower energy and hence Breatgr
stability-

As (ontirner ii' ch)scd ilnd lnsuldlaJ. lhc nrocess is

acliabatic so that 11 = 0. /\\

^F =.1 +W. Atj:W+0
Ibr l1(llaLratlc expansron, q = 0.

l0 n'rlof 0 5 M NaOH = 20 x 0 5

= 10 millinloles

= 10 milliequivalcnls

100mlofo 1MHCI =100x0l

not diamond

,16. Ainr i CHz = CH2 + Hz .. CII3 - CH3

}IHIIH
t!tll L C ltrH ll 'tI-C- -ll

,\ ,l
AHreacr,oi :: B.E (Reaclants) -: B.E (Products)

:[BE (4c-H)+BE (C = C) + B.E. (H H)

40.

-lB.E (6c-rr)+BE (c - c)l
= B-E. (c = c) + B.E. (H - H)

-28.8 (C - r{) - B.B. (c - C)

=600+400-2x110 350 kJ

= 1000 - 1170 = - 170 kJ.

Heat cvolved trorD deoomposition of 1g
=123x612kJ

= 100-r U
la AIJn"o. = - 100r kJ

39. 5tl0 nrl of 2 N HCI = 1000 nrl of I N HCI

250 ml of ,l N NaOH = 1000 ml oi I N NaOH
. B)' dcfinition, heat cvolved ='t kJ

I]=I-I+PV
ns pressure is not conslant,

.\II=IIz-IIr
= (Uz + P2Vz) - (Ut + PlVl)

- z Il,L. (Products)

= (433 + 192) * 2 (364) = - 103 kJ,
g). Work done =-P".,rAV =-3(6-4)Latnr

= - 6 I-arm = - 6 x 101.32 J = - 608 J.

42, L\ ng= np - nt= 1' 6 -- - 3 51. aH =A(E +PV)- AE + A(RT) = r\E + RAT

or ,\H AE=AngRT=-3RT.

=123x6.12x80kJ
= 602 kJ.

4E. C8Hr8 + +C}2....-ACO2 - I H2O

Ar{'R*"ti.; = Is 
^H/'(co2) 

+ e aH/ (H2o)l

- l^H/(c8Hr8, r -f aH/ro2)l

36.

(b) b)' llcs\'s law.

Grrphilc * Dian'rond

Afl.",uion = AII/ ((lian]oDd) - AH/(Braphite)

: 1.t196 - 0 23 = 1 666kJlnlol().

(. AE = Cu 
^"f 

and AT = 0)

'.AII=0+0=0
52. W = - pAV - _ 105 Nm-2 (10-2 _ l0-3; n13

=-t05x10*3(lo-1)Nnr
=-900x-m=-900J

53. Sce MCQ 51.

56. 5(t cru3 ofo 2NHzSOl

= 50 x 0.2 \{eq = 10 \{eq

50 cnr3 of t N KOH = 50 x t N{eq = s0 Mcq

44,

45,
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58.

'llus t0 Mcq oI H2SOI will neulralize 10 Meq of
KOH

.'. He t tiberared = 
slo3oJJ , lu

= 0 573 kJ = 573.,.

WhcD fI2O (g) chaDges to H2O (/) i / coDdcDsc-

rron rakes nlacc. heal isrvohcdi.,' Allz rs grciiler

than all I.

169 Ctll pro(lucc beat = 890 kJ

. 3 2 g CII4 will produce hcat

=lix3.2=l78kJ

59. EqD. (it) + EqD. (rii) givcs the required result.

60. I nrole ofH2SO4 = 2I eq. of H2SO4.

1
61, For nronoatomrc gas E = t RT

It=E+PV=E+R1'
15=|n'r +nr =]nr mor-l

62.  H Ractior = t B-E, (Reactants)

- E B.E- (Products)

= IB.E. (c = c) + a B.E. (c - H) + B.E. (l{ - H)l

- [B.E. (c - c) + 6 B.B. (c - H)l
=[45 +4 x98 +103] -{80+6x981 = - 28 kcal.

As e e rlio n - Re a s o n Ty p e Q.u esii o n s
The questions glvcr b€low coDsist of an 'Assertlon' i! col umn I snd the'Reaaon' ln column 2. Use the folloui ng
key to chooce the appropriate onsroer.

(a) Ifboth ssscrtlotr and reason are CORRECT and reason ls the CORR.ECT cxplanatlon ofthe assertion

(r) If both assertion ard resson ore CORRECT but reason is not the CORR.ECT cxplanatloE of the assertion.

(c) Ifassertior is CORRECT but the rcsson ts INC0RRECL
(d) It assertion Is INCORRECT hut rcoson is CORRECr.
(e) Ifboth ossertion ond rcason arc INCORRECT'

AssertioD

1. Thc value of enthalpy of neutralization of a weak
acid and a strong base is numerically less thaD 57 1

kJ.

2. Standard enthalpy of graphite is lower than that ol
diamood.

3. Enthalpy ofcombustion is negative.

4. Ahsolute value of H canDot be deteflDined.

5. Endothermic compounds are more stable than the
cxothernric compounds.

6. Enthalpy ofvaporisatioD is alwa)B endothermis

7. Enthalpy of neulralizatiou is always exolhermic-

& Enthalpy of neutralizatioD for both HNO, arrd HCI

with NaOH is 57 1 kJ pe r mole.

A]l the OH- ions furDished ty I g equivalent of a strong

base are not completely ncutralized by the H3O+ ions

from the weak acid.

Standard enthalpy of elements is taken to be zero ar-
bitrarily.
CoDlbustion reactioD can be exothermic or endothernric.

Absolute value of E caunot be determined.

Endothermic reactions have positive eDthalpy of fornra-
1ioD.

water is an exothermic compouod.
Neutralization involves reaction between an acid and a
hase.

NaOII is a strong electrollte. (A.r.r.M.s. t997)

True/Falee Staaemente
luhich of the following stalemenl$ arc not trTte ?

Rewrite them cor7e c tly.

l. An isolated q,stem is tha t which cao exchange ener-

ry but not Datter with the surrouDdings.

2. An extensii€ property depends upoD the anrouDt
of the substance.

3, In an isothennal procEss, tempcrature remains con-
slanl beaause ro heal caD enter or leaw the slatem.

ADDITIONAL UESTIONS
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7.

E.

9.

The work doDe on the slstem is positive whereas
the heat absorbed by the system is positive.

IDtemal eDer$/ change is the heat chaDge at con-
stant volume whereas the enthalpy chaDge is the
heat change at constaot Pressure.

lnternal eners/ is a state function but eothalPy is

not a slate functioD.

The standard state ofa substance is 0'C and 1 atm
pressute.

The S.I. unit of hcat is'calorie'.

The absolute value of intemal enersr of a sub-
stance cannot be determined.

A system which can exchange only eners/ but not
matter with the surroundings is called......

A thermodFamic property which depeDds ooly oD

the nature of ttle substance is called .......

A proccss which is carried out ....... is called a revers-
ible procrss.

[-awofmnservationof enerryisalsokno oas........

The heat change occurring at coDstaDt pressure is

called......

The ditference belween molar heal capacityat coD-
staot pressure aDd that at constant volume for oDe
mole ofan ideal gas is equal to...... .

(4) A rystem is said to be .-... if it can neither
exchange matter nor ener8ywith the surrouodings.

(D) The heat content of the products is more than
that ofthe reactaDts in an ....... teaction.

(r.r.T t9e3)
When Fe(,r) is dssolved in aqueous hydrochloric
acid in a closed vessel, the uork done is...,,.,....

Enthalpy is an.........-property.

Enthalpy of combustion is the amouDt ofheat evofued
when the oulnber o[ n]oles rls representcd by the
balaDced equation have been completely oddized.

The total amount ofheat evolved or absorbed in a
reaction depcnds upon lhe Dun]ber of step.s in
which lhe rcaction rakes placc.

The e[thalpy ofcombustion ofcarbon (graphitc) is

nor equal to that ofcarbon (diamond)

Enthaltry ofsolution is alwars positive.

The totalamount ofheat cvolved or absorb€d io a
reactioo depeDds upon the number of step6 in
which the rectioD takes place.

The enthalpy of mmbustion of carboD (graphite) is

12.

13.

l.l.
15.

16.

10. W is positive when tbe aork is done on the system. not equalto that ofcarboD (diamond).

Fill ln The Dlanke
10. The part ofthc universe chosen for studyofeDerry

changes is called...........wbereas the rest of the
uoiverse is called ....

11. The eners/ stored withio a substance is called iLs...

12. A reaction in which heat is absort ed is called an ....

13. The eDthalpy of any elemeDt iD the standard state
iq taken as......

14. Heat ofneutralizaUonofan aaid is theamouDtofheat
svolved when ..-. of.,.- is neuiralized by.... oIthe....

15. AHsubtima(ion = ..-. + ..-.

16. The enthaltry ofcombustion of benzeoe is 
-3264

kJ mol-l. The heat evotved in the combustion of
39 8 of beDzene will be ...-

17. Coal and petroleum are called ..., tuels.

It. The heat conteDt of the products is more than that
ofthe rcactants in an ..... reaction,

19. The enthalpy of neutralisatioo of a weak acid
is......--.- thaD that of a strong acid. The differenc€
of the latter from the former is kDos,r as eothalpv
oi.........of the weak acrd. (Bihat C.E.E. 1998)

4.

7.

W atchin g Ty p e Q.u eeti ons
Match the entries ofcolumn Awith appropriate entries of c{,luDm B :

(o) A

1. System can sxchanBe botb matter and eDerry with the surroundiogs. 1.

2. System can exchange neither matter nor ener$/ with the surroundings.

3. Systcm can q(change eners/ with the surroundiogs but oot matter.
4. S,,stem can cxchange matter with the surrou[diDgs but not eoer!ry.

(b) A
1. A proc€ss which is carried out infiDitesimaly sloA,ty.

2. A process is carried out such that temperature remails constant.

3, A process in which Do heat cnters or leaves the q6tem.

4. A process io which the volume is kept coDstant.

5. A process io which presure is kept coDstant.

B

Closed slstem

2. OpeD E6tem
3.

4.

I

3.

4.

5.

lsolared slstem

No such systgm exists.

B

Isochoric proc€ss.

Isobaric process.

Isothermal process.

Re!'ersible proc€ss.

Adiabatic process-

1.
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ASSERTION-REASON TYPE OUESTIONS

r.(a) 2.(b) 3. (c) 4.(a) s.(d) 6.(b) 7.(a) E. (D)

TR U E/FALS F, ;TA1 EM E N TS

1,3,6,8, 10, 11, 13, 14, 15.

FILL ]N THE BLANKS

1. Closed systen 2. Intensive property 3. Infinitesimally slowly 4. First law of thermodynanrics 5. Enthalpy
change 6. gas constant, R 7. (a) closed (D) endothermic E. zero 9. extensive 10. system, surroundings
1 l. internal energy 12. endothermic reaction 13. zero 14. one gram equ ivalent, the acid, excess base
15. AHgoslqn, Mvaporisation 16. 1632 kJ l7.'fossil. lE. endothermic 19. less, ionization.

MATCHING TYPE OUESTIONS

(rt) 1-2, 2-3. 3-1. 1-J (b) 1-1. 2-3, 3-5. 1-1. 5-2.

Ty?e Q.uegtions

5.

8.


